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OPTIMIZATION OF CURVED PLATED STRUCTURES
WITH THE FINITE STRIP AND FINITE ELEMENT METHODS

Bence Balogh ', Janos Logo 2

Abstract

The need for economical design have been increased during the past decades. In case of
structures, optimization means selecting the type of the structure, which fits best the
requirements.

The theoretical background of topology optimization was laid down by the Australian
scientist Michell, who derived optimality conditions for the optimal topology of
lightweight structures in 1904 [1]. The so called optimality criteria methods became
popular only in the seventies [6]. This is the period, when the first article in the topic of
topology optimization was published by Rossow and Taylor [7].

Folded plated structures play a significant role in structural engineering practice,
whose cost-effective design can reduce the total costs significantly. A few examples of
this type is illustrated on Figure 1.

Figure 1. Examples of folded plated structures

The aim of this study is to compare two available numerical tool for solving PDEs for
the optimal design of structures. In the past years numerous methods were developed for
topology optimization, from these we have adopted the optimality criteria (OC)
approach. The main idea is that we state the optimal conditions which the minimizer has
to fulfill at the end of an iterative process. This method however is not a general one,
only advantageous in the case of separable problems, but comes with fast speed, easy
programming, and a relative insensitivity of computational time to the number of
variables. In the paper we suggest a new method for the elimination of a numerical error,
the so called ‘checkerboard pattern’. In the presented examples we applied one loading
case and an elastic material behavior. The cost function is the net weight of the structure
and upper bound of the compliance is set as the optimality constraint.

Keywords

Topology, optimization, optimality criteria, finite element method, finite strip method,
FEM, FSM.

! Bence Balogh, PhD student, Budapest University of Technology and Economics; Hungary, Budapest, Miiegyetem rkp. 3.;
bbence@eik.bme.hu.
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MOZNOSTI VYUZITI METODY TENZOROVYCH MERITEK
K POPISU ANIZOTROPIE ZDIVA

TENSOR SCALE AND POSSIBILITIES OF ITS USE FOR DESCRIPTION
OF MASONRY ANISOTROPY

Jifi Brozovsky', Markéta Maluchova®

Abstrakt

Metoda tenzorovych meéfitek je vyuZzivana k popisu anizotropie materialii (pfedevsim
biomateriall, jako je kostni hmota) a pro fadu dalsi ucelt. Predkladany piispévek se
vénuje, kromé popisu principii metody, zejména moznostem jejiho vyuziti ke stanoveni
vlastnosti ortotropnich materialovych parametri pro modely zdénych konstrukci.

Klicova slova

Anizotropni material, tenzorova métitka, zdivo, metoda kone¢nych prvkd.

Abstract

The tensor scale is parameter which can be used to describe anisotropy of materials. It is
also used for other various purposes. The proposed paper discusses its principles and
also its possible use for description of orthotropic material properties for numerical
models of masonry.

Keywords

Anisotropic material, tensor scale, masonry, finite element method.

1 Uvod

vvvvvv

vyznamnych zjednoduSeni. Jde naptiklad modelovani struktury zdiva jedinym, tzv.
,homogenizovanym* materidlem. Existuje cela fada pfistupt, jak na zaklad€ znalosti
materidlovych a geometrickych parametrtt  zdicich prvkli, malty stanovit
homogenizované materialové vlastnosti modelu zdiva.

Jistou nevyhodou téchto pfistupii je skuteCnosti, Zze 1 u zdiva sestavené¢ho
z pravidelnych zdicich prvka (cihly, tvarovky, pravidelné kamenné bloky) casto
nastavaji ptipady, kdy je orientace jednotlivych prvki pomérné slozita

Jednim z moznych feSeni uvedeného problému je pouziti nékterého z postupli pro
kvantifikace miry anizotropie materidlu a vyuziti ziskanych vysledkti k odhadu
mechanickych parametri tohoto materialu. V biomechanice je vyuzivdna napiiklad
tzv. metoda tenzorovych meéftitek, které je primarné pouzivana ve 2D ulohéch.

! Doc. Ing. Ji#{ Brozovsky, VSB-TU Ostrava, Fakulta stavebni, Katedra stavebni mechaniky, L. Podésté 1875/17, 708 33 Ostrava,
e-mail: jiri.brozovsky@vsb.cz

2 Ing. Markéta Maluchova, VSB-TU Ostrava, Fakulta stavebni, L. Podéste 1875/17, 70833 Ostrava,
e-mail: marketa.maluchova@vsb.cz
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2 Tenzorova méritka

Zakladnim principem stanoveni tenzorového méfitka je nalezeni nejveétsi mozné elipsy,
kterou je mozné vepsat do oblasti tvoiené jednim materidlem.

Obr. 1: Metoda tenzorovych métitek

3 Software

Pro ovéfeni pouzitelnosti metody tenzorovych meéfitek byl vyuzivan jednak interni
vypocetni nastroj zabudovany v software uFEM, jednak specialné vytvoieny vypocetni
nastroj Tensor.

Obr. 6:Mapa tenzorovych méfitek

Program Tensor umoziiuje piimy pievod sit¢ vyuzivané pro vypocet tenzorovych
métitek na sit’ konecnych prvki vyuzitelnou v koneéné-prvkovém softvare uFEM,
ve kterém je pak mozné realizovat dal$i vypocty.
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HODNOCENI LITINOVYCH SLOUPU
ASSESSMENT OF CAST-IRON COLUMNS

Ivan Brych a Miroslav Sykora'

Abstrakt

Unosnost litinovych slouptl zavisi na pevnosti vtlaku a tahu litiny, $tihlosti i na
excentricit¢ prafezi a dalSich imperfekcich v disledku metalurgického zpracovani
materialu. NejvétSim problém litinovych konstrukei je jejich nachylnost ke kiehkosti
v tahu pii vyssich Stihlostech. V pfispévku se pomoci modelovych nejistot porovnavaji
tfi modely pro tnosnost litinovych sloupti s rozsahlou databazi experimentalnich méteni.

Klicova slova

Litinové sloupy, materialové vlastnosti, imperfekce, pevnost v tlaku, Stihlost, pevnost v
tahu, kiehkost v tahu, modelové nejistoty.

Abstract

Resistance of cast-iron columns depends on tensile and compressive strength of cast
iron, slenderness ratio, and eccentricity of cross-sections and lack of straightness
affected by casting and type of cast iron. The crucial issue is brittle fracture in tension of
slender columns. In this paper model uncertainties are considered to compare three
analytical models for resistance of cast-iron columns with a large database of
experimental measurements.

Keywords

Cast-iron columns, material characteristics, cross-section eccentricity, imperfections,
ultimate strength, slenderness, brittleness in tension, model uncertainty.

1 Uvod

Studie je zaméfena na hodnoceni spolehlivosti litinovych sloupti, které byly vyuzivany
v 19. a 20. stoleti. V soucasné dob¢ patii naptiklad zminéné textilni tovarny, zelezni¢ni
nastupisté a haly mezi industridlni dédictvi a n€které jsou pamatkove chranéné. To klade
znacné naroky na jejich modernizace a obnovy.

Eurokody neposkytuji postupy, které piimo zohlednuji specifické vlastnosti litiny pfi
stanoveni - nelinearni pracovni diagram bez meze kluzu a vyznamné rozdily mezi
tlakovou a tahovou pevnosti. Litina ma svym chovanim mnohem blize k hliniku nebo
nerezavéjici oceli. Zjednoduseny postup uvedeny v CSN 73 0038: 2014 se v piispévku
porovnava s dvéma modely navrzenymi v odborné literatute.

! Ivan Brych, Ing., Miroslav Sykora, doc., Ing., Ph.D., Kloknerav ustav, CVUT v Praze, odd&leni spolehlivosti konstrukci,
Solinova 7, 166 08, Praha 6, email: ivan.brych@klok.cvut.cz, miroslav.sykora@klok.cvut.cz
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2 Modely a databaze testa

U litin je obtizné ovéfit metalurgické sloZeni a technologie zpracovani, které primo
souvisi s imperfekcemi. Hlavnim problémem pfi ur€eni tnosnosti litinovych konstrukci
je jejich nachylnost ke kiehkosti vtahu pii vysSich Stihlostech. Stabilita spolecné
s tlakovou a tahovou pevnosti vyznamné ovliviiuji tinosnost sloupti. Pro hodnoceni
litinovych sloupl jsou uvazovéany tifi modely a vysledky kazdého se porovnavaji
s databazi experimentalnich méfeni.

Model I je zaloZen na minimalni hodnoté pevnosti sloupu v tlaku nebo tahu. Jako
jediny uvazuje i s pevnosti v tahu pti velkych stihlostech centricky tlacenych sloupt. Pro
tento model je k dispozici rozsadhld databaze pro rtizné typy prifezii a Stihlosti 26 < 1 <
242. Model 2 vychazi z pevnosti v tlaku a excentricit prafezu. K dispozici je pouze jeden
vysledek experimentalniho méfeni s velmi malou Stihlosti 4 =43. Model 3 vychazi z
doporuéeni modifikace vypoétu soudinitele vzpéru ye podle CSN 73 0038. K tomuto
modelu je k dispozici experimentalni vysledek ze zatéZovaci zkousky ¢lenéného sloupu
s raznymi Stihlostmi 4 =76, 109 a 113, avSak bez dosazeni poruchy sloupu.

3 Modelové nejistoty

K vyhodnoceni modeli je pouzito modelové nejistoty 6 = 6test /Omodel. Pro model 1 jsou
vysledky modelovych nejistot uvedeny v tab. 1. Pro model 2 vychazi pro jediny
experimentalni vysledek - duty kruhovy prifez - 6= 1,18. Model 3 se ukazuje jako
konzervativni (vychéazi i 6> 1,47 pro ¢tvercovy prufez), ale je potiebné dosavadni
vysledky zptesnit v rdmci navazujicich studii.

Prifez Rozsah| Stihlost | Pramer wo | Variacni koeficient Vo
plny kruhovy| 50 |26-242| 118 0,14
duty kruhovy| 18 | 50-242 1,12 0,11
tvercovy 4 |154-204] 143 0,08

Tab. 1: Testova databaze a charakteristiky modelové nejistoty pro model 1

4 Zavéry
Unosnost litinovych sloupt zavisi na §tihlosti a pevnostech litiny. UvaZzovany model I

dosahuje dobré shody s vysledky testli, pro modely2 a 3 je kdispozici malo
experimentalnich udaju.

Podékovani

Prispévek byl pripraven v Kloknerové istavu, CVUT v Praze, v ramci ieSeni projektu
NAKI DFI12P010VV040 Hodnoceni bezpecnosti a Zivotnosti staveb industrialniho
dedictvi podporovaného Ministerstvem kultury CR.
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STATIC AND DYNAMIC CHARACTERISTICS OF WASTE
CERAMIC AGGREGATE FIBRE REINFORCED CONCRETE

Krzysztof Cichocki!, Jacek DomskiZ, Jacek Katzer®, Mariusz Ruchwa*

There are multiple obstacles associated both with technology and properties of waste
ceramic aggregate concrete preventing its wide production and application. In the
research programme these limitations were addressed through utilizing steel fibre
reinforcement and the phenomenon of internal curing. After laboratory tests of
mechanical properties a numerical analysis of composites in question was conducted.

L d L/d | FIER Hook Ry Ductility Steel
[mm] | [mm] | [-] | [mm] geometry [MPa] [-] [-]
EN 14889-1: - (P-L)/A | 1+ (@ + )% | ENISO 6892-1: | EN 10218-1: | EN 14889-1:
2006 [13] 2009 1994 2006
50 1.00 | 50 | 12.279 6.228 935 9 Group |

Tab. 1: Mechanical properties and geometrical characteristic of used fibres

Residual flexural Volume fraction of fibres

tensile strength 0.5 1.0 15
[MPa] [%] [%] [%]
fLop 3.1 2.6 2.7
frR1>1.5 3.7 5.1 6.5
fr2 34 5.4 7.2

fr3 33 5.4 6.9
frRa>1.0 33 5.1 6.5
fr3/fr1>0.5 0.89 1.06 1.06
SR/ fior>0.4 1.2 2.0 2.4
Strength Class 3b 5¢c 6¢

- Conventional reinforcement substitution is enabled

Tab. 2: Residual strengths and strength class of tested WCA composites

! Krzysztof Cichocki D.Sc. Ph.D. M.Sc. B.Sc, Koszalin University of Technology, Faculty of Civil Engineering Environmental and
Geodetic Sciences, Department of Structural Mechanics, ul. Sniadeckich 2, 75-453 Koszalin, Poland,
krzysztof.cichocki@tu.koszalin.pl

2 Jacek Domski Ph.D. M.Sc. B.Sc, Koszalin University of Technology, Faculty of Civil Engineering Environmental and Geodetic
Sciences, Department of Concrete Structures and Technology of Concrete, ul. Sniadeckich 2, 75-453 Koszalin, Poland,
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PRESYPANE ZELEZOBETONOVE KLENBOVE MOSTY -
ANALYZA KONSTRUKCE S VLIVEM INTERAKCE SE ZEMINOU

BURIED ARCH REINFORCED CONCRETE BRIDGES — SUPERSTRUCTURE
ANALYSIS WITH RESPECT TO THE SOIL-STRUCTURE INTERACTION

Michal Drahorad’

Abstrakt

Tato prace se zabyva modelovanim a statickou analyzou pfesypanych zelezobetonovych
klenbovych mostnich konstrukei v praktickych aplikacich. Hlavnim cilem préce je vyvoj
numerického modelu konstrukce vystihujiciho s dostate¢nou piesnosti skute¢né chovani
mostu na Urovni pouzitelné v inZenyrské praxi. V ¢lanku jsou uvedeny zékladni
predpoklady, definice modelu konstrukce vcetné interakce se zeminou a rozbor
dosazenych vysledkii.

Klicova slova

Klenbovy most, interakce se zeminou, zemni tlak

Abstract

The paper deals with modeling and static analysis of buried reinforced concrete arch
bridge in practical applications. The main scope of this work is to develop a numerical
model with sufficient accuracy for engineering applications. Basic assumptions, analysis
model definition and analyses of results are introduced in the paper.

Keywords

RC arch bridge, soil-structure interaction, earth pressure

1 Uvod

Zelezobetonové klenbové mosty s piesypavkou jsou jednim z progresivnich typi mosti,
které se v poslednich letech stale vice uplatituji ve vystavbé. Mezi jejich hlavni vyhody
patii mala spotieba stavebnich hmot a vysoka ucinnost a trvanlivost vysledné stavby,
kterych je dosazeno zejména interakci se zasypem a absenci loZisek a mostnich zavért.
Vyrazného zvySeni efektivity téchto konstrukci bylo dale dosaZzeno pouzivanim betona
vysSich pevnostnich tiid (bézné C50/60) a s tim souvisejici prefabrikaci konstrukce.

Je proto s podivem, Ze podrobna analyza tohoto typu konstrukci je bézné provadéna s
pouzitim velmi hrubych okrajovych podminek a nezahrnuje casto ani nelinedrni
charakter ulohy plynouci jednak z materidlové nelinearity zelezobetonu a jednak z
interakce konstrukce se zeminou. Témito postupy lze totiz dale optimalizovat cely navrh
nosné konstrukce mostu.

' Ing. Michal Drahorad, Ph.D., CVUT v Praze, Fakulta stavebni, Katedra betonovych a zdénych konstrukci, E-mail :
michal.drahorad@fsv.cvut.cz




MODELOVANI V MECHANICE OSTRAVA, KVETEN 2015

2 Model nosné konstrukce

Model nosné konstrukce je uvazovan materidlové nelinedrni. Pfi sestaveni modelu se s
vyhodou vyuziva skutecnosti, ze konstrukce je vzdy tlacena a jeji deformace jsou malé.
Na zédkladé téchto predpokladil jsou stanoveny zavislosti prifezovych charakteristik na
excentricit¢ normalové sily v betonové casti prurezu (viz obr. 1), které jsou v
jednotlivych krocich vypoctu pouZity pro stanoveni vlastnosti konstrukce.

T 0002 T--=====mmmmmmmo oo
0.001
0.250
0.001
0.200 0.001

0150 7 0.001

0.001
0.100 +

Area of cross-section [m2]
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Moment of inertia of 5 [m4]

0.050 + 0.000

0.000 T T 1 0.000 T T 1
0.000 0.100 0.200 0.300 0.000 0.100 0.200 0.300

Eccentricity of axial force in concrete [m] Eccentricity of axial force in concrete [m]

Obr. 1: Priibéh prufezovych charakteristik v zavislosti na excentricité normalové sily v betonu

Podepteni konstrukce je modelovano jednak v misté skute¢ného ulozeni (paty
oblouku) a jednak v mistech, kde jsou v zeminé¢ mobilizovany vétsi nez klidoveé
vodorovné tlaky. Tyto podpory jsou potom modelovany jako bodové, s tuhosti
odpovidajici ptislusnému zatlaceni betonové konstrukce do zeminy (viz dale).

3 Interakce konstrukce se zeminou

Protoze nosné konstrukce je tuhd, je pro ucely statické analyzy zasyp modelovan jako
kombinace silového deformacné zdavislého zatizeni a nelinedrné pruznych podpor.
Velikost pisobiciho zatiZzeni a tuhost podepteni se v kazdém kroku nelinearni analyzy
stanovuji na zaklad¢ vlastnosti materidlu zasypu a zatlaeni konstrukce do zeminy. S
vyhodou se pfitom vyuziva zavislost zemniho tlaku na zatlateni do zeminy stanovena
podle zasad mechaniky zemin s vlivem hutnéni materidlu pii vystavbe.

4 Zavér

Uvedeny model nosné konstrukce byl implementovan v programu MS Excel a byl pouzit
pro praktické vypocty. Dalsi vyzkum je zaméfen na analyzu konstrukci s vyznamnymi
deformacemi od zatizeni (vlivem geometrické nelinearity).

Podékovani

Projekt byl realizovan za financni podpory ze statnich prostiedkii prostrednictvim
Technologické agentury Ceské republiky. Registracni cislo projektu je TA03031099.
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VOLUMETRIC CONTACT LAW BETWEEN
CONVEX POLYHEDRAL PARTICLES

Jan Elias!

Abstract

Simulation of granular material can advantageously performed using Discrete Element
Method (DEM). Every grain is treated as ideally rigid body that interacts with
surrounding bodies whenever their volumes protrude. There are several algorithms that
estimate forces between polyhedrons in contact. The contribution presents another
intuitive way that is based on calculation of intersecting volume. Model is used for
simulation of railway ballast oedometric test.

Keywords

Discrete element method, polyhedron, intersection, contact, railway ballast.

1 Introduction

The power of modern computers is being utilized to help engineers in designing and
understanding their technological solutions more frequently than ever. The need to deal
with various types of problems has led to the development of many different methods,
among which the Discrete Element Method (DEM) is especially suitable when granular
media under highly dynamic loading is studied. The DEM treats every grain as
an ideally rigid body which interacts with other particles through forces at their common
contacts. An extensive effort has also been made to use polyhedral particle shapes.

This contribution starts with description of a method to generate random convex
polyhedral particle shapes via Voronoi tessellation. Then, new method of estimating the
contact force between two polyhedrons based on calculation of the intersecting volume
is presented. Finally, we present a simulation of a large-scale oedometric test on railway
ballast performed at the University of Nottingham [1,2] using randomly-shaped
polyhedral particle. The contribution is short version of recently published paper [3].

2 Randomly shaped polyhedrons

Initially, a volume 5x5x5 units in size is filled by nuclei with the minimal mutual
distance /min. Starting with the central nucleus in the center of the volume, other nuclei
with random coordinates are accepted if their distance to all previously placed nuclei
exceeds /min. This is repeated until no nucleus is accepted for 500 subsequent trials.
Voronoi tessellation is performed and the Voronoi cell associated with the central
nucleus with vertices is extracted and used as a basic particle shape. This Voronoi cell is
further rescaled in all three directions and also randomly rotated to prevent directional
bias.

! Jan Elia$, Ing. Ph.D., Brno University of Technology, Faculty of Civil Engineering, Institute of Structural Mechanics,
Veveti 331/95, Brno, 602 00, elias.j@fce.vutbr.cz.

11



MODELOVANI V MECHANICE OSTRAVA, KVETEN 2015

Figure 3: Two polyhedral particles in contact, intersecting polyhedron with the centroid
and normal direction of the intersection shown as well.

3 Contact algorithm

When two particles come into contact, repulsive force arises. In DEM simplification, the
particles are ideally rigid and the contact between them is accompanied by overlapping
of particles. In the case of convex polyhedrons, the intersection is a convex polyhedron
as well. It is assumed that constant repulsive volume force acts throughout the whole
overlapping volume. Integrating this volume force over the intersecting volume gives us
the total normal force and moment, which should be applied to both particles. Since the
volume force is constant, the magnitude of the normal force is linearly proportional to
the intersecting volume.

4 Conclusions

Contribution is a short version of paper [8]. It presented simple method to generate
randomly shaped polyhedrons to represent grains of ballast. Furthermore, contact
detection algorithm and volumetric contact constitutive law between these polyhedrons
were developed. These approaches were then used to simulate oedometric test performed
on railway ballast by [20, 21].
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NUMERICKE MODELOVANI TENKOSTENNEHO PROFILU

S VLIVEM REDISTRIBUCE OHYBOVYCH MOMENT
NUMERICAL MODELING OF THIN-WALLED PROFILE WITH RESPECT
TO THE REDISTRIBUTION OF BENDING MOMENTS

Jakub Flodr', Martin Krejsa?, David Mikolasek®, Jifi BroZovsky*, Pfemysl Parenica’

Abstrakt

Ptispévek se zabyva podrobnym stanovenim unosnosti diagonaly a jejich ptipojt, které
jsou hlavnim nosnym prvkem ocelové haly z tenkosténnych profild. U tohoto typu
konstrukei je kladen velky diiraz na stabilitni chovani konstrukce z globalniho i lokalniho
hlediska. Ptispévek se zaméfuje na modelovani diagondly a tvorbu podrobnych
numerickych modelt, které by mohly odhalit potencialni rezervy, ale i kritickd mista
v konstrukci.

Klicova slova

Numerické modelovéani, fyzikalni test, tenkosténné profily, ramovy roh, MKP, ANSYS.

Abstract

The paper deals with the detailed determination of resistance of diagonal and its
connections, which is the main supporting element of the steel halls system built from
thin-walled cross-section profiles. For this type of structures it is emphasized the stability
behavior of the structure from the global and local points of view. The paper is focused
on solving the common beam model and its confrontation by detailed numerical models,
which aim to detect potential reserves, but also the critical points in the design solution.

Klicova slova

Numerical modeling, experiment, thin-walled profile, frame corner, FEM, ANSYS.

1 Uvod

Ptispévek se zabyva podrobnym stanovenim tnosnosti diagonaly a jejich ptipoji, kterd je
hlavnim nosnym prvkem systémového feSeni ocelové haly z tenkosténnych profilt.
Diagonala zajistuje prostorovou tuhost ramové konstrukce, vytvaii ramovy roh. Navrh
tenkosténnych profilti ma své tskali ve stanoveni efektivnich prifezovych charakteristik,
které vstupuji do posudki profilti a spoju. Efektivni prifezové charakteristiky se zamérné

' Ing. Jakub Flodr, Vysokd $kola batiskd — Technickd univerzita Ostrava, Fakulta stavebni, Katedra stavebni mechaniky,
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stanovuji proto, aby se predchazelo stabilitnim problémim tenkosténnych priieza.
Pomoci efektivnich prifezi se da postihnout chovani prufezu s vlivem lokalni ztraty
stability a tim se redukuje unosnost dané¢ho prifezu.

2 Popis modelu

Pro globalni analyzu konstrukce byl vyuzit MKP software Scia Engineer 2014, ktery
dokaze tenkosténné prirezy posoudit podle normy EN 1993 - 1- 3 (Eurokod 3 —
Navrhovani ocelovych konstrukei — Cast 1-3 — Obecné pravidla — Dopliiujici pravidla pro
za studena tvarované prvky a plosné profily). Analyticky model byl vytvoten jako Cisté
prutovy model. Konstrukce byla navrzena tak, aby vyhovéla pro konkrétni zatizeni. V této
studii maximdlni Gnosnosti byla konstrukce ocelové haly zdmérné situovdna do oblasti
s vétsimi hodnotami vnéj$iho zatizeni. Kritickym mistem v konstrukci se prokazala
diagonala, kterd rozhoduje o globalni unosnosti konstrukce. Podrobnéj$imi numerickymi
modely byla snaha stanovit pfesn€j$i hodnotu unosnosti diagonaly. Dalsim cilem bylo
vystihnout mozné stabilitni problémy konstrukce jak celku, tak i jednotlivych jejich
komponent a vysledky aplikovat zpét do prutového modelu.

AN
DEC 5 2014

:09:25
ELOT HD. 1

ELEMENTS
MAT NIM

— — |
0 , 2,769 5.5396 _ 8.3 L Lo
3849 547 5 9.6343

Obr. 1: Model ramového rohu Obr. 2: Model diagonaly pro verifikaci experimentu
3 Zavér
Prace byla zaméfena na podrobné stanoveni tinosnosti tlacené diagonaly. Podrobnym
rozborem se zjistovalo skutecné chovani konstrukce a moznost, jak v zdkladnim prutovém
modelu 1épe vystihnout chovani diagonaly a jeji vliv na globalni tuhost a unosnost.

Podrobné¢ numerick¢é modely byly verifikovany pomoci navrzeného fyzikalniho
experimentu.

Podékovani
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rok 2015 pridélenych VSB-TUO Ministerstvem Skolstvi, mladeze a télovychovy CR a
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DIAGNOSTIKA SPECIFICKY NAMAHANE KONSTRUKCE
SPECIFIC DIAGNOSTICS STRESSED STRUCTURES

Roman Fojtik!, Tom4s Novotny?, Jana Rumlova’®

Abstrakt

Stavebni konstrukce plni rGznou funkci, a také zatiZeni na né je nékdy té€zko
specifikovatelné. PiedevSim se jednd o stavby vymykajici se béZnym normovym
situacim. V tu chvili patfi stanoveni zatizeni na konstrukci k obtiznym ukolim
projektanta. Po navrhu takové konstrukce je vétSinou nutné provést kontrolu stavu
pomoci zkousek. Na zaklad¢ diagnostiky stavu konstrukce je potifeba navrhnout opatieni
pro zajisténi bezpecného provozu.

Klicova slova

Diagnostika, dynamika, letadla, dynamické zatizeni.

Abstract

Building construction performs a different function, and the load on them is sometimes
difficult specifiable. Above all, the construction of a standard outside normal situations.
In that moment belongs to determine the load on the structure for difficult tasks a
designer. After designing such a structure it is often necessary to check the condition by
testing. Based on the diagnostic status of the structure should propose measures to
ensure safe operation.

Keywords

Diagnosis, dynamics, aircraft, dynamic loads.

1 Uvod

Normy, jako kuchatka pro navrh konstrukci, jsou dostatecné Siroké pro bézné stavby.
Obcas se vSak objevi pozadavek, ktery nelze piimo nalézt v téchto podkladech. V tu
chvili je projektant postaven pfed nelehky ukol. Navrhnout konstrukci, kterou jesté
nikdo pfed nimi nenavrhl. Toto prvenstvi s sebou nese mnoho komplikaci. Pokud se
nejednd o opravdu vyznamnou stavbu, vétSinou neni ekonomicky ani ¢asové mozné
provést zkousky na zmensenych modelech, které by ukézaly prave ta kriticka mista a
chovani konstrukce pfi simulovaném zatizeni. Obdobné je to se softwarovou podporou.
Pro bézné konstrukce jsou komeréni produkty pracujici na zakladé MKP vice nez

! Ing. Roman Fojtik, Ph.D., VSB-Technickd univerzita Ostrava, Fakulta stavebni, Katedra konstrukci, Ludvika Podésts 1875,
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3 Ing. Jana Rumlova, VSB-Technicka univerzita Ostrava, Fakulta stavebni, Katedra konstrukci, Ludvika Podésts 1875, Ostrava —
Poruba, 708 33, Ceska Republika, jana.rumlova.st@vsb.cz

15



MODELOVANI V MECHANICE OSTRAVA, KVETEN 2015

dostate¢né, ale ve chvili, kdy pfichdzi netradiéni zadéni, u kterého nejsou zndmy
vSechny vstupy, miize byt software sebedokonalejsi a ke zdarnému vysledku nepovede.
V priibéhu realizace nebo po uvedeni takové konstrukce do provozu, mohou nastat
komplikace, které se obtizné realizuji. Vtu chvili je nutné provést diagnostiku
konstrukce a stanovit, k jakym potizim dochézi a posléze navrhnout dodate¢né tpravy.

2 Zavér

Projektant si ne vzdy vystaci u specifickych staveb s normovymi podklady. Jedna se
pfedevsim o ojediné€lé pfipady, které jsou doprovdzeny mnoha neznamymi a uskalimi
pro optimalni navrh. Po realizaci téchto konstrukci nékdy nastavaji problémy, které jsou
vétSinou zpusobeny nedostatkem vstupnich dat jak pro navrh konstrukce, tak pro
stanoveni zatiZeni.

V ptipad¢ vzniklych potizi je nutné provést diagnostiku takové konstrukce, a
nasledné provést navrh opatfeni tak, aby konstrukce mohla plnit svou funkci bez vétsich
potizi. I diagnostika v nékterych ptipadech vyzaduje nové pfistupy, metody nebo
zafizeni, tak aby bylo dosazeno pozadovaného vysledku.

Podékovani

Price byly podporoviny z prostiedkii Studentské grantové soutéze VSB-TUO.
Registracni cislo projektu je SP2015/185.

Literatura

[1] FOJTIK, R., NOVOTNY, T., SKOTNICOVA, 1, 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, 6 s,
2014. ISBN 978-80-248-3147-3.

[2] PINKA. M., STOLARIK, M., FOJTIK, R., NOVOTNY, T., Seismic load analysis
around the temporary bridge construction before and after vibration mats
installation. 6th International Conference on Contemporary Problemsof
Architecture and Construction. VSB Technical University of Ostrava, Ostrava, st
edition, s. (6 s), 2014. ISBN 978-80-248-3147-3.

[3] FOITIK, R., NOVOTNY, T.: THE NEW CONCEPTION CIRCULAR SYSTEM
OF STEEL STRUCTURE, BRACING. Proceedingsofthe 1st 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.

[4] CAJKA, R, FOJTIK, R., DevelopmentofTemperature and Stress
duringFoundationSlabConcretingofNationalSupercomputer Centre 1T4,
ProcediaEngineering, Volume 65, 2013, Pages 230-235, ISSN 1877-7058, doi:
10.1016/j.proeng.2013.09.035.

[5] JANAS, P., KOLOS, L, FOJTIK, R., Classification of steel mine support sections
as per EC3 classification, 2nd International Conference on Structural and Physical
Aspects of Civil Engineering, SPACE 2013, ISSN: 10226680, ISBN: 978-
303835147-4, DOI:10.4028/www.scientific.net/ AMR.969.63.

16



MODELOVANI V MECHANICE OSTRAVA, KVETEN 2015

MODEL ZATLACOVANEHO HREBIKU
MODEL OF DRIVEN NAIL

Petr Frantik!

Abstrakt

Clanek pojednava o dynamickém nelinearnim modelu hiebiku zatlacovaného do dieva
a studii zavislosti vysledku simulace na rychlosti zatlaCovani. Chovani modelu je
znazornéno pomoci bazénl piitazlivosti.

Klicova slova

hiebik, vzpér prutu, plasticita, bazény pritazlivosti, nelinearni dynamicky systém

Abstract

The paper is focused on a nonlinear dynamical model of a nail driven into a wood and
on a study of dependency of results on speed of driving. Behavior of the model is
illustrated by basin boundaries.

Keywords

nail, beam buckling, plasticity, basin boundaries, nonlinear dynamical system

1 Uvod

Tento piispévek je inspirovan jednim z témat, které nadnesl profesor Jan Ravinger ve
své prednaSce na FAST VUT v Brné v tnoru 2015. Konkrétné se vénuje zavislosti
vysledku zatluceni ocelového hiebiku do dieva na rychlosti zatloukdni. Zatloukdni
hiebiku do dieva je ovlivnéno mnoha dil¢imi podminkami: druhem dfeva, jeho mistni
strukturou, fyzikdlnim stavem, vlhkosti, mocnosti, orientaci jeho vldken. Vlastnostmi
hiebiku: jeho tvaru, Spicatosti, druhem materialu a jeho stavu, hladkosti, pfitomnosti
maziva, tvarem a upravou jeho hlavicky. Déle rovnéz vlastnostmi kladiva: jeho
hmotnosti, tvarem a upravou kontaktni plochy a v neposledni fad¢ jeho vedenim lidskou
rukou. Z divodu mnohotvarnosti ulohy je model pifedem zjednoduSen odstranénim
kladiva i podrobné&jsiho modelu dieva. Samotny hiebik je modelovan jako Stihly ocelovy
prut mnozinou hmotnych bodi, spojenych linearnimi translacnimi pruzinami
a nelinearnimi rota¢nimi pruzinami, viz obr. 1.

Obr. 1: Hiebik a jeho model

!'Ing. Petr Frantik, Ph.D., Vysoké uéeni technické v Brn&, Fakulta stavebni, Ustav stavebni mechaniky, e-mail: kitnarf@centrum.cz
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Kladivo je vzato pouze svym ucinkem, ktery udrzuje ptedem danou rychlost hlavicky
vr hiebiku posouvané ve sméru kolmém na pftilehlou plochu dievéného prvku, (proti
sméru osy x). Dfevo je uvaZovano pouze svym pusobenim na hmotné body hiebiku a to
pomoci dvou sil. Silou plsobici v ose zatlatovani hiebiku, odpovidajici odporu Spicky
hiebiku a tfeni na jeho plasti a silou piisobici kolmo na osu zatlaCovani, majici funkci
odporu dfeva vici pricnému posunuti hiebiku ve dievé. Jedinou okrajovou podminkou je
zamezeni zmény vodorovné slozky rychlosti jediného hmotného bodu na hlavicce
hiebiku: vx = va.

Proménlivym parametrem je rychlost zatlaovani va, uvazovana v intervalu 0.1 az
100 m/s a parametr kiivosti ks, uvazovany v intervalu 0 az 0.001// rad/m. Simulace pro
jednu dvojici fidicich parametrii probihd nasledovné: Hiebik je umistén v pfimém tvaru
tak, Ze se Spickou dotyka dieva. Nasledné je tlaen svou hlavickou (majici konstantni
rychlost vz) proti dievu, pficemZ se zaroven mirné ohybé v diisledku nastavené ktivosti
ka. Vypocet je ukonCen v okamziku, kdy se hlavicka posune na uroven dreva.
Zaznamenavana je extrémni pticnd deformace hiebiku yex, viz obr. 2.

y =

0.01 0.1 0.5 1

2 5 10 20
_ L) Y _ B
30 40 50 60

Obr. 2: Vybrané kinogramy pro parametr kiivosti x,/ = 0.0001 rad v zavislosti
na rychlosti zatlaovani (uvedené ¢islem v metrech za sekundu)

Podékovani

Tento prispévek vznikl za financéni podpory Grantové agentury Ceské republiky, projekt
GACR 14-17997S, a projektu LO1408 AdMaS UP — Pokrocilé materidly, konstrukce
a technologie, podporovaného Ministerstvem Skolstvi, mladeze a télovychovy Ceské
republiky v ramci Narodniho programu udrzitelnosti 1.

