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RISK AND RELIABILITY ACCEPTANCE CRITERIA
FOR CIVIL ENGINEERING STRUCTURES

Dimitris Diamantidis', Milan Holicky?, Miroslav Sykora®

Abstract

The specification of risk and reliability acceptance criteria is a key issue of structural
design and verification of existing structures. Current target reliability levels in standards
appear to have considerable scatter. The critical review of risk acceptance approaches to
societal, economic and environmental risk indicates that an optimal design strategy is
mostly dominated by economic aspects while human safety aspects need to be verified
only in special cases. It is recommended to specify the target levels considering
economic optimisation and the marginal life-saving costs principle, as both these
approaches take into account the failure consequences and costs of safety measures.

Keywords

Reliability, risk, risk acceptance, standards, structures, target reliability.

1 Introduction

The specification of target reliability levels is one of the key issues of structural design.
The target values recommended in various prescriptive documents need further feedback
and should be further analysed. ISO 2394:2015 indicates procedures for estimating
target reliability levels by optimisation of the total cost related to an assumed remaining
working life of a structure. These approaches are critically compared with individual and
societal risk acceptance criteria [1-3], with target levels based on a marginal life-saving
costs principle [4-7], and with recommendations of present standards. Considerations
regarding risk acceptance criteria for existing structures are included [7, 8]. Conclusions
for future developments are drawn.

2 Conclusions

The parameters of risk acceptance criteria reviewed herein and used in industrial
applications appear to have considerable scatter. A comparison of selected approaches,
Le.

a) human risk represented by F-N curves

b) cost optimization

¢) marginal life-saving costs principle based on Life Quality Index (LQI)
indicates that:
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Rational risk acceptance criteria are needed for human safety, economic and
environment consequences of structural failure.

The target reliability levels recommended in current documents are inconsistent
in terms of the criteria and their parameters.

In general the optimum reliability levels should be specified considering both the
relative costs of safety measures and failure consequences over the design
working life under the constrains imposed by human safety.

An overall design strategy is mostly dominated by economic aspects while
human safety aspects need to be verified only in special cases.

It is recommended to specify the target reliability levels considering economic
optimisation and the marginal life-saving costs principle, as both these
approaches take into account the failure consequences and the costs of safety
measures.
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IMPORTANCE OF ROLLING RESISTANCE IN DEM MODELS
WITH SPHERICAL BODIES

Radek Dubina', Jan Elias?

Abstract

The rolling resistance is an artificial moment arising on the contact of two
discrete elements which mimics resistance of two grains of complex shape in contact
rolling relatively to each other. The paper investigates the influence of rolling resistance
on behaviour of an assembly of spherical discrete elements. Besides resistance to rolling,
the contacts between spherical particles obey the Hertzian law in normal straining and
Coulomb model of friction in shear.

Keywords

Discrete element method (DEM), contact law, rolling resistance, experimental results.

1 Introduction

Many different methods have been developed for solution of various engineering
problems, among which the Discrete Element Method (DEM) is suitable for modelling
of granular media. In the DEM, every grain of the assembly is represented by an ideally
rigid and independent body which can interacts with the other bodies through forces and
moments at their contacts. It has been reported, that shape of the grains is of extreme
importance. Therefore, complex and realistic shapes are often used in simulation, for
example discrete ellipsoids, tetrahedrons, polyhedrons or clumps of smaller spherical
particles.

However, the complex shapes of the bodies require much longer computational time
to detect and characterize the contact between them. In order to speed up significantly
the simulation that involves many bodies, spherical shapes are typically used instead.
The shape simplification can be phenomenologically compensated by adding rolling
resistance on the contact of spherical particles [1, 2].

This contribution focuses on the parameters of the rolling resistance. It presents
simulation of the shear test, oedometric test and composite element test. All the
calculations are performed in the open-source software Yade using spherical elements
with the Hertz-Mindlin contact type.

2 Simulations of laboratory experiments

The influence of coefficients ar and ur is studied in the DEM simulations of laboratory
experiments. The aim is to identify suitable values of these coefficients. The contribution
presents simulation of (i) large scale oedometric test, (ii) composite element test and (iii)
two series of shear test with different vertical pressure applied.
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Figure 1: The average responses from 10 realizations of a shear test. The dependence of shear stress on
horizontal displacement of lower box is shown for four vertical pressure values.

Results of one shear test series are plotted in Fig. 1. The experimental data are taken
from [3]. Similar graphs are presented for each of the experimental type mentioned.

3 Conclusions

Three different experimental tests were simulated using discrete element method. The
main aim of research was to find reasonable rolling parameters usable for simulations of
railway ballast. The oedometric test report independence on rolling coefficients, while
the next two studied simulations, composite element test and shear test, showed
contradictory results. The shear test showed that suitable value of ur coefficient should
be lower than 0.1. This value is unusable for Composite element test simulation, since it
leads to excessive deformations. The second rolling coefficient ar does not play a
significant role. This conclusion is supported by all simulated experiments.

The contradiction might be caused by several factors. For example it might be due to
wrong compaction, which is extremely important for granular systems. The experiments
were also done with different material, so the rolling coefficients might slightly differ
from experiment to experiment.
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ON ADAPTIVE REFINEMENTS IN DISCRETE PROBABILISTIC
FRACTURE MODELS

Jan Elias!

Abstract

The possibility to adaptively change discretization density is a well acknowledged and
used feature of many continuum models. It is employed to save computational time and
increase solution accuracy. Recently, the adaptivity has been introduced also for discrete
models. This contribution applies adaptive technique in probabilistic discrete modelling
where material properties are varying in space according to a random field. The random
field discretization is adaptively refined hand in hand with the model geometry.

Keywords
Adaptivity, discrete model, probability, random field.

1 Introduction

The fine discretization of the discrete model leads to extreme computational demands, but
it is necessary when it is related to meso-scale structure of the simulated material. The
conference paper [1] developed a technique to adaptively refine model discretization.
Availability of adaptive refinement allows starting simulation with coarse discretization
and refining it adaptively during the simulation run.

In some applications of fracture simulations, it might be important to consider
additional material randomness (besides the one covered by the random location of nodes
in the discrete model) usually represented by a random field. An extension of the discrete
model by fluctuation of material parameters according to a random field was developed
in [2]. In this contribution, the adaptive concept is extended for probabilistic discrete
fracture models.

2 Adaptivity

The intuitive refinement criterion is based on an average stress in the rigid bodies. The
fabric stress tensor can be utilized to evaluate average stress tensor. The Mazar's
equivalent stress serves as measure of the stress level, 0.4. After every solution step, stress
tensors in all rigid bodies belonging to coarse discretization are evaluated. Then, Mazar*s
equivalent stresses are calculated. Whenever

Oyl ti>7 (1)
the discretization is refined and the node associated with the rigid body satisfying Eq. (1)
serves as a center of the refinement sphere. The safe value of parameter y was determined

as 0.7, i.e. whenever equivalent stress reaches 70 % of the tensile strength, the refinement
takes place.

! Jan Eli4s, Ing. Ph.D., Brno University of Technology, Faculty of Civil Engineering, Veveii 331/95, Brno, 602 00, elias. j@fce.vutbr.cz
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Fig 1: Left: Damage patterns and random field discretizations developed during the simulation of four-
point bending test in adaptive model. Right: Response of the fine and adaptive models.

3 Numerical Example

Performance of the proposed adaptive algorithm is demonstrated on simulation of four-
point bending test with incorporated material randomness. Three model types are used: (i)
the fine model, than uses fine discretization everywhere from the beginning, (i) the coarse
model, that uses coarse discretization all the time, and (iii) the adaptive model, that starts
with coarse discretization and adaptively refines it.

Fig. 1 shows response and damage patterns from one simulation of the adaptive model
with the same refined meso-structure and also the same random field realization as the
fine model. It can be seen that the responses are identical. The full contribution also shows
damage patterns from the fine model identical to those from the adaptive model. All three
model types were also compared statistically. For more details, see the full contribution
text.

4 Conclusions

The probabilistic discrete model has been extended by an adaptive technique that allows
significant reduction of the computational time with no effect on the obtained results. The
probabilistic model had both fracture energy and tensile strength assigned according to
the random field. The adaptive algorithm was verified by simulating four-point bending
test.
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PORUCHA JERABOVE DRAHY
FAILURE OF A CRANE RUNWAY

Roman Fojtik!, Veronika Vaskova’

Abstrakt

V priimyslovych zonéach se nachdzi mnoho halovych objekt, ve kterych jsou umistény
mostové jefaby. Pfi realizace ocelovych primyslovych staveb je vzdy kladen diraz na
mnohdy navrhovdny na mezni hodnoty. U téchto konstrukci mtize pak pii jakékoli
zméné vstupnich parametrii navazujicich technologii dojit ke vzniku poruch. Ptikladem
takovychto poruch je primyslovd hala, ve které se nachdzi Ctyfi mostové jefaby,
pii jejichz provozu dochazi k porucham spojti na jetdbové draze.

Klicova slova

Jefabova draha, porucha, analyza.

Abstract

In the industrial zones there are a lot of structures, which are located overhead cranes.
When realization of steel industrial buildings is always an emphasis on the economy of
construction. In order to ensure the lowest possible cost for the construction of structures
are often designed to limit values. These structures can then at any change of input
parameters related technologies cause disturbances. Examples of such disorders is
industrial building, which houses four gantries, whose operation leads to disorders of
joints on the crane track.

Keywords

Crane runway, failure, analysis.

1 Uvod

Pfedmétem tohoto ¢lanku je analyza dvoulodni haly s jefdbovou drdhou, pfi které byla
provadéna jeji diagnostika. Vysledky téchto méfeni by mély osvétlit pfi¢inu poruchy
jetabové drahy, kterd spociva v opakovaném porusovani nosnych Sroubovych spoji na
hlavnich nosnicich jetabové drahy.

2 Popis konstrukce

Jedna se o dvoulodni halovy objekt se sedlovou stfechou, jehoZ nosnou ¢ast tvoii ramy s
vetknutymi sloupy a castecné piihradovymi vazniky, které jsou kloubové uchyceny k
vrchiim stfednich sloupti. Rozpon jednotlivych lodi je 36 m a 24 m. Osova vzdalenost
rdmi je 6 m. PfiCnou tuhost téchto Stitovych stén zajistuji tii vetknuté sloupy

! Ing. Roman Fojtik, Ph.D., VSB-TUO, Fakulta stavebni, Ludvika Podésté 1875, Ostrava Poruba, 708 33, roman.fojtik@vsb.cz
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podepirajici nosniky jefdbové drahy. Nosniky jefabovych drah jsou navrzeny jako
spojité nosniky o dvou polich. Hlavni podptirné nosniky kolejnice jsou tvofeny profilem
HEA 450.

3 Diagnostika

Diagnostika této konstrukce spocivala v provedeni statické i dynamické zatézovaci
zkousce. B&hem statické zatéZovaci zkousky byly sledovan usek, ktery obsahoval dva
spojité nosniky o dvou polich. V kazdém poli byl sledovan pruhyb uprostied, kde se
pfedpokladaji maximalni deformace. Dynamicka zatéZovaci zkouska pak méla za cil
ziskat udaje o velikosti akcelerace a sil vznikajicich od jetabu pii jeho rozjizdéni a
brzdéni.

Obr. 1: Schéma umisténi dynamickych ¢idel

4 Zavér

Pii realizaci modernich priimyslovych objektt je kladen velky diraz na ekonomiku
vystavby, a proto jsou projektanti tlac¢eni do navrhovani subtilnich konstrukei. Piikladem
je halovy dvoulodni objekt s mostovymi jefaby, kde od uvedeni do provozu vznikaji
poruchy. Hledéani pficin téchto poruch bylo hlavnim cilem diagnostiky. Po vyhodnoceni
vSech namétenych dat bylo zjisténo, ze vstupni hodnoty statického vypoctu se odlisuji
od naméfenych dat. Naslednd rekonstrukce této stavby bude realizovdna na zikladé
zjisténych skutecnosti.

Podékovani

Prace byla podporovina z prostiedkii Studentské grantové soutéze VSB-TUO.
Registracni cislo projektu je SP2016/136.

Literatura

[1] FOJTIK, R., NOVOTNY, T. SKOTNICOVA, I, STOLARIK, M.,
ZDRAZILOVA, N., PINKA. M. Dynamic Experimental Analysisof a Steel
Bridge. 6th International Conference on Contemporary Problemsof Architecture
and Construction. VSB-Technical University of Ostrava, Ostrava, 1st edition, s. (6
s), 2014. ISBN 978-80-248-3147-3.

[2] FOJTIK, R., NOVOTNY, T. The new conception circular system of steel
structure, bracing. Proceedings of the Ist WSEAS International Conference on
High-Performance, ConcreteStructures and Materials, Hungary, Budapest,
December 10-12, 2013, st. 145-149, ISBN 978-960-474-352-0, ISSN 2227-4359.



STRUCTURAL RELIABILITY & MODELLING IN MECHANICS OSTRAVA, MAY 2016

MODEL LUKU S JEDNIM STUPNEM VOLNOSTI
SDOF MODEL OF A BOW

Petr Frantik!

Abstrakt

Piispévek je vénovan odvozeni modelu luku s jednim stupném volnosti vcetné
aproximace funkce napé€ti pruziny nahrazujici ohybané lucisté. Lucisté je zde uvazovano
jako prizmaticky prut z linedrné se chovajiciho materidlu. Odvozeni modelu luku je
provedeno s uvazenim geometrické nelinearity.

Klicova slova

Luk, model s jednim stupném volnosti, geometrickd nelinearita, vzpér prutu.

Abstract

The paper is focused on derivation of a model of a bow with single degree of freedom
including an approximation of a stress function of a spring which represents bended
limbs. The bow is considered here as straight with prismatic limbs of linear material.
In the derivation of the model of the bow the geometrical nonlinearity is assumed.

Keywords

Bow, single-degree-of-freedom model, geometrical nonlinearity, beam buckling.

1 Uvod

Luk je nejvyznamnéjsi projektilovou zbrani lidské historie, viz [1]. Lucisté, na které se
napind tétiva, slouzi jako zasobnik potencidlni energie, kterd je po vypusténi Sipu
transformovana do kinetické energie Sipu, viz Obr. 1.

a b

Obr. 1: Jednoduchy luk a jeho tfi stavy: a) lucisté s nenapnutou tétivou, b) s napnutou tétivou
a ¢) natazeny luk se zaloZzenym §ipem pfed vypusténim

! Ing. Petr Frantik, Ph.D., Vysoké uceni technické v Brng, Fakulta stavebni, Ustav stavebni mechaniky, Veveti 95, 602 00 Brno,
e-mail: kitnarf@centrum.cz
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Efektivita luku je ovlivnéna mnoha faktory. Tétiva by méla byt co nejtuzsi a nejlehci,
aby nepojmula mnoho energie z natahu. Lucisté by mélo byt pruzné se schopnosti rychle
a opakovan¢ vydat akumulovanou energii. Jeho tvar zna¢né ovliviiuje pribeh natahové
sily, kterou lucistnik tahne tétivu v misté nadtahového bodu se zalozenym Sipem.

2 Model

Model luku s jednim stupném volnosti je tvofen svislou, piredpjatou, obecné nelinearni
pruzinou, na jejiz pohyblivy konec je upevnéna tétiva ve formé dokonale tuhého tdhla
délky ho = L:/ 2, kde L: je délka tétivy, viz Obr. 2.

A

%o

LY —-

oo

Obr. 2: Schéma jednostupniového modelu luku a ptisobicich sil

Luk se napind prosttednictvim tdhla (poloviny tétivy) silou F, pro kterou plati:
F w
—=N,cosa=N,—+,
2 hy
(1)
hO — un
hO
kde N: je normalova sila v tétivé, w: aktudlni délka vodorovného primétu tétivy
(vzdalenost napinaciho bodu tétivy od spojnice upeviovacich bodu tétivy), N je sila
v ndhradni pruzin¢ alias svisla slozka sily ohybajici lu€isté, u» je polovina piirGstku
ptiblizeni upeviiovacich bodu tétivy pii natahu luku, u je polovina celkového piiblizeni
upevilovacich bodu tétivy pii natahu.

N,=N,sina =N,

3

3 Zavér

V clanku byl popsan jednostupiiovy model luku vcetné odvozeni potiebnych vyrazi.
Déle byly odvozeny dvé aproximace svislé slozky sily v tétivé. Grafické srovnani
ziskanych zavislosti s vysledkem numerické simulace ovSem ukdzalo nutnost zahrnout
do modelu pterozdéleni ohybovych deformaci lucisté vlivem zmény sméru tétivy.
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ROTACNI MODEL LUKU
ROTATIONAL MODEL OF A BOW

Petr Frantik!

Abstrakt

Ptispévek je vé€novan odvozeni modelu luku s jednim stupném volnosti, ve kterém je
lucisté nahrazeno dvojici tuhych rotujicich dilcii s rotacni pruzinou. Lucisté je zde
uvazovano jako prizmaticky prut z linearn€ se chovajiciho materidlu. Odvozeni modelu
luku je provedeno s uvazenim geometrické nelinearity.

Klicova slova

Luk, model s jednim stupném volnosti, geometrick4 nelinearita, vzpér prutu.

Abstract

The paper is focused on derivation of a model of a bow with single degree of freedom in
which are bended limbs represented by rotating arms with rotational spring. The bow is
considered here as straight with prismatic limbs of linear material. In the derivation of
the model of the bow the geometrical nonlinearity is assumed.

Keywords

Bow, single-degree-of-freedom model, geometrical nonlinearity, beam buckling.

1 Uvod

Piispévek navazuje na ¢lanek [1], prezentovany na této konferenci, ve kterém je odvozen
model s jednim stupném volnosti s lu¢istém nahrazenym svislou transla¢ni pruzinou.
Srovnani s pfesn¢j$Sim numerickym modelem vSak ukazalo, Ze (za danych piedpokladi)
takovy model nedostatecné vystihuje vyvoj deformace celého luku zejména kvli znaéné
rotaci tdhla reprezentujiciho tétivu. Vysledek byl neuspokojivy a vedl k motivaci nalézt

Lucisteé je v nové navrzeném modelu nahrazeno dvojici rotujicich tuhych dilct
spojenych na ose symetrie rotacni pruzinou, viz obr. 1. Jsou zde znazornény tfi stavy
luku. Prvni, oznafeny jako a) odpovidd volnému lucisti bez tétivy. Stav b) je luk
s napnutou tétivou (bez natahu) a stav ¢) odpovida luku pfi natahu se zalozenym Sipem.

2 Odvozeni natahové sily

Na rozdil od modelu s transla¢ni pruzinou [1], je u modelu s rota¢ni pruzinou snadné
vyjadiit zavislost natahové sily F' na délce natahu ws, viz obr. 2. Plivodni model ma

'Vlng. Petr Frantik, Ph.D., Vysoké uceni technické v Brné, Fakulta stavebni, Ustav stavebni mechaniky, Veveti 331/95, 602 00 Brno,
CR, e-mail: kitnarf@centrum.cz
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zavislost natahové sily F' vyjadfenu pouze vici délce primétu tétivy wry, jelikoZz snaha
o doplnéni zavislosti na délce natahu wx nebyla z analytického hlediska tispés$na.

a b a b

¢ |

Obr. 1: Jednoduchy luk (vlevo) a jeho model z kyvnych dilct (vpravo) vcetné jejich tii stavt: a) lucisté
s nenapnutou tétivou, b) s napnutou tétivou a ¢) natazeny luk se zalozenym Sipem pied vypusténim

Obr. 2: Schéma rota¢niho modelu luku a ptsobicich sil

Odvozeni zatneme momentovou podminkou rovnovahy ke kloubu s rota¢ni pruzinou:

M(a)=N,-w,+N_-h, (D
kde M je moment, kterym rotac¢ni pruzina plsobi na tuhy dilec nahrazujici polovinu
lucisté, o je pootoceni dilce vici svislé ose (nenapjatému lucisti), Ny je svisla slozka
normalové sily v tétivé, Nz = F/2 je vodorovna slozka normalové sily v tétive, wr je
vodorovné posunuti koncového bodu tuhého dilce a 4 je vzdalenost koncového bodu
tuhého dilce od osy symetrie. JelikoZ vyslednice sloZzek normalové sily v tétivé musi
pusobit ve sméru tétivy, tak plati:

N, h
S 2
N w )
Dosazenim do vztahu (1) a Gipravou dostaneme vyraz pro vodorovnou slozku N::
N2 G
h, (1 + W’J
Wt
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LASER SYSTEM FOR TESTING EARLY SHRINKAGE OF CONCRETE
ELEMENTS IN CONJUNCTION WITH THE DETERMINATION
OF THE SETTING TIME

Jacek Golaszewski !, Tomasz Ponikiewski 2, Grzegorz Cygan® , Malgorzata Golaszewska*

Abstract

The paper presents a method for testing the shrinkage of concrete beams with
dimensions of 10 x 10 x 50 cm. Measurements followed from setting into the form until
24 hours after setting. It was used modified TLS system, which originally was meant for
the determination of changes in the length of thin-mortar. Simultaniously measured were
the changes of speed propagation of sound waves by Vikasonic, what allows to specify
the setting time of binders. It could be a base for determining the scratch resistance of
the concrete in the first 24 hours after casting.

Keywords

Early shrinkage, setting time.

1 Introduction

Shrinkage of composite materials in which cement paste is the matrix is connected to
several processes which are often simultaneous. From the moment of combining the
consituents of the cement paste, autogenous shrinkage occurs, due to the fact that the
volume of the paste constituents is smaller than the volume of the hydration products of
the reaction. Chemical shrinkage lasts more or less until the end of the setting time of the
cement. Progressing hydration causes the process of self-drying; the solution which fills
the capillaries is "consumed" by the ongoing hydration, causing tensile stress and, as a
result, shrinkage. Capillary action is also responsible for shrinkage occurring during
drying. The water in the capillary pores, while migrating to the surface of the element,
produces negative pressure which causes stress. If the resulting stress is higher than the
tensile strength of concrete, cracks and micro-fractures of concrete will appear. Cracks
may propagate further because of the loads, thereby the properties of concrete can be
further degraded. Cracks caused by shrinkage reduce the value of mechanical properties,
in particular tensile strength. In cracked concrete lagging ceases to be a barrier
protecting the reinforcement, which in turn becomes susceptible to corrosion. Cracked
concrete is also a cause for impaired water tightness and frost resistance. In pre-stressed
constructions great drying shrinkage causes a significant loss of pre-stressing force.

! prof. Jacek Gotaszewski, dr hab inz. Silesian University of Technology, Faculty of Civil Engineering, Department of Building
Materials and Processes Engineering

2 Tomasz Ponikiewski, Dr hab.inz. Silesian University of Technology, Faculty of Civil Engineering, Department of Building
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3 Mgr. Grzegorz Cygan, inz. Silesian University of Technology, Faculty of Civil Engineering, Department of Building Materials and
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The mechanism of shrinkage is well known, but is still the subject of research
[1,2,3,4,5]. These works include both the phenomenon of shrinkage, the impact of
technological factors [6], research methodology [7] as well as computer modeling using
eg. FEM [8].

2 Conclusion

The developed procedure of sample preparation allows to measure the changes in length
of concrete beams from the moment of their casting. On the basis of the setting time
determined by ultrasonic method, or rather a moment in which the stiffness of the
composite begins to increase, we can estimate the susceptibility of concrete to cracking
during the first 24 hours. During this period, the strength of concrete is only starting to
form, and shrinkage-induced stress can exceed its tensile strength. Changes in the length
of the elements during the first 24 hours are characterized by a high growth rate, what is
typical of the next generation concrete. The developed methodology of research allows
to determine the effect of technological factors on the early shrinkage. Due to that, it is
possible to obtain sufficiently reliable information which can be used to validate
numerical models for estimating the size of shrinkage deformation
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STOCHASTIC SENSITIVITY ANALYSIS OF CYLINDRICAL SHELL

Maksym Grzywinski '

Abstract

The paper deals with some chosen aspects of stochastic sensitivity structural analysis
and its application in the engineering practice. The main aim of the study is to provide
the generalized stochastic perturbation technique based on classical Taylor expansion
with a single random variable. The study is illustrated by numerical results concerning
an industrial thin shell structure modeled as a 3-D structure.

Keywords

Sensitivity, stochastic perturbation technique, finite element method, shell structure.

1 Introduction

It is known that the most effective computational tool in civil engineering nowadays is
the finite element method [1, 2], as the basis of almost all structural analysis computer
codes. On the other hand, in modern design, sensitivity analysis cannot be avoided, since
it makes it possible to determine the so-called starting point (or design point), leading to
the optimal solution. Recently, the sensitivity issues are discussed extensively in the
literature. Background of the design sensitivity analysis is presented in [3], for instance.
The sensitivity analysis can be carried out with respect to local design variables, such as
cross-sectional area, element thickness, Young’s modulus, Poisson’s ratio, loading [4].

