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ON RELATION BETWEEN ELASTIC HOMOGENIZED CONTINUA
AND DISCRETE SYSTEM OF INTERCONNECTED RIGID BODIES

Jan Elias!

Abstract

The contribution derives analytical relations between elastic constants of homogenized
isotropic elastic continua and meso-scale elastic discrete model. The derivation is based
on the following assumptions about the discrete model: (i) no directional bias; (ii)
contact facets are perpendicular to the elements, (iii) the discrete units fill the domain
completely, no gap occurs. The analytical formulas are derived for three-dimensional
model and two-dimensional models of plane stress and plane strain.

Keywords

Young’s modulus, Poisson’s ratio, homogenization, elasticity, discrete model.

1 Introduction

The discrete modelling has attracted worldwide attention in last decades. It has been
mostly applied to heterogeneous quasibrittle materials because of the ability of the
model to simulate transversal tension under compressive load and strain discontinuity
during fracture. Under certain additional geometrical conditions, direct analytical
relations between the discrete model elastic behavior and the isotropic elastic continua
can be found. These conditions are met for example for models based on Voronoi
tessellation and similar tessellation derived from it by using weighted distance metric.

The contribution presents derivation of elastic properties of the discrete model with
random geometry based on Voronoi tessellation for three-dimensional assemblies as
well as two-dimensional under assumption of plane stress and strain. The formulas for
3D case have been already published e.g. in [1,3,5]. The derivation is based on the
principle of virtual work.

2 Results

Elastic behavior of discrete model is governed by two parameters, £, and « , with £

being elastic modulus of inter-particle contact in normal direction and « the ratio
between elastic moduli of the contact in shear and tension. A set of simple equations
relating these parameters to elastic constants of homogenized isotropic continua, £ and
v (Young’s modulus and Poisson’s ratio) are developed (Eq. (1)).

Verification of these formulae is done via simulating large prism loaded by stress o,

only. The homogenized elastic parameters £ and v are found by fitting the
displacements of the rigid bodies; see e.g. [2,4]. Fig. 2 shows a comparison of the
analytical formulas from Eq. (1) and numerical results. An exact match only happens in
caseof o =1.

! Ing. Jan Elias, Ph.D., Brno University of Technology, Faculty of Civil Engineering, elias.j@fce.vutbr.cz
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Fig. 1: Comparison of macroscopic elastic modulus and Poisson's ratio estimated analytically and
computed numerically on a large discrete system.
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PLOCHA LIGAMENTU VALCE S CHERVONOVYM VRUBEM

AREA OF LIGAMENT OF CYLINDER WITH CHEVRON NOTCH

Petr Frantik!

Abstrakt

V ¢lanku je odvozeno nékolik vyrazii pro plochu ligamentu vélce se symetrickym
a nesymetrickym chevronovym vrubem. Jsou popsany dva pfistupy a dva riizné zptsoby
uréeni geometrie vrubu.

Klicova slova

Chevronovy vrub, Ligament.

Abstract

The contribution is focused on derivation of several relationships for area of ligament of
a cylinder with symmetrical and unsymmetrical chevron notch. Two approaches are
applied and two different specifications of the notch geometry are used.

Keywords

Chevron notch, Ligament.

1 Uvod

Prispévek je vénovan odvozeni vyrazii pro plochu A4 ligamentu valce opatfeného
chevronovym zéatezem, viz obr. 1, uréené¢ho primérem valce D = 2R, nejvétsi hloubkou
zatezu h a hloubkou zéafezu v jeho vrcholu a. Takto upraveny valec se uziva pro
laboratorni stanoveni lomovych charakteristik materidlu nachdzejiciho se in situ, jehoz
vzorky se odebiraji pomoci vyvrtu, viz také [1].

a

D |

Obr. 1: Vélec opatfeny chevronovym zafezem

! doc. Ing. Petr Frantik, Ph.D., Vysoké uceni technické v Brn&, Fakulta stavebni, Ustav stavebni mechaniky, Veveti 331/95, 602 00
Brno, e-mail: kitnarf@centrum.cz
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Prezentované odvozeni bylo motivovano snahou ovétit vyraz 41 publikovany v praci
[2] a pfipadné jej zjednodusit. Dale se ukazalo, Ze novy pfistup k odvozeni umoziuje
stanovit plochu ligamentu i pro nesymetricky chevronovy zéiez.

Dodejme, Ze zvolena definice geometrie zafezu ma kriticky bod a = R pii které se
zvolené zadani stava neurcitym, jelikoz nelze definovat thel zafezu J.

Prvni vyraz z alternativniho feSeni byl ziskan stanovenim thli pomoci kosinové véty:

2 _ 2 _ _ 2
A, = 2(R—h)+ R cos”| 2R =—(R=a)"|
2R(R—-a)

(1)

1, a<R,
-1, a>R
Druhy vyraz pro plochu obdrzime diky feSeni pfilehlych pravouhlych trojahelnikii:

T —COS —COoS , a<R,
Ay =z(R—h)+ R R=a R 2)
< -1 h_R - -1 h_R
sim”| —— |—-smn" | — ||, a>R.
a—R R

Tteti vyraz vypocita potiebny thel z jiného pravothlého trojihelnika:

2= [(h—a)2R—a—h) +s[hQR—h), s={

ﬁ—sin"l[z(R_h)J, h<h_,na<R,
A, =z(R—h)+R2{ R(R=a)
sinl(Z(R_h) j, jinak, 3)
R(R—a)
ho—R 2R*—a(2R—a)—(R—-a)\|R* +(R—a)’
o R*+(R-a)’ ’

2 Platnost reSeni

Vyse popsana feSeni existuji za nasledujicich podminek:
je-li a<R, pak a<h<R,
je-li a>R, pak R<h<a, 4)
0<a<D A a#R.
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NAHRADNI TUHOST PODLOZI

EFFECTIVE SUBSOIL STIFENESS

Petr Frantik!, Pavel Bu§ina?

Abstrakt

V ¢lanku je shrnuto stanoveni a ovéfeni nahradni tuhosti podlozi pro praktické tcely.
Stanoveni je zalozeno na vypoctu deformace pruzného vrstevnatého poloprostoru.
Ovéfeni je provedeno pomoci dvou analytickych feseni.

Klicova slova

Nahradni tuhost, Podlozi, Poloprostor.

Abstract

The paper deals with determination and verification of effective stiffness of a subsoil for
practical application. The determination is based on solving of displacement of elastic
layer half space. Verification is made by two analytical solutions.

Keywords
Effective stiffness, Subsoil, Half space.

1 Uvod

Pro technické ucely vyvstava potieba pfiméfen¢ odhadnout redlnou tuhost zakladové
pudy. Jelikoz je zékladovd pida ve sméru pod Urovni zdkladové spary prakticky
neomezena, neni vypocet nahradni tuhosti snadny a v inZzenyrské praxi se ¢asto riznym
zpusobem zjednoduSuje. Pfi uvazovani linedrniho plsobeni materidlu podlozi je jeho

vvvvvv

nehomogenniho podlozi tzv. vrstevnaty poloprostor, viz [1,2].

2 Modely

M¢jme tuhy ctvercovy zaklad o Sifce =2 m, pro ktery potifebujeme urcit tuhost
zakladové pidy tvoiené vrstvami dle tabulky 1 s koeficientem pti¢né kontrakce v = 0.3.

vrstva | hloubka 4 [m] | tloustkaz[m] | E [MPa]
0 1.5 1.5 15
1 5 3.5 5
2 8 3 30

Tab. 1: Vrstvy podlozi

! doc. Ing. Petr Frantik, Ph.D., Vysoké uceni technické v Brné, Fakulta stavebni, Ustav stavebni mechaniky, Veveti 331/95, 602 00
Brno, e-mail: kitnarf@centrum.cz
2 Ing. Pavel Busina, Bochot4kova 3076/11a, 61600 Brno, e-mail: info@busina.cz
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Dle parametri uvedenych v tabulce 1 zname podlozi jen do hloubky 8 metrt.
Uvazujme, Ze nejhlub$i naméfend vrstva ma teoreticky neomezenou mocnost.

Pro vypocet deformace pruzného vrstevnatého poloprostoru byla vytvorena
pocitacova aplikace ELaS [3] dle postupu podrobné popsaného v ptiloze publikace [2].
Ctvercovy zaklad je zde nahrazen konstantnim tlakem na kruhu s polomérem
R takovym, aby byla dosedaci plocha zdkladu stejna.

Prihyb poloprostoru na jeho povrchu ve stiedu kruhu vysel w=2.21 mm pii tlaku
p=10 kPa, viz obr. 1, coz odpovidd nahradni tuhosti k=p/w = 4.53 MN/m’.

Z prubéhu deformace povrchu poloprostoru na obr. 1 je patrné, Ze feSeni neodpovida
deformaci od tuhého zékladu z divodu zatéZovéani konstantnim tlakem. Tedy lze
o¢ekavat mirné& niz§i prithyb o velikosti zhruba 2 mm, coZ d4va tuhost keLas = 5 MN/m”.

vzdalenost od stiedu [m]

= 0.5

prihyb w [mm

Obr. 1: Prihyb vrstevnatého poloprostoru na jeho povrchu od tlaku p = 10 kPa

Vyse uvedeny vysledek ovéfime uzitim silové metody. Snadno odvodime deformaci
w nahradniho nehomogenniho komolého jehlanu se ¢tvercovou podstavou slozeného
z homogennich vrstvev o vySce # a tangenté thlu jehlanu c::

n n—1 ¢t 1
WZZWI- :pbz(z E}b.lb. + e j, b, =b+ct, b =b. (D)

i=1 i=1 ~i%i%i+ n“n-n

Odvozeny vyraz dava pro tangentu ci=c =1, tj. pro thel jehlanu 45°, deformaci
w = 1.905 mm, coz odpovida tuhosti kjehlan = 5.25 MN/m>,
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INFLUENCE OF TEMPERATURE ON WORKABILITY AND
COMPRESSIVE STRENGTH OF ORDINARY CONCRETE WITH
HIGH CALCIUM FLY ASH

Jacek Golaszewski ', Tomasz Ponikiewski 2, Grzegorz Cygan®

Abstract

The rheological properties of fresh ordinary concrete are closely affected by temperature
and time. The paper presents the study of consistency of fresh concrete mixtures made
with Portland cement and cement with calcareous fly ash. Two types of admixtures were
used. It was proven that the temperature has a clear effect on workability and compressive
strength concrete. Influence on workability can be reduced by selecting the appropriate
superplasticizer and cement.

Keywords

Temperature, workability, concrete mixture, high calcium fly ash.

Temperature is a factor inextricably linked to the processes of mixing and casting of
concrete. The final temperature of the fresh concrete is influenced by a temperature of the
component, ambient temperature, and the heat generated by the mixing. Under real
conditions ensuring the same temperature of the mixture is very problematic and in fact
this can be done only in the case of the precast production.

The mechanism of effect of temperature on workability of ordinary concrete without
chemical admixtures is connected to the cement hydration process, which speeds up with
the raise of temperature. The factor which additionally hastens the loss of workability in
higher temperatures is the loss of water due to its evaporation. When chemical admixtures
are introduced to the concrete mixture, the effect of influence of temperature on
workability becomes more complex. This is due to the mechanism of action of chemical
admixtures, in particular the process of adsorption of the admixtures on the grains and
products of cement hydration. Process of adsorption itself is dependent on the temperature
in which the hydration occurs. Additionally, the change of temperature in which the
process of cement hydration occurs leads to quantitative and qualitative change in the
structure of cement paste, what in turn results in the differentiation of the hydration
products, each of which adsorbs the admixtures differently. The higher its adsorption
degree on the grains and hydration products, the higher is the effectiveness of the
admixture.

The influence of temperature on the mechanical properties in case of presented strength
research is dependent on two mechanisms. First is connected to the influence of
temperature on the workability — worse workability will result in lower strength. The
second mechanism is connected to the influence of temperature on the speed of hydration

! Prof. dr hab inz. Silesian University of Technology, Faculty of Civil Engineering, Department of Building Materials and Processes
Engineering
2 Dr hab.inz. Silesian University of Technology, Faculty of Civil Engineering, Department of Building Materials and Processes
Engineering
3 Mgr inz. Silesian University of Technology, Faculty of Civil Engineering, Department of Building Materials and Processes
Engineering
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and the structure of the cement paste. It is common knowledge, that the higher
temperatures cause the faster increase of strength, especially in the initial phase of
hardening. Lower temperatures, in turn, have opposite effect, however, it is common for
the late strength to be higher for concretes made and hardening in lower temperatures.
Concrete mixtures without chemical admixtures are nowadays a rarity, if they are even
used at all. In their case the lowering of the susceptibility for temperature can be obtained
by appropriate selection of cement. In concrete mixtures with admixtures it is necessary
to choose the right cement and appropriate admixture. There are more possibilities, but
the amount of phenomena affecting the influence of temperature increases. This causes
ensuring the resistance to changes in temperature to be more difficult, but not impossible
[1].

Concrete mixtures were made from preheated or pre-cooled constituents, so that the
temperature of mixture would be 10, 20 and 30°C. The consistency of the concrete
mixtures was determined by the flow table test according to standard EN 12350-5.
Consistency tests were conducted after 5 and 60 minutes from the moment of adding the
water to the concrete mixtures. The compressive strength was tested after 2, 7, 28 and 90
days of hardening. Concrete mixtures were made on the creek rock aggregate with
fractions up to 8 mm. The concrete mixtures were made with Portland cement CEM 1
42,5R and cements with an addition of calcareous fly ashes.

The increase of temperature causes the reduction of the flow diameter of the concrete
mixtures. In some cases the changes are significant and lead to changing the classification
of the concrete mixtures in terms of consistency.

The significant influence of the temperature of the concrete mixture on compressive
strength can be observed. It is more pronounced in the early stages of hardening. During
the hardening, differences between the compressive strength of concrete mixtures in
temperatures 10, 20 and 30°C are becoming smaller. However, after 28 days of hardening
the differences between compressive strength can be high enough to place the concretes
in different strength classes. Lower compressive strengths characteristic for lower
temperatures require formworks for construction for a longer time.

Due to the labour intensity and material consumption of the laboratory work connected
with the research into the influence of temperature on concrete workability (necessity of
cooling or heating up the large quantity of materials), it is convenient to conduct this type
of research on mortars, which composition can be determined according to the procedure
presented in [2]. A mortar designed according to that method exhibits a compatibility with
the behaviour of concrete mixture in the system of variable technological factors.
Temperature of the concrete mixture influences the compressive strength of concrete. Its
influence is so pronounced, that it can require the different classification of the concrete
in terms of strength.
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OPTIMIZATION OF SINGLE-LAYER BRACED DOMES
Maksym Grzywinski '

Abstract

The paper deals with discussion of 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 bars and structural dimensions are
taken as design variables. Variables are used in the form of continuous and discrete. The
analysis is done using the Structural and Design of Experiments modules of Ansys
Workbench v17.2. As result of the method a mass reduction of 46,6 % is achieved.

Keywords

Structural optimization, space truss, braced dome, single-layer.

1 Introduction

In this paper, a Goal Driven Optimization [1] is proposed to evolve the configuration
design of domes aiming at the mass minimization of the structure. Discrete and continuous
design variables are considered corresponding to the sizing of the cross-sectional areas of
the bars, joint coordinates of the dome.

Braced domes formed of a single-layer network of slender members are widely
accepted as effective lightweight solutions to large span applications. Earlier structures
such as the 213 m span New Orleans Superdome and the 200 m span Texas Astrodome
only weigh 0.24 and 0.22 kN/m?, respectively [3]. Hundreds of successful braced dome
applications now exist all over the world covering public halls, places of worship and
many other buildings [4].

It is possible to consider the structure as a three-dimensional truss and the bars
presenting joints non-rigidly interconnected. The normal and buckling stresses arising
from the axial forces in the bars, and the displacements at the nodes, are the values that
affect the sizes of the members and the final cost of the structure. For such structures it is
interesting to carry out a non-linear analysis to obtain the axial forces and displacements.
Moreover, to best explore the advantages of the structural behavior, joints must be
considered as rigidly interconnected and the structure modeled as a space frame. Usually
it leads to a lighter structure. In this case, the interaction between axial forces and bending
moments in members with a high slenderness coefficient requires a non-linear analysis in
order to check the stability of the structure [5, 6].

2 Numerical example

In this paper, in order to demonstrate the proposed solution method a braced dome
structure is presented as a simple sizing problem with discrete design variables and second
solution as a shape optimization with continuous design variables.

! Maksym Grzywinski, PhD, Czestochowa University of Technology, Faculty of Civil Engineering, Department of Concrete
Construction and Geotechnics, Poland, 42-200 Czestochowa, ul. Akademicka 3, tel.: (+48) 343250924, e-mail:
mgrzywin@bud.pcz.czest.pl
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The dome is subjected to a downward vertical equipment loading of 60 kN at in crown

(node 33) and simply supported at nodes 1-8.