18



MODELOVANI V MECHANICE OSTRAVA, KVETEN 2015

VYHODNOCENI LOMOVYCH TESTU BETONOVYCH TELES
Z VYVRTU Z NOSNE KONSTRUKCE

EVALUATION OF FRACTURE EXPERIMENTS ON CONCRETE SPECIMENS MADE
FROM DRILLED CORES EXTRACTED FROM LOAD-BEARING STRUCTURE

Petr Frantik', Ivana Havlikova?, Vaclav Vesely?,
Jaromir Lanik®, Hana Simonov4®, Zbynék Kersner®

Abstrakt

Beton patii k rozsitenym konstrukénim materidliim. Pro Gcely zesilovani a dalSich uprav
stavajicich konstrukci je nezbytné ziskat aktudlni hodnoty fady jeho parametrt.
Piispévek ilustruje cestu k ziskani hodnot zakladnich lomové-mechanickych parametrt
betonu nosné konstrukce na télesech odebranych pomoci jadrovych vyvrti.

Klicova slova

Beton, jadrovy vyvrt, lomovy test, modul pruznosti, lomova houzevnatost, lomova
energie, pevnost v tlaku.

Abstract

Concrete belongs to widely used structural materials. For the purpose of strengthening
and further modifications of existing structures is necessary to obtain the current values
of many of its parameters. The paper illustrates the way how to obtain basic fracture
parameters’ values of concrete of load-bearing structure from core drilled specimens.

Keywords

Concrete, drill core specimen, fracture test, modulus of elasticity, fracture toughness,
fracture energy, compressive strength.

1 Uvod

Beton patfi k rozsitenym konstrukénim materialim. Pro tcely zesilovani a dalSich uprav
stavajicich konstrukci je ¢asto nezbytné ziskat aktualni hodnoty fady jeho parametri —
pro nasledné¢ numerické modelovani, zatfidéni materiali apod. Pfispévek je primarné
zaméfen k vyhodnoceni lomovych experimenti (Obr. 1) Sesti betonovych téles
ziskanych ftezy pilou s diamantovym kotou¢em vzdy po dvou z valcovych vyvrtl
odebranych z vysetfovaného stavajiciho objektu, pfi¢emz lomové-mechanické parametry
byly ur¢ovany z diagramti zatizeni vs. posun (prihyb uprostied rozpéti vzorku).
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Obr. 1: Ilustrace lomového experimentu — tiibodovy ohyb télesa s centralnim zarezem

2 Zavér

Prispévek ilustroval cestu k ziskani zdkladnich lomové-mechanickych parametri betonu
nosné konstrukce na télesech z vyvrtii. Vyhodnoceni testl pfineslo tyto informace:

Beton téles mél prakticky shodné kontrolni hodnoty objemové hmotnosti, a to kolem
2300 kg/m’.

Zkoumany beton vykdzal hodnotu informativni tlakové pevnosti zhruba 54 MPa,
pficemz proménlivost tohoto parametru byla ptiblizné 10 %.

Hodnota modulu pruznosti studovaného betonu vysla pfiblizné¢ 14 GPa s promén-
livosti zhruba 16 %.

Efektivni lomova houZevnatost, kterd zohlednuje kiehkost/houzevnatost materialt
pomoci rozsahu nelinearity F—d diagramu pied dosazenim vrcholu zatizeni, byla
stanovena o hodnoté 0,6 MPa.m'? s proménlivosti kolem 16 %.

Specificka lomova energie kvantifikuje kiehkost/houzevnatost materidlu skrze
hodnoceni celého F-d diagramu. Hodnota tohoto parametru vysla 123 J/m?
s proménlivosti asi 13 %.
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MODEL VRSTEVNATEHO NOSNIKU PRO DEFORMACNI METODU
MODEL OF LAYERED BEAM FOR DIRECT STIFFNESS METHOD

Petr Frantik!, Rostislav Zidek?, Ludék Brdec¢ko®

Abstrakt

Clanek se vénuje odvozeni, implementaci a ovéfeni statického modelu vrstevnatého
prutu pro obecnou deformac¢ni metodu. Jeho ucelem je modelovani zejména kolikovych
spojii nosnikil s vice vrstvami.

Klicova slova

vrstevnaty prut, obecna deformacni metoda

Abstract

The paper is focused on derivation, implementation and verification of static model of
layered beam for direct stiffness method. Its purpose is mainly to model the pinned
joints of layered beams.

Keywords

layered beam, pinned joints, direct stiffness method

1 Model

Nosniky slozené z vrstev vzajemné provazanych pruznymi koliky jsou ve stavebnictvi
bézné zejména u dievénych a ocelobetonovych konstrukci. Koliky maji funkci zajisténi
¢astecného (idealné uplného) prenosu smyku mezi ptilehlymi vrstvami, viz obr. 1. Bez
kolikii by vrstevnaty nosnik s odd€lenymi vrstvami unesl jen zatizeni dané sumou
unosnosti jednotlivych vrstev.

SS== s ————

Obr. 1: Vrstevnaty prosté ulozeny nosnik s pruznymi koliky

Model prutu je koncipovan jako staticky, linearni a rovinny, fungujici v rdmci obecné
deformacni metody. Rozsifeni je provedeno pomoci obohaceni stycniki om — 1
horizontalnich posunti, kde m je pocet vrstev prutu, viz obr. 2. Kazdy sty¢nik tak ma
m + 2 stupiii volnosti, coz odpovida tzv. neuréitym posuvim uao, Ual, ..., Uam- 1, Wa, Qa.
Tj. sty¢nik je uvazovan jako vrstevnaty, majici spolecny svisly posun a pootoceni,
pfi¢emz u kazdé¢ vrstvy mize dochazet k riznym horizontalnim posunim u.

! Ing. Petr Frantik, Ph.D., Vysoké uceni technické v Brng, Fakulta stavebni, Ustav stavebni mechaniky, e-mail: kitnarf@centrum.cz
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Obr. 2: Sty¢nik a prut pro nosnik s péti vrstvami

Vrstvy jsou ve styCniku provazany horizontdlnimi pruzinami s tuhostmi 4,
reprezentujicimi tuhost kolikového spoje pro danou dvojici piilehlych vrstev. Pro
vrstevnaty sty¢nik tedy lze sestavit matici tuhosti K, uvedenou ve vyrazu:
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kde r4 je vektor posuvil sty¢niku a, R. je vektor sty¢nikovych sil.
Kazdy vrstevnaty prut si lze ptedstavit jako skupinu m (nevrstevnatych) pruth

respektive vrstev na dané excentricité¢ e. Pro matici tuhosti tohoto prutu vzhledem

k t€zistni ose vrstevnatého prut plati:

Ko T = (K

c,abi

A

+ ei Ke,abi)rab[ = Rabi’

2)

kde K. je matice tuhosti ndhradniho prutu vrstvy a K. je slozka matice tuhosti vznikla
diky jednotkové (kladné) excentricité, pro kterou plati:

O O kni 0 O - kni uai X abi
o0 0 0 0 0 |lw "
kni 0 eikni - kni 0 - eikni goa Mabi D
ei ' Ke abi rabi = ei = = Rab[ s (3)
’ O O - kni O O kni ubi Xbai
o0 0o 0 0 0 ||lw| |z,
|~ kni 0 - eikni kni 0 eikni ¢b Mbai

kde kni=FEAi/l je normalova tuhost ndhradniho prutu vrstvy, E je modul pruznosti
vrstvy a symbolem A je oznacena jeji prufezova plocha.
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OPTIMIZATION OF DOUBLE-LAYER BRACED BARREL VAULTS

Maksym GRZYWINSKI !

Abstract

The paper deals with discussion of discrete optimization problem in civil engineering
structural space design. Minimization of mass should satisfy the limit state capacity and
serviceability conditions. The cross-sectional areas of truss bars are taken as design
variables. Optimization constraints concern stresses, displacements and stability, as well
as technological and computational requirements.

Keywords

Optimization, space truss, braced barrel vaults, double-layer, formex algebra.

1 Introduction

Barrel vault is one of the oldest type of space structure used since antiquity. This type of
structures has lightweight and is cost effective structures which are used to cover large
areas such as exhibition halls, stadium, markets, and concert halls. The earlier types of
braced barrel vaults were constructed as single-layer structures. Nowadays, double-layer
systems are utilized for covering large spans [1 - 6]. Double layer barrel vaults are
generally indeterminate from static point of view. In such systems, due to the rigidity,
the risk of instability can almost be eliminated. The use of this type of barrel vaults
enhances the stiffness of the vault structure and provides structural systems of great
potential, capable of having spans in excess of 100 m.

2 Optimal design of structure

Minimizing the structural weight W requires the selection of the optimum values of
number cross-section D; while satisfying the design constraints. The discrete optimal
design problem of truss structure may be expressed as

find: X = [x1, X2, o) Xng] (1)
to minimize: WX) =Xy x;L; ()
subject to:
x; € D; D; = {d;1,dip, ., diy} 3)
5min < 51’ < 6max 1= 1,2, e, N (4)
Omin < 0; < Omax L=12,...,mm (5)
o) <0;<0 i=12,..,nc (6)

where X is a vector containing the design variables; D; is an allowable set of discrete
values for the design variable x;; ng is the number of design variables or the number of
member groups; 7 is the number of available discrete values for the i-th design variable;
W (X) is the cost function which is taken as the weight of the structure; nn is the number
of nodes; nm is the number of members forming the structure, nc is the numbers of
compression elements, y; is the material density; L; is the length of the member i; g; and

! Maksym Grzywifiski, BEng, PhD, 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:
mgrzywin@bud.pcz.czest.pl
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d; are the stress and nodal displacement, respectively; min and max mean the lower and
upper bounds of constraints, respectively, g is the allowable buckling stress in member
1 when it is compression.

3 Example

The double-layer barrel vault has span S = 48 m, length L = 48 m and supported on
columns of height H= 10 m. The orthogonal space truss is pin-supported at the corner
and 3 middle point of boundary line (all number is 16). Cylindrical pipes made from hot-
rolled steel with yield stress 235 MPa. The series of types for cross-sectional areas of
truss bars containing 12 group (4 for top-, 4 for web- and 4 for bottom-layer).
Loading condition: dead load=0,20 kN/m?, snow load=0,74 kN/m?, wind load=0,62
kN/m?.

Solution was obtained in Autodesk Robot Structural Analysis Professional [8] with
optimization module. Table 1 give solution for six models, where change depth (2, 3 or
4 m) and rise of structure (6 or 12 m).

Model | Modules | Modules | Depth | Rise | Weight Deflection

M N [m] [m] [kN] [cm]

1 24 24 2 6 1025 4,0

2 16 16 3 6 432 4,4

3 12 12 4 6 641 4,6

4 24 24 2 12 990 3,1

5 16 16 3 12 836 2.8

6 12 12 4 12 777 2,6
L/250= 19,2

Tab. 1: Weight for six models barrel vault
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VIBRATIONS AND DEFORMATIONS OF MODERATELY THICK
PLATES IN STOCHASTIC FINITE ELEMENT METHOD

Maksym GRZYWINSKI !, Iwona POKORSKA 2, Mariusz PONSKI ?

Abstract

The paper deals with some chosen aspects of stochastic dynamical analysis of
moderately thick plates. The discretisation of the governing equations is described by the
finite element method. The main aim of the study is to provide the generalized stochastic
perturbation technique based on classical Taylor expansion with a single random
variable.

Keywords

Stochastic perturbation technique, finite element method, plates, dynamics.

1 Introduction

In the paper the finite element method has been applied to quantify the effects of random
inputs on plates deflection with taking into account sheering forces. Dynamic equation
of motion and free vibration equation has been introduced [6, 7]. The so-called
stochastic finite element method has been used on the basic of the 2nd-order
perturbation method [1-5].

2 Formulation of the problem

Hierarchical system for the multidegree-of-fredom system describing structural
dynamic response with system mass M, damping C, stiffness matrix K, displacement q

={v,,w;} and load vector F is

MoijO+Coqo+K0 0 _ fo (1)
MG +C'q" +K'q" =F" —|[M'§’ +C'§’ +K'q’ ] r=12,..,7 (2)

l:

M§® +C'§? +K'q? = X (F™ +

5=l
2(M7§ +C ¢+ K7q* )~ (M"§ +C"¢" + K"g’ )) Cov(a,,a,) (3)

;

where ¢ = 2 (q’”Cov(ar,as)).

r,s=1

! Maksym Grzywifiski, BEng, PhD, 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:
mgrzywin@bud.pcz.czest.pl

2 Iwona Pokorska, BEng, PhD, DSc., Czestochowa University of Technology, Faculty of Civil Engineering, Department of Civil
Constructions and Building Physics, Poland, 42-200 Czestochowa, ul. Akademicka 3, tel.: (+48) 343250920, e-mail:
pokorska@bud.pcz.czest.pl

3 Mariusz Ponski, BEng, MSc, Czestochowa University of Technology, Faculty of Civil Engineering, Department of Theory of
Structures, Poland, 42-200 Czestochowa, ul. Akademicka 3, tel.: (+48) 343 250 924, e-mail: mponski@bud.pcz.czest.pl

25



MODELING IN MECHANICS OSTRAVA, MAY 2015

3 Example

In this example the deflection of simply supported square plate and clamped square plate
with random thickness subjected to a concentrated center load are examined.

The finite element mesh includes 100 rectangular elements (100 random design
variables), and the total number of degrees of freedom is 606 to simply supported plate
(489 to clamped plate). Deterministic input data are: length L = 6m, Young modulus
E= 30GPa (concrete 25/30), Poisson ratio v = 0.2, load F = 50 kN, mass density p =
0.24.

g B0 e i e ———— ‘ B e e — .
= =, 1 T

: | E ]
--- stothastic, alpha = 0.15] i ] i aca alpha =0 15] i
| z | |
' g | ——— ]

1 2
b) Standart Deviation

1 2
b) Standart Deviation

Fig.1 100-element plate. Time response of stochastic displacement (left) for simply supported,
(right) clamped plate
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DYNAMIC CALCULATION OF THE DROPPING
OF REINFORCED CONTAINER

J. Gyorgyi'

Abstract

In the 2 250%2 250*1 380 mm large reinforced container was travelling a dangerous
material. The weight of the container was 70 kN. During the loading in case of mistake
the body can dropping from 0,5 m height to the concrete plate. There is the possibility
of dropping to plate, the line and the point. We calculated of the internal forces in these
different cases with nonlinear method.

Keywords

Dropping of concrete body, nonlinear analysis.

1 Effect of strain velocity in different type of dropping

In case of dropping the strain velocity at pressing, and tension of concrete and steal
increasing too. We calculated the different material parameters from CEB Bulletin [1].

E;'m , Euimp fimp
Estat Eystat 4 . i;_;_m} . e
28S // }‘fens.:"rr. T T T T T T T 17 11 |
3 'mu\f.iif/ : 3 i [
, [ .
25 // 15 2 J‘
i / I & ’
18 f 8|
16 - ',/L E e 16
15 e J-="s 18]
13 ’ ==Z e | 13 ]
i3 " B | 2]
1 i M ‘M 1.1 }‘A =2
(- (S 094
o 105 10° 10" 10 o1 1 |
& [N/immés | i
10° 102 01 1 10 10, 10 10° 10¢ 10° 102 Q 0 0 10 LN "
£ (s & (5] Strain Rate (Vs
C=131-1,41 0=148-1,59 Yield point = 1,08, Tensile stress =1,10, Tensile strength =1,02

Fig. 1: Increasing of material parameters

50 cm T

Fig. 2: Dropping to plate, the line and the point
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2 Calculation method, mechanical models and time steps

Application was of Driicker-Prager theory for concrete. Huber-Mises- Hencky theory
for steel. For calculation the MSC.Marc 2007r1 program was used.

T . .
Oy — pure tension, O — pure compression,
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Fig. 3: The generalized Mohr-Coulomb model developed by Driicker-Prager is implemented in MSC.
Marc 2007r1

Fig. 4: The model of half part of the system (soil, concrete plate, dropping body) in MSC. Marc 2007r1

The number of time steps of maximum stresses depends from the dropping type
(Tab 1.) We can see, that the dropping to the need the longer calculation time.

Type of dropping Number of time steps Time of the maximum
stresses
Dropping on the plate 25 0,0006 s
Dropping on the line 273 0,0136 s
Dropping on the point 468 0,0212 s

Tab. 1: Number of time steps and time of the maximum stresses
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POSTBUCKLING ANALYSIS OF RECTANGULAR
PLATE LOADED IN COMPRESSION

Jozef Havran', Martin Psotny?

Abstract

The stability analysis of a thin rectangular plate loaded in compression is presented. The
non-linear FEM equations are derived from the variational principle of minimum of total
potential energy. The peculiarities of the effects of the initial imperfections are
investigated using user program. Special attention is paid to the influence of
imperfections on the post-critical buckling mode. The FEM computer program using a
48 DOF element has been used for analysis. Full Newton-Raphson procedure has been
applied.

Keywords

Stability, post-buckling, initial imperfection, finite element method.

1 Introduction

In the presented paper we try to explain the behaviour of thin plate loaded in
compression. The geometrically nonlinear theory represents a basis for the reliable
description of the postbuckling behaviour of the plate. Influence of initial imperfection
on the load-displacement path is investigated.

The result of the numerical solution represents a lot of the load versus displacement
paths. Solution from the user program is compared with results gained using ANSYS
system. More details in full text.

2 Theory

From the condition of the minimum of the increment of the total potential energy
04U =0 can be obtained the system of conditional equations in the form

K, Ao+ F, —F, —AF, =0 (1)
where K,  is the incremental stiffness matrix of the plate, F,,
(plate), F,

Xt

is the internal force

- the external load (plate), AF,, - the increment of the external load (plate).

Isotropic elastic material is considered. Initial geometric imperfection is chosen
in the form

TX . WY
sin—= 2
5 (2

. WX . WY .2
W, = a,, sin—sin——+a,, sin

where a,, and a,, are the initial displacement parameters.

! Ing. Jozef Havran, Slovenska technicka univerzita v Bratislave, Stavebna fakulta, Katedra stavebnej mechaniky, Radlinského 11,
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Radlinského 11, 810 05 Bratislava, martin.psotny@stuba.sk

29



MODELOVANI V MECHANICE OSTRAVA, KVETEN 2015

3 FEM nonlinear analysis

t =2 mm
a =260 mm
b =260 mm
E =210 GPa
v=10.30

Fig. 1: Notation of the quantities of the plate loaded in compression

[lustrative examples of steel plate from Fig. 1 are presented as load - displacement paths
in Fig. 2 and Fig.3. It is obvious that two almost identical modes of initial imperfection
at the beginning of the loading process offer two different solutions in postbuckling.
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Fig. 2: Plate with initial imperfection (&, =0.05and a;, =0.33)
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VYBRANE ASPEKTY MODELOVANI NELINEARNIHO
CHOVANI BETONU S POMOCI KNIHOVNY MULTIPLAS

SELECTED ASPECTS OF MODELLING OF NON-LINEAR
BEHAVIOR OF CONCRETE USING MULTIPLAS LIBRARY

Filip Hokes'

Abstrakt

Predmétem predkladaného ¢lanku je popis nekterych aspektl projevujicich se pii pouziti
knihovny elasto-plastickych materidlovych modelti multiPlas, jenz byla vyvinuta pro
podporu nelinearnich vypocti v systému ANSYS. Text se v ramci nékolika ptipadovych
studii vénuje rozboru numerickych simulaci virtudlni tahové zkouSky betonového
zkuSebniho télesa, ¢imz usiluje o postizeni probléml spojenych s modelovanim
nelinearniho chovéni betonu v tahové oblasti.

Klicova slova

Beton, lomova mechanika, teorie poruSeni, materidlova nelinearita, Menétrey-Willam,
MKP, ANSYS, multiPlas.

Abstract

Subject of this paper is to describe some of aspects manifesting in the use of elasto-
plastic material model library MultiPlas, which was developed for support of nonlinear
computations in system ANSYS. The text focuses on analysis of numerical simulations
of virtual tension test in several case studies, whereby the text endeavors description of
problems connected with modelling non-linear behavior of concrete in tensile area.

Keywords

Concrete, fracture mechanics, damage theory, material non-linearity, Menétrey-Willam,
FEM, ANSYS, multiPlas.

1 Uvod

Vyuziti nelinedrniho popisu chovani stavebnich materiala pfi numerickych simulacich
predstavuje piiblizeni metod matematického modelovani k redlnému plsobeni
konstrukci. Z hlediska podpory materidlové nelinedrnich vypocti ve vypoctovém
syst¢tmu ANSYS existuje databaze elasto-plastickych materidlovych modelt multiPlas
[1]. Pfi pouziti uvedeného nastroje vSak muize dochazet ke vzniku nékterych
specifickych duasledki, vyvolanych pouzitim MKP a teoretickymi pfedpoklady. Mezi
tyto negativni aspekty lze zafadit zavislost na velikosti kone¢nych prvkil, problémy
lokalizace ptetvoieni a idealizace okrajovych podminek. Pro demonstraci vybranych
aspektli vyskytujicich se ptfi numerickém vysetfovani nelinedrniho chovani betonu byla
zvolena jednoduchd tloha prostého tahu piedstavujici virtudlni tahovou zkouSku na

!'Ing. Filip Hokes, VUT v Bmné¢, Fakulta stavebni, Ustav stavebni mechaniky, Veverti 331/95 Brno 60200, hokes.f@fce.vutbr.cz
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betonovém vzorku. Pro tyto ucely byl uvazovan betonovy vzorek tifidy C20/25 ve tvaru
trdmce o rozmérech: délka / = 200 mm; vyska # = 100 mm; $itka b = 100 mm, zatizeny
tahem na sténéch o velikostech 100 x 100 mm.

2 Nelinearni numericka analyza a jeji specifické aspekty

Popisovana tloha byla provedena celkem ve 4 sadach numerickych simulaci, pfi¢emz u
vSech bylo vyuzito nelinedrniho materidlového modelu Menétrey-Willam z knihovny
multiPlas. V ramci téchto ptipadovych studii provedenych ve 2D (3 sady) a ve 3D
prostfedi (1 sada), byl sledovan vliv vySe zminénych negativnich aspekti na vypocetnich
modelech se siti o velikosti: 1 mm, 2 mm, 5 mm, 10 mm a 20 mm.
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Obr. 8: Srovnani vysledkt
r W
3 Zavér

Publikované vysledky numerickych studii mapujici pouziti knihovny multiPlas dokazuji
pouzitelnost tohoto vypocetniho néstroje. Je vSak tfeba podotknout, Ze vyznamnou roli
pii feSeni uloh metodou kone¢nych prvki hraje korektni idealizace tlohy.
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MODIFIKOVANA ZKOUSKA EXCENTRICKYM TAHEM;:
VYHODNOCENI EXPERIMENTALNICH TESTU
VALCOVYCH TELES Z CEMENTOVEHO KOMPOZITU

MODIFIED COMPACT TENSION TEST: EVALUATION OF THE EXPERIMENTS
OF CYLINDRICAL SPECIMENS FROM CEMENTITIOUS COMPOSITES

Taiia HoluSova', Miguel Lozano?, Tereza Komarkova?®, Dalibor Kocab*, Stanislav Seitl®

Abstrakt

Modifikovana zkouska excentrickym tahem (MCT) by mohla v budoucnu piedstavovat
stabilni zkouSku pro vyhodnocovani lomové-mechanickych parametrii nebo také
unavového chovani kompozitnich materialt jako je beton. Téleso pro MCT zkousku
s kruhovym primérem muze byt snadno odebrano z jadrového vyvrtu se zvolenou
tloustkou a velikosti priméru. Tato prace je zaméfena na vyhodnoceni lomového
chovani MCT téles pii statickém zatéZzovani a porovnani dvou rtznych uchyceni do
Celisti testovaciho zafizeni. Vysledky jsou prezentovany formou L-COD zatéZovacich
digram, tj. zavislosti zatizeni (L) méfen¢ho v ose ocelovych ty¢i na velikosti otevieni
trhliny (COD).

Klicova slova

Modifikovana zkouska excentrickym tahem, Lomové parametry, Cementové kompozity,
ARAMIS méfeni.

Abstract

The modified compact tension test (MCT) might be in the future a stable test
configuration for the evaluation of fracture-mechanics parameter or also a fatigue
behavior of the composites materials such the concrete is. Core drilling can be employed
to obtain specimens which are cylindrical in shape with the chosen thickness. This
contribution focuses on the evaluation of MCT specimen fracture behavior during static
tests and the comparison of two different fixing system of the test machine. The results
are represented as L-COD diagrams (i.e. load vs. crack opening displacement measured
on the loading axis.

Keywords

Modified Compact Tension Test, Fracture Parameters, Cementitious Composites,
ARAMIS measurement.
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1 Uvod

Cilem pftispévku je pilotni vyhodnoceni dat namétenych experimentdlné v laboratofi
University Oviedo na kruhovych télesech s primérem 150 mm a tloustkou 60 mm. Na
téchto télesech jsou zkoumdny vyhody vyuZiti matic s okem umisténych na koncich
ocelovych ty¢i oproti soucasnému zpisobu uchyceni ocelovych ty¢i do celisti
testovaciho lisu, viz obr. 1. Vysledky jsou prezentovany formou zatéZovacich diagrami
zavislosti sily na otevieni trhliny méfené na ose ocelovych tyci.

2 Experiment

Pro experiment bylo zhotoveno 12 standardnich valcii pro tlakovou zkousku o priméru
150 mm a vysce 300 mm firmou BETOTECH, s.r.0. v betonové tiidé pevnosti C 30/37
s maximalni frakci kameniva do 4 mm. Sest valci bylo po 28 dnech od vyroby
podrobeno tlakové zkousce pro vyhodnoceni tlakové pevnosti, jako vstupniho parametru
pro materidlovy model betonu pro numerickou studii MCT zkousky. Z toho tii valce
byly vyuzity pro vyhodnoceni statického modul pruznosti.

Zbylych Sest valcii bylo posldno do laboratofe University Oviedo, kde z kazdého
valce byly odebrany 4 télesa pro MCT zkousku o tloustce 60 mm. Vzniklo tak 24
zkusebnich téles, z nichZ deset jich bylo pouzito pro statické testy.

V ramci experimentu bylo testovano rizné uchyceni ocelovych ty¢i do testovaciho
lisu. Umisténi matic s okem (viz obr. 1b)) na konce ocelovych ty¢i mé zabranit vznikani
nezadouciho momentu a zarovein co nejvic napodobit tvar MCT télesa télesim pro
standardni CT test.

Experimenty byly provedeny na servo-hydraulickém testovacim lisu MTS Bionix
25 kN zatéZové kapacity, zatimco byly povrchové deformace télesa zachyceny 3D
optickym kamerovym syst¢émem ARAMIS. Rychlost zatéZovani byla 0,2 mm/min.

\

| Matice s okem na
koncich ocelovych tyci

Obr. 1: Uchyceni MCT télesa do testovaciho lisu: a) Souc¢asné uchycent;
b) Matice s okem na koncich ocelovych ty¢i
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MODELOVANIE DYNAMICKEHO ZATAZENIA
VALCOVYCH NADRZi

MODELING OF THE DYNAMIC LOAD OF CYLINDRICAL TANKS

Norbert JendZelovsky', Lubomir Balaz?

Abstrakt

V tomto prispevku budeme prezentovat’ vypocet vnutornych sil a deformécii valcovej
nadrze od ucinkov dynamického namdhania, ktoré je reprezentované seizmickym
zatazenim. Zatazenie bolo modelované dvomi metédami a to pomocou spektra odozvy -
model M1 a v druhom pripade podl'a normy STN EN 1998-4 -model M2.

Klicova slova

valcovd néadrz, seizmické zatazenie, metdda konecnych prvkov, vnutorné sily,
deformacie

Abstract

In this paper two types of calculating methods of internal forces and deformations of
cylindrical tank due to seismic load are presented. The loading was modelled by two
different methods: either by means the seismic response spectrum (Model M1), or
according to the standard STN EN 1998-4 (Model M2).

Keywords

cylindrical tank, seismic load, finite element method, internal forces, deformation

1 Seizmické zat’azenie

Seizmické ucinky na stavebné konStrukcie st vyvolané kmitanim podlozia a tym aj
zékladov konsStrukcie, ktoré je sposobené uvolnenim velkého mnoZstva energie pri
nahlom posune dvoch litosferickych dosiek na tektonickom zlome.

2 Vypoctovy model valcovej nadrze

Ako podklad pre vypoctovy model pola pouzitd redlna valcovd nadrz s vnatornym
priemerom 8,32m, hribkou steny a dna 0,4m a vyskou 6,0m.

Pre model M1 bola valcovd nadrz zatazend pomocou spektra odozvy. Metoda
seizmického vypoctu zo spektra odozvy je jedna z moznych metdd vypoctu. Spektrum
pouzité vo vypoéte je definované pre navrhové zrychlenie az = 1,0 m/s’ a kategdriu
podlozia B. Podrobny popis ako zadefinovat spektrum odozvy je uvedeny v literatire
[1,2].

' Prof. Ing. Norbert JendZelovsky, PhD., Slovenskd technickd univerzita, Stavebna fakulta, Katedra stavebnej mechaniky,
Radlinského 11, 813 68 Bratislava, Slovenska republika, e-mail: norbert.jendzelovsky@stuba.sk

2 Ing. Cubomir Bal4z, Slovenska technicka univerzita, Stavebna fakulta, Katedra stavebnej mechaniky, Radlinského 11, 813 68
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Pre model M2 bolo hydrodynamické zatazenie vypocitané podla postupu, ktory je
blizsie uvedeny v norme STN EN 1998-4, priloha A — Postupy seizmického vypoctu
nadrzi.

ELEMENTS NCDAL SCOLOTICI

MAY 4 2015 MRY 4 2015
11:10:39 STEP=3 11:04:59
No. 1 PLOT NO. 1

| EEEEELSS aaaa—— |
0 23005 %% goog-05 %255 1150200 Je1z 00 0 pompg

Obr. 1: Model valcovej nadrze Obr. 2: Deformacia steny valcovej nadrze

3 Zaver

Pri porovnavani vysledkov si je potrebné uvedomit, Ze zataZenie nie je 0sovo
symetrické. Z predlozenych vysledkov mdzeme usudit, ze minimalne a maximalne
hodnoty vnuatornych sil adeformacii st celkom vyrovnané. Model M2 je
konzervativnej$i preto su aj hodnoty vnutornych sil vacsie oproti modelu M1.
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NUMERICKE MODELY MONTAZNICH SPOJU CHS A L-PROFILU
S CELNI DESKOU A JEJICH EXPERIMENTALNI OVERENI

NUMERICAL MODELS OF END-PLATE ASSEMBLING CONNECTIONS
OF CHS AND L-PROFILES AND THEIR EXPERIMENTAL VERIFICATION

AneZka Juréikoval, Miroslav Rosmanit?
b

Abstrakt

Cilem této prace bylo vytvofeni numerickych modelit montaznich spoji CHS, resp.
L-profilt a jejich nasledné ovéieni na zakladé provedenych laboratornich experimentt.
Vysledky prokazaly, ze numerické modely dobte vystihuji chovani sty¢niki, avsak pro
srovnani s experimenty musely byt ve vysledcich z téchto modeli zohlednény skutecné
laboratorni podminky v podobé¢ tuhosti zkusebniho lisu v prokluzu.

Klicova slova

ANSYS, montazni spoj, numerické modelovani, pa€eni Sroubi.

Abstract

The aim of this work was to create numerical models of assembling connections of CHS
or L-profiles respectively and their subsequent verification on the basis of laboratory
experiments. The results proved that numerical models describe the behavior of those
joints well. However, for comparison with the experiments the actual conditions in the
laboratory had to be taken into account in the results from these numerical models, in the
form of the test press stiffness in traction.

Keywords

ANSYS, assembling connection, numerical modeling, prying of bolts.

1 Uvod

U velkorozponovych ocelovych konstrukci z dutych i otevienych prifezi je zapotiebi
propojit jednotlivé dilce, k ¢emuz se Casto vyuziva montdznich spoji s ¢elni deskou.
Takovéto spoje, v ptipadé, Ze jsou namdhany tahem, je tfeba posuzovat také s uvazenim
pripadného vlivu paceni. Postupy dle soucasné normy jsou dosti komplikované a u spoju
nekterych typl prafezl nejsou ani presné popsany.

Tato prace je zaméfena na vytvoreni numerickych modelti montaznich spoji CHS,
resp. L-profild s ¢elni deskou, které¢ budou vystihovat skutecné chovani spoje, a nasledné
porovnani vysledkii numerického modelovani s vysledky provedenych fyzikalnich testt.

' Ing. Anezka Jurtikovd, Katedra stavebni mechaniky, Fakulta stavebni, VSB-Technickd univerzita Ostrava,

Ludvika Podésté 1875/17, 708 33 Ostrava-Poruba, tel.: (+420) 597 321 391, e-mail: anezka‘jurcvikova@vsb.cz.
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2 Geometrie FeSenych spoju
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Obr. 1: Zakladni geometrie feSenych sty¢nikl — a) Spoj CHS profilt; b) Spoj L-profilt
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Obr. 2: Schémata zkusebnich vzorki — a) Spoj CHS profild; b) Spoj L-profila

3 Vysledky experimentii a jejich porovnani s numerickymi modely
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Obr. 3: Porovnani silové-deformacnich kiivek — a) Spoj CHS profild; b) Spoj L profila

4 Zavér

Byly vytvofeny numerické modely montaznich spoji CHS a L-profilt s ¢elni deskou,
které vystihovaly chovani jednotlivych sty¢nik. Numerické modely byly porovnavany
s vysledky tahovych zkousek, které byly u feSenych styCnik provedeny. Porovnanim
silové-deformacnich kiivek bylo zjisténo, Ze numerické modely dobie vystihuji chovani
sty¢nikd, avSak pro presné vystizeni fyzikdlnich testi bylo tfeba ve vysledcich
numerickych modelti zohlednit skute¢nou tuhost zkuSebniho lisu v prokluzu.

Pro nasledny vyzkum by bylo vhodné provést dal§i experimenty s vétSim poctem
zkusebnich vzorkl. Cilem celého vyzkumu je pak ndvrh ptipadnych uprav stavajicich
analytickych vztaht, které jsou uvedeny v normé a nejsou dostatecné obecné.
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PRINCIPY MODELOVANI OCELOVYCH STYCNIKU
PRINCIPLES OF MODELING STEEL CONNECTIONS

Jaromir Kabela¢', FrantiSek Wald?, Lubomir Sabatka?, Draho§ Kolaja*

Abstrakt

Ocelové sty¢niky jsou kontrolovany metodou komponent (EN 1993-1-8). Metoda
komponent méa néktera omezeni. To vedlo na vyvoj nové metody CBFEM (Component
based finite element method), kterd vznikla spojenim metody komponent a metody
kone¢nych prvkl. V ¢lanku je popsano vyziti metody konecnych prvkd pro vypocet
ocelovych sty¢nikli pomoci metody CBFEM.

Klicova slova

Ocelové konstrukce, Navrh sty¢nikli, Metoda komponent, Metoda kone¢nych prvki

Abstract

Steel joints are checked by components method (EN 1993-1-8). Component method has
some limitations. This led to the development of new method CBFEM (Component
based finite element method), resulting from the merger of component method and finite
elements method. The article describes the use of finite elements method for steel
connection analysis by CBFEM.

Keywords

Steel structures, Connection design, Component method, Finite element method

Obr. 1: Neékolik ptikladt tvart sty¢nikd, které lze fesit metodou CBFEM

1 CBFEM

Vétsina poruch a havarii ocelovych konstrukci je zptsobena chybnym navrhem detailu,
proto je nutné vénovat zvySenou pozornost kontrole ocelovych sty¢nikt. Pii praktickém
navrhu sty¢énikd se v praxi vzchazi z normy [1]. Pfipoj je nutné rozloZit na jednotlivé

! Ing. Jaromir Kabela¢, Hypatia Solutions s.r.0., jaromir.kabelac@hypatiasolutions.com

2 Prof. Ing. Frantisek Wald CSc., Katedra ocelovych konstrukci, FSv CVUT Praha, frantisek.wald@fsv.cvut.cz
3 Ing. Lubo§ Sabatka CSc., IDEA RS s.r.0, sabatka@idea-rs.com

* Ing. Draho§ Kolaja, IDEA RS s.r.0, kolaja@idea-rs.com
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komponenty (desky, svary, Srouby, kotvy atd.). Zjisti se naméhani jednotlivych
komponent a na toto namahani se jednotlivé komponenty posoudi.