In accordance with developments of the computational technique, uncertainties of the
design variables appear to be necessarily needed in the state-of-the-art methodologies in
computer terms. Besides the traditional Monte Carlo simulation, we may mention the
spectral approach [5] and, seeming more effective, perturbation approach [6, 7]. In the
latter, all the functions of random variables are expanded exponentially. By using the
first two probabilistic moments for random variables on input, the first two probabilistic
moments of the structural response are obtained on output; the expectations are second-
order accurate, while the cross-covariances are first-order accurate [8-10].

2 Numerical results
This example the response of a thin shell structure is considered. Fig. 1 shows the half of
a cylindrical shell clamped at boundaries under uniformly distributed pressure
p =100kN /m’. The remaining input data are: radius R = 2,5m, length L =12m, Young
modulus £ =30MPa, Poisson ratio v = 0,2 . The expectation, correlation function and
coefficient of variation of the shell thickness is assumed as:
E(t)=t,=0,06 R(t,,t,) = Gexp{—abs|(x, —x, v, —v,)|/ 2}
$=L15/RL, A=2,5RL, a =0,05;0,10;0,15.

! Maksym Grzywinski, Ph.D., Czestochowa University of Technology, Faculty of Civil Engineering, Department of Building,
Construction and Engineering, Poland, 42-200 Czestochowa, ul. Akademicka 3, tel.: (+48) 343250924, e-mail:
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Fig. 1: Cylindrical shell with mesh grid
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RESISTANCE TO INITIATION OF STABLE CRACK PROPAGATION
AND FRACTURE IN SELECTED BUILDING COMPOSITES

Ivana Havlikova!, Hana Simonov4?% Zbynék Kersner?

Abstract

This paper collates and compares Double-K fracture model parameter values obtained
for two selected composites by evaluating a series of fracture tests performed on
specimens with stress concentrators. The comparison was focused on the evaluation of
the initial response of specimens under quasi-static loading. It was possible to quantify,
in addition to the specific fracture energy, the relative resistance against the initiation of
stable crack propagation as a not inconsiderable parameter quantifying the initiation of
material response on the brittleness—toughness scale.

Keywords

Three-Point Bending Fracture Test, Double-K Fracture Model, Fracture Energy, Fracture
Toughness, Stress Intensity Factor.

1 Introduction

Concrete (along with other brittle matrix composites) is the most commonly used
material in civil engineering structures. Its resistance to stable crack propagation is
usually quantified via mechanical fracture parameters such as effective fracture
toughness, specific fracture energy, etc., and is determined through the evaluation of
fracture tests carried out on specimens with stress concentrators — in this paper the three-
point bending test was used. The outputs from this experiment in the form of load versus
crack mouth opening displacement diagrams were evaluated using the Double-K fracture
model [1-3]. The advantage of the model is that it describes different levels of crack
propagation: an initiation stage which corresponds to the beginning of stable crack
growth (at the level where the stress intensity factor, Ki/™, is reached), and a stage
featuring unstable crack propagation (after the unstable fracture toughness, Ki*”, has
been reached).

To determine the fracture parameters (unstable fracture toughness Ki*”, fracture energy
Gr, etc.), were used measured and corrected load versus crack mouth opening
displacement (P-CMOD) and load versus deflection (P—d) diagrams from three-point
bending tests performed on beams with a central edge notch.

For the purpose of this paper, fracture parameters were obtained and compared for
two different building composites:

e Concrete modified by zeolite (REF — without modification; Z10, Z20, Z40 and Z60 —
with the replacement of 10 %, 20 %, 40 % and 60 % of the cement by weight,
respectively; [4] — in Czech), 3 specimens from each mixture.

! Ing. Ivana Havlikovd, Ph.D., Brno University of Technology, Faculty of Civil Engineering, Institute of Structural Mechanics,
Veveii 331/95, 602 00 Brno, Czech Republic, havlikova.i@fce.vutbr.cz
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e Lime mortars modified by burnt clays (REF — without modification; CP025, CP050
and CP100 — enhanced by brick powder in amounts of 25, 50 and 100 % of the
weight of hydrated lime; MK050 and MK100 — enhanced by metakaolin in amounts
of 50 and 100 % of the weight of hydrated lime; [5]). Two specimens from each
mixture. The specimen’s age was 90 and 150 days.

2 Conclusions

This paper collates and compares Double-K fracture model parameter values for two
selected building composites obtained by evaluating a series of fracture test specimens
with stress concentrators. The comparison was focused on the evaluation of the initial
response of specimens under quasi-static loading — the part of a loading diagram before
the maximum load is reached. It was possible to quantify, in addition to the specific
fracture energy, the relative resistance against the initiation of stable crack propagation.
It became apparent that materials with higher fracture energy may be less resistant to the
initiation of stable crack propagation, and vice versa. It can be concluded that the
mentioned parameters seem to be independent, and it can be recommended for building
materials that, besides fracture energy, other parameters also be determined that quantify
the initiation of material response on the brittleness—toughness scale.
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SNAP-THROUGH OF THE SHALLOW SHELL
WITH INITIAL IMPERFECTION

Jozef Havran', Martin Psotny”

Abstract

Elastic shallow shell of translation subjected to the external pressure is analysed in the
paper numerically by FEM. Nonlinear equilibrium paths are calculated for the different
boundary conditions. Special attention is paid to the influence of initial imperfection on
the limit load level of fundamental load-displacement path of nonlinear analysis.
ANSYS system was used for analysis, arc-length method was chosen for obtain
fundamental load-displacement path of solution.

Keywords

Shell of translation, nonlinear stability, initial imperfection, incremental solution,
arc-length method.

1 Introduction

Shells of translation are structural elements very often encountered in the engineering
practice. Their middle surface is generated by a vertical curve sliding along another
vertical curve. The curves can be circles, ellipses, or parabolas. They occur as parts of
aircraft and marine structures in mechanical engineering, create covers of large span
structures in civil engineering.

2 Finite Element Analysis

Illustrative example of steel shallow shell loaded by the external pressure (Fig. 1) is
presented. The arc-length method was chosen for analysis, the reference arc-length
radius is calculated from the load increment.

In Fig. 2 one can observe analysis of shell simply supported along the edges.
Fundamental load-displacement path for apex node is plotted, values of the load at the
limit points are assigned. The difference between the critical load (1% eigenvalue) from
eigenvalue buckling analysis (2.426 N/mm?) and load level in the upper limit point of
the load-displacement path of non-linear analysis (1.356 N/mm?) is significant. Non-
conservative results offered from first approach are not applicable to practice.

Analysis of imperfect shell follows. The shape of initial displacements was created
identical to the shape of the 1% eigenmode. Multiplier of the (dimensionless) mode «,

was assumed 0.5mm and 1mm respectively. Including the effects of imperfections we

can see a further decline of load in the upper limit point in comparison with the perfect
shell.

! Ing. Jozef Havran, Slovak University of Technology, Faculty of Civil Engineering, Department of Structural Mechanics, Radlinského 11,
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Lx =500 mm
Ly =400 mm
pn= 2.0 N/mm?
E =210 GPa
v=0.3

A2 =30 mm
B2 =20 mm

Fig. 1: Shallow shell of translation: dimensions and material properties
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Fig. 2: Fundamental load-displacement path from nonlinear buckling analysis
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VOLBA UCELOVE FUNKCE PRI INVERZNI IDENTIFIKACI
PARAMETRU MATERIALOVEHO MODELU BETONU

CHOICE OF OBJECTIVE FUNCTION DURING INVERSE IDENTIFICATION
OF PARAMETERS OF MATERIAL MODEL OF CONCRETE

Filip Hokes', Ji¥i Kala?

Abstrakt

Rozhodujicim predpokladem pro provedeni uspéSné optimalizace je volba korektni
ucelové funkce. Platnost uvedeného piedpokladu je vyzadovana také pii inverzni
identifikaci nezndmych parametrt nelinearnich modelti betonu s pomoci optimaliza¢nich
algoritmil, pfi kterych lze vyhodné vyuZzit experimentalné naméfenych zatéZovacich
ktivek. Vyrazy pro ucelovou funkci mohou byt v takovém ptipadé formulovany ve
smyslu rozdilu funkénich hodnot kiivek ¢i pomoci porovnani charakteristickych znakd,
mezi které 1ze zatradit plochu pod kiivkou a maximalni funkéni hodnotu.

Klicova slova

Identifikace, ucelova funkce, RMSE, optimalizace, analyza citlivosti.

Abstract

The choice of correct objective function is the critical assumption for performance of
successful optimization task. The validity of the above mentioned assumption is also
demanded at utilization of optimization algorithms during the inverse identification of
unknown parameters of nonlinear material models of concrete where experimental load-
displacement curves might be conveniently used. Expressions for objective function
might be, in that case, formulated in the form of difference between the function values
or by comparison of characteristic features, where the area below the curve and the
maximum function value belonged.

Keywords

Identification, objective function, RMSE, optimization, sensitivity analysis.

1 Uvod

Jedna z mozZnosti pouziti optimalizatnich metod spociva v inverzni identifikaci
neznamych parametri nelinearnich materidlovych modelti, vyuzivanych pii
numerickych analyzdch metodou kone¢nych prvki. Rozhodujicim faktorem pro
provedeni uspé$né optimalizace je volba spravného algoritmu a korektni formulace
patfi¢né ucelové funkce. Podstata tlohy inverzni identifikace nezndmych materialovych
parametri spo¢ivd v minimalizaci miry podobnosti mezi experimentalné¢ naméienymi
kiivkami zavislosti zatizeni L a posunu d a kiivkami pochdzejicimi z nelinedrnich

! Ing. Filip Hoke$, VUT v Brné, Fakulta stavebnt, Ustav stavebni mechapiky, Veveii 331/95 Brno 60200, hokes.f@fce.vutbr.cz
2 Doc. Ing. Jiti Kala, Ph.D., VUT v Brné, Fakulta stavebni, Ustav stavebni mechaniky, Veveii 331/95 Brno 60200,
kala.j@fce.vutbr.cz
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numerickych simulaci odpovidajiciho experimentu. Tato mira podobnosti je tedy
predpisem ucelové funkce. Pro dany ucel se nabizi vyuziti RMSE (Root-Mean-Squared
error) miry. K porovnani lze dale vyuzit hodnoty plochy pod zatéZovaci kiivkou a
hodnoty maximalniho zatizeni. Dtisledkem pouziti druhé z popisovanych variant je vSak
potfeba volby spravného a robustniho algoritmu umozilujiciho optimalizaci s vice
ucelovymi funkcemi. Piredkladany ¢lanek se s ohledem na uvedené skuteCnosti vénuje
studii vlivu odlisné formulace ucelové funkce v identifikacni tloze, pro jejiz vypocet
byly vytvoreny skripty v programovacim jazyce Python.

2 Vysledky identifikace s odliSnymi icelovymi funkcemi

Problematika volby ucelové funkce byla feSena pro variantu jedné ucelové funkce
definovanou jako RMSE mira ptes celou délku L-d kiivek, dale pro variantu péti
ucelovych funkci definovanych jako RMSE miry na péti rovnomérmné rozdélenych
¢astech ktivky a nakonec pro dvé ucelové funkce definované jako rozdil ploch pod
kiivkami 4Arq a rozdil maximalnich hodnot zatizeni 4Lmax. Jak ukazuje Obr. 1, ve vSech
variantach bylo dosazeno dobré shody s referen¢ni L-d kiivkou.

5000
—Referenéni L-d kfivka
4500
4000 —L-d kfivka - varianta 1
3500 L-d kfivka - varianta 2 - min
3000 —L-d kfivka - varianta 2 - hledani 0

2]
=
[=]

—L-d kfivka - varianta 3 - min
¥

[ T\

000 —L-d kfivka - varianta 3 - hledani 0

Zatizeni L [N]

-
o
o
o

1000
500

0 0.0002 0.0004 0.0006 0.0008
Deformace d [m]

Obr. 1: Porovnani vyslednych L-d kiivek s referencni kivkou
3 Zavér
Vysledky predkladané studie ukazuji, ze pro provedeni uspésné identifikace lze pouzit
jak ucelovou funkci definovanou jako RMSE miru, tak G¢elové funkce formulované jako
rozdily 4Ara a ALmas.
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TRIDA MKP NOSNIKOVYCH ELEMENTU PRO MODELOVANI
MATERIALOVE NELINEARITY NA MASIVNICH PRUREZECH

FAMILY OF FEM BEAM ELEMENTS FOR MATERIAL NONLINEARITY MODELING
ON ARBITRARY CROSS SECTION

Jaromir Kabela¢!

Abstrakt

Na masivnim prifezu nosniku Ize identifikovat n€kolik vyznamnych médu deformace
Ptedevsim mddy od axialniho a ohybového namahani, médy deplanace od smyku a torze
a mody od vazané deplanace. Tyto mody Ize uvazovat linearni a nelinearni. Lze uvazit
nékolik formulaci bazovych funkci po nosnikovém elementu. Riiznou kombinaci
deformacnich moédu a bazovych funkci vznika rodina MKP elementi méné ¢i vice
vhodnych pro zahrnuti materidlové nelinearity.

Klicova slova

MKP, nosnikovy element, materialova nelinearita, obecny prafez.

Abstract

Group of deformation modes can be identified on the solid cross section. Especially
modes form axial and bending loading, warping modes from shear and torsion and non-
uniform warping effects. This modes can be modelled as linear or nonlinear. Some
different base function can be chosen along beam FEM elements. Family of beam
elements can created by combinations of different deformation modes and base function.
Each combinations are more or less suitable for material nonlinearity including.

Keywords

FEM, beam elements, material nonlinearity, arbitrary cross section.

1 Uvod

Nosnikové elementy umoziuji vyznamnou redukci tlohy a vyrazné jednodussi
modelovani geometrie nosnikové konstrukce. Ve stavebni praxi je nutné uvazovat vliv
materidlové nelinearity jak ocelovych tak Zelezobetonovych konstrukci. Cilem ¢lanku
neni rozbor jednotlivych materidlovych nelinearit ale vytipovani vhodnych formulaci
nosnikového elementu pro zahrnuti efektu materialové nelinearity na nosnikovych
konstrukeich (viz ptiklad na obr. 1).

Formulaci nosnikového elementu lze rozd¢€lit do dvou ¢asti. Je tfeba stanovit, které
jevy se budou uvazovat pii stanoveni pribéhu napéti po prifezu. Z tohoto hlediska, 1ze
identifikovat devét zédkladnich deformacnich médi po prifezu, mezi které patii:

! Ing. Jaromir Kabela¢, Hypatia Solutions s.r.0., jaromir.kabelac@hypatiasolutions.com
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it
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Obr 1: Priklad distribuce napéti na obecném nosniku s uvazenim materialové nelinearity

e [rivost a protazeni osy nosniku a tomu odpovidajici axidlni napéti od zatiZzeni od
ohybu a tahu,

e zkoseni a zkrouceni osy nosniku a jemu odpovidajici deplanace prifezu, tomu
odpovidajici slozky smykovych napéti, od smyku a krutu,

® vdzané deplanace prurezu a jemu odpovidajici slozky axidlnich napéti pfedevsim
od vazaného krutu.

Timto vyctem dostavame 9 stupiili volnosti pro kazdy prifez. Silovou odezvu priifezu
na deformace téchto 9 modu lze fesit pln¢ nelinearné véetné nelinearnich deplanacnich
funkei jako samostatnou nelinedrni Ulohu. Vyraznym zjednoduSenim je uvaZovani
linearni deplanace a potom se uloha redukuje na prostou integraci po praiezu. Je tieba
zdiraznit, ze vycet moznych deformacnich mddu po priifezu neni koneény, viz naptiklad
General Beam theory [1]. Z praktického hlediska je vSak upotiebitelnych na masivnich
prutfezech prvnich 7 stupnii volnosti — tah, ohyb, smyk, krut, vazany krut.

Druhou ¢asti je formulace samotného nosnikového elementu z hlediska bazovych
funkci pouzitych elementii pouzité numerické integrace. Byli zkoumany nésledujici
formulace:

e FEuler beam — kubicky prubéh prihybu linedrni pribeéh protazeni. Dvoubodova
integrace. Vznikaji pouze axialni sloZky napéti od tahu a ohybu.
e Timosheno beam — Pfidani linearni pribéh natoceni a zkoseni prifezu
dvoubodova integrace. Zahrnuti smykovych slozek a krutovych slozek.
e Redukovand integrace — pouziti parabolickych nahrad a jednobodové integrace.
e Pridani vazaného krutu.
2 Zavér
Kombinaci jednotlivych deformacnich mddi a bazovych funkci vznikéd celé portfolio
nosnikovych elementi s uvazenim materidlové nelinearity. V ¢lanku jsou uvedeny
vyhody a nevyhody jednotlivych formulaci. Rozdily jsou ptfedevsim v asové narocnosti
a stabilit¢ numerického feSeni. Je tfeba si uvédomit jaky typ efektu je potieba zahrnout

do feSeni ulohy. Ukazuje se, ze z praktického hlediska jsou upotiebitelné pouze
nejjednodussi formulace.
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IMPLEMENTATION OF MINIMUM CRACK SPACING MODEL
IN FINITE ELEMENT CALCULATIONS

Petr Kabele!, Eliska Smidova?, Petr Havlasek®

Abstract

An algorithm for implementation of minimum crack spacing in finite element
simulations of multiple cracking in strain hardening cementitious composites is
presented and verified.

Keywords

Strain hardening cementitious composites (SHCC), multiple cracking, cohesive crack
model, crack spacing.

1 Introduction

Strain hardening cementitious composites (SHCC) are brittle-matrix composites
reinforced by short fibers, which, by definition, exhibit multiple cracking behavior.
Under increasing tensile stress, multiple cracking demonstrates itself by formation of a
large number of distributed sub-parallel matrix cracks bridged by fibers. Crack spacing
in SHCC is not constant during the loading process, but gradually decreases until crack
saturation is attained. The primary condition for a crack to occur is the satisfaction of the
fracture condition: the maximum principal tensile stress in the matrix attains the matrix
strength. In general, both the matrix strength and the tensile stress may not be uniform in
the analyzed structure. The former non-uniformity may result from various material
imperfections and flaws. The latter is usually associated with the overall shape and
loading conditions of the structure. Additionally, in a vicinity of an
existing crack, it is necessary to consider that the load, which is carried across the crack
by bridging fibers, is gradually transferred from the

5 T

fracture
localization |

multiple
cracking

Strain (%)

Fig. 1: Typical tensile stress-strain curve of a strain hardening fiber reinforced cementitious
composite (SHCC)
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Fig. 2: Results of simulations of 4-point bending test. Calculated crack patterns with different
meshes respect the prescribed minimum crack spacing of 12.5 mm.

fibers back to the matrix through friction on the fiber-matrix interface. As a result, there
is a region in the crack neighborhood, where the matrix stress may never reach its
strength. Size of this region then determines the minimum crack spacing x.

2 Finite element modeling of SHCC fracture

Generally, there exist two approaches to finite element simulation of fracture in SHCC
materials: homogenization-based models and individual-crack-based models (see review
in [1]). In the latter approach, whose advantages include, e.g., better performance under
complex loading conditions and ability to provide information on crack width
distribution, the concept of cohesive crack is used to represent each crack individually.
In this case, it is necessary ensure that the crack to crack distance is never less than x4,
regardless of finite element size. In the present paper, an algorithm, which implements
the minimum spacing distance in irregular finite element meshes is proposed and
verified. Fig. 2 shows some representative results.
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ANALYSIS OF LAMELLAR STRUCTURES WITH APPLICATION
OF GENERALIZED FUNCTIONS

Gela Kipiani !, Nika Botchorishvili 2

Abstract

Requirement on analysis of construction production at reducing of it’s prime cost leads
to necessity of widely application of advanced scientific and technical achievements and
new methods of calculation for purpose of creation design diagrams, having lowered
material consumption, required strength indicators, reliability, durability, high
manufacturability.

Keywords

List of keywords in English language, separated by commas.

1 Introduction

Thin-walled lamellar shell structures are applied in various fields of engineering.
Implementation in structural mechanics of modern large-span structures of having high
strength characteristics low-modulus materials leads to necessity to taking into account
of large deformations in comparison with thickness at analysis of thin-walled structures.
Improvements of strength of lamellar structures most naturally are carried out by
arrangement of ribs. At acting along the walls with apertures of local loadings is
advisable reinforcement of spatial structures by proper length ribs. The arrangements
and type of attachments of these ribs make impact on behavior of structure at
deformation.

Irregularity of geometrical and physical parameters of thin-walled structures causes

the significant stress concentration and makes dangerous areas for propagation of cracks
and plastic deformations. In most cases, their load bearing capability is determined due
strength conditions or buckling in stress concentration areas.
In places of regularity break stress concentration zones makes essential influence on load
bearing capability and stability of thin-walled structures. At this, known traditional
analysis and numerical methods are less effective. Thus is necessary development of
new effective methods for analysis of mentioned class of structures.

Currently theory of generalized, in particular, discontinuity impulse functions
significantly extend possibilities of analysis of various having regularity breaks lamellar
structures.

In structural mechanics the sandwich systems would be considered by having
regularity breaks systems by thickness. The sandwich plate with lightweight filler and
two external load bearing layer would be widely applied in structural mechanics as
typical element, in that would be various structural singularities as additional links,
breaks and so on.

! prof. Dr. Gela Kipiani, Georgian Aviation University, 16, Ketevan Tsamebuli str., Tbilisi, 0144, Georgia, gelakip@gmail.com
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In addition by application of generalized functions analysis of including single
layered as well as in composite materials lamellar structures is rather complex, topical
and requires the development of special methods of analysis [1-8].

2 Conclusion

Will be developed and studied the simultaneous differential equations that gives the
possibility in conditions of non-linear deformations to research mode of deformation for
class of having ribs, breaks, concentrated supports lamellar structures. Are developed
various simplified variants of theses equations by application of generalized functions.
The design model reflects the applied in engineering elements.

Will be developed analysis method for having irregularities lamellar structures in
conditions of linear and non-linear deformations that gives the possibility to determine
with equal accuracy stresses and moment in continual areas as well as in adjacent of ribs.

References

[1] MIKHAILOV B.K., KIPIANI G.O. Deformability and stability of spatial lamellar
systems with discontinuous parameters. Saint Petersburg: Stroyzdat SPB, 1996. -
442 p.

[2] KIPIANI G. Definition of critical loading on three-layered plate with cuts by
transition from static problem to stability problem. Contemporary Problems in
Architecture and Construction. Selected, peer reviewed papers the 6™ International
Conference on Contemporary Problems of Architecture and Construction, June 24-
27, 2014, Ostrava, Czech Republic. Edited by Darja Kubeckova. Trans Tech.
publications LTD, Switzerland, 2014, pp. 143-150.

[3] KIPIANI G. Application of generalized functions for analysis of plates with ribs,
cuts. XI Conference of Mathematical HEI of GSSR. Theses of reports — Kutaisi,
1986. Thilisi, Thbilisi State University, 1986. p. 201.

[4] KIPIANI G., RAJCZYK M., LAUSOVA L. Non-linear boundary value problem
modeling elastic equilibrium of shells. 47 International Scientific and Technical
Conference “Modern Problems of water management” Environmental Protection,
Architect and Construction”, September 27-30, 2014. Dedicated to the 85
anniversary of the Water Management Institute, Tbilisi, 2014. pp. 150-152.

[S] KIPIANI G., RAJCZYK M., LAUSOVA L. Influence of rectangular holes on
stability of three-layer plates. Applied Mechanics and Materials, Vol. 711 (2015)
pp. 397-401. Trans Tech  Publications Inc., Switzerland. doi:
10.4028/www.scientific.net/ AMM.711.397 .

[6] ELISHAKOV I. Resolution of the twentieth century conundrum in elastic stability.
Florida Atlantic University, USA, 2014. by World Scientific Publishing Co. Pte,
Ltd. -333 p.

[7] ELISHAKOV 1., PENTARAS D., EGTNTILINI C. Mechanics of functionally
graded material structures. 2016. by World Scientific Publishing Co. Pte, Ltd.-
333p.

[8] KIPIANI G. Deformability and stability of rectangular sandwich panels with cuts
under in-plane loading. Architect and Engineering. Vol. 1. Issue 1, March, Saint
Petersburg,2016.SPSUACE,pp.26-30.aej.spbgasu.ru/index.php/AE/issue/view/3).

28



STRUCTURAL RELIABILITY & MODELLING IN MECHANICS OSTRAVA, MAY 2016

MODELOVANI ROZSAHU A TVARU LOMOVE PROCESNI ZONY
KVAZIKREHKYCH MATERIALU ZE ZATEZOVACICH KRIVEK

MODELING OF SIZE AND SHAPE OF THE FRACTURE PROCESS ZONE
OF QUASI-BRITTLE MATERIALS FROM LOADING CURVES.

Jifi Klon!, Vaclav Vesely’

Abstrakt

Ptispévek je zaméfen na vyhodnoceni vybranych lomovych parametrii kvazikiehkého
materialu, ziskanych ze zatézovacich kiivek, a posouzeni jejich zavislosti na velikosti
a tvaru zkuSebniho télesa. Hlavni pozornost byla vénovana lomové procesni zoné
vyvijejici se béhem lomu v okoli vrcholu makroskopické trhliny a efektivni délce této
trhliny. V praci byly vyuzity experimentdlné ziskané zatézovaci diagramy testl
ttibodového ohybu tramcii riznych velikosti se zafezem publikované v literatufe.