3

13

0
i o] 5 9 T—| | @
= E

%
o™
F =
)\ [ =
N~
W\M =

Fig. 1: The layout of the 80-bars shallow truss dome
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PRISPEVEK K MODELOVANI VLIVU DOBYVACICH PRACI
NA DULNI DILA I POVRCHOVE OBJEKTY

CONTRIBUTION TO MODELLING OF MINING WORKS EFFECTS
ON UNDERGROUND AND SURFACE OBJECTS

Janas Petr!, Brozovsky Jifi', Gabrysz Radim

Abstrakt

Ptiklad aplikace metody konec¢nych prvkt pro modelovani vlivu dobyvacich praci na
jémy a na jamové objekty na povrchu. Horninové prostfedi bylo modelovano jako
pruzné, transverzalné izotropni. Voleny deformacni podminky vyplyvajici z mocnosti
dobyvané sloje. Prezentovany ocekavané deformace v okoli jdmy a téZzni véze.

Klicova slova

Vlivy dobyvacich praci, metoda kone¢nych prvkii, mezni tthel, okrajové podminky.

Abstract

An example application of the finite element method for modelling of mining works
effects on underground and surface objects is presented.

Keywords

Mining works effects, finite element method, limit angle, boundary conditions.

1 Uvod

V soucasné dobé se vliv dobyvani uhelnych sloji na povrch a zpravidla také na dulni dila
posuzuje tradi¢nimi postupy [4]. Pomoci tzv. mezniho thlu vlivu se na povrchu i pod
povrchem vymezuje oblast, v niz se dilni vlivy projevuji a na oblast dilnimi vlivy
nedotcenou. Hranici téchto oblasti je plocha, ktera je od okraje porubu vedena pod tzv.
meznim thlem vlivu. Pro vypocet slozek posunuti povrchu, se pouzivaji rizné vypocetni
postupy, které maji empiricky charakter a odvijeji se Casto zpoznatkli ziskanymi
méfenim na povrchu. Tyto postupy prognézovani deformace povrchu se osveédcuji, a
zfejm¢ proto se neveénuje pozornost sofistikovanéjSim postuplim, které by slozité
procesy, které¢ pii hlubinném dobyvani sloji sténovanim nastavaji, veérohodnéji
popisovaly. Doposud realizovany postup ma vsak své uskali, zejména pokud se aplikuje
pro posuzovani vlivu dobyvaci na dilni dila, jako jsou napft. jamy. Z vysSe uvedenych
diivodii byla v minulosti ve VVUU rozpracovana Berryho metoda [1], [3]. Tato metoda
modelovala horninovy masiv jako pruzné pti¢né¢ izotropni prostiedi. Pro jeji aplikaci byl
v minulosti zpracovan software, ktery dnes jiz neni dostupny.

' Doc. Ing. Petr Janas, CSc., VSB TUO, Fakulta stavebni, Katedra stavebni mechaniky, Ludvika Podésté 1875,

708 00 Ostrava Poruba, petr.janas@yvsb.cz
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Pti modelovani horninového masivu ovlivnéného dobyvacimi pracemi (napi. MKP)
by se mélo aplikovat prostorové modelovani, jedna-li o prognézovani pohybu (posunuti)
horninového masivu zasahujici rozsahlé celky vcetné povrchu a dilnich objekti (jamy,
prekopy atd.). V nékterych ptipadech, které jsou rozsahové omezenéjsi a maji do znacné
miry detailnéjSi charakter, lze ve zdGvodnénych piipadech aplikovat 1 rovinné
modelovani.

Pii vlastnim modelovani zmén, které vyvolava sténové dobyvéni, lze v zasadé
postupovat dvéma cestami, které se 1isi volbou okrajovych podminek na hrani¢ni plose
(plochéch) dobyvané sloje. Lze zde volit okrajové podminky:

1) silové, odpovidajici rovnovaze sil na této plose,

2) deformacni podminky, odpovidajici vydobyté mocnosti sloje a posunuti hornin

do vydobytého prostoru.

Postup modelovani je v obou ptipadech odlisny. V predlozeném ptispévku je aplikovan,
obdobné jako u Berryho metody, postup s deformacnimi podminkami opét pro pruzné
pri¢né izotropni prostiedi. Je prezentovano modelovani vlivu dobyvani porubii v 38. a
v 39. sloji v jamovém ohradniku Dolu Lazy v OKR na deformacni projevy v jaméch a
zejména na betonovou té€zni véz jamy €. 6 vysoké 83,47 m, ktera je citliva zejména na
naklonéni. Vypocty jsou realizovany metodou konecnych prvkl pii aplikaci software
Jittho Brozovského. Informace o programu je moZzné najit na adrese:
http://fast10.vsb.cz/brozovsky/ufem.html.

2 Zavér

Prognézovéani vlivu dobyvacich praci vjamovych pilitich na povrchové objekty a
zejména na jamy je obtiznd geotechnickd uloha. Pfi jejich feSeni je vhodné aplikovat
sofistikovanégjsi postupy nez ty, které se opiraji pouze o postupy aplikované pro vypocet
deformaci povrchu. Ani tyto postupy se vSak neobejdou bez monitorovani deformaci
horninového masivu na povrchu a v dilnich dilech. Vyzaduje to vzdy omezena znalost o
stavbé a vlastnostech horninového masivu. Proto byla pfi zpracovani odborného
posudku k navrhovanému postupu dobyvani v ochranném pilifi Dolu Lazy [2]
formulovana cela fada opatfeni, kterd méla minimalizovat vznik kritickych situaci
posuzovanych objektd, tj. jam a té¢zni véze jamy ¢. 6.
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STANOVENI NAVRHOVYCH CHARAKTERISTIK NOSNIKU
ZE SVARKOVEHO ZELEZA

ESTIMATING OF DESIGN CHARACTERISTICS OF WROUGHT STEEL GIRDER

Karel Jung!, Jana Markova?, Miroslav Sykora®

Abstrakt

Piispévek ukazuje stanoveni néavrhovych charakteristik balkonového nosniku
Stavovského divadla. Nedestruktivni zkousky zalozené na tvrdomérné metodé byly
pouzity pro ovéfeni homogenity historického materidlu. Z divodi pamatkové ochrany
byl umoznén odbér pouze jednoho vzorku pro destruktivni tahovou zkousku. Na zakladé¢
vysledku této zkousky, chemické analyzy a zkuSenosti s historickymi kovovymi
materialy se predpoklada, ze se jedna o svatkové Zelezo. V souladu s CSN EN 1990,
CSN ISO 13822 a CSN 73 0038 jsou nasledné stanoveny navrhové hodnoty meze kluzu,
pevnosti a modulu pruznosti materialu.

Klicova slova

Néavrhova hodnota, existujici konstrukce, pamatkové chranéna konstrukce, hodnoceni na
zaklad¢ zkousek.

Abstract

The submitted contribution illustrates the application of theoretical procedures by means
of a case study focused on reliability assessment of balcony girders of the Estates
Theatre in Prague, listed as a Czech national heritage monument. Preliminary reliability
assessment, based on conservative recommendations of standards for existing structures,
reveals that the resistance of the wrought steel girders from the 19" century is
insufficient. Brinell hardness tests were used to verify the homogeneity of historic steel
of other girders. Design characteristics of wrought iron are then estimated following the
principles of EN 1990 and ISO 13822.

Keywords

Brinell hardness test; heritage structure; material properties; reliability assessment;
standard; statistical approach; wrought steel.

1 Uvod

V ptipadé¢ hodnoceni existujicich konstrukci, a zejména téch pamatkové chranénych,
existuje fada nejistot o materidlovych vlastnostech nutnych pfi jejich ovéfovani, a proto
je nezbytné provedeni zkouSek. Pocet destruktivnich zkousek se vSak obvykle

! Karel Jung, CVUT v Praze, Kloknertv ustav, Oddéleni spolehlivosti, §01ivnova 7, karel.jung@cvut.cz
2 Jana Markova, CV}JT v Praze, KloknerGv tstav, Oddéleni spolehlivosti, Solvinova 7, jana.markova@cvut.cz
3 Miroslav Sykora, CVUT v Praze, Kloknertv ustav, Oddéleni spolehlivosti, Solinova 7, miroslav.sykora@cvut.cz
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minimalizuje s ohledem na zachovani kulturni hodnoty a provadeji se dodatecné
nedestruktivni zkousky.

Minimalni podet zkousek lze stanovit s piihlédnutim k tabulce D.1 v piiloze D CSN
EN 1990 [1]. Pro ,Vx znamy“ se uvazuje, Ze variacni koeficient (nebo jeho
konzervativni odhad) je plné¢ znamy a k odhadu sta¢i jedna zkouska. V ptipadé
neexistuje apriorni znalost variacniho koeficientu a je potfeba minimalné odbér tii
vzorkd.

Ptispévek ukazuje hodnoceni materidlovych vlastnosti na zakladé jedné tahové
zkousky vzorku z balkonu Stavovského divadla v Praze podle CSN EN ISO 6892-1.

Obr. 1: Balkon Stavovského divadla a nosnik se zkorodovanym povrchem

2 Zavéry
Posouzeni navrhovych hodnot materidlovych vlastnosti a ovéfeni geometrie ocelového
nosniku boéniho balkonu Stavovského divadla bylo provedené v souladu s CSN EN
1990 pro zasady navrhovani a CSN ISO 13822 a CSN 73 0038 pro hodnoceni
1) Pro ovéteni spolehlivosti konstrukce balkonu lze uvazit:
- charakteristickou hodnotu meze kluzu odpovidajici protazeni 0,2 % - fyk = 206 MPa
- dil¢i soucinitel materidlu pro ovéfeni unosnosti v ohybu, smyku a tlaku - ym = 1,26.
2) Na zékladé ovétfeni tvrdomérnou metodou podle Brinella 1ze povazovat material
nosnikll za stejny a homogenni.
3) Nedestruktivni zkousky jsou vhodné pro ovéfeni homogenity materialii nebo nosnych
prvka, ale maji fadu nejistot, takze je potfebné je vzdy kalibrovat na zikladé
dostate¢ného poctu destruktivnich zkousek.

Podékovani
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MAPOVANI STATICKYCH ROVNOVAZNYCH STAVU OBLOUKOVE
KONSTRUKCE

MAPPING OF STATIC EQUILIBRIUM STATES OF ARCHED STRUCTURE

Martin Kalina', Petr Frantik?

Abstrakt

Piispévek se vénuje vyzkumu mapovani potencialni energie se zamétenim na obloukové
konstrukce. Pro vybrany oboustranné kloubové uloZeny oblouk, zatizeny posunutim
v prostiednim bodé¢, je pomoci dynamické relaxace a navrzenych mapovacich metod
prohleddvana oblast, kde se soucasné¢ vyskytuji dva pokritické statické rovnovazné
stavy.

Klicova slova

Bifurkace, obloukova oknstrukce, staticky rovnovazny stav.

Abstract

The article is focused on research of mapping of potential energy of elastic structures
with aim on arches. For selected hinged arch loaded by displacement in the midpoint, the
area of two concurrently existing postcritical statical equilibrium states is scaned using
dynamical relaxation and with help of a set of designed mapping methods.

Keywords

Bifurcation, arched structure, static equilibrium state.

1 Uvod

V névaznosti na vysledky mapovani potencialni energie vzpéradla [1, 2] a moznosti
vytvoiené pocitacové aplikace MapPoEng [3] bylo rozhodnuto tuto aplikaci rozsifit o
moznost modelovani obecnych rovinnych prutovych konstrukci a zmapovat jejich
energetické plochy. Vybrany byly relativné ploché obloukové konstrukce (rozpéti 10 m
a vzepéti 2 m). Ukézalo se, Ze 1 u takto plochych konstrukci tohoto typu existuji
soucasn¢ alespon dva postkritické statické rovnovazné stavy. Konstrukce zatézovana
fizenym posunem ndhle piejde z jednoho statického rovnovazného stavu do druhého.
Tyto stavy hleda aplikace MapPoEng [3] pomoci dynamické simulace Symplektickou
Eulerovou metodou [4].

Zachytit, jak se konstrukce chova v bifurkacni oblasti neni jednoduchym ukolem. Pti
mapovani energetické plochy neni snadné rozhodnout v jakém stavu se konstrukce
nachazi, jelikoz dochdzi nahle k pfechodim mezi obéma stavy. Tento piispévek se
vénuje mapovacim metodam, které pomohly vybranou oblast prozkoumat.

! Martin Kalina, Ing., Vysoké uceni technické v Brn& — FAST, Ustav stavebni mechaniky, Veveti 331/95, 602 00, Brno, email:
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2 Sestaveni a zobrazeni vysledki

Po kazdém kroku fidicitho uzlu se zapiSe potencidlni energie modelu oblouku pro
prislusné soufadnice. Potencialni energie prvniho stavu bude jina nez potencialni energie
stavu druhého (jeden ze stavu bude mit potencialni energii vyrazné nizsi nez stav druhy).
Proto ze vSech dat pouzité mapovaci metody budeme hledat pro kazdou soutadnici
minimdlni a maximalni hodnotu potencialni energie. Tyto hodnoty H; mlzeme pro
kazdou soutadnici procentudlné vyjadrit:

min £, ;) =

p(.j)
-100, 1
max F ( )

) o)

kde i predstavuje i-ty fadek vertikalni soutadnice, j predstavuje j-ty sloupec horizontalni
soufadnice, min Epgj je hodnota minimalni potencialni energie pro i-ty fadek a j-ty
sloupec a max Ep; je maximalni potencialni energie pro i-ty fadek a j-ty sloupec. Takto
ziskana data zobrazime pomoci aplikace FuVis [5] obr. 1.

Obr. 1: Zobrazeni hodnot H;j) aplikaci FuVis [5] pro metodu DiagonalBaseComb_40x40
3 Zavér
Ptispévek se zabyval studiem chovani prutové konstrukce pomoci piedstaveného
modelu feSeného jako dynamicky systém. Statické rovnovézné stavy modelu jsou
vyhleddny pomoci dynamické relaxace. Bylo zjiSténo, Zze studovany oblouk

s geometrickou imperfekei, vykazuje v uréitych mistech existenci dvou statickych
rovnovaznych stavi. Ukazalo se, ze metoda DiagonalBaseComb tyto mista naléza.
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SEISMIC IMPACT AND ANTISEISMIC MEASURES OF BUILDINGS

Gela Kipiani ', Mikhail Todua?, Akaki Paresishvili’, Nodar Chachkhiani,
Vazha Sulashvili®

Abstract

In the report are stated compression supports of seismic protection that represents rubber-
metal and rubber-plastic elements. Such supports are manufacturing and applied at new
construction, especially in tower buildings. Also are considered analysis of frame building
on seismic resistance with application of seismic insulation.

Keywords

Basalt, fiber, composite, cylinder, wind rotor, blade.

1 Introduction

Georgia is located in high seismic activity area. Due action of earthquakes during centuries
was ruined and still are damaging lot of buildings. History keeps many references on
devastating earthquakes and based on the above mentioned all issues of seismic resistance
are rather actual.

It is knows that after the design earthquake in building are originates various size
cracks. After further repeatedly earthquakes number of cracks, will be increased, at the
same time is reducing stiffness of building and as result is reducing value of seismic
impact. If we now that due decreasing of stiffness of building is possible to reduce seismic
impact on it, therefore would be found, how survive in this way the building.

Quite this circumstance pushes the scientists to start the search of protection systems
from seismic impact. Recently were created several implemented in practice design
methods, seismic insulation systems that are widely used. Such are active and passive
seismic insulation and seismic damping systems.

2 Conclusion

- Application of seismic insulation system causes reducing of acting on building
seismic loadings up to 1.9-2 times, due that decreases the frequency of oscillations of
structural components at earthquakes.

- Thereduction of impact of seismic force causes lowering of inertia forces in structures
that in turn decreases displacements of load bearing structure of buildings. This is
rather significant at buildings analysis on seismic resistance.
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MODELOVANI ZKOUSKY STiPANI KLINEM VALCOVYCH TELES

SPATIAL MODELING OF WEDGE-SPLITTING TEST SUBJECTED TO CYLINDRICAL
SPECIMENS

Jiri Klon !, Jakub Sobek 2

Abstrakt

Ptispévek popisuje numericky model zkousky Stipani klinem na vélcovych télesech
vyrobenych z kvazikfehkych materidlii. Tyto modely jsou pouzivany pro predikci $ifeni
trhlin (poskozeni) a jsou stéZejni pro vyhodnoceni lomovych parametri materidlu.
K sestaveni téchto modelt byl pouzit program ATENA, na bazi metody kone¢nych prvki.
Analyza je zamétfena na porovnani 2D a 3D variant modelu vytvofenych s pouZzitim
realnych materidlovych parametri ziskanych z laboratornich zkousek.

Klicova slova

Zkouska stipani klinem, kvazikfehky material, MKP, numericky model, $ifeni trhliny.

Abstract

This paper discusses numerical models of the wedge-splitting test subjected to cylindrical
specimens made of quasi-brittle material. These models are used for predictions of
crack/failure propagation and are crucial for the further evaluation of fracture parameters.
To assemble the numerical models, ATENA FEM software was used. The analysis is
focused on comparison of the 2D and 3D numerical models created with real material
properties obtained from experimental data measurement.

Keywords

Wedge-splitting test, quasi-brittle material, fracture propagation, FEM, numerical
simulation.