S rostouci sloZitosti piipoje je zjiSténi namahani jednotlivych komponent standartni
metodou komponent problematické a malo vypovidajici. To vedlo k mySlence pouziti
metody kone¢nych prvkll k zjiSténi namédhani jednotlivych komponent. Detailni
posouzeni komponent pomoci metody konecnych prvkl je vSak velmi problematické a
vzhledem k ¢asové naroc¢nosti prakticky nepouzitelné. Napiiklad modelovani Sroubu
pomoci objemovych elementl. Pro nosnost jednotlivych komponent se s vyhodou
pouzije standartniho vypoc¢tu pomoci metody komponent v ndvaznosti na [1]. Fuzi
téchto dvou pfistupii byla vyvinuta novd metoda CBFEM (Component based finite
element method). Se zékladnimi principy CBFEM je odborna vefejnost postupné
seznamovana (viz. vybrané ptispévky [2] az [5]).

Predmétem tohoto piispévku je detailnéjsi popis technik, narokii na metodu a uskali
pouziti metody kone¢nych prvki pro navrh ocelovych sty¢nikti pomoci CBFEM.

2 Shrnuti

Nov¢ vyvinutda metoda CBFEM umoZiiuje optimdlni a bezpe¢ny navrh styCnikl
ocelovych konstrukei. Vysledky poskytuji statikovi jasnou informaci, na kolik jednotlivé
casti sty¢niku a sty¢nik jako celek vyhovuji, jakych deformaci a vnitfnich sil bylo pfi
daném namahani dosazeno. Statik snadno pochopi, co se ve styéniku presné déje.
Implementace metody do software IDEA Connection zarucila, Ze rychlost a pracnost
jsou srovnatelné se stavajicimi metodami, napt. metodou komponent pro oteviené
prifezy a ndvrhovymi vzorci na Unosnost sty¢nikli uzavienych prifezi. Metodou lze
vedle pevnostnich vypocti provadét také vyhodnoceni tuhosti pfipojeni jednotlivych
prvkd i stabilitni analyzu celého sty¢niku.

Podékovani
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SPOLEHLIVOSTNI ANALYZA SVAROVANYCH NADRZI
THE RELIABILITY ANALYSIS OF WELDED TANKS

Zdenék Kala!

Abstrakt

Clanek je zaméfen na spolehlivostni a citlivostni analyzu odolnosti svafovanych
valcovych nadrzi. Skladovaci nadrz je spolehliva v pfipadé, ze tloustka stény je vyssi
neZ minimalni tlouStka dle normy. Cilem tohoto ¢lanku je ur€it pravdépodobnost
poruchy tenkosténné ocelové nadrze. Materidlové a geometrické vlastnosti skladovaci
nadoby z oceli se povazuji za ndhodné veli€iny. Pravdépodobnost poruchy je vypoctena
metodou typu Monte Carlo. Metody standardi EEMUA 159 a API 653 jsou
verifikovany pomoci pravdépodobnostnich ptistupi.

Klicova slova

Spolehlivost, bezpeénost, ocel, nadrz, lub, napiti, tlouska

Abstract

The article is aimed at the reliability and sensitivity analyses of the resistance of circular
cylindrical storage welded tanks. The storage tank is considered reliable if the wall
thickness is higher than minimum thickness from standards. This article aims at
determining the failure probability of the thin-walled steel tank. The material and
geometrical characteristics of the steel storage tank are considered as random quantities.
The Monte Carlo type simulation method is used for probability evaluation. Methods of
standards EEMUA 159 and API 653 are verified using probabilistic approaches.

Keywords

Reliability, safety, steel, plate, tank, course, stress, thickness

1 Uvod

Zasoby ropy se v Ceské republice skladuji ve svafovanych ocelovych nadrzich s
objemem az 125 tisic m®. Valcové nadrze na ropu spole¢nosti Mero CR, a.s., jsou
tvofeny ze Stihlych plechi a maji rotaéné symetricky kruhovy valcovy tvar. Bezpecnost
je zajisténa dvojitym ocelovym plastém. Uvniti nadrze je plovouci komorova stfecha,
ktera se pohybuje zaroven s hladinou média v nadrzi. Dominantnim zatéZovacim stavem
valcové nadrze je zatizeni vnitiniho plasté hydrostatickym tlakem ropy. Cilem ¢lanku je
analyza pravdépodobnosti poruchy vnitiniho plasté s ohledem na ndhodné geometrické
a materialové imperfekce. Clanek navazuje na publikované pravdépodobnostni studie
spolehlivosti [1-3].

'Zden&k Kala, Prof. Ing. Ph.D., Adresa: Vysoké Uceni Technické v Brng, Fakulta stavebni,
Ustav stavebni mechaniky, Veveti 331/95, 602 00, Brno, email: kala.z@fce.vutbr.cz
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2 Rotacné symetrické skorepiny v membranovém stavu

Pro spolehlivy navrh a provoz nadrze musi platit, ze rezerva odolnosti G je vyss§i nez
nula, tj. Ze zatézovaci sila F' (akce) je mens$i nebo rovna odolnosti lubu:

G=R-F>0, (1)
kde R je odolnost, kterou Ize vypocitat jako
R=f, -t-dC,, (2)

kde £, je mez kluzu, ¢ je tloustka plechu lubu a dCy je diferencial vysky lubu. Podminku
spolehlivosti (1) 1ze zapsat ve tvaru

G=f t-p-g-h-r=0, 3)
kde p je hustota média, g je tithové zrychleni, 4 je vyska nadrze a r je polomér nadrze.
Rovnice (3) je vychozim vztahem pro posouzeni spolehlivosti navrhu nebo provozni
spolehlivosti kruhovych valcovych nadrzi podle fady norem, napi. EEMUA 159 nebo
API653. Spolehlivost dle norem je déna piedev§im nizkou (bezpecnou) hodnotou
dovolen¢ho namahani, nicméné vzdy vSak existuje nenulova pravdépodobnost, ze k
poruse dojde.

3 Zavér

V ¢lanku byla ukazana metodika vypoctu spolehlivosti nadrze svafované ze Stihlych
lubli. Spolehlivost byla analyzovdana s pomoci indexu spolehlivosti £ indexu
spolehlivosti S dle Cornella simula¢ni metodou Latin Hypercube Sampling [4]. S
klesajici hodnotou tloustky plechu ¢ klesa hodnota idexu spolehlivosti f. Snizeni
tloustky ¢ byva nejcastéji zptisobeno korozi. Pro bezpecny provoz musi byt /> /4, kde

cilovd hodnota £ je normova hodnota odpovidajici spolehlivému provozu nadrze. Je
ziejmé, zZe pro hodnoty odpovidaji skutecné nadrzi je spolehlivost dostacujici.
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NUMERICKA ANALYZA VYBOCENI VON MISESOVA NOSNIKU
NUMERICAL ANALYSIS OF BUCKLING OF VON MISES PLANAR TRUSS

Martin Kalina'

Abstrakt

V préci je predstaven pocitatovy algoritmus pro diskrétni model ocelového vzpéradla.
Konstrukéni deformace jsou vyhodnoceny hledanim minimalni potencialni energie.
Pomoci matematického feSeni byla porovnana nalezena kritickd sila s vystupem z
pocitacového algoritmu. V modelu jsou zahrnuty vlivy symetrické a nesymetrické
pocatecni tvarové geometrické imperfekce os prut. Toto vyboceni bylo zobrazeno pfi
vybranych svislych posunutich vrcholového kloubu.

Klicova slova

Potencidlni energie, von Misesiiv nosnik, pocitatovy algoritmus, diskrétni model,
normalové feseni, ohybové feseni, pocatecni tvarova imperfekce

Abstract

A computational algorithm of discrete model of steel von Mises planar truss is
presented. The structure deformation is evaluated by seeking the minimal potential
energy. The critical force invented by mathematical solution was compared with solution
by computer algorithm. Symmetric and asymmetric effects of initial shape of geometric
imperfection of axis of struts are used in model. The shapes of buckling of von Mises
planar truss of selected vertical displacement of top joint are shown.

Keywords

Potential energy, von Mises planar truss, computer algorithm, discrete model, normal
solution, bending solution, initial geometric imperfection

1 Uvod

Von Misestiv nosnik je staticky urcitd rovinna uloha. Budeme-li konstrukci tohoto
rovinného nosniku zatézovat tak, ze vnutime vrcholovému kloubu svisly posun, budou
nam vystupem jednotlivé tvary vyboceni vzpéradla [1]. Pro realnou konstrukci nastane
jenom jeden spravny zpusob deformace, ale vypocetni programy nemusi byt schopny
tyto tvary rozliSit. Tento clanek popisuje algoritmus, ktery simuluje zatéZovani
vrcholového kloubu vzpéradla deformaci — posunem, vypocitava velikost sily, ktera
v mist¢ vrcholového kloubu pisobi a vykresluje tvary vybocCeni vzpéradla pfi
jednotlivych deformacnich krocich. Program pocita i s vlivem geometrickych imperfekci
tak, jak to mize ve stavebni praxi nastat.

1Martin Kalina, Ing, Adresa: Vysoké Ugeni Technické v Brng, Fakulta stavebni, Ustav stavebni mechaniky, Veveti 331/95, 602 00,
Brno, email: kalina.ml@fce.vutbr.cz
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2 Struény popis vypocetniho algoritmu

XSO; ySO

Vv
A

Obr. 1: Vypocetni model von Misesova nosniku

Vytvoreny model zatizime ve vrcholovém kloubu svislym posunem w. Tento posun
bude naristat o kazdy iteracni krok k. V pocatecnim kroku je hodnota w=0. Prvnimu
uzlu (nikoliv nultému) vnutime malou deformaci d (d=1e-06 m), ostatni uzly zahrnujeme
do vypoctu bez deformace. Malou deformaci d pfic¢itdime (horni index U) a odc¢itdme
(horni index L) od soufadnice pocitaného uzlu. Pro takto upravené modely mizeme
spocitat jejich potencidlni energie pro ptislusné soufadnice upravené o malou deformaci
d(1)

CERE N0 Y RV ) 3 AR 90N ORI o)
mpt =1l Rl ok, Dot et =1l Bl F ok, )

Pro nalezeni extrému téchto potencidlnich energii bylo pouzito Newtonovy iteracni
metody (2).

I )l )= =l ) s () vt )= =1 (o) @)

Za predpokladu Ze je matice J(xik lJ(yik ) regularni, ziskava vektor neznamych

(1)

posunuti v(xl." ),v(ylk) pravé jedno feSeni. Vysledné hodnoty miizeme obdrzet naptiklad
metodou Gaussovy eliminace a urcit tak nové polohy jednotlivych uzli modelu. Takto
se vypocitaji nové soufadnice pro piemisténi uzli, model se zatizi o pfirtistek w a
v dal$im iteracnim kroku & se pokracuje ve vypoctu. Vystupem je diagram zavislosti sily
na svislém posunuti vrcholového kloubu a tvary vyboceni vzpéradla pii jednotlivych
iteracnich krocich. Tento postup byl publikovan v [2].
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PRIEBEH TEPLOT V BETONOVOM PRIEREZE ZA POZIARU
TEMPERATURE DISTRIBUTIONS OF FIRE EXPOSED IN CONCRETE CROSS-SECTION

Maro$ Klabnik!, Sofia Leitnerova?

Abstrakt

Prispevok sa venuje problematike priebehu teplot v nechranenom beténovom priereze
rozmeru 300 x 160mm za poziaru . Teploty boli stanovené tromi rdznymi pristupmi, a to
pomocou teplotnych profilov z eurokddu, nelinedrnou teplotnou analyzou v programe
ANSYS a vysledkami z praktického experimentu.

KPacové slova

poziar, betonovy prierez, teplotné profily, prestup tepla, normova teplotnd krivka,
eurokod, nelinearna teplotna analyza

Abstract

The paper investigates temperature distributions of unprotected concrete cross-section
(300 x 160 mm) during fire. Temperatures were determined by three different
approaches - by using temperature profiles of the euro-code, by nonlinear thermal
analysis in ANSYS and the end by results of practical experiment.

Keywords

fire, concrete cross-section, temperature profiles, temperature distributions, standard fire
curve, euro-code, nonlinear transient analysis

1 Uvod

Z pohl'adu eurokdédov mozno poziarnu bezpecnost’ vySetrovat’ viacerymi moznymi
sposobmi. K dispozicii st navrhové postupy overujuce odolnost’ pomocou tabulkovych
hodnét, zjednodusenymi vypoctovymi modelmi prvkov, komplexnymi modelmi celych
konstrukcii. Dal§ou z moZnosti je overenie poZiarnej odolnosti pomocou experimentov.
Ciel’ tohto ¢lanku je overenie spravnosti modelovania poziarov v MKP na zaklade
porovnania teplot v betdbnovom priereze rozmerov 300 x 160 ziskanych pomocou
teplotnych profilov podl'a EN1992-1-2, numerickej simulacie v programe ANSYS
a poziarnej skusky v poziarnom laboratoriu [1][2].

2 Teplotné profily podl’a EN 1992-1-2

Teplotné profily a tabulkové hodnoty vychadzaju zhodnét dolnej medze tepelnej
vodivosti a merného tepla pre beton s vlhkostou 1,5%. Profily st konzervativne pre
vlhkost’ vicsiu ako 1,5%. Stdinitel’ vedenia tepla je 25 W/m?k a emisivita betéonového
povrchu je uvazovana s hodnotou 0,7 [2].

! Maro§ Klabnik Ing., Slovenskd Technickd Univerzita v Bratislave, Stavebnd fakulta , Katedra stavebnej mechaniky,
Radlinského 11, 810 05 Bratislava, xklabnik@stuba.sk

2 Sona Leitnerova Ing., Slovenska Technicka Univerzita v Bratislave, Stavebna fakulta , Katedra konstrukcii pozemnych stavieb,
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45



MODELOVANI V MECHANICE OSTRAVA, KVETEN 2015

3 Simulacia priebehu teplot betonového prierezu v ANSYSe

V modely pre nelinedrnu casovo zavisli teplotni analyzu bol pre beton vyuzity
dvojrozmerny prvok PLANESS. Ide o §tvoruzlovy prvok s jednym stupiiom volnosti
v kazdom uzle -teplotou. Prvok je mozné pouzit’ pre stacionarne i nestacionarne teplotné
ulohy. Modelovany beténovy prierez ma velkost 300 x 160 mm a pozostava z 480
elementov.

4 Zaver

Najkonzervativnej$i priebeh teplot v betdbnovom priereze je stanoveny na zaklade
eurokodu. Rozdiel medzi priebehom teplot stanovenom v ANSYSe a prostrednictvom
experimentu je v prvych etapach poziaru cca do 30 °C ato je z hl'adiska statického
pOsobenia a naslednej degradacie pevnostnych vlastnosti jednotlivych materidlov
zanedbateI'na hodnota.

CAS [min] EC — TEP. PROF. ANSYS EXPERIMENT
20/20 mm | 40/40mm | 20/20mm | 40/40mm | 25/25mm | 55/55 mm
30 550 270 547 266 516 117
60 760 500 739 513 725 302

Tab. 1: Zhodnotenie vysledkov

Aj napriek rozdielom v teplotach, mozno konstatovat’, Ze modelovanie prestupu tepla
v MKP pri vysSie zadanych okrajovy podmienkach je na strane bezpecnosti
a spol'ahlivo, s takto ziskanymi hodnotami, méZeme vstupovat’ do Strukturalnych analyz.
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ZPUSOBY ZESILOVANI SVORNIKOVYCH SPOJU KULATINY
REINFORCEMENT METHODS OF ROUND TIMBER BOLTED JOINTS

Kristyna Klajmonova', Antonin Lokaj>

Abstrakt

V ptispévku jsou prezentovany vysledky statickych testli svornikovych spojii dievéné
kulatiny s vlozenymi ocelovymi sty¢nikovymi plechy v tahu rovnobézné s vlakny.
Statické testy byly provadény v lisu EU100 v laboratoti FAST VSB-TU Ostrava. Na
zakladé¢ testll nezesilenych vzorkii bylo navrzeno a otestovano n¢kolik zpisobil zesileni
dievéného prvku. Vysledky testli byly statisticky vyhodnoceny, doplnény o grafické
zaznamy deformacni odezvy spoje na zatizeni.

Klicova slova

Svornikovy spoj, dievéna kulatina, zesileni, tinosnost v tahu.

Abstract

In this article the results of round timber bolted joints with inserted steel plates tests are
presented. First, unreinforced round timber specimens were tested. Reinforcement
design of round timber samples was based on unreinforced samples test results. Tests
were carried out on EU100 pressure machine in Faculty of Civil Engineering of VSB-
TUO Ostrava. Test results were statistically analyzed, supplemented by graphic records
strain response of the joint load.

Keywords

Bolted joint, round timber, reinforcement, carrying capacity.

1 Uvod

Dtevo, materidly na bazi dieva a jeho kompozitni materidly jsou ve stavebnictvi cenény
pro své vyhodné konstruk¢éni vlastnosti, jako je pevnost, nizkd hmotnost, snadna
opracovatelnost a dobré izola¢ni vlastnosti. Velkou vyhodou je skutecnost, ze dievo
patii mezi obnovitelné zdroje. Dievostavby se v poslednich letech rozvijeji se stale vétsi
intenzitou. V soucasnych evropskych normach pro navrhovani dfevénych konstrukei [1]
je feSena problematika spoju typu dfevo-dievo, resp. ocel-dfevo pomoci svorniki, ale
difevem se mysli vyhradné hranéné fezivo.

2 Metody testovani

Testovani probihalo v lisu EU100, kdy tahova sila postupné nartstala. K destrukci vSech
testovanych vzorkli doSlo v casovém rozmezi 300£120 s, coz odpovidd casovému

! Ing. Kristyna Klajmonové, Katedra konstrukci, Fakulta stavebni, VSB-Technick4 univerzita Ostrava, Ludvika Podésts 1875/17,
708 33 Ostrava - Poruba, tel.: (+420) 597 321 925, e-mail: kristyna.klajmonova@vsb.cz.

2 doc. Ing. Antonin Lokaj, Ph.D., Katedra konstrukci, Fakulta stavebni, VSB-Technickd univerzita Ostrava, Ludvika Podéste
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rozmezi laboratornich zkousek kratkodobé pevnosti. K poruseni nezesilenych spojli
doslo rozstipnutim kulatiny v oblasti spojovaciho prostiedku v disledku piekroceni
pevnosti dieva v tahu kolmo k vlakniim [2]. Ani v jednom ptipadé nedoslo ke zlomeni
svorniku. Zesilené vzorky byly testovany za stejnych podminek.

3 Navrh zesileni

Na zakladé¢ vysledkii zkousek nezesilenych vzorkli, zejména zpiisobu poruSeni
dfevéného prvku v okoli svorniku bylo navrzeno zesileni dievéného prvku. Prostiedek
zesileni je navrZen jako prvek pusobici ve dieveé v okoli svorniku ve sméru kolmo
k vlakntim prvku a zpusobujici zpevnéni a sevieni dieva a tedy zvyseni odolnosti proti
vzniku trhliny a rozStipnuti. Dfevo v tahu vykazuje malou plasticitu a porusuje se
kfehkym lomem. V piipad¢é poruSeni nezesilenych spoji dochazelo k rozstipnuti dieva
pod svornikem velmi brzy a rychle po iniciaci prvni trhliny, pii které je prekrocena
pevnost dfeva v tahu kolmo k vlakniim a dojde k poruseni pfi¢nych vazeb mezi vlakny.

y

Obr. 1: Zpisoby zesileni dievéného prvku: specialni podlozka, perforovany plech,
jeden vrut/samovrtny vrut, dva vruty, pasek (zleva)

4 Zavér
Vysledky statickych testl nezesilenych i zesilenych svornikovych spoji kulatiny
s vlozenymi sty¢nikovymi plechy v tahu rovnobézné s vlakny naznacily pomérné znacny

piinos zesileni spoje v oblasti naméahani difeva v tahu kolmo k vldkniim pro inosnost a
zejména bezpecnost spoje, kdy nedochazi k tak nahlému kolapsu spoje.
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NUMERICKE SIMULACE BIAXIALNIHO OHYBOVEHO TESTU
NA KRIZOVEM TELESE Z KVAZIKREHKEHO MATERIALU

NUMERICAL SIMULATIONS OF BIAXIAL BENDING TEST ON
CRUCIFORM SPECIMEN MADE OF QUASI-BRITTLE MATERIAL

Jifi Klon ', Jakub Sobek % a Viclav Vesely 3

Abstrakt

Ptispévek je zaméfen na numerickou studii vlivu nékterych vstupnich parametri
materidlového modelu na prubéh testu ve zkusSebni konfiguraci biaxidlniho ohybu
ktizového télesa z kvazikiehkého materidlu. Jde konkrétn¢ o tzv. Gilsocarbon grafit
pouzivany jako moderator jaderné reakce v reaktorech jadernych elektraren ve Velké
Britanii.

Klicova slova

Biaxialni ohyb, kiizové zkuSebni téleso, kvazikiehky lom, numerickd simulace, model
kohezivni trhliny.

Abstract

The paper is focused on numerical study of the influence of some input parameters of
material model on the progress of a test in configuration of biaxial bending of cruciform
specimen made of quasi-brittle material. In particular, the tested material is Gilsocarbon
graphite that is used as a moderator of nuclear reaction in gas-cooled nuclear reactors
in UK.

Keywords

Biaxial bending, cruciform test specimen, quasi-brittle fracture, numerical simulation,
cohesive crack model.

Uvod

Univerzalni pouzitelnost kvazikiehkych materialti (napf. cementovych kompoziti jako
je beton, riznych druhti keramiky, aj.) v riznych prvcich stavebnich konstrukci z nich
de¢la kandidaty vhodné pro detailni analyzu a optimalizaci (mnozstvi/cena/kvalita apod.).
Jejich poruseni souvisi s rozvojem trhlin. Diilezitost respektovani prostorového zatizeni
pii studiu porusovani kvazikiehkych materialti je trendem poslednich let svétového
vyzkumu. Divodem je totiz existence vhodnych zkuSebnich zafizeni a vypoctovych
nastrojti, umoziujicich podrobnou analyzu z hlediska vyhodnocovani a predikce
poruSeni. Riizné stupné ndhledu na bezpecnost a funkcénost, potazmo budoucnost,

! Be. Jiii Klon, Vysoké uceni technické v Brné&, Fakulta stavebni, Ustav stavebni mechaniky, Veveti 331/95, 602 00 Brno, e-mail:
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pokroc€ilych jadernych elektraren (jadernd energie je neodmysliteln€ soucéasti dnesni
energetické situace a jisté ji v blizké budoucnosti nadéale ziistane) nového typu jsou
pfedmétem vyzkumu tymi védeckych pracovnikii na uzemi Spojeného kralovstvi Velké
Britanie a Severniho Irska (ddle jen VB). Ty se, mimo jiné, zamétuji na pro nas
zajimavy vyzkum degradace tzv. Gilsocarbon grafitu, coz je kvazikiehky material
uzivany v reaktorech jiz zminénych pokrocilych jadernych elektraren, oznacovanych
zkratkou AGRs (Advanced Gas-cooled nuclear Reactors, ve VB je jich c¢trnact).
Odlisnost oproti béznym jadernym reaktoriim spociva v chladicim médiu, které odvadi
teplo jaderné reakce. Gilsocarbon grafit (ve formé blokii pro oblozeni valcl) zde plni
funkci moderatoru jaderné reakce (latka slouzici ke zpomaleni neutrontl) a je vystaven
mnozstvi okolnich vlivii (velkd teplota a tlak; radiolitickd oxidace; apod.), které mayji
nezanedbatelny impakt na rozlozeni napéti po celé struktuie grafitovych blokt a
nasledné degradaci/poruSeni. Védci z anglické University of Bristol a Oxford v minulém
roce uvetejnili ¢lanek zabyvajici se biaxidlni zkouskou Gilsocarbon grafitu [1]
novatorskym zplisobem. Vyhodnoceni zkousky bohuzel postrada lomovy pfistup.

Piispévek se zamétuje na pilotni studii ohybového testu na kiizovém télese za pomoci
vypocetniho ndastroje na bazi kohezivni trhliny, umoZziujicimu simulaci prostorového
lomového chovani konstrukci (¢i prvkd). Ve studii jsou v uvahu brany rizné aspekty
modelu i vlastni zkouSky: vstupni materidlové charakteristiky dostupné z literatury i
referencnich testll; moznosti snimani odezvy konstrukce na jeji zatizeni; vliv otvort po
upeviiovacich Sroubech pro snimani otevieni trhliny apod. Numericky model umozni
odhadnout spravna mista pro tenzometrickd méfeni a provést tak ndslednou lomovou
analyzu. Pokusy se snimanim akustické emise (AE) na anglickém pracovisti béhem
experimentd by mohly, diky lokalizaci posSkozeni, pfinést vyznamné srovnani
s vypoctovym modelem a lokalizace by tak mohla byt vyrazné€ uptesnéna — vcetné vlivu
okrajovych podminek, kterymi je fizen biaxialni stav napéti zkusebniho télesa. Podobné
jako je tomu uvnitt reaktoru pii jaderné reakei.
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Numericky model kiizového télesa pro biaxialni ohybovy test
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DIFUZNIi SOUCINITEL PRO PRONIKANI CHLORIDU
V BETONU - VYHODNOCENI A VYUZITI

CHLORIDE ION DIFFUSION COEFFICIENT
OF CONCRETE - EVALUATION AND APPLICATION

Petr Koneény'!, Petr Lehner?, Martina Turicova’

Abstrakt

Ptispévek porovnava vypocet difuzniho soucinitele na bazi analyzy chloridového profilu
a elektrické resistivity. Pro popis difuzniho soucinitele v Case je vyuzit koeficient zrani
betonu.

Klicova slova

Beton, difuzni soucinitel, chloridy, modelovani, trvanlivost.

Abstract

The paper is aimed at the comparison of diffusion coefficient based on the chloride
profiling and electrical resistivity measurements. The concrete maturity coefficient is
used for the time dependent behaviour description of concrete.

Keywords

Concrete, diffusion coefficient, chlorides, modelling, durability.

1 Uvod

Schopnost betoni odolavat pronikani agresivnich latek vcetn& chloridii lze popsat
rozliénymi zpusoby. Jedna z moznosti je pouziti difuzniho soucinitele chloridii De.
Difuzni soucinitel je parametr popisujici penetraci chloridii s ohledem na 2. Fickoviv
zakon difuze. Znalost difuzniho soucinitele umoznuje popsat pronikani chloridl
betonem k ocelové vyztuzi, a nasledné za pomoci numerického modelovani provadét
odhady trvanlivosti betonové konstrukce. Je tedy zadouci tento parametr betonu ziskat, a
to jak dostatecné presné, tak efektivné. Ilustracni vystup izolinii koncentrace chlorida
v mostovce ziskany modelem na bazi konecnych prvka [3] uvadi obr. 1.

Cas [roky] : 20

Obr. 1: Ilustra¢ni graficky vystup koncentrace chloridli v betonové mostovce.
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Ptispévek porovnava vypocet difuzniho soulinitele na bdzi analyzy chloridového
profilu [1] a elektrické resistivity [2], pfi¢emz je zohlednén vliv zrani betonu [4].

2 Vysledky

Difuzni soucinitel vybrané vysokohodnotné betonové smési, véetné jeho prabchu v Case
uvadi v porovnani s referenénim betonem tab.1.

t [dny] 28 356 1780 3560 7120
t [roky] 0.03 1 5 10 20
Deref [102ms?] | m[-] |Dew [10712 m?/s]

FN 8.80 0.39 3.28 1.76 1.34 1.03
C30/37 10.58 0.28 5.19 3.31 2.72 2.24

Tab. 1: Vliv zrani na ¢asovy prubéh difuzniho soucinitele z analyzy chloridového profilu -
porovnani vzorki z vysokohodnotného betonu oznaceného jako FN a bézného betonu C30/37.

3 Souhrn a zavér

Clanek se zabyva problematikou uréeni materialovych vlastnosti popisujicich pronikani
chloridli betonem v Case, které jsou aplikovatelné pii numerické analyze iniciace
a propagace koroze vyvolané chloridy u Zelezobetonu.

Jsou popsany postupy pro vypocet difuzniho soucinitele na zakladé analyzy
chloridového profilu a méfeni povrchové elektrické resistivity. Za pomoci koeficientu
starnuti ziskaného z méfeni resistivity je difuzni soucinitel pfepocten na 28 denni stari
betonu. Jsou porovnany vysledky difuzniho soulinitele vypocteného z elektrické
resistivity a analyzou chloridového profilu. Vysledné parametry propustnosti betonu
vuci chloridim ziskané za pomoci elektrické resistivity maji niz§i hodnotu nez
u vysledkti z chloridovych profili, coz v numerickém modelu povede k odhadu delsi
Zivotnosti.
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SIZING OPTIMIZATION OF SANDWICH PANELS

Eva Kormanikova!

Abstract

The paper is aimed on sandwich optimization subjected to maximum displacement
criterion. The optimization problem is based on the use of continuous design variables.
The thicknesses of layers with the known orientation are used as design variables. The
optimization problem with displacement constraints is formulated to minimize the
sandwich weight. The design of the final thickness have be rounded off to integer
multiples of the commercially available layer thickness.

Keywords

Optimization, sandwich panel, maximum displacement criterion, thickness design
variable, weight objective function.

1 Introduction

The optimization of a composite plate is important analysis for design of structures
ranging from aircrafts to civil engineering structures.

The design optimization problem of current interest is the minimization of the weight
function for a sandwich composite plate. This is a design optimization problem which
optimizes the thickness of the sandwich layers to give the minimum weight. Of greater
interest to current study are the works on the design optimization of composite sandwich
plates where the thickness of outer layers and the core are taken as the design variables.

2 Solution of sandwich plate

For the numerical solution the simply supported panel with laminate facings was used.
Panel length is L = 3750 mm, nominal width is B = 1000 mm. Thickness of the facings
is h1= h3 and core is h2. On the panel affects uniform static wind load with intensity of 2
kPa in the bending plane. The laminate Carbon/epoxy facings are composed of eight
identical thickness layers of a symmetric laminate [0/£45/90];.

It was considered the carbon fibres in epoxy matrix, while unidirectional laminate
layer has characteristics:

Er=230 GPa; Ex=3 GPa; vy = 0.2; vin=0.3; V= 0.6; px = 1580 kg/m>.

Sandwich core, consisting of polystyrene, has material constants: Ep = 16 MPa;
vp=0.3; pp =150 kg/m’>.

Laminate properties were determined by homogenization techniques. Computational
program MATLAB was used to calculate the effective material properties of laminate
facings. Numerical solutions were conducted through the COSMOS/M program. STAR
module for solving linear static was used for calculations. There were used finite

! Doc. Ing. Eva Kormanikova, PhD., The Technical University of Kosice, Faculty of Civil Engineering, Department of Structural
Mechanics, Institute of Structural Engineering, Vysokoskolska 4, 042 00 Kosice, Slovak Republic (e-mail:
eva.kormanikova@tuke.sk).
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elements of the type SHELLA4L. These are the 4-node multi-layer quadrilateral elements

with membrane and bending response and can be enter up to fifty layers.
Two design optimization problems can be written as follows:
Optimization problem 2:

Optimization problem 1:
F(X)=G(h)—> min [N]
1-10™* <k <0.01
h, =0.1 [m]
0< w<0.0375 [m]

F(X)=

1-102 < h, <0.2
h, =0.001 [m]
0< w<0.0375 [m]

G(h,)— min [N]

Optimization parameters Initial values |Final values |Tolerance
T
Design variable hi [m] 0.001 5.683:10* 110
Objective function | G [N] 573.75 568.983 1-10°
Constraint w [m] 0.02378 0.0375 3.75-10*

Tab. 1: Summary of results of the optimization problem 1

Optimization parameters Initial values |Final values |Tolerance
T
Design variable ha [m] 0.1 7.755-10°2 1107
Objective function | G [N] 573.75 447.445 1-10°
Constraint w [m] 0.02378 0.0375 3.75-10*

Tab. 2: Summary of results of the optimization problem 2

3 Discussion and conclusion

The first order shear laminate theory was used by the FEM analysis of the problem. The
problem was formulated as a minimum weight of simply supported rectangular
sandwich plate subject to deflection constraint in the middle of the plate. Design variable
were thicknesses 41 and A2 of sandwich layers. The optimal problem was solved using
SLP and MFD method with maximum 70 iterations in each own optimization loop.
Initial and final values of optimization process 1 and 2 are shown in the Tables 1 and 2,
respectively. The better result is obtained from optimization process 1, the thickness of
polystyrene is 0.1 m (be up to standard for thermal insulation) and the thickness of outer
layers is 0.0006 m. There was not taken into account a hygrothermal effect.
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INFLUENCE OF SLENDERNESS RATIO
ON RESPONSE OF FLUID FILLING

VPLYV PARAMETRA STIHLOSTI NA ODOZVU KVAPALINOVEJ NAPLNE

Kamila Kotrasova'

Abstract

Liquid-containing tanks are used to store variety of liquids. This paper provides theoretic
background for specification of impulsive and convective action of fluid in liquid
storage rectangular container. Numerical model of tank seismic response - the endlessly
long shipping channel was obtained by using of Finite Element Method (FEM) in
software ADINA. It was considered the horizontal ground motion of the earthquake in
Loma Prieta.

Keywords
Tank, fluid, earthquake.

1 Introduction

Liquid-containing rectangular tanks are used to store variety of liquids, e.g. water for
drinking and fire fighting, petroleum, oil, liquefied natural gas, chemical fluids, and
wastes of different forms. 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. In particular, the analysis of problems that involve
fluid flows interacting with solids or structures is increasingly needed in diverse
applications including ground-supported tanks used to store a variety of liquids. The
knowledge of pressures acting onto walls and the bottom of containers, pressures in solid
of tanks, liquid surface sloshing process and maximal height of liquid’s wave during an
earthquake plays essential role in reliable and durable design of earthquake resistance
structure/facility - tanks.

2 Mechanical model

The dynamic analysis of a liquid - filled tank may be carried out using the concept of
generalized single - degree - of freedom (SDOF) systems representing the impulsive and
convective modes of vibration of the tank - liquid system as shown in Fig. 1. For
practical applications, only the first convective modes of vibration need to be considered
in the analysis, mechanical model. The impulsive mass of liquid m; is rigidly attached to
tank wall at height 4:. Similarly convective mass mecx s attached to the tank wall at height

!'In g. Kamila Kotrasov4, PhD., Department of Structural Mechanics, Institute of Structural Engineering, The Technical University
of Kosice, Faculty of Civil Engineering, Vysokoskolska 4, 042 00 Kosice, Slovak Republic, kamila.kotrasova@tuke.sk. e-mail:
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hen by a spring of stiffness kc». The mass, height and natural period of each SDOF system
are obtained by the methods described in [5].

h(’n

| 2L I
| |

c hcl
m; h,I

Fig. 1 liquid-filled tank modeled by generalized single degree of freedom systems

3 Numeric example

In this study, the ground supported cylindrical rigid tank. The geometrical characteristics
of fluid filling are R=1 m, H=2 m and tank slenderness y = 1. The material
characteristics of fluid filling (H20) are: bulk modulus B=2.1-10° N/m?, density
pw=1000kg/m®. As the excitation input we consider horizontal earthquake load given
by the accelerogram of the earthquake in Loma Prieta, California (18.10.1989). In the
analysis we use just the accelerogram for the seismic excitation in y - direction.