Klicova slova

Lomova procesni zona, disipace energie, kvazikiehky material, efektivni trhlina.

Abstract

The paper is focused on the evaluation of selected fracture parameters of quasi-brittle
material, obtained from the loading diagrams, and an assessment of their dependence on
the size and shape of the test specimen. Main attention was given to fracture process
zone developing at the tip of the macroscopic crack during fracture and the effective
length of the crack. Experimentally obtained loading curves from the three-point
bending notched beams of several sizes published in the literature have been utilized.

Keywords

Fracture process zone, energy dissipation, quasi-brittle material, effective crack.

1 Uvod

U kvazikiehkych materidlii vznika v blizkosti ¢ela S$ifici se trhliny zona nelinearné se
chovajiciho materialu. Pfevaznou cast této zony tvoii tzv. lomovad procesni zona (LPZ),
v niz probihaji mechanizmy zhouZzZevnaténi materialu. Tyto mechanizmy jsou pfic¢inou
takzvaného tahového zmeékcéeni. Existence LPZ zacind byt v posledni dobé
zohlediiovana v ramci lomovych modelti pro popis kvazikiehkého lomu, k ¢emuz
sméfuje 1 tato studie.

K urceni vlastnosti LPZ je vyhodné pouziti kombinace nastroju klasické linedarni
elastické lomové mechaniky (LELM), jejimz uzitim se vyjadii mnozstvi energie
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pfeménéné na vznik novych povrchi (efektivni) trhliny (bez uvazovani existence LPZ)
a nelinedrnich lomovych modela pro beton a dalsi kvazikiehké materialy.

Publikovana experimentdlni data ukazuji na znacnou zavislost hodnoty lomové
energie Gf, stanovené standardizovanou metodou lomové prace na velikosti a geometrii
zkuSebniho télesa a jeho volnych okrajich. Tento jev je zpiisoben zménou tvaru
arozméru LPZ behem S$ifeni trhliny, s ¢imz souvisi zména mnozstvi energie v této
oblasti disipované. Tato zména je determinovana vzdalenosti a polohou cela trhliny
a s ni souvisejici LPZ vzhledem k volnému okraji télesa.

Cilem této prace je navrh alternativni metody pro vyhodnoceni vysledkl (pfedevsim
P—d ktivek), ato pomoci presnéj$iho odhadu rozsahu LPZ a energie, ktera je v ni
disipovana. Pro studii byla pouzita experimentdlni data publikovand v [1]. Aby bylo
mozno vyjadrit celkové mnozstvi energie disipované pii lomu béhem rastu efektivni
trhliny Wr (a zdroven urcit jaka €ast pfipadd na vznik novych povrcha trhliny, tj. na
kiehky lom Wrp, a jakd ¢ast se disipuje v lomové procesni zoné Wrfpz) je pro kazdou
P—d kiivku sestavena odpovidajici R-kiivka. Z téchto rezistencnich kiivek se dale
vyjadii kumulativni mnozstvi disipované energie rozdélené na Cast ptipadajici na kiehky
lom a procesy zhouzevnaténi v LPZ. Mnozstvi energie, pfipadajici na kiehky lom, je
primo zavislé na urc¢ené (odhadnuté) hodnoté odporu proti Siteni trhliny R.

Pro kiivku vyjadiujici kumulativni mnozstvi energie disipované pii kvazikiehkém
lomu je nalezena vhodna rovnice regrese a pak dle vztahu:

Wity = g 1)
zderivovana podle délky trhliny. Touto upravou se ziskd energie disipovana v pfirastku
objemu LPZ pii prodlouzeni trhliny o da, oznacena jako wrm.. Za predpokladu
konstantni hodnoty hustoty disipované energie Hr v objemu celé LPZ je moZno jeji Sitku
t pro prirastek trhliny da urcit ze vztahu:

We fpz,i
f = it @)

kde B znaci tlouStku télesa. Schéma pouzitého modelu, R-kiivky uréené z P—d diagrami
a odpovidajici interpretace kumulativni zény poruseni je naznacena na Obr. 1.

0 0.5 1
al-]

Obr. 1: a) Naznaceni disipace energie pii lomu tramce; b) R-kiivka, c¢) odhad sitky LPZ
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EFFECT OF CRACKING AND RANDOM INPUT VARIATION ON
CORROSION INITIATION OF SELECTED REINFORCED CONCRETE
BRIDGE DECKS EXPOSED TO CHLORIDES

Petr Koneény !, Petr Lehner 2

Abstract

The paper is aimed at the evaluation of the effect of random scatter of input parameters
in case of durability of reinforced concrete bridge deck. The time to onset of corrosion of
steel reinforcement of concrete bridge deck exposed to chloride is evaluated. The effect
of cracking in concrete onto chloride ingress is considered. The selected steel
reinforcement protection strategies are: unprotected steel reinforcement, epoxy-coated
steel reinforcement and water-proof barrier bellow asphalt overlay. 2-D finite element
chloride ingress model combined with Monte Carlo simulation technique is applied.
Deterministic and probabilistic calculations are compared.

Keywords

Concrete, crack, steel reinforcement, bridge deck, epoxy-coating, waterproof membrane,
chlorides, chloride ingress, aging, corrosion initiation, finite element analysis,
deterministic, probabilistic, Monte Carlo simulation.

1 Introduction

The random scatter of input parameters is important feature of many engineering tasks.
Thus considering randomness in the numerical modelling via distribution functions of
significant parameters is appropriate approach in probabilistic reliability assessment
even in case of important civil engineering structures such as public infrastructure.

Typical example is reliability of reinforced concrete bridge structures that is, in many
cases, predetermined by durability as proven by many structures requiring premature
repairs or replacement. Need for repairs results from defects caused by e.g. the effect of
environment or the long term actions of loads including chemical actions. Shortened
lifespan leads to increased life cycle costs of the structure thus contributing indirectly to
higher burden on public budgets.

The production of higher quality concrete mixes and more durable construction
systems can contribute to reduce the overall costs of the structure. Higher durability
increases better knowledge of the progress of the degradation process caused by the long
term actions of environmental and structural loading.

This paper aims to compare the results of deterministic [1] and probabilistic
assessment [2]. The work aims in particular on the utilization of tools to compare
variants of directly exposed bridge decks and bridge decks protected by waterproof
insulation. The protection strategies are given in Figure 1.
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Asphalt layer
‘Waterproof insulation

RC slab RC slab
Reinforcement protected with an BproeCied S Mo rcement
cpoxide coating ~

Figure 1: The RC bridge deck scheme with epoxide protection of reinforcement typical for the North East
of the USA (left) and waterproof insulation typical for Central Europe (right)

2 Conclusions

The paper compares the deterministic and probabilistic assessment of chloride ingress
related durability of selected bridge decks. The effect of two protection strategies with
respect to durability of reinforced concrete bridge deck is discussed, namely waterproof
membrane and steel reinforcement protection. The durability assessment of reinforced
concrete bridge deck exposed to chloride ingress is applied considering 2D finite
element model of chloride ion ingress with crack and simplified ability to describe the
waterproof membrane effect. Moreover, the implementation of a continuous model of
crack effect is applied. The Monte Carlo simulation is utilized for probabilistic
evaluation.

It is believed that the application of random input parameters variation increases time
to onset of corrosion on selected probability levels due to less likelihood of simultaneous
encountering of following phenomena: crack in bridge deck, problem in waterproof
membrane and/or defect in epoxy-coating. It needs to be noted that the selection of
probability distribution significantly affects the time to onset of corrosion so the results
reflects considered simplifications and assumptions. The further research is necessary in
order to improve the input parameters description and model assumptions.
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ANALYSIS OF GROUND SUPPORTED SHORT FIBER
REINFORCED CONCRETE PLATE

Eva Kormanikova '

Abstract

The present paper describes the elastic theory of finite element method for modeling of
fiber reinforced concrete plates placed on Winkler foundation. There is presented Tsai
and Pagano model within micromechanics of composite materials with short fibers. As
the application problem it was used example of fiber-reinforced concrete industry plate.

Keywords

Short fiber composite, concrete, steel fibers, micromechanics, foundation plate.

1 Introduction

The present paper describes the elastic theory of finite element method for modeling of
fiber-reinforced concrete plates placed on Winkler foundation. There is presented Tsai
and Pagano model within micromechanics of composite materials with short fibers. As
the application problem it was used example of fiber-reinforced concrete industry plate.

Several methods are used for analysis of interaction the concrete plate on soil-
subgrade. Also the finite element method can be used for solution of the Winkler
formulation of interaction foundation plate and soil-subgrade.

2 Example of application

Let us have a foundation plate on the Winkler formulation, dimension of 24 m x 36 m
and thickness of 0.2m. Soil modulus is given K = 1-10° kNm™. Distances of dilatations
are made of 6 x 6 m. The concrete foundation plate on soil-subgrade is solved by
application of Finite Element Method and Losberg Yield Line model. The loads on the
plate were made according with STN EN 1991-1-1. The fiber-reinforced concrete
consists of C 25/30 and Dramix RC-65/60-BN fibers.

Loads: dead weight of the plate, weight of the shelfs with maximum reaction of one strut
100 kN at the place 0.2 m x 0.2 m. Dimensions of one shelf are 1.1 m x 2.8 m, distance
between shelfs is 0.3 m. It was taken into account vehicle FL6 and uniform distributed
load caused by weight of materials of 100 kN/m? at the place 5 m x 15 m. The maximum
load combination is location of vehicle between edge of the plate and set of shelfs. The
ultimate limit state was use for design of short fiber - reinforced concrete plate.

o max [MPa] - Linear analysis, Winkler | o max [MPa] - Losberg Yield Line model

4.033 3.26

Tab. 1: Normal stresses of the ground plate
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3 Conclusion

There were compared the results obtained from linear FEM analysis and Losberg Yield
Line model in the paper. For given industry plate (see example of application) it was
designed the amount of fibers 39 kg/m® by Losberg Yield Line model. From linear
analysis (39 kg/m®) the maximum normal stress is 4.033 MPa (Tab. 1). The value 3.26
MPa was obtained with the help of Losberg Yield Line model (Tab. 1). The smaller
value of stress was obtained by Losberg Yield Line model with plastic approach. The
linear solution causes the overdesigned and uneconomical design of industrial plates that
is not suitable for design of industrial floor.
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TANK-FLUID-SOIL-SEISMIC ANALYSIS

Kamila Kotrasova!

Abstract

Ground-supported tanks are used to store a variety of liquids. During the earthquake
activity the liquid exerts impulsive and convective effect. This paper provides theoretical
background for hydrodynamic pressure that is being developing during an earthquake in
the liquid storage ground-supported rectangular container — the endlessly long shipping
channel, is grounded on hard soil or sub-soil.

Keywords

Tank, fluid, earthquacke, fluid-structure interaction.

1 Introduction

Large-capacity ground-supported tanks are used to store a variety of liquids, e.g. water
for drinking and fire fighting, petroleum, chemicals, and liquefied natural gas.
Satisfactory performance of tanks during strong ground shaking is crucial for modern
facilities. Tanks that were inadequately designed or detailed have suffered extensive
damage during past earthquakes [1 - 2].

The seismic analysis and design of liquid storage tanks is, due to the high complexity of
the problem, in fact, really complicated task.

Number of particular problems should be taken into account, for example: dynamic
interaction between contained fluid and tank, sloshing motion of the contained fluid; and
dynamic interaction between tank and sub-soil. Those belong to wide range of so called
fluid structure interactions (FSI). Tank-soil interaction could under specific conditions
have a significant effect on seismic response of the tank.

The knowledge of forces and pressure acting onto walls and the bottom of containers
during an earthquake plays essential role in reliable and durable design of earthquake
resistance structure/facility - tanks.

2 Hydrodynamic pressures

The complete solution of the Laplace equation for the motion of fluid contained in a
rigid containers can be expressed as the sum of two separate contributions, called "rigid
impulsive", and "convective", respectively. The "rigid impulsive" component of the
solution satisfies exactly the boundary conditions at the walls and at the bottom of the
tank (compatibility between the velocities of the fluid and of the tank), but gives
(incorrectly, due to the presence of the waves in the dynamic response) zero pressure at
the original position of the free surface of the fluid in the static situation. The
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“convective” term does not alter those boundary conditions that are already satisfied,
while fulfilling the correct equilibrium condition at the free surface [1,10-12].

Let us to consider a rectangular ground supported container, having the width 2L as
shown in Figure 4. Walls have uniform thickness. Rectangular container is filled with
fluid to the height A and the container is exerted by a horizontal acceleration i, in the x -

direction, [14]. For rectangular container whose walls can be considered as rigid, a
solution of the Laplace equation due to the horizontal excitation, can be obtained in the
form (12). The total pressure is given by the sum of an impulsive and a convective
contribution using the absolute summation rule [14]:

plz.0)=p,(z.0)+ p.(z.1) (1)

3 Solution, results and discussion

As an example case we will assume the ground supported rectangular endlessly long

shipping channel, with the length L =5 m and the height A, = 3 m. Channel surrounding

walls have the uniform thickness of 0.25 m. The base slab of the channel is 2 =0.4 m

thick. Shipping channel is filled with water up to the height of 2.5 m. There is no roof

slab structure covering the channel. This water filled tank is grounded on hard soil or

sub-soil 30 MNm™.
0.
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Fig. 21: Time dependent response of the vertical displacement in the “RBET” point
of the shipping channel on sub-soil 30 MNm™
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INVERZNI IDENTIFIKACE MATERIALOVYCH PARAMETRU
KONSTITUTIVNIHO MODELU URCENEHO
PRO MODELOVANI BETONU

INVERSE IDENTIFICATION OF THE MATERIAL PARAMETERS
OF A CONSTITUTIVE MODEL INTENDED FOR A CONCRETE MODELING

Petr Kral', Petr Hradil?, Jiri Kala®

Abstrakt

Cilem ptispévku je provedeni inverzni identifikace materidlovych parametra
nelinedrniho konstitutivniho modelu urceného pro modelovani betonu. Inverzni analyza
je v soucasnosti velmi vyuzivana, jelikoz umoziluje nalezeni optimalnich hodnot
parametri nelinearnich materidlovych modelt, pii jejichz aplikaci je vysledna odezva
konstrukce ziskana z pocitacové simulace velmi blizka redlné odezveé konstrukce ziskané
na zakladé experimentalniho méfeni. Tato skutecnost piedstavuje bezpochyby jeden z
dalsich kroka vedoucich ke zptesiiovani numerickych ptistupa.

Klicova slova

Inverzni analyza, optimalizace, objektivni funkce, nelinearni numerickd simulace,
zatézovaci ktivka, materidlovy model betonu, experimentalni data.

Abstract

The aim of this paper is to perform the inverse identification of the material parameters
of a nonlinear constitutive model intended for a concrete modeling. The inverse analysis
is currently heavily used because it allows to find the optimum parameter values of
nonlinear material models. When applying such parameters the resulting response of the
structure obtained from a computer simulation is very similar to the real response of the
structure obtained on the basis of the experimental measurement. This constitutes
without doubt one of the further steps to refine the numerical approaches.

Keywords

Inverse analysis, optimization, objective function, nonlinear numerical simulation, load-
displacement curve, concrete material model, experimental data.

1 Uvod

Cilem tohoto pfispévku je provedeni inverzni identifikace materidlovych parametri
nelinearniho konstitutivniho modelu s ndzvem Karagozian & Case (K & C) Concrete
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model [1]. Inverzni analyza je provedena na zaklad¢ zatézovaci 1-d kiivky
experimentalné¢ namétené ze zkouSek valcové pevnosti betonu v tfiosém tlaku [2].
V ramci procesu inverzni analyzy je vyuzita interakce nelinedrnich numerickych
simulaci provedenych v programu LS-Dyna (explicitni fesi¢ metody kone¢nych prvki)
[3] s optimalizacnimi procedurami implementovanymi v programu optiSLang [4].
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Obr. 1: Srovnani 1-d ktivky pro optimalizované hodnoty parametrti s experimentalni 1-d kiivkou
2 Zavér
Vysledky inverzni analyzy ukazaly, ze K & C Concrete model je vhodnym modelem pro
popis nelinedrniho chovani betonu v tfiosém tlaku a Ze pti vhodné zadanych hodnotach
svych parametrii mize tento model aproximovat experimentalni data velmi dobfte, ¢ehoz
byly dikazem vysledky numerické simulace provedené s pouzitim vyslednych

naidentifikovanych hodnot parametrii materidlového modelu z Evoluéniho Algoritmu
(EA). Tyto vysledky aproximovaly pouzitd experimentalni data velmi pfesné (Obr. 1).
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CFD SIMULATION OF AIR FLOW OVER AN OBJECT
WITH GABLE ROOF, REVISED WITH Y* APPROACH

Juraj Kralik'

Abstract

Aim of this contribution is to provide insight view into analysis focused on obtaining
external pressure coefficients on isolated two storey low-rise building with 15° elevation
gable roof using Computer Fluid Dynamics simulation and these are compared to values
that offering Eurocodes. Final Volume Model consisting of polyhedral mesh will be
used for analysis with two different turbulence models. Mesh was created with respect to
y* parameter, where desired value was below one which leads us to fine mesh type.
Secondary aim of this contribution is to compare performance of selected turbulence
models. For this purpose were chosen Detached Eddy Simulation and Large Eddy
Simulation which are part of the Scale Resolving Simulation turbulence models.

Keywords

Ansys, fluent, airflow, turbulence, pressure coefficients, polyhedral mesh.

1 Introduction

As Computer Fluid Dynamic (CFD) software develops, problems of fluid dynamics
becoming interesting for more engineers. CFD is a handy tool capable of reasonable
predicting of air-flows. In this article will be used to predict external pressure
coefficients on simple rectangular low-rise building with gable roof.

Several commercial and non-commercials software packages offering CFD

simulations. For the purpose of this analysis was used commercial software package
ANSYS Fluent R16.2.

2 Y approach

The y* value is a non-dimensional distance (based on local cell fluid velocity) from the
wall to the first mesh node, and is determining whether the influences in the wall
adjacent cells are laminar or turbulent. In CFD often used to describe if mesh is fine or
coarse.

There are three subdivisions of the near wall region in turbulent boundary layer (see
Fig. 2): viscous sub layer region with y* < 5 (velocity profiles assumed to be laminar and
dominate the wall shear); buffer region with 5 < y* < 30 (dominates both viscous and
turbulent shear); fully turbulent portion or log-law region with 30 <y* <300 (turbulent
shear dominates). Values of y* close to the lower bound y* = 30 are most desirable for
wall function and y* = 1 for near wall modelling, [1]. So we can say that y™ is a suitable
selection criterion for determining the appropriate mesh configuration and turbulence
model.
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3 Results

CFD analysis is focused on obtaining external pressure coefficients (EPC) on simple
shaped building and these are compared to EPC which provide Eurocodes.

Comparison between both cases can be seen on Fig. 1 and 2, starting with velocity
profiles in longitudinal axis plane. Both cases used the same UDF file with inputs. While
in Case 1 were as turbulence inputs turbulent kinetic energy k& and specific turbulent
dissipation rate w, in Case 2 was turbulence modelled also using spectral synthesizer,
which had influence on velocity profiles, this can be seen on Figure 1 B).

AN%!S ANSYS

N R T T T R

| . | [ |
A) Velocity [msh] l_‘_ B) Velocity [m s~1] L_“

Fig. 1 Velocity profiles in middle vertical plane: A) Case 1, B) Case 2

Figure 2 is showing detailed view at roof ridge, where the separation zones were
under predicted in Case 1 (windward roof and leeward roof). Notable differences were
found in windward and mainly leeward recirculation, see Figure 10.
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A) Velocity. Travg [m s*1] B) Velocity. Tmavg [m s*1]

Fig. 2 Contours of mean velocity in middle vertical plane, ridge detail: A) Case 1, B) Case 2

In Case 1, simulation took 3 days to end and in Case 2 it took app. 30 days to complete.

4 Conclusions

From presented results it’s hard to talk about any accuracy, both models performed very
well (no problems with convergence). Some differences were found in predicted EPC
between used turbulence models. Reached time averaged mean values of EPC were
generally smaller compared to those that are provided by Eurocode except leeward roof
zones. Some lone peak values were observed around edges of building. Future plan is to
perform an experiment in Boundary Layer Wind Tunnel for better comparison.

Acknowledgement

This contribution is the result of the researches supported by Slovak Grant Agency
VEGA. Registration numbers of the projects are 1/0256/16 and 1/0951/16.

References
[1] ANSYS Fluent 14.0 Theory Guide.

40



STRUCTURAL RELIABILITY & MODELLING IN MECHANICS OSTRAVA, MAY 2016

NONLINEAR ANALYSIS OF THE NPP POSTAMENT SAFETY
DUE TO EXTREME PRESSURE AND TEMPERATURE

NELINEARNA ANALYZA BEZPECNOSTI POSTAMENTU JE NA UCINKY
EXTREMNEHO PRETLAKU A TEPLOTY

Juraj Kralik'

Abstract

This paper describes the nonlinear analysis of the nuclear power plant (NPP) postament
safety under a high internal overpressure and temperature. The scenario of the hard
accident in NPP and the methodology of the calculation of the safety of the technology
segments are presented. The safety analysis of the original and upgraded postament
structure is described here.

Keywords
Nuclear Power Plant, Postament, Nonlinearity, Safety, ANSYS.

Abstrakt

Clanok sa zaobera nelinearnou analyzou postamentu jadrovej elektrarne (JE) na uéinky
extrémneho tlaku a teploty. Prezentuje sa tu scenar tazkej havérie v JE a metodologia
vypoctu bezpecnosti technologického prvku. Analyza bezpecnosti origindlnej a
spevnenej konstrukcie postamentu je tu uvedena.

KPucové slova

Jadrova elektraren, postament, nelinearita, bezpecnost’, ANSYS.

1 Introduction

After the accident of nuclear power plant (NPP) in Fukushimi the IAEA in Vienna
adopted a large-scale project "Stress Tests of NPP", which defines a new requirements
for the verification of the safety and reliability of NPP under extreme effects of internal
and external environments and the technology accidents [1]. The experience from these
activities was used to develop a methodology to check the safety and reliability of the
NPP technology segments in Slovakia. The new IAEA safety documents initiate the
requirements to verify the hermetic structures of NPP loaded by two combinations of the
extreme actions. First extreme loads is considered for the probability of exceedance 10
by year and second for 102 by year. Other action effects are considered as the
characteristic loads during the accident. In the case of the loss-of-coolant accident
(LOCA) the steam pressure expand from the reactor hall to the bubble condenser [2].
The reactor and the bubble condenser reinforced structures with steel liner are the
critical structures of the NPP hermetic zone [3]. The uncertainties of the input data can
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be considered in the probabilistic analysis [4]. Next, one from the critical technology
structures is the reactor postament. In the case of the hard accident the overpressure can
be increased linearly and the internal and external temperature are constant. Three types
of the scenarios were considered. The critical was the accident during 7 days with the
overpressure 250 kPa, internal temperature 150 °C and external temperature -28 °C.

2 FE model of original and upgraded postament

The duct system O-141 is the part of the hermetic zone for the system 3KLAI1I,
3KLAT11BR cooling system for the reactor shaft. The critical structure is the steel
rectangular box 1000 x 1000 x 1200 mm from the steel plates with the thickness 4 mm
between the steel pipes @710 coincident with this box. The original structure of
postament was not satisfied under extreme overpressure and temperature. Two
alternatives of the upgrading were proposed:

1. Using the steel plate 1220x1220x50mm at top of box and anchored to the concrete.

2. Changing the original steel plate at top of box by the steel plate.

The FE model from the shell element SHELL181 considering membrane, bending
and shear stiffness was taken for the mechanical analysis in software ANSYS. The
reduced stiffness of the shaft concrete structure was modelled using SURF154.

3 Nonlinear analysis

The nonlinear analysis of the technology segments is based on HILL potential theory
considering the temperature depended nonlinear material properties. The model of
concrete structures of the hermetic zone was investigated for the smeared crack model of
the layered reinforced concrete shell element in the software CRACK and ANSYS.

4 Conclusions

The safety level of the original structure was exceeded more than 17,87 time in linear
model 4WL and 7,92 time in nonlinear model 4W too. On the contrary, the stiffening
models SWF and 6WF, which are embedded in the concrete structures, those models
present the high resistance of these structures from the point of the damage of the steel
structure in case of the extreme loads.
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PROBABILISTIC NONLINEAR ANALYSIS OF THE CIRCULAR
COVER SAFETY OF THE HERMETIC CONFINEMENT
DUE TO EXTREME PRESSURE AND TEMPERATURE

PRAVDEPODOBNOSTNA NELINEARNA ANALYZA BEZPECNOSTI KRUHOVEHO
POKLOPU HERMETICKEJ OCHRANY NA UCINKY
EXTREMNEHO PRETLAKU A TEPLOTY

Juraj Kralik!