1 Uvod

Konfigurace zkousky Stipani klinem [ 1] pfinasi mnoho vyhod, jako je zkouSeni na télesech
valcového tvaru (odebranych ze stavajici konstrukce pomoci jadrového vyvrtu),
kompaktni rozméry umoznuji vyrobu vétSiho mnozstvi zkuSebnich téles (ze stejného
mnozstvi materidlu jako trdmce pro test tiibodového ohybu), volba vhodného thlu
a velikosti Stipaciho klinu (rizny pomér piitlacné a Stipaci sily).

ZkusSebni konfigurace, kterd je pfedmétem tohoto vyzkumu a jejiz forma odpovida
skuteénému experimentu, standardné provadénému na Ustavu stavebni mechaniky,
Fakulty stavebni, Vysokého uceni technického v Brné, je zaloZena na Stipani zkusebniho

! Ing. Jiff Klon, Vysoké udeni technické v Brn&, Fakulta stavebni, Ustav stavebni mechaniky, Veveti 331/95, 602 00 Brno, tel.:
(+420) 541 148 209, e-mail: klon.j@fce.vutbr.cz

2 Ing. Jakub Sobek, Ph.D., Vysoké uceni technické v Brng, Fakulta stavebni, Ustav stavebni mechaniky, Veveii 331/95, 602 00 Brno,
tel.: (+420) 541 147 116, e-mail: sobek.j@fce.vutbr.cz
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télesa klinem vloZzenym mezi ocelové ptilozky, které jsou opatfeny Cepy nesoucimi
loziska, ptes které je pfenaseno zatizeni z klinu na téleso (obr. 1).

Tento ptispévek je zaméfen na porovnani dvoudimenzionélnich a tfidimenziondlnich
numerickych modelti zkousky Stipani klinem na valcovych télesech z kvazikiehkého
materialu. Pro sestaveni téchto modelil a analyzu jejich odezvy metodou kone¢nych prvkl
(MKP) byl pouzit programovy nastroj ATENA [2] ve variant¢ 2D, resp. 3D. Tento
program byl vyvinut k provadéni nelinearnich analyz konstrukci na bazi MKP a obsahuje
nastroje specidln¢ navrzené pro simulaci kvazikifehkého lomu.

Hlavnim cilem tohoto srovnéni je urcit nejvhodnéjsi zptisob numerického modelovani
prenosu zatizeni ze zkusSebniho lisu na vzorek.
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Obr. 1: Priklady variant numerického modelu valcového télesa urceného pro test Stipani klinem
2 Zavér
Z dikladné analyzy je ziejmé, Ze rozvoj trhlin pro jednotlivé varianty je velmi odli$ny.
Pro rovinny model dochazi k §ifeni trhlin zpisobem, ktery odpovida Sifeni poskozeni
sledovanému pfi realné zkousce.

U prostorovych variant modeld dochazi k odliSnému zplsobu Sifeni trhlin
pro jednotlivé modely. Dokonce i mezi dvéma velmi podobnymi variantami A a B jsou
znacné rozdily. Toto je patrné zplsobeno efektivnéj$im zplisobem vndSeni zatiZeni
u varianty B, kde jsou tahla svedena na spodnim konci do jednoho bodu, coz znemoziuje
krouceni rozsiteného podkladniho bloku. Z tohoto divodu se jako nejefektivnéjsi jevi
varianta C, kde je tento jev zcela potlaen jinym zplsobem zat€Zovani. Proto se tato

varianta jevi jako nejvhodné&jsi pro dalsi optimalizaci, kterd bude zamétfena na Gpravu
pfenosu zatizeni ze Stipaciho klinu na ocelové ptilozky.
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REINFORCED CONCRETE BRIDGE DECK MODEL CONSIDERING
DELAYED EXPOSURE TO CHLORIDES

Petr Koneény !, Petr Lehner 2, David Pustka®

Abstract

The paper is focused on the model of the effect of delayed chloride exposure on the
chloride induced corrosion initiation on ideal reinforced concrete bridge. The Finite
Element-based numerical model is applied. The effect of concrete quality is expressed in
the form of time dependent diffusion coefficient in order to evaluate the effect of
concrete type as well as the effect of aging. The influence of extended chloride exposure
on the corrosion initiation is introduced.

Keywords

Concrete, steel reinforcement, bridge deck, chlorides, chloride ingress, delayed
exposure, aging, corrosion initiation, finite element analysis.

1 Introduction

The durability of the public infrastructure is of great interest nowadays. Many structures
requires early repairs, reconstructions or replacement as a result of durability related
issues such as corrosion of steel reinforcement in case of reinforced concrete bridges.

The development of more durable concrete structures goes hand in hand with the
advanced design as well as advanced modeling. The models for the corrosion related
durability estimation are currently under extensive development. There are also
codification attempts [1] even though reliable prediction is not still achieved. However
the models are suitable for comparative and parametric studies that are investigating
influence of particular issues or technological solutions with respect to extension of the
reinforced construction lifespan.

For such comparative studies may be used simplified 1D or 2D model such as [2].
This particular model is capable of corrosion initiation estimation of ideal bridge deck as
well as bridge deck with crack or water proof membrane considering the time-dependent
effect of concrete maturity.

One of the aspect that might influence the extension of corrosion in case of reinforced
concrete bridge deck exposed to chlorides is the delay between the construction and
chloride exposure. It means, how long will be bridge deck without deicing after
construction.

The paper is focusing on the introduction of the numerical solution of reinforced
concrete that is able to model delayed exposure of chlorides on reinforced concrete
bridge deck.
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The ideal bridge deck without crack and the aging effect on the improvement of
diffusion coefficient related to concrete time dependent maturing is considered. The
variants with immediate exposure are compared with delayed exposure from one up to
five years. The full application of chlorides after the delay is considered herein. Two
concrete mixtures are compared. The output from the simulation of relative of corrosion
initiation time is shown on the Fig. 1 with no chloride exposure delay alternative as
the reference one.

Chloride ingress delay effect
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Fig. 1: The effect of delayed exposure of chlorides on relative increase of corrosion initiation time in case
of ideal bridge deck without cracks for two selected concrete mixtures (ordinary concrete mix 100TII-V
and high performance concrete mixture S0TII-V/40G120S/10M).

2 Conclusion

The improvement of the model of reinforced concrete bridge deck corrosion initiation
time is discussed. The delayed chloride surface concentration boundary condition is
introduced and results of sample simulation are discussed.
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DELAMINATION SLIDING LOAD MODE OF LAMINATE PLATE

Eva Kormanikova!

Abstract

The paper presents the mixed-mode delamination response of laminate plate made of
two sublaminates. To this purpose a sliding load mode of delamination is proposed as
failure model. A quasistatic rate-independent delamination problem of laminate plates
with a finite thickness is considered. A rate-independent delamination model for a
laminated Kirchhoff-Love plate is obtained as limit of quasistatic process. The failure
model is implemented in ANSYS code to calculate the mixed-mode delamination
response as energy release rates, spring reaction forces and relative displacements along
the lamination front.

Keywords

Delamination, sliding load mode, mixed response mode, laminate, plate.

1 Introduction

In fracture mechanics the behavior of cracks in bodies is described from a macroscopic
point of view in the context of continuum mechanics. The crack is considered in a
geometrically idealized form as a mathematical cut or slit in the body. This means that a
purely plane separation of the body is assumed, which leads to either two crack faces
(2D) or to two crack surfaces (3D). Then, an ideal sharp crack tip is assumed. Actually,
the tips of physical cracks always have of course a finite radius of curvature. However,
in comparison to the crack length and the body dimensions, it can be regarded as
infinitely small. Therefore, the shape of the crack tip is clearly defined. In this point
fracture mechanics differs from the theory of notch stresses. Regarding the deformation
of a crack, a distinction is drawn between three independent movements of the two crack
faces relative to each other.

2 Sublaminate modeling

The delamination plane separates the delaminated structure into two sublaminates of
thickness A1, h2, both of which are assumed to the in-plane dimensions. Each
sublaminate is presented by an assemblage of first order shear deformable plate elements
bonded by zero-thickness interfaces in the transverse direction. Each plate element
represents one or several physical fiber reinforced plies with their material axes
arbitrarily oriented. Adhesion between the plates inside each sublaminate is enforced by
using constraint equations implemented through Lagrangian multipliers [1, 2]. The first
order shear deformation finite plate elements are joined at the interfaces inside each
sublaminate using constraint equations or rigid links characterized by two nodes and
three degrees of freedom at each node.

! Doc. Ing. Eva Kormanikova, Technical University of Kosice, Civil Engineering Faculty, Department of Structural Mechanics,
Vysokoskolska 4, eva.kormanikova@tuke.sk
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The theory of crack growth may be developed by using the Griffith energetic
approach introduces the concept of energy release rate G as the energy available for
fracture on the one hand, and the critical surface energy Gc as the energy necessary for
fracture on the other hand [1]. The ERR can be written as a function of stress resultants
acting upon sections adjoining the crack border [3, 4].

3 Conclusion

A square plate comprising two subplates with thicknesses 41 = 0.5 mm, 42 =1 mm is
investigated. The subplates are uniform loaded in sliding mode. The mechanical
characteristics of the upper sublaminate (AS4D/9310 — two layers) are: Ex = 134 GPa,
E,=7.7 GPa, E-=7.7 GPa, G): = 2.76 GPa, Gxy = Gx==4.3 GPa, viy=vi: = 0.3, v>= 0.4.
The mechanical characteristics of the lower subplate (T300/5208 — four layers) are: Ex =
136 GPa, E,= 9.8 GPa, E: =9.8 GPa, Gy: =5.2 GPa, Gy = Gx: = 4.7 GPa, vy = vz = 0.28,
vyz = 0.15. The response mode components of displacements and energy release rate
along the delamination front are calculated.

A (1-1)-subplate orthotropic model [5] loaded by mode II was proposed as failure
model. The material characteristics of the sublaminates were calculated by
homogenization [6]. Subplates were modeled by using shear deformable elements in
program ANSYS. The contour plots of individual components of displacements are
calculated. The individual components of ERR for loading mode II and response modes
I, IT and III, respectively along the delamination front are ploted. The ERR results have
maximum values on the free edges of the model, therefore it is expected that the
delamination proceeds from the free edges. Results have shown that response mode II of
ERR is predominant and the response mode III is negligible.
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ELEVATED TANK — HORIZONTAL SEISMIC EXCITATION

Kamila Kotrasova!

Abstract

Elevated reservoirs are used to store a variety of liquids. During earthquake activity the
liquid exerts impulsive and convective efects (sloshing) on the walls, bottom and roof of
tank. This paper provides theoretical background for analytical calculating of elevated
tanks during an earthquake and deals with simplified seismic design procedures for
elevated tanks.

Keywords

elevated tank, seismic excitation

1 Introduction

Seismic event is certainly one of the most critical external events regarding safety of
industrial plants, as demonstrated by recent earthquakes. If industrial facilities store large
amount of hazardous materials, accidental scenarios as fire, explosion or toxic dispersion
may be triggered, thus possibly involving working people within the installation,
population living in close surrounding or in urban area where the industrial installation is
located. Liquid storage tanks are considered essential lifeline structures.

2 Seismic design of liquid storage tanks

When a tank containing liquid vibrates, the liquid exerts impulsive and convective
hydrodynamic pressure on the tank wall and the tank base, in addition to the hydrostatic
pressure. 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. For practical
applications, only the first convective mode of vibration needs to be considered in the
analysis (Fig. 1). The impulsive mass of liquid mi is rigidly attached to tank wall at height
h, (or k). Similarly convective mass mc is attached to the tank wall at height %, (or &)

by a spring of stiffness kc. The mass, height and natural period of each SDOF system are
obtained by the methods described in [4, 8, 10]. For a horizontal earthquake ground
motion, the response of various SDOF systems may be calculated independently and then
combined to give the net base shear and overturning moment. The most tanks have
slimness of tank y, whereby 0,3 < y < 3. Tank’s slimness is given by relation y= H/R,
where H is the height of filling of fluid in the tank and R the tank radius [6 - 10].

!"doc. Ing. Kamila Kotrasova, PhD., Department of Structural Mechanics, Institute of Structural Engineering, The Technical University
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Fig. 1: Two single — degree — of freedom systems for ground supported cylindrical tank

3 Solution, results and discusion

The reinforced concrete elevated tank given EC8 with a container capacity of 255 m? is
considered in seismic analyses (Fig. 3, 4). The elevated tank has frame supporting system
in which six columns (¢ 0.65 m) are connected by the horizontal bracing at regular
interval at 4 m 8 m and 12 m elevations. Young’s modulus and the weight of concrete per
unit volume are selected as 32000 MPa and 25 kN/m?, respectively. The container is also
filled with the water density of 1000 kg/m® as seen from Fig. 6. Tank is located on hard
soil in seismic zone 1, it is height seismic zone in Slovakia.

The damping values for the reinforced concrete elevated tank are taken as 5% for the
impulsive mode and 0.5% for convective mode, as recommended in most literature. [9,10].

For seismic analyses for the selected elevated tanks are using the dynamic
characteristic: similar equivalent masses and heights of two-mass model suggested by
[10]. Total base shear at the bottom of staging tank and total overturning moment at base
of staging are obtained by combining part of impulsive and convective modes through
absolute summation rule. The dynamic characteristic of fully reinforced concrete elevated
tank: periods, equivalent masses and heights are: 7, =0.86s, 7, =3.15s, m, =140100.58

kg, m, =115557.16kg, h, =3.17 m, h. =3.45 m. Time period of impulsive mode of

empty elevated tank is 7, = 0.66s.

Total base shear at the bottom of staging tank and total overturning moment at base of
staging are obtained by combining part of impulsive and convective modes through
absolute summation rule. Total base shear at the bottom of staging empty tank is
356.57 kN and total overturning moment at base of staging empty tank is 6823.28 kNm.
Total base shear at the bottom of staging fluid filled tank is 495.69 kN and total
overturning moment at base of staging fluid filled tank is 9802.57 kNm.
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PROBABILISTIC NONLINEAR ANALYSIS OF THE HERMETIC
COVER OF MAIN SHUT-OFF VALVE UNDER EXTREME
PRESSURE AND TEMPERATURE

PRAVDEPODOBNOSTNA NELINEARNA ANALYZA HERMETICKEHO POKLOPU
HLAVNEHO UZAVERU ARMATURY OD EXTREMNEHO TLAKU A TEPLOTY

Juraj Kralik!

Abstract

This paper describes the probabilistic nonlinear analysis of the containment hermetic
cover of main shut-off valve (MSV) under an extreme 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 are presented.

Keywords
Nuclear Power Plant, MSV cover, Nonlinearity, Fragility curve, PSA, RSM, ANSYS.

Abstrakt

Clanok sa zaobera pravdepodobnostnou nelinearnou analyzou hermetického krytu
hlavného uzaveru armatury (HUA) kontajmentu za posobenia extrémneho tlaku a
teploty. Prezentuje sa scenar tazkej havarie v JE a metodologia vypoctu pravdepodob-
nostnej krivky poruchového tlaku na baze stochastickych prostriedkov hodnotenia
bezpec¢nosti PSA 2. Grovne.

KrPucové slova
Jadrova elektrarei, HUA kryt, 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 the 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 4" 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. A first extreme load is
considered for the probability of exceedance 10 by year and second for 102 by year.
Other action effects are considered as the characteristic loads during the accident. In the
case of the loss-of-coolant accident (LOCA) the steam pressure expand from the reactor
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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 MSV 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 based on the response surface method
(RSM) was 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]. One from the critical technology
segments of the containment is the MSV hermetic cover with the failure pressure
pu.0,05=7803,8kPa. The mean value of pressure capacity of the reactor protective hood is
Pu.0,50=9043,0kPa, the 95% upper bound is pu.0,95=9878,2 kPa.
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EXPERIMENTAL AND NUMERICAL ANALYSIS OF THE SEISMIC
RESISTANCE OF CABLE WAY SUPPORT FRAME IN NPP

EXPERIMENTALNA A NUMERICKA ANALYZA SEIZMICKEJ ODOLNOSTI
RAMOVYCH KONSTRUKCIi KABLOVYCH VEDENI V JE

Juraj Kralik', Juraj Kralik, jr.2

Abstract

This paper describes the experimental and numerical investigation of the seismic
resistance of the cable way support frame in the nuclear power plants (NPP). The
methodology of the calculation of the floor response spectra (FRS) on base of the
probabilistic assessment is presented. The deterministic and probabilistic analysis of the
seismic resistance of the cable way support frame is presented.

Keywords
Earthquake, Seismic Design, Floor Response Spectrum, Nuclear Power Plants, ANSYS.

Abstrakt

Clanok sa zaobera experimentilnou anumerickou analyzou seizmickej odolnosti
podpornych ramov kablovych vedeni v jadrovej elektrarni (JE). Je tu uvedena
metodologia vypoctu podlaznych spektier odozvy (PSO) zalozenej na principoch
pravdepodobnostnej analyzy. Vysledky deterministickej a pravdepodobnostnej analyzy
seizmickej odolnosti nosnych ramov kablovych vedeni st prezentované.