Dynamic time-history response of liquid storage tanks was performed by application of
Finite Element Method (FEM) utilizing software ADINA. The fluid inside the shipping
channel was modeled by using 3D FLUID finite elements. As the excitation input was
considered the load of input time dependent horizontal displacement measured during
the earthquake Loma Prieta in California.

The peak hydrodynamic The peak hydrodynamic
Y 2R [m] pressures [kPa] (time) vertical displacements [s] (time)
0.3 13.333 23.933 (21.36 s) 4.262 (21.36 s)
0.5 8 23.647 (21.36 s) 2.478 (21.56 s)
1 4 22.946 (21.36 s) 3.436 (21.125)
2 2 21.670 (21.36 s) 3.234 (21.04 s)
3 1.333 21.000 (21.36 s) 4.216 (21.32s)

Tab. 1 Comparison of the peak hydrodynamic pressures and the peak hydrodynamic
vertical displacements [s] for different slenderness

4 Conclusion

The ground supported cylindrical tank was excited by ground motion of Loma Prieta in
California. Basic responses of the interest were: pressure in the fluid, displacement of
the free fluid surface. The peak hydrodynamic pressures and the peak vertical

displacements of fluid surface were shown in Tab. 1.
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PROBABILISTIC NONLINEAR ANALYSIS
OF THE NPP HERMETIC COVER FAILURE
DUE TO EXTREME PRESSURE AND TEMPERATURE

PRAVDEPODOBNOSTNA NELINEARNA ANALYZA PORUSENIA HERMETICKEJ
OCHRANNEJ OBALKY REAKTORA OD EXTREMNEHO TLAKU A TEPLOTY

Juraj Kralik!

Abstract

This paper describes the probabilistic nonlinear analysis of the reactor cover under a
high internal overpressure and temperature. The scenario of the hard accident in NPP
and 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, Reactor cover, Nonlinearity, Fragility curve, PSA, RSM, ANSYS.

Abstrakt

Clanok sa zaobera pravdepodobnostnou nelinearnou analyzou ochranného krytu reaktora
za pdsobenia extrémneho tlaku a teploty. Prezentuje sa scenar tazkej havarie v JE a
metodolégia vypoctu pravdepodobnostnej krivky poruchového tlaku na baze
prostriedkov pravdepodobnostného hodnotenia bezpecnosti PSA 2. tirovne. Neurcitosti
modelu a odolnosti st zohl'adnené v aproximacnej metdéde odozvy (RSM).

KrPucové slova
Jadrova elektraren, kryt reaktora, nelinearita, krivka poruchy, PSA, RSM, 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 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 will be used to develop a methodology in the frame of the project ALLEGRO,
which is focused to the experimental research reactor of 4th generation with a fast
neutron core. This project is a regional (V4 Group) project of European interest. The
new [AEA 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

! Prof.Ing.Juraj Kralik,CSc, STU Bratislava, Faculty of Civil Engineering, Department of Structural mechanics, Radlinského 11, 810
05 Bratislava, juraj.kralik@stuba.sk
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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]. Next,
one from the critical technology structures is the reactor hermetic cover. 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 250kPa, internal temperature 150°C and
external temperature -28°C.

2 Probabilistic nonlinear analysis

The probability analysis of the loss of the reactor cover integrity was made for the
overpressure loads from 500 kPa to 1000 kPa using the nonlinear solution of the static
equilibrium considering the geometric and material nonlinearities of the steel shell
layered elements. The nonlinear analysis based on HILL potential theory considering the
variable material properties. The approximation method RSM (Response surface
method) were used to determine the probability of failure. The uncertainties of the input
data were thinking in accordance with the standard requirements.

3 Evaluation of the fragility curve

The PSA approach to the evaluation of probabilistic pressure capacity involves limit
state analyses [2]. The fragility curve of the failure pressure was determined using 45
probabilistic simulations using the RSM approximation method with the experimental
design CCD for 10° Monte Carlo simulations for each model and 5 level of the
overpressure. The various probabilistic calculations for 5 constant level of overpressure
next for the variable overpressure for gauss and uniform distribution were taken out.

4 Conclusions

The uncertainties of the loads level (temperature, dead and live loads) and the material
model were taken into account in the simulations [2]. The critical technology segment of
the containment is the reactor protective hood with the failure pressure pu.o,0s=766,9kPa.
The mean value of pressure capacity of the reactor protective hood is pu.0,50=891,8kPa,
the 95% upper bound is pu.0,95=973,6 kPa.
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CFD SIMULATION OF EXPERIMENTAL MEASUREMENT
OF PRESSURES ON ,,QUARTER-CIRCULAR” OBJECT

CFD SIMULACE EXPERIMENTALNIHO MERENI TLAKU
NA ,,CTVRTKRUHOVEM" OBJEKTU

Juraj Krilik jr.!, OPga Hubov4?, Lenka Kone&na®

Abstract

A Computer-Fluid-Dynamic (CFD) simulation of air-flow around quarter-circular object
using commercial software ANSYS Fluent was used to study iteration of building to air-
flow. Several, well know transient turbulence models were used and results were
compared to experimental measurement of this object in Boundary Layer Wind Tunnel
(BLWT) of Slovak University of Technology in Bratislava. Polyhedral mesh was used.

Keywords
ANSYS, CFD, turbulence, pressure, experiment.

1 Introduction

In this paper are CFD simulations of air-flow over an obstacle in shape of quarter-
circular object is presented and compared to data from experimental measurement. Two
models were created with different grid sensitivity. Polyhedral mesh type was used to
create a domain with low computer demands.

Modelling of turbulence or air flow around an obstacle can be done by many
commercial and non-commercial programs. For purpose of this article was used Fluent
R15 which is part of ANSYS commercial package. All simulations were ran as transient.
Time step size, number of time steps and maximum iteration per time step were
according to convergence criteria, grid and turbulence model. Absolute convergence
criteria were set for residual to 10,

2 Experiment

Experimental measurement was carry out in Boundary Layer Wind Tunnel (BLWT) of
Slovak University of Technology in Bratislava.

Examined object was quarter-circle shape that was 273 mm high and the quarter-
circle radius was 80 mm with 30 mm rectangle part at the ends of quarter-circle. During
this experiment were measured pressures in 16 points in three different elevations 15,
136 and 258 mm above the wind tunnel floor level. From previous measurements was
found out that the most unpleasant direction of wind was when the model was rotated by
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approximately 112° from its original position (when wind direction was perpendicular to
the one of the rectangle face of the model), [1].

3 Results

Averaged absolute errors between experiment measurement and CFD simulations can be
seen in Tab.3. Here the errors represent the percentage differences between experiment
value and CFD value in each point, which have been averaged for objects windward face
(points 13 to 16), leeward face (points 1 to 4) and quarter-circle face (points 5 to 12).

Location\Model k-¢ STD1 T | k-0 SST1 | SST1 SAS | SAS2 | LES1 | LES2
Windward Face 54,26 17,16 15,24 9,32 | 7,71 | 9,46
Leeward Face 20,15 17,89 34,67 15,91 | 38,07 | 30,19
Quarter-Circle Face 26,48 10,52 10,57 12,93 | 20,99 | 34,99
All Points 31,84 15,68 18,93 12,77 | 21,94 | 27,40
Location\Model k-e STD2T | k- SST2 | SST2 SAS | SAS1 | SAS3 | LES3
Windward Face 53,20 16,52 10,43 15,54 | 11,62 | 13,65
Leeward Face 21,11 25,53 19,34 57,50 | 26,16 | 31,86
Quarter-Circle Face 23,17 20,75 15,27 37,71 | 16,94 | 30,14
All Points 30,16 20,89 15,08 37,11 | 17,92 | 26,45

Tab. 3: Averaged errors [%] in pressure values

4 Conclusions

Transient CFD analysis predicted quite similar flows as obtained from experiment.
Unfortunately due to high CPU requirements were simulations ran with small amount of
iterations, what had influence on transient results, [2]. It can be seen on curves of graphs
that the influence of turbulence was still present. Results from model M2 with dense
mesh were more accurate, for the cost of more time needed for analyse. Best performed
SST turbulence model with dense grid (M2), but SAS turbulence model with no
perturbations using grid M1 predicted pressures with less errors. Looks like, that the
spectral synthesiser, which is producing turbulent environment inside the whole domain
is the reason of higher errors compared to model without it.
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NONLINEAR ANALYSIS OF THE FAILURE TEMPERATURE
OF NPP HERMETIC STRUCTURES

NELINEARNA ANALYZA PORUCHOVEJ TEPLOTY
KONSTRUKCII HERMETICKEJ ZONY JE

Juraj Kralik', Juraj Kralik, jr.2 and Maro§ Klabnik?

Abstract

This paper describes the nonlinear analysis of the reinforced concrete hermetic
containment under a accidental temperature. The scenario of the hard accident in NPP
and the methodology of the calculation of the failure temperature using the safety
assessment is presented. The experimental and project material properties are taken into
account in the safety assessment.

Keywords
Nuclear Power Plant, Containment, Nonlinearity, Fragility curve, PSA, LHS, 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 Reactor Building ‘ Bubble
activities will be used to develop a Middle Condenser  3m
methodology in the frame of the  TobineHal i Building
project ALLEGRO, which is focused
to the experimental research reactor
of 4th generation with a fast neutron fa[lf7
core. The new IAEA safety docu- sl H—=ll
ments initiate the requirements to [ie”
verify the hermetic structures of NPP '
loaded by two combinations of the |H
extreme actions. First extreme loads
is considered for the probability of Fig.1 : Section plane of the NPP
exceedance 10 by year and second
for 10”2 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
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[3]. Three types of the scenarios were considered. One from the critical was the accident
during 1 year with the internal temperature 150°C and external temperature -30°C. The
aim of the probabilistic nonlinear analysis was to determine the failure temperature.

2 Non-linear model of reinforced concrete structure

The nonlinear analysis of the loss of the containment integrity was made for the
temperature from 100 to 300 °C using the nonlinear solution of the static equilibrium
considering the geometric and material nonlinearities of the reinforced concrete shell
layered elements. The nonlinear analysis based on Kupfer failure function and Kolmar
cracking model based on CEB FIP failure energy in program CRACK considering the
variable material properties. The smeared crack model, used in this work, results from
the assumption, that the field of more micro cracks (not one local failure) brought to the
concrete element will be created. The validity of this assumption is determined by the
size of the finite element, hence its characteristic dimension L, =4, where A4 is the

element area (versus integrated point area of the element).

3 Reinforced concrete under high temperature impact

On the base of the research results in domain of the concrete and steel behaviour of the
reinforced concrete structures under the temperature effect the US standards, ENV
standards and IAEA recommendations determine the basic material characteristics for
the numerical analysis and design of the RC structural element. The Eurocode EN1992-
1-2 define the stress-strain relationship for concrete and steel materials dependent on
temperature for heating rates between 2 and 50K/min.

4 Conclusions

The nonlinear analysis of the reinforced concrete containment was made in FEM model
with 20 681 layered shell elements SHELL181 in software ANSYS and CRACK
considering the temperature material properties of CEB FIP Model Code for each shell
layer. This analysis of reinforced concrete wall/plate structures showed that the hermetic
zone will be resistant and safe for long-term accident temperature indoor of containment.
The maximum intensity of strain in the middle plane is & =0.00148 of shell is and

nt.max
on the surface & =0.00364 .

nt.max
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UPDATING PARTIAL FACTORS FOR ASSESSMENT
OF HISTORIC REINFORCED CONCRETE BRIDGE

Jan Krejsa', Miroslav Sykora?

Abstract

This paper is aimed on the reliability analysis of an existing reinforced concrete girder
bridge from 1908. The load bearing capacity is assessed in accordance with valid
standards using updated partial factors and the partial factors for structural design.
Estimated load bearing capacities are critically compared. It appears that application of
the updated partial factors increases load bearing capacity by about 15 %.

Keywords

Concrete bridge, load bearing capacity, partial factors, target reliability.

1 Introduction

More than 50 % of investments in bridge engineering are related to existing bridges due
to continuous degradation, ever increasing traffic intensities and general lack of financial
resources for rehabilitations. That is why effective assessment of the load bearing
capacity of existing bridges is becoming a crucial issue. In regard to this the present
study is aimed at the updating of partial factors for the assessment of load bearing
capacity and at the comparison with results obtained by the partial factor method for
structural design.

2 Assessment of existing bridges

At present existing bridges are mostly assessed by the partial factor method for new

structures. It may lead to inadequate cost on maintenance, repairing or replacement of

the bridge. Partial factors can be updated in order to reflect bridge-specific conditions in
reliability analysis. Values of the target reliability index f recommended in CSN EN

1990:2010 and CSN ISO 13 822:2015 should be taken into account.

In the Czech Republic the assessment of an existing road bridge is commonly based
on determining load bearing capacity Vi in accordance with CSN 73 6222:2013. Three
different types of crossing conditions are assumed:

e J1 is determined for the crossing of a predefined two-axle vehicle with a uniform
loading representing normal traffic,

e )7 is determined for the crossing of single three-axle or, alternatively single six-axle
vehicle with restricted access of other vehicles (a more unfavourable vehicle is taken
into account) and

e J73is determined for the crossing of a nine-axle vehicle with controlled position on a
bridge and prescribed speed.

! Ing. Jan Krejsa, CTU in Prague, Klokner Institute, Department of Stuctural Reliability, Solinova 7,Prague 6, 166 08,
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The most unfavourable transversal position of the vehicles for V1 and 72 and of the
uniform load for V1 is considered.

3 Assessment of load bearing capacities

The case study is aimed on a single span girder bridge built in 1908. The partial factors
are updated considering actual bridge conditions and different values of f. Tab. 1
provides the load bearing capacities Vi for partial factors for bridge design and updated
partial factors depended on £. It appears that V; decreases with increasing f.

Load bearing capacity of the bridge [t]
Partial factors for Updated partial factors
bridge design L=23 p=3.1 p=3.8 p=43
|4 40 51 48 45 43
V2 56 72 68 64 61
V3 106 136 128 121 115

Tab. 1: Load bearing capacities V;

4 Comparison of results

Updated partial factors leads to 15 % higher values of the load bearing capacities Vi for a
commonly accepted f = 3.8 (middle failure consequences). However, this may be
different in case of severe conditions of a bridge. It is foreseen that the updated partial
factors provides more accurate estimates of load bearing capacities than the partial
factors for structural design. Comparison of load bearing capacities V> for the different

target reliabilities £ is shown in Fig. 1.
—&—partial factors for

75
70 \ structural design
65 i\;t—updated partial
60
55 ’u . ¢ T ? .‘
2,3 2,8 3.3 3,8 43 B[]
Fig. 1: Load bearing capacities V for different reliability indices 8

factors

5 Conclusions

The assessment of the load bearing capacities of the historic bridge indicates that:

e Analysis using partial factors for structural design requires lower computational
efforts, but it may be overly conservative,

e Updating partial factors facilitates straightforward consideration of the different target
reliability indices,

e [oad bearing capacities assessed by updated partial factors are about 15 % higher for
the most common target reliability index 3.8.
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ANALYZA VLIVU POSTUPNE VYSTAVBY MOSTU
NA STAV NAPJATOSTI V KONSTRUKCNICH DETAILECH

ANALYSIS OF INFLUENCE OF PROGRESSIVE BRIDGE ASSEMBLY
ON THE STRESS STATE IN STRUCTURAL DETAILS

Ondiej Kriiavek!, Filip Hokes?, Pavel Hruby?, Ale§ Nevaril!

Abstrakt

Predmétem piedkladaného Clanku je analyza vlivu postupné vystavby ocelobetonového
spfazeného mostu na stav napjatosti v montaznich svarech lamelovych pésnic. Text se
vénuje samotnému postupu vystavby, globalni analyze mostu s ohledem na vybrané faze
vystavby a vlivu signifikantnich fazi stavby mostu na napjatost ve svarech lamelovych
pasnic. Vypocty byly provedeny za pomoci vypocetniho systému ANSYS s vyuzitim
metody submodeld.

Klicova slova

Postupna vystavba, MKP, ANSYS, ocelobetonovy sptazeny most, lamelova pasnice,
svar, napjatost

Abstract

The subject of proposed article is to analyze the influence of steel-concrete coupled
bridge assembly to stress state in site weld of lamellar flanges. Text is devoted to
progressive assembly itself, global structural analysis of the bridge with respect to
selected phases and to influence of significant assembly phases on stress state in welds
of lamellar flanges. Analysis was performed with computational system ANSYS and
with utilization of submodelling technique.

Keywords

Progressive assembly, FEM, ANSYS, steel-concrete coupled bridge, lamellar flange,
weld, stress state.

1 Uvod

Vystavba velkych mostnich konstrukci byva ve vét§iné ptipadt roz¢lenéna do mnoha
ruznych fazi. V tomto duasledku je tfeba analyze téchto konstrukci vénovat zvlastni
pozornost, a dany postup vystavby v jejim ramci zohlednit. Zminény piistup pfitom
neplati pouze z pohledu globalni analyzy konstrukce, ale pfimo vaze rovnéz na navrh
konstruk¢nich detaila. V oblasti mostniho stavitelstvi jsou typickym ptikladem napiiklad
ocelobetonové sprazené mosty. Predkladany ¢lanek se vénuje analyze vlivu vystavby
mostu pres Lochkovské udoli na napjatost ve svarech lamelovych pésnic.
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Obr. 1: Schéma vystavby mostu pies Lochkovské tidoli [1]

2 Charakteristika tilohy a vypoc¢tové modely

Analyza postupné vystavby mostu byla provadéna v softwarovém prostiedi systému
ANSYS jako staticka geometricky a materidlové linearni uloha. Z dlivodu sniZeni ¢asové
a technické naro¢nosti vypoctu byla pfitom vyuzita metoda submodelti. Na misté
globalniho modelu byl pouzivan detailni konecné-prvkovy vypocetni model mostu,
puvodné sestaveny v ramci projektové piipravy stavby, upraveny pro feseni dané ulohy
[2]. Pro detailni analyzu napjatosti v montaZznich svarech lamelovych pésnic pak byly
vytvofeny velmi podrobné submodely postihujici zajmovou oblast a jeji bezprostredni
okoli. Pro verifikaci ziskanych vysledkd byly vypoctené hodnoty napécti porovnany
s vysledky méfeni provadénych na mosté v dobé¢ jeho vystavby [3].

3 Zavér

V pribéhu numerickych simulaci chovdni mostu pies Lochkovské tdoli byl zjistén
vyrazny vliv vystavby na vznikajici napjatost. Na zakladé téchto zjisténi byla podrobné
simulovana vyznamna ¢ast vystavby mostu, pficemz nejvétsi dliraz byl kladen na
postupnou betonaz mostovky a zmény v podepteni mostu v prubéhu jeho montaze. Za
pouziti metody submodeli byl nasledné¢ zkouman vliv signifikantnich fazi vystavby
mostu na napjatost v montaznich svarovych spojich lamelovych pasnic. V ramci analyzy
ziskanych vysledkii byla potvrzena vhodnost pouzité metodiky. Dale byla téz zjiSténa
nutnost dal$iho zptfesiiovani provadénych vypoctd, a to predev§im zahrnutim dalSich
vlivil montaze na strané analyzy globalniho chovani mostni konstrukce.
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EXPERIMENTALNI ATMOSFERICKE KOROZNI ZKOUSKY
NA KONSTRUKCICH Z PATINUJICICH OCELI

EXPERIMENTAL ATMOSPHERIC CORROSION TESTS
ON WEATHERING STEEL STRUCTURES

Vit K¥ivy!, Viktor Urban?, KateFina Kreislova®, Kristyna Vavrusova®

Abstrakt

Clanek se zabyva problematikou atmosférickych koroznich zkousek na vybranych
konstrukcich vyrobenych z patinujicich oceli. Tento vyzkumny program byl navrzen
jako dlouhodoby projekt zaméfujici se na vyvoj koroznich procesii na rdznych
konstrukénich prveich nosnych konstrukei. V rdmei experimentalniho projektu jsou
sledovany a meéfeny korozni ubytky a primérné tloustky koroznich produktd
na vybranych ¢astech konstrukei z patinujicich oceli. V ¢lanku jsou rovnéz uvedeny
vysledky méfeni po prvnim roce expozice. Z dosazenych vysledkl vyplyva vyznamna
korelaéni zavislost mezi primérnou hodnotou tloustky koroznich produktii a koroznimi
ubytky a zaroven korozni ubytky patinujicich oceli jsou vyznamné podminény
umisténim exponované plochy v ramci konstrukce.

Klicova slova

patinujici ocel, koroze, patina, mostni konstrukce, predik¢ni model

Abstract

This article presents the program of experimental atmospheric corrosion test
of weathering steels. This program is designed as a long-term project. Attention is paid
to study of corrosion processes at different structural elements of supporting structures.
Measurements of corrosion losses and average thicknesses of corrosion products are
carried out within this experimental program. The article presents results of corrosion
tests after one year of exposure of corrosion specimens. It results from the tests
that corrosion losses of weathering steels are significantly conditioned by position
and location of exposed surface within the structure.

Keywords

weathering steel, corrosion, patina, bridge, prediction model
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1 Uvod

Patinujici oceli jsou specidlnim druhem oceli se zvySenou odolnosti proti atmosférické
korozi. Jedna se o nizkolegované oceli, které obsahuji malé mnozstvi chromu, médi,
niklu, fosforu a dalSich legujicich prvki. Za vhodnych atmosférickych podminek se na
povrchu prvku navrzeného z patinujici oceli vytvaii ochranna vrstva koroznich
produktt, tzv. patina, kterd vyznamné zpomaluje rychlost koroze. Hlavni ekonomickou
vyhodou pouziti patinujicich oceli je eliminace nakladd spojenych s opravami ¢i
obnovou systému protikorozni ochrany. V ramci experimentalniho programu se testuji
vlivy riznych konstrukénich parametri na korozni rychlosti patinujicich oceli.

2 Experimentalni ¢ast

Program experimentalnich atmosférickych koroznich zkousek byl pfipraven predevsim
za ucelem zptesnéni predikéniho modelu. Ke konci roku 2014 byly korozni vzorky
instalovany na 10 konstrukcich, na kterych je testovdno celkem 97 specifickych
povrchli. Vzorky byly umistény na konstrukci tak, aby co nejvérohodnéji simulovaly
skute¢né podminky konkrétniho povrchu mostni konstrukce. V pfedem definovanych
casovych intervalech jsou monitorovany tloustky koroznich produkti zkoumaného
povrchu magneticko-indukéni metodou. Odbér koroznich vzork(i pro stanoveni
koroznich ubytk je planovan po 1, 3 a 10 letech expozice. Z experimentalné zjisténych
vysledkl vyplyva vyznamnd korela¢ni zavislost mezi primérnou hodnotou tloustky
koroznich produktt a koroznimi ubytky po jednom roce expozice vzorkd.

Correlation of corrosion loss and corrosion
products thickness after 1 year exposure

30
25
20
15
10

Corrosion loss [um]

y=0,19x + 0,665

0 20 40 60 80 100

Corrosion products thickness [pm]
Obr. 1: Zavislost mezi tloustkou koroznich produkti a koroznimi ubytky po 1 roce expozice

3 Zavér

Hlavnim cilem programu je upiesnéni analytického predikéniho modelu pro vypocet
navrhové hodnoty koroznich ubytkti. Komplexni vysledky programu budou k dispozici
az po 10 letech. Z vysledki experimentéalnich koroznich zkousek vyplyva, ze korozni
ubytky patinujicich oceli jsou vyznamné podminény umisténim exponované plochy,
a dale Ze mezi primérnou hodnotou tloustky koroznich produktii a koroznimi ubytky
existuje vyznamna korelacni zavislost.

Podékovani

Projekt byl realizovin za financni podpory Grantové agentury Ceské republiky
(registracni cislo projektu 13-16124P) a programu Studentské grantové soutéze
(registracni cislo projektu SP2015/191).

68



MODELOVANI V MECHANICE OSTRAVA, KVETEN 2015

SIMULATION OF FRACTURE EXPERIMENTS ON CONCRETE
USING NONLOCAL DAMAGE MODEL

Josef Kvéton!, Jan Elias?

Abstract

This contribution presents numerical simulations of experimental series tested at
Northwestern University. Material parameters of the nonlocal model are identified on
the part of the experimental data and the rest is left for comparison with model
predictions. Radius of the nonlocal weight function is estimated according to discrete
meso-level simulations of the same experimental series.

Keywords

Nonlocal model, concrete fracture, three-point bending, experimental data, identification

1 Model description

In this contribution, isotropic damage model [1] (plane stress simplification) with
nonlocal averaging is used to avoid the spurious mesh sensitivity. Nonlocal strain in
considered integrating point x is calculated as a weighted average of the local strains in
surrounding points & according to the normalized weight function a.

E(x)=] , a(x.§)E(E) (1)

Geometry of the modeled three-point-bent beams corresponds to the experimental
series from [2], details are listed in Tab. 1. In agreement with the experiments, the load-
crack opening response is calculated. All simulations presented in this paper are
calculated with the Oofem solver [3].

Dimensions relative notch depth
length x depth (span) | 0.3 | 0.15 | 0.075 |0.025| 0
1200 x 500 (1088) [6,Aa| 6,Ab | 6, Ac |6, Ad |6, Ae
516 x 215 (467.84) |6,Ba| 6,Bb | 6,Bc |6,Bd | 6, Be
223.2 x93 (202.368) |8,Ca| 8,Cb | 8,Cc |0,Cd |8, Ce
96 x 40 (87.04) 8,Da|10,Db|11,Dc|0,Dd |7, De

Tab. 1 Code-names of tested beams with their dimensions and number of experiments [2].

2 Model parameters identification

The material parameters responsible for the damage model behavior are tensile strength
f, value of equivalent strain ¢ defining the initial slope of the softening curve and the
radius R of the weight function.

Five characteristic values of the nonlocal model response were chosen for comparison
with both the experimental data [2] and energy profiles obtained from the discere model
simulations of the same experimental series [4]: maximum load Pmax, area under the
load-crack opening curve A4o.15 and three values defining the shape of the energy profile
eo-2. Relative error ¢; is calculated for each one and global error is given by

!'Ing. Josef Kvéton, VUT v Brné&, Fakulta stavebni, Ustgv stavebni mechaniky, Veveti 331/95, 602 00 Brno, kveton.j@fce.vutbr.cz
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Since the information about energy dissipation is obtained by the model only, the
difference in energy profiles contributes to the global error only partially, defined by the
weight parameter A. Furthermore it appeared that the profiles obtained from the discrete
simulation exhibit size dependent behavior but those calculated by the nonlocal model
does not exhibit such dependency.

The identification is performed automatically using simple python script. After every
trial calculation, new set of parameters is generated according to Nelder-Mead algorithm
until the error minimization. The identification process was performed multiple times,
each time with different consideration of the energy contribution to the global error.

At first, we considered the contribution of difference in the energy profiles by 25%,
in the second identification process we did not consider the energy profiles at all (1=0).
In this case, the identification lacks any information about the material internal length on
input, so the weight function radius is chosen almost randomly by the identification
algorithm. Therefore one more identification was performed, this time the energy
profiles also had no influence (4=0), but the radius R of the weight function was
constant, R=8 mm, and only two remaining parameters were identified.

3 Comparison with experimental data

The response of the nonlocal model with identified parameters is in a good agreement
with the experimental response on the beams with relatively deep notch. With
decreasing notch depth, the numerical model provides lower peak force than the
experiment. In the case of unnotched beams, the peak load from experiments is much
higher than what the model predicts. It is most probably caused by the behavior of the
nonlocal continuum close to the boundaries. Responses obtained with three different sets
of identified parameters are very close and none of them seems to provide better results
than the other.
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INTERAKCE ZAKLAD-PODLOZi RESENA APLIKACI
NEHOMOGENNIHO POLOPROSTORU

SUBSOIL-STRUCTURE INTERACTION DEALT WITH APPLICATION
OF INHOMOGENEOUS HALF-SPACE

Jana Labudkovi', Radim Cajka?

Abstract

Inhomogeneous half-space was used for the solution of interaction of steel-fibre
reinforced concrete foundation slab and subsoil in the analysis based on the finite
element method. Inhomogeneous half-space aptly describes stress-strain relationship in
the subsoil. It is heterogeneous substance. The parametric study shows comparison of
resulting deformations obtained by analysis of homogeneous and inhomogeneous half-
space.

1 Uvod

Vystiznost feSeni interakce zékladovych konstrukci s podlozim je znacné ovlivnéna
fyzikalné-nelinedrnim chovanim konstrukce, spoluplisobenim horni stavby se
zékladovou konstrukei 1 volbou interakéniho modelu. Pro ziskani spolehlivych vysledki
je optimdlni vyuziti kombinace experimentdlniho méteni, laboratornich zkousek i
zkousek in-situ a modelovani numerickymi metodami. Takova experimentalni méteni se
provadi v Ceské republice i v zahraniéi, v minulosti i v sou¢asnosti.

2 Prostorovy numericky model

Interakce zakladové desky s podlozim byla feSena s vyuzitim numerického modelovani
v programovém systému ANSYS 15.0. Hodnoty feSené¢ho piikladu byly pievzaty
z experimentalniho méfeni probihajiciho béhem zatézovaci zkousky. ZkuSebnim
vzorkem feSen¢ho piikladu, u kterého byla sledovana vzdjemna interakce zdkladu
s podlozim, byla dratkobetonova deska zatizena uprostied. Deska se porusila pti zatizeni
250kN.

2.1 Prostorovy numericky model nehomogenniho poloprostoru

Nejjednodussi idealizaci poloprostoru je pruzné, homogenni a izotropni téleso.
Vzhledem k tomu, zZe zemina je latka nestejnoroda a jeji vlastnosti se 1isi od idealizace
linearné pruzné, izotropni a homogenni latky, vypoctené hodnoty sedani nekoresponduji
s hodnotami skute¢nymi, naméienymi u konkrétnich staveb, nebo béhem experiment
[1]. Pro analyzu interakce zatézované dratkobetonové desky s podlozim byl vyuzit
nehomogenni poloprostor. V nehomogennim poloprostoru je jind koncentrace svislého
napéti v ose zdkladu nez v poloprostoru homogennim. Modul pietvarnosti se méni
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plynule s hloubkou. V podlozi rozdéleném na 30 vrstev (Obr. 1) byla pomoci
naristajiciho Edef2 zohlednéna nehomogenita prostiedi.

z | Eou | z E ger
m] | (MPa] | [m] | [MPa]
0.0 | 2370 3.0 7777

02 | 2771 | 32 | 81.09
04 | 3162 | 34 | 8439
0.6 | 35.46 3.6 87.67
08 | 3922 | 38 | 9092

10 | 4293 | 40 | %416
12 | 4669 | 42 | 97.38
14 | 5019 | 44 | 100.58
16 | 63.76 | 46 | 10377

18 | 67.28 | 48 | 106.93

20 | 60.77 | 50 | 110.09
22 64.23 5.2 113.22
24 67.66 54 116.35

26 714)5 5.6 119.46
28 | 74.42 58 | 122.55
30 | 77.77 | 60 | 12564

Obr. 1: Vrstvy numerického modelu nehomogenniho poloprostoru

2.2 Srovnani deformaci homogenniho a nehomogenniho poloprostoru

Byla vytvofena parametricka studie (Cast zobrazena v Tab. 1), ve které byl sledovan vliv
svislych deformaci na rizné ménicich se hloubkach modelu podlozi a riiznych typech
okrajovych podminek. Zavislost deformaci byla sledovana na homogennich
1 nehomogennich modelech podlozi pti zachovani stejné ptidorysné plochy modelu.

Wmax=4,016mm . Wmax=2,540mm 5
.446E-03 .282E-03
.892E-03 .564E-03

.001339 .847E-03
.001785 .001129
.002231 001411
Wmax 0
.002677 .001693
36,8%
.003123 mensi 001976
.003569 .002258
.004016
.00254

HOMOGENNI POLOPROSTOR NEHOMOGENNI POLOPROSTOR
Model 6,0 x 6,0 x 6,0 m, Okrajové podminky: pro obvodové stény modelu u = v = 0, pro dolni postavu modelu w = ()

Tab. 1: Srovnani svislych deformaci homogenniho a nehomogenniho poloprostoru

3 Zavér

Parametrickou studii bylo dokdzano, ze model nehomogenniho kontinua poskytuje
mensi svislé deformace nezZ model homogenniho kontinua. To je disledkem rostouciho
modulu pretvarnosti s hloubkou. Bylo také dokazano, Ze ve srovnani s modelem
homogenniho kontinua neni model nehomogenniho kontinua tak siln¢ zavisly na

nahodné volenych geometrickych parametrech modelu podlozi, kterym byla pro tento
ptipad rostouci hloubka.
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OPTIMALIZACE CASOVEHO KROKU A KONECNYCH PRVKU
U MODELU POPISUJICIHO DIFUZI CHLORIDU

OPTIMIZATION OF TIME STEP AND FINITE ELEMENT
ON THE MODEL DESCRIBING DIFFUSION OF CHLORIDES

Petr Lehner! Jifi BroZovsky?

Abstrakt

Prace se zamétuje na konkrétni ptiklad 2D vyfezu Zelezobetonové mostovky zatizené
pusobenim posypovych soli z hlediska optimalizace sité¢ kone¢nych prvka a ¢asového
kroku. Model vyuzivad metodu kone¢nych prvkil s izoparametrickymi prvky a teplotné-
difuzni analogii. Algoritmus je implementovan do programovaciho prostfedi MatLab.
Pivodni algoritmus je rozSifen o optimalizacni kritéria, ktera jsou vyuzita
pro zhodnoceni vystupi.

Klicova slova

Beton, posouzeni trvanlivosti, koroze, vyztuz, iniciace, propagace, chloridy,
pravdépodobnost, Monte, Carlo

Abstract

The paper is focused on specific example of the 2D model of reinforced concrete bridge
deck exposed to chlorides with respect the optimization of finite element mesh
and a time step. The model is based on finite element method with isoparametric finite
elements and thermal-diffusion analogy. The algorithm is implemented in Matlab
software. To the original version is added optimization criteria that are used
to evaluation outputs.

Keywords

Concrete, durability assessment, corrosion, reinforcement, initiation, propagation,
chlorides, probability, Monte Carlo.

1 Uvod

Vyhodnost vyuziti metody konec¢nych prvkl v ptipadé modelovani difuze chloridovych
iontll byla jiz rozebrana v mnoha pracich [1, 2]. Prezentovany vyzkum se zabyva
optimalizaci dfive predstavené¢ho funk¢niho modelu pro vypocet prostupu chloridovych
iontll na Zelezobetonové mostovce [2, 3]. Model vyuziva casovou diskretizaci a popisuje
nestaciondrni difuzi. Jeho algoritmus je implementovan v prostiedi MatLab, kde je
na optimalizaci nahlizeno z pohledu ¢asovych kroku a velikosti kone¢nych prvkl. Prace
obsahuje nékolik ptikladi s riiznymi parametry a pohledy na optimalizaci. Soucasti
je popis vyuzité metodiky a algoritmu, diky kterému lIze urcit koncentraci chlorida
v konkrétnim ¢ase a misté na konstrukei.
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2 Vyuzita metodika

V ramci ptedstavovanych ptikladi jsou vyuzity jiz diive publikované vypocetni modely.
Zakladem je vypocet prostupu chloridovych iontd. Jednd se o nestacionarni transportni
proces, pii kterém se chloridy snazi dosdhnout rovnovazného stavu. Pouzité postupy
jsou stru¢né popsany.

3 Pocate¢ni zhodnoceni velikosti prvku a ¢asového kroku

Prvni vystupy piestavuji vysledky z modelu vyfezu ZB mostovky se stejnou §itkou
1 vySkou. Tento model byl rozdélen pravidelnou siti konecnych prvki v nékolika
rozmérech a v nékolika alternativnich velikostech casového kroku. Bylo porovndvano
15 variant s ohledem na vyslednou pfesnost v poméru k referencni varianté, a také
s ohledem na ¢asovou naro¢nost vypoctu.