Abstract

This paper describes the probabilistic nonlinear analysis of the hermetic circular cover
safety of the hermetic confinement due to extreme pressure and temperature after the
hard accident in nuclear power plant (NPP). The methodology of the calculation of the
fragility curve of the failure overpressure using the probabilistic safety assessment
PSA 2 level is presented. The model and resistance uncertainties were taken into account
in the response surface method (RSM).

Keywords

Nuclear Power Plant, Hermetic cover, Nonlinearity, Fragility curve, ANSYS.

Abstrakt

Clanok sa zaober4 pravdepodobnostnou nelinearnou analyzou hermetického kruhového
poklopu hermetickej ochrany na ucinky extrémneho tlaku a teploty po t'azkej havarii
jadrovej elektrarne (JE). Uvadza sa tu metodologia vypoctu krivky poruchového
pretlaku za uvazenia prostriedkov pravdepodobnostnej analyzy bezpecnosti PSA 2.
Urovne. Neur¢itosti modelu a odolnosti boli uvazené v aproximaénej metode odozvy
(RSM).

KPacové slova

Jadrova elektraren, hermeticky poklop, nelinearita, krivka poruchy, ANSYS.

1 Introduction

After the accident of nuclear power plant (NPP) in Fukushimi the IAEA in Vienna
adopted a large-scale project "Stress Tests of NPP", which defines a new requirements
for the verification of the safety and reliability of NPP [1]. In the case of the loss-of-
coolant accident (LOCA) the steam pressure expand from the reactor hall to the bubble
condenser [2]. The reactor and the bubble condenser reinforced structures with steel
liner are the critical structures of the NPP hermetic zone [3]. The uncertainties of the
input data can be considered in the probabilistic analysis [4]. Next, one from the critical
technology structures is the reactor postament. In the case of the hard accident the
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overpressure can be increased linearly and the internal and external temperature are
constant. Three types of the scenarios were considered. The critical was the accident
during 7 days with the overpressure 250 kPa, internal temperature 150 °C and external
temperature -28 °C.

2 Calculation model of MSV circular steel covering

The MSV steel covering structure is located at top level of the hermetic confinement.
The technology segments of the NPP hermetic zone are made from the steel. The steel
cover is fitted in the frame cast in concrete and sealed to the frame with double rubber
packing of 15 mm in width. The MSV cover is provided with 12 mechanical closures
along the circumference. The FEM model contains 44.440 solid and surface elements
with 9.400 nodes.

3 Fragility curves of failure pressure

The PSA approach to the evaluation of probabilistic pressure capacity involves limit
state analyses [2]. The limit states should represent possible failure modes of the
confinement functions. The failure of the steel structure is limited with the max. strain
values or with the stability of the nonlinear solution [3]. The nonlinear analysis of the
technology segments is based on HILL potential theory considering the temperature
depended nonlinear material properties. Huber-Mises-Hencky model (HMH) of the
elastic - plastic steel material properties for MCP steel covering was used.

4 Conclusions

This paper is based on the methodology of the probabilistic analysis of structures of the
hermetic zone of NPP with reactor VVER44/213 [2, 3]. The uncertainties of the input
data were taken into account in the approximation RSM method for CCD experimental
design and 10° Monte Carlo simulations [2]. One from the critical technology segments
of the containment is MSV steel covering with the failure pressure pu.o,0s= 7803.8 kPa.
The mean value of pressure capacity of MSV steel covering is pu.o,s0= 9043.0 kPa, the
upper bound of 95 % is puoys = 9878.2 kPa. The fragility curves are the input data for
the following risk analysis of the NPP safety.
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SiRENIE TEPLA V SPRIAHNUTOM PRIEREZE
HEAT TRANSFER IN CONCRETE COMPOSITE CROSS-SECTION

Juraj Kralik', Maro§ Klabnik?

Abstrakt

Praca sa venuje problematike 2D Sirenia tepla v spriahnutom priereze v zavislosti od
materialovych charakteristik a okrajovych podmienok. Sirenie tepla bolo simulované
v programe ANSYS v ¢ase do 180 minut. V simuldcii sa skimala velkost’ vplyvu zmeny
teplotnych materidlovych charakteristik, ako je merna tepelna kapacita alebo stcinitel’
teplotnej vodivosti na priebeh a rozdiel teplot v betdbnovom priereze, ako i porovnanie
vysledkov pri pouziti konStantnych a nelinedrnych hodndt danych veli¢in.

KPucové slova

PoZiar, prestup tepla, nelinearne tepelné vlastnosti, ANSYS.

Abstract

The work is concerned about the spread of heat in 2D coupled cross section depending
on the material characteristics and boundary conditions of calculation. Heat transfer was
simulated in the program ANSYS in time to 180 minutes. The size of influence of the
changes in thermal material characteristics, such as the specific heat capacity coefficient
and thermal conductivity was studied in the course of a temperature difference in the
concrete cross-section. In simulation was also use too the non-linear and constant
comparison of the values of the variables.

Keywords

Fire, heat transfer, nonlinear thermal properties, ANSYS.

1 Uvod

Pri navrhu konStrukcii na G¢inky poziaru treba vziat’ na vedomie, ze vplyvom vysokych
teplot dochadza k zmene tepelnych a mechanickych vlastnosti stavebnych materialov.
Zvlast nepriaznivy vplyv vysokych tepldt je pri ocelovych a hlinikovych konstrukcii.
Vzhl'adom na ich vysoku teplotnd vodivost’ a subtilnost prierezov, dochéidza
k degradacii mechanickych vlastnosti v kratkom casovom intervale. MasivnejSie
beténové prierezu sa ohrievaju pomalSie, preto sa z hl'adiska poZziarnej odolnosti javi
kombinacia oboch materidlov ako velmi vyhodnd v spojeni v spriahnutych
ocelobetonovych konstrukcidch [1] [2].
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Obr. 1. Nelinearne zadanie teplotnych materidlovych charakteristik pre beton pouzité vo vypocte:
merna tepelna kapacita a sucinitel’ tepelnej vodivosti

Rychlost’ narastu teplot v prvku zavisi od tepelnych vlastnosti jednotlivych
materialov. Tieto vlastnosti st interpretované koeficientom tepelnej vodivosti materidlu
A [W/mK], koeficientom teplotnej vodivosti o [m?/s], objemovou hmotnost'ou p [kg/m3]
a mernou tepelnou kapacitou ¢ [J/kgK].

Vzéajomna zavislost’ medzi nimi méze byt vyjadrend nasledovne:

a= 2 (1)

c.p
Tepelna vodivost’ vyjadruje schopnost’ latky viest teplo a jej zavislost’ na teplote je

nasledovna:
A= 2, (1+460+BO%*+ ...) ()
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VLIV DELKY MERENI DOPRAVNIHO PROUDU
NA ODHAD ZIVOTNOSTI MOSTU

EFFECT OF LENGTH OF TRAFFIC FLOW RECORD
ON ESTIMATE OF BRIDGE SERVICE LIFE

Jan Krejsa', Miroslav Sykora?

Abstrakt

V ptipad¢ dopravnich konstrukci je hodnoceni tnavy zavislé na tézké doprave. Proto je
velmi dilezité umét presné stanovit hmotnosti vozidel. Z tohoto divodu se prispévek
zamétuje na vliv délky méfeni dopravniho proudu na piesnost vypoctu tnavy. Data jsou
ziskana z méteni dopravy na mosté, ktery se nachazi na Prazském okruhu. Analyza dat
je provedena pro rizné ¢asové useky a z ni vyplyva, ze optimalni délka pozorovani je 30
dni.

Klicova slova

Délka méteni, inava, t€zka doprava, dopravni proud, Palmgren-Minerovo pravidlo.

Abstract

Service life of bridges is commonly affected by fatigue dominated by heavy traffic. This
paper is aimed at the influence of duration of traffic flow recordings on predicted fatigue
service life. Data are obtained from the bridge on the Prague Highway Ring. The
analysis reveals that the optimal duration of recordings is about 30 days.

Keywords

Duration of recordings, fatigue, heavy traffic, traffic flow, Palmgren-Miner rule.

1 Uvod

V Eurokodech, jsou uvedeny mezni stavy, na které se mé konstrukce posoudit. Mezi tyto
mezni stavy patfi mezni stav tinosnosti, ktery zahrnuje posouzeni na tinavu. Aby bylo
mozné konstrukci spravné posoudit na Ginavu, je nutné mit co nejpiesnéjsi data o zatizeni
konstrukce.

Unavové poskozeni se tyka predeviim konstrukci, které jsou vyrazné dynamicky
namahané, coz jsou v podminkich CR piedeviim dopravni stavby, kde je poskozeni
konstrukce zavislé na hmotnosti a poc¢tu vozidel. Praveé z téchto diivodl se prace zabyva
analyzou a statistickym vyhodnocenim dat z méfeni dopravniho proudu na mosté¢ na
Prazském okruhu.
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2 Analyza Zivotnosti

Cilem této studie je statisticky vyhodnotit vliv délky méfeni skute€né intenzity dopravy
na presnost vypoctu Unavy, nikoliv ukazat hodnoceni konkrétniho mostu. Materialové
vlastnosti a rozkmit napéti vyvolany dopravou byly zvoleny tak, aby vysledna primérna
hodnota kumulativniho poskozeni podle Palmgren-Minerova pravidla byla piiblizné
rovna jedné béhem zbytkové zivotnosti 100 let.

ﬁ 1 1 ' 1 1
e T R L W s e S

%\ [120dni] | |
35 f\e Y S

Zbytkova Zivotnost

Obr. 1: Index spolehlivosti  pro jednotlivé délky pozorovani v zavislosti na zbytkové Zivotnosti

3 Zavér

Studie je zamétena na vliv délky méteni dopravniho proudu na piesnost vypoctu tinavy.

Z rozboru databaze obsahujici 628 dennich méfeni vyplyva, ze:

e se zvySuyjici se délkou pozorovani klesa variacni koeficient tnavového poskozeni,
zatimco prumérna hodnota se neméni,

e mez Unavy Wohlerovy kiivky vyrazné ovliviiuje tinavové poskozeni, tj. se zvySujicim
se po¢tem cykli na mezi Unavy se zvySuje 1 Unavové poskozeni, které pak muze
ovlivnit i ptejezd lehéich vozidel,

e optimalni délka méteni pro odhad zivotnosti mostu je 30 dni,

e pii zvétSeni délky pozorovani nad 30 dni jiz nedochédzi k vyznamnému zpiesnéni
odhadu; naopak pokud se odhad zbytkové Zivotnosti zalozi na tydennich
pozorovanich, odhad zbytkové zivotnosti klesne v uvazovaném ptipadé z 30 let na 20
let.

V rdmci zpiesiiovani vysledkli se planuje podrobna analyza dopravniho proudu a
ovéteni nejistot souvisejicich s inavovym poskozenim materialu.
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VYVOJ KOROZNICH PROCESU NA ZELEZNICNIM MOSTE
Z PATINUJICI OCELI V PRAZE

DEVELOPMENT OF CORROSION PROCESSES ON WEATHERING
STEEL RAILWAY BRIDGE IN PRAGUE

Vit K¥ivy!, Viktor Urban?

Abstrakt

Tento clanek se zabyvd zhodnocenim vyvoje koroznich produkti a vysledki
atmosférickych koroznich zkouSek na nosnych konstrukcich Zeleznicniho mostu
v Praze-Motole navrzeného z patinujici oceli. Mostni konstrukce je sledovdna v ramci
dlouhodobého vyzkumného projektu zamétujictho se na vyvoj koroznich procesti na
ruznych konstrukénich prvcich nosnych konstrukei. Na vybranych povrSich konstrukei
z patinujicich oceli jsou sledovany a méfeny korozni ubytky a primérné tloustky
koroznich produktd. V ¢lanku jsou rovnéz uvedeny vysledky méteni po prvnim a tietim
roku expozice. Mezi primérnou hodnotou tloustky koroznich produkti a koroznimi
ubytky vyplyva vyznamna korela¢ni zavislost.

Klicova slova

Patinujici ocel, mosty, ocelové konstrukce, patina, koroze, atmosférick¢ korozni
zkousky.

Abstract

This article presents the development of corrosion products and results of experimental
atmospheric corrosion test on bearing structures of weathering steel railway bridge
in Prague-Motol. This bridge structure is a part of long-term research project focussed
on development of corrosion processes at different structural elements of supporting
structures. Measurements of corrosion losses and average thicknesses of corrosion
products are carried out on selected surfaces of weathering steel structures. The article
presents results of corrosion tests after one and three years of exposure of corrosion
specimens. The results indicate a high degree of correlation dependence between
measured average thickness of corrosion products and corrosion loss.

Keywords

Weathering steel, bridges, steel structures, patina, corrosion, atmospheric corrosion tests.

1 Uvod

Tento clanek popisuje experimentalni atmosférické zkousky na ocelobetonovém
tramovém zelezni¢nim mostu v Praze-Motole ptes ulici JeremiaSovu, ktery je soucasti
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dlouhodobého programu atmosférickych zkousek na konstrukcich z patinujici oceli.
Ocelova nosna konstrukce mostu je navrzena znizkolegované patinujici oceli
Atmofix B. Patinujici oceli jsou specialni nizkolegované oceli, které obsahuji malé
mnozstvi chromu, médi, niklu, fosforu a dalSich legujicich prvki. Na povrchu prvku
navrzeného z patinujici oceli vytvaii ochrannd vrstva koroznich produktd, tzv. patina,
kterd vyznamné zpomaluje rychlost koroze. Hlavni ekonomickou vyhodou pouziti
patinujicich oceli je eliminace nakladii spojenych s opravami ¢i obnovou systému
protikorozni ochrany.

2 Experimentalni atmosférické zkousky

Z kazdého povrchu byl po 1 a 3 letech pifimé expozice odebran jeden vzorek a nasledné
analyzovan. Magneticko-induk¢ni metodou byla zmétena tloustka koroznich produktd
vytvofené vrstvy patiny a laboratorné ur¢en korozni ubytek kazdého vzorku.

Obr. 1: Korozni vzorky na sténé vné&jsiho nosniku véetné zvétseného detailu struktury

Mezi zméfenou prumérnou tlouStkou koroznich produktd a zjisténymi hodnotami
koroznich ubytkii po jednom a tfech letech expozice vyplyvd vyznamna korelacni
zévislost mezi obéma métrenymi veli¢inami (p = 0,92).

3 Zavér

Vysledky na mosté v Praze-Motole vykazuji po 1 1 3 letech pfimé expozice vyznamnou
korela¢ni zavislost mezi koroznimi Ubytky a tloustkou vrstvy koroznich produkti.
Z vysledkti atmosférickych koroznich zkouSek rovnéz vyplyva, ze korozni ubytky
patinujicich oceli jsou vyznamné podminény umisténim exponované plochy v ramci
konstrukce. Ke konci roku 2015 bylo nasazeno pies 100 koroznich vzorki na specifické
povrchy ocelovych konstrukci z patinujicich oceli. Komplexni vysledky programu
budou k dispozici az po 10 letech expozice koroznich vzorkl. Cilem experimentalniho

programu je upfesnéni analytického predikéniho modelu pro vypocet ndvrhové hodnoty
koroznich ubytkd.
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STATICKA ANALYZA OCELOVYCH NADRZI VYSTAVENYCH
KOROZNIMU OSLABOVANI

STATIC ANALYSIS OF STEEL TANKS EXPOSED TO CORROSION WEAKENING

Monika Kubzova!, Vit K¥ivy’

Abstrakt

Clanek se zabyvad problematikou posuzovani ocelovych nadrzi pouZzivanych ke
skladovéani riznych druhd materiali. Podnétem k vypracovani studie, jak tyto korozné
oslabené nadrZe posuzovat, byl pozadavek firmy CEZ, a.s. pro zpracovani metodického
postupu, ktery slouzi k vyhodnoceni namétenych zbytkovych tlousték stén
provozovanych nadrzi.

Klicova slova

Ocelové nadrze, statickd analyza, koroze, bouleni, plasticita, staticky software Scia
Engineer.

Abstract

The article deals with the assessment of steel tanks, which are used to store different
types of materials. The initiative for the study of how these reservoirs assess with regard
to decreasing thickness was the requirement of the company CEZ, Inc. To processing
methodical procedure that is used to evaluate the measured residual thickness of walls of
tanks in operation.

Keywords

Steel tanks, static analysis, corrosion, buckling effects, plasticity, static software Scia
Engineer.

1 Uvod

Ocelové nadrze jsou nedilnou soucasti klasickych tepelnych elektraren. Umoziuji
skladovat rtizné druhy tekutych materialt, jako je napiiklad mazut, LTO, vapencové
suspenze, sadrovcové suspenze, demineralizovand voda a ostatni materialy potfebné
k vyrobé elektrické energie. Tyto nadrze jsou vystaveny atmosférickému plisobeni na
vnéjSim povrchu konstrukce a koroznimu piisobeni latky uvnitt nadrze, a to mize
zpusobit znacné korozni ubytky stén.

Nadrze jsou obvykle navrzeny jako valcové, tenkosténné, raznych priméra, tloustek
stén, s moznosti odstupiiovanych tlousték stén po vySce nadrze. Mohou byt také
vyztuzeny prstencovymi vyztuhami ¢i vyztuhami ve sméru meridianu, které ptiznivé

Tng. Monika Kubzova, VSB-TU Ostrava, Fakulta stavebni, Katedra konstrukci, L. Podésté 1875, Ostrava-Poruba,
monika.kubzova.st@vsb.cz
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ovliviluji bouleni st€énovych paneld. Je zapotiebi pravidelné¢ provadét kontroly téchto
nadrzi a mapovat zmény s ohledem na jejich korozni oslabeni (jelikoz jsou tloustky stén
velmi malé) a ptipadné poruSeni (trhliny, prohlubn€) ve sténach. Ocelové nadrze je
nutné posoudit s ohledem na moznou plasticitu stény, kterd vznika v disledku ptisobeni
naplné na stény konstrukce a s ohledem na bouleni tenkych stén. V ramci poZadavku
firmy CEZ, a.s. byla provedena studie nadrzi riiznych praméri, vysek a tlousték stén.
V této studii se numerickému modelu nadrze vytvofenému v software Scia Engineer
predepsala korozné oslabend oblast, kterd se postupné zvétSovala spolu se zvétSovanim
koroznich ubytkt. Z vysledkii analyzy byl vypracovan software v Microsoft Office
Excel, ktery je ureny k rychlému vyhodnoceni zbytkovych tlousték stén nadrzi.

R

‘,_._-
et L

Obr. 1: NadrZ na vapencovou suspenzi — CEZ, a.s. (vlevo), zkorodovany vnitini povrch nadrze v misté
prstencové vyztuhy (vpravo)

2 Zavér

Hlavnim vystupem studie bylo vytvoreni rychlého néstroje, ktery umozni pracovnikiim
CEZ, a.s. po naméfeni a lokalizace plochy napadené korozi stanovit hodnotu a piirtistek
napéti na sténé¢ konstrukce a danou nadrz posoudit. Z analyzy vyplyva, ze velikost
oslabené plochy ve sméru vertikdlnim ovliviiuje pfedevsim napéti obvodové, naopak ve
sméru horizontalnim napéti osové. U téchto konstrukci nelze zanedbat vznik mezniho
stavu bouleni. Proto byly do aplikace zavedeny analytické vztahy pro vypocet tnosnosti
v bouleni v osovém i obvodovém sméru. Maximalni korozni ubytek je stanoven na 90 %
tloustky, v pifipad¢ korozniho ubytku vétsiho se nedoporucuje fesit konstrukei v dané
aplikaci, ale je doporuceno provést dalSi méteni ptipadné okamzité oSetieni konstrukce,
jelikoz narGst napéti pii tomto koroznim ubytku mize mit velice rychly
a strmy charakter. Vytvorena aplikace mize byt pouzita pouze pro ty Casti stény, které
nejsou ovlivnény vyztuhami. V ptipad€ nadrzi vyztuzenych prstencovymi ¢i svislymi
vyztuhami je vhodné posuzovat konstrukci s pouzitim statického software pomoci
podrobného numerického skotepinového 3D modelu.

Podékovani

Prispévek byl vypracovan za financéni podpory MSMT v ramci programu koncepcniho rozvoje
VaV na Fakulté stavebni, VSB-TU Ostrava.

52



STRUCTURAL RELIABILITY & MODELLING IN MECHANICS OSTRAVA, MAY 2016

STUDY OF DYNAMIC RESPONSE OF DISCRETE MODEL

Josef Kvéton!, Jan Elias?

Abstract

The contribution presents simulation of a concrete cantilever beam loaded by force at the
free end. The beam is modeled by a discrete meso-scale model with random geometry
based on Voronoi tessellation. The purpose is to verify the ability of the discrete model
to simulate the dynamic behavior of a simple linear elastic material in regime of small
deformations. The equations of motion are solved with a help of the implicit Newmark
method. Results computed with different time discretization and model settings are
compared.

Keywords

Discrete model, cantilever beam, dynamic response, Newmark method.

1 Elastic discrete model

Individual rigid particles in the discrete model are connected via common facets, the
model can be understood as a very dense lattice structure. The material model (in
general inelastic) applied at the contact of the facets was developed by Gianluca Cusatis
[1] and it was verified to be capable of simulating complex concrete behavior. In this
contribution we focus on its elastic dynamic response only. The construction of the
model geometry and its elastic behavior is described in detail in [2].

2 Dynamics

The methods for time discretization are divided into the explicit and implicit schemes.
The explicit methods are conditionally stable depending on the time step length and the
smallest natural frequency. We decided to use implicit Newmark method [3] which is
unconditionally stable. We are solving equations of motion assembled at time t + At.

In general, equations of motion take into account damping matrix, however, for the
purpose of this contribution we neglect it. Later when nonlinear material behavior will
be applied, the model will be damped by dissipation of energy at the contact facets.

Lumped mass matrix is commonly used in dynamic simulations. Here, we consider
the influence of the moments of inertia and the mass matrix is not diagonal. To calculate
the inertia moments of the rigid bodies, which are convex polyhedrons, these
polyhedrons are decomposed into simplexes (tetrahedrons) for which analytical formula
for inertia tensor exists [4]. These tensors are combined using the Steiner's (parallel axis)
theorem.

1 Josef Kvéton, Ing., VUT Brno, Faculty of Civil Engineering , Veveii 95, kveton.j@fce.vutbr.cz
2 Jan Elias, Ing., Ph.D., VUT Brno, Faculty of Civil Engineering , Veveti 95, elias.j@fce.vutbr.cz
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Fig. 1 Settings of the cantilever beam and deformed shape showing the model structure
(deformation magnified 250 times)

3 Numerical Example

The model is tested on a cantilever beam loaded by a force F = 1N at the free end
(Fig. 1). Particle radii, parameters of the Newmark method and the time step length are
various for various calculation, because we would like to investigate the influence of
their change on the model behavior. We also compared the simulations from the particle
model with continuous FEM model of the beam under the same boundary conditions.

4 Conclusion

The discrete model for concrete fracture has been extended by implicit dynamic solver,
so far only for linear material behavior. The functionality of this enhancement was
presented in a simple study of time dependent response of elastic cantilever beam. The
sensitivity of the model to change of input parameters was shown. In a short time, the
dynamic solver would hopefully be extended also for nonlinear material behavior.
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NUMERICKE MODELOVANI INTERAKCE MODELU
DRATKOBETONOVE ZAKLADOVE KONSTRUKCE S PODLOZIiM

NUMERICAL ANALYSES OF INTERACTION OF STEEL-FIBRE REINFORCED
CONCRETE SLAB MODEL WITH SUBSOIL

Jana Labudkova !, Radim Cajka 2

Abstrakt

S vyuzitim metody koneCnych prvkli byla provedena analyza vzajemné interakce
podlozi a dratkobetonové desky, ktera byla zatézovana béhem experimentalni zaté¢zovaci
zkousky. Pro analyzu byl vyuzit nehomogenni poloprostor. Vysledky analyz jsou
rovnéz srovnany s hodnotami naméfenymi béhem experimentalni zatézovaci zkousky
zelezobetonové desky.

Klicova slova

Interakce zdklad-podlozi, MKP, experimentalni méfeni.

Abstract

Numerical analyses of contact task were made with FEM. The test sample for the task
was a steel-fibre reinforced concrete foundation slab model loaded during experimental
loading test. Application of inhomogeneous half-space was used in FEM analyses.
Results of FEM analyses were also confronted with the values measured during the
experiment.

Keywords

Foundation structure, soil — structure interaction, FEM.

1 Uvod

Zakladova konstrukce a podlozi se vzajemné ovliviiuji, a proto nelze zanedbat ucinek
zékladové pudy zatizené horni stavbou. Pfi analyze je tedy nutné zohlednit interakci
zakladové konstrukce s podlozim. Hlavni snahou feSeni interakce zaklad-podlozi je
nalézt takovy vypoctovy model, ktery by reprezentoval skutecné zakladové pomery.
Charakteristika vzajemného puasobeni zakladové konstrukce s podlozim predstavuje
aktualni problém, ktery zahrnuje tfadu rGznorodych determinujicich faktord (typ
zakladové konstrukce, jeji rozméry a materidl, charakter podlozi, atd.). Zemina je
materidlem pfirozenym a neni jednoduché jednoznacn€ popsat jeji vlastnosti.
V soucasnosti neexistuje obecné platny model pro zohlednéni interakce zakladové
konstrukce s podlozim a i vysledky feSeni 1i§i v zavislosti na volbé modelu podlozi.