KPacové slova
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1 Introduction

The equipment and interior structures of NPP are designed using FRS as seismic loads.
This spectrum is calculated from the time-history motions resulting from the dynamic
analysis of the supporting structures in accordance of requirements of nuclear guide RG
1.122. The values of FRS are determined with the uncertainties of calculation methods
and soil and structure properties. To provide input excitations to structural models for
sites with no strong ground motion data it is necessary to generate synthetic
accelerogram. The program COMPACEL was created by J.Kralik [1] to generate
synthetic accelerograms. There are two principal methodology available for seismic
design of NPP structures - deterministic (SMA- seismic margin assessment) and
probabilistic (SPRA — seismic probabilistic risk assessments). The objective of seismic
margin assessment (SMA) is to determine for a nuclear power plant the high-confidence-
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of-a-low-probability-of-failure (HCLPF) capacity for a pre-selected seismic margin
earthquake (SME), which is always chosen higher than the design basis input. In
probabilistic terms, the HCLPF is expressed as approximately a 95% confidence of
about a 5% or less probability of failure.

2 Experimental testing

The static and dynamic resistance of the typical connections of the cable trays structures
were tested in the certified laboratory VOP-026 Sternberk,s.p., division VTUPV
Vyskov. Three segments were tested. Dynamic resistance of the tested segments was
determined for the cyclic loads in horizontal and vertical direction. All tested segments
were satisfied for the static and dynamic loads defined.

3 Numerical analysis

The seismic resistance of the various typical cable support structures based on OBO
Bettermann segments were numerically analysed in software ANSYS [1]. The principal
structures were made from the columns 5xI8/3680, beams 6xUS7/1500, consoles
60xAS30/41/410 and the cable segments. These structures were used with the cable
trays 48xWKSG140/1500 (OBO1Z) and the cable ladders 44xL.G640N/1500 (OBO1R).
The seismic response was solved by the method of the seismic response spectra from the
floor spectra envelope in the horizontal direction as well as vertical direction at the level
of the ceiling +5.4 m; upon considering 7% damping [1]. The seismic resistance of these
support structures is determined by the lowest resistance of the structure segments. The
minimal HCLPF parameter of the structure OBO1Z is 0.31g and the structure OBO1R
1s 0.18g.

4 Conclusions

This paper presented the methodology of the seismic reevaluation of NPP in Mochovce
due to new results from the geological and seismic-tectonic monitoring of this site. The
deterministic methodology of seismic design based on CFDM methodology was
presented. The synthetic spectrum compatible accelerograms generated in program
COMPACEL were presented in comparison with requirements ASCE4/98 standard [1].
The methodology of the seismic resistance of the cable support structures was described.
This methodology was used for the optimal design of the cable support systems from the
structural elements of OBO Bettermann experimentally tested.
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STATICKA ANALYZA A NUMERICKE MODELOVANI KOROZNE
OSLABENYCH VALCOVYCH OCELOVYCH NADRZI

STATIC ANALYSIS AND NUMERICAL MODELING OF STEEL CYLINDRICAL
TANKS WEAKENED BY CORROSION

Vit KFivy', Monika Kubzov4?

Abstrakt

Clanek se zabyva problematikou posuzovani spolehlivosti ocelovych valcovych nadrzi
vystavenych U¢inklim korozniho oslabovéani. Pozornost je vénovdna méteni redlnych
zbytkovych tlousték nosné konstrukce nadrze a naslednému zavedeni naméfenych udaja
do statické analyzy. V ptispévku jsou rovnéz uvedena prakticka doporuceni pro posouzeni
korozné oslabenych valcovych nadrzi s vyuzitim numerického modelovani. Soucasti
ptispévku je zjednoduSeny analyticky postup pro vyhodnoceni vlivu zjisténého korozniho
oslabeni na spolehlivé fungovani nosné ocelové konstrukce valcové nadrze.

Klicova slova

Ocelové nadrze, statickd analyza, koroze, ocelové skofepiny, numerické modelovani.
Abstract

The article deals with the reliability assessment of steel cylindrical tanks weakened
by corrosion. Attention is paid to the measurement of the real residual thicknesses
of the structure and also to the introduction of the measured data to the static analysis.
The paper also introduces practical recommendations for the assessment of steel
cylindrical tanks using numerical modeling. Simplified analytical model that have been
developed to evaluate the influence of the measured corrosion weakening
on the reliability of steel tank structures is introduced in this paper as well.

Keywords
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1 Uvod

Mezi tradi¢ni skladované kapaliny raznych primyslovych odvétvi (energetika, hutni
primysl, chemicky primysl, cukrovary atd.) patii ropné produkty, véapencové
¢1 sadrovcové suspenze, roztoky NaOH, demineralizovand voda a mnoho dalSich.
Pro skladovani téchto kapalin se obvykle vyuzivaji ocelové nddrze rtiznych velikosti.

Aby bylo mozno spolehlivé provozovat nadrze po celou dobu jejich planované
Zivotnosti, je nutné provadét jejich pravidelnou kontrolu a udrzbu [1]. Pfi kontrolnich
prohlidkach
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je nutno vénovat zvySenou pozornost problematice mozného korozniho oslabovéani nosné
konstrukce nadrze. Stény nadrzi jsou dimenzovany jako tenkosténné skotfepiny a mohou
byt proto velmi citlivé na sniZeni piivodni tloustky v disledku koroze. Korozni napadeni
stény nadrze muze nastat jak na vnéjsim povrchu, pfedevsim plisobenim atmosférické
koroze [2, 3], tak také na vnitinich povrSich v zavislosti na typu skladované tekutiny,
provoznich podminkach a otevienosti vnitiniho prostoru nadrze vnéj$im atmosférickym
vlivim.

Podrobny rozbor statického ptisobeni valcovych skotfepin pii tahovém ¢i tlakovém
namahani je nad rdmec tohoto ¢lanku, podrobnosti 1ze nalézt naptiklad v [4-6]. Je vSak
nutno alespont zjednodusené poznamenat, ze valcové skofepiny jsou velmi citlivé
na uCinky tlakovych namdhani a tato napéti nesmi byt pii hodnoceni spolehlivosti
provozovanych konstrukci podcenéna.

2 Zavér
Hlavnim zdmérem autori ¢lanku bylo poskytnout informace a doporuceni, ktera
lze prakticky pouzit pfi hodnoceni spolehlivosti provozovanych nadrzi vystavenych
ucinkiim korozniho oslabovéni. Zakladni vstupni informaci jsou tidaje o mife korozniho
poskozeni nosné konstrukce nadrze. Méteni realnych (zbytkovych) tlousték je potieba
provadét takovym zplsobem, aby bylo mozno vysledky méfeni vyuzit pii statickém
posouzeni konstrukce.

Pii posuzovani spolehlivosti korozné oslabenych nadrzi se uplatni analytické
i numerické metody. Analytické posudky se uplatni predevsim v ptipadech, kdy je potieba
rozhodnout o zavaZznosti zjiSténého korozniho oslabeni nadrze. Hlavni vyhodou

numerického modelovani je moznost ziskani podrobnéjSich a ptfesnéjSich informaci
o statickém plisobeni hodnocené konstrukce.
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VYVOJ SMRSTENI, HMOTNOSTNICH UBYTKU A LOMOVYCH
PARAMETRU VYBRANYCH POLYMER-CEMENTOVYCH MALT

SHRINKAGE, WEIGHT LOSS AND FRACTURE PARAMETERS OF SELECTED
POLYMER CEMENT MORTARS DURING AGEING

Barbara Kucharcyzkova', Hana Simonova?, Dalibor Kocab?, Zbynék Kersner*

Abstrakt

V ¢lanku jsou prezentovany pilotni vysledky vyhodnoceni experimenti zamétenych
na sledovani vyvoje smrsténi, hmotnostnich ubytki a lomovych parametri dvou
vybranych polymer-cementovych malt v pribéhu jejich zrani. Porovnani vysledkt
meéteni bylo provedeno ve stafi zkuSebnich téles 3, 28 a 90 dni.

Klicova slova

Polymer-cementovd malta, smrSténi, hmotnostni ubytek, modul pruznosti, lomova
houzevnatost, lomova energie.

Abstract

Results of pilot experiments focused on monitoring of shrinkage, weight loss and
fracture properties of two selected polymer cement mortars during their aging are
presented in the paper. Comparison of the measurement results was carried out at the test
specimens age of 3, 28, and 90 days.

Keywords

Polymer cement mortar, shrinkage, weight loss, modulus of elasticity, fracture
toughness, fracture energy.

1 Uvod

Polymer-cementové malty/betony (PCM/C) se ve stavebni praxi Casto pouZzivaji pro
ochranu a sanaci betonovych konstrukci [1], vyznacuji se zejména vysokou piilnavosti
k podkladu, tixotropnimi vlastnostmi, vysokymi pevnostnimi charakteristikami [2] a
¢asto je u nich deklarovéana také nesmrstivost. Konkrétni pouziti a technologicky postup
aplikace se pak tidi pfedpisy a technickymi listy jednotlivych produktl a dodavatelt.
Specifikace nékterych postupti v téchto dokumentech, napf. saturace podkladu ¢i zptisob
oSetfovani povrchu po aplikaci, je v nekterych piipadech pomérné neurcita, coz miize
ovlivnit vyvoj fyzikélnich a mechanickych vlastnosti materialu a ve vysledku ohrozit
funk¢nost sana¢niho systému.
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2 Experimenty

Pro experimenty byly vybrany dvé jemnozrnné polymerové zalivkové hmoty na bazi
portlandského cementu (sady ,,V* a ,,VII). Z kazdé zalivkové hmoty byla vyrobena
3 zkuSebni télesa o délce 1000 mm a pficnych rozmérech 60 x 100 mm uréend pro
sledovani vyvoje smrsténi a 18 téles o rozmérech 40 x 40 X 160 mm pro stanoveni
lomovych parametri a informativnich pevnosti v tlaku na zlomcich ve stati 3, 28 a 90
dni.

3 Zavér

V c¢lanku jsou prezentovany vysledky pilotnich experimenti zamétenych na sledovani
vyvoje smrSténi, hmotnostnich ubytki a lomové-mechanickych parametri dvou
vybranych PCM v pribéhu jejich zrani. Je dilezité poznamenat, ze vSechna zkuSebni
télesa byla po celou dobu zrani uloZena v laboratornim prostiedi s teplotou (21 £2) °C
a relativni vlhkosti (60 + 10) %, a to tak, Ze po dobu prvnich 72 hodin byly vSechny
vzorky ulozené ve form¢ (vysychani byl vystaven pouze horni povrch téles) a poté
odformovany a uloZeny do pfipravenych regalli bez dalSiho oSetfovani. Pro ucely
vyhodnoceni byly vzajemné porovnany vysledky ziskané pro zkuSebni sady malt ,,V* a
,»VII“. Vysledky ziskané pro jednotlivé zkusebni sady byly dale porovnavany z hlediska
vyvoje hodnot sledovanych parametri v ¢ase a zpusobu piipravy zkuSebnich téles — viz
Tab. 1 (R oznacuje vysledky pro telesa vyfezana zvelkych zkuSebnich téles).
Z vysledki vyplyva, zZe i télesa z malt s deklarovanou nesmrstivosti za jistych podminek

zifejmé nezanedbatelné smr$t'uji a vyvoj hodnot jejich lomoveé-mechanickych parametra
b&hem zrani téchto materialti mize byt prekvapivy a lze doporucit jeho sledovani.

Staii téles [dny]
Parametr Oznaceni 3 28 90 90 R
Smrténi [] \Y 0,22 1,00 1,16 —
! VII 021 | 1,00 | 1,02 -
. \Y 0,66 1,00 1,16 —
Hmotnostni ubytek [-] VI 0.56 1,00 L1l -
y . \Y 1,07 1,00 1,05 0,97
Modul pruZnosti [-] VI 0.73 | 1,00 | 032 | 0.15
., . ¥ \Y 0,81 1,00 0,93 0,84
Efektivni lomova houZevnatost [-] VI 0.65 1.00 0.28 0.18
. . . . \Y 0,62 1,00 0,94 0,80
Specifick4 lomova energie [-] VI 0.66 1.00 031 0.30

Tab. 1: Relativni hodnoty sledovanych parametrl (1 = parametry pro stafi vzorka 28 dni)
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GLUED TIMBER JOINTS LOADED WITH BENDING MOMENT

Antonin Lokaj', Kristyna Vavrusova?, David Mikolasek®

Abstract

The growth of timber use in building industry brings new trends, not only into the field
of innovative wood-based materials but also into joining of the timber structures
elements. Besides the already well normatively described joints with glued-in steel rods
it is possible to design longitudinal joints of these structures with internal or external
glued wood-based panels. For testing were chosen longitudinal joints of structural
dimensions with external glued panels in beams stressed with bending moment. The
content of this article is description of typical deformation of tested joints and
determination of their carrying capacity and its dependence on the glued line thickness.

Keywords
Glued joint, plywood, timber, carrying capacity.

1 Introduction

The growth of timber use in the building industry brings new trends, not only to the field
of innovative wood-based materials, but also to the joining of the timber structure
elements. Besides already well normatively described and laboratory tested joints with
steel glued-in elements, most commonly rods or plates, glued timber-timber joints, used
in furniture or the building industry are created as well. In the building industry it is
possible to use glued joints especially for the reconstruction of timber structure elements
— for its strengthening or for the replacement of damaged sections of wood. The stiffness
and load bearing capacity of glued joints is influenced by several aspects (type of wood
species, moisture, thickness of glued line, quality of gluing process, etc.).

Glued wood-steel joints, mainly in the form of threaded rods, are already an
established practice in the construction industry with normative described values of
bearing capacity [1, 2] long with and perpendicular to grains supported by many
laboratory experiments and scientific works. Some specialists from all around the world)
[3, 4 and 5] and also from the Czech Republic [6, 7] are dedicated to the issue of
carrying capacity and the performance of joints of timber structures with glued-in steel
rods and plates.

2 Conclusions

The loading capacity is greatly influenced by the quality of gluing which cannot always
guarantee a perfect contact of connected surfaces. Values obtained from calculation
according to standard values are based on the characteristic values, which can be several
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times lower than the physical ones. These glued joints are very sensitive to the quality
of manufacturing. In case of the poor quality of the gluing line (discontinuities in gluing
line) the bearing capacity decreased to 60 - 70%. These values have been approved by
our laboratory tests.
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NUMERICAL STATIC STRENGTH ANALYSIS OF THE CURTAIN
WALL WITH LIGHT STEEL STRUCTURE

Maciej Major ', Mariusz Kosin %, Izabela Major *

Abstract

This paper presents a numerical analysis of the effect of wind on the curtain wall in a high
building. Two types of curtain wall were adopted: made of thin-wall C sections with
nominal dimensions and the section that takes into consideration lower limits specified by
the manufacturer.

Keywords

Thin-walled construction, curtain wall, FEM, wind pressure.

1 Introduction

The role of curtain walls is to protect the building from climatic and acoustic effects. The
connected panels of a curtain wall with the load-bearing structure form a light and
continuous sheathing that closes the space. They perform the function of the external wall
while not bearing its whole role but only its own weight and wind pressure. The values of
geometric characteristics tend to be overestimated for thin-wall steel sections and the
studies contain mistakes that point to their improper assembly. Since the curtain walls
have been used in increasingly high buildings, the pressure should be on elimination of
this type of mistakes.

2 Assumptions to analysis

The analysis concerned the curtain wall with height of 3.06 m made as a light steel

structure (see Fig.1).
a) b)

cement-bonded particle board
insulation

cold rolled C90
cement-bonded particle board

Fig. 1: The scheme and Numerical model of curtain wall analysed in ANSYS software

It was assumed that the building is located in the first zone of wind load in a city centre
at the altitude of 200 metres above sea level with the category 4 land development. The
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calculations were based on the wind load, wall cover weight, the weight of thin-wall
section and filling (mineral wool). The static strength analysis adopted the wind pressure
we(A) = -1.012 kN/m? calculated for small components and connectors with the surface
area of components of 1 square metre or smaller.

3 Numerical results

Numerical simulation of deformation of the curtain wall was performed using the ANSYS
software. The Fig. 2 presents the maps of displacements for the analysed curtain wall.

a) b)

A: sciana_87.5_wiatr
Total Deformation
Type: Totsl Deformation

A: sciana_87.5 wiatr
Total Deformation
Type: Total Deformation
Unit: i

Tirme: 1
2016-12-22 13:56

Unit: mm
Time: 1
2016-12-22 12:34

5,5854 Max
49684
43473
37263
31052
24843
18631
12421
062105
0 Min

5,58%4 Max
24,0684
4,3473
3,7263
3,052
2,4842
1,8631
1,2421
0,62105

0 Min

Fig. 2: Deflection map (scale of 1:43) for the curtain wall made of thin-wall sections with the cross-section
area of A =1.620 cm? for the rod according to the scheme II: a) curtain wall panel, b) cross-sectional
view of the steel section present in the half of the wall

4 Conclusion

The static strength analysis shows clearly the static designs, steel sections and structural
steel grades which fulfil the requirements concerning section strength and stability of the
analysed curtain wall. The differences in dimensions of the sections that results from the
deviations from the nominal dimension and catalogue errors may lead to a substantial
reduction in the rigidity and load-bearing capacity of the component and causing the
structure of the curtain wall to locally fail to meet the requirements concerning the limits
of load-bearing capacity. The FEM method can be employed in the analysis of thin-wall
profiles to verify calculations [1] and assumptions of the study for the adopted model [2].
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COMPARATIVE NUMERICAL ANALYSIS OF A STEEL
FOOTBRIDGE IN FEM PROGRAMS - ROBOT STRUCTURAL
ANALYSIS AND ADINA

Maciej Major !, Izabela Minda 2, Krzysztof Kulinski ?, Izabela Major *

Abstract

In this paper the comparative analysis of obtained stress and displacements results from
two different FEM programs — Robot Structural Analysis and ADINA was performed.
As a subject of the analysis, the numerical model of the arch footbridge in steel
construction was adopted.