4 Interpolace velikosti prvku

Pro druhou sadu vypocti byl zvolen po zhodnoceni prvni sady ponékud jiny postup.
Velikost sit¢ vychazela z mensiho poctu prvkti a hodnoticim kritériem byl rozdil
vysledki dané a nasledujici sité. Tento fakt vychazel z jakéhosi hledani konvergencniho
kritéria pro velikost prvki, kdy se jiz rozdily vysledka blizi k minimu. I zde byla pouzita
pravidelnd sit. Sada v kone¢ném hodnoceni obsahuje 7 variant od poctu 5 prvka
v jednom rozméru az po hodnotu 35 prvkl v jednom rozméru.

5 Asymetricky zatiZeny vyrez

Prvni dvé sady byly zatézovany po celé Sifce horniho okraje vyfezu, coz simulovalo
1D difuzni proces. Vzhledem k tomu, Ze se vSak jednd o 2D model, bylo vhodné
zhodnotit 1 optimalizaci riznych pomeéra stran konecnych prvki u asymetricky zatizené
konstrukce. Zhodnoceni vysledkil ze vSech sad nésleduje v zavéru ¢lanku.
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VIiCEUROVNOVA ANALYZA ZELEZOBETONOVE
MOSTOVKY ZATIiZENE CHLORIDY

MULTILEVEL ANALYSIS OF REINFORCED CONCRETE
BRIDGE DECKS EXPOSED TO CHLORIDES

Petr Lehner!, Petr Koneény?, Martin Krejsa®, Jifi Brozovsky*

Abstrakt

Clanek piedstavuje analyzu Zelezobetonové mostovky vystavené pasobenim chloridt
tazi, pii které prochazeji chloridy krytim vyztuze. Druhd Groven posudku hodnoti obdobi
propagace koroze a vznik nepfimétené velkych trhlin v kryti z diivodu nariistajiciho
objemu korozniho materialu. S pokracujici propagacéni fazi koroze vyztuze je sledovan
mezni stav tnosnosti. Odolnost mostovky je kombinovana s vypoctem vnitinich sil
pomoci Ritzovy metody.

Klicova slova

Beton, posouzeni trvanlivosti, koroze, vyztuz, iniciace, propagace, chloridy,
pravdépodobnost, Monte, Carlo

Abstract

The paper introduces analysis of reinforced concrete bridge deck exposed to chlorides
with respect to several levels of reliability assessment. The first level is focused on the
initiation phase. The second level of assessment focuses on the development
of a disproportionately large cracks in the concrete cover due to corrosive products
growth. Third stage of reliability assessment adresses ultimate limit state. The bending
carrying capacity is combined with Ritz method, which is used for calculation of internal
force.

Keywords

Concrete, durability assessment, corrosion, reinforcement, initiation, propagation,
chlorides, probability, Monte Carlo.

1 Uvod

Optimalizace strategie oprav u zelezobetonovych konstrukci muze vychazet
ze zhodnoceni jejich trvanlivosti. Do popfedi zajmu vetejného i soukromého sektoru
se dostavaji nové postupy pii navrhovani konstrukci, mezi které je mozno zaradit
Performence-based design, tedy zhodnoceni vlivu funkéné orientovanych parametrt
navrhu [1]. Stale sili poptavka po nastrojich vyuzivajicich trvanlivost a spolehlivost
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pti optimalizaci celkovych ndkladi. I kdyz je trvanlivost a spolehlivost Zelezobetonové
mostovky ovlivnéna mnoha faktory, prace se soustiedi na korozi vyztuze v disledku
pusobeni soli. Ty pronikaji do konstrukce a nasledné ovlivituji zapoceti i pritbéh koroze.

2 Iniciaéni faze Koroze

.....

vrstvu. Ve chvili, kdy koncentrace chloridi ptfesdhne ur€itou hranici, zapocne
propagacni faze koroze. Difuzni proces je mozno popisovat modely zalozenymi
na 2. Fickové zdkonu pfi vyuziti metody kone¢nych prvki [1].

3 Vyuziti Ritzovy metody

Pro vypocet vnitinich sil na zelezobetonové desce je vyuzita Riztova metoda. Jedna se
o pfimou metodu, kterd je zalozena na zvoleni aproximacni funkce a nasledném vypoctu
jejiho pribéhu pomoci okrajovych podminek. Pro desku podepienou prosté na vsech
okrajich byly odvozeny rovnice prihybu a vnitinich sil. Ty byly pomoci principu mezni
rovnovahy mezi oceli a betonem vyuzity pro vypocet minimalni plochy vyztuze.

4 Propagacni faze koroze

Plocha vyztuze je spoleéné s dal§Simi parametry vychozim kritériem pro urceni
propagacniho Casu koroze. Pii jeho piekroceni je konstrukce uvazovéna jako neunosna.
Dalsi uroven hodnoceni spolehlivosti se zabyva vlivem narlstajiciho objemu korozniho
materidlu na velikost trhliny v betonovém kryti. Je vyuzit vztah, ktery urcuje Cas, kdy je
dosazeno mezni §itky trhliny [1, 2, 3].

5 Deterministicky a pravdépodobnostni posudek

V praci je predstavena deterministickd varianta, kterd slouzi k bliz§imu pochopeni
vypoctu. Je ptedlozen i1 pravdépodobnostni posudek umoziujici vycisleni hodnoty
spolehlivosti na vSech uvazovanych trovnich.
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SIMPLIFY MODELS OF THE KEY ELEMENTS
IN THE FRAME FURTHER TO AN IMPACT
LEADING TO THE LOSS OF A COLUMN

Do. H. T.', Luu. H. N. N. 2

Abstract

The present document is dedicated to global behavior of a frame further to the loss of a
column, taking account of the redistribution of the internal forces. In particular, the
loading sequence, applied on the specific point, is divided in order to highlight the major
response of the building‘s frame along the exceptional event. Structural elements,
transfer the load to the foundation, are isolated as key elements. These elements reform
the alternative load paths, which keep the important role on the building robustness. Two
possible load paths in the investigated event are described. The proposal on the
assessment on the sub structure instead of global frame in order to easily receive the
internal forces distribution along the alternative load path is demonstrated. The full
details substructure extraction is provided associate to the frame configuration.

Keywords

Progressive collapse, multi-storey building, loading sequence, alternative load path, key
elements, catenary action.

1 Column loss simulation and assumptions

Accordingly, the column is assumed to be progressively removed from the frame and the
normal load within this column varies progressively from the one appearing under the
“normal” design loads to 0 (when the column is completely removed from the frame).
This simulation, trying to repeat the true action of real frame, translates the physical
manner to the progressively exceptional removal of column.
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Fig. 1: Column axial force Nap and Y displacement of the top of a collapsed column
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2 Development of the substructure model - Adjacent column’s key
element and resistance

F
N
v +N I\lli KSE
Ksf M Key 2: Bottom equivalent beam
in (M, +N)
F

\
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—>
Key 3: Bottom adjacent column

in (M, -N) Key 1: Top equivalent beam
in (M, -N)

Ks

Fig. 2. Models to simulate the key elements

3 Validations

The frame has 7 spans and 6 floors, where the span length and the floor height are
uniform. The column sections are HE360A and the beam sections are IPE400v. For this
building, twelve positions of the lost column were investigated. The other types of
frames were modeled like the previous frames: 11 spans x 4 floors, 11 spans x 15 floors
and 4 spans x 20 floors, respectively.

Tst hinge

Frame: 4 storey x 11 spans Position: 0-4 IPE400Y
Section  [Top beam Battorn beam
0S5AD  |Model Fixed mod{% model | % fixed QO55AD  |Model Fixed mod) % model |% fixed

HE 1004, 22280 -25950) -23570 -16.52 513 10.540 12.780 11.560 -17.590 564
HE 1604 797200 -94770] -87 430 -18.88 567 37.300 44.230 40960 -18.74 5.1
HE 2004 | -133.430| -157.250] -145.230 -17.85 -11.09 55.040 55.830 55250 -16.55 -10.59
HE 2404 | -193.740| -223.590] -215.410 -15.41 -11.19 758.300 85.500 85950 -13.03 582
HE 3004 | -2651.450| -251.540| -286.380 -11.51 -5.54 90.570 97 600 95 580 -7.7B 564
HE 3404 | -282.120| -316.660] -313.040 -9.53 -8.27 a1.410 95.830 95280 -4.84 423
HE 3604 | -299.430| -325.400] -32%.360 -8.67 -7 .66 90.730 93.960 93550 -3.50 -3.05
HE 4004 | -314.900| -337.490] -335.330 -FA7 £.43 85.450 85.350 82.120 -1.02 076
HE 4504 | -328.410| -316.190] -344.790 3.72 -4.99 §4.200 §2.540 §2.430 187 210
HES00A | -337.060| -349.510| -345.600 -3.65 -3.42 75.200 75.420 75370 4.77 484

4 Main achievements related to the global behavior of the frame
following the loss of a column

Prediction of the two alternative load paths activated within the frame: When a column
is damaged within the frame, the frame goes from its initial state to a residual state. Due
to the change in the frame’s physical character, the forces flowing within the frame must
change their path to reach the foundation. Thus, these paths appear in the frame because
of the additional load. Each alternative load path has been defined herein in order to
identify the chain of structural members which must support the additional load.

Investigation on the redistribution of the internal forces within the frame after the
accidental event through the simplified analytical model. In the process of
investigating the alternative load path, the distribution of internal forces was obtained.
Through the simulation of the directly affected part in the real frame by the simplified
analytical model, the fundamental behavior of the part was portrayed. The results
obtained were then compared to the FEM analysis. In the end, the validation proved the
substructure’s ability to accurately represent the real frame’s behavior at the specific
point selected at the top of the damaged column.
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COMPARATIVE NUMERICAL ANALYSIS OF
ADVERTISING BOARD TOWER USING ADINA AND
AUTODESK ROBOT STRUCTURAL ANALYSIS

Maciej Major !, Krzysztof Kulinski ?

Abstract

In this paper the subject of comparative stress and displacement analysis for different
computer aided design program environments is discussed. For the purposes of analysis
ADINA and Autodesk ROBOT program were used. In both programs an advertising
steel board was modeled. Static analysis was adopted for the computations. Obtained
results showed small differences and limitations between those two environments.

Keywords
Finite element method, static analysis, ADINA, Autodesk Robot Structural Analysis.

1 Introduction

In this paper the comparative analysis of obtained displacement and stress results
between two different finite element method based programs — ADINA and Autodesk
ROBOT Structural Analysis is discussed (see also [1]). Model adotped to the
comparative analysis has the following dimensions: column made of steel pipe 813x12,
6.00m height, board supporting beams made of steel pipes 219.1x6, board 6.00m x
3.00m. Board bottom line is elevated 3.00m above the ground. There are two loads
acting in model - dead load covering the whole construction and pressure of wind load
acting on the board.
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Fig. 1: Effective stress (Huber and Mises) band plot with deformation
for the whole three-dimensional model in ADINA. XZ plane view
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In ROBOT only the advertising board was meshed with finite elements, whereas the
other part of construction was created with ROBOT fundamental rod elements. In
ADINA the whole model was meshed with volumetric finite elements [2].

Those two different ways of building model result in certain differences in obtained
stress and displacement values. Autodesk ROBOT is an engineering program, which
allow besides obtained forces in form of stresses also calculating structure connections,
rod strength, wall, slabs reinforcement etc. all in accordance with national standards. It
should be noted that ADINA program gives definitely wider spectrum of numerical
analysis. There are possibilities of making thermal radiation analysis, gas and liquid
flowing etc. There is also possibility to connect two analyzes into one, for example
effect of liquid flow in pipe on its stress.

2 Numerical analysis results

Comparing results of displacements perpendicular to board plane in ROBOT to ADINA
the difference was ~0.96%, whereas comparing Huber and Mises effective stress in the
clamped end of column had 7.07% difference.

Other results have higher values of differences what is connected with mentioned
adopted method of modelling structure in programs - finite element method in ADINA,
rod elements in ROBOT. Example of effective stress band plot in ADINA numerical
model was shown in Fig. 1. Obtained results for the column both in ADINA and
ROBOT were shown in Tab. 1.

Unit ADINA ROBOT | fercentage
difference
X - 3.738 2814 32.83%
0 0 0.00%
Displacement| ¥ - 20.022 20.010 120.00%
0.019 0.010 90.00%
Z - 0331 0.261 26.81%
0.788 0.497 58.55%
0
Stress Effective MPa 31 g 00 292 40 (7)83(2

Tab. 1: Stress and displacement results for the main column pipe

To sum up both programs are good assistance for engineers, reducing required time
of calculations and allowing solve complex problems without excessive amount of
simplifications. It should also be noted that ROBOT is primarily designed for civil
engineering to solve mechanical problems, while ADINA covers almost all research
areas.
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COMPARATIVE ANALYSIS OF STRESS
IN HYPERELASTIC MOONEY-RIVLIN AND
ZAHORSKI MATERIALS USING ADINA SOFTWARE

Maciej Major !, Izabela Major 2

Abstract

The paper presents a comparative analysis of stress in hyperelastic Mooney-Rivlin and
Zahorski materials. The comparison was performed in ADINA software with the
example of a cube loaded with linear displacement of side walls in y and z directions
with coefficient of strain 1 =2.

Keywords

Mooney-Rivlin, Zahorski, FEM, Adina, nonlinear hyperelastic material.

1 Introduction

Analysis of behaviour of non-linear hyperelastic materials can be supported with the use
of numerical software which utilizes finite elements method (FEM). The most of
numerical programs that are based on the FEM methodology feature libraries of selected
models of materials, including hyperelastic material models. Choosing one of them
allows for a detailed numerical analysis of non-linear behaviour of the components
designed. This study compares this incompressible hyperelastic material, using the
author's solution for the ADINA software [1], with the commonly used Mooney-Rivlin
material in the range of stress distribution.

The constitutive relationship for hyperelastic Zahorski material (see [2]) is desribed
by the following formula

W(l,1,)=C/(I-3)+C,(I, —=3)+C5(I} -9) (1)
where C,,C,,C, are material constants while /,,/, denote deformation tensor invariants.

The non-linear term in the equation C,(7} -9) allows for a more precise analysis and

obtaining individual qualitative components useful in the description of wave processes.
If C;=0, Mooney-Rivlin material is obtained, commonly used for modelling rubber and

rubber-like materials [3].

A cube with side length equal 10 cm was adopted in the study, with load represented
by linear forced displacement of side walls along the directions of y and z (Fig. 1).
Coefficients of strain were adopted as A =2. This strain is obtained for the model
analysed in the study during static analysis in time equal 10 using the automated time
step (ATS). The constraints were added to the model adopted at the directions of x, y.
Discretization of the object analysed was obtained using 8-node components (cubes),
adopting 20 linear components on each consecutive direction.

! Maciej Major, Ph.D. Eng., Czestochowa University of Technology, Faculty of Civil Engineering, Poland, e-mail:
mmajor@bud.pcz.czest.pl
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Fig. 1: Discrete model of the layer and comparison of the effective stress distribution [Pa]

Comparison of the results obtained is presented in Fig. 1. These comparisons offer
opportunities for demonstrating the differences in the distribution of stress generated in
Mooney-Rivlin and Zahorski materials. Fig. 1 shows that maximum effective stress for
Zahorski material was 5.764338 MPa, whereas for Mooney-Rivlin material, maximum
effective stress is 2.528638 MPa.

2 Conclusion

Detailed knowledge about behaviour of the rubber modelled as a hyperelastic
incompressible Zahorski material i.e. material continuum described with hyperelastic
Zahorski potential, is conducive to the development of technology and design of rubber
products in the contemporary industry, where such products are a precondition for
development of modern technical and technological solutions. With the example
presented in this study, one can notice that adoption of Zahorski material for numerical
modelling of rubber and rubber products allows for identification of detailed
relationships between laboratory examinations and the process of extrusion, calandering
and preparation of the mixtures.

This might substantially contribute to supplementation of the methods of evaluation
of technological processes and determination of the parameters for development of new
technologies. Rubber and rubber-like materials have been commonly used for reduction
of the dynamic load that act on building structures.
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PROBABILISTIC MODELS OF THERMAL ACTIONS

Jana Markova!

Abstract

Analyses of temperatures based on the monitoring of selected bridges in the recent years
in the Czech Republic confirm that the Weibull distribution or lognormal distribution
may be used for the probabilistic modelling of thermal actions. The skewness of the
temperature components determined from measurements is considerably less than the
skewness of the Gumbel distribution which is recommended in EN 1991-1-5.

Keywords

Monitoring, temperature components, probabilistic models, partial factors.

1 Introduction

The bridge temperature components are specified on the basis of shade air temperature
and solar radiation. For modelling of the uniform and temperature difference
components, the extreme value probabilistic distribution may be applied.

The background document [1] to EN 1991-1-5 [2] introduces an estimated upper
bound of extreme temperatures on the basis of bridge measurements in UK and
Germany. However, the upper bound of temperatures depends on the national climatic
conditions of each country. It is influenced by the number of days per year in which the
extreme temperature may occur. In some European countries less or more days per year
should be considered. The upper bound of values of temperatures in the document [1]
may be not suitable for some countries and should be based on statistically evaluated
national conditions. That is why selected bridges were instrumented and monitored in
the last two decades in the Czech Republic.

2 Monitoring of temperatures

The results of experimental measurements in Koberovice bridge (prestressed concrete
box girder, period of monitoring from 1999 to 2002 year), in the Doksany bridge
(prestressed concrete two beam bridge, monitored from 2011 to 2013 year) and in
Slavici bridge (three span composite steel concrete, monitored from 2011 to 2013 year)
and the document [1] were applied for the verification of national conditions of the
Czech Republic and preparation of the National Annex to EN 1991-1-5 [2].

The characteristic values of temperature components based on measurements in
Koberovice bridge are in a good agreement with the characteristic values of temperature
components based on EN 1991-1-5 [2] and Czech national map of isotherms.

Statistical parameters of one-year maxima for uniform bridge temperature based on
bridge monitoring in the Czech Republic are given in Tab. 1.

! Doc. Ing. Jana Markové, Ph.D., Czech Technical University in Prague, Klokner Institute, Department of Structural Reliability,
jana.markova@klok.cvut.cz
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Bridge Mean Standard deviation Skewness
Koberovice 25,3 1,1 -0,04
Doksany 22,3 2,5 0,60
Slavici 26,8 3,3 0,55

Tab. 1: Statistical parameters of one-year maxima for uniform bridge temperature 7ym, in °C

The value of y factor significantly depends on the applied probabilistic distribution,
coefficient of variation and the reliability class of a structure. In case when the relevant
probabilistic distribution and statistical parameters of climatic data may be assessed
known then the partial factors might be specified.

3 Concluding remarks

It appears that despite the Eurocodes recommend the application of the Gumbel
distribution for modelling of thermal actions, the temperature components in bridges
may be better represented by Weibull distribution. The skewness of the statistically
evaluated data of temperatures is in a range from 0,1 to 0,6 what is considerably less
than the skewness of the Gumbel distribution.

The results of analysis of temperatures based on the experimental bridge
measurements in the recent years in the Czech Republic confirm that the Weibull
distribution or lognormal distribution may be used for probabilistic modelling of thermal
actions.

The partial factors of the temperature components may be reduced to 1,3 for bridges
in the Czech Republic. It appears that the application of the unique value of the partial
factor for most variable actions in the ultimate limit states should be reconsidered during
the period of the further evolution and maintenance of Eurocodes.
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VPLYV TLMENIA NA FFP vYPOCTOVEHO MODELU VOZIDLA
INFLUENCE OF DAMPING ON FRF OF VEHICLE COMPUTING MODEL

Jozef Melcer!

Abstrakt

Funkcie frekvenéného prenosu (FFP) charakterizuji odozvu dynamického systému vo
frekvencnej oblasti. Ich tvar je zavisly od vlastnosti analyzovaného systému.
Predkladany prispevok sleduje vplyv tlmenia na tvar FFP rovinného vypoctového
modelu vozidla.

KPlacové slova

Vypoctovy model vozidla, funkcie frekvenéného prenosu, vplyv timenia.

Abstract

Frequency response functions (FRF) characterize the response of dynamic system in
frequency domain. The shape of there is dependant on the property of analyzed system.
The submitted paper follows the influence of damping on the shape of FRF of plane
vehicle computing model.

Keywords

Vehicle computing model, frequency response functions, influence of damping.

1 Predmet rieSenia

T tomto prispevku sa analyzuje rovinny 2D vypoctovy model vozidla. Vypoctovy model
ma 5 hmotnych stupiiov volnosti. Vlastné frekvencie netlmeného kmitania tohto
vypoctového modelu vztahované k plne nalozenému vozidlu Tatra 815 maji nasledovné
hodnoty: {f} = {f1); f); f3); f; fi5} = {1,13; 1,45; 8,89; 10,91; 11,71} [Hz]. Sleduja
sa funkcie frekvencného prenosu, respektive vykonové prenosové faktory vybranych
veli¢in v zavislosti na réznych sposoboch tlmenia vozidla. Frekven¢ny prenos linearne;j
sustavy (funkcia frekvenéného prenosu FP(p), kde p=i-wje komplexné cislo) sa

zavadza ako pomer ustdlenej odozvy k harmonickému budeniu. Druht mocninu
absolutnej hodnoty funkcie frekvenéného prenosu |FP( p)|2nazyvame vykonovy

prenosovy faktor (VPF). Hodnoty sucinitel'ov tlmenia vypoctového modelu vozidla st
nasledovné: b1 = 9614 kg/s, b2 = 130098,5 kg/s, b3 = 1373 kg/s, ba = 2747 kg/s, bs =
2747 kg/s.

2 Vysledky numerickej analyzy

Numerické riesenie funkcii frekvenéného prenosu sa vykonalo pre 2D vypoc¢tovy model
vozidla. VSetky FFP st vztahované ku kinematickému budeniu nerovnostou vozovky

' Prof. Vlng. Jozef Melcer, DrSc., Zilinska univerzita, Stavebna fakulta, Katedra stavebnej mechaniky, Univerzitnd 8215/1,
010 26 Zilina, Slovenska republika, e-mail: jozef.melcer@fstav.uniza.sk
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pod pravym prednym kolesom vozidla. Uvazuje sa s rychlostou pohybu vozidla v = 10
m/s. Sleduju sa vykonové prenosové faktory (VPF) dynamickej zlozky kontaktnej sily
pod kazdym kolesom vozidla pre nasledovné 3 varianty:

1. Utlm sa uvazuje plnou hodnotou pre vietky spojovacie &leny vozidla, b1 + bs # 0.

2. Neuvazuje sa s timenim v pneumatikach, hodnoty b3 + bs = 0.

3. Neuvazuje sa s tlmenim v celom vozidle b1 + bs = 0.

Na obr. 1 st zobrazené VPF dynamickej zlozky kontaktnej sily Fayns pre 3 hore

uvedené varianty.
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Obr. 1: VPF dynamickej zlozky kontaktnej sily F4..5 pod zadnym kolesom zadnej napravy vozidla
pre tri rozne varianty tlmenia vozidla
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NUMERICKY VYPOCET ODPOROVEHO SOUCINITELE KOMINA
VALCOVEHO TVARU OPLASTENEHO VLNITYM PLECHEM

NUMERICAL CALCULATION OF DRAG COEFFICIENT FOR
CYLINDRICAL SHAPE SMOKESTACK COVERED WITH CORRUGATED IRON

Vladimira Michalcova !, Lenka Lausova?
9

Abstrakt

Clanek se zabyva vlivem tvaru oplasténi komina na jeho vysledné zatizeni od ué¢inkd
vétru. Vypocet podle platné normy zohlediiuje pouze velikost vysky viny profilovaného
plechu bez ohledu na tvar viln, coz v nékterych ptfipadech vede k vysokému nartstu
soucinitele sily. Cilem prace je stanoveni ekvivalentniho soucinitele sily pro komin
valcového tvaru, ktery je oplastény vinitym plechem. Proudéni kolem komina je feSeno
pomoci software Ansys Fluent s vyuzitim DES modelu.

Klicova slova

Kruhovy valec, odporovy soucinitel, aerodynamicka drsnost, CFD, DES model.

Abstract

The paper deals with the influence of the shape of the sheathing of a smokestack to the
resultant of load from wind effects. Calculation according current standard only takes
into account the size of the wave-height of trapezoidal sheet regardless of the shape of
the waves, which in some cases leads to a substantial increase of the coefficient of force.
The aim is to determine the equivalent coefficient of force for a cylindrical shape
smokestack, which is covered with corrugated iron. The flow around the smokestack is
designed in software Ansys Fluent using the DES model.

Keywords

Circular cylinder, drag coefficient, acrodynamic roughness, CFD, DES model.

1 Uvod

Vypocet zatizeni vyskovych komint od u¢inkl vétru zavisi na Reynoldsovém c¢isle Re
popisujicim proudéni, na geometrii konstrukce a drsnosti povrchu. Platnd norma
rozliSuje druh i tvar drsnosti do 3 mm. Pfi vy$Sich hodnotach se ekvivalentni drsnost
stanovi z empirického vztahu, ktery zohlednuje pouze vysku nerovnosti, nikoli jeji tvar.
Toto vede v nékterych piipadech k vysokému nartstu soucinitele sily. V mezni vrstvé
kolem stény komina oplasténé¢ho vinitym plechem lze ptedpokladat pln€ rozvinutou
turbulenci. Z diivodu vysokého Re, je tento d¢€j velice slozity na fyzikdlni experiment.
Pti numerickém modelovani skutecné¢ho tvaru oplésténi jsou kladeny vysoké naroky

"Ing. Vladimira Michalcova, Ph.D., VSB-Technickd univerzita Ostrava, Fakulta stavebni, Katedra stavebni mechaniky,
Ludvika Podésté 1875/17, 708 33 Ostrava - Poruba, e-mail: vladimira.michalcova@vsb.cz
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na pocet bun€k ve vypoctové oblasti, v soucasné dobé zatim nerealné pro stolni PC.
Clanek se zabyvd moznostmi stanoveni nahradni ekvivalentni aerodynamické drsnosti
vinit¢ho plechu a definovani aerodynamického odporového koeficientu obtékaného
oplasténého valce. Uloha je feSena metodou koneénych objemt s vyuzitim CFD koda
v software Ansys Fluent.

Simulovano je proudéni vétru kolem realného komina kruhového priifezu o priméru
3,36 m. Oplasténi tvoii vinity plech SP18/76 s vyskou viny 18 mm. Zékladni rychlost
vétru je predpokladana 22 m/s. Proudéni vzduchu s Re = 4.5-10° je daleko v nadkritické
oblasti.

Reseni je rozdéleno do dvou fazi. V prvni fazi je uloha modelovana jako turbulentni
proudéni v drsném potrubi o priméru jeden metr a délce 20 metrti. Geometrie stén jsou
shodné s geometrii plechu (Obr. 1). Jedna se o 2D osové symetrickou ulohu feSenou
stacionarné¢ pomoci SST k- modelu. Tato simulace byla zvolena proto, Ze umoziuje
zpétnou kontrolu s publikovanymi naméfenymi hodnotami tlakovych ztrat. Hledana
ekvivalentni aerodynamické drsnost, kterou nabizi software Ansys Fluent je stanovena
na zaklad¢é vyhodnocenych tlakovych ztrat a rychlosti proudéni.

V druhé fazi tkolu je ve 3D uloze modelovéno obtékani komina (Obr. 2) za ucelem
definovani pozadovaného aerodynamického odporového koeficientu potifebného
pro vypocet ucinki vétru na zatizeni konstrukce. Model komina je oplastény
neprofilovanym plechem, geometrie vlnitého plechu je nahrazena ndmi stanovenou
ekvivalentni aerodynamickou drsnosti. Prvni bunky u stény komina jsou tvofeny pomoci
mezni vrstvy tak, aby vySka aerodynamické drsnosti dosahovala maximalné do poloviny
vysky prvni buiiky u stény. Ulohy jsou feSeny nestacionarné s vyuzitim DES modelu.

ACy
B i—\ k/d...pomér drsnosti k priméru komina
\
\ Kd=10" —————
10\ EREREETC
i L [ LHH
\ Kd=10" —57 |
08 |\ T : §20
— W10t "7
\ L * L
0,6 \ T —T
.‘\// X d:/l[]///
\ |-
04 ¥ LT
10° 10,
¢ CFD, vliv pouze vyiky viny 4.5.10 Re
@ CFD, vliv vy3ky i tvaru vlny *  platni morma
Obr. 2: Tvorba virt za obtékanym kominem Obr. 3: Hodnota odporového soucinitele

2 Zavér

Z vysledkt vyplyva, Ze vypocet U€inkd vétru na vilnitym plechem opldstény komin je
v norm¢ nadhodnocen (Obr. 3). Hodnota odporového soucinitele spocitana pomoci CFD
koédu je pouze informativni. Pro potvrzeni vysledkli numerickych je nutné srovnani
s fyzikdlnim experimentem nebo piipadnym numerickym vypoctem na vykonném
superpocitaci, napi. v Néarodnim superpocitacovém centru http://www.itdi.cz/, ktery
umozni pfimou simulaci dané¢ho déje se skute¢nou geometrii oplasténého komina.
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VZPER PODLE EC5 V POROVNANI S NUMERICKYMI MODELY
BUCKLING BY EC5 IN COMPARISON WITH NUMERICAL MODELS

David Mikolasek!, Piemysl Pa¥enica 2

Abstrakt

Téma vzpéru prutovych konstrukei je do znacné miry jiz prodiskutované téma. Jsou
k dispozici jak analytické, tak i numerické feSeni vcetné fyzikalnich zkousek. Tento
¢lanek ma za cil porovnat vzpér podle normovych feSeni a numerickych modeld se
zohlednénim imperfekci a geometrickych a materialovych nelinearit dieva. Vystupem je
numericky zjiSténa rezerva tinosnosti a pracovni kiivky tlakem naméahaného prvku.

Klicova slova

Rostlé dievo, fyzikalni nelinearita, imperfekce, geometrické nelinearita, vzpér.

Abstract

Buckling of beam structures is largely already discussed topic. Available analytical and
numerical solutions including physical experiments. This article aims to compare the
buckling solution according to eurocodes and numerical models, taking into account
imperfections and geometric and material nonlinearities of timber. The outcome will be
determined numerically reserve and working diagrams of uniaxial loaded members.

Keywords

Solid wood, physical nonlinearity, imperfection, geometric nonlinearity, buckling.

1 Uvod

Se vzpérem se setkdvame ve stavebni praxi velmi casto. Je to jeden ze zakladnich
zpusobli namahani konstrukce nebo jejim casti pti vyskytu vlivu teorie druhého fadu na
pterozdéleni vnitinich sil na konstrukci nebo jeji prvek. Pfi vzpéru vznika mimo tlakova
namahani v prafezu také dodatecné napéti od ohybu. Ohyb je zplisoben vlivem
imperfekce, které ma kazda reélna konstrukce.

1.1 Zatizeni studované konstrukce

Zatizeni je simulovano prostiednictvim tlakové sily do horni ¢asti sloupu. V ruénim
vypoctu a numerickém prutovém modelu a ve skotfepiné SCIA je zatizeni zvoleno jako
silové. V. modelu ANSYS 3D objemové prvky je zatizeni zvoleno jako deformaéni ve
vstupni hodnoté 70 mm. Deformacni varianta zatizeni je numericky stabilnéjsi a
dovoluje ziskat také sestupné vétve pracovniho diagramu blize Graf 2.
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1875, CZ 708 33, Ostrava-Poruba tel. (+420) 597 321 391, e-mail david.mikolasek@vsb.cz
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vzpér tramku 10x10 mm
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Graf 1: Vysledné hodnoty validované fyzikalnim testem

2 Zavér
Vsechny modely a postupy vedly pfi stejnych okrajovych podminkach ke stejnym
vysledkim. Toto neni nijak ptfekvapujici, ale je nutné si uvédomit, z jakych principl
vychdzi normovy posudek a tim si ujasnit vyhody a nevyhody pii pouzivani
numerickych modela.

Normovy postup v tomto ptfipadé¢ vede na jednoduchy soubor rovnic s vystiznym

vvvvvv

vvvvvv

sestavenych z jednodussich navzajem se ovliviiyjicich prvk.
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APPLICATION OF MORE COMPLEX RHEOLOGICAL MODELS
IN CONTINUUM MECHANICS

APLIKACIA KOMPLEXNEJSICH REOLOGICKYCH MODELOV
V MECHANIKE KONTINUA

Maria Minarova!, Jozef Sumec?

Abstract

The paper deals with mathematical modeling of the structural materials representing
inter alia the biomaterials’ rheological properties. The materials to be investigated are
modeled by more complex models (enhancement of the base two-element Voigt and
Maxwell models). The constitutive equations of the several element models are derived.
The dependence stress on strain and strain on stress are explicitly stated while using the

appropriate initial conditions. These relationships within the creep and relaxation
process are developed.

1 2 3 4 5 6
p
P P p P p
(StV) TO' —— T
(H) Mgz | VDl 60| G| o
Pl T i
e p P
Pl v P P
Fig. 1: Elementary rheological matters [sob]

For simulating of the viscoelastic and viscoplastic materials the rheological models
can be exploited that are comprised from the basic matters — Hook elastic matter (H) and
Newton viscous matter (N), etc. (see Fig.1) [1, 2, 5, 6]. As we deal with viscoelastic
response to the force field within the isothermal conditions, in the process of constitutive
equations derivation the stress — strain and stress — strain rate relations comes into
consideration for the mentioned two types of (H) and (N). In [3, 5] the two types of
drawbacks are pointed out (theoretical and real behavior does not match properly), that
disables the utilization of the two element model in practice. This problem can be
overcome by subjoining additional (or several) matter in the entire model. That is why
we investigate the three element models, derive the corresponding constitutive equation,
track the behavior of them and look for the utilization of them.
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For the sake of better regard of matching the models with biorheological reality, the
two effective and figurative tools were used — creep and relaxation tests. Examples of
biomechanical exploitation are involved.

Regarding the cumbersomeness while deriving the constitutive relation, we use
mathematically more convenient attempt — the differential operator form.

Moreover, the analytical properties of relative stiffness E(D) are seized. The attempts
and relations for the relaxation and retardation time spectra computations are introduced.
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TRACK DYNAMIC RESPONSE AT LOW FREQUENCIES —
DOMINANT FREQUENCIES

Milan Moravéik!, Martin Moravéik?

Abstract

The paper is devoted dynamic effects in the track structure - the quasi-static excitation as
the important source for the response of track components in the low frequency area
(OHz < f < 40 Hz). The low-frequency track (rail) response is associated with
periodicity of wheel sets, bogies, and carriages of passage trains, The periodicity of track
loading is determined by so called dominant frequencies f(q) at a position x of the track.

Keywords

The quasi-static excitation, the low-frequency track (rail) response, the influence factor,
dominant frequencies.

1 Introduction

The track response is practically accounts in the low-frequency range (0 Hz < f <
40 Hz), the medium- frequency range (40 Hz < f < 400 Hz), and the high- frequency
range (f> 400 Hz). Each frequency range has its characteristic frequencies that influence
the dynamic behaviour of the track.

The next main track excitation mechanism are distinguished:

1. Quasi-static excitation due to moving axle load.

2. Dynamic excitation due to track irregularities and wheel out of roundness.

This paper is devoted the first group dynamic effects - the quasi-static excitation as
the important source for the response of track components in the low frequency area
(OHz < f < 40 Hz). The low-frequent behaviour of tracks is determine by the
substructure and with periodicity of wheel sets and requires a specific access of solution.
The numerical analyses are applied to provide a right picture on the track vibration and
they are compared with experimental results.

2 Load distribution due to a train passage using a sequence of constat
axle load

A simple plain track-foundation model — Euler-Bernoulli elastic beam laying on Winkler
foundation is applied. This approach is satisfactory for low-frequency excitation up to
100 Hz. This statement has been confirmed in comparing this theoretical approach to a
track FEM model and experimental results.