! Ing. Jana Labudkovd, Katedra konstrukei, Fakulta stavebnt, VSB-Technické univerzita Ostrava, Ludvika Podésts 1875/17, 708 33
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2 Prostorovy numericky model - MKP

Koncem roku 2014 byla realizovana experimentalni zatéZzovaci zkouska dratkobetonové
desky. Behem experimentalni zatéZovaci zkousky jsou sledovany napétové-deformacni
vztahy zakladové konstrukce a podlozi pfi jejich vzajemné interakci. Pro feSeni interakce
zakladovych konstrukei s podlozim byla vyuzita teorie pruzného poloprostoru.
Vytvofeny model podlozi piedstavuje prostorovy numericky model pruzného
poloprostoru s vyuZzitim prostorovych kone¢nych prvki. Model podlozi byl vytvoten
jako homogenni poloprostor a jako nehomogenni poloprostor, v némz nartistd modul
pretvarnosti s rostouci hloubkou modelu podlozi (Obr. 1).

z E def z ‘ E gef

[MPa] [m] [MPa]
23.70 3.0 77.77
0.2 27.711 3.2 81.09
0.4 31.62 3.4 84.39
0.6 35.46 3.6 87.67
0.8 39.22 3.8 90.92
1.0 42.93 4.0 94.16
1.2 46.59 4.2 97.38
1.4 50.19 4.4 100.58
1.6 53.76 4.6 103.77
1.8 57.28 48 106.93
2.0 60.77 5.0 110.09
2.2 64.23 5.2 113.22
24 67.66 5.4 116.35
26 71.05 56 119.46
2.8 74.42 5.8 122.55
3.0 77.77 6.0 125.64

Obr. 1: Nehomogenni poloprostor

Pro interak¢ni ulohu dratkobetonové desky s podlozim, pro niz byl proveden také
experiment, bylo vytvofeno 72 riiznych prostorovych numerickych modell v programu
ANSYS. Tyto modely se li§ily v homogenité, resp. nehomogenité modelu podlozi, ve
velikosti namodelované oblasti pfedstavujici podlozi a v okrajovych podminkéch.

3 Zavér

V parametrické studii byl sledovan a graficky vyhodnocen vliv jednotlivych parametrti
3D numerického modelu interakce zékladové dratkobetonové desky s podlozim
v souvislosti se svislymi deformacemi. Ze vSech grafi je zfejmé, ze model
nehomogenniho kontinua poskytuje mensi svislé deformace nez model homogenniho
kontinua. To je disledkem rostouciho modulu pietvarnosti s hloubkou. Z grafu je také
patrné, ze ve srovnani s modelem homogenniho kontinua neni model nehomogenniho
kontinua tak silné zavisly na volenych geometrickych parametrech modelu podlozi.

Nehomogenni kontinuum poskytuje stabilnéjsi vysledky méné ovlivnéné volbou
geometrie a rozmért oblasti predstavujici podlozi [1].
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MERENI ELEKTRICKEHO ODPORU BETONU
VE VZTAHU K DIFUZI CHLORIDU

MEASUREMENT OF ELECTRICAL RESISTIVITY OF CONCRETE
IN RELATIONSHIP WITH DIFFUSION OF CHLORIDES

Petr Lehner!, Petr Koneény?

Abstrakt

Ptispévek predstavuje moznosti experimentalniho méfeni elektrického odporu v betonu
a jeho vyuziti pii ureni materidlovych charakteristik spjatych s difuzi chloridovych
iontl. Jsou diskutovany metody povrchového méfeni pomoci Wennerovy sondy
a jednoosého méteni pomoci dvou nerezovych desek. Cilem je ziskéani vstupnich dat pro
kone¢né prvkovy numericky model zaméfeny na pravdépodobnostni vypocet trvanlivosti
zelezobetonové mostovky vystavené penetraci chloridovych iontt.

Klicova slova

Elektricky odpor, difuze chloridi, Wennerova sonda, experimentalni testovani,
trvanlivost zelezobetonu.

Abstract

The paper presents the possibility of experimental measurement of electrical resistance
of concrete and its use in determination of the material characteristics associated with
diffusion of chloride ions. There are method of surface measurement using Wenner
probe and uniaxial method using two stainless steel plate electrodes. The aim is to obtain
input data for a finite element numerical model for probabilistic calculation durability
of reinforced concrete deck exposed to the penetration of chloride ions.

Keywords

Electrical resistivity, diffusion of chlorides, Wenner probe, experimental testing,
durability of reinforcement concrete.

1 Uvod

Spravny popis degradacnich procest, produkce kvalitnéjSich betonovych smési nebo
trvanlivéjSich konstrukénich systémii mize pfispét ke snizeni celkovych ndklada
konkrétni Zelezobetonové konstrukce. Transportni procesy v poréznich materidlech
mohou mit vyznamny vliv na jejich trvanlivost a spolehlivost. U betonu souvisi
pronikani latek piimo s pérovitosti v cementové matrici. Samotnd difuze agresivnich
latek, mezi které fadime oxid uhli¢ity nebo chloridové ionty, mize vést k zvySenému

riziku koroze betonové vyztuze a snizeni unosnosti konstrukce.
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2 Elektricky odpor betonu

Me¢feni resistivity umoZiluje v porovnani s penetraénimi metodami operativngjsi ovéteni
odolnosti betonu vi&i pronikani chloridi. Clanek popisuje dva zplsoby ziskani
elektrického odporu a uvadi o nich zakladni informace. Jednd se o ¢tyftbodovou metodu
za pomoci Wennerovy sondy (Obr. 1) a jednoosou zkousku s dvéma nerezovymi
deskami (Obr. 2). Prvni jmenovana metoda je jiz vyuzivana v ramci vyzkumu na VSB-
TUO, naopak druhy zpisob je zatim ve fazi ptipravy.

Obr. 1: Pouziti mérici sondy na betonovém valci a samotny méfici piistroj zobrazujici elektricky odpor

Metal plate
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Obr. 3: Schéma méfeni pomoci jednoosé metody. Vlevo je priklad systému pro valcovy vzorek [1], vpravo
je systém pro krychleny vzorek betonu [2].

3 Materialové charakteristiky betonu

Soucasné jsou v praci popsany piepocty resistivity na difuzni soucinitel a koeficient
starnuti, které se vyuzivaji jako vstupni hodnoty do pravdépodobnostni analyzy
odolnosti betonu viic¢i pronikdni chloridi.
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COMPARISON OF BEHAVIOR OF ROUND TIMBER BOLTED JOINTS
UNDER TENSION LOAD

Antonin Lokaj', Kristyna Klajmonova?

Abstract

In the current European standards for the design of timber structures, the issue of timber-
to-timber joint type is addressed only to squared timber. There have been made series of
tests of round timber joints in different inclinations tensile load to the grain and also the
reference tests of squared timber joints to compare the behaviour of this type of joints.
This paper presents results of static tests in tension at an angle of 0°, 90° and 60° to the
grain of squared and round timber bolted joints. Carrying capacity was determined
according to the applicable standards and theories of fracture mechanics.

Keywords

Round timber, bolt, joint, carrying capacity.

1 Introduction

The strength of wood varies depending on the force direction relative to the orientation
of the grains. The highest value reaches the tensile strength parallel to the grain. This
high strength is mainly due to the shape of cells and fibrous cell wall structure [1].
Tensile strength perpendicular to the grain is hand the smallest strength of wood at all.
This paper focuses on the behavior of round timber bolted joints in tension at an angle of
0°, 90° and 60°. To compare the behavior of this type of connections have been made
series of laboratory static tests in different inclinations tensile load to the grain. The
reference tests of squared timber joints were also carried out. Mechanical behavior of
round and squared timber bolted joints were tested in the laboratory of the Faculty of
Civil Engineering in Ostrava.

2 Material and test method

As spruce wood is the most common type of timber, it was used as samples for testing.
Dimensions of the test samples were adjusted to the equipment possibilities of the
laboratory at the Faculty of Civil Engineering. Thus, element length was 450 mm (for
tests in tension at an angle of 0°) and 560 mm (for tests in tension at an angle of 60°and
90°) and diameter was 120 mm.

3 Calculation of load carrying capacity of joint

For comparison with applicable European standards [2] there was carried out numerical
calculation of resistance of the joint. The investigated joint is double-shear dowel type
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with an embedded steel sheet, which forms the central element of the joint. Fracture
mechanisms for the investigated type of joint are shown in Fig. 1.

fh,1.d

fh.W d

t 1 t

Rd Rd Rd

Fig. 1: Fracture mechanisms of double-shear dowel type steel to timber joint

4 Results

From the course of deformation of the round timber joints and squared timber joints is
evident that resistance and stiffness at different angles reaches comparable values. Only
squared timber joints samples exposed to tension parallel to the grain exhibit less
deformation than the similar round timber joints. Connections with squared timber also
have significant plastic deformations prior to the collapse of the joints, in contrast to
round timber joints.

5 Conclusions

The test results of bolt connections of squared and round timber with embedded steel
plates in tension at different angles to the grain suggest similar values of resistance,
which is higher than the load capacity determined according to the Eurocode 5. It means
that the equations for determining the resistance of joints according to Eurocode 5,
which were derived for squared timber, can be applied to the joints of round timber.
Fracture destruction is principal especially for wood joints with higher density. That fact
was confirmed in the static tests.
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NUMERICAL ANALYSIS OF DYNAMIC FORCE ACTING
PERPENDICULARLY ON A WALL MADE OF CONCRETE BLOCKS
WITH RUBBER INSERTS

Maciej Major !, Izabela Major 2

Abstract

In this paper numerical analysis considering the influence of dynamical force acting on
wall made of concrete blocks with rubber inserts is presented. By examining the stress
values on front and back surface of the analysed wall structure model, the effectiveness
of proposed solution can be measured comparing to the wall made of concrete blocks
without rubber inserts. Complete numerical analysis was performed in ADINA program.

Keywords

Mooney-Rivlin, FEM, Adina, nonlinear hyperelastic material, composite wall, damping.

1 Introduction

The numerical analysis concerning wall made of composite elements — concrete blocks
with rubber inserts, which were connected via mortar is presented. Concrete blocks
which transfer mainly compressive loads in a wall, during production technology
process have embedded rubber inserts with properly adapted shape. According to that,
wall properties allow to reduce the perpendicularly acting to the wall surface dynamic
force impulse. The numerical analysis was performed to estimate the range of damping
of transverse propagating mechanical wave in the wall made of concrete-rubber
composites in relation to the wall made of solid concrete blocks. In order to perform
numerical analysis the ADINA program which is fully based on the finite element
method was utilized (see [1]). Rubber was defined as Mooney-Rivlin hyperelastic
material model [2], concrete blocks were made of C20/25 concrete defined as ADINA
Concrete material and mortars were defined as DF-Concrete, respectively.

2 The numerical model of the analyzed wall and results of analysis

For the numerical analysis purposes, model of a wall with length equal 153 cm, height
129 cm and thickness 22 ¢cm was adopted. Presented wall consists of concrete blocks,
where each of them have the following dimensions: 50 cm length, 25 cm height and
22 cm thickness. Vertical and horizontal mortars in considered wall were assumed as
1 cm thick. Mentioned force reach its destined maximum value at t = 1x10” s and after
that acting load is removed — its value is equal 0.

In the adopted model following boundary conditions were applied: bottom surface of
the wall located on “XY” plane was fixed in the direction of “Z” axis, whereas side wall
surfaces laying in the “YZ” plane were fixed both in the “X” and “Y” axis direction.

! Maciej Major, Assoc. Prof. Ph.D. Eng., Czestochowa University of Technology, Faculty of Civil Engineering, Poland, e-mail:
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Comparison of the effective stress results obtained in the measurement points in the
wall made of composites with relation to the wall made of concrete blocks without
rubber inserts is presented in Fig. 1.
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Fig. 1: Effective stress [Pa] at t = 0.00006 s in the horizontal plane section, (a) composite wall made of
concrete blocks and rubber material, (b) wall made of concrete blocks

In Fig. 1 it is clearly visible that in the wall made of composites i.e. concrete blocks —
rubber inserts the effective stress values corresponding to the propagation of mechanical
wave were significantly reduced on the outer wall side (opposite side of applied impulse
force) than in the wall made of solid concrete blocks (compare Fig. 1a, b).

Comparing all obtained results it should be noted that despite the increase of effective
stress in specified points of analysed structure, the composite wall which was made of
the concrete blocks with rubber inserts allow to significantly reduce mechanical wave
propagation up to 53% on the rest surface of this wall.

3 Conclusion

Nowadays, as an acoustic insulation of building the most common material used are
polystyrene and mineral wool, whereas composites made of a concrete blocks with the
rubber pad could be treated as innovative material, which would allow both —
transferring the compressive loads in construction and in addition could be used as a
barrier from external sources of vibrations. The wall load bearing capacity would be
slightly reduced as a result of applied in concrete blocks rubber inserts, while benefits
would be much stronger. The connection of concrete and rubber material provides
possibility to use these elements in places exposed to the mechanical vibrations.

Production, exploitation and then disassembly of construction made of presented
composites would not affect negatively on the natural environment. Both rubber and
concrete are materials which can be recycled. It is also worth to notice that currently
performed numerical analyses allow to reduce costs of designing the innovative
materials than with the use of traditional laboratory experimental test.
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PROBABILISTIC ASSESSMENT OF HYDROELECTRIC
POWER PLANT COMPONENTS

Jana Markova !, Karel Jung’

Abstract

Assessment of existing components of power producing facilities is based on
probabilistic methods of the theory of reliability given in Eurocodes and ISO standards.
An example of quick-closing valves in a selected hydroelectric power plant indicates the
assessment of reliability and prediction of remaining working life of structural
component for the considered model of corrosion.

Keywords

Probabilistic assessment, remaining working life, reliability index.

1 Introduction

The paper is focused on the probabilistic durability assessment of existing structural
components of power producing facilities in hydroelectric power plant and estimation of
their remaining working life.

Presently hydrotechnical construction works are not given in the scope of current
generation of Eurocodes and supplementary national provisions are needed including
their reliability classification.

Application of probabilistic methods for specification of working life of an existing
structure is illustrated in Fig. 1. It is assumed that the assessment (inspection) of an
existing component of a power producing facility is performed in time #r from the
beginning of the structure completion. In case that the time-dependent resistance R(¢) of
a component and load effects E(¢f) are known, the remaining working life of the
component may be specified.

For estimation of the residual working life #es of the component, the following
expression is given as

Pt(tres) = P{R(fres) - E(lres) < 0} = Pf,t (1)
facilitating decision about its repair or replacing.

General requirements for the probabilistic assessment of structural serviceability are
applied for the reliability analysis of quick-closing valves. The steel components having
age of about 50 years are gradually deteriorating due to non-uniform corrosion.

Initial reliability of the cover plate non-affected by corrosion (reliability index f =
5,2) satisfies the target reliability level for considered reference period of 80 years.

It appears that the working life of the component may be estimated to approximately
70 years when the reliability index [(¢) decreases to the target reliability level. Thus, the
remaining working life of a structural component may be estimated to be about further
20 years.
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Fig. 1: Time-dependent reliability index f(t) and one-side corrosion depth dcon(?)

When the reliability index approaches the target reliability level, a new reliability
assessment of the component should be made on the basis of updated material
characteristics and corrosion models to decide about repair or replacement [2].

In case that a more effective protection level of cover-plate is provided then lower
rate of corrosion may be considered. New estimation of the residual working life is
leading to extended residual working life from 70 to 90 years.

The probabilistic assessment of existing structures makes it possible to effectively
estimate remaining working life of structures and to plan their maintenance and required
economic resources [1-3].

2 Conclusions

It is shown that application of partial factor method for the assessment of existing
structures may lead in some cases to rather conservative estimations.

The probabilistic assessment of existing structures makes it possible to effectively
estimate remaining working life of structures and to plan their maintenance and required
economic resources.

The assessment of the quick-closing valves has shown that their remaining life-time
is about additional 20 years provided that regular maintenance will be made. Protective
layers of steel components should be renovated and regularly inspected. When the
reliability index would decrease below the target reliability index 3,7 (estimated to
20 years), a new reliability assessment of cover plates should be made on the basis of
updated material characteristic.
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ZATAZENIE SNEHOM PRI SKLZE ZO STRECHY
SNOWLOAD IN CASES OFSLIDES OF THE ROOF

Marton Pavol!

Abstrakt

V ¢lanku sa analyzuje pohybu masy snehu po streche a pri pdde znej. Na zdklade
Newtonovych zakonov boli stanovené vzt'ahy pre vypocet vzdialenosti dopadu snehove;j
masy pri sklze zo strechy na int. Uloha bola rieSend pre Styri typy streSnych krytin.
Kli¢ova slova

Spad snehu, pohyb po naklonenej rovine, koeficient trenia, Sikmé strechy, trajektoria.

Abstract

The work deals with problems of movement of snow on the roof and in the fall from the
roof. The calculation methodology for trajectory of zone of falling snow off the roof
based on Newton’s laws of motion using the specified friction coefficients. These were
also determined static and kinetic friction coefficients between snow and the four most
commonly types of roofing used for pitched roofs.

Keywords

Snowfall, motion on an inclined plane, friction coefficients, pitched roofs, trajectory.

1 Uvod

V pripade stavieb s kaskadovym streSnym systémom vo viacerych horizontalnych
urovniach dochadza pri spade snehu zo strechy vo vysSej urovni k dodato¢nému
zat'azeniu strechy v nizsej trovni.

2 Teoreticka analyza

Vypoctovy model je vytvoreny ako stistava n - segmentov, obr. 1.

Obr. 1 Model segmentov snehovej pokryvky
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2.1 Pohyb snehu po naklonenej rovine

Na segment i pri pohybe po naklonenej rovine pdsobi systém sil podl'a obr. 2, tlakova
sila podkladu, sila tiaze a trecia sila.

Obr. 2 Sustava sil pdsobiacich na segment v pohybe

Pre zac¢iato¢nu rychlost’ i-tého segmentu v,; plati vztah:
v, =+22(i-0,5)b(sine - f, cos) (10)

2.2 Urcenie zony dopadu snehu

Predpoklady: Rychlost’ segmentu i v momente opustenia strechy je zaciato¢nou
rychlostou v, pre druhti etapu pohybu segmentu. Nasledny pohyb sa sklada
z rovnomerného priamociareho pohybu a z vol'ného padu z vysky 4, Obr. 3.

|
I
<

1

Obr. 3 Zaciatocné podmienky a okrajové podmienky

Zo6na dopadu segmentov snehovej pokryvky je urc¢end dvojicou funkcii

X, =v,tcosx (11)
yl.=-vm.tsin05-%gt2 (12)
pre ¢as dopadu jednotlivych segmentov
(= -t smm\/vi; inta+2l (13)
g g g
3 Zaver

Odvodené vztahy maju praktické vyuzitie pri rieSeni Specifickych tloh dodato¢ného
zatazenia streSnych konstrukcii pri sklze snehu z vyssie polozenych striech na nizsie.
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NAVRH EXPERIMENTU POMOCI SIMULACE DISKRETNIHO
DYNAMICKEHO SYSTEMU

DESIGN OF EXPERIMENT USING A DISCRETE
DYNAMICAL SYSTEM SIMULATION

Jan Magek !, Petr Frantik %, Miroslav Vorechovsky *

Abstrakt

Tématem prispévku je perspektivni metoda optimalizace navrhu experimentu (Design of
Experiment — DoE) pomoci simulace diskrétniho dynamického systému interagujicich
¢astic v n-rozmérném ndvrhovém prostoru. Systém odpuzujicich se ¢astic je fyzikalni
analogii optimaliza¢niho kritéria Audze-Eglajs (AE), respektive jeho periodické
modifikace (PAE). Pfispévek porovnava vypocetni vykonnost dvou provedenych
zpiisobll implementace: feSeni v prostfedi jazyka JAVA pomoci jednovlaknového
procesu a vyuziti masivni paralelizace na platformé nVidia CUDA.

Klicova slova

Planovany experiment, DoE, navrhovy prostor, diskrétni dynamicky systém, pseudo-
Castice, masivni paralelizace.

Abstract

The topic of the presented paper is a promising approach to optimization of Design
of Experiment (DoE) using a discrete dynamical simulation of interacting particle
system within an n-dimensional design space. The system of mutually repelling particles
represents a physical analogy of the Audze-Eglajs (AE) optimization criterion and its
periodical modification (PAE), respectively. The paper compares the performance of
two performed approaches of implementation: a single-thread process using the JAVA
language environment and a massively parallel solution employing the nVidia CUDA
platform.

Keywords

Design of Experiment (DoE), design space, discrete dynamical system, pseudo-particles,
massive parallelization.

1 Uvod

V soucasnosti platné normy pro navrhovani stavebnich konstrukci umoziuji razné
pfistupy knavrhu konstrukci. Bézn€ pouzivanym pfistupem je metoda dil¢ich
souCinitelll spolehlivosti. Pro mnoho druhii ¢asto navrhovanych konstrukei lze tuto

metodu s uspéchem pouzit. Stale Castéjsi jsou vsak problémy, které vyzaduji specificky,
plné pravdépodobnostni pfistup.
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Pro velkou vétSinu modell redlnych konstrukei je zapotiebi odhadovat charakteristiky
vystupniho ndhodného vektoru provedenim statistické analyzy vysledki provedenych
simulaci v mnozstvi Nsim. NejpouZzivanéjSimi metodami pro odhad statistickych
charakteristik odezvy konstrukce jsou metody typu Monte-Carlo [1]. Jedna se pfedevs§im
o zakladni metodu Monte-Carlo (MC), metody Latin Hypercube Sampling (LHS) [2],
Importance Sampling (IS) a dalsi.

V ptipadé numerické integrace pomoci metody typu Monte-Carlo lze odhadnout
horni hranici chyby numerického integralu napiiklad pomoci nerovnosti Koksma-
Hlawka:

< D(x) V() (1)

Nt if(xi) - fo e
i=1

kde D(x;) je diskrepance, tedy mira rovnomérnosti rozdéleni integraénich bodut, a V (f)
je variace integrované funkce. Z uvedeného je zfejmé, Ze pokud je cilem robustni navrh
pozic integracnich bodl pro obecnou, po ¢astech hladkou funkci, horni hranici chyby lze
s jistotou minimalizovat pouze dosazenim maximalné rovnomérného rozmisténi
integracnich bodt v navrhovém prostoru.

Reseny problém rovnomémého pokryti navrhového prostoru koneénym poétem bodii
se vyznacuje Sirokym mezioborovym piesahem. Problematika neni relevantni pouze pro
navrhovani stavebnich konstrukci, nebot’ pldnovani experimenti je zdsadni soucdasti
opera¢niho vyzkumu, pocitatového modelovani irealné experimentalni cinnosti
v mnoha odvétvich inZenyrské ¢innosti.

2 Shrnuti

Prispévek se zabyva zplsobem optimalizace navrhu experimentu pomoci feSeni
diskrétniho dynamického systému interagujicich castic, ktery je fyzikdlni analogii
optimalizac¢niho kritéria Audze-Eglajs a jeho periodické modifikace.

V druhé casti piispévku jsou diskutovany dva rozdilné pfistupy provedené
implementace feSeni problému — objektové orientovand implementace jednovldknového
procesu pomoci jazyka JAVA aimplementace masivné paralelizovaného teSeni
vyuzivajiciho platformu nVidia CUDA. Je uk4zano, Ze pfistup masivni paralelizace je
pro feSeni podobnych uloh velmi vhodny diky nizké citlivosti na sloZzitost ulohy.
Stavajici implementace v jazyce CUDA C/C++ bude proto dale optimalizovana
a pouzita v ramci dlouhodobé vyzkumné ¢innosti autort.
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IDENTIFIKACIA VLASTNYCH FREKVENCII
IDENTIFICATION OF NATURAL FREQUENCIES

Jozef Melcer!, Daniela Kucharova®

Abstrakt

Existuju charakteristiky, ktoré jednoznacne charakterizujii vlastnosti dynamického
systému. Patria k nim vlastné frekvencie a im zodpovedajice tvary vlastného kmitania,
funkcie frekvencného prenosu a utlm. Tieto charakteristiky sa daji ziskat' rdéznymi
sposobmi. Niektoré z moznych postupov st popisané v tomto ¢lanku.

Krucové slova
Vlastné frekvencie a tvary vlastného kmitania, funkcie frekvenéného prenosu,
kinematické budenie, Fourierova transformacia, Laplaceova transformacia.

Abstract

There are the characteristics which uniquely characterized the properties of a dynamical
system. They are natural frequencies and corresponding natural modes, frequency
response functions and damping. These characteristics can be obtained by various ways.
Some possible advances are described in this paper.