Keywords
Steel footbridge, arch footbridge, statics analysis, ADINA, Autodesk ROBOT

1 Introduction

Basic footbridges form of design includes: single span or multi-span beam bridge, truss
bridge, suspended bridge and arch bridge [1]. Selection of appropriate type of construction
depends on planned span dimension, its function, time of realization, project economics,
etc. The subject of the analysis - freely supported footbridge in steel construction was
presented in Fig. 1. As a material, S355 steel was assumed. Functional width dimension

was planned to give opportunity in free two directions movement.
a) b)

A TIME 1.000
\
\)

RK 150x150x12
= RK 300x300x8
RK 350x350x10
RK 60x60x4
= RK 60x60x5
RK 70x70x6

Fig. 1: Footbridge numerical model in a) Robot Structural Analysis and b) ADINA software

Analyzed construction comprise steel arch footbridge with span length equal 24 m and
width between longitudinal external axes equal 1.4 m. The geometry of the arc was created
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as a segment of circle with radius R =20 m cut off via chord equal to unsupported length
of the girder beams.

In Robot Structural Analysis software 15 different groups of loads were assumed. The
surface of the footbridge was made of grid deck 40x3 mm with 25.5 mm thickness, while
the security elements — pedestrians traffic railings were made of flat bars. Live loads,
assemblage and the crowd of pedestrians were divided into four different cases. Mentioned
loads were applied on each of the " footbridge surface area separately.

Second statics numerical analysis was carried out in Adina software. Adopted
Boundary conditions, material properties and geometry was exactly the same as in
analyzed model in Autodesk Robot.

2 Results and conclusion

List of the maximum stress values in whole construction for both computational models
was shown in Tab. 1.

Type of stress Autodesk Robot [MPa] ADINA [MPa]
Oxx 5.45 7.49
Gyy 3.17 3.45
Ozz 5.46 6.51
Txy 0.77 1.25
Txz 0.90 1.32
GOeffective (von Misses) 6.51 6.06

Tab. 1: Stress maximum values from dead load acting in construction both in Autodesk Robot and ADINA

Differences in obtained results from both FEM programs were connected mainly with
the simplifications used during the object modeling process. Autodesk Robot Structural
Analysis is a program specially designed for the purpose of engineering (see also [2]). It
allows design a calculation model from beginning, starting from construction geometry,
applying loads, creating combinations between them, ending with the computations and
cross-sections dimensions calculation of construction element according to the national
standards. In the case of ADINA program there is no possibility to make cross-section
dimensions calculation in accordance with national standards and creating the model
geometry is far more complex than in Robot software.

Selection of software to perform assumed analysis of the civil engineering structure
depends mainly on the size/complexity of the object and expected form of obtained results.
If it is known that the problem is little and complex, and the conditions for the Ultimate
Limit State are met, but more accurate calculations are required - ADINA program should
be chosen, whereas for analyzes of large/complex structures the utilization of Autodesk
Robot Structural analysis should have been considered.
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VZAJEMNE PUSOBENI TRHLINY A ZRNA KAMENIVA
V KOMPOZITU NA SILIKATOVE BAZI

INTERACTION BETWEEN EDGE-CRACK AND AGGREGATE
IN SILICATE-BASED COMPOSITE

Lucie Malikova!, Jan Klusak?

Abstrakt

Prispévek se zabyva analyzou vzdjemného putsobeni trhliny a zrna kameniva
v kompozitu na silikatové bazi. Pomoci metody konecnych prvkli je modelovéna
zkouska tfibodovym ohybem a urCovany hodnoty lomovych parametrii v zavislosti na
zméné materialovych a geometrickych parametri kameniva a prechodové zony, ktera se
tvofi na povrchu zrna kameniva. Vysledky jsou podrobné prodiskutovany.

Klicova slova

Kompozit na silikatové bazi, trhlina, zrno kameniva, pfechodovd zoéna, metoda
kone¢nych prvki.

Abstract

The paper deals with investigation of the interaction between an edge-crack and an
aggregate in a silicate-based composite. The three-point-bending test is modelled by
means of the finite element method and the dependences of fracture parameters on
various material and geometrical parameters of aggregate and interfacial transition zone
are studied. The results are discussed thoroughly.

Keywords

Silicate-based composite, crack, aggregate, interfacial transition zone, finite element
method.

1 Uvod

Clanek prezentuje parametrickou studii, pfi¢emZ je sledovan a diskutovan vliv
vybranych parametri kameniva a pfechodové zony na mozné Sifeni pocatecni trhliny
vzorkem zatizenym tfibodovym ohybem. Volba parametrii navazuje na nedévno
provedenou pilotni studii [1]. Pro analyzu je vyuzita koncepce klasické linearné elastické
lomové mechaniky (LELM) [2,3], kterd zavadi tzv. soucinitel intenzity napéti
charakterizujici singularni pole napéti pfed vrcholem trhliny. Jeho hodnoty byly
ur¢ovany pomoci metody koneénych prvkil,, konkrétné s vyuzitim posunutych
sttedovych uzlt v prvcich v nejbliz§im okoli vrcholu trhliny.
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2 Vysledky, jejich diskuze, zavéry

V grafech na obr. 1 jsou vynaseny jednak hodnoty normovaného soucinitele intenzity
napéti Kinorm (nahote) a jednak hodnoty soucinitele intenzity napéti Ku (dole), a to pro
praméry zrna kameniva 12 a 4 mm a piechodovou zénu s modulem pruznosti 10 GPa.
Studie ukazuje zavislosti hodnot Kinorm a K na relativni vzdalenosti zrna kameniva od
povrchu vzorku, a to za predpokladu rizné excentricity zrna vi€i ose symetrie vzorku.

dAGG: 12 mm Onee=4 mm
1.10 1.10
1.05 1.05
1.00 1.00
0.95 0.95 -
= 0.90 | —4—e=0.1mm A — 090 ¥ ——e=01mm
£ ml E i
[l N 508 —t—e=1mm
¥ 0.80 ' ad ¥ 0.80 4
0.75 | =*e=2mm 0.75 ——e=2mm |
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0.65 T=#—e=7mm 0.65 —o—e=7mm |
0.60 0.60
0.35 0.40 0.45 v/WIl gs0 0.55 0.35 0.40 0.45 vWIl oso0 0.55
0.6 0.6
=4=g=0.1 mm =f=c=0.1mm
0.5 - 0.5
—t—a=1mm ——e=1mm
— 0.4 — ===e=2mm — 0.4 =—=e=2mm -
£ 3
E. ——e=4 mm \ E —fe—g =4 mm
503+ 803 s
E ~8—e=7mm \ E —8—e=7mm
0.2 oy =02 %
0.1 \% 0.1 -
——— %
0.0 0.0 1 |
0.35 0.40 0.45 v/WI[] 050 0.55 0.35 0.40 0.45 v/W[] o050 0.55

Obr. 1: Priibéhy normovanych soucinitelil intenzity napéti Kinom (nahote) a soucinitell intenzity napéti
K (dole) v zavislosti na relativni hloubce zrna kameniva od povrchu vzorku pro pfechodovou zénu
s modulem pruznosti 10 GPa. Jednotlivé barevné kiivky odpovidaji konfiguracim s odlisnymi
excentricitami zrna kameniva; graf nalevo je pro zrno s primérem 12 mm, napravo 4 mm

Ze zjisténych zavislosti je mozné konstatovat rtizné konkrétni zavéry, piicemz jako
zasadni pro interakci trhliny a kameniva se jevi jejich vz4djemna poloha, tj. vrchol trhliny
musi byt dostate¢né blizko zrna kameniva, aby se dal pozorovat jeho vliv na lomové
chovani trhliny, at’ uz stabilitu, rychlost Sifeni ¢i jeji trajektorii.
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ANALYSIS OF RELIABILITY ELEMENTS
FOR REVISION OF EN 1990

Jana Markova!

Abstract

Presently the new generation of Eurocodes is under development. It is expected that the
basis of structural design given in current EN 1990 will be considerably revised including
the format for load combinations in the Ultimate Limit States and new categorisation of
consequence classes. The partial factors and other reliability elements are intended to be
recalibrated. It appears that the partial factors for self-weight of structural members could
be reduced and for some variable loads differentiated. Calibration of partial factors should
be performed for actions and materials considering also new materials such as structural
glass and structures with FRP polymers.

Keywords

Partial factors, target reliability level, calibration, probabilistic models, model uncertainty

1 Introduction

A new format for verification of structures in the Ultimate limit states (ULS) is proposed
in EN 1990. It is expected that the fundamental load combination, exp. (6.10), for the
verification of ULS will be recommended as a National Determined Parameter (NDP) and
partial factors for actions will be differentiated. Partial factor for self-weight of structural
members with low variability is expected to be lower (1,2) than for other permanent
actions where the presently given value (1,35) will remain. The partial factors for imposed
loads and climatic actions will be calibrated. Presently the unique partial factor (1,5) is
recommended in Eurocodes for all imposed loads, however, in some CEN countries the
reduced unique value of partial factor for variable loads is selected (1,3).

Some countries were considered lower target reliability level to which their partial factors
were calibrated [1]. Presently for common buildings the target reliability value 3.8 is
recommended for 50 years return period in EN 1990, however, for bridges this value is
given for 100 years return period.

New categorisation of structures is proposed in EN 1990 distinguishing 5 categories
and also lower and upper subcategories in the consequence classes CC1 to CC3. However,
the recommendation on target reliability values for these subcategories has been not
specified yet. Another issue should be more refined new provisions for structural
robustness with the consequence classes.

2 Reliability analysis

An effect of selection of alternative load combination rule for a reinforced concrete beam
is illustrated in Fig. 1 considering the design according to Eurocodes and verification by
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probabilistic methods. Obviously the combination given by twin exps. (6.10a,b) leads to
a better balanced reliability level of a beam for load ratio y between the characteristic
values of variable loads to total loads than the combination rule (6.10). The application of
combination (6.10a,mod,b) with the recommended values of partial factors according to
EN 1990 lead to a rather unsatisfactory reliability level of structural member for prevailing
permanent loads. Combination (6.10a,mod,b)-NA illustrated also in Fig. 1 applied with
NDPs selected by some CEN countries is better calibrated for load and material partial
factors o =1.2, o=1.5, e =1.45 and = 1.2.

5 5 / (6.10)
4
N (6.10a,b)
3 AT
g (6.102mo4,b), NA
(6.102mo4,) 7
2
0 0.2 0.4 0.6 0.8 1

Fig. 1: Variation of the reliability index § of the reinforced concrete beam with the load ratio y
between the characteristic value of variable loads to total loads for the alternative load combinations

3 Concluding remarks

The reliability of structures designed according to the alternative combination rules
provided in current EN 1990 might considerably vary in various CEN Member states.
Combination (6.10a,b) yields a lower but a more uniform reliability level. In case that the
combination (6.10) should be selected as it is presently recommended in drafts of new EN
1990, the partial factors for actions and materials, and other safety elements should be
recalibrated to optimize the deviation of the structural reliability level from the
recommended target reliability level.
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ON INFLUENCE OF INTERACTION LAWS OF DYNAMICAL
PARTICLE SYSTEM FOR SAMPLE OPTIMIZATION

Jan Masek!, Miroslav Vorechovsky?

Abstract

The presented paper investigates the effect of formulation of energy potential of
a dynamical particle system as used for optimization of statistical point sampling.
The dynamical particle system, originally developed as a physical analogy of the Audze-
Eglajs (AE) optimization criterion and its periodical modification (PAE), effectively
demonstrated that the originally proposed potential performs well only in poorly
applicable scenarios of design spaces of low dimension filled with rather high number of
design points. A remedy lying in a refined formulation of energy potential as well as its
derivation and reasoning are presented.

Keywords

Particle dynamical system, statistical sampling optimization, periodic space, particle
interaction laws, short- and long-range interactions, self-similar designs.

1 Introduction

Numerical integration of Monte-Carlo type requires sampling of integration points that
are uniformly distributed the design domain. The layout of design points crucially
affects the performance of such a numerical integration. The problem of using an ideally
distributed set of integration points is also of interest of many other engineering and
research fields. While sampling from a random vector or integrating an unknown
function, using a uniform layout of integration points is the only possible way for
minimization of the lower bound of the resulting error.

However, the “uniformity” itself is not a recognized property. Many criteria have
been proposed during the recent years for evaluation of the uniformity of point layouts
containing Nsim points within a design space of the dimension of Nvar. Typically, these
criteria investigate point layouts with a tendency to prefer designs with points distributed
equally distant from each other. Certain criteria are derived from analogies with physical
problems.

Namely, the Audze-Eglajs (AE) criterion [1] may be considered as an elegant
instance of these. The objective of the AE criterion is in minimization of potential
energy of a system of mutually repelling particles. With their positions, these particles
represent positions of sampling points within a unit hypercube design domain. During
the recent years, it has been shown that the original Audze-Eglajs criterion does suffer
from the existence of boundaries of the design space [2, 3]. A remedy of this behavior
was also proposed [2, 3] assuming a periodically extended design hypercube in case of
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which the boundaries naturally disappear. Building on such a refined Periodic Audze-
Eglajs criterion (PAE), it has been proved that usage of the PAE criterion leads to
statistically uniform designs (from design to design) and to well distributed set of points
for every single point layout. However, designs with well distributed points (performing
well used as integration points) are produced only in poorly applicable scenarios of
design spaces of low dimension filled with rather high number of design points.

A remedy based on a refined potential formulation is proposed and its clear positive
effect demonstrated.

2 Conclusion

The paper investigates the formulation of the energetic potential of the Audze-Eglajs
optimization criterion and its periodical modification PAE. Remedies of incorrect
behavior of systems of low number of particles and high dimension are proposed.

An indirect solution leading for appropriate layouts of few-body systems lies in
simulating a greater scenario: considering additional envelopes of the periodically
repeated system. That way, a richer information about the pattern is provided and the
optimal point layout can be obtained. However, such a scenario mimics simulation of
a system of higher number of particles and does not lead to a correction of the
malfunctioning energy potential.

An overarching remedy was therefore pursued, leading to a potential which takes into
account the dimension of the problem, N . First, a generalization of the potential based
on the ¢-criterion is provided so the crucial parameters of the potential, the metric
d () and the exponent A , can become subject of refinement.

Further derivation was based on the desire for an ability of creating self-similar
designs. With the proposed value of the exponent A, convergence of the potential
energy of the criterion towards infinity for a uniform distribution of points is a power
law. Such a convergence signalizes self-similarity of the problem or absence of a length
scale. Using such a refined interaction, optimal (self-similar) designs are produced even
for scenarios of arbitrary dimension, N__, or few-body systems, as was shown.

var 2
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CILENE VYHRIVANI KLUZNE SPARY

TARGET HEATING OF SLIDING JOINT

Pavlina Matekova', Martina Smiidkova?, Oldfich Sucharda®

Abstrakt

Autofi se dlouhodob& zabyvaji smykovymi vlastnostmi kluznych spar vyrobenych
z asfaltovych past, které se pouzivaji pro snizeni tfeni v zdkladové spaie pii plisobicim
horizontalnim deformacnim zatizeni, napt. pii predpindni ¢i smr§t'ovani konstrukce nebo
pii vystaveni zakladové konstrukce ucinkiim poddolovani. V tomto ¢lanku se ptedstavuje
moznost cilené¢ho vyhtivani kluzné spary pomoci elektrického odporového dratu, jsou
uvedeny dil¢i vysledky méteni, diskutuji se také ale problémy, které nastavaji pti aplikaci
vyhtivani kluzné spéry v technické praxi.

Klicova slova

Deformacni zatizeni, kluzna spara, asfaltovy pas.

Abstract

Authors are interested in shear characteristics of sliding joints made of asphalt belt which
are used to decrease the shrinkage in footing bottom when the foundation structure is
exposed to horizontal deformation load, e.g. in case of pre-stressing, shrinkage or affection
with undermining. In this paper target heating of sliding joint is presented. The heating is
provided with electric resistance wire. Particular test results are presented. Problems
expected with target heating in engineering practise are also mentioned.

Keywords
Deformation load, sliding joint, asphalt belt.

1 Uvod

Autofi se dlouhodobé zabyvaji testovanim smykovych vlastnosti kluznych spar
vyrobenych z asfaltovych pasi, které se pouzivaji pro snizeni tieni v zakladové spare pfti
pusobicim horizontdlnim deformacnim zatizeni, napt. pfi pfedpindni ¢i smrStovani
konstrukce nebo pfti vystaveni u¢inkiim poddolovani [1], [2].

V pribéhu delsiho ¢asového useku byly testovany smykové vlastnosti riznych druht
asfaltovych past a vysledky byly prubézné publikovany [3], [4], [5]. Pfi Cetnych métenich
bylo prokazano, Ze pii vyssi teploté klesd smykovy odpor kluzné spary a smykové
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v

vlastnosti jsou pak pro ptenos horizontalnich zatizeni ptiznivéjsi. Tento fakt vedl
k mySlence cileného vyhiivani kluzné spary v dobé pilsobeni deformaéniho
horizontalniho zatiZeni.