To predict the railway track vibration W, (x,?) in a place x of the track due to the
passage of a all train (N carriages) the moving train load can be estimated as a series of
point loads P, at different locations and different instances of time. Apply such track
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loading on the track deflection w, (Z_T/) - the number of similar events with certain

delay times 7} — the passage of car wheels.
wy (x,2) ZWP (t-1)) (1)

If every moving wheel load P, generates the same vertical displacement response

Wp O (t —Tj) , the total track response Wy , (¢) due to the train passage with N identical

carriages and with Nw wheels in the each carriage gets superposition
Wy (=3 pr §(t~T,~T.] @)
J=l k=l

2.1 Spectral composition of a sequence of axle loads

The Fourier transform of Eq. (2) is

oC

N, N,
F'T‘{WT(N(,)(xat)} EWT(N(‘)(if) = IZ ZWP (f) o(t— T ]T ]e 2rft dy
o j=1 k=1 (3)
Eq. (3) can be arranged as

- o -i2af (%) ~i2af () N inep il
W () =W, ()] (+e T )I+e )| 1+Ye )
j=1

The amplitude spectrum — the module S, (f)of the track (rail) deflection

wy (& =cpt, NC) for the passage of the train with N. carriages can be expressed from
Eq. (4): i
Sy () = |, GFY Wy G| = S, (F)-Ryu () (%)

where: R, (f) is the influence factor which characterizes the sequence of the wheels:

L L L —i27z‘f.Nc(£)

—i27f(5%) —i27f(7L) -i2nf( )| 1—e cr

Ry (1) =P, @0] = | (e e o) e o e
=127 ] (—

l-e 7

(6)

The dominant frequencies f, ~of the vertical displacements wy, (x,7)

corresponding to passage of the train with N. carriage and the wheel loads P, are
defined as the relative largest values of the amplitude spectra S, ,(f) from Eq. (5).
The example of the influence factor R,(f,N,)and dominant frequencies for the

geometrical configuration of IC carriages (Lo = 2,5, Li=17,2, L. = 24,6) and for the train
speed cr = 33,3 m/s on the basses of Eq. (6) are solved in the full text.
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EXPERIMENTALNI A NUMERICKA ANALYZA INTERAKCE
PODLOZIi A MODELU PREDPJATE PRUMYSLOVE PODLAHY

EXPERIMENTAL AND NUMERICAL ANALYSIS OF INTERACTION BETWEEN
SUBSOIL AND POST-TENSIONED INDUSTRIAL FLOOR MODEL

Petr Mynar¢ik!, Jana Labudkova®

Abstrakt

Tento ptispévek ve své prvni ¢asti popisuje proces experimetnalni statické zatézovaci
zkousky modelu ptedpjaté priimyslové podlahy. Druhda ¢ast ¢lanku je pak zaméfena na
zpracovani numerického modelu tohoto experimentalniho zadani. Experimetalni model
byl navrzen jako ¢ast predpjaté primyslové podlahy, ktera byla zatizena zpiisobem,
simulujici zatizeni stojkou skladového regalu. Popisovany experiment je jednim z fady
statickych zatéZovacich zkouSek, které jsou zaméfeny na interakci mezi betonovou
konstrukci a podlozim. Experiment byl realizovan na Fakulté stavebni, VSB - Technické
univerzity Ostrava.

Klicova slova

Ptedpjaty beton, Primyslové betonové podlahy, Interakce mezi zdkladem a podlozim,
Kluzna spara, Pfedpinaci ty¢

Abstract

The paper presented the process of static load test on post-tensioned concrete industrial
floor model in first part and numerical model of this task in the second part. The
experimental model was designed as a cutout of post-tensioned concrete industrial floor
and static load test was conceived as a simulation of loading by base plate of heavy rack.
Described static load test was part of a series of experiments focused on problematic of
interaction between concrete structures and subsoil and was realized at the Faculty of
Civil Engineering, VSB —Technical university of Ostrava.

Keywords

Post-tensioned concrete, Industrial concrete floors, Interaction between foundation slab
and subsoil, Sliding joint, Prestressing bar

1 Uvod

Experiementalni model pro statickou zatéZovaci zkousku byl navrzen jako ¢ast predpjaté
prumyslové podlahy, ktera byla zatizena zplsobem simulujici plisobeni stojky
skladovaciho regalu. Model byl vybetonovan piimo pod zkuSebnim zafizenim
“STAND. Pidorysny rozmér modelu byly 2000 x 2000, jednalo se tedy o betonovou
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desku ctvercového tvaru o tlouStce 150 mm. Pro betondz desky byla zvolena tfida
betonu C35/45 XF1. Piedpéti do modelu bylo vneseno pomoci 6 kust predpinaci
vyztuze tiidy Y 1050 a priméru 18 mm, které byly pidorysné rozmistény viz Obr. 1.
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Obr. 1: Pidorysné schéma experimentalniho modelu

Experimentalni model byl pfed samotnym provedenim zatéZovaci zkousky osazen fadou
senzort, které snimaly svislé deformace desky, napéti na kontaktu s podlozim, uvniti a
na povrchu desky. Samotné zatézovani probihalo pomoci hydraulického lisu kotveného
o ram zkuSebniho “STANDu®. Po realizaci experimentu bylo provedeno vyhodnoceni
dat, které nasledné poslouzily pro tvorbu numerického modelu této ulohy.

-153379
-134207
-115034
-95861.9
-76689.5
-57517.1
-38344.7
-19172.4

-154999 125000 -100000 75000 -50000 25000 0 1000 14178.3

Obr. 2: Prubeh svislych deformaci oz, svisly fez sttedem modelu podlozi [Pa]
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BLAST CHANNELING AND ATTENUATION
IN URBAN STREET GEOMETRY WITH GLAZING

Rébert Nagy', Jozsef Gyorgyi 2

Abstract

In recent years, a few studies have been carried out to determine formulae describing
parameters of explosions taken place in street canyons. We quantify the magnifying
effect resulting from the multiple reflections of the shock front and the complex
interaction of the reflected waves with respect to the street width and facade height.
When windows shatter, air leaks through them attenuating the confinement effect, that
is, decreasing the parameters of the amplified shock wave. A 3D computational fluid
dynamics (CFD) aided analysis was carried out for a general street arrangement to
capture this phenomenon, and present a modification factor to account for it.

Keywords

Blast parameters, channeling, glazing, attenuation,

1 Introduction

In recent years, a few studies have been carried out to determine formulae describing
parameters of explosions taken place in street canyons. We quantify the magnifying
effect resulting from the multiple reflections of the shock front and the complex
interaction of the reflected waves with respect to the street width and facade height.
When windows shatter, air leaks through them attenuating the confinement effect, that
is, decreasing the parameters of the amplified shock wave. A 3D computational fluid
dynamics (CFD) aided analysis was carried out for a general street arrangement to
capture this phenomenon, and present a modification factor to account for it.

2 Methodology

We compare the results of three types of explosion scenarios [1] (1) a hemispherical
surface burst. (2) are explosions in a narrow street canyon without the attenuating effect
of the shattering windows and (3) the same with attenuation, where parameterized
numerical analyses were carried out concerning different street widths, facade heights
and window sizes shown in presented in Figure 1 and summarized in Table 1 and 2. The
present study was carried out using the ProSAir explicit hydrocode, developed at
Cranfield University [2][2].
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with the dimensions of the model measured in mm.

Figure 1. Cross section (left) and side view (right) of the analysed geometry

window width | [m] 0.9
window height | [m] 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9
window area | [m?] | 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.4 1.5 1.6 1.7
corresp. facade [m?] 6.0
area )
arearatio| [-] | 0.135]0.150 [ 0.165 [ 0.180 [ 0.195 | 0.210 | 0.225 | 0.240 | 0.255 [ 0.270 [0.285
Table 1. Parameters of the window geometry
street width [m] 2 | 242832 |36| 4 |44]148|52]56]| 6 Charge mass
scaled street width | [m/kg'?]|0.93|1.11|1.30|1.49|1.67|1.86(2.04|2.23|2.41|2.60|2.78 10kg
facade height [m] 1 1502 |25 3 |35 4 |45 5 |55 6 |65 7 |75
scaled facade height | [m/kg'?]]0.46|0.700.93|1.161.39]1.62|1.862.09|2.32|2.55/2.78|3.02/3.25|3.48

3 Conclusion

The complex reflection of the blast waves on tall buildings surrounding narrow street
canyons result in magnified parameters of the shock front reaching 4.5 times the values
of free-field hemispherical wave. The shattering of the windows decrease them by 15%

Table 2. Parameters of the street geometry

and 25% for the peak positive overpressure and positive phase impulse respectively.
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STRUCTURAL ANALYSIS OF PRESTRESSED
CONCRETE STRUCTURES

Jaroslav Navratil!

Abstract

Structural analysis of concrete, steel or timber structures is usually understood as a task
well separated from design of members and cross-sections. But it is not so in the case of
prestressed concrete structures. Structural model is conditioned by (1) active role of
prestressing in the force action on the structure, (2) the changes of cross-sectional
stiffness after anchoring, and (3) prestressing losses. The requirements for specific
features of the model are even enhanced in the case of structures with composite
concrete sections. These facts are frequently appreciated neither by developers of Finite
Element Method systems nor by engineers in practice.

Keywords

Analysis, structure, concrete, prestressing, model, finite element, design.

1 Introduction

The demands of modern design standards increase to prove safety and serviceability of
prestressed and composite structures of buildings and bridges.

Fig. 1 Examples of prestressed and composite concrete structures

Disquietingly, the analysis and design methods established in the practice frequently
do not respect all distinctive features of these structures and do not reflect current level
of knowledge. One of the main features of modern load bearing structures is their step-
by-step construction during which the structure passes through a large number of
production stages in which the structural scheme changes. Often, the main load bearing
element is constructed first and it then forms a supporting system for other parts of the

! Doc. Ing. Jaroslav Navratil, CSc., VSB-Technical University of Ostrava, Faculty of Civil Engineering, Department of Building
Structures, L. Podésteé 1875, 708 33 Ostrava, Czech Republic, jaroslav.navratil@vsb.cz
IDEA RS Ltd, U Vodarny 2a, 616 00 Brno, Czech Republic, navratil@idea-rs.com
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structure or cross-section. Consequently, the models for the analysis of segmentally
constructed structures must respect the rheological properties of concrete and take into
account their impact on long-term behaviour and ultimate resistance of the structures.

2 Analysis and Design of Prestressed Concrete Structures

The analysis and the assessment of such structures consist of four closely related parts:

e modelling of changes of structural system and loads based on a gradual modification
of the structure and its stiffness,

e analysis of rheological effects on the structure,

e the structural analysis,

e member and sectional design to ensure structural strength and serviceability.

" 2286 The principles of the analysis of

1 1145“7f ; )

f e # . construction stages, 7Time Dependent
o [MPa

described in the paper. Specific features of
the structural model are explained. Initial
state method (ISM) has been developed for
the calculation of ultimate resistance in

-_—— Y

. :' Analysis (TDA), and sectional design are

flexure,  fatigue check and the

ol serviceability checks (stress limitation,

Fig. 2 Stress distribution of prestressed crack width, decompression condition,

composite section at ULS, IDEA StatiCa brittle failure, stiffness) of the cross-
section.

Considering construction stages, and gradual casting of cross-sectional phases, also
calculation model of cross-section for shear, torsion, and interaction strength
assessments has been adapted, and new method has been proposed for the calculation of
shear stress in the joint of composite members from the difference of normal forces
acting on sectional components in two neighbouring sections of the element.

3 Conclusion

Structural modelling of prestressed concrete and composite concrete structures requires
specific features of the model, which would reflect construction stages, rheological
effects, load equivalent to the effects of prestressing, the changes of the stiffness due to
tendon anchoring, the changes of composite cross-section, and initial stress state of the
cross-section for sectional design and code assessment. Therefore the development of
appropriate solution involves both the knowledge of structural mechanics, Finite
Element Method, and prestressed concrete design.
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IMPLEMETACE DATABAZE LOMOVE-MECHANICKYCH
PARAMETRU VYBRANYCH BETONU DO SOFTWARU FREET

DATABASE OF FRACTURE-MECHANICAL CONCRETE PARAMETERS
AND ITS IMPLEMENTATION INTO SOFTWARE FREET

Lukas§ Novak!, Ladislav Routil?, Drahomir Novak?

Abstrakt

Ptispévek pfiblizuje tvorbu databaze lomové-mechanickych parametrii betoni
vybranych pevnostnich tfid a jeji implementaci do pravdépodobnostniho softwaru
FReET. Podklad databaze predstavuji vysledky diive provedenych lomovych zkousek
tramctl se zafezem, pii jejichZ realizaci spolupracovali $irsi tymy pracovnikii Ustavu
stavebni mechaniky a Ustavu stavebniho zkugebnictvi fakulty stavebni VUT v Brng.
Implementovana databaze bude vyuzita pro potfeby pravdépodobnostnich vypoctl
betonovych konstrukci.

Klicova slova

Beton, databaze lomové-mechanickych parametrii.

Abstract

The paper shows the creation of the database of fracture-mechanical parameters of
selected concrete strength classes and its implementation into probabilistic software
FReET. A basis for database were results of earlier performed fracture tests of notched
beams, at realization of tests cooperated teams of workers from Institute of Structural
Mechanics and Institute of Testing, Faculty of Civil Engineering BUT in Brno. The
implemented database will be used for reliability calculations in mentioned software.

Keywords

Concrete, database of mechanical fracture parameters.

1 Uvod, experimentalni pozadi zpracovavanych dat

Pii analyze mechanické odezvy/poskozeni kvazikiehkych materialii/konstrukei nelze
zanedbat lomovou procesni zonu pired Celem trhliny, ktera zptisobuje charakteristické
nelinearni chovéni. Ptitom je kliCova znalost lomové-mechanickych parametri.
Stanovené parametry mohou slouzit pro kvantifikaci odolnosti proti vzniku/$ifeni trhliny
¢i kiehkosti/houzevnatosti kompozitu, dale jako srovndvaci parametr kompoziti a
zaroven jako soucast vstupnich dat do modelti chovani konstrukci z kvazikiehkych
materialil, a to na deterministické ¢i stochastické trovni. Podporu nastinénému postupu
ma predstavovat databaze lomové-mechanickych parametrii betontt vybranych
pevnostnich tfid, zpracovand a implementovand do prostiedi softwaru FReET.

! Lukas Novak, VUT v B¢, Fakulta stavebn, Ustay stavebni mechaniky, Veveri 331/95, NovakL2@study.fce.vutbr.cz
2 Ing. Ladislav Routil, Ph.D., VUT v Brné&, Fakulta stavebni, Ustav st,avebni mechaniky, Veveii 331/95, routil.l@fce.vutbr.cz
3 Prof. Ing. Drahomir Novék, DrSc., VUT v Brng, Fakulta stavebni, Ustav stavebni mechaniky, Veveti 331/95, novak.d@fce.vutbr.cz
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2 Struktura databaze

Udaje zahrnuté v databézi predstavuji vysledky rozsahlych experimentii [1]. Ze ziznami
zavislosti zatizeni—posun uprostied rozpéti tramce se zarezem byly stanoveny hodnoty
lomové-mechanickych parametri [1]. Pro stanoveni vybranych parametri (modul
pruznosti, pevnost v tahu, lomova energie) byly vyuzity i identifikaéni metody — v téchto
pfipadech jsou uZivateli databaze nabidnuty vysledky experimentl i1 identifikace.
Databaze je zpracovana hierarchicky ve tiech tirovnich:
e Uroveii | — Tfida betonu.

e Uroveii 2 — Sta¥i betonu.

e Uroveii 3 — Jednotlivé parametry.

Pro kazdy parametr je definovan vhodny model rozdéleni pravdépodobnosti a
zéakladni statistické parametry, coz predstavuje podporu pii tvorbé pravdépodobnostnich
modeld. Vybrany nahled databaze v prostiedi programu FReET ukazuje Obr. 1.

Characteristics

=|- Ca0/E0 ~
+ age of testing: 1 day Disgtri = Weibull min [2 par]
+ age of testing: 7 daps Mean = 40,2
+- age of testing: 28 days
+ age of testing: 126 days Std =351
5- age of testing: 28 days _ water curing

B M oduluz of elasticity [GFa]

- Modulus of elasticity [GPa ] _ identified
Effective fracture toughness [ MPaml/2]
i Fracture energy [M/m ] W

Apply

number of tested specimen: 7 number of tested specimen Fc : 14 For more details see: NOVAE, D, -~
KEREMER,Z., LEHEY, D, ROUTIL, L., KUCHARCZYKDWA, B., SCHMID, F., DANEK, P., FRANTIK, P,
SIMONOVA, H. FRIEDL, M. FRACTURE TESTS OF COMCRETE SPECIMENS SERIES | [CEO/60] AND I
(C40/580). Research Repart. Broo University of Technology, Faculty of Civil Engineering. Department of

Obr. 1: Nahled databaze v programu FReET
3 Zavér
Ptispévek predstavuje implementaci databaze lomoveé-mechanickych parametrii betonti
vybranych pevnostnich tfid do prostiedi softwaru FReET. Nastifiuje zvolenou strukturu
databéze, ktera je takto pfipravena na dalsi rozSifovani a dopliiovani. Uzivatelim ptinasi

v prehledné podobé moznost definovat lomové-mechanické parametry pro potieby
numerickych simulaci chovani studovanych kvazikiehkych kompozitu.
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PREVOD DIAGRAMU F — §, NA DIAGRAM 0, — &,

TRANSFORMATION OF DIAGRAMS FROM F — §,, INTO g, — &,

Eva Novotna!, Jifi Sejnoha?

Abstrakt

Cilem ptispévku je analyticky popis pfechodu z diagramu zavislosti prihybu vzorku na
velikosti zatézovaci sily pii tiibodovém ohybu na pracovni diagram o, — €, v tahu za
ohybu betonu s pifimési polypropylenovych vlaken. Transformace je zalozena na
kinematickém popisu chovani testovaného vzorku. Navrzeny postup je ukdzan pii
aproximaci funkce napéti kombinaci exponencialnich funkci (Dirichletova fada).

Klicova slova

vlaknobeton, pracovni diagram, zkouSka tifibodovym ohybem, kinematicky popis
chovani konstrukce

Abstract

The aim of this paper is an analytical form of the transformation from the F —§,
diagram obtained under the three-point bending into the stress-strain diagram in bending
tension of concrete with polypropylene fibers. The transformation is based on the
description of the kinematic behavior of the test sample. The proposed method is
demonstrated by approximating the stress function using a combination of exponential
functions (Dirichlet series).

Keywords

fiber reinforced concrete, stress-strain diagram, three-point bending test, kinematic
model of structure

Na tramci o velikosti 150x150x700 mm se zafezem zdola uprostied rozpéti (hloubka 25
mm) byla provedena zkouska tfibodovym ohybem. ZkuSebni vzorek byl vyroben
z betonu s obsahem 4,5 kg na m® betonu polypropylenovych vlaken.

Vysledna zavislost prithybu konstrukce na zatézovaci sile je v grafu na Obr. 2. Dalsi
podrobnosti o experimentu a slozeni betonové smési jsou uvedeny v [1 a 2].

Pti transformaci vysledkd vychdzime z kinematického popisu chovani konstrukce pti
poruseni. Jednoduché schéma modelu je na Obr. 1. Dale je zde uveden pfedpokladany
tvar funkce napéti po vysce vzorku. Pti ptechodu z grafu F —§, na o, — &, je tfeba
dosdhnout co nejpfesnéjsi aproximace normalového napéti v ¢asti s trhlinami. V plné
verzi ptispévku jsou uvedeny odpovidajici matematické formule.

' Ing. Eva Novotni, Ph.D., CVUT v Praze, Fakulta stavebni, katedra mechaniky, Thakurova 7, Praha 6, 166 29,
eva.novotna@fsv.cvut.cz, +420 224 354 401

2 prof. Ing. Jifi Sejnoha, DrSc., FEng., CVUT v Praze, Fakulta stavebni, katedra mechaniky, Thakurova 7, Praha 6, 166 29,
sejnoha@fsv.cvut.cz
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Pti popisu deformace vzorku vychazime z Bernoulli-Navierovy hypotézy o zachovani
rovinnosti prufezu pred a po deformaci.

; ) o
P ° _7
oblast ‘pruzncho

¢ o ap y Z
chovani materialu ft% ——°
oblast lokalizace trhlin

zaiez

e - Sitka oblasti s trhlinami

L

Obr. 1: Schéma deformovaného vzorku a predpokladany pribéh napéti po vysce priiezu.

Na Obr. 2 jsou znazornény oba grafy: vychozi - vysledek experimentu F —§,, a

hledany graf zavislosti g, — &,.
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V predlozeném piispévku je nastinén jeden z moznych postupti k ziskani pracovniho
diagramu vlédknobetonu v tahu za ohybu z vysledka zatézovaci zkousky tfibodovym
ohybem. Jiz zexperimentu bylo patrné, ze prvky z vldknobetonu si uchovavaji
rezidualni napéti 1 po vzniku prvnich trhlin, kdy tah v priifezu piebiraji zatim neporusena
vlakna. Postup vychazi zkinematického popisu modelu. Pribéh napéti je urcen
z podminek rovnovahy. V porusené ¢asti je pribéh napéti aproximovan exponencialnimi
funkcemi. Parametry téchto funkci byly stanoveny simulaci ve spojeni s metodou
nejmensich ¢tverct.
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EXPERIMENTALNE OVEROVANIE
SEKUNDARNYCH UCINKOV OD PREDPATIA

EXPERIMENTAL VERIFICATION OF
THE SECONDARY EFFECT DUE TO PRESTRESSING

Peter PaZzma', Jakub Brondo$?, Jaroslav Halvonik®

Abstrakt

Ciel'om tohoto prispevku je blizSie informovanie Citatel'a o experimentdlnom programe
prebiechajicom na katedre betonovych konstrukcii a mostov STU v Bratislave a o jeho
doterajSich vysledkov. Experiment bol zamerany na dva hlavné ciele. Jednym z nich
bola analyza sekundarnych ucinkov spdsobenych dodatoénym predpitim na staticky
neurcitej sustave, ktorému sa budem v tomto prispevku aj blizSie venovat. Druhym
cielom bolo overenie vplyvu siidrznosti predpinacej vystuze a okolitého materilu.

KPacové slova

dodatoc¢né predpitie, sekundarne Gc¢inky, staticky neurcita stistava

Abstract

This article describes an experimental program at Slovak university of technology,
department of concrete structures and bridges. The experimental program consisted of
two main parts. The first one was an analysis of prestressing effects on the statically
indeterminate structures, whitch is the main topic of this article. The second one was an
analysis of bond behaviour due to prestressing.

Keywords

Post-tensioning, secondary effect, statically indeterminate structural

1 Uvod

Predpitie je vsucasnej dobe najefektivnejsi sposob vystuzovania betonovych
konsStrukcii. Najméd v oblasti mostného stavitel'stva, kde sa snazime o vytvaranie
konsStrukeii s ¢o najvacsim rozpétim, ale aj pri mnohych inych typoch inzinierskych
stavieb ¢i rekonS$trukcidch. Prave vplyvom predpétia sa do betonového prierezu aktivna
vnasa tlakové napitie, ¢o vedie k zvySeniu ohybovej odolnosti prierezu.

Vplyv predpétia na konstrukciu zavisi od viacerych faktorov, pricom sa da rozdelit’
na dve skupiny. Prva skupina s primarne ucinky vyvolané od predpétia, ktoré zavisia
od velkosti predpinacej sily apolohy predpinacej jednotky vzhladom na taZzisko
prierezu. Druha skupina st sekundarne ucinky sposobené vplyvom statickej schémy

! Ing. Peter Pazma, Stavebna fakulta, katedra beténovych konstrukcii a mostov, Radlinského 11, 810 05 Bratislava, Tel:
+421 259274386, Fax: +421 252926213, Email: peter.pazma@stuba.sk
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konStrukcie. Pri staticky neurcitych konStrukciach je pritomnostou staticky neurcitej
vizby branené vol'nej deformacii konstrukcie sposobenej predpétim, o vedie ku vzniku
sekundarnych u¢inkov. Na analyzu sekundarnych G¢inkov od predpdtia bol aj zamerany
experiment na katedre betonovych konstrukcii a mostov.

2 Experimentalny program

Pre podrobnejsiu analyzu sekundarnych G¢inkov predpétia bolo vyrobenych 7 nosnikov
prierezu 0,25x0,4m s dizkou 10,5m. Nosniky boli okrem betonarskej vystuze vystuzené
dvoma dodato¢ne predpdatymi lanami ©15,7 1660/1860 MPa s rozdielnou geometriou.
Geometria prvého lana bola navrhnuta tak, aby lano po napnuti nevyvoldvalo Ziadne,
prip. minimalne, sekundarne ucinky. Takéto lano sa zvykne oznacovat ako
konkordantné. Druhé lano bolo navrhnuté naopak tak, aby po napnuti vyvodzovalo
maximalne sekundarne Gcinky.

. 2400 , 700 1900 L 1900 , 700 2650 .

1 (K 1 (K 1
[" I [l
AEH
250], |, 5000 |, 5000 | 1250
. " 10500 mm .

Obr. 1: Schéma vedenia predpinacej vystuze

Popri analyze u¢inkov predpétia sa pocas experimentu sledoval aj vplyv sudrznosti
predpinacich ldn opatrenych réznym typom protikordéznych prostriedkov. Preto bolo
vyrobenych 7 nosnikov z oho tri boli vystuzené¢ sudrznymi lanami, dva lanami
osetrenymi protikoréznym prostriedkom — t.j. so znizenou sudrznost'ou a dva nosniky
vystuzené s lanami obalenymi v HDPE obale, lana bez sudrznosti — tzv. monostrand.

Obr. 2: a) nosnik osadeni v zataZzovacej zostave; b) zdeformovany tvar nosnika na konci skasky
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X-RAY INVESTIGATION AND MODELLING OF
STEEL FIBRES IN SELF-COMPACTING CONCRETE

Tomasz Ponikiewski', Jacek Golaszewski’

Abstract

The paper presents an analysis of cross-sections of beams made of Steel Fiber
Reinforced High Performance Self-Compacting Concrete (SFRHPSCC). The analysis
was performed by two methods, using our own computer program (destructive method),
and computed tomography (non-destructive method). The studies showed the
characteristic dispersion of steel fibres in the moulded concrete elements, and the
usefulness of the methods for diagnostic research. These proposed research methods
enable one to determine partially (destructive method) or fully (non-destructive method)
the distribution of steel fibres in the tested concrete. The paper presents a preliminary
study aimed to automatically determine the position and orientation of steel fibers in
fiber reinforced concrete as well. This is required for assessment of the relation between
the methods of forming and resulting concentration, position and orientation of steel
fibers. Concrete beams with various types of fibers and method of forming were scanned
using Computed Tomography and the resulting volumetric images were subjected to
image segmentation. From the obtained label map the position and orientation in 3D of
each steel fiber were calculated. This enabled generating 4D histograms visualizing in
compact form the overall orientation of the fibers. Statistical analysis showed that the
orientation of the fibers exhibit exponential distribution. The tests confirmed the correct
formation of concrete, maintaining the uniformity of steel fibre distribution.

Keywords

Steel fibre, high-performance self-compacting concrete, fibre orientation, rheology,
workability, Bingham model, X-ray Computed Tomography

1 Introduction

The effect of steel fibres content on the self-compatibility of concrete mixture as well as
on the mechanical properties of hardened concrete has already been investigated.
Previous studies on SFRHPSCC have not provided systematic, validated experimental
data to enable their design for their assumed mechanical parameters as well as the
distribution and orientation of the dispersed reinforcement. The formation effect on the
orientation and uniformity of distribution of fibres must be considered in designing of
such structures.

2 Research significance

The main aim of this study was to determine the distribution and orientation of
reinforcement in SFRHPSCC by X-ray Computed Tomography system. This will allow
the design of concrete structures with anticipated deployment of the dispersed
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reinforcement, specific to the structural elements and method of its formation. The core
of the problem is to determine how in various structures the deployment of the dispersed
reinforcement is dependent on the laying of the mixture, taking into account its
rheological properties, the volume ratio and geometric parameters of the steel fibres. The
paper also presents the results of the computer tomography. The CT scanner applied for
this research was equipped with 64 rows of detectors, and the thickness of a series of
reconstructed native CT scan was 0.625 mm, i.e. the width of a single detector. The
penetration factor in the study was an X-ray beam. The dimension of the surface of each
layer of concrete was 150x150 mm. For each beam the result consisted of a native series
written in DICOM format with at least 950 images, and reconstructed series with at least
1500 images taking into account the interval in the range 50 + 80% of the thickness of
the native layer.

3 Experimental results and discussion

In general, increasing fibre content causes linear increase of yield value g of
SFRHPSCC. Nature and range of influence of fibres content on plastic viscosity /4 of
SFRHPSCC also depends on the matrix properties and on the fibre length. A 2D and 3D
cross-section of the concrete beam with used fibres is shown in Figures 1.

Fig. 1: The X-ray sections of concrete beams with used steel fibres SW 35/1.0 (2D)
and KE 20/1.7 (3D) for the sections of 400 + 500 mm from the edge of concrete

4 Conclusions

The computed tomography shows the inner space of concrete with steel fibers in 2D and
3D formats without any limitations. Both of the applied methods of identifying the
deployment of fibre in the concrete SFRHPSCC fibres revealed no tendency for the
fibres to stick to the walls of the form, no effects of the wall. It has been observed that
there were fewer steel fibres in the immediate proximity of the form walls. The number
of fibers positioned in most cases parallel to the longitudinal walls of the form leads to
the conclusion that such behavior results from the direction of concrete dispersing in the
form. Confirmed was the orientation of fibres consistent with the direction of the
formation of a mixture SFRHPSCC. Proved as well was the uniform distribution of
fibers in the tested concrete.
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INFLUENCE OF ICE ACCRETION
AT BRIDGE ROPE ON STROUHAL NUMBER

VLIV NAMRAZY NA MOSTNIM LANE NA STROUHALOVO CIiSLO

Stanislav Pospisil!, Piotr GérskiZ, Sergej Kuznetsov?

Abstract

The paper is concerned with the method and results of wind tunnel investigations of the
Strouhal number (S7) of a stationary iced cable model of cable-supported bridges with
respect to different angles of wind attack. The methodology leading to the experimental
icing of the inclined cable model was prepared in a climatic section of the laboratory.
The St values were determined within the range of the Reynolds number (Re) between
2.4-10* and 16.5-10% based on the dominant vortex shedding frequencies measured in
the wake of the model.

Keywords

Bridge cable, ice accretion, Strouhal number, angle of attack, vortex shedding frequency

1 Introduction

The change of the cross-section of the cable due to the ice accretion has a significant
influence on the flow field around the cables and its aerodynamic see [1]. In this case, an
asymmetric airflow around the cable appears, thus, an asymmetric distribution of the
wind pressure on its surface exists. For this reason, three aerodynamic coefficients, i.e.
drag, lift and moment coefficients depending on the angle of the wind attack should be
taken into account. Moreover, in such conditions, an aero-elastic instability of an iced
cable known as galloping instability may occur if the specific criteria are met. It is well
documented, that the amplitude of galloping of ice accreted cables or transmission lines
could be very large, see [2]. The analysis of the vortex excitation response of the iced
cables requires, among others, knowledge of the Strouhal number, which characterizes
the vortex shedding frequency. The paper presents the method and the results of wind
tunnel investigations of St of stationary iced cable model with respect to different angles
of wind attack. St number was determined within the range of the Re between 2,4.10*
and 16,4.10% based on dominant vortex shedding frequency measured in the flow behind
the model. The model was oriented at three principal angles of wind attack for selected
values of the Re. The characteristic ice ribs (frozen rivulets on the bottom side of the
model) were created and used for further examination. On the upper part of the model
the ice shape was similar to the circular shape. The cross-section of the cable with an ice
became strongly non-symmetrical with the dimensions 0,192 m in high and 0,181 m in
width. The cooling and icing procedure was carried out on a scale of 1:1. Surface
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(roughness, material) effect on the flow around the cable during icing procedure is
negligible because of low wind velocity, also relatively big drops were simulated and
effect of the flow deflection near the surface of the cable on drop trajectory is negligible.
Three configuration were selected with respect to the wind angle attack on the cable, see
Fig. 1

a); 1/ b)
‘ 4 / Configuration no 1 “onfiguration no “onfiguration no
N/ T e
* ¥ /
o O=0=

'\I\* V/; /{
w /-

Fig. 1: Left: Ice on the cable segment - a) digital model, - b) printed section; Right: Ice configurations.

2 Conclusion, results

The St was investigated for the stationary iced cable model with respect to three
principal angles of wind attack. The ice accretion process produced the asymmetrical
and irregular iced cross-section of the cable model with rounded edges of the ice ribs
accreted on the bottom side of the model (with maximal surface roughness of 18%) and
with the quasi-circular shape on its upper part (with minimal surface roughness of
0.73%). At first configuration initially, in the range of Re=2,5.10* + 6,1.10%, the St
values linearly decrease from S=0.199 to 0.189. In the range of Re = 6,1. 104 +9,9.10°,
St suddenly increases to S=0,206 and for Re > 9,9.10%, St again decreases to S=0.198.
As for the second configuration the St number is changing in the range of Sr=0.201+
0.205 and seems to be independent of Re. All obtained St values are 12% to 14% higher
than S7=0.18 used as reference. The variability of the St for these configurations can be
incidental and may be caused by the randomness of the vortex excitation. The St number
determined for the third configuration strictly depends on Re. Its values were initially in
the range of St=0.186 + 0.187 for Re=2,4.10* + 4,6.10%, while in the range of Re=4,6
.10* =+ 9,5.10%, St number suddenly increased to maximum value St = 0.215. In the range
of Re=9,5. 104 + 15,8.10*, St number remain in the range of 5=0,205 + 0,215. Effect of
the change of wind direction on the iced cylinder can thus be attributed to the
experimental data by [3] obtained at different surface roughness of the cylinder.
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MODELOVANIE PRIESTOROVEJ STRUKTURY ZASTRESENIA
MODELING SPATIAL STRUCTURE ROOFING

Lubomir Prekop ! Marek Lettrich?

Abstrakt

Prispevok sa zaobera modelovanim priestorovej Struktiry zastreSenia Sportového objektu
a jeho naslednou analyzou. Bol vytvoreny priestorovy model konstrukcie zastreSenia vo
viacerych variantoch. Vysledkom je statickd, hmotnostna a ekonomické analyza tychto
variant konstrukcie.

Klicova slova

Modelovanie, 3D model, RFEM, analyza konstrukcie.

Abstract

This paper deals with modeling and analysis of a spatial roofing structure of the sports
facilities. Several variants of the spatial model of a roofing structure were created. Static,
mass and economic analyses have been performed for these variants.

Keywords
Modeling, 3D Model, RFEM, structural analysis.

1 Uvod

V stucasnej dobe aj v suvislosti s vyuzitim novych materialov a technologii, zohrava
dolezitu ulohu staticky vypocet a postdenie nosnych prvkov konstrukceii, ¢o v kone¢nom
dosledku znamend navrh optimdlnych rozmerov nosnych prvkov, pri ktorych sa pomer
uzito¢ného zat'azenia a ich vlastnej tiaze zvicsuje.

Priestorové priehradové konstrukcie sa najCastejSie pouzivaju na zastreSenie objektov,
kde je potrebny velky priestor bez vnutornych podpier (ako s napriklad vyrobné haly,
Sportové haly alebo supermarkety). Takyto typ zastreSenia je vhodny najmi z hl'adiska
rychlosti a efektivity pri vystavbe a ekonomickej naro¢nosti. Kedze priehradové
konstrukcie sa skladaji zo subtilnych prvkov, spotreba materidlu je nizSia ako pri
klasickych konstrukciach.