Keywords
Natural frequencies and natural modes, frequency response functions, kinematic
excitation, Fourier transform, Laplace transform.

1 Problém vlastnych Cisiel a vlastnych vektorov matic

Problém vlastnych cCisel a vlastnych vektorov matic popisuje rovnica
([k,~]_/1(j)'[E]D)’{V(j)}:{o}- (1)

Jednd sa o Specidlny problém vlastnych Ccisiel. Kvadraty vlastnych uhlovych
frekvencii sa vypoCitaji ako vlastn¢ Cisla / ; matice [k,,] a tvary vlastného kmitania

{v( j)} sa vypocitaju ako vlastné vektory matice [kr] .

2 Kinematické budenie v podpernom bode

Uvazujme diskrétny nosnikovy vypoctovy model sn stupfiami volnosti budeny
kinematickym budenim v pravej podpere [1].
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Kinematické budenie je harmonické s jednotkovou amplitidou. Sustava rovnic
pre vypocet amplitud ustaleného vynuteného kmitania sa da zapisat’ v maticovom tvare:

(k]- - [m],)- Dd=[k]- I, 1. @

Prvok v i-tom riadku v matici {v } sa vypogita podla vztahu v, =i/(n+1).

3 Fourierova transformacia a FFP

Na prechod z ¢asovej do frekvencnej oblasti je mozné pouzit’ Fourierovu transforméciu
[2]. Fourierov obraz ¢asovej funkcie v(r) oznaéme V(q) = F{(¢)}, kde ¢ = @ méa vyznam

uhlovej frekvencie vrad/s. Funkcia frekvencného prenosu sa zavddza ako pomer
ustalenej odozvy k harmonickému budeniu:

Vi(q) 3
Ve (@) . ©)

Sustavu rovnic pre vypocet amplitid vychyliek v, je identickd so stistavou rovnic (2)

v, =vi(g)=

odvodenou pri rieseni kinematického budenia v podpernom bode.

4 Laplaceova transformacia a FFP
Na prechod z ¢asovej do frekvencnej oblasti je mozné tiez pouzit’ Laplaceovu
transformaciu [2]. Laplaceov obraz ¢asovej funkcie v(¢) oznacme V(p) = L{v(t)}, kde
p =1-w je komplexné ¢islo. Zaved'me frekvencné prenosy
V.
— l(p) . (4)
Vie(P)

Sustava rovnic vypocet amplitdd vychyliek v, odvodend pri pouziti Laplaceovej

v, =v,(p)

transformacie je identickd so sustavou rovnic odvodenou pri pouziti Fourierovej
transformacie a je tiez identickd s rovnicou (2) odvodenou pri rieSeni kinematického
budenia v podpernom bode.

5 Zaver

Identifikécia vlastnych frekvencii je teda nutnym predpokladom vSetkych dynamickych
analyz. Hodnoty vlastnych frekvencii je mozné ziskat numerickou alebo experimen-
talnou cestou. Ak sa sustredime len na numerické vypocty, tak najbeznejSia metodika
rieSenia je analyza problému vlastnych hodnot matic. Vlastné frekvencie vSak mézeme
identifikovat’ aj zfunkcii frekvenéného prenosu. Sposobov, ako odvodit funkcie
frekvencného prenosu, je niekol’ko. Niektoré su popisané v predkladanom prispevku.
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NUMERICKE A EXPERIMENTALNI MODELY TEPLOTNE
STRATIFIKOVANE MEZNI VRSTVY

NUMERICAL AND EXPERIMENTAL MODELS OF THE THERMALLY STRATIFIED
BOUNDARY LAYER

Vladimira Michalcova!, Stanislav PospiSil>, Lenka Lausova®, Sergey Kuznetsov*

Abstrakt

Clanek popisuje zménu vybranych turbulentnich veliin v okoli obtékaného teplotné
zatizeného objektu. Uloha je feSena numericky pomoci software Ansys Fluent s vyuZitim
Transition SST modelu, ktery je schopen zohlednit rozdil mezi vysokou a nizkou
turbulenci na rozhrani mezi Uplavem za piekdzkou a volnym proudem. Vysledky jsou
verifikovany s experimentalnim méfenim v aerodynamickém tunelu.

Klicova slova

Teplotni stratifikace, turbulence, vilnity terén, CFD, aerodynamicky tunel.

Abstract

The article describes a change of selected turbulent variables in the surroundings of flow
around thermally loaded object. The problem is solved numerically in the software
Ansys Fluent using Transition SST model that is able to take into account the difference
between high and low turbulence at the interface between the wake behind an obstacle
and the free stream. The results are verified with experimental measurements in the wind
tunnel.

Keywords

Thermal stratification, turbulence, complex terrain, CFD, climatic wind tunnel.

1 Popis ulohy

Modelovana je uloha odpovidajici experimentdlnimu meéfeni v aerodynamickém
klimatickém tunelu CET v Tel¢i. Jedna se o obtékani vytapéného modelu kopce o vysce
h =200 mm (Obr. 1) pti riznych rychlostech vzduchu i teplot povrchu objektu. Cilem je
definovani zmény proudového pole ve stratifikované mezni vrstve.

Uloha je feSena pomoci software Ansys Fluent. V ¢lanku jsou prezentovany vysledky
pro rychlosti vzduchu vo = 0,5 m/s a vo = 1,5 m/s, v obou piipadech s teplotou povrchu
kopce T=20°Ca T'=150 °C.
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Z pohledu numerického modelovani je problematika zajimavd z hlediska
charakteristiky proudu. Jednd o proudéni s pirechodem z nizké turbulence na pocatku
v turbulenci plné rozvinutou za obtékanou pifekazkou. Pro feSeni byl vybran Transition
SST model, ktery je vhodny pro popis zmény hybnosti a Re Cisla pii zméné vlastnosti
proudu. Do rovnice pfenosu tepla a je zac¢lenén Boussinesq model, ktery popisuje pfenos
tepla ptirozenou konvekei a vztlakem.

2,01 O exper.

H O numer.

neohfaty
A kopec

0.5 :x=O,4m
; \ 1
OI_ i " - - =
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Obr. 1: Model obtékaného objektu Obr. 2: Profily rychlosti; vo= 1.5 m/s ; T=150 °C

Sledovany jsou prib&hy obou vySe uvedenych rychlosti i teplot. Na Obr. 2 jsou
vertikalni profily rychlosti pii vo=1,5m/s ve tiech fezech nad kopcem, kde pro osu
kopce plati x =0 mm. Obr. 3 zndzorfiuje isolinie rychlosti v okoli obtékané¢ho objektu
pro dané rychlosti vzduchu vo a teploty povrchu kopce 7.

— - = = -
=== e

vo=0.5m/s vo=0.5m/s vo=1.5m/s vo=1.5m/s
T=20°C T=150°C T=20°C T=150°C

Obr. 3: Isolinie rychlosti v okoli obtékaného objektu pro dané rychlosti vzduchu vy a teplotu povrchu T
a) numericky vypocet ; b) experimentalni data

2 Zavér
Clanek je zaméfen na popis zmén turbulentnich veliin v okoli teplotné zatizeného
objektu. Prezentované vysledky numerickych vypocti v software Ansys Fluent

odpovidaji vysledkiim z experimentdlniho méfeni s dostateCnou piesnosti. Dalsi
spoluprace obou pfistupt bude zamétena na proudéni s nizSimi referen¢nimi rychlostmi.
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VYVOJ OCELOVEHO ZAVESENEHO PODHLEDU
DEVELOPMENT OF STEEL SUSPENDED CEILING

David Mikolasek !, Jakub Flodr?, Piéemysl Pafenica3,0ld¥ich Sucharda®, Pavel Mec®

Abstrakt

Clanek se zabyva deformadni a napjatostni analyzou kazetového ocelového podhledu,
ktery je pfedmétem vyvoje a je uren do Cistych prostor. Pro konkrétni pouziti podhledu
je vyzadovano specifickych vlastnosti. Mezi hlavni pozadavky patii zvySend nosna
funkce pro servisni a technologické zatizeni. Cilem clanku je prezentace provedenych
numerickych analyz vybrané casti podhledu a zvolené postupy vypoctu. Konkrétni
podhled byl experimentalné testovan.

Klicova slova

Metoda kone¢nych prvki, podhled, ocel, analyza, vypocet, experiment.

Abstract

The article deals with the deformation and stress analysis of steel ceiling cassette, which
is under development and cassettes are designed for areas with requesting for
cleanliness. For this application of the ceiling is required specific properties. The main
requirements include increased load capacity for service and technological loads. The
aim of the paper is to present numerical analysis of selected parts of structure of the
ceiling and the chosen -calculation procedures. Ceiling cassettes were also
experimentally tested.

Keywords

Finite element method, ceiling, steel, analysis, calculation, experiment.

1 Uvod

U navrhu stavebnich konstrukci se miizeme setkat s konstrukcemi, které¢ jsou urceny pro
pouziti ve farmaceutickych a chemickych laboratofi nebo lakoven v primyslovych
arealech. Ve vybraném piipad¢ podhledu, byl urcen specidlni pozadavek z hlediska
servisniho a technologického zatizeni. Servisni zatizeni vyzaduje, aby podhled byl
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po chiizi a umoznil udrzbu technologickych rozvodi. Mezi technologie patii zejména
vzduchotechnika a energovody v zavislosti na provozu.

S ohledem na uvedeny typ Ulohy se pro navrh a vypocet vyuZilo prostorového
vypocetniho modelu zalozeného z vétsi ¢asti na skofepinovych konecnych prvcich [1] a
vyhodnoceni bylo provedeno jako napétové-deformacni posudek. Samotny vypocet byl

proveden se zohlednénim fyzikalni a geometrické nelinearit.

2 Staticka analyza zavéSeného stropniho podhledu
2.1 Vypocetni model

K statické analyze zavéseného kazetového stropniho podhledu byl vytvofen prostorovy
vypocetni model ze skofepinovych a prutovych kone¢nych prvki. K vypoctim se vyuzil
software Scia Engineer 2015. U statické analyzy a navrhu se vychazelo z normovych
postupll pro ocelové konstrukce s ohledem, Ze norma Zavésené podhledy neupravuje
blize feseny typ podhledu. Celkova vizualizace vypocetniho modelu stropniho podhledu
a vybrané kazety je na obr. 1 a 2.

Obr. 1 Prostorovy vypocetni skofepinovy model Obr. 2 Detail sité — vybrana kazeta KZ1

3 Zavér

Ptispévek prezentuje numerické vypocéty u vyvijeného ocelového podhledu, ktery je
uréen do Cistych prostor jako specidlni konstrukce. S ohledem na specifické funkcni
vlastnosti podhledu, které neumoznuji vyuzit specializovany normovy postup je zvolen

obecnéjsi postup navrhu zalozeny na napétoveé-deformacéni analyze urcené pro ocelové
konstrukce.

Podékovani

Projekt byl realizovan za financni podpory ze statnich prostredkit prostiednictvim
Studentske grantové soutéze. Registracni cislo projektu je SP2016/168.

Literatura

[1] KOLAR V., KRATOCHVIL J., LEITNER F., ZENISEK A. Vypocet plosnych a
prostorovych konstrukci metodou konecnych prvkii, Praha: SNTL, 1979.

74



STRUCTURAL RELIABILITY & MODELLING IN MECHANICS OSTRAVA, MAY 2016

POPIS KARBONATACE PRUMYSLOVYCH KOMINU
A OPTIMALIZACE OPRAV

MODELLING OF CARBONATION OF INDUSTRIAL CHIMNEYS
AND REPAIR OPTIMIZATION

Jan Ml¢och!, Miroslav Sykora?

Abstrakt

Ptispévek se zamétuje na degradaci pramyslovych zelezobetonovych komint
zpuisobenou karbonataci kryci vrstvy. Uvazuje se, Ze zdsadni opravy je nutné provést,
pokud je 30 % plochy Zelezobetonového diiku kominu viditelné poskozeno korozi
vyztuze. Cilem je dosazeni tohoto stavu na konci uvaZované Zivotnosti stavby
s nejmensimi moznymi naklady na udrzbu.

Klicova slova

Karbonatace, kryci vrstva, kominy, zZivotnost, optimalizace.

Abstract

Paper is focused on carbonation of industrial reinforced concrete chimneys. It is
considered that a chimney has to be repaired when 30% of its surface of is visibly
damaged by corrosion. The goal is to plan maintenance in such a way that this state is
not reached within a service life of the chimney and maintenance and repair costs are
minimised.

Keywords

Carbonation, concrete cover, chimneys, service life, optimization.

1 Uvod

Elektrarenské kominy stejné jako jiné Zelezobetonové konstrukce podléhaji
dlouhodobym vliviim okolniho prostfedi. Jednim z hlavnich vlivl je karbonatace kryci
vrstvy vyztuze. Priib¢h a rychlost karbonatace je popsan napiiklad ve fib Model Code
2010, nebo zvlasté pro tento typ konstrukei ve smérnici IAEA [1], kde je uvazovan i
ochranny natér kominu, ktery hraje zna¢nou roli v rychlosti postupu karbonatace.

Z naméfenych dat je zifejmé, Ze hodnoty karbonatace jsou cCasto vysSi, nez se
predpokladalo pfi jejich navrhu s ohledem na Zzivotnost. Dle metodiky [2,3] je nutné
provést zasadni a nédkladné opravy konstrukce, pokud viditeln€ korodujici vyztuz
zasahuje 30 % povrchu konstrukce.

Udrzba Zelezobetonovych kominti se odviji od Zivotnosti natéru, ktery proces
karbonatace zpomaluje. Dle studie [4] Ize uvazovat Zivotnost natéru minimalné 10 let.
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Scénare aplikace natér jsou v této studii zvoleny na zéklad¢ diskuzi s provozovateli
tepelnych elektraren (obr. 1). V ptipadé dosazeni kritické hranice karbonatace 30 % se
uvazuje nakladna oprava €asti konstrukce zasaZené korozi.
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Obr. 1 Relativni naklady na udrzbu pro ¢tyfi scénaie:
SO - bez aplikace béhem Zivotnosti, S1 — obnoveni natéru po 10 letech od uvedeni do provozu,
S2 — natéry po 10 a 20 letech, S3 — natéry kazdych 10 let
2 Zavér

Studie popisuje postup pro optimalizaci nakladl Udrzby Zelezobetonovych kominii na
zékladé méteni hloubky karbonatace. Na zaklad¢ vysledkii uvedenych v obr. 1 je mozné
stanovit optimalni scénaf udrzby pro zvolenou zivotnost konstrukce. Napiiklad pro
zivotnost 40 let, bézné uvazovanou pro primyslové kominy a chladici véze, je optimalni
scénaf 2. V ramci zpfesiiovani studie se planuje ovéfit modely karbonatace na vétSim
poctu experimentalnich dat pro riizné stari primyslovych komint a chladicich vézi.
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NONLINEAR ANALYSIS OF REINFORCED AND COMPOSITE
COLUMNS IN FIRE

Jaroslav Navratil', Jaromir Kabela¢?, Michal Cihal’, Radek Stefan*

Abstract

The paper describes a customer project, the objective of which was to develop a
software program for the calculation of reinforced concrete and steel/concrete composite
columns subjected to various loadings and exposed to normal temperature or to fire
conditions. Such analysis required the use of two Finite Element calculation cores (i) for
thermal analysis and (ii) for geometrical and material non-linearity. Calculation cores
were connected to graphical user interface via open interface — IDEA Open Model.

Keywords

Column, concrete, steel, composite, analysis, finite element, non-linear, fire.

1 Introduction

No single software tool exists so far for complete design of prefabricated concrete and
prestressed concrete members. Specialized programs are currently used in combination
with Excel design sheets. Due to the absence or unreliability of the links between the
programs, the workflow is interrupted and manual data transfer is needed at the
interfaces. This system is ineffective and highly vulnerable. That is why producers of
prefabricated beams and columns tend to improve their pre-manufacturing processing
and member design. Usually they prefer their own software tools customized for their
specifics in the types of members, production, logistical and administrative processing.
At the same time the pressure on cost-effectiveness of the structures is growing, and the
tolerance for structural defects is zero. Therefore they need to improve the economy and
the effectiveness of the design by using highly sophisticated analysis methods, which
they cannot develop on their own.

This situation resulted in a collaboration of F.J. Aschwanden, Swiss prefab company
with high technological competence and innovation, and IDEA RS, Czech Software
Company, which develops software for structural analysis and design of civil
engineering structures and their members. The objective of common development
project was to develop a software program for the calculation of reinforced concrete,
concrete/concrete and steel/concrete composite columns subjected to various loadings
and exposed to normal temperature or to fire conditions. Graphical user interface was
developed by F.J. Aschwanden together with HOST module, which controls the
sequence of individual analyses, and which mediates data transfer between the input and
calculation cores for thermal analysis (TA) and for geometrical and material non-
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linearity (NLA) developed by IDEA RS. IDEA Open Model (IOM) has been created as
an open interface to guarantee an effective interaction between HOST, TA and NLA.

2 Thermal analysis

Nonlinear 2-dimensional steady state and transient analysis for heat transfer across
column cross-section has been developed. Quadrilateral and triangular finite elements
are used. Each finite element may have different nonlinear material properties dependent
on the temperature. Initial temperature is defined in each node of mesh. Ambient
temperature is given as the function of the time on boundary of cross-section.
Convection and radiation coefficients are constant.

No humidity transfer is taken into account, and no spalling of the surface is considered.
The results are the temperatures across cross-section (in nodes of mesh) in selected time
steps.

3 Geometrical and material non-linearity

Prismatic beam element with general eccentricity is used - Euler formulation (without
shear deformations included). The load can be applied in nodes or may be uniformly
distributed. Cross section of general shape can have material nonlinear properties
dependent on current temperature in each point. Initial strain is considered across the
cross-section for any beam element (strain, curvature). Nonlinear stress across the
element is solved in two Gauss integration points. Reinforcement bars are modeled as
the points for stress analysis, therefore different mesh appears for TA and NLA.

Corotational beam formulation is used. Deformation of beam element is split into the
local deformation of beam and global deformation beam as rigid body. Multi load step
iteration solver uses Finite Element Analysis in combination with Newton iteration,
which can determine load carrying capacity without the possibility of post-critical
behavior. This is not detrimental to the main objective — the column resistance.

4 Conclusion

The methods used for both TA and NLA have been verified in a number of benchmarks
including the examples analyzed or tested in references [1], [2], [3], and [4]. The
comparison proved excellent agreement for all types of analyses. Consistently with the
assumptions no post-critical behavior was analyzed in case of NLA.

Both calculation cores are part of IDEA StatiCa software and can be used as non-linear
solver by third party with the possibility to define input data using IDEA Open Model.
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MERENIi VYBRANYCH MATERIALOVYCH CHARAKTERISTIK
STAVEBNI OCELI PRO NUMERICKE MODELOVANI

MEASUREMENT OF SELECTED MATERIAL PROPERTIES
OF STRUCTURAL STEEL FOR NUMERICAL MODELLING

Pfemysl Paienica', Miroslav Rosmanit?

Abstrakt

Pro numerické modelovani ocelovych konstrukci a jejich ¢asti je potieba znat co nejvice
rozebran postup odvozeni skuteénych materidlovych diagramii konstrukéni oceli jako
vstupni parametr pro numerické modelovani. Vysledky experimentalnich méfeni jsou
porovnany s pokro¢ilym numerickym modelem vystihujicim skutecné chovani vzorku
behem tahové zkousky.

Klicova slova

Materialovy model, pracovni diagram, multilinearni, MKP.

Abstract

For numerical modelling of steel structures it is necessary to know as many relevant
input data to ensure enough accuracy. Therefore the derivation of the real material
diagrams of structural steel as an input parameter for numerical modelling is presented.
The results of experimental tests are compared with advanced numerical models which
describe actual behaviour of the specimen during the common tensile test.

Keywords

Material model, working diagram, multilinear, FEM.

1 Uvod

Pro zobrazeni inzenyrského pracovniho diagramu oceli se uvazuje konstantni plocha
prufezu, tim dochazi k poklesu napéti v plastické oblasti. Vlivem krckovani vsak
dochézi, zejména za mezi kluzu, k vyznamnému zmenseni prifezu, které ma za nasledek
neustaly nartst napéti. Tento jev je zohlednén pii reverzni analyze a tUpravach
vysledného multilinedrniho materidlového modelu.

V ramci fyzikalnich experimentl bylo provedeno celkem 30 testi v trhacim lisu.
Béhem testovani byla sledovano vnasené zatizeni, podélnd a pficna deformace. Podélna
deformace byla sniména extenzometry a také posunem hlavy samotného lisu. Dale byly
pouzity extenzometry pro mefeni piicné deformace ve stfedu vzorku. Vyhodnocovano
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bylo celkové chovani numerického modelu. Byly porovnany pracovni diagramy
numerického modelu a experimentt (Obr. 1) a také zmény plochu priiezu.

Materidlové modely : Pracovni diagramy

Stress [MPa]

——Experiment — Experiment 501
—e— ANSYS_3mm
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- ANSYS_2mm
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ain [ Deformace [mm

Obr. 1: Materidlovy model a pracovni diagramy trhaci zkousky (experiment, ANSYS)

Obr. 2: Deformace v misté kr¢ku (vlevo — ANSYS, vpravo — experiment)

2 Zavér

Byla provedena série tficeti trhacich zkouSek konstruk¢éni oceli S355. Béhem
experimentll bylo méfeno také pficné pietvoreni v mist¢ vzniku krcku. Takto ziskana
zavislost vnaseného zatizeni na zméné prufezu slouzila k zpfesnéni skutecného
pracovniho diagramu této oceli, ktery byl pouzit jako podklad pro tvorbu multilineédrniho
materidlového modelu v programu ANSYS. Byl také vytvoren numericky model tahové
zkousky, na kterém byl tento materidlovy model validovéan. Z vyse uvedenych vysledkl
vyplyva, ze chovani numerického modelu tahové zkousky s pouzitym multilinearnim

materidlovym diagramem, se jak na trovni tuhosti a napéti, tak i na urovni podélné a
pri¢né deformace vyznamné blizi experimentu.
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X-RAY INVESTIGATION AND STRENGTH MODELLING OF STEEL
FIBRE REINFORCED SELF-COMPACTING CONCRETE BEAMS

Tomasz Ponikiewski', Jacek Golaszewski?

Abstract

The paper presents a study on self-compacting concrete with selected types of steel
fibres (SFRSCC). Under consideration was the effect the method of forming of beam
elements has on the distribution of steel fibres. The tests focused on flexural strength in
bending as a reliable indicator of the mechanical parameters of concrete with steel fibres.
In addition, an analysis of the concrete structure containing steel fibres was carried out
by computed tomography.

Keywords

Steel fibre, self-compacting concrete, fibre orientation, X-ray Computed Tomography.
Introduction

One of the little researched areas is the effect of forming methods of SFRSCC on
maintaining the assumed design parameters of technological and mechanical properties
of concrete. The essence of the problem is to determine what changes in fibre
deployment occur in various structural elements when the method of their forming
changes, taking into account the rheological properties of the mixture, as well as the
volume ratio and the geometrical parameters of steel fibres. The main objective of this
study was to determine the distribution and orientation of steel fibres in the tested
SFRSCC for a chosen structural model.

1 Conclusion

The study confirms the technological problems with uniformity of distribution of steel
fibres in the matrix of SCC. This phenomenon intensifies in case of the longer SW50
fibres added to SCC and with the increase of their volume content. Such orientation of
fibres, however, resulted in the improvement of the strength in bending of the tested
SCC with the longer SW50 added. The increase in flexural strength was greater even by
80 % in the case of 120 kg/m3 SW50 fibre content in the beam type II (farther from the
point of forming) in comparison with the beam I (proximal), when beams were cut from
a formed beam with dimensions 120 x 15 x 15 cm. Similar but somewhat smaller
increases were found in the beam III in comparison with beam I (cut from a beam 180 x
15 x 15 cm). Based on the results of the deployment of steel fibres in concrete beams
with the use of computed tomography, the possibility of analyzing the position of fibres
in the whole volume of the SCC was proved. The obtained test results can be used to

! Silesian University of Technology, Akademicka 5, 44-100 Gliwice, Poland, Tomasz.Ponikiewski@polsl.pl.
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increase the accuracy of modeling the mechanical properties of selected structural
elements made of SCC with distributed reinforcement.
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THE EFFECT OF COPULAS ON TIME-VARIANT RELIABILITY
WITH CONTINUOUS STOCHASTIC PROCESSES

Arpad Rézsas!, Zsuzsa Mogyorosi’

Abstract

This paper investigates the effect of widespread Gauss copula function assumption on
time-variant reliability. Two simple examples are studied considering bivariate Gauss, ¢,
rotated Clayton, Gumbel, and rotated Gumbel copulas. The calculations show that the
application of Gauss copula can 4 times underestimate or even 10 times overestimate the
failure probabilities obtained by other copulas. The findings imply that the copula
function should be inferred from observations or if not available, multiple copula
functions should be used to explore this uncertainty.

Keywords

Time-variant reliability, copula, PHI2 method, structural reliability, dependence
structure.