V ¢lanku se prezentuje ohiev kluzné spary pomoci odporového dratu elektrické miizky
s nizkym napétim. Jedna z moznosti technického provedeni je uvedena na obr. 1.

Obr. 1: Odporova miizka mezi asfaltovymi vrstvami
2 Zavér
V ¢lanku je prezentovana myslenka cileného vyhtfivani kluzné spary, vyrobené
z asfaltového pasu. Jsou uvedeny technické moZznosti vyhiivani kluzné spary pomoci
elektrického odporového dratu na trovni vzorkd pro méfeni smykovych vlastnosti. Podle
o¢ekavani pii zahtivani kluzné spary dojde ke zmenSeni smykového odporu v kluzné
spare. Pti opakovaném zahtivani se ale rychlost deformace v zakladové spare snizuje. Pti

métenich byla prokdzana redlnd moZznost vyhiivani asfaltového pasu na trovni vzorkd,
efektivni vyuziti v technické praxi je pfedmétem diskuse.
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IDENTIFIKACIA CHARAKTERISTIK POPISUJUCICH VLASTNOSTI
DYNAMICKYCH SYSTEMOV

IDENTIFICATION OF CHARACTERISTICS DESCRIBING THE PROPERTIES OF
DYNAMICAL SYSTEMS

Jozef Melcer!, Daniela Kucharova?, Maria Kadel¢ikova®

Abstrakt

St charakteristiky jednozna¢ne popisujice vlastnosti dynamickych systémov z hl'adiska
ich dynamického spravania. K takymto charakteristikim mozeme radit’ napriklad vlastné
frekvencie a im zodpovedajice tvary vlastného kmitania alebo funkcie frekven¢ného
prenosu. Stanovenie tychto charakteristik je viazané na volbu vypocétového modelu
a sposob budenia konstrukcie. O analyze niektorych takychto charakteristik pojednava
pripravovany prispevok.

KPacové slova

Dynamické charakteristiky, vlastné frekvencie a tvary vlastného kmitania, funkcie
frekven¢ného prenosu, silové budenie, Fourierova transformacia.

Abstract

There are the characteristics uniquely characterized the properties of dynamical systems
from the point of its dynamical behaviour. For example natural frequencies and natural
modes or frequency response functions can be assigned to these characteristics.
Determination of these characteristics is fixed on the selection of computing model and
on the means of structure excitation. This contribution discusses about analysis of such
characteristics.

Keywords

Dynamic characteristics, natural frequencies and natural modes, frequency response
functions, Fourier transform.

1 Uvod

Dynamické analyza konstrukcie je zavisla od volby vypoctového modelu a od spdsobu
dynamického budenia. V praxi sa vel'mi casto pristupuje k volbe diskrétneho
vypoctového modelu, nakol’ko pohybové rovnice pre takyto vypoctovy model maji
charakter obycajnych diferencidlnych rovnic. Vypoctovy model méze byt voleny
v duchu zasad klasickej dynamiky alebo v duchu metédy konecénych prvkov. Budenie
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konstrukcie moze byt silové alebo kinematické. Pri vol'be diskrétneho vypocétového
modelu apri silovom budeni s premennou frekvenénou skladbou je vyhodné ako
charakteristiky popisujuce vlastnosti dynamického systému pouzit’ funkcie frekvencného
prenosu. Prave analyze takychto charakteristik je venovany predkladany prispevok.

2 Funkcie frekvenéného prenosu pri silovom budeni

Predpokladajme diskrétny vypoctovy model s n stupiiami vol'nosti budeny diskrétnymi
silami v mieste sustredenych hmoét. Pohybovl rovnicu popisujicu vynutené netlmené
kmitanie systému je mozné zapisat’ v tvare

[ml, - )+ [k]- o)} = {F @)). (1)
V predchadzajicej rovnici [m]D je diagondlna matica hmotnosti, [k] je matica

tuhosti, {v(t)} je vektor neznamych vychylieck hmotnych bodov a {F (t)} je vektor
budiacich sil. Derivacie podl'a ¢asu sa oznacuji bodkou nad znakom zévisle premenne;j

[1].

Aplikujme na rovnicu (1) Fourierovu transformaciu. Fourierov obraz funkcii {v(t)} a
{F (t)}oznaéme {V(q)} a {F (q)}, kde ¢ = w . Rovnica (1) sa zmeni na tvar
=¢"+[m], - V@ + k] (@)= {F(a)}. @)

Predpokladajme, ze len k-ta funkcia z vektora {F (q)} je nenulova a vsetky ostatné st

nulové. Teraz je mozné definovat’ n” frekvenénych prenosov, prei=1+nak=1+n.
Pre frekvencny prenos v, =V, ,(¢q) plati

AGON
Fi(q)

Takymto sposobom ziskame n sustav rovnic pre £k = 1 + n, pre vypocet n
frekvenénych prenosov v, , v kazdom kroku rieSenia, prii=1+n

~ o’ - [m], - {7} +[k]- )} = {F, |,
(]~ -[m],)- )} ={F,}. ()

Vektor {Fk} pre k-tu ststavu rovnic obsahuje nuly, iba v k-tom riadku je ¢islo jedna.

Vik =Vik(q) 3)

Numerické vypocty sa aplikovali na diskrétny vypoctovy model redlnej mostnej
konstrukcie s jednym pol'om zhotovenej z mostnych prefabrikatov 173.
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CRACK WIDTH VERIFICATION BY FIB MODEL CODE 2010

Jan Ml¢och!, Jana Markova?, Miroslav Sykora®

Abstract

Paper is focused on quantifying model uncertainty of crack width estimates for
reinforced concrete beams. Predictions obtained by the model provided by the fib Model
Code 2010 are compared with results of tests of beams with different longitudinal and
shear reinforcement ratios and concrete cover. Trends of model uncertainty with basic
variables are investigated.

Keywords

Crack width, model uncertainty, concrete cover, reinforcement ratio.

1 Introduction

Actual state of cracking of concrete plays an important role in the assessment of service
life of reinforced concrete structures. Cracks are directly affecting stiffness and
consequently deflections and they may increase proneness to reinforcement corrosion.

The study is based on a limited database of 12 crack tests of reinforced concrete
beams with different concrete covers, reinforcement ratios and stirrup spacing. Test data
are obtained from the study by Caldentey [1]. The test results are critically compared
with the predictions obtained by the simplified analytical model provided in the fib
MC2010 [2]. The aim is to provide insights into quantification of model uncertainty in
crack width predictions that is considered to be the key issue in reliability analysis with
respect to cracking. The trends of model uncertainty with selected basic variables are
investigated for crack widths of practical interest — 0.2-1.0 mm. Model uncertainty @ is
treated here as a random variable. Sample characteristics of the model uncertainty
(mean uo and coefficient of variation V) for the whole database are given in Tab. 1 for a
reference value of crack width of 0.4 mm.

Description of the sample o Vo

Whole database, n =12 2.24 0.36
Lightly reinforced beams (p; < 0.5 %), n =6 1.50 0.21
Moderately reinforced beams (p1 =~ 1.5 %), n =06 2.99 0.06
Beams without stirrups, n =4 2.16 0.36
Beams with stirrups, n =8 2.28 0.34
Beams with concrete cover 20 mm, n =6 2.25 0.40
Beams with concrete cover 70 mm, n =6 2.24 0.36

Tab. 1 Sample characteristics of the model uncertainty.
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Fig. 1 Variation of model uncertainty values with selected basic variables for MC2010 model (grey
points - beams without stirrups).

2 Conclusions

It follows from Tab. 1 that the MC2010 predictions tend to excessively overestimate
crack widths — with bias between two and three — and significant dispersion of model
results is observed — coefficients of variation up to 0.4. The values provided in Tab. 1
suggest that model uncertainty will likely dominate reliability of RC beams with respect
to crack width as its coefficient of variation exceeds typical values of other basic
variables.

The study is based on a limited test database and the conclusions with general validity
can thus hardly be drawn. It seems that longitudinal reinforcement ratio or, similarly,
strain of reinforcement (Fig. 1) is found to have significant effect on model uncertainty
characteristics while the influence of other variables such as shear reinforcement ratio,
concrete cover and stirrup spacing is marginal.
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DYNAMIC RESPONSE OF RAILWAY BRIDGES SUBJECTED
TO PASSING VEHICLES

Milan Moravéik!, Martin Moravéik ?

Abstract

This paper discusses some issues related to dynamic effects in railway bridges focussed
on the dynamic behaviour of the small and medium span simply supported railway bridges
subjected to a series of moving vehicle forces. Presented parametric study is focused on
the dynamic deflection of bridge w(x,?) for the simply supported railway bridge of the span
Ly = 38 m, due to the series moving loads representing a conventional train with the IC-
coaches, with the impact to the speed up to 300 km/h.

Keywords

Dynamic response, railway bride deflections, the modal superposition method.

1 Introduction

The dynamic response of railway bridges subjected to moving trains is influenced by a
number of factors such as the speed of the load, the bridge span, the natural frequencies
of the bridge and railways vehicles, the inertia and damping of the two interaction systems
(vehicles and the bridge), the distance between the vehicles and arranging axles of
vehicles.

At present, the important question for bridge loading follows from high speed trains,
which may consist of a number of identical cars connected together. In these cases a
resonance caused by configuration of the moving train consisting of a number of vehicles
similar types (Fig.1) may occur, especially at high speed ranges.
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Fig. 1. The loading of the bridge by a series of identical IC-vehicles.
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2 Bridge response induced by moving load series

The plane interaction model for the bridge load by conventional trains and the bridge

was applyed - a series of concentrated constant loads ZPn ,1=1,2,..,M for M vehicles
o)
moving on the bridge. The motion equation for the beam subjected periodically loading
of moving load series is describe as
4
g1 S0 W(ff’t) +m,
ox 2

The particular solution w(x,t) for a simply supported beam can be expressed in term

(1)

of modal time coordinates g, (¢) for the beam vibration and the modal shapes ¢j (x) as

) ;q“) (1)4;(x)= ;%‘) (f)Sin(ij

b

),j=123. (2)

2.3 The displacement response at the mid-span of the beam

The important practical significance is the dynamic deflection W, (Lb/ 2,1‘) at the mid-
span x =L, /2 for given speed ¢ and for j =1was applied in this studies. The

displacement can be expressed from Eq. (2) as

S w(l)( L,/2,t)= (C)q(l)(t)sm( ”)—

nd, Lb
W(l)vz(L /2) (1 0) ZSIH(G)(I)d (t )j[ ( c ))j (3)
1— Oy 2 )
( _(c)a(l)zsin(a)(l)( dv j(@( (ni Lb ))j
d,
(e L—)) @)

is the Heaviside function determining whether the load P» is on the bridge or not.

3. Parametric study for the bridge Lb=38 m, induced by a moving load
series

In presented parametric study the simply supported railway bridge of the span L, = 38
m, subjected to the successive identical moving load - loading of conventional train with
the n-IC-coaches:

=33,0m/

(P, P,) = 2x528kN =25 umes

ZP,, = , and for the speeds: c=<c¢; =77,2m/s
p (B,P,P,P,P.,P,)=6x528kN

c,=130m/s

is analyzed.
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THE CHOSEN PROPERTIES OF FRESH AND HARDENED
SELF-COMPACTING CONCRETE WITH HIGH-CALCIUM FLY ASH

Tomasz Ponikiewski', Jacek Golaszewski?

Abstract

This paper investigates the basic influential trends of varying compositions and
properties of High Calcium Fly Ash(HCFA) waste on rheological properties of Self-
Compacting Concrete (SCC). HCFA was implemented as either a replacement
component within a cement mixture (HCFA also activated by grinding) or as an additive
to cement (also in combination with other additives as F-class ash and ground granulated
blast furnace). A discussion of the results encompasses the influence of HCFA (C-class)
on the effectiveness of admixtures. The current findings are not sufficient in effectively
controlling for SCC mixtures with HCFA. The paper presents test results for the self-
compacting concrete SCC as it is modified by HCFA and SCC mixes with cement
modified by HCFA. The results include an investigation of samples as they belong to
classes of slump flow SF, classes of viscosity Tsoo, rheological properties: yield value g
and plastic viscosity h and the compressive strength tests:fcm,7d and fcm,28d. The
concrete mix was tested with a varying amount of HCFA (10-20-30%), as equivalent to
cement.

Keywords

Calcareous fly ash, self-compacting concrete, steel fibers, rheometers, rheological
properties.

1 Introduction

Previous publications have indicated a problem of worsening of the workability of
concrete mixtures containing lime fly ash. Therefore, as workability is the key to the
new generation of concretes, a series of tests were carried out to verify the possibility of
achieving it with SCC concrete containing lime fly ash. Tests were performed on plain
self-compacting concrete (SCC), high performance self-compacting concrete (HPSCC),
and fiber reinforced self-compacting concrete (FRSCC). The current open issue is the
use of lime fly ash in new generation concrete technology.

2 Research significance

The studies have confirmed the feasibility of using HCFA in cements and new
generation concretes while maintaining the implicit technological parameters, especially
workability, for concrete mixtures. Further research is required and the impact of the
variability of the physical and chemical properties of HCFA and cement type must be
taken into consideration. The paper presents the methodology and results of the research
on rheological properties of SCC with a calcium fly ash addition at varying degrees of

! Silesian University of Technology, Akademicka 5, 44-100 Gliwice, Poland, Tomasz.Ponikiewski@polsl.pl.
2 Silesian University of Technology, Akademicka 5, 44-100 Gliwice, Poland, Jacek.Golaszewski@polsl.pl.

55



MODELLING IN MECHANICS OSTRAVA, JANUARY 2017

milling. Additionally, the authors verified the effect of the amount of fly ash on the
rheological properties of SCC with cement CEM 1.

3 The assumptions and methodology of research

The study was performed considering the effect of the following factors: (1) supply of
lime fly ash: batch (delivery) A and B; (2) the degree of grinding of the lime fly ash; (3)
content of lime fly ash as cement equivalent: 10-20-30% mass of cement; (4) mass ratio
of steel fibers: 0 - 100 kg/m3; (5) mass ratio of synthetic fibers: 0 - 6 kg/m?.

4 The results and discussion

Figure 1 shows the effect of content of lime fly ash (supply A) and its degree of milling
on the diameter of the SF propagation and on the propagation time T500 of self-
compacting mixtures. Based on the study carried out, it can be concluded that an
increase in the content of lime fly ash in the mixture reduces the diameter of the SF
propagation and prolongs the propagation T500. The greater content of HCFA in the
mix, the greater is scope of change. However, if the ash is subjected to mechanical
activation (HCFA A1), the effect is smaller.

0% HCFA 0% HCFA
AO, 5 min A0, 5 min

10% HCFA 10% HCFA

W 20% HCFA W 20% HCFA

A0, 60 min A0, 60 min

W 30% HCFA W 30% HCFA

Al, 5 min

Al, 60 min A1, 60 min

0 20 40 60

80 100 120 0,0 10 2,0 3,0 4,0 5,0

a) Slump -flow, SF; [cm] b) Flow time, Tsq0 [s]

Fig.: The influence of calcareous fly ash content and its fineness on flow diameter SF (a) and flow time
Ts00(b) of SCC mixture, including the effect of time

S5 Summary and conclusions

The presented study confirmed the possibility for use of HCFA in concretes of the next
generation when maintaining the required parameters of concrete mix technology, and
above all, their workability. A deterioration in workability was observed with the
increase of the content of lime fly ash in concrete SCC and HPSCC. A decline in
workability of concrete mixtures occurs, but to an extent that preserves the properties of
self-compatibility. The study showed no significant influence of activation of lime fly
ash to improve the workability and mechanical parameters of concrete SCC and HPSCC
with their addition. Activation of the ashes (the milling) certainly improves their
properties, but studies have shown a similar effect of HCFA, both milled and not milled,
on the tested properties of concrete mixes SCC and HPSCC. The use of selected cements
with lime fly ash in their composition showed poorer, but sufficient workability of
concrete with the addition of SCC. The self-compatibility and mechanical properties of
concretes with lime fly ash modified cement were satisfactory and met the established
standards.
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NUMERICKA SIMULACE ZKOUSEK SMYKOVE UNOSNOSTI
ZDENYCH STEN Z POROBETONU S UZITiM PODROBNEHO
KONECNE PRVKOVEHO MODELU

NUMERICAL SIMULATIONS OF SHEAR CAPACITY TESTS OF POROUS CONCRETE
BLOCKS WALLS USING DETAILED FINITE ELEMENT MODEL

Vlastislav Salajka’, Zdenék Cada?, Petr Hradil®

Abstrakt

Piispévek je v€novan analyze chovani zdénych stén z porobetonu. Chovani stén bylo
zjistovano experimentalné na unosnost pfi statickém zatizeni a na seizmickou odolnost.
Soubézné byly provedeny numerické simulace experimenti pro ziskani dopliujicich
informaci o chovani zdénych stén z porobetonovych blokii. Vysledky geometricky
a materidlove nelinedrnich vypoctl byly porovnany s vysledky realizovanych zkousek.