2 Model konStrukcie

Bol vytvoreny model priestorovej priehradovej sustavy zastreSenia telovychovného
objektu so Stvorcovym poddorysom srozmermi 32x32 m. Hlavnym nosnym prvkom
zastreSenia je priestorovd prichradova Struktiura, ktorda ma v jednom smere tvoriace
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priamky av druhom smere tvoriace kruznice s polomerom 89,294 m. KonStrukcia
strechy je podopreta nosnymi stenami na obidvoch koncoch obluka.

Bolo vytvorenych viacero variant rozdelenia konStrukcie. Pocet tusekov na
priestorovom obluku zac¢inal na 15tich a kon¢il na 19tich usekoch, pricom vyska nosnika
ostala zachovana. Podl'a poctu tsekov obluka bol voleny aj pocet poli Struktary tak, aby
bol vyplneny pozadovany pddorys.

Model konstrukcie bol vytvoreny v programe RFEM 5 firmy Dlubal Software s.r.o.

Obr. 1: Hlavny nosny prvok — axonometria
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Obr. 2: Porovnanie maximalnych hodnét osovych sil a celkovej hmotnosti

3 Zaver

ZastreSenie bolo v tvare valcovej Skrupiny, tvorenej priestorovo usporiadanou pratovou
Struktirou, podopretou na obidvoch stranach obluka. Aj ked ide o relativne zlozita
Struktaru, podarilo sa realtivne jednoduchym spdésobom modelovat’ jednotlivé prvky
aich stubory tak, aby si modelovanie nevyzadovalo vel'a ¢asu uzivatela programu. To
bolo neskor vyuzité na pokus o aktsi optimalizaciu formou parametrickej Stadie.
Vysledky ukézali, Ze za optimalny névrh zhladiska hmotnosti mozno povazovat
konstrukciu s delenim na 17x17 tisekov, ktoré méa najmensiu hmotnost’.

Optimalizacia je vSak proces d’aleko zlozitejsi, obvykle sa v iom musia uplatnit
komplexnejSie typy a kombinacie zatazeni, vdc¢Sia variabilita dimenzii nosnych prvkov
a podopretia danej Struktiry.
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VYUZITi MODELOVE PODOBNOSTI KE STANOVENI POMERNEHO
UTLUMU KONSTRUKCE PRUMYSLOVEHO KOTLE

APPLICATION OF SCALING LAWS FOR ESTIMATING THE DUMPING RATIO
OF INDUSTRIAL BOILER STRUCTURE

JiFi Protivinsky', Martin Krejsa®

Abstrakt

Stanoveni utlumu soustavy je nezbytnym krokem pii jakékoli dynamické tloze.
Analytické feSeni neni mozné, proto je pro atypické konstrukce nezbytny experiment.
Primyslovy kotel atypickou konstrukci je. Méfeni na realizovaném dile nepfichazi
v tvahu, proto byla experimentalni modélni analyza realizovana na zmenSeném modelu
z materidlu PMMA. Predbézné vysledky potvrzuji vstupni predpoklad, Ze konstrukce
kotle vykazuje vyrazné€ vyssi tlumeni nez bézna ocelova konstrukce.

Klicova slova

Kotel, ocelova konstrukce, tlumeni, modalni analyza, podobnost, zmenseny model

Abstract

Determination of the dumping ratio is a first stage of every dynamic task. Analytical
solution is not available. Due to that an experiment might be reasonable for untypical
structure. Industrial boiler represents such untypical structure. Dynamic test on existing
equipment is very complicated. Due to that the dynamic test was performed on scaled
structure from PMMA material. Preliminary results confirm presumption that the
industrial boiler has significantly bigger dumping comparing to common steel structure.

Keywords

Boiler, steel structure, dumping, modal analysis, similarity, scaled model

1 Uvod

Konstrukce primyslového kotle vertikalniho typu se od béznych ocelovych konstrukci
li$i v celé fadé¢ parametri. Pfedpoklddame, Ze mechanicky Utlum této soustavy bude
vys$i, nez je obvyklé u béznych ocelovych konstrukeci.

Stanoveni Gtlumovych charakteristik mechanickych soustav je mozno jen na zékladé
experimentalniho méteni. Usporddat méfeni na skute¢ném dile priimyslového kotle je
ovSem velice organizacn¢ komplikované. Z toho diivodu bylo rozhodnuto uspotadat sérii
dynamickych zkouSek na zmenSeném modelu konstrukce. Vypovidajici hodnota
takového méfeni je omezena nemoznosti naplnit vSechny nezbytné zakony podobnosti,
cozZ je obecnym uskalim teorie podobnosti a modelovani [1]. Na druhou stranu fyzikalni
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model neni limitovan Zadnou nelinearitou a sam sebe reprezentuje naprosto dokonale. Je
tedy neocenitelnym nastrojem pro verifikaci matematickych model soustav stejného
druhu [2].

L L 1 1 1
3300 3400 3500 3600 3700 3800 3500

Obr. 1: Fotografie fyzického modelu  Obr. 2: Zaznam ¢asového pribéhu dokmitavani modelu

2 Zavér

Z namétenych vysledkli je ziejmé, Ze stanoveni soulinitele pomérného tlumeni
konstrukce na zmenSeném modelu z materidllu PMMA je mozné. Sledovana konstrukce
vykazovala ve vSech sledovanych modifikacich utlum dostate¢né maly na to, aby bylo
mozné vyhodnoceni provadeét.

Casovy priibéh dokmitavani konstrukce rozkmitané rezonanénim kladivkem ukézal
v prvni fazi dokmitavani vyrazné vzajemné ovlivnéni jednotlivych vlastnich tvart.
Vyhodnoceni tedy bylo provadéno ze zavérecné faze dokmitavani, kde jiz konstrukce
dokmitavala pouze na jednom vlastnim tvaru.

Me¢fteni prokéazala, ze konstrukce prumyslového kotle vertikdlniho typu, ma vyrazné
vys$§i pomérny utlum nez je obvyklé u béznych ocelovych konstrukci. Na zakladé
pfedbéznych vysledkli dochazime k zavéru, ze se hodnota logaritmického dekrementu
utlumu konstrukce kotle bude pohybovat blizko hodnoty 0,1. Jedna se tedy o vice nez
dvojnéasobnou hodnotu v porovnani s béZznou ocelovou rdmovou konstrukci. V dalSich
zkouskach se zaméfime na stanoveni hodnoty tohoto soucinitele pfislusné konkrétnim
dominantnim vlastnim tvariim kmitani.
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BUCKLING & POSTBUCKLING OF AN IMPERFECT PLATE
SUBJECTED TO THE SHEARING LOAD

Martin Psotny’

Abstract

The stability analysis of thin plate subjected to shear is presented. To obtain the non-
linear equilibrium paths, the Newton-Raphson iteration algorithm is used.
Corresponding levels of the total potential energy are defined. The peculiarities of the
effects of the initial imperfections are investigated using user program. Obtained results
are compared with those gained using ANSYS system.

Keywords

Stability, buckling, postbuckling, geometric nonlinear theory, initial imperfection

1 FEM nonlinear analysis

Restricting to the isotropic elastic material and to the constant distribution of the residual
stresses over the thickness, the total potential energy can be expressed as:

1 1 ’
U = [ (e, 2, ) tDle,, ~ sy, JdA+ [~ (k—ko ) = D(k~ ke JdA~ [ ¢ pa. (1)
42 42 12 y
The system of conditional equations one can get from the condition of the minimum
of the increment of the total potential energy 6 AU =0. This system can be written as:

K, Aa+F, —F_—AF, =0, )

int ext ext

where K,  1is the incremental stiffness matrix of the plate,
F,,  1isthe internal force of the plate,
F,  1isthe external load of the plate,
A4F, , is the increment of the external load of the plate.

The FEM computer program using a 48 DOF element has been created for analysis.
Used FEM model consists of 8x8 finite elements. Full Newton-Raphson procedure, in
which the stiffness matrix is updated at every equilibrium iteration, has been applied.
Obtained results are compared with results of the analysis using ANSYS system, where
32x32 elements model was created (Fig. 1b). Element type SHELL143 (4 nodes,
6 DOF at each node) is used. The arc-length method is chosen for analysis, the reference
arc-length radius is calculated from the load increment.

2 Illustrative example

[lustrative example of steel plate loaded in shear (Fig. 1) is presented as load —
displacement paths. The initial displacements are assumed as the out of plane

displacements only as a combination of first three buckling modes d,, = ZOQ *MODE, .
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a=b=260mm
t=2mm
E=210 GPa
v=0.3
o1=0.3mm
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Fig. 1: a) Notation of the quantities of the plate loaded in shear, b) ANSYS FEM model

In order to better describe post-buckling shape of the web, nodal displacements wa,
wc have been taken as the reference nodes.
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Fig. 2: Results for a; = 0.3 mm, ax= 0.2 mm, o3=0.1 mm

Presented non-linear solution of the post-buckling behaviour of the plate is divided
into two parts. On the left side load versus nodal displacement parameter relationships
are presented, on the right side the relevant levels of the total potential energy are drawn.

In Fig. 2 there are presented first three loading paths representing various forms of
change between buckling shapes. Fundamental path corresponds with the minimum
value of the total potential energy, thus there is no presumption of a snap-thorugh.
However, for some different shapes of initial imperfection (see full text), the level of the
total potential energy of the fundamental stable path can be higher than the total
potential energy of the secondary stable path. This is the assumption for the change in
the buckling mode of the slender web.
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STUDIUM JEMNOZRNNYCH KOMPOZITU DEGRADOVANYCH
KYSELINOU SIROVOU S VYUZITIM LOMOVYCH EXPERIMENTU

STUDY OF FINE-GRAINED COMPOSITES DEGRADED BY
SULPHURIC ACID USING FRACTURE EXPERIMENTS

Markéta Rovnanikova', Martin Vy§va¥il?, Ivana Havlikova?,
Hana Simonova®, Pavel Schmid®, Libor Topolai®, Zbynék Kersner’

Abstrakt

Siranova koroze velmi snizuje zivotnost zelezobetonovych konstrukci a prvkl, a to
predev§im v ¢asteCné zaplnénych kanalizacnich sitich, kde jsou betonové stény trub
vystaveny nejen siranim z odpadni vody, ale i kyseliné sirové vznikajici béhem
biogenni siranové koroze <cinnosti bakterii. Piispévek je zaméfen na studium
jemnozrnnych kompoziti degradovanych kyselinou sirovou s vyuzitim lomovych
experimentll. Bylo zjiSténo, Ze ro¢ni uloZeni téles v 0,5% kyselin¢ sirové ovlivnilo
hodnoty vSech sledovanych parametrti, degradace kyselinou prob¢hla vSak zfejmé jen
v povrchové vrstvé materialu téles.

Klicova slova

Lomovy test, pevnost v tlaku, modul pruznosti, lomova houzevnatost, siranova koroze.

Abstract

Sulphate attack is one of the major threats for durability of concrete
constructions/structural members and it becomes a major destructor in sewage collection
systems where concrete pipes are exposed to sulphates from wastewater as well as from
biogenic activity of bacteria. This paper is focused on the study of fine-grained
composites degraded by sulphuric acid using fracture experiments. It was found that
storing specimens in 0.5% sulphuric acid for one year affecting values of all observed
parameters, but acid degradation occurs apparently only in the surface layer of material
specimens.

Keywords

Fracture test, compressive strength, elasticity modulus, fracture toughness, sulphate
corrosion.
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1 Uvod

Mezi tradicni materidly, které jsou nejcastéji pouzivané pro vyrobu stokovych siti, patii
kamenina a beton, ¢i Zzelezobeton. Jeden z degradacnich procest, probihajici pfi
caste¢ném plnéni profilu kanalizaéniho potrubi z materidlu pojeného cementem, je
biogenni siranova koroze. Jedna se o vnéjsi siranovou korozi betonu, kdy siranové ionty
pronikaji do betonu z okolniho prostiedi. Vlivem této koroze totiz na stény potrubi
pusobi kyselina sirova, ktera nevnika do kanaliza¢ni sit¢ nedovolenym zpisobem ¢i pfi
havariich, ale za urCitych podminek v kanalizaci vznik4 Cinnosti bakterii. Jakmile se
stény betonového potrubi dostanou do styku s kyselinou sirovou, ¢i sirany, dochazi
thned ke vzajemné interakci, pii niz vznikd pfedev§im dihydrat siranu vépenatého
(sadrovec) a ettringit. To vede k postupnému rozruseni takto degradovanych stén
potrubi. Pfispévek je zaméfen na studium jemnozrnnych kompoziti degradovanych
kyselinou sirovou s vyuzitim lomovych experimenta.

2 Vysledky zkoumani

Vybrané vysledky stanoveni vlastnosti kompoziti z testi vzorkli pfed a po ro¢nim
pusobeni 0,5% kyseliny sirové jsou shrnuty v tabulce 1: pevnost vtahu za ohybu
(Ry), pevnost v tlaku (R.), lomova houzevnatost (Kic") a objemova hmotnost (pv).

Rf R K" Pv
Experiment [MPa] [MPa] [MPa(m)"?] [kg'm™]
Pred piisobenim H:S04 | 7,78 (5.1) | 63,19 (6,1) | 0,825 (7.1) | 2210 (03)
Po rotnim piis. H:80; | 8,50 3.9) | 25.26 (6,6) | 0,757 (5.1) | 2063 (1,5)

Tab. 1: Vlastnosti kompoziti pied a po ro¢nim plisobeni 0,5% kyseliny sirové:
aritmeticky primér (variacni koeficient v %)

3 Zavér

Na zéklad¢ vyhodnoceni provedenych experimenti na vzorcich jemnozrnného betonu
bylo mozno uzavtit, Ze rocni uloZeni téles v 0,5% kyselin¢ sirové ovlivnilo hodnoty
vSech sledovanych materidlovych parametr:

e Objemova hmotnost — pokles o 7 %.

e Pevnost v tahu za ohybu — nartst 0 9 %.

e Pevnost v tlaku — pokles o 60 %.

e Lomova houZevnatost — pokles o 5 az 8 %.

Z porovnani vysledkti lomovych zkousSek na télesech opatienych zafezem pied
ponofenim do 0,5% kyseliny sirové a tésné pfed lomovym testem lze usuzovat, Ze
ovlivnéni kyselinou zasahuje do pomérné malé hloubky materialu zkuSebnich téles:

e Staticky modul pruZznosti —niz$i o 29 %.

e Lomova houZevnatost — vyssi o 3 %.

e Pom¢ér inicia¢ni a lomové houZevnatosti — vy$si o 3 %.

Zavérem lze poznamenat, ze doplitkové pouzitd metoda akustické emise se ukazala
byt zajimavou pfi sledovani iniciace trhlin v materialu vysetfovanych téles.
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EFFECT OF PARAMETER ESTIMATION UNCERTAINTY
ON STRUCTURAL RELIABILITY

Arpad Rézsas', Miroslav Sykora?

Abstract

Parameter estimation uncertainty is often neglected in reliability analyses, i.e. point
estimates of distribution parameters are used for representative fractiles, and in
probabilistic models. This paper examines the effect of this uncertainty on structural
reliability using Bayesian statistics and a simplified numerical example. The calculations
reveal that the neglect of parameter estimation uncertainty might lead to an order of
magnitude underestimation of failure probability.

Keywords

Structural reliability, Bayesian inference, parameter estimation uncertainty, posterior
predictive distribution.

1 Problem statement

The scarcity of available information inevitably leads to uncertainty regarding the
parameter estimates of probabilistic models. This uncertainty is often neglected in
probabilistic analyses, e.g. in reliability case studies, and in deriving representative
fractiles. Additionally, this uncertainty appears to be neglected or not adequately
addressed in some standards and standardization processes as well. Thus, the aim of this
paper is to analyse the effect of parameter estimation uncertainty on failure probability.

2 Conceptual approach

A simplified numerical example is selected and the underlying probabilistic models for
resistance and action effects are assumed to be known. From each of these a random
sample is generated and probabilistic models are inferred. Then probabilistic models
with and without incorporating parameter estimation uncertainties are used to calculate
and critically compare failure probabilities. Bayesian approach is promoted in this study
as it can naturally cover parameter estimation uncertainties using the posterior predictive
distribution (B.PP). As a point estimate without this uncertainty, the posterior mean is
selected (B.PM).

3 Analysis results

To assess the effect of sampling variability the model fittings and reliability analyses are
repeated for multiple samples from the underlying distributions. 600 simulations are
used for each sample size, and the Bayesian models with and without parameter

! Arpad Rozsas, M.Sc., Department of Structural Engineering, Budapest University of Technology and Economics, 3-9. Miiegyetem
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estimation uncertainty are constructed. The results of simulation study are illustrated in
Fig. 1. The coloured regions represent 90% confidence intervals while the solid line
indicates the mean. The dashed line shows the reliability index obtained using models
without parameter estimation uncertainty.

6F

B.PM simulation

o~
T

s=== B PP simulation

= = without parameter estimation
uncertainty

Reliability index, S

\

L 1 L 1 1
25 30 40 50 75 100 150
Sample size for variable action, O

Fig. 1: Simulation based comparison of posterior mean (B.PM, red) and posterior predictive (B.PP,
blue) probabilistic models in respect of reliability index and sample size of the variable action, O

The B.PM results are fluctuating symmetrically around the reliability index without
parameter uncertainty while the B.PP is predicting consistently lower reliability indices.
All the models are converging to the reliability index without parameter uncertainty with
increasing sample size.

Reliability indices for a particular set of samples are summarized in Tab. 1.
Comparison of the Bayesian models shows that the failure probability increased by two
order of magnitude by incorporating the parameter estimation uncertainty.

without parameter with parameter
uncertainty B.PM uncertainty, B.PP
Reliability index, g | 3.80 243
Failure prob., Py 7.1-10°7 7.6:107

Tab. 1: Summary of reliability indices for a selected sample with 50 observations
for the variable action, O

4 Conclusions

The neglect of parameter estimation uncertainty could lead to several orders of
magnitude underestimation of failure probability. Bayesian statistics proves to be a
suitable tool for treating parameter estimation uncertainty. However, further research
and consideration of practical examples are needed to generalize the conclusions. The
consideration of this type of uncertainty could be especially important for critical
facilities such as nuclear power plants where site-specific data are used to construct the
probabilistic models.
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KONSTRUKCE TEZKEHO DREVENEHO SKELETU
THE CONSTRUCTION OF HEAVY TIMBER FRAME

Jana Rumlova', Roman Fojtik?, Jan Karas®

Abstrakt

Predmétem clanku je popis konstrukce tézkého dievéného skeletu, jehoz hlavnim rysem
je vytvoteni spoji s minimem ocelovych spojovacich prostfedkii. Pro objekt o dvou
nadzemnich podlazich bylo nutné zajistit prostorovou tuhost objektu systémem ztuzeni
svislych stén, dievo-betonovou konstrukcei stropu a prostorovym piihradovym vaznikem.
Kombinaci téchto ¢asti vznikl jedine¢ny navrh nosné konstrukce objektu.

Klicova slova

drevo, skelet, dievostavba, vaznik, kolikovy spoj

Abstract

The issue of this paper is a description of heavy timber construction. The main feature of
this was to create construction with a minimum steel bonding. This object has two
floors, so important thing was to ensure spatial fixity of the construction by the vertical
stiffening system, wood-concrete ceiling construction and spatial lattices truss. This
unique supporting construction was created by combination of this solutions.

Keywords

wood, frame, timber building, girder, pin joint

1 Uvod

Pfedmétem této prace je navrh nosné konstrukce objektu administrativni budovy.
Hlavnim cilem pak bylo prace navrhnout konstrukci s pouzitim minimalniho poctu
ocelovych spojovacich prostiedkt tak, aby vyhovéla pozadavkim CSN EN 1995-1-1.
Jako konstruk¢ni systém byl zvolen tézky dievény skelet s tradi¢nimi tesarskymi a
kolikovymi spoji.

2 Popis konstrukce

Navrhovany dvoupodlazni ma tvar pravidelného osmiuhelniku a je zastfeSen pultovou
stiechou. Jedna se o tézky dievény skelet z modiinového dreva, jehoz prostorova tuhost
je zajisténa systémem ztuzeni ve svislé roviné, dfevo-betonovym stropem a prostorovym
pfihradovym vaznikem v urovni stfechy. VétSina detailll v konstrukci je provedena
pomoci tradicnich tesafskych spoji a pomoci dievénych bukovych kolikovych spoju.
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Svislé ztuZeni konstrukce je tvofeno tlacenymi tesafskymi prvky, a to pasky vzpérami
a rozpérami. Tyto prvky jsou pfipojeny pomoci tradi¢nich tesafskych spoji
Dievo-betonovy strop byl zvolen pro své piiznivé hodnoty prihybu. Spolecné
s betonovymi sténami pasobi v konstrukei jako tuhé diafragma.
konstrukénimi detaily, rizikovym mistem pak je misto kiizeni past vazniku, které
nepusobi jako typicky kloubovy ptipoj.

a) b)

Obr. 1: a) Svisla nosna konstrukce b) Konstrukce vazniku

3 Vypocetni model

Pro zjisténi ucinku zatizeni byl vytvoren prostorovy prutovy MKP model celého objektu.
Zatizeni je vkladano do MKP modelti pomoci zatézovacich panelll a je rozdéleno do
jednotlivych zatézovacich stavii. Vzhledem k tomu ze nékteré prvky v konstrukei nejsou
schopny pfenaset tahova napéti, jsou v modelu zavedeny nelinearity a celd konstrukce
tak pocitana nelinearné.

4 Zavér
Névrh konstrukéniho systému objektu byl ovlivnén druhem spoji. Diky tomu jsou
konstrukéni prvky zna¢né masivni v porovnani s béznymi ocelovymi spoji. Aby bylo

dosazeno potifebné tuhosti objektu, vznikl jedinecny systém ztuzeni objektu, pficemz
nejveétsi vliv méla konstrukce piihradového vazniku.
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STRESS ANALYSIS OF MODIFIED COMPACT TENSION
SPECIMENS: K-CALIBRATION CURVES

Stanislav Seitl!, Viliam Viszlay?

Extended abstract

Compact tension (CT) test is in engineering frequently used test for metallic materials to
determiner fracture parameters/properties, e.g. fracture energy, fracture toughness, crack
propagation rate, J-R curves etc. The modified compact tension (MCT) specimen for
cement based composites has to be prepared due to negligible concentration around the
holes for tenons. An accurate determination of fracture parameters requires the use of a
valid calibration curves, there for in this contribution the stress analysis near the crack
tip and calibration curve for modified compact tension test are introduced.

The present paper deals with the determination of critical values of stress intensity
factor and Paris-Erdogan law parameters for modified compact tension test (MCT), see
in Fig. 1. The dimensions of MTC specimens used for calibration are D= 150 mm.
B=1 mm (the parameter is 1 mm, because the 2D numerical study is performed) and the
position of steel bars are characterized by ration: W/D to cover all theoretical
imperfection during preparing of MTC specimens. « is defined as a/W ratio. Bi() is a
dimensinaless geometrical factor.

J——

D=130

Fig. 1 Modified compact tension test (MCT) — 145/150, 112.5/150, 75/150, 37.5/150, 5/150.

Interpolation (calibration) functions for selected bars position are presented in Fig. 3.
The trend of all curve are similar and when the ratio a=a/W approaches 1, the curves
theoretically reach infinity. For practical point of view the interval of W/D (0.5, 0.9),
the interval which is thought to be wide enough for most practical purposes.
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Fig. 2: Stress distribution at the centre ()=0) Fig. 3: The dimensional geometry function f{a/W), for
of uncracked specimen (a=0). various crack lengths for different W/D.

The polynomials for B,(W /D =0.75, ) and B,(W /D =0.25, &) were determined
by fitting to reference data in finite element results. They were found to be

B,(W/D=0.75a)=0.1669 +2.6042a +4.9598a> —25.111a* +29.205a* + 4.6756a°
B,(W/D=0.25,a)=02049+1.2364a +3.0828a> —0.6278a> +5.6687a" +3.2404¢°

The following conclusions can be drawn from the results obtained:

» A simple and general approximate closed-form expression is proposed for the
stress intensity factor for a modified compact tension test. This result is valid for
any position (W/D (0.9, 0.5)) of bars and width-to-depth ratios with differs up
to 4 percent.

» To the authors’ knowledge, equivalent expressions were only available for
compact tension test W/D = 1/1.35 =0.74, ASTM 647.

» All the aforementioned expressions were checked following different routes; the
first one by comparison with direct finite element computations done for various
crack lengths and with-to-depth ratios.

» The second route was by direct comparison with available expressions for
compact pension specimens by other authors. The agreement was always good.
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VLIV PRESNOSTI POLYNOMU TVAROVYCH FUNKCI
NA REKONSTRUKCI POLE NAPETI V TELESE S TRHLINOU

INFLUENCE OF ACCURACY OF POLYNOMIAL SHAPE FUNCTIONS
FOR RECONSTRUCTION OF STRESS FIELD IN CRACKED BODY

Jakub Sobek' a Viclav Vesely?

Abstrakt

Ptispévek predstavuje studii zaméfenou na zhodnoceni piesnosti polynomt tvarovych
funkci pouzivanych pro popis poli napéti a deformaci v télese s trhlinou a ur€ovanych
z feseni téchto poli numerickymi nastroji, nej¢astéji metodou konecnych prvkii. Pfesnost
je hodnocena s ohledem na jejich pouZiti pro télesa z kvazikiehkych materidlti, které
jsou charakteristické rozsédhlou nelinearni zonou u Cela trhliny. Analyza je provedena
pomoci zpétné rekonstrukce pole napéti v télese s trhlinou a je vybrana jedna vhodna
varianta, splitujici pozadovanou piesnost.

Klicova slova

Pole napéti, funkce geometrie, preurcitd metoda, test Stipanim klinem, Williamstv
rozvoj, kvazikiehky lom.

Abstract

Paper presents a study focused on the evaluation of accuracy of polynomial shape
functions utilized for description of the stress and deformation fields in cracked body
and determined from solution of these fields using numerical tools, mainly using finite
element method. The accuracy is quantified with regard to use in specimens made from
quasi-brittle material characterized by large nonlinear zone at the crack tip. The analysis
is performed as a reverse reconstruction of stress field in a cracked body and one
suitable variant (which fulfills the required accuracy) is chosen.

Keywords

Stress field, geometry functions, over-deterministic method, wedge-splitting test,
Williams power series, quasi-brittle fracture.

1 Uvod

V predchozich studiich autorii byl prezentovan pfistup pro popis pole napéti (Ci
deformaci) pro télesa strhlinou zkvazikiehkych materidlli. Opird se o nutnost
zohlednéni vétSiho mnozstvi ¢lentt Williamsovy fady (€1 prepoctenych tvarovych funkci)
k vyjadfeni téchto poli, zejména ve vzdalengjSim okoli od kotene trhliny.
Viceparametrova linedrni elastickd lomova mechanika je v tomto piipadé obecnéjsi nez
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tel.: (+420) 541 147 116, e-mail: sobek.j@fce.vutbr.cz

% Ing. Véclav Vesely, Ph.D., Vysoké uceni technické v Brng, Fakulta stavebni, Ustav stavebni mechaniky, Veveii 331/95, 602 00
Brno, tel.: (+420) 541 147 362, e-mail: vesely.v1@fce.vutbr.cz

125



MODELOVANI V MECHANICE OSTRAVA, KVETEN 2015

dvouparametrova, protoze dokdze za pomoci vice ¢lent fady vystihnout pole ve vétsi
vzdalenosti, ¢ehoz lze vyuzit pro odhad rozsdhl¢ lomové procesni zony (LPZ),
charakteristické zejména pro kvazikiehké materidly (jako je beton, keramika, grafit a
podobn¢).

Vyse zminéné prace vyuzivaji k rekonstrukci pole napéti ve zkuSebnich télesech
nastroje ReFraPro, do kterého vstupuji (mimo jiné) hodnoty koeficientti vyssich ¢lenti
Williamsovy mocninné fady (resp. z nich pfepotené bezrozmérné, tzv. tvarové funkce),
ziskané z numerickych vypocti poli deformaci ve zkuSebnim télese za pomoci tzv.
preurcité metody (over-deterministic method — ODM). V dosavadnich pracich se autofi
zam¢tili hlavné na tzv. test Stipanim klinem (wedge-splitting test — WST), uvedeny
postup je vSak obecny a lze jej pouzit pro jakoukoliv zkuSebni geometrii (v modu I).
Avsak zatim nebyla vénovana dostateCna pozornost piesnosti samotnych polynomt,
vystihujici tvarové funkce. Aproximace fady bodl spojitou funkci pomoci regrese sebou
nese jista uskali. Pfi pouziti béznych softwarovych nastroji, které regresi umoziuji,
muze mit uZzivatelské nastaveni (maximalni stupeit pouzitého polynomu; hodnota
relativni/absolutni chyby, koeficientu determinace; pocet desetinnych mist spoctenych
hodnot koeficientli, atd.) zna¢ny vliv na findlni pfesnost kiivky tvarové funkce. MS
Excel kuptikladu pro regresi polynomem uvazuje maximalné polynom Sestého stupné.
Zda je to madlo, ¢i zda tento pocet zcela dostacujici je jednim z pfedmétid tohoto
prispévku. Hlavni pozornost je zaméfena predevsim na vliv stupné pouzitého polynomu
(a jeho normovani) na rekonstrukci pole napéti se srovnanim s FEM vypoctem.

polrnomial regression of g on alpha
200 T T T T

LooF b

oF -

S atalpha) - mean(g)”
- 100 9
3~ meanta)’ O

_ g 1 1 1 1
0 02 04 06 08
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#*

Obr. 1: WST teleso s jeho numerickym modelem Obr. 2: Regrese dat v sw Mathcad [13]
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MODELOVANI A EXPERIMENTY TRIBODOVE OHYBOVE ZKOUSKY
S TRAMKY Z DRATKOBETONU

MODELLING AND EXPERIMENTS WITH THREE-POINT BENDING TEST OF FIBRE
CONCRETE BEAMS

Old¥ich Sucharda!, Petr Kone¢ny?, Tomasz Ponikiewski®, Petra Doné*

Abstrakt

Ptispévek se zaméiuje na provedeni a modelovani tiibodového ohybového testu tramki
z dratkobetonu. Ugelem je zhodnoceni a posouzeni zakladnich vlastnosti, které budou
pouzity pro konstitutivni modely betonu u nelinearni analyzy a tvorby vypocetniho
modelu. Zvolené konstitutivni modely betonu jsou zalozeny na lomové mechanice
a teorii plasticity. Modelovani a analyza se provadi v softwaru ATENA. Softwarova
aplikace je zaloZena na metod¢ konecnych prvkd.

Klicova slova

Beton, dratky, experiment, modelovani, metoda kone¢nych prvki, nelinearni analyza.

Abstract

This paper focuses on evaluation and modelling of three point flexural test of fibre
concrete beams. The purpose is to evaluate the basic properties which will be used for
constitutive models in non-linear analyses. It is assumed that the constitutive models of
concrete are based on the fracture-plastic theory. The modelling and analyses are
performed in software ATENA. The software application is based on the Finite Element
Method.

Keywords

Concrete, fibre, experiment, modelling, finite element method, nonlinear analysis.

1 Uvod

U analyzy kompozitnich materialu je nutné kromé zakladnich materidlovych
charakteristik respektovat specifické vlastnosti, kdy autofi se zaméfuji na oblast
samozhutnitelnych dratkobetoni (SFRSCC). Pro tento typ kompozitu nejsou rozsiiené
vhodné kalibrace materidlovych modelll pro nelinedrni analyzu [1] nebo se vychazi
pouze ze zakladnich vlastnosti. Zvoleny uvodni experimentalni program zahrnuje sérii
zkuSebnich vzorka: tfi krychle a pét malych tramka se zafezem. ZkuSebni vzorky se
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odlisuji stupném vyztuzeni: 0%, 1% nebo 2%. BliZe je sloZeni a vlastnosti dratkobetonu
popsano v [2]. U zkousek se vyhodnocovala maximalni Ginosnost a pracovni diagramy
béhem zatéZovani, které se ndsledné¢ numericky modelovaly. Pracovni diagramy ze
zatézovani jsou zobrazeny na obr. 1.
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Obr. 1: Pracovni diagramy ze zkousek Obr. 2: Ttibodové zkouska tramecki

2 Zavér

Clanek se zabyva problematikou uréeni materialovych vlastnosti pro nelinearni analyzu
u cementového kompozitu a numerickymi simulacemi, kdy ptredlozeny ¢lanek shrnuje
uvodni vysledky zprvni série zkouSek noveé navazané spoluprice s partnerskym
pracovi§tém na Silesian University of Technology v Gliwicich. Sir§im zimérem
vyzkumu je vyuziti informaci z rentgenografie a vypoctové tomografie u téles
z dratkobenonu, které se nasledné vyuziji pifi modelovani chovani tramkd béhem
zatéZzovani, modelovani lomové procesni zony a identifikaci specifickych materidlovych
vlastnosti dratkobetonu (SFRSCC - steel fibre reinforced self-compacting concrete).
Na zékladé provedenych zkousek a vypocti se prokdzalo, Ze zkuSebni vzorky
a numerické modely 2D a také 3D maji u vzestupné vétve velmi podobnou tuhost
u tfibodové zkouSky na ohyb zobrazené na obr. 2. Vliv vyztuzeni na vzestupnou vétev je
maly. Zatimco u sestupné vétve se projevuje zvysSena tuhost vlivem vyztuzeni dratky.
Ze ziskanych hodnot maximalnich Unosnosti je rovnéz mozné shrnout, Ze numerické
modely dobie vystihly tnosnost pro prosty beton a s vyztuzenim 2%. Sestupnou vétev
nevyztuzeného vzorku je mozné také pomérné dobfe modelovat. Rozdil sestupnych
vétvi vyztuzenych a nevyztuzenych vzorku byl vyrazny. Zohlednéni tahového zmékceni
u dratkobetonu bude predmétem dalSiho vyzkumu, ktery bude zaméfen zejména
na modelovani lomové procesni zony a vyuziti pokrocilych technik snimkovani vzorki.
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NUMERICAL MODEL OF VERTICALLY
LOADED FOUNDATION SLAB

Tetiana Sukhorukova', Radim Cajka?

Abstract

This paper presents modeling of interaction of vertically loaded reinforced concrete
foundation slab model with the subsoil for the definition of maximal deformations.

Keywords

Foundation, FEM, deformations, subsidence, displacements.

1 Introduction

The sample used for load testing was reinforced concrete foundation slab model. During
exposure to vertical load vertical subsidence and slab deformations were measured
together with stress. Test slab dimensions were 2000x1950x120 mm. Concrete C16/20
was used for concreting. Hand knotted reinforcing mesh ¥8/100 mm from steel BS00B
was inserted to the slab. Shear reinforcing was not performed. The slab was concreted on
layer compacted gravel with thickness 0.3m which was stored on original subsoil
without greensward. The subsoil characteristics were tested in cooperation with
geotechnical specialists. The upper layer of subsoil consists of loess loam with F4
consistency. Thickness of that layer is about Smeters. During the test, the concrete slab
was loaded in the centre by the pressure applied by a hydraulic press. The load area of
vertical force was 200 x 200 mm, Vep=344 kN.
Vertical displacements are shown in Fig.1
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Fig. 1: Vertical displacements of reinforced concrete foundation slab model
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Fig. 1 shows that the maximal displacements are in a place of load and it is 5.15 mm.
More detailed consideration of vertical deformations is shown in Fig.2.
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Fig.2: Detailed consideration of vertical deformations

When we consider vertical deformations of a slab we see that the maximal subsidence
is 5.15 mm and minimum is 1.75 mm in the corners of a slab (Fig.3)
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Fig.3: Maximum and minimum subsidence of reinforced concrete foundation slab model

2 Conclusion

Modeling of interaction of vertically loaded reinforced concrete foundation slab model
with subsoil was used for the definition of maximal vertical deformations.
The results show that the maximal deformations of reinforced concrete foundation
slab model are 5.15 mm.
Maximal deformations are in admissible sizes, that’s why it’s not necessary to
minimize them up to the admissible sizes.
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NELINEARNI ANALYZA MECHANICKE ODEZVY MOSTU
C. 2-2043-15, E4 KRISTINEBERG, STOCKHOLM

NONLINEAR ANALYSIS OF THE BRIDGE NR. 2-2043-15,
E4 KRISTINEBERG, STOCKHOLM

Pavel Seda', Ladislav Routil?