1 Problem statement

In structural reliability the dependence structure between random variables is almost
exclusively modeled by Gauss copula, however this implicit assumption is typically not
corroborated. Some studies — from various disciplines — indicate that the adopted copula
function can have significant effect on the outcomes. This contribution is focusing on
time-variant reliability problems with continuous stochastic processes that are collection
of dependent random variables and to our knowledge are not modeled by other than
Gauss copula in structural reliability. Therefore, the aim of this paper is to quantify the
impact of this copula assumption on failure probability. Two simple examples are
studied considering bivariate Gauss, ¢, rotated Clayton, Gumbel, and rotated Gumbel
copulas. The time-variant actions are modeled as a stationary, ergodic, continuous
stochastic processes, and the PHI2 method is adopted for the analyses.

2 Conclusions

The analysis of two simple examples reveal:

e The applied dependence structure has significant effect on time-variant reliability.
The prevalently applied Gauss copula assumption can 4 times underestimate or even
10 times overestimate the failure probabilities obtained by other adopted copulas
(Fig. 1).

e For a simple case (Example 1), it is demonstrated that by an appropriate choice of
copula function arbitrary large error can be produced in time-dependent failure
probability, compared with that of the Gauss copula.
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83



STRUCTURAL RELIABILITY & MODELLING IN MECHANICS OSTRAVA, MAY 2016

e The correlation length of stochastic process and initial failure probability have minor
effect on the ratio of the Gauss and other copula results.

e The autocorrelation function has considerable effect on the time-dependent failure
probability. The ratio of normalized time-dependent Cauchy and Gaussian failure
probabilities is uniformly 1.41. It is solely influenced by the autocorrelation function.

To the authors knowledge the copula and autocorrelation effects have not yet been
studied previously and the findings provide a novel insight into time-variant problems.

The results also give indication about whether a particular part of the mechanical or
probabilistic model is worth of refinement, if the actual dependence structure is largely
unknown. Efficient algorithms such as FORM, currently only available for elliptical
copulas, additional research would be needed to extend existing or develop new methods
for other copulas.

If observations are available, the actual dependence structure should be inferred, and
in case of limited information, multiple copula functions should be used to quantify the
related uncertainty. In reporting of reliability analyses, the dependence structures,
namely, the adopted copulas should also be reported to give full description of the
probabilistic model and to allow reproducibility.
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Fig. 1: Failure probabilities (Pr) and normalized failure probabilities vs initial failure probability
for various copulas. DI is referring to direct integration
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NUMERICKE SIMULACE ZKOUSEK STEN
Z KERAMICKYCH TVARNIC S UZITIiM PODROBNEHO
KONECNE PRVKOVEHO MODELU

NUMERICAL SIMULATIONS OF THE TESTS OF CERAMIC BLOCK WALLS
USING A DETAILED FINITE ELEMENT MODEL

Vlastislav Salajka', Jaromir Klouda?, Petr Hradil®

Abstrakt

Piispévek je vénovan analyze chovani zdénych keramickych stén. Chovani stén bylo
zjistovano experimentalné na unosnost pfi statickém zatizeni a na seizmickou odolnost.
Soubézné byly provedeny numerické simulace experimenti pro ziskani dopliujicich
informaci o chovani zdénych stén z keramickych blokl. Vysledky geometricky a
materidlové nelinearnich vypocti byly porovnany s vysledky realizovanych zkousek.

Klicova slova

Keramické tvarnice, matematicky model stény, metoda kone¢nych prvki, nelinearni
vypocty.

Abstract

This article deals with an analysis of the behaviour of brick ceramic walls. The
behaviour of the walls was analysed experimentally in order to obtain bearing capacity
under static loading and seismic resistance. Simultaneously, numerical simulations of the
experiments were carried out in order to obtain additional information on the behaviour
of the brick walls made of ceramic blocks. The results of geometrically and materially
nonlinear computations were compared to the results of the performed tests.

Keywords

Ceramic blocks, mathematical model of a wall, finite element method, nonlinear
computations.

1 Uvod

Zdivo z inovovanych keramickych tvarovek je nutno pfed uvedenim na trh odzkouset
z hlediska funk¢nosti a dosazeni shody s modely vypoctu podle Eurokddu 6, resp. 8, i pfi
vyhodnoceni. Zdéné stény z keramickych tvarovek byly zkouSeny na tnosnost pfi
statickém zatiZzeni na malych zdénych sténéch, poptipadé€ i na sténach a pilifich realnych
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rozmértl, Obr 1a). Testovani na seizmickou odolnost bylo realizovano na sténach liSicich
se délkou a urovni stalého pftitizeni. Stény byly cyklicky zatézovany az do celkového
poruSeni. Numerické simulace experimentl poslouzily pro ziskdni dopliujicich
informaci o chovani zdénych stén z keramickych blokii. Matematické analyzy byly
provedeny metodou konecnych prvkii na detailnich modelech stén z objemovych
kone¢nych prvkl. Pred provedenim vypocti byly urCeny experimentalné vlastnosti
materidlu tvarovek (moduly pruZznosti, pevnosti v tahu, tlaku, tahu za ohybu apod.).
Modely byly uvazovany jako geometricky a materidlové nelinearni, se zahrnutim
jednostrannych vazeb. V pfipadech stén buzenych cyklickym vnucenym vodorovnym
posuvem byly modely doplnény o model tlaéného zatizeni, viz Obr. 1b).

AN AN AT
Lot

a) Model stiedné vysokého zdéného pilite b) Model pro cyklické zatizeni
Obr. 1 Ukazka pouzitych modela

Resenim byly ziskany pole posuni, deformaci a napéti v diskrétnich bodech model,
popfipad¢ reakce. Vysledky feSeni byly porovnany s provedenymi experimenty.

2 Zavér

Zvoleny materidlovy model odpovidajici modelu ,,betonu* s modifikovanym Drucker—
Prager modelem se jevi jako vhodny pro modelovani keramiky. Ukézalo se, Ze ve
vypoctech je nutno zohlednit komplexné okrajové podminky provedenych zkousek.

Ziskané vysledky na vypoc¢tovych modelech velmi dobie vystihuji chovani zkuSebnich
stén nejen pii statickych zkouskach, ale i1 pfi experimentalnim cyklickém zatizeni.
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NUMERICKA ANALYZA VLIVU ZPRUZNENI NA DYNAMICKOU
ODEZVU VYHYBKY PRI POJEZDU VOZIDLA

NUMERICAL ANALYSIS OF THE INFLUENCE OF INCREASING IN PLIABILITY
ON THE DYNAMIC RESPONSE OF TURNOUTS TO THE MOTION OF VEHICLES

Vlastislav Salajka', Marek Smolka?, JiFi Kala3

Abstrakt

Ptispévek je vénovan analyze chovani vyhybky pii prijezdu vozidla. Analyzuje se
konstrukéni uspotadani uzli upevnéni pii navrhu konstrukce vyhybky se zpruznénim.
Sleduje se vliv zmén tuhosti upevnéni na dynamické chovani vyhybky. Vybér zpruznéni
realizovany pomoci pruznych podlozek vychéazi ze statickych a dynamickych analyz
metodou kone¢nych prvki. Budici sily jsou ureny z interakce koleje a vozidla.

Klicova slova

Zelezniéni stavby, vyhybky a uzly upevnéni, matematicky model, metoda kone&nych
prvkil, dynamické analyzy, upevnéni kolejnice.

Abstract

This contribution is concerned with the analysis of the behaviour of turnouts as vehicles
pass over them. The arrangement of fastening during design of flexible turnout support
is analysed. The influence of changes in the stiffness of fastenings on the dynamic
behaviour of turnouts is observed. The suitable choice of means of increasing flexibility
via flexible pads is based on statics calculations and dynamic analyses using the finite
element method. Excitation forces are determined from rail-vehicle interaction.

Keywords

Railway structures, turnouts and fastenings system, mathematical model, finite element
method, dynamic analyses, rail fastenings.

1 Uvod

Pii prijezdu vozidla vyhybkou vznik4 v oblasti vymény a v oblasti srdcovky zvySené
namahani kolejového svrsku od dynamickych sil. Toto namahéni je siln¢ ovlivnéno
zménou tuhosti ulozeni kolejnic v trati, poptfipadé rdzy od kol. Problematika nalezeni
vhodného navrhu konstrukéniho uspotadani uzlti upevnéni ve vyhybce je zékladnim
tématem néavrhu konstrukce vyhybky. Pfi hleddni optimalniho navrhu uspofadani
vyhybek se vychdzi z numerickych analyz zvolené vyhybky vcetné analyz jednotlivych
uzld upevnéni vyhybky s korekcemi vazanymi na experiment. Pro vypocet je vyuzita
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metoda kone¢nych prvki (MKP), kdy jsou sestaveny podrobné globdlni numerické
modely vyhybky. Verifikované uzly upevnéni s vyuzitim dil¢ich MKP modeli jsou
vlozeny do globalnich modelt vyhybek, na kterych byla provedena dynamické analyza
na ucinky pojezdu vozidla. Variantni feseni odezev poskytlo moznost stanovit vhodného
feSeni konstrukéniho uspotfadani z hlediska pevnosti a dynamického chovani s cilem
prodlouzeni zivotnosti vyhybek.

Pro feSeni byly sestaveny globalni matematické modely vyhybky a dil¢i modely
simulujici kontrolni experimenty (obr. 1). Upravy zmén tuhosti uzlii upevnéni se tykaji
oblasti vymény a srdcovky.

ELEMENTS

TYBE NUM

a) Glob. model — oblast srdcovky a pfidrznice b) Dil¢i model upevnéni v oblasti vymény

Obr. 1 Vypoctové modely

Budici sily jsou ureny na zékladé predpokladané interakce mezi vozidlem a koleji.
Vypoctena tuhost uloZeni koleje ve vyhybce slouzi pro vypocet interaktivnich kolovych
sil na specidlnim modelu drazniho vozidla. Takto ziskané budici sily se zpétn¢ aplikuji
pfi vypoctu dynamickych odezev. Dynamickd odezva je provedena piimou integraci
pohybovych rovnic. Porovnavaji se moznosti zmén tuhosti upevnéni ve vymeéné i pod
srdcovkou a jejich vliv na odezvu. Variantni feSeni odezev poskytlo moznost stanovit
vhodného feseni konstrukéniho uspotfadani z hlediska pevnosti a dynamického chovani.

2 Zavér

Lze konstatovat, ze pomoci vypoctl nebylo shledano, Ze zpruznéni vytvafi v konstrukci
vyhybky neocekdvané zmény v posunech a silovém ptlisobeni. Na zaklad¢ provedenych
vypoctl lze ukézat, Ze prijezd vyhybkou se zpruznénim je klidnéj8i a vyrovnanéjsi pii
prijezdu vyménou a srdcovkou ve srovnani s piivodni nezpruznénou variantou. Silové
pusobeni v konstrukei upevnéni zpruznéné vyhybky je mensi, a tedy 1ze ocekavat mensi

~rowe

opotiebeni kolejnice a prvka upevnéni a soucasné delsi zivotnost vyhybky jako celku.
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NUMERICAL SUPPORT FOR SPECIMEN LOADED BY BENDING
AND WEDGE SPLITTING FORCES FOR MEASUREMENT
OF CONCRETE PROPERTIES

Stanislav Seitl', Ruben F. Diego Liedo?, Tafia HoluSova®

Abstract

Fracture mechanical properties of silicate based materials are performed from various
fracture mechanicals tests. For evaluation of parameters, the knowledge about
calibration and compliance function is so important. Therefore, in contribution the
compliance and calibration curves for a novel test based on combination wedge splitting
test (WST) and three-point bend test (3PBT) are introduced. These selected variants
exhibit significantly various stress state conditions at the crack tip, or, more generally, in
the whole specimen ligament.

Keywords

Stress intensity factor, T-stress, constraint, wedge splitting test, three-point bend test,
compliance function, COD.

1 Introduction

For evaluation of fracture mechanical properties of materials like concrete, standardized
methodology is not published yet. There is only recommendation for measurement of
properties RILEM.

Plot of variant of combined WST/3PBT geometry proposed for the experimental
study and an example of numerical model with applied boundary conditions are shown
in Fig. 1. The crack length to depth ratio a/Wes varies from 0.1 to 0.9.
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Fig. 1.: Variant of the component WST/3PBT configurations, retaken from [1].
Example of numerical model, where boundary conditions are shown.
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In the contribution, the numerical support for evaluation experimentally obtain data was
prepared. The values of stress intensity factor and 7-stress for selected load Psp = 1000 N
= 1kN are introduced (see Figs. 2 and 3). The changes of values of mentioned fracture
properties are compared and discussed. These changes could be obtained modifying the
specimen length to width and the span to length ratios (and/or simultaneously the wedge
angle).
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Fig. 2. SIF as function of the relative crack length a for various considered boundary conditions
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Fig. 3. T-stress as function of the relative crack length a for various considered boundary conditions.

2 Conclusion

In this paper, the combination of wedge splitting and three point bend load are
numerically analyzed. Along the crack length to depth ratio shows the changes of
constraint level around crack tip especial for IIIb.
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NUMERICAL SUPPORT FOR STUDY OF STRESS RATIO EFFECT
ON FATIGUE CRACK BEHAVIOUR IN THREE POINT BEND
SPECIMEN MADE FROM VIBRATED CONCRETE

Stanislav Seitl', Thomas Thienpont?

Abstract

The fatigue behaviour of concrete has become more important for the design of
structures due to more slender/slim structures, which are more sensitive to fatigue
loading, or due to wind turbines, which are typically exposed to high-fatigue loading.
The fatigue behaviour of concrete was investigated with respect to the influence of
various stress ratios. Pilot analysis of fatigue crack propagation rate in three-point bend
specimens made from ordinary vibrated concrete was done.

Keywords

Stress intensity factor, fatigue crack, Paris-Erdogan law, concrete, FEM, stress ratio.

1 Introduction

The fatigue behaviour of concrete has become more important for the design of
structures due to more slender/slim structures, which are more sensitive to fatigue
loading, or due to wind turbines, which are typically exposed to high-fatigue loading.

This article aims to evaluate and compare the fatigue crack propagation rate in VC
(vibrated concrete) for four different stress ratios using the Paris-Erdogan law, based on
three-point bend test data, obtained by [1].

H |

Q % clip gauge Q

1 300 1 A

Figure 1: a) Three-point bend test setup,
b) right side of TPBT model in ANSYS: mesh and boundary conditions

The test data was obtained from static tests and by performing cyclic three-point
bending tests on single edge notched specimens, while measuring the CMOD (crack
mouth opening displacement) for each load cycle. In these tests, a standard value of
S/W=3 was used, in which S is the span between the supports, and W the depth of the
specimen (Figure 1.a). In the test setup, the specimens were loaded according to four
stress ratios; the lower limit of the load was chosen 10 % of the average static ultimate
load, for the upper limit the selected percentages were: 70 %, 75 %, 80 % and 90 %.
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Afterwards the data was correlated with the applied stress intensity range (da/dN-AK
curve) corresponding to the Paris-Erdogan law. Neither the crack propagation rate da/dN
or the stress intensity factor AK can be directly measured during a three-point bend test,
therefore these values were calculated using finite element analysis software ANSYS,
with a model as shown in Fig. 1.b.

In a final step, the crack propagation rate da/dN is plotted against the stress intensity
ratio AK. As shown in Fig. 2.a, the data points with an according smaller value of AK
don’t fit the linear relationship described by the Paris-Erdogan law (grey colour). This is
due to the fact that in concrete, two stages of crack growth can be observed: deceleration
and acceleration. Concrete fatigue fracture in the acceleration stage follows the Paris-
Erdogan law. Therefore, in order to obtain a fitting curve with a reasonable R? value,
only the data points in the acceleration stage were used, while the grey data points were
ignored. This method was used to determine the linear fitting curves for all tested stress
ratios. The 10-70% and 10-75% graphs are shown in Fig. 2.b.
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Fig. 2: a) data modified for linear curve fitting, b) fitting curves for 10-70% and 10-75%

2 Conclusion

In contribution, the effect of the stress ratios for VC was studied. The results of this
study led to the following conclusion:
e The 10-75% stress ratio has a steeper linear fitting curve then the 10-70% stress
ratio and therefore results in faster crack propagation, as shown in Figure 2.b.
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MODIFIED COMPACT TENSION SPECIMEN FOR EXPERIMENTS
ON CEMENT BASED MATERIALS:
COMPARISON OF 2D AND 3D SOLUTIONS

Stanislav Seitl', Viliam Viszlay?

Abstract

The evaluation of fracture mechanics parameters of materials has become very important
part of considering the condition of older constructions as well as properties of newly
developed materials. This paper is focused on a numerical simulation of modified
compact tension test configuration that is possible to very easily prepare from drill core.
The main focus is to compare outputs from 2D (plane strain conditions) and 3D solution.
Finite element software ANSYS was used.

Keywords

Linear-elastic fracture mechanics, modified compact tension test, stress intensity factor,
T-stress, biaxiality factors, constraint.

1 Introduction

The modified compact tension test [3] is a quite new test
configuration to obtain fracture mechanics parameters of
materials in laboratory conditions. A detailed research
needs to be done before using the configuration widely.
This test is derived from classic compact tension test
[4][2], which is being used primarily to obtain fracture
mechanics parameters of metallic materials.

The main advantage of modified compact tension test
is a round shape of the specimens which makes it
appropriate for testing cement based composites. Due to
its shape it is easy to prepare specimens both ways: from
the core drill as well as from the fresh concrete mixture.
The geometry of the specimen is shown in Fig. 1.

1 35W

Fig. 1: Modified compact
tension specimen

2 Numerical simulation
In this paper the 2D and 3D solution will be compared in a range of two-parameter
fracture mechanics (see i.e.[2]). A diameter of specimen used for simulations was
D =150 mm, a length of the steel bars was 110 mm on each side of the specimen and a
loading force P=1500 N. A relative crack length a/W varied from 0.1 to 0.9 in steps of
0.1. The finite element software ANSYS was used for numerical analysis [1].
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The density of the mesh was intensified
near the crack tip, where average size of
the element was 0.2 mm. The advantage
of symmetric specimen was taken and so
only 1/4 of model was built. The
symmetric boundary conditions were
applied along the vertical cross-section. A
ready model is shown in Fig. 2.

3 Results and conclusions

The output of the simulations were
calibration curves for 4 different fracture
mechanic parameters: stress intensity
factor (normalized as B factor), T-stress (B2 factor), compliance function for opening
displacement under the loading force (COD) and for opening displacement at the crack
mouth (CMOD). The selected output values were plotted onto graphs which are showed
in Figs. 3-4.

Fig. 2: Final model with finite element mesh
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Fig. 3: Values of dimensionless B factor (stress

intensity factor) Fig. 4: Values of dimensionless B factor (7-stress)
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ANALYZA ROZSAHU VHODNE APROXIMACE POLE NAPETI
V TELESE S TRHLINOU POMOCI WILLIAMSOVY RADY

ANALYSIS OF EXTENT PROPER APPROXIMATION OF STRESS FIELD
IN CRACKED BODY USING WILLIAMS EXPANSION

Jakub Sobek !, Petr Frantik %, Vaclav Vesely *

Abstrakt

Ptispévek se zaméfuje na analyzu rekonstrukce pole napéti kolem existujici trhliny.
Samotna rekonstrukce je provedena pomoci teorie linedrni elastické lomové mechaniky,
konkrétné jeji viceparametrové podoby. Hled4 se vhodny vybéru uzli elastického MKP
feSeni, z jejichz vysledkil jsou prostfednictvim uzité regresni procedury ziskany tvarové
funkce Williamsova feSeni pro pole napéti a deformaci v télese s trhlinou. Klicovy
vyznam vybéru uzli je ilustrovan na vybranych variantach.

Klicova slova

Multiparametrova lomova mechanika, Williamsova fada, preurcitd metoda.

Abstract

The paper focuses on the analysis of the crack-tip stress field reconstruction. The
reconstruction is performed using the linear elastic fracture mechanics theory, specially
its multi-parameter formulation. Suitable nodal selection is searched from the elastic FE
solution around the crack tip. From its results the higher order terms of Williams
expansion for solution of stress and displacement field are obtained by using the
regression procedure. The crucial nodal selection is illustrated by selected variants.

Keywords

Multi-parameter fracture mechanics, Williams expansion, over-deterministic method.

Uvod

Pti vyuziti prostfedkl, které nadm poskytuje linedrni elasticka lomova mechanika
(LELM) [1] rozsifend ve viceparametrovou variantu, se zakonité dostdvame do bodu,
kdy se urCeni parametrii, které tuto teorii doprovazi, jako jsou zobecnéné Cleny
Williamsova feSeni [2] v podobé tvarovych funkci, vénuje zvlaStni pozornost.
V literatufe prezentované hybridni trhlinové prvky (HCE [3]), stejné¢ jako preurcita
metoda (over-deterministic method, ODM [4]) ¢i dalsi vypocetni postupy, zalozené
na extrapolaci uzlovych posunt, uvazovali vybér uzla, jejichz vysledky se dale
zpracovavaly, z bezprostfedni vzdalenosti u vrcholu trhliny. Pro urceni klasickych

! Ing. Jakub Sobek, Ph.D., Vysoké ueni technické v Brng, Fakulta stavebni, Ustav stavebni mechaniky, Veveii 331/95, 602 00 Brno,
tel.: (+420) 541 147 116, e-mail: sobek.j@fce.vutbr.cz

2 Ing. Petr Frantik, Ph.D., Vysoké uceni technické v Brné, Fakulta stavebni, Ustav stavebni mechaniky, Veveti 331/95, 602 00 Brno,
tel.: (+420) 541 147 376, e-mail: kitnarf@centrum.cz

3 doc. Ing. Vaclav Vesely, Ph.D., Vysoké uceni technické v Brn&, Fakulta stavebni, Ustav stavebni mechaniky, Veveri 331/95,
602 00 Brno, tel.: (+420) 541 147 362, e-mail: vesely.v1@fce.vutbr.cz

95



STRUCTURAL RELIABILITY & MODELLING IN MECHANICS OSTRAVA, MAY 2016

parametri LELM (K-faktor, 7T-napéti) to je zcela dostacujici. Co kdyZ ale pfesuneme
pozornost na odhad pole napéti ¢i deformaci ve vétsi vzdalenosti od vrcholu trhliny, kde
uz K ¢i K+ T dominance neplati? Tomu problému se vénuje tato prace; studuje se
vyuziti rozdilného uzlového vybéru v porovnani s klasickym (bé€znym) ptistupem, kdy
jsou uvazovany uzly MKP sit€¢ v bezprostitednim okoli vrcholu trhliny, casto
v pravidelném vzoru.

Pro analyzu je vybrano zkuSebni téleso urcené pro testovani v konfiguraci Stipdnim
klinem (t¢leso je porusovano tahem ptes Cepy ocelového klinu — odtud anglicky nazev
wedge-splitting test, WST), které jiz autofi ¢lanku analyzovali v pfedchozi praci [5]. Pro
srovnani je vybran prstenec uzlii kolem vrcholu trhliny ze vzdalenosti 5 mm a rozdily
mezi jednotlivymi uzlovymi vybéry jsou analyzovany prostfednictvim vyvinuté Java
aplikace, kterd umoziiuje procentudlné¢ zobrazovat odchylky od ,,pfesného feSeni
pribéhu napéti (MKP feseni).

Na Obr. 1 jsou naznaceny rozdily v pfesnosti aproximace pole napéti ve WST télese
pro vybrané selekce uzli.

Obr. 1: Ukazka vybéru uzli a jejiho vlivu na piesnost aproximaci pole napéti (modra — chyba do 5 %,
zelend — chyba do 20 %, Cervena — chyba nad 40 %)
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EXPERIMENTAL AND NUMERICAL INVESTIGATIONS
OF THE INFLUENCE OF REAL CRACKS ON CHLORIDE INGRESS
IN CONCRETE

Corina Sosdean !, Liviu Marsavina 2, Geert De Schutter 3

Abstract

This paper presents both the experimental and numerical results of a study conducted in
order to determine the influence of real cracks on chloride ingress in concrete. A 3D
model was developed based on the FEM. Chloride ingress was simulated in both
uncracked and cracked concrete. Good agreement was found when comparing the
numerical results with the experimental ones.

Keywords

Experimental program, numerical simulation, real cracks, chloride ingress.