Klicova slova

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

Abstract

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

Keywords

Porous concrete blocks, mathematical model of a wall, finite element method, nonlinear
computations

1 Uvod

Smykové zkousky zdénych stén jsou provadény za ucelem zjisténi nebo ovéteni
smykové cyklické pevnosti a duktility pro konkrétné uzité typy zdicich prvka
a spojovaciho materidlu. V tomto ptispévku je zvolen pfistup detailniho matematického
modelovani experimentl stén z poérobetonovych zdicich prvki s pevnostni tfidou P1,8
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a P2. Detailni matematicky popis umoziiuje 1épe pochopit procesy béhem cyklického
smykového poruSovani stén.

2 Matematicky model stén a zdiciho prvku

Vypoctové modely stén byly sestaveny metodou konecnych prvki. Mezi jednotlivymi
tvarnicemi bylo definovano kontaktni rozhrani, které modeluje interakci jednotlivych
zdicich prvkl. Svislé spary byly modelovany pouze jednostrannou vazbou se
soucinitelem tfeni. Vodorovné spary byly modelovany komplexnégji, zahrnuta byla
1 smykova a tahova soudrznost zdici malty.

Uroven poskozeni konstrukce stény pii cyklické zatéZovani je charakterizovana
hysterezni ktivkou. Tvar kiivky urcuje zpisob poruSovani. Zakiiveni hysterezni kiivky
je ovlivnéno vlastnostmi materialu zdiciho prvku a také tuhosti, pevnosti kontaktniho
rozhrani. Zavedeni tahové soudrZnosti s poruSenim zpomaluje rozevirani kontakti.
Po dosazeni tahové pevnosti nastava kvazi-kifehké zmékceni.

Pro modelovani poruSovani poérobetonu byla pouzita kombinace materidlového
modelu pro modelovani betonu zohlediujici kiehké poruseni a materialovy model
bilinearniho izotropniho zpevnéni, ktery umoziuje plastické zpevnéni pfi jednoosych
tlakovych zatizeni, které nastava nejcastéji ve spodnich rozich stén. Linedrni a nelinearni
parametry materidlovych modeld byly odladény tak, aby chovani odpovidalo zkouskam
zdicich prvki.

3 Vypocty a vysledky vypocti

Numerické simulace byly provedeny s deformacnim zatizenim a silovym pfitiZzenim
odpovidajicim experimentu. Byla pouzita pfima integrace pohybovych rovnic.

Pomoci vypoctl se podafilo postihnout hysterezni chovani stén, stanovit rozvoj trhlin
az do Urovné poruseni.

4 Zavéry

Srovnani vypoctli a méfeni ukizalo se, ze vypocty dobie vystihuji silné nelinearni
chovani stén béhem experimentu. Vhodné pouzit¢é materialové modely vystihuji
nelinearni chovani poérobetonu pii porusovani a pouzité nelinedrnimi kontaktni algoritmy
dovoluji zohlednit ve vypoctech delaminaci chovani spojovaci malty. Kombinaci
materidlovych modelt a kontaktnich algoritmi je mozné simulovat hysterezni chovani
porobetonovych stén pti smykovém experimentu.

Ziskané poznatky v oblasti porusovani podrobetonovych stén jsou velmi cenné
pii navrhovani a posuzovani zdénych staveb zatizenych seizmickym zatizenim.
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NUMERICKA SIMULACE SEIZMICKE ZKOUSKY
EXPERIMENTALNIHO MODELU DVOUPODLAZNIHO DOMU ZE
ZDENYCH STEN Z POROBETONU

NUMERICAL SIMULATION OF SEISMIC TESTS OF EXPERIMENTAL MODEL OF
TwoO-STOREY HOUSE WITH POROUS CONCRETE BLOCK WALLS

Vlastislav Salajka’, Zdenék Cada?, Petr Hradil®

Abstrakt

Byl modelovan experiment seizmicky zatézovaného modelu 1:3 dvoupodlazniho domu.
Model buzeni odpovidd zemétreseni odvozeného ze spektra odezvy. Numerické
simulace byly provedeny metodou konec¢nych prvki. Dynamicka odezva byla feSena
pfimou integraci. Vysledky vypocth byly porovnany s experimentalné stanovenymi
zaznamy posunii a zrychleni. Nakonec byl proveden vypocet seizmické odezvy
na modelu domu s redlnymi rozmeéry.

Klicova slova

Porobetonové tvarnice, matematicky model stény, metoda konecnych prvki, nelinedrni
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Abstract

An experiment of the seismic loaded model 1:3 of two-storey house was modelled. The
model of excitation corresponds with the earthquake derived from the response spectra.
Numerical simulations were performed using finite element method. Dynamic response
was solved by direct integration. The calculation results were compared with
experimentally determined records of displacement and acceleration. Finally,
a calculation of the seismic response of a model house with real dimensions was
performed.

Keywords
Seismic excitation, mathematical model of a house, finite element method, nonlinear
computations, porous concrete blocks

1 Experimentalni zkouSka objektu v modelovém méritku

Pro experimentalni ovéfeni chovdni objektu pifi seizmickém zatizeni byl vyzdén
modelovy dim v rozmérovém meéfitku 1:3. Nestandartni rozmér prvkil byl dosazen
fezanim. Zdéni bylo provedeno pfesné podle pfedem predepsané vazby. Snahou bylo
vynutit redlnou napjatost ve zdivu (1:1) béhem dynamického déje. Jako zdroj buzeni byl
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pouzit vibracni stil Schenk PL 160N. Celkem bylo na modelu provedeno 10 zkouSek
s riiznou urovni zatizeni. Ve vybranych mistech byly sledovany absolutni horizontalni
zrychleni a horizontalni posunuti vztaZzena k podlaze haly.

2 Vypoctové modely domu

K vystizeni dynamického chovani provedeného experimentu rodinného domu v meéftitku
1:3 byly sestaveny 3 globdlni vypoftové matematické modely v programu ANSYS.
Modely se 1isi mirou zjednoduSeni. Déle byly vytvofeny vypoctové modely redlného
domu (v métitku 1:1) v€etné bloku zeminy.

3 Vypocty a vysledky vypoctu

Nejprve byly vycisleny vlastni frekvence a tvary kmitii pro kontrolu ulozeni modelu
v porovnani s experimentem. Pro urCeni tuhosti uloZeni byla provedena analyza
zaznamu ¢idel ze v§ech méfeni.

Provedené vypocty dynamickych odezev odpovidajici buzeni na vibra¢nim stole.
Vypocty byly materidlové nelinedrni s kontakty provedeny ptfimou integraci pohybovych
rovnic. Vysledky vypocth byly porovnany s experimenty. Ziskané hodnoty odezvy
v posunutich byly pouzity pro generaci spekter odezvy pro porovnani se spektrem
odezvy podle EN 1998 pro oblast CR.

Dale na modelech redlného domu (v métitku 1:1) byly vycisleny vlastni frekvence a
tvary kmitu domu a vypoctena dynamické odezva pomoci spekter odezvy pro stanoveni
celkové odezvy vcetné statické odezvy. Budici elasticka spektra odezvy byla sestavena
dle CSN ECS8 za stejnych piedpokladii jako u méfeni a vypoétii na zmenseném modelu.
Nakonec byly provedeny vypocty odezvy odpovidajici prostorovému buzeni. Z vysledki
vypoctil byla urcena troven poskozeni domu.

4 Zavéry

Na zékladé¢ srovnani vysledkli extrapolace s vysledky simulaci experimentu Ize
usuzovat, jak se bude chovat redlny objekt pii seizmickém dé&ji na horni hranici zatizeni
definované pro nase tizemi v platné normé CSN EN 1998. Vysledky uvedeného
vyzkumu a analyzy jsou vyuzitelné pro stanoveni pouzitelnosti pérobetonovych zdicich
prvkll pevnostnich tiid P2 a P1,8 pro nosné stény u zdénych objekti v seizmickych
oblastech na uzemi CR.

5 Podékovani

Tento prispévek vznikl s financni podporou projektu GACR 17-23578S ,, Identifikace
miry poSkozeni vyztuzeného betonu pri extrémnim zatizeni “.

6 Literatura

[1] KLOUDA, J. K. & kol, Experimentalni a teoretické ovéfeni a stanoveni
navrhovych parametri zdiva z ptesnych zdicich prvki YTONG Lambda a
YTONG Theta vyrobce XELLA CZ. Zavére¢nd zprava, Cerven 2012, 212 stran,
TZUS 0090-VVI Brno.

[2] CADA, Z. & kol., The Probabilistic Approach to Modification of Seismic Linear
Response Spectra. In Future Communication, Computing, Control and
Management. Berlin Heidelberg: 2011. s. 365-371. ISBN: 978-3-642-27310- 0.

60



MODELING IN MECHANICS OSTRAVA, JANUARY 2017

SELECTION, MAINTENANCE AND ACOUSTIC DIAGNOSTICS OF
EXPANSION JOINTS IN BRIDGES LOCATED IN AREAS WITH
GROUND DEFORMATIONS

Marek Salamak !, Rafal Zuchowski

Abstract

In the paper are presented general rules of the assortment of expansion joints in bridges
located in areas being under the mining impacts. The maintenance problems associated
with ground deformations are also mentioned. The special attention is given to the noise
emitted by expansion joint devices. A legal status in the protection from noise and factors
affecting this noise are discussed.

Keywords

expansion joints, bridges, acoustic diagnostics, ground deformations.

1 Introduction

The construction of bridges in the Silesian urban agglomeration, in the operation area of
a number of coal mines, is a specific task. This is mainly because of the need to take into
account in the design the necessity of protection against strong ground surface
deformation. The reasons of such deformations can come also from shallow tunnelling,
groundwater withdrawal or post-seismic phenomena. Bridges with their heavy and rigid
solids are sensitive to the irregular subsidence, the horizontal strain in a subsoil and the
inclination of the previously horizontal surface. The safety assessment of bridges located
on areas with ground deformations should first start with the initial analysis of rigid solids
kinematics. This is due to multi solid and freedom of mutual displacements of solids as
well as much bigger bridge structures elements stiffness compared with flexible buildings.
One of the protection methods recently used was providing a low sensitivity of the
structure to deformation effects and, consequently, minimisation of activities of restoring
the proper condition.

2 Specificity of bridge structures in areas with ground deformations

Relatively simple kinematics of a single building solid is possible to be described in an
easy way by using not complicated trigonometric formulas based on earlier mentioned
mining deformation indicators. Both designing and maintenance of buildings in areas with
ground deformations tend almost routine ways of their protection and the basis of this
analyses is categorization of the mining area due to the above indicators. In the case of
compact structures they can be taken as point models and thanks to that, the impacts
specified by the indicators are clearly estimated.
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3 Acoustic diagnosis of expansion joints

Proper diagnosis of the expansion joints devices leads to the specified service life of a
bridge structure. In addition to standard inspection, prior to maintenance or rectification
of the bridge structure, an important element seems to be the acoustic diagnostics of the
expansion joints. The measurements were performed on a railroad bridge built over the
water reservoir located on the A1 motorway (section Gliwice — Ostrava). Research carried
out on a railroad bridge has a pilot character and can be used for the diagnostics of the
built expansion joints. The results confirm diagnosed damage during the inspection
depending on their degree of use.

4 Conclusion

In the paper, the problem of noise generated by the expansion joints is discussed. Attention
was paid to mining terrain deformation, as a factor that can have a significant impact on
the increase of noise emitted by the expansion hole and reduce driving comfort through it.
The article presents a collection of information on the measurements, acoustic diagnostics
and acoustic modelling of the expansion joints. The factors affecting the increase in noise,
rules and methods for noise measurements, principles and objectives of acoustic analysis
were collected and discussed. Attention was also drawn to the shortcomings of technical
knowledge in the field of noise generated by the expansion joints, the consequences of
these gaps and directions for further research.
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QUANTIFICATION OF INFLUENCE OF MATERIAL INTERFACE
STEEL-CONCRETE ON CALIBRATION CURVES FOR MODIFIED
COMPACT TENSION TEST

Stanislav Seitl’, Petr Miarka?

Abstract

Fracture properties of quasi-brittle cementitious composites are typically determined
from the load—displacement or load crack open displacement response recorded during a
fracture. Our contribution is focused on a numerical study prepared for a set of
experimental tests, which are used to study the fracture behaviour on notched dog-bone-
shaped specimens made of cementitious materials. These specimens are subjected to
modified compact tension (ModCT) test under a specific range of eccentricity of the
tensile load. The aim is to introduced the K-calibration, T-stress and COD curves for
ModCT specimens and their accuracy for various ratio of interface steel/concrete is
discussed.

Keywords
Modified compact tension test, Fracture, Constraint, Load eccentricity, T-stress, Stress
intensity factor, calibration curves.

1 Introduction

In this paper, a numerical study of stress fields in specially shaped test specimens under
combination of tensile and bending loading (see Fig. 1) is introduced. The framework of
two-parameter fracture mechanics is kept for the study. In order to provide a proper
fracture mechanical evaluation of experimental data, it is necessary to known values of
COD (crack opening at the load-line), the K-calibration curve (stress intensity factor),
and constraint-calibration curve (values of T-stress) for each crack length. The error of
calibration curves is discussed.

2 Materials
Concrete: E € <5; 50> GPaand v=0.2,
Steel part: E =210 GPa and v=0.3.

3 Conclusions

In the contribution, the two-dimensional finite element analyses were conducted to
investigate the influence of material interface on the stress intensity factor and T-stress
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functions for the test geometry based on CT test specimen, particularly for modification
of the specimen shape and the load-point eccentricity. The influence of the material
interface (steel-concrete) on the calibration curves for the studied variants of the ModCT
specimens (A, B, C) is analysed using linear elastic fracture analysis. The specimen
geometry allows to the user to obtain efficiently crack data under a displacement-
controlled test. Finite element analysis was used to obtain the stress-intensity factors, T-
stress and displacements over a wide range of concrete/steel ratios (Ec/Es).

ModCT A ModCT B ModCT C

77

N
N

Fig. 1: Studied configuration of ModCT test with glued loading plates and smooth curve dog-bone
shaped specimen with various position of load P and change of the stress on the y axis direction in
front of the crack tip as a result of various configurations.
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Fig. 3 The K-calibration curves of ModCT in variants A, B, and C (see Fig. 1) for stress intensity
factor corresponding to load P = 100 N and ratio E./E~25/210.
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ANALYTICAL ESTIMATIONS OF STRENGTH OF TWO LAYER
COATING LOADED ALONG A LINE

Ivan Shatskyi !, Mykola Makoviichuk 2, Lubomyr Ropyak®

Abstract

The engineering calculation procedure of the stress-strain state of the two-layer coating
under the load localized along a line is proposed. The plane connected problem of the plate
equilibrium has been formulated. The analytical solutions of the problem have been
obtained and compared to previous results for the unconnected problem. The analytical
estimations of strength of the composite coating have been given.

Keywords

Two-layer coating, Winkler foundation, local load, stress distribution, strength

1 Introduction

Workability of machines, mechanisms and equipment subjected to contact loads and to
interaction with aggressive or abrasive media is mainly controlled by the state and
structure of the surface layers of their critical components. Conventional procedure of
surface hardening of machine parts implies deposition of functionally gradient coatings
whose integral parts have different functions. Such heterogeneous structures include, in
particular, two-layered coatings of the ceramics-aluminum system, which cover the
surface of steel parts [1]. Similar problems rise also in civil engineering within interaction
of building walls and base plates on soil bodies. The available literature in this domain [2,
3] provides insufficient insight into the effect of structure and mechanical properties of
the two-layer coating components on the limit load values. Study [4, 5] describes the
approach to analytical calculation of local stresses in a two-layer coating treated as a plate
lying on the Winkler bed.

The aim of the present study is elaboration of the technique [4, 5] in the case of taking
into consideration interconnection of the membrane and bending fields in coating.

2 Problem formulation and strength criterion

We consider a flat rigid foundation with deposited two-layer coating consisting of a quite
stiff surface layer of thickness 2h, and of a quite compliant subsurface layer of thickness
h, . The external layer is modeled by a plate subjected to tensile and bending loads, while

the lower (substrate) layer is treated as an interlayer, whose behavior is controlled by the
Winkler hypotheses. The composite is loaded by distributed force, which is uniformly
distributed along the straight line and is represented as two components X and Y . The
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stress distribution in the connected two-layer composite and the strength values are to be
derived.
The boundary values problem is the following:

B ddzxuzx —kx[ux +%}=—x 5(x),

DG|4uy +kyu, —hk i[u +h du—yszé(x)Jrh xia(x) xeR (1)
dx* VY S x|l dx °" dx ’ ’
%(J_roo)zo, Ddzuy(ioo):O, Dd3uy(ioo):0, ()
dx dx> dx?

where u, and u, are components of the displacement of the plate midsection, 6(x) is the
Dirac function, B=2Eh, /(1-v2), D=2E:Z/(3(1-v3)), Ky =E,/(2(1+vy)h,),
ky=E,/hy, E¢, v¢, E, and v, are elastic moduli and Poisson’s ratios of the coating

and substrate, respectively.

The underlined members in equations (1) characterize interconnection of membrane
and bending fields and distinguish this statement from the previously considered
decoupled problem [4, 5].

The von Mises criterion is used for the strength assessment of each layer and for the
Winkler bed-type substrate.

3 Conclusion

The principal issue of the proposed calculation scheme is application of the strength
criteria to both components of the piecewise-uniform body.