Abstrakt

Ptispévek predstavuje vystavbu a nelinedrni analyzu mechanické odezvy mostu ¢. 2-
2043-15 E4 Kristineberg ve Stockholmu. Simulované vysledky jsou srovnany
s hodnotami naméfenymi pii zatéZovacim experimentu a jsou ukazdna moznd mista
se zvySenym rizikem poSkozeni, vyzadujici zvySeny monitoring v pribéhu uzivani
stavby.

Klicova slova

Most €. 2-2043-15 E4 Kiristineberg Stockholm, nelinedrni analyza, zatéZovaci
experiment.

Abstract

The paper is focused on the construction and nonlinear analysis of the bridge 2-2043-15
E4 Kristineberg in Stockholm. Simulated results are compared with experiments.
Locations with the enhanced risk of damage are pointed out — these places should be
under monitoring during the life cycle of the bridge.

Keywords
Bridge 2-2043-15 E4 Kristineberg Stockholm, nonlinear analysis, loading test.

1 Konstrukce, vystavba a model mostu

Mostni objekt ¢. 2-2043-15 dalnici E4, exit 161 (Trafikplats Kristineberg),
ve Stockholmu je tvofen zelezobetonovou ramovou konstrukci o 2 polich. Celkova délka
pfemosténi v ose komunikace ¢ini 26,0 m a volna §itka na most¢ je minimalné 7,0 m.
Spodni stavbu tvofi dvé krajni opéry a jeden mezilehly pilit. Jizni opéra je 3,5 m vysoka
sténa se zakladovym pasem zhotovenym na skalnim podkladu, severni opéra je 0,9 m
Sirokd, 5,0 vysokéd a 15,0 m dlouha masivni sténa, kterd svira uhel s mostovkou 152°.
Severni opéra je zaloZena na velké zékladové desce, kterd tvoii patu opéry a zaroven
slouzi jako ¢ast silnicni komunikace vedouci pod mostem. Pilif o priméru 1,2 m
je zalozen ve stejné trovni jako severni opéra a je umistén excentricky mimo osu mostu
v 1/3 délky rozpéti [1], [2].

"Ing. Pavel Seda, Habau Sverge AB, Lindhagensgatan 103, 112 51 Stockholm, Sweden, pavel.seda@habau.cz
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Hotova konstrukce byla podrobena zatéZzovacimu experimentu, pii kterém se méftily
svislé posuny na nainstalovanych meéti¢skych bodech. Tento experiment byl nasledné
pfedmétem numerické simulace.

Mechanickd odezva mostni konstrukce pii provedeném zatézovacim experimentu
byla simulovdna v programu ATENA 3D. Hodnoty parametri materidlového modelu
betonu (CC3DNonLinCementitious) byly odvozeny od krychelnych pevnosti ziskanych
z vysledkii laboratornich zkouSek provadénych na zkuSebnich télesech vyrobenych
pii betonéazich jednotlivych ¢asti konstrukce. Mezi sledované vystupy pattily napft. svislé
posuny ¢i obrazy trhlin (Obr. 1).
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Obr. 1: Simulované svislé posuny od 2. zatéZzovaciho stavu (zvétSeno 150%) v¢. obrazu trhlin

2 Zavér

Prispévek predstavuje vysledky nelinearni analyzy mechanické odezvy mostu €. 2-2043-
15 E4 Kristineberg ve Stockholmu. Ukazuje dobrou shodu vysledkli simulaci s daty
ze zatézovaciho experimentu. Jsou ukdzana mista se zvySenym rizikem poskozeni,
vyzadujici sledovani v pribéhu uzivani stavby. Odladény model mize byt vyuzit
k parametrickym ¢i pravdépodobnostnim studiim chovani konstrukce a tak piispét
k optimalnimu névrhu a udrzbé konstrukce.
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ANALYZA RIZIKA POZARU V SILNICNICH TUNELECH
ANALYSIS OF FIRE RISK IN ROAD TUNNELS

Jifi Sejnoha, Daniela Jaruskova, Jan Sykora'

Abstrakt

Riziko pozaru v tunelu je vtomto pfispévku pojiméno jako pravdépodobna Skoda.
Vychodiskem jsou charakteristiky dopravniho proudu, vystupujici v Markovové modelu,
popisujicim strukturu proudu, z niz vychazi predikce pravdépodobnosti vzniku pozaru.
Fyzikalni parametry pak urcuji tepelny vykon (HRR) a dalsi vlastnosti pozaru a vstupuji
do hygro-termo-mechanického modelu pozéaru pro odhad vzniklé skody.

Klicova slova

Riziko, dopravni proud, Markoviiv model, pravdépodobnost vzniku pozaru, transport
tepla a vlhkosti za vysokych teplot, odprysk betonu, skoda

Abstract

In this paper, the risk of fire is interpreted as probable damage. The starting point is
characteristics of the traffic flow entering the Markov chain model that demonstrates the
structure of the flow and creates a basis for esimating the probability of fire. The
physical parameters then specify the heat release rate (HRR) and other properties of fire
inputting the hygro-thermal-mechanical model of fire to predict damage.

Keywords

Risk, traffic stream, Markov’s model, probability of fire origination, heat and moisture
transport under high temperatures, spalling, damage

V minulém desetileti probéhl rozsahly vyzkum vzniku poZzarti v tunelech v Rakousku
[1], Italii [2],[3], ale 1 jinych zemich. Ukazuje se, Zze pravdépodobnost vzniku pozaru
v tunelu je velmi nizk4 a dosahuje fadové desitek pozarii na 1 mld. kilometra ujetych
v tunelu, pfi ¢emz Cetnost pozarti nakladnich automobilti a busii (VAB) je zhruba Sestkrat
vys$S§i nez osobnich automobili (OA4), viz [1]. Podle tohoto pramene je tfeba rozliSovat
pozary v horskych oblastech, kde v disledku prehiati nékterych komponent vozidla, at
jiz pfi prudkém stoupani nebo klesani, pievazuje samovzniceni (u NAB cca 97%), a
pozary v rovinatych oblastech, kde dochazi k naslednym pozarim po piedchozi havarii.
Porovnanim véaznych nehod/havarii v tunelech a ptilehlych volnych usecich délnic se
ukazalo (viz [2]), Ze v tunelech byly vdzna nehody ze dvou tfetin ¢etnéjsi nez na volnych
usecich. Na cetnost nehod ma kromé chovani fidi¢i a viditelnosti nejvetsi vliv hustota
provozu (AADT) a geometrické a dopravni charakteristiky tunelu (zakfiveni, stoupani,
klesani apod.). Nepfiznivy vliv na strukturu dopravniho proudu ma i pocet pruhll (s
jejich poctem roste intenzita prejizdéni mezi pruhy s dopadem na frekvenci nehod).

! Prof. Ing. Jifi Sejnoha, DrSc., Feng., QVUT v Praze, Fakulta stavebni, Praha 6, Thakurova 7, 166 29, (sejnoha@fsv.cvut.cz)
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Na zaklad¢ informaci o dopravnim proudu byl vytvofen jednoduchy pravdépodobnostni
model. Je sloZen z téchto ¢tyi komponent:

(1) Z pravdépodobnostniho hlediska je mozné pocet vaznych nehod (resp. pozarh)
odhadovat pomoci Poissonova modelu. Vzhledem k vétSimu rozptylu statisticky
zjisténych poctl nehod je vSak doporuceno v [3] vyuzit k tomuto ucelu negativniho
binomického rozdéleni.

(i1)) Abychom mohli odhadnout dopad poZaru na osténi tunelu, za podminky, Ze
k nému doslo, musime predikovat tepelny vykon (HRR), ktery zavisi na typu a poctu
vozidel, u nichz doslo ke vzplanuti. Pro ur¢itost piedpokladejme dopravni proud ve dvou
pruzich jednosmérného tunelu s tim, ze ke vzplanuti mize dojit ve ¢tyfech kombinacich
vozidel jedoucich v sousednich pruzich, a to NABNNAB, NABNOA, OANNAB, OANOA.
Na tyto kombinace mizeme nahlizet jako na Ctyfi stavy stacionarniho Markovova
fetézce a na zéklad¢ intenzit prechodii mezi vozidly v témze pruhu a intenzit prejezdi
mezi pruhy mizeme predikovat pravdépodobnosti téchto kombinaci. Pfipad pozaru na
dvou vozidlech v témze pruhu je z pravdépodobnostniho hlediska jednodussi. Mohutny
pozar vétsiho poctu vozidel je tfeba hodnotit jako zvlastni pripad ad hoc.

(iii)) K posouzeni dopadu poziru na osténi tunelu musime znat rozdéleni
pravdépodobnosti tepelnych vykonl pfipadajicich na vymezené kombinace. V [1] jsou
tato rozdéleni konstruovana expertné stromem piipadii (E7A4). Stoji za zminku, Ze ze
vSech 68 pozart, ke kterym doslo v Rakousku v obdobi 2006-2012 v tunelech nebo v
jejich bezprosttednim okoli se pouze 38% pln€ rozvinulo v tunelu a spadd tudiz do
oblasti této analyzy.

(iv) Vysledkem ptredchozich tii kroki je pravdépodobny tepelny vykon. Jeho dopad
na poskozeni osténi je tfeba analyzovat pomoci hygro-termo-mechanického modelu
vychazejicitho z [4]. Dal§i nezbytné udaje o teplotnim zatizeni lze nalézt v [5].
Vyznamnym faktorem ovlivitujicim poskozeni osténi je nejen odprysk vrstvy v tloust’ce
cca 5 cm, ale 1 vyznamny pokles pevnosti betonu v celé tloust'ce osténi.

Je tfeba zdiraznit, Ze pravdépodobnostni charakteristiky nehody/poZaru se po délce
tunelu méni. Proto je trasa tunelu obvykle rozdélena na zony, a to dvé zony 1 pied a za
tunelem (cca 2x100 m), dvé zony 2 v tunelu pobliz obou portali (cca 2x100 m).
Nasleduji dvé zony 3 (cca 2x300 m) a stfedni zona 4 uvnitf tunelu. Tyto faktory je tieba
vzit v ivahu pfi vypoctu rizika (integraci) jako pravdépodobné Skody.
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STABILITA A KMITANIE SPOJITEHO NOSNIKA S IMPERFEKCIOU
STABILITY AND VIBRATIN OF IMPERFECT CONTINUES BEAM

Lubos Snirc!, Jan Ravinger?

1 Prirastkova formulacia pre rieSenie geometricky nelinearnych uloh

Prichodom metody konecnych prvkov sa objavila myslienka aktivne vyuzit’ diskretizaciu
metddy koneénych prvkov pre rieSenie geometricky nelinearnych uloh. Tak vznikol tzv.
,up-dated* model. Tento pristup nesie so sebou mnozstvo teoretickych i numerickych
zlozitosti a presadil sa iba v malej skupine problémov. Stale sa ukazuje za vhodné a
postacujuce pouzit’ tzv. “total description® model, ktory sa opiera o zdsady vypoctu
stanovené¢ uz Eulerom. Teoriu pre prirastkové iiteracné rieSenie mozno zjednotit
v prirastkovej formulacii.
Pouzitim Hamiltonovho principu tloha vedie na systém podmienkovych rovnic,
Ky AG + K e Aq + Fiyp = Fpyp — AFpyp =0
kde K,, je matica hmotnosti, K, - prirastkovd tuhostnd matica, ktord je funkciou
deformécii konStrukcie, f,,; - vektor vnutornych sil, f5,; - vektor vonkajSieho

zatazenia, Afy,; - prirastok vektora vonkajSicho zatazenia, Ag - prirastok vektora
zrychlenia premiestneni, Aq - prirastok vektora premiestneni.
Vlastnu kruhovt frekvenciu ako i tvar kmitania dostaneme z rovnice

2 —
det
V prirastkovej tuhostnej matici je zapoc€itana hladina zat'azenia, deformacie konstrukcie
ako 1pociatoéné¢ deformacie. Predlozend rovnica udéva vlastnu kruhovu frekvenciu

(vlastné hodnoty) ako i tvary kmitania (vlastné tvary).

2 Stabilita a kmitanie spojitého nosnika

Experimentalne overovanie bolo realizované na drevenom nosniku (Obr. 1).

F
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Obr. 1: Rozmery a mechanické vlastnosti experimentalne overovaného nosnika
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Obr. 2: Pohl'ad na skusku nosnika

Ziskané vysledky su spracované na obrazkoch 3 a 4. Pre prehl'adnost’ boli vysledky
spracované¢ do bezrozmernych pomernych tvarov. Pri tomto spracovani eSte viac
vynikne dobré zhoda teorie s experimentom.
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Obr. 2: Zavislost’ medzi zatazenim a deformaciou prita
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Obr. 3: Zavislost medzi zat'azenim a $tvorcom vlastnej kruhovej frekvencie prita

3 Zaver

Predlozeny vysledok dokumentuje vyborni zhodu medzi tedriou a experimentom.
V prvom rade je to dokaz, ze Eulerova teoria pre vzper pruta je spravna.

Porovnavat’ teoreticko-numericky vyhodnotenu frekvenciu s frekvenciou nameranou na
redlnej konStrukcii je zakladom pre skupinu nedeStruktivnych metod identifikacie

vlastnosti resp. kvality konstrukcii. Toto je mottom pre autorov pokracovat v danom
vyskume.

Predlozeny clanok bol realizovany vdaka podpore agentura VEGA ¢.1/0272/15
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MODELOVANI STAVEBNICH OCELOVYCH KONSTRUKCI V PRAXI
STRUCTURAL STEEL MODELLING IN PRACTICAL APPLICATIONS

Libor Stefek!, Pavel Michalik?

Abstrakt

Pro modelovani ocelovych konstrukei je ur€ena aplikace Tekla Structures. Tato aplikace
umoziuje tvorbu interaktivniho 3D modelu, ve kterém jsou obsazena veskera data
potiebna pro vyrobu a montaz ocelové konstrukce. Sou€asné jsou k dispozici informace
dalezité pro tizeni zakazky a spolupraci s dal$imi odbornymi tutvary. Princip BIM
umoznuje fizeni stavby dle modelu a poskytovani aktudlnich informaci investorovi.
Vypocetni model a analyza je zpracovana v softwaru Scia Engineer. V pfispévku jsou
popsany vyhody a uskali prace s modelem pomérné velké konstrukce Svédské
elektrarny.

Klicova slova

Ocel, Konstrukce, Model, Pfipoj, Kontrola, Tekla Structures, Vykres, Stavba, Vypocet,
Scia Engineer, IDEATrs

Abstract

Modelling of steel structures is determined by Tekla Structures. This application allows
you to create interactive 3D model in which are contained all the data necessary for the
production and assembly of steel structure. The same time available information relevant
for contract management and coordination with other specialized departments. The
principle of BIM enables construction management according to the model and
providing current information to the investor. Calculating software for analysing of
structural steel is Scia Engineer. There are described advantages and difficulties during
work with model of large structure of Swedish power plant in this paper.

Keywords

Steel, Structures, Model, Component, Checking, Tekla, Drawing, Building, Analysis,
Scia Engineer, IDEATrs

1 Tvorba struktury modelu (Model structure)

Pti tvorbé struktury modelu se vychazi z projekéni Casti zakdzky. Do modelu je mozno
importovat struktury z externich zdroji. Nasledn¢ se doplni jednotlivé prvky konstrukce.

Zakladni objekty modelu jsou dilce a polozky. Ke kazdému dilci a poloZce jsme
schopni v pribéhu modelovani zjistit aktualni informace. Tyto objekty jsou definovany
svymi vlastnostmi, které vkladdame ptes dialogovd okna. Mezi zdkladni néstroje pro
préaci s modelem patii pohledy a jejich kombinace.

"Ing. Libor Stefek, Vitkovice Power Engineering a. s.; libor.stefek@vitkovice.com
2 Pavel Michalik, Vitkovice Power Engineering a. s.; pavel.michalik.vpe@vitkovice.com

137



MODELOVANI V MECHANICE OSTRAVA, KVETEN 2015

Dalsi fazi zpracovani modelu je Detail design — navrh ptipoju a Finalized connection
— kone¢na uprava ptipojii a optimalizace vlastnosti. Jednotlivé pfipoje se modeluji
pomoci maker — soubor voleb a ptikazl strukturovanych v zalozkach dialogového okna.

Kontrolni funkce modelu je mozno rozdélit na funkce pro globalni kontrolu a
optimalizaci modelu a na funkce pro kontrolu a optimalizaci na urovni prvki.
Vysledkem je protokol s detailnimi informacemi o zjisténych kolizich.

2 Tvorba vystupi (Export)

Pro komunikaci s investorem, projektantem, provadéci firmou a montazni firmou Tekla
structures nabizi fadu externich formata.

Pro vyrobu polozek Tekla structures nabizi NC DATA, které je mozno nasledné
nacist do obrabécich strojt.

3 Zakladni udaje statického modelu

Globalni analyza, staticky a dynamicky vypocet konstrukce Svédské elektrarny je
zpracovan v prostiedi softwaru Scia Engineer.

Staticky model je tvofen jako prostorova prutova konstrukce, ktera je bézn¢ bodové
podeptena jednoduchymi vazbami, které odebiraji jednotlivé stupné volnosti. Plosné
prvky nejsou vyuzity.

Tim ovSem jednoduchost kon¢i. V modelu jsou obsazeny vSechny prvky, které tvoti
konstrukci elektrarny. Kromé nosnych prvkl jsou do modelu zahrnuty rovnéz prvky
pomocné, které napomahaji prehlednosti.

Celkovy pocet prvki v modelu je vétsi nez 13 tis.. Pocet piifazenych prifeza
pfesahuje cislo 10 tis.. Obrovské mnozstvi jednotlivych zatiZeni, kterd vystupuji
v modelu jako osaméla bfemena a spojitd zatizeni, je v modelu rozdéleno do 66
zatézovacich stavi.

4 Vyskytujici se problémy

Prace s takto velkym statickym modelem pochopitelné piinasi néktera uskali. Je tfeba
zminit, Ze model tohoto poctu prvkl a zatézovacich stavil je jiz hranicné velky, stava se
nepiehlednym a odhaleni chyb je komplikované.

5 Navrh a posouzeni pripoju

Navrh a posouzeni piipoji je nedilnou soucasti tvorby vyrobni dokumentace. Je to
¢innost, kterd predchazi samotnému kresleni vyrobnich vykresi a i kni jsou
pochopitelné vyuzivany nejmodernéjsi softwarové nastroje.

6 Zavér

Aplikace Tekla Structures umoZiiuje pracovat na 3D interaktivnim modelu konstrukce
ve sdileném rezimu. V ramci zpracovani modelu je vyuzit princip BIM.

Prace s globalnim statickym modelem, ve kterém jsou zahrnuty vSechny soucdsti,
prinasi bezesporu velky ptinos. Dobfe vystihne vzdjemnou interakci jednotlivych slozek,
zkréti ¢as ndvrhu a mnohdy konstrukci zekonomicti. Na druhou stranu vSak pii velkém
objemu dat zneptehledni situaci a za¢ne klast zvySené naroky na pozornost projektanti.
Kazdopadné bez vyuziti téchto modernich softwarovych nastrojii by v dnesni hektické

dobé, kdy je kladen enormni tlak na zkraceni projekéni ¢asti, nebylo mozné smysluplné
stavebni ocelové konstrukce navrhovat.
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OPTIMIZATION AND SAFETY DESIGN
OF THE FOUNDATION PLATE

OPTIMALIZACIA A BEZPECNOST NAVRHU ZAKLADOVEJ DOSKY

Katarina Tvrda!

Abstract

In the first part this paper deals with the optimal design of thickness of a plate rested on
Winkler’s foundation. In the second part some probabilistic and safety analysis of the
deflection of the foundation using LHS Monte Carlo method are presented.

Keywords
Optimization, thickness, foundation, plate, Winkler's theory, probability, reliability

1 Introduction

Many world leading universities deal with this problem, in particular when proposing
the topic tasks for the practice, in particular in the air force industry as well as building
and civil engineering structures. Thickness of the foundation plate rested on Winkler’s
foundation is reduced to the minimum prescribed thickness depending on the objective
function and the optimization of parameters. In the design of structures or parts there is
one of the most important tasks of assessing the reliability of the structure, and its ability
to retain the confidence of the means required for the entire time of the technical
properties of life.

2 Optimization of plate thickness in some points

This section deals with an example of optimizing plates using first-order method, which
uses except unknown function and its first derivative.

H4=05

HG6=0.723

H101=0D.866

H105=0.578

H109=0.633

HE=0.774
H104=0814
H4=0.5
H108=0.682 g
H4
H4
H112=0.507

H4=0.5

Fig. 1: Final thickness design in fourteen points

! doc. Ing. Katarina Tvrd4, PhD. Slovak University of Technology, Department of Structural Mechanics, Radlinského 11, 813 68
Bratislava, +421259274291, (katarina.tvrda@stuba.sk)
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3 Probability calculation

Five mutually independent random variables were used as the stochastic inputs:
hvar, qvar, EX1var, EX2var, KKvar and wvar (see Tab. 1). During a probabilistic analysis,
ANSYS executes multiple analysis loops to compute the random output parameters as a
function of the set of random input variables. The values for the input variables are
generated either randomly using Monte Carlo simulation with Latin Hypercube
Sampling. The number of samples was set to 1000. The output shows (Fig. 2) the
probability that max deflection is less than -0.006 m, representing that the design is at
3.47¢-? unreliable.

Inputs deterministic Parl Par? type
HI [m] HI =095 0.94 0.96 uniform
q [kN/m] q 1 0.1 lognormal
EXI [kPa] 31 e6 2.759e7 1.3795e6 gauss
EX2 [kPa] 0.85*31e6 2.759e7 1.3795e6 gauss
KK [kN/m?] 70000 70000 3500 gauss
Table 1: Tables of deterministic and stochastic inputs
_____ comptatsve Digerimusion snczion AN
- 2
: o

~.O00E=E - .00875 - 00825 - 00475 - .00425 -.0037%5 - .003z
- noe -.goss -0 a5 -goa

- npasgoz

Fig. 2. Histogram of cumulative distribution function PRIEH - deflection

4 Conclusion

The aim of this analysis was to determine the probability of the failure of structure, and
then to determine its reliability depending on the input parameters. In our case, there has
been a failure (3.47e-3), if we have exceeded the limit deflection -0.006 m.
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ZAUTOMATIZOVANI TVORBY VYPOCETNICH MODELU
S VYUZITIM JAZYKU VISUAL BASIC

AUTOMATIZATION OF THE PROCESS OF CREATING COMPUTATIONAL
MODELS USING VISUAL BASIC PROGRAMMING LANGUAGE

Jan Vales!

Abstrakt

Clanek se zabyva zautomatizovanim tvorby 3D geometrie modelti nosnikd, ktera bude
slouzit jako zéklad konecnéprvkostnich vypocetnich modelll a jejich analyzy. Proces
zautomatizovani pritom zahrnuje propojeni softwaru AutoCAD a Microsoft Excel
prostfednictvim programovaciho jazyku Visual Basic. Clinek se poté konkrétnégji
soustiedi na sestavovani geometrie valcovanych nosnikl I-prifezu, jejichz pocate¢ni
geometrickd imperfekce ma 1. vlastni tvar vyboceni pfi ztraté stability klopenim.

Klicova slova

Vypocetni model, Visual Basic, nosnik, imperfekce, klopeni.

Abstract

The paper deals with the process of automatization of creating the 3D models. The
geometry will serve as a basis of the final element models and their analysis. The
process of automatization includes interfacing AutoCAD and Microsoft Excel software
using Visual Basic programming language. The paper focuses on the creation of
geometry of hot-rolled I-beams. Their initial imperfections are modelled so that they
originate in the first eigenmode of lateral-beam buckling.

Keywords

Computational model, Visual Basic, beam, imperfection, lateral-torsional buckling.

1 Uvod

Proces zautomatizovani vypoctu konstrukce nebo alesponi tvorba jejiho vypocetniho
modelu se jevi jako naprosta nutnost v tlohach, kdy mame velky pocet riznych realizaci
dané konstrukce a cilem je z vypoctu kazdé takové realizace ziskat vysledky, které nas
zajimaji (inosnost, maximalni deformace apod.). Zejména v pfipad¢ simula¢nich metod
typu Monte Carlo, kde se setkdvame s fadoveé tisici az miliony nahodnymi realizacemi
[1], by byl nezautomatizovany postup nemyslitelny.

V této tloze je podstatou procesu automatizace nacteni souboru dat s hodnotami
realizaci geometrickych charakteristik priifezu a sestaveni cyklu pro tvorbu a export
vyslednych modelti nosniku valcovaného I-prafezu. Ty budou slouzit jako zaklad
kone¢néprvkostnich vypocetnich modelti v programu Ansys a jejich analyzy.

! Jan Vales, Ing., Vysoké uceni technické v Brng, Fakulta stavebni, Ustav stavebni mechaniky, Veveii 331/95 602 00 Brno,
vales.j@fce.vutbr.cz
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Témto modeliim je pfisouzena pocatecni geometrickd imperfekce, kterd vychdzi
z prvniho vlastniho tvaru vyboceni pfi ztraté stability klopenim. Sestava z vyboceni osy
nosniku ve sméru kolmém na mekéi osu priifezu a nato€eni prifezii podél osy nosniku.
Zaktiveni nosniku podle prvniho vlastniho tvaru vyboceni predpoklada, ze vyboceni osy
a nato€eni prufezii podél osy nosniku jsou funkéné zavislé a je mezi nimi korelace 1.
Takovéto modelovani je z hlediska spolehlivosti navrhu konzervativni, protoze vede na
nejrychlejsi pokles tnosnosti [2].

2 Popis modelu

Vypoctové modely budou tvofit nosniky profilu 1200. Jejich geometrie bude
importovana do kone¢néprvkového programu Ansys a model bude nameshovan
prostorovymi kone¢nymi prvky SOLID185. Jedna se o osmiuzlové prvky se tfemi stupni
volnosti v kazdém uzlu (posun ve sméru osy x, y a z) [3]. Kvlli odstranéni moZznych
problému se siti kone¢nych prvka byl profil zidealizovan tak, Ze nebyla uvazovana
zaobleni R1 a Rz, viz Obr. 1a), a geometrii prifezu tak definovala pouze vyska profilu 4,
Sitka pasnice b, tloustka stojiny #1 a tloustka pasnice v jedné Ctvrting jeji Sitky £, viz
Obr. 1b).

b b
5 bﬂbﬁ% bljbh%
7y -
= —F
L, t,
<| < <

J

e

A 3

r/% A
a)

Obr. 1: Profil 1200: a) skute¢ny, b) idealizovany

b)
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SLEDOVANI ZMEN ELEKTRICKE REZISTIVITY
A ULTRAZVUKOVYCH VLASTNOSTI BETONU BEHEM LOMU

OBSERVATION OF CHANGES IN ELECTRICAL RESISTIVITY AND
UTRASONIC PROPERTIES OF CONCRETE DURING FRACTURE PROCESS

Viaclav Vesely', Petr Kone&ny?, Daniel Pieszka®, Petr Lehner?, Libor Zidek®

Abstrakt

Ptispévek prezentuje ¢ast studie sledujici zmény fyzikalnich a mechanickych vlastnosti
cementového kompozitu, jimiz lze charakterizovat deterioracni procesy v Zelezo-
betonovych konstrukcich, béhem procesu rozvoje tahového poruSeni. Byly méfeny
elektrické a akustické vlastnosti v oblasti betonovych zkuSebnich téles, kterou byla
fizen¢ Sifena trhlina.

Klicova slova

Beton, tiibodovy ohyb, kvazikiehky lom, sekvencni zatézovani, efektivni délka trhliny,
elektricka rezistivita, doba prichodu ultrazvuku.

Abstract

The contribution presents a part of study aimed at investigation of physical and
mechanical properties of cementitious composite, using which deterioration processes of
reinforced concrete structures can be characterized, during tensile failure propagation.
Electrical and acoustic properties were measured in the part of concrete specimens,
though which a crack was propagated via fracture test.

Keywords

Normal concrete, three-point bending test, quasi-brittle fracture, sequential loading,
effective crack length, electrical resistivity, ultrasound pulse passing time.

1 Uvod

Ptispévek je zaméfen do oblasti Zivotnosti zelezobetonovych konstrukci, jez se stava
velmi aktudlnim tématem zejména v souvislosti s udrzbou a opravami dopravni
infrastruktury. Trvanlivost téchto konstrukci pfimo souvisi s korozi ocelové vyztuze
vyvolané nejcastéji pusobenim chloridovych iontii od posypovych soli ¢i motské vody.
Modely pro odhad Zivotnosti zalozené¢ na fyzikalnim popisu difuze agresivnich latek
betonovou kryci vrstvou pracuji s parametry (konkrétné napt. soucinitelem difuze),

! Ing. Vaclav Vesely, Ph.D, VSB-TU Ostrava, Fakulta stavebni, Katedra stavebni mechaniky, Ostrava, vesely.v1@fce.vutbr.cz
2 Ing. Petr Koneény, Ph.D., dtto, petr.konecny@vsb.cz

3 Ing. Daniel Pieszka, VSB-TU Ostrava, Katedra konstrukci, Ostrava, daniel.pieszka@ips-konstrukt.cz
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jejichz hodnoty byvaji standardné ur€ovéany na
neposkozenych télesech. Pti navrhu/posouzeni
unosnosti zelezobetonového prifezu se vsak
uvazuje jeho tazena Cast porusend trhlinami,
kde beton tahy neptfenasi. Disproporce fungo-
vani zelezobetonové konstrukce jako média
poruSen¢ho trhlinami a popisu difuze agresiv-

vl P nich latek jako jevu v homogennim prostiedi

Obr. 1: Zkusebni konfigurace — tiibodovy bez flvlSkontmult Patﬂ me.ZI temata Vvakumlvl’

ohyb t&lesa s centralnim zafezem na néz se autorsky kolektiv dlouhodob¢ zame-
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Obr. 2: Zavislost rozdilu elektrické rezistivity ~ (top), pfes bo¢ni povrchy v Grovnich nahote
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shrnout do konstatovéni, ze integrita materidlu je v lomové procesni zoné pred celem

Sifici se trhliny postupné narusovana, coz vede ke zvySeni podrovitosti materialu

projevujiciho se snizenim rychlosti priichodu mechanickych vin. ZvySeni odporu proti

prichodu elektrického proudy vsSak procesni zéna zpiisobi pouze tehdy, kdyz neni
dostate¢n¢ saturovana vodou v pérech.

Vyzkum v predstavené oblasti dale pokracuje a bude doplnén zavéry z méieni
elektrické rezistivity a doby prichodu ultrazvukového pulsu na dalSich sadach téles.
V budouci praci bude hlavni pozornost soustiedéna na interpretaci vysledka
v souvislosti s inzenyrskymi problémy, zejména odhadem Zivotnosti konstrukci.
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MODELLING OF SERVICE LIFE OF CONCRETE STRUCTURES
UNDER COMBINED MECHANICAL AND
ENVIRONMENTAL ACTIONS

Dita Vorechovska', Bietislav Teply?, Martina Somodikova’, David Lehky*

Abstract

In order to make the service life design realistic it is necessary to take into consideration
the synergy of mechanical and environmental load. An advanced modelling of concrete
carbonation and chloride ingress into concrete is presented here. For both, carbonation
and chloride ingress, widely agreed models are extended by correction factors to reflect
the coupling effects. Comparisons of numerical results to real structure behaviour are
shown on realistic examples.

Keywords

Service life, carbonation, chloride ingress, synergy effects, numerical simulation

1 Concrete carbonation/chloride ingress and mechanical load

To take into consideration the impact of an applied stress ¢ due to mechanical load at the
carbonation progress, a correction factor, ks, is introduced [1] as determined on the basis
of results obtained from four point bending test series. Any carbonation model can be
extended simply by this factor and then the carbonation x. depth in time ¢ is defined as:

x, (1) =k, 4t (1)
To model the influence of mechanical load on chloride penetration into concrete the
analytical model by Zhang et al. [2] can be applied. The penetration of chlorides is
described here as a diffusion process reflecting the influence of load-induced cracks by
the average diffusion coefficient D that is divided into two parts for sound and cracked

concrete (Equation 2), where wx is the crack width induced by service load and stmax 1s
the maximum crack spacing. For Do and Dc see the full text of the paper.

D:(l— lat ]DO+ " p. )
S

r,max

Sr,max

2 Practical examples

The carbonation depth on a reinforced concrete cooling tower was analysed using four
different models using the extension about coupling effects of mechanical and
environmental loads (see Figure 1).
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Fig. 1: Development of carbonation depth, x., of external surface of cooling tower over time.

Also, the penetration of chlorides into reinforced concrete beams was simulated and
compared to experimental measurements (see Figure 2).
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Fig. 2: The amount of Cl- ions in the various depths after 6 years of the simultaneous acting of
load and salt fog — comparison of numerical simulation and experimental measurements.
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GENERALIZED FUNCTIONS AND CALCULUS OPERATORS OF
MATHEMATICA APPLIED TO EVALUATION OF INFLUENCE LINES
AND ENVELOPES OF STATICALLY INDETERMINATE BEAMS

Ryszard Walentynski!

Abstract

The paper presents an analytical method of finding functions of influence lines of
statically indeterminate beams. There are presented solutions of a fourth order equation
with a right hand side with second and third derivative of Dirac delta. There is shown
that their solution are influence lines of moments and transverse forces. Moreover,
thanks to Mathematica, analytical form of envelopes functions can be evaluated.

Keywords
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1 Introduction

Influence lines play an important role in education of structural engineers [1] and
engineering practice, especially designing of bridges [4]. They are functions and called
by mathematicians Green functions or fundamental solution and have important
application in many engineering fields, see for example [3].

The aim of this paper is to show that thanks to Mathematica [7] and implemented
within it generalized functions and calculus operators it is possible to propose a new
analytical approach for evaluation of influence lines and envelopes of internal forces in
beams, especially statically indeterminate.

The generalized function Heaviside step function [2, 6] and Dirac delta [5],
implemented in Mathematica [7], are applied. Thanks to numerical experiment with
equations:

YW (x)=6"(x~a),

YW x)=6V(x-a),
it has been found that the obtained functions looked like influence lines of simply
supported beam [1] for moments and transverse forces, respectively. It is a main
motivation for the presented analyses, since it can be a chance to find more general
analytic solution of the problem.

First the simply supported beam has been analyzed to show that the obtained
experimentally solution has a physical interpretation. Next the statically indeterminate
beam has been considered. There is shown that thanks to analytical tools of Mathematica
it is possible to find a close form of influence lines and envelopes of internal forces. For
example influence line of bending moments in clamped-clamped beam can be evaluated
with following Mathematica tfunction:
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Assuming[—1 < & < 1& & —1< & <1, FullSimplify[DSolve[ {y'*[£]=
E %DiracDelta"[i —al, y[-1]==0,y[1]=0,y]-1]=
=0,y[t]=0}.,[cl

{{ y[E]- %l (— (1+a(=2+&))1+&) +4(— a + &)HeavisideTheta[— o + & ])}}

Graphical capabilities of Mathematica makes it possible to illustrate the problem. For

example:
P M
q 12
i
24
A
36
-1 A 1 _poo78 1 N 1+
V3 3 Vi3
-1
12
Fig. 1: M (&), M, (&), M, (&) functions for clamped-clamped beam
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