1 Experimental program and numerical simulation

40 cores of 100 mm diameter and 50 mm thickness, obtained from various locations
from a cracked RC slab of 140 mm thickness and 1800 mm wide, having the total length
of 14.30 m exposed to an artificial failure of the central support and subsequent vertical
loading until collapse [1], were used in this study. The obtained samples can be
categorized in four main groups: samples without cracks and without rebars (S), samples
with cracks and without rebars (SC), samples without cracks and with rebars (SR),
samples with cracks and with rebars (SCR). For each particular sample, geometric
characteristics such as crack width and crack orientation were determined. A non-steady
state migration test was performed according to [2] on the obtained concrete samples
and after the test, the samples were split and sprayed with 0.01N AgNO3 solution and
the chloride penetration profile was determined by using the colorimetric method [3].
The average chloride depth (xs) and the chloride depth near the crack (xc) were
determined and the chloride migration coefficient (Dussm) Was calculated according to
Equation 1:

D - RT x4 —0yx (0
z-FE t
Also, the crack width of each sample was measured according to a three step
procedure.
A 3D model was then developed using the Abaqus/Standard software based on the
FEM, when in order to simulate chloride ingress, the following parameters: diffusion
coefficient (D), initial chloride concentration (c) and the applied chloride concentration

(C), determined experimentally were used as simulation parameters. Chloride ingress
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was simulated considering geometries consisting in a cylinder with 100 mm diameter
and 50 mm thickness in accordance with the reference samples used in the experimental
part. The mesh was realized using 3D 20- node quadratic elements, each element having
the size of 2 mm x 2 mm x 2 mm. The chloride concentration was applied as a boundary
condition. Chloride penetration was simulated in reference samples and on samples with
cracks in which case half of cylinder was modeled in order to reduce the size of the

model.
Chioride penetration along splitting plane 2 Chioride penetration along splitting plane 3

Pemetration [mm)
Penctration [mm)

-50 40 30 20 10 0 10 20 30 40 S0 -50 40 30 20 .10 0 10 20 30 40 S0
Distance from crack [mm) Distance from crack [mm)
expenmental

expenmental

e numencal ® numencal

Fig. 1. Comparison between experimental and numerical results for sample with crack
(in accordance with [4])

2 Conclusion

As a conclusion, based on the numerical results which agree fairly well with the
experimental ones, it can be said that the proposed numerical model seems to be a good
tool to simulate chloride ingress in uncracked and cracked concrete.
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VLIV TUHOSTI ZKUSEBNIHO ZARIZENI NA STANOVENI
LOMOVYCH PARAMETRU KOMPOZITU NA BAZI ALKALICKY
AKTIVOVANE STRUSKY

INFLUENCE OF TEST EQUIPMENT STIFFNESS ON DETERMINATION OF FRACTURE
PROPERTIES OF ALKALI-ACTIVATED SLAG COMPOSITE

Hana Simonova', Pavel Schmid?, Petr Danék’, Pavel Rovnanik*, Libor Topolai?,
Petr Frantik®, Zbynék Kersner’, Vaclav Vesely®

Abstrakt

V ¢lanku je demonstrovan vliv tuhosti zkuSebnich zafizeni na hodnoty lomové-
mechanickych parametrti stanovenych ze zdznamtl na nich provedenych zkousek na
télesech z kompozitu na bazi alkalicky aktivované strusky.

Klicova slova

Lomovy test, tfibodovy ohyb, tuhost zkuSebniho stroje, lomova houzevnatost, lomova
energie, alkalicky aktivovana struska.

Abstract

Main aim of this paper is to show an influence of the stiffness of testing machines on the
values of mechanical fracture properties determined from records of tests conducted on
these machines. The material under investigation is alkali-activated slag composite.

Keywords

Fracture test, three-point bending, testing machine stiffness, fracture toughness, fracture
energy, alkali-activated slag.

1 Uvod

Lomové parametry materidlli se stanovuji na zékladé¢ vyhodnoceni lomovych testli na
télesech s koncentratorem napéti. Pro zkoumani je v tomto piispévku zvolen kompozitni
material na bazi alkalicky aktivované strusky (AAS). Byly pfipraveny zkusebni vzorky
ve tvaru tramcu s centralnim zafezem. Lomové testy tfibodovym ohybem téles se
provadély na dvou raznych zkuSebnich strojich: Heckert FP 10/1 (F) a LabTech 6.1000
(A). Diagramy zatizeni vs. posun z testli byly vyhodnoceny pomoci modelu efektivni
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trhliny a metody lomové prace; vysledky se porovnavaly s ohledem na pouZzité¢ zkusebni
zafizeni. Hodnocené/naméiené zakladni lomové-mechanické parametry byly: modul
pruznosti, efektivni lomova houZevnatost a specifickd lomova energie. Béhem
provadénych zkousSek byly zaznamenavany také signaly akustické emise.

2 Vysledky vyhodnoceni lomovych testi

Vysledky vyhodnoceni provedenych testi jsou uvedeny v Tab. 1 a 2 ve formé
aritmetickych priméri a variacnich koeficientd vzdy ze tfi méfeni sledovaného
parametru. Tab. 1 shromazd’uje sledované¢ lomové-mechanické parametry — staticky
modul pruznosti E, efektivni hodnotu kritické délky trhliny aec, efektivni lomovou
houZevnatost Kic a specifickou lomovou energii Gr. V Tab. 2 jsou uvedeny vybrané
parametry akustické emise ve dvou trovnich sledovani procesu zatézovani, a sice do
vrcholu F—d diagramu (Fmax), respektive diagramu vcetné sestupné vétve; jde o pocet
udalosti Nag, dobu trvani signalti Dag, amplitudu signalii Aag, energii signali EAE.

Parametr AAS F AAS A
E [GPa] 12,9 (5.5) 14,9 (4,7)
@ec [mm] 19,8 (6,3) 19,8 (8,6)
Kic [MPa(m)'?] 0,756 (3,5) 0,825 (9.,4)
Gr [J/m?] — 113,5 (17,3)

Tab. 1: Hodnoty aritmetickych priméri lomové-mechanickych parametrt (variacni koeficienty v %)

AAS F AAS A
Parametr (do Foax) AAS F (do Fonax) AAS A
Nac [-] 10 (2,6) 48 (1,4) 8(5.,9) 264 (0,6)
Dag [ps] 1276 (0,3) 1431 (0,4) 1301 (0,8) 1316 (0,1)
Aae [mV] 2761 (0,8) 2744 (0,3) 2821 (2,4) 2861 (0,2)
Eag [V-s] 7,00-103 (5,6) | 62,37-107%(0,9) | 6,44-107(9,9) | 252,2-103 (1,4)

Tab. 2: Hodnoty aritmetickych praiméra sledovanych parametri AE (varia¢ni koeficienty v %) z ¢asti
zatézovani do zatizeni Finax a s vyuzitim celého F-d diagramu

3 Zavéry

V piispévku byl na ptikladu lomovych testi na zkusebnich télesech z kompozitu na bazi
alkalicky aktivované strusky demonstrovan vliv tuhosti zkuSebnich zatizeni FP 10/1
a LabTech 6.1000 na stanovené hodnoty lomové-mechanickych parametri a méfené
parametry akustické emise. Ukdazalo se, Ze nedostatecnd tuhost lisu FP 10/1 a jeho
ptislusenstvi ovlivni piedev§im moznost urceni relevantni hodnoty specifické lomové
energie.
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VPLYV TVARU ZACIATOCNEJ DEFORMACIE
NA STABILITU A KMITANIE PRUTA

INFLUENCE OF MODE OF INITIAL DEFORMATION
ON STABILITY AND VIBRATION OF BEAM

Lubos Snirc!, Jan Ravinger?

Abstrakt

Pri analyze tinosnosti pratov namahanych tlakom ako najnepriaznivejsi tvar zac¢iatocne;j
deformécie je tvar zodpovedajiici vyboceniu prita pri minimalnej kritickej sile.
Pri kibovo podopretom prute je druha kriticka sila n>=4-krat vy$§ia neZ prva. Stvorec
druhej vlastnej kruhovej frekvencie je n*=16-krat vyssi. Vznika otazka ako ovplyviiuje
tvar zaciatocného zakrivenia chovanie sa prutov z hl'adiska stability a kmitania.

KPacové slova

Stabilita, kmitanie, geometricky nelinearna uloha, metdda konecnych prvkov.

Abstract

Mode of buckling related to minimum elastic critical load is the unpleasant mode of
initial deformation for evaluation of load bearing capacity of beam loaded in
compression. In the example of simply supported beam the second elastic critical load is
n’= 4-times higher than the lowest elastic critical load. Second square of circular
frequency is n*=16-times higher. We are standing in front of a question of influence of
mode on initial imperfection for behaviour of stability and vibration of beams.

Keywords

Stability, vibration, geometric non-linear problem, finite element method.

1 Uvod

Zaciato¢na deformacia prata patri do kategorie zaCiatoénych nedokonalosti konstrukcie
(initial imperfections). Zaciatocné nedokonalosti vystupuju do popredia v prikladoch
stability prutov. Pre rieSenie uloh stability musime pouzit' geometricky nelinedrnu
analyzu. Ak ku problému stability priddme zotrvacné sily hmoty, tak tlohu
extrapolujeme do dynamiky a vSetky problémy sa znasobuju.

2 Geometricky nelinearna uloha stability a dynamiky

Pri rieSeni nelinedrnych uloh sa presadila tzv. prirastkovd formulacia, ktord vedie na
systém podmienkovych rovnic v tvare
Ky AG+ K e Aq + Fiyp = Fpyp = AF gy =0 (1)

! Ing. Lubo§ Snirc, STU Bratislava, Stavebna fakulta, Katedra stavebnej mechaniky, Radlinského 11 810 05 Bratislava SK
(lubos.snirc@stuba.sk)
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3 Stabilita a kmitanie pruta

Zékladnym prikladom pre kombinaciu stability a kmitania je prat kibovo podoprety na
koncoch zat'azeny osovou silou. Obr. 1 ukazuje zavislost’ medzi zatazenim a Stvorcom
vlastnej kruhovej frekvencie. Vidime, Ze aj ked’ prut mé tvar zaciatocnej deformécie v
ntvare 2° tak tvar kmitanie je ,,tvar 1° (tenké Ciary). Na to, aby prat kmital v ,tvare 2

musi byt pomerne vel'kéd zac¢iatocnd deformacie (hruba bodkociarkovana c¢iara).
F/Fga kFl.,z/FE=4.0

F./Fp=1.0 -
10 r1/FE mi \

e
0.54+|475 P 22.5 E=13.7%10° N/m

B 46 mm p=454.2 kg/m’
1=1.885m -

Wo=0tg; *sin(rx/l)+ ag;*sin(2nx/1)

ag; /r=1.0 o, /r=0.

ag; /r=0.0 ay,/r=0.5

ag; /r=3.0 ap/r=0.  ------ ag;/r=1.0 ay,/r=0.5

ag; /r=5.0 ap/r=0.  ------- ag; /r=1.0 ay/r=1.0

A9 /1=6.0 ay,/r=0.

2nd mode of vibration - m2

Obr. 1: Stabilita a kmitanie pruta pri réznych tvaroch zaciatocnej deformacie

4 Zaver

Zaciato¢nd deformécia predurcuje chovanie sa konstrukcie hlavne pri stabilitnom type
namahania. Zavazny jav je moznost’ vzniku ,,preskokov®. Je to efekt prudkej zmeny
tvaru deformécie. Toto je neziaduci jav v mechanizme chovania sa konsStrukcie. Prave
rozbor tvaru zaciato¢nej deformacie v kontexte na tvary vyboc¢enia umoznuje odhadnut’
moznost’ vzniku tohto javu.
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THE PULLEY ELEMENT

Hynek Stekbauer'

Abstract

Pulley is used in number of structures for its mechanical advantage. This paper presents
approach for calculation of pulley-cable system using special pulley element in finite
element method. The Lagrange multipliers method and the Penalty method are used to
definition of pulley element. Both approaches are easy to implement in general FEM
codes and described in this paper.

Keywords

Pulley, Finite element method, Penalty stiffness, Lagrange multiplier.

1 Introduction

Pulleys are used in many buildings and machine structures for its structural simplicity
and mechanical advantage due to transfer forces. The set of pulleys often creates
complex and complicated systems therefore various pulley elements were proposed [1,
2, 3]. This paper presents other algorithm that do not need to work with stiffness of
cables connected to pulley therefore the algorithm is easy to implement in general FEM
codes. It is also possible to divide cable between pulleys to more finite elements.

2 Pulley element definition

Pulley element is defined by transformation matrixes of connected cables and three
nodes (Fig.2). Two end nodes of cables (N1, N3) and one node interpreting pulley (N2).
Radius of pulley is neglected and all three nodes are at the same place.

Fig. 2: Idealized pulley

3 Conclusion

New algorithm for calculation of pulleys is proposed using the finite element method.
Radius of pulley is neglected and condition for three nodes on each pulley is defined

! Ing. Hynek Stekbauer, Brno University of Technology, Faculty of Civil Engineering, Institute of Structural Mechanics, Veveii
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(pulley node and two ends of connected cables). Two methods for pulley element
formulation are described, the Lagrange multiplier method and the Penalty method, both
with its advantages and disadvantages. The proposed element is used in example and
found to be able to provide accurate results corresponding to analytical solution.
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NUMERICKY MODEL PRESYPANEHO MOSTU
NUMERICAL MODEL OF MONIER ARC BRIDGE

Jakub Vasek!

Abstrakt

Tématem tohoto ¢lanku je analyza Zelezobetonové mostni konstrukce. Jedna se
o realizovany klenbovy pfesypany mostni objekt. Rozpéti mostu je 17,5 m a vzepéti
2,0 m. Unikatnim parametrem konstrukce je maléd tloustka klenby, kterd ve vrcholu
dosahuje 400 mm. V ¢lanku je uveden popis vytvofeného numerického modelu
z programu Scia Engineer, ktery také zohlediiuje u¢inky podlozi.

Klicova slova

Numericky model, model podlozi, ptesypany klenbovy most, rekonstrukce.

Abstract

The theme of this article is to analyze the reinforced concrete bridge structure. This is
constructed Monier arc bridge structure. The span of the bridge is 18.5 meters and a rise
of 2.0 meters. The unique design parameter is small thickness of the arch, which was
designed in a peak of arch 400 millimeters. The article gives a description of created
a numerical model of Scia Engineer, which also takes into account the effects of subsoil.

Keywords

Numerical model, subsoil model, Monier arc bridge, reconstruction.

1 Uvod

Na mostnich objektech probihaji v pravidelnych intervalech mostni prohlidky, které maji
za ucel provéfit most zhlediska stavebné-technického stavu, zatizitelnosti
a pouzitelnosti.

Predlozeny clanek se zabyva statickou analyzou navrhu nové konstrukce mostu
v obci LaSkov. Hlavni mostni prohlidkou byl zafazen stav spodni stavby a nosné
konstrukce do skupiny V-$patny. Most byl z hlediska pouzitelnosti zatazen do skupiny
IV-omezené pouzitelny. Na zaklad¢ technickému stavu konstrukce bylo pfistoupeno
k opravé nosné konstrukce. Projekéni kancelai Dopravoprojekt Ostrava a.s., v jejiz
spolupraci byl tento c¢lanek vyhotoven, zpracovédvala projektovou realizacni
dokumentaci v¢etné statického posouzeni nosné konstrukce.

2 Technické udaje modelovaného mostu

Zminény mostni objekt se nachazi v Olomouckém kraji v obci Laskov. Most pievadi
silnici druh¢ tiidy pfes mistni potok Sumice. Smérové je komunikace vedena v piimé

! Ing. Jakub Vasek, VSB - TU Ostrava, Fakulta stavebni, Katedra konstrukci, student oboru Teorie konstrukei, L. Podésté 1875/17,
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a na most¢ zacind pfechodnice oblouku (o poloméru 40 m). Jedna se o zelezobetonovou
presypanou klenbovou konstrukci. Zakladni parametry mostu, ze kterych vychazel
1 numericky model, jsou uvedeny v nasledujici tabulce.

Délka premosténi 17,00 m
Délka mostu 31,06 m
Délka nosné konstrukce | 17,00 m
Rozpéti jednotlivych poli | 18,50 m

Sikmost mostu leva (76,75°)
Sitka mostu 9,10 - 10,47 m
Stavebni vyska 1,0l m

Tab. 1: Technické parametry konstrukce
uz [mm]
131
10.0
50
00
-50

-10.0

-15.0

v

Obr. 1: Hodnoty svislych deformaci . [mm] pro nejneptiznivéjsi kombinaci zatizeni

3 Zavér
Predlozeny clanek se zabyva analyzou konstrukce ptesypaného klenbového mostu
v Laskové. Staticky vypocet byl proveden v programu Scia Engineer. V numerickém
modelu byl zohlednén zejména vliv podlozi véetné konkrétné modelované spodni stavby
mostu. Tato analyza vedla k navrhu konstrukéniho feSeni mostu obdobného stavu pied
rekonstrukci. Také bylo mozno vytvofit subtilni tvar nosné konstrukce klenby.

Z numerické analyzy byly urceny navrhové vnitini sily v podélném i pficném sméru
klenby. Rozhodujicim zatéZovacim stavem pro navrh byl stanoven model zatizeni LM 1.

Svislé deformace pro vrchol klenby a nejneptiznivejsi kombinaci zatizeni dosahovaly
32,6mm.
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ALGORITHM AND PROGRAM OF ANALYSIS OF TASK
OF DEFINITION OF DYNAMIC CHARACTERISTICS
OF STRUCTURALLY INHOMOGENEOUS PRISMATIC STRUCTURES

Mamuka Vazagashvili |, Irma Gogoladze 2, Badri Churchelauri?, Zviad Churchelauri?

Abstract

Is developed the program complex that would be applied for solution of model tasks of
dynamics of structurally inhomogeneous prismatic structures, for analysis of complex
structures, for research of effects, originating in structurally inhomogeneous prismatic
structures.

Keywords

Prismatic structure, dynamics, algorithm, rod, shell.

1 Introduction

Trends of development of the construction industry, airspace engineering, shipbuilding,
chemical and power engineering and many other branches of modern technology are
characterized by the increasing complexity of design solutions at design of various
objects, which are usually presented by thin-walled spatial structures and on one
hand makes raise requirements for the reliability of these objects in operation, and on the
other hand - to reduce its weight and material consumption.

At the design of complex structures, along with the traditional metallic materials
increasingly are applied polymeric materials and composites on their basis.
Manufactured from composite materials, modern machine building structures are
composed of a set of elastic and viscoelastic damping elements with different
rheological properties, various types of supporting and reinforcement, elastic and
viscoelastic constraints with significantly different rheology.

Such mechanical systems are classified in the works [1, 2, 3] as structurally
inhomogeneous and the task to develop reliable methods for their analysis, so far has not
lost its relevance.

Request for practice requires the creation of more accurate methods for solving
such problems, and should be focused on computer technology, widely implemented in
the design, engineering, and research organizations, higher education institutions. These
methods and based on them algorithms should be maximally taken into account the
actual conditions of the structure behavior, carry our calculations without exceed
geometric idealization, consider the real rheological properties of the structural elements,
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maximally approximate the design scheme to full-scale design and as a result of
calculations to make science-based selection of its parameters.

The carrying out numerical experiments for complex structurally inhomogeneous
structures gives the possibility to understand the qualitative picture of the influence of
various parameters and provide sound recommendations, not only at the design stage,
but also for the carrying out of model and natural experiment, significantly reduce the
volume of experimental researches.

Development and implementation in practice of the finite element method makes
possible to solve the problem of creating of a universal program for solving of statics
and dynamics problems of arbitrary type and purpose structures. On the existence of
such programs and software systems would make judgments by publications.

One of such narrower, but rather widely applied, classes is a class of thin prismatic

shell structures that represents an arbitrary composition of the non-circular cross-section
cylindrical shells and straight stringers. For the analysis of such structures more effective
is the application of discrete-continuum model.
Currently are well developed methods, algorithms and programs for solving of statics
and dynamics problems of thin prismatic structures made from an elastic material, as
well as thin-walled structurally inhomogeneous structures consisting from shells of
revolution and frames. The presented paper is dedicated to the development of methods,
algorithms and software for determination of dynamic characteristics of thin-walled
structural inhomogeneous prismatic shell structures.

2 Conclusion

Are formulated the decisive equation of task on determining the dynamic characteristics
(frequencies and modes of oscillations, amplitude-frequency characteristics) of
structurally inhomogeneous prismatic structures made from viscoelastic material, the
design scheme of that would be represented in the form of an arbitrary composition of
multi-layered non-circular cross-section cylindrical shells and rectilinear stringers.

Are developed the method and algorithm of numerical solution of the problem of
determining the dynamic characteristics of structurally inhomogeneous prismatic
structures, based on a combination of the displacement method and method of
orthogonal marching of S.K. Godunov, are given the assessments of practical
convergence and accuracy of the method and algorithm.
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NELINEARNI ANALYZA STIHLEHO TLACENEHO ZDENEHO PRUTU

NON-LINEAR ANALYSIS OF SLENDER MASONRY BEAM

Jan Voldrich', Michal Drahorad?

Abstrakt

Tato prace se zabyva numerickou analyzou a ovéfenim Stihlych tlacenych zdénych
prvkl konstantniho prifezu zatizenych normalovou silou a ohybovym momentem v
roving hlavniho momentu setrvacnosti prifezu. S ohledem na materidlovou nelinearitu
zdiva neni pro feSeni této ulohy mozné pouzit klasickou matematickou teorii Stihlych
pruti a je nutné provést plné nelinedrni vypocet. Vysledkem feSeni je relativné
jednoduchd a uCinnd metoda zahrnujici geometrickou a materidlovou nelinearitu
zdénych prvk.

Klicova slova

Slender masonry beam, non-linear analysis.

Abstract

This paper deals with numerical analysis and design of slander prismatic masonry beams
loaded predominantly by axial force and bending moment in plane of the principal
moment of inertia. Because of the material non-linearity, classical mathematical theory
of slender columns cannot be applied for masonry elements and completely non-linear
iterative calculation has to be used. Relatively simple and powerful numerical method
for geometrically and materially non-linear analysis of masonry elements was
developed.

Keywords

Slender masonry elements, non-linear analysis.

1 Uvod

Navrhovani stihlych tlacenych zdénych konstrukei je s ohledem na v soucasnosti
pouzivané stavebni materidly a typy nosnych konstrukci zatlaceno do pozadi. V posledni
dobé navrhované konstrukce jsou vzhledem k pouzivanym zdicim prvkam, jejich
uspoiadani a odolnosti zpravidla feSeny jako sténove, coz se silné projevuje i ve
stavajicich navrhovych piedpisech (CSN EN 1996-1). V silné zatizenych konstrukcich, v
nichz jsou navrzeny §tihlé sloupové prvky (€asto provedené ptes n¢kolik podlazi), potom
hrozi pfi pouziti normovych predpisti nebezpeci podcenéni vlivu vzpéru a tim i snizeni
spolehlivosti navrhované konstrukce. Obdobné situace nastava, pokud jsou navrzeny
jiné nez obdélnikové prirezy, které jsou jako jediné v platné navrhové normé zavedeny.
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2 Specifika ptasobeni zdénych konstrukci

Zdivo jako stavebni material piisobi diky nulové pevnosti v tahu ve sparach pfti zatizeni
siln¢ nelinedrné. Bez plusobeni normalové sily pfitom prifez, resp. konstrukce, rychle
kolabuje. Vlivem puisobiciho zatizeni (M+N) se zaroven méni jak priifez konstrukce, tak
1jeji tvar (viz Obr. 1), coz je nutno ve vypoctu zohlednit.

Vlivem zmén tuhosti prifezu a geometrie konstrukce potom dochazi k prerozdeleni
vnitinich sil na celé konstrukci a ¢astecné redukcei vlivu pocateéniho imperfektniho tvaru
konstrukce (viz Obr. 1 vpravo).

PUSOBIC! ZATIZENI

Fl e
,ﬂ[ _ _
I L
WWWW i) Imperfect column
(s g \\ 1 -\\
. A R v L T T,
NAPETT v PRUREZU ‘; i \\ Deformed shape
TLAK MM ‘I’T| i “‘ Simple stiffness reduction
T~ [
1 TAH ll L J, Stiffness reduction + centre of
VYVOLANA ZMENA PRUREZU il > gravity modification
. Lol
M%ENA ,’ : " -,‘ By introducing the centre of gravity
. L ]! alternation, the effect of secondary
PRUREZU = . .
” T '/ bending moment is reduced.
I
A i i
A2 POSUN N.O.

IMENA PROREZOVYCH /
CHARAKTERISTIK

|

Obr. 1: Mechanismus zmén prufezovych charakteristik a geometrie konstrukce vlivem zatizeni (vlevo)
a jeho vliv na konstrukei pro rizné pocatecni predpoklady (vpravo)

3 Model nosné konstrukce

Model nosné konstrukce je uvazovan materidlové a geometricky nelinedrni, béhem
vypoctu se vlivem vylouceni tazenych ¢asti prifezu méni jak tuhost a geometrie celé
konstrukce, tak i tuhost jejiho ulozeni. Imperfektni tvar konstrukce je modelovan v
zavislosti na okrajovych podminkdch, a to pocatecni deformaci konstrukce zvolenou
podle predpokladii a pozadavki platnych navrhovych norem (CSN EN 1996-1).

4 Zavér

Uvedeny model konstrukce je v soucasnosti implementovan v programu MS Excel a je
pouzivan pro oveéfovani teoretickych vypocti smétujicich k vystiznému popisu chovani
Stihlych tlacenych zdénych prvki konstantniho prifezu v ramci upiesnéni platnych
navrhovych norem pro zdéné konstrukce.
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