The comparison of presented here model that takes into account the connectivity of
membrane and bending fields and previously developed model [4, 5] shows that at small
¢ the simplified theory is worth to use.
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SHOCK WAVE IN A PILE IMMERSED
INTO VISCOPLASTIC MEDIUM

Ivan Shatskyi !, Vasyl Perepichka ?

Abstract

The wave problem of perturbation propagation along an elastic pile interacting with the
medium is investigated using the model of viscoplastic friction. An exact solution of the
problem is obtained using the Laplace transforms for an arbitrary time of the loading
period. The diagrams for velocity and stresses have been constructed.

Keywords

shock wave, elastic pile, viscoplastic resistance.

1 Introduction

Analysis of energy dissipation due to the frictional interaction of deformable contacting
bodies is of great importance in the research of applied problems of the structural
dynamics. In this proceeding the nonstationary dynamics of an elastic pile with
viscoplastic external resistance under shock loading has been studied. The obtained results
generalize the cases of purely dry [1] and purely viscous [2] frictions and complement the
papers [3, 4].

2 Formulation of the problem

We consider the propagation of longitudinal shock wave in immersed into the viscoplastic
medium semi-infinite elastic rod with constant cross section induced by sudden loading
of the end. The classical theory of rods dynamics has been used. The friction forces on the
lateral surface are modeled by Voigt parallel connection of Saint-Venant and Newton
elements (the model of interaction through a thin Bingham layer). We study the process
of wave attenuation due to action of this viscoplastic resistance.

The initial-boundary-value problem is the following:

14}

u Txu

— —:—, x>0, t>0; 1
z (1
(r sgnu+2BELJ, u#z0 or u=0, |7,|<7.; 2)

u(x,0)=u(x,0)=0, x>0; 3)

u'(O,t) (o))

—==——H(t), u(o,t)=0, t>0. 4

. z (1), u(o,1) 4)

Here u is the axial displacement, 7, is the shear stress, x=X/L, t=cT/L are

dimensionless coordinate and time, L = F'/ /1 is the characteristic size, F' is the area and
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IT is the perimeter of cross-section, ¢ =+/E/p is the wave velocity, £ is Young’s
modulus and p is density of the rod material, 7. is the threshold friction, 2B = /4 Ep

, f 1s the dynamic viscosity, o is the stress at the rod end and H(¢) is a Heaviside

function. The primes and the dots denote the partial derivate with respect to the
dimensionless coordinate and to the dimensionless time respectively.

3 Analytical solution

Divining the sign of the velocity, we linearize the nonlinear problem (1)—(4) and construct
the solution using the Laplace transforms over the time coordinate. In particular, analytical
expressions for the axial displacement and its derivations are the following [3]:

t
_”(z’t) - %;[[(l +x)e P I (BNT? —x?) —K}drH(t -x),

_u(az,t) = %[(l + K)e_Bllo(Bm) - K}H(l‘ —%),

, t [ 2 2
u(xt) __0oo (1+x) e_Bx+ije_BTMdT -k |H(t—x). ©)
L E Y \/z'z—xz

Here x=(r./0()/(2B), while [y(z)and I;(z) are modified cylindrical Bessel
functions of the first kind.

4 Analysis of the results

The solution (5) is valid in area where the velocity is positive.

Wave pattern of nonstationary perturbation in the pile including the prefrontal zone of
rest, the area of motion and the domain of stationary residual stresses has been built The
three-dimensional diagrams for nonstationary fields of velocity and stresses in the pile
have been constructed too.

Intent analysis of results designate the sphere of correctness of solution (5) in the form
of inequality: x >1/(e—1)~ 0.577. Under such condition the line of cessation of the

motion does not advance the characteristic of reflected wave and the residual shear stress
is smaller than the threshold value.
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STATIC AND DYNAMIC STRESSES IN PIPELINE BUILT
ON DAMAGED GROUND

Ivan Shatskyi !, Andrii Struk 2, Maksym Vaskovskyi

Abstract

A deformation model of underground pipeline under complicated geotechnical
conditions of soil local fracture is proposed. The effect of displacement discontinuities in
damaged ground on the stressed state and limit equilibrium of pressurized pipe has been
studied.

Keywords

Buried pipeline, damage ground, cinematic perturbation, static and dynamic stress.

1 Introduction

The service of underground pipelines in the areas of anomalous behavior of the
foundation (waterlogged and marshy terrains, karst cavities or temporary workings,
regions of freezing-thawing, soil settlement and slip, zones of tectonic faults,
neotectonics or bench formation, earthquake and mudflow hazardous regions) involves
nonstandard working conditions and requires an additional analysis together with
engineering-geological monitoring and the use of rheological soil mechanics models. In
spite of the diversity of these models [1-7], it is difficult to foresee the mechanical load
on the pipeline in anomalous areas. To increase the safety of pipeline systems laid in
mountainous regions, it is necessary to develop engineering methods and models of the
calculation of stress state and deformation of buried pipelines in the zones of local
destruction of the bedrock foundation.
In this paper we develop the analytical approach offered in article [8].

2 Problem Formulation

The investigations were carried out in a geometrically and physically linear formulation.
The buried pipeline was modeled by an infinite straight tubular rod (Fig. 1) interacting
with the bedrock through a backfill layer, which is described by the linearly elastic
Winkler model. In more detailed consideration of strength issues, the pipe was taken as a
membrane shell. Reciprocal displacement of bedrock blocks along the pipe axis were
described by discontinuous or piecewise differential function. This approach allows one
to determine pipeline stresses not from the distribution of earth load, which is usually
difficult to estimate, but from the kinematic parameters of bedrock displacements. To
quantitatively realize this concept, an initially boundary problem has been formulated:
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where z is the coordinates, u, is the axial displacement of the pipeline, EF is the
longitudinal rigidity of the pipe, p is the density of its material, D and h are the outside
diameter and wall thickness of pipe, K, is the tangential coefficient of the elastic bed,

u?(z, t)= %A(t) sgn z is given reciprocal displacement of blocks.

To analyze the limiting state of the pipe, it is expedient to make use of the energetic
concept of strength.

The analytical expresses for the tube displacement and stress tensor components have
been constructed in cases of the static and harmonic regime of loading. The examples of
simulation have been representing.

3 Conclusion

The model developed of the deformation of buried pipeline at places of local destruction
of the foundation makes it possible to evaluate the stressed and limiting states of the pipe
by the kinematic parameters of ground cracking.

In the static and dynamic regimes, the moving closer together of the foundations
blocks is more dangerous than the fault opening.
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REINFORCEMENT OF THE COMPOSITE MATERIALS
BY BASALT FIBER

Merab Shvangiraze !, Vazha Shilakadze 2

Abstract

Currently in many countries are conducting the studies on the basalt fiber that is one of
the most interesting reinforcement materials for polymeric composite materials. In the
article are stated the results of a study of the mechanical properties of produced in
Georgia basalt fiber and the results of studies conducted to determine the effectiveness
of its application as a reinforcing agent in the manufacturing. The experiments to
determine the strength are conducted for single fiber as well as for webbed from it cloth.
Are developed the technologies for the manufacture of two types of products - high-
pressure cylinders and rotor blades for wind power installations. In the first case, at
reinforcement of polymer composite is applied bunch of threads and in the second case
as a reinforcing material is applied webbed from the basalt fiber fabric.

Keywords

Basalt, fiber, composite, cylinder, wind rotor, blade.

1 Introduction

The development of mechanical engineering is always accompanied by the tendency to
reduce the density of products without decreasing of their physical and mechanical
properties. Are applied different methods to achieve this goal, by development of
structures that combine strength and lightweight materials, development of alloys with
low density, etc., but this trend has exhausted its capacity as technology advances, and
nowadays is a need for a significant reduction of ratios of density and strength of
materials. There is a need to create alternative to metals materials and as it turned out, to
such requirements most effectively would respond the polymer composite materials that
really began to be developed from the middle of the 20th century.

The polymeric composite materials represents the heterogeneous solid material that
mainly includes two components - the reinforcing elements and bonding part (matrix).
The reinforcing component provides the necessary mechanical characteristics of the
material, and binding portion stipulates the joint work of reinforcing elements.
Mechanical properties of the composite properties are determined by the ratio of
reinforcing and matrix elements properties, as well as bond strength between them. The
efficiency of the material depends on the correct choice of the initial components and
their alignment technology. This is a prerequisite for a strength of bond between the
components at maintaining their initial characteristics. The combination of the
reinforcing elements and matrix creates a complex of composite’s properties, in that are
reflected not only the initial properties of the components, and also the properties that do
not have the taken separately components. As it is above mentioned as main component

! Professor Merab Shvangiradze, Georgian Technical University, 77, M. Kostava str., Tbilisi, 0175, Georgia, shvango@gmail.com
2 Professor Vazha Shilakadze, Georgian Technical University, 77, M. Kostava str., Tbilisi, 0175, Georgia, vshilakadze@mail.ru
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determining the strength characteristics of polymer composites is a reinforcing fiber.
Currently, are known many fiber materials, used as a reinforcing component. These are -
carbon, glass, basalt, aramid, asbestos, silica, ceramic fibers that are used in industry for
different purposes. The basalt fiber is relatively less used in the manufacture due to lack
of knowledge on it. It is gratifying that this fiber is produced in Georgia. This fact
encourages us to carry out studies to determine the possibilities of basalt fiber
application in manufacturing. We were conducted a studies to determine the
effectiveness of the application of basalt fiber as a reinforcing agent in the manufacture
of pressure vessels and wind rotor blades. The prototypes of these products are made.

2 Conclusion

Development of engineering mechanics is always accompanied by the search of new
materials, from that are required more perfect satisfaction of the constantly increased
industry requirements to the properties of used materials. To these tasks naturally are
engaged scientists working in the field of engineering sciences. Our goal is the
development of industrial processes for the production of pressure vessels and blades of
wind power plants from polymeric basalt fiber composite materials. We are carried out a
specific phase of the research work in this direction.

The carried our studies confirm that by use of basalt fiber would be produced such
products. By strength parameters this fiber fully complies with the relevant
requirements. However, should take into account certain difficulties of technological
plan. In particular, in the process of basalt fiber winding on the surface of the cylinder at
thread entering in its support head on cylinder the on thread is dispersing and
accumulates as wool thatwould be removed periodically. This leads to a stop of the
winding machine at winding that greatly reduces the productivity.

In the manufacture of wind rotor blades is checked and tested only one type of knitted
(cloth) basalt filaments of the fabric. The behavior more finely knitted fabrics remains
unknown. In the future, researches will continue up to industrial level of considered
processes.
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PILOTNI STUDIE URCENI HODNOTY SIF
PRO TELESA S V-VRUBEM

PiLOT STUDY ABOUT DETERMINATION OF SIF
For CHEVRON NOTCH SPECIMENS

Jakub Sobek ', Stanislav Seit]?

Abstrakt

Ptispévek seznamuje s ptistupem numerického modelovani zkuSebnich téles opatienych
V-vrubem (chevron notch) jako inicidtorem napéti na vrcholu trhliny. Pro simulaci je
vybrana konfigurace testu v tfibodovém ohybu a vystupem je uspésné spoc¢tena hodnota
soucinitele intenzity napéti K1 pro tahovy méd namahani.

Klicova slova

V-vrub, lomovy test, soucinitel intenzity napéti, ttibodovy ohyb.

Abstract

The paper is aimed on the numerical modelling of the test specimens with a chevron notch
serving as initiator of stress distribution at the crack tip. The three-point bending test
configuration is used for the simulation and output is given by the value of the stress
intensity factor K1 for tension loading mode.

Keywords

Chevron notch, fracture test, stress intensity factor, three-point bending.

1 Uvod

Destruktivni testovani na télesech z kvazikiehkych materiali prosttednictvim tfibodového
ohybu (three-point bending — 3PB) [1] je postup testovani prvkl rozlicnych stavebnich
konstrukci. Lomové testy jsou navic opatieny koncentratory napéti ve formé zatezii. Casto
vedenych ve vodorovné urovni na spodni stran¢ zkuSebniho télesa normalizovanych
rozméril, vyrobenych nebo odebranych ve formé jadrovych vyvrtii. Pro duktilni materialy
je zazity zéatez ve formé takzvaného V-vrubu (Sipovy, anglicky prezentovany jako chevron
notch od roku 1964 [2,3]), ktery umoziuje Sifeni trhliny v centralni roviné zafezu diky
iniciaci poruseni z ostrého konce. PouZitelny je jak na valcovy tak i krychelni profil télesa.
Pozd¢jsi aplikace na horniny znéj ¢inni vhodny prostifedek pro urceni lomové
houzevnatosti Kic.

Predmétem tohoto ¢lanku je pilotni studie urceni hodnoty faktoru intenzity napéti K

.....

vrubu [4]. A to prostfednictvim rovinného vypoctového modelu.
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Obr. 1: Celkovy vypoctovy model v systému ANSYS, véetné okrajovych podminek s nazna¢enim

-------

2 Zavér

Byla ukédzana uspésnd implementace moznosti vyuZziti V-vrubu pro systém ANSY'S, ktera
otevira nové moznosti na zodpovézeni otazek ohledné dal§i lomové analyzy zkuSebnich
téles opatfenych inicidtorem napéti v podob& zminéného V-vrubu.
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ODHAD PRAVDEPODOBNOSTI PORUCHY METODOU
ASYMPTOTICKEHO VZORKOVANI A ZAVISLOST TOHOTO
ODHADU NA POUZITE VZORKOVACI METODE

FAILURE PROBABILITY ESTIMATION USING ASYMPTOTIC SAMPLING
AND ITS DEPENDENCE UPON THE SELECTION OF SAMPLING SCHEME

Magdalena Smidova!, Miroslav Vorechovsky?

Abstrakt

Clanek zkouma pouZiti Asymptotického vzorkovani (AS) pro odhad pravdépodobnosti
poruchy. Algoritmus AS vyzaduje vybér z mnoharozmérného Gaussovského rozdélenti,
ktery lze ziskat rGznymi zplsoby, jez ovliviiuji kvalitu vysledného odhadu. Nekolik
spolehlivostnich problému (testovacich funkci) bylo feSeno metodou AS v kombinaci
s navrhy pfipravenymi metodou (i) Monte Carlo, (ii) LHS optimalizované PAE kritériem,
(i11)) quasi-Monte Carlo (QMC) navrhy ziskané Sobolovymi sekvencemi. VSechny
vysledky jsou porovnany s pfesnou hodnotou pravdépodobnosti poruchy.

Klicova slova

Asymptotické vzorkovani, pravdépodobnost poruchy, quasi-Monte Carlo, LHS néavrhy.

Abstract

The article examines the use of Asymptotic Sampling (AS) for estimation of failure
probability. The AS algorithm requires samples of multidimensional Gaussian random
vectors, which may be obtained by many alternative means that influence the performance
of the AS method. Several reliability problems (testing functions) have been selected in
order to test AS with various sampling schemes: (i) Monte Carlo designs, (ii) LHS designs
optimized using the Periodic Audze-Eglajs (PAE) criterion, (iii) designs prepared using
Sobol sequences. All results are compared with the exact failure probability value.

Keywords
Asymptotic Sampling, failure probability, quasi-Monte Carlo, LHS designs.

1 Uvod

Zakladnim tkolem inzenyra pii navrhu konstrukce je zajisténi urcité miry spolehlivosti,
tedy dostate¢né malé pravdépodobnosti poruchy (Pr) navrhované konstrukce. Kromé
bézného pristupu zajisténi téchto hodnot pouzitim dil¢ich soucinitelii spolehlivosti se
pfipousti vyuziti plné¢ pravdépodobnostniho pfistupu, ktery je vyhodny zejména u
mimotadnych konstrukci/konstrukénich systémi/materiald.
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Z tfady moznych metod urc¢eni Pr bude v ¢lanku zkouména metoda asymptotického
vzorkovani (Asymptotic Sampling — AS; [1]), kterd umoznuje pii pomérn¢ malém poctu
simulaci odhadovat i nizké pravdépodobnosti poruchy.

Vzhledem k tomu, ze procedura AS vyzaduje planovany experiment, nabizi se otazka,
zda je pfesnost AS ovlivnéna zplisobem piipravy experimentu, coz zjiStuje prave tento
clanek.

2 Analyza dat, vysledky

Byly zvoleny tfi testovaci funkce blize popsané v samotném c¢lanku, jejichz Pr byla
odhadovana pomoci AS. Dale byly generovany soutfadnice vzorkii pro planovany
experiment, a to metodami Monte Carlo (MC), Latin Hypercube Sampling (LHS),
pficemz rozlozeni téchto vzorkd bylo dale optimalizovano pomoci kritéria Periodic
Audze-Eglajs (PAE), a quasi-Monte Carlo (QMC), konkrétné¢ Sobolovymi sekvencemi
(viz obr. 1). Nasledné bylo provedeno AS a odhadnuto Pr. VySe uvedeny postup byl
nckolikrat zopakovan ziskané odhady byly statisticky zpracovany pro porovnani kvality
vysledkd.

1.0 — s T 1, CRAT O ) T £, e $oa ATty
Fam sty ‘ y T T IR v v L, . T e B e
aoah 8 . L v b - L -
- a a vTe v v v b - - - - -
08 S NP o P ed R . A T "« P it " g
O » 4 ad ., Wity ST e Y Ty RO oA o
o At I, el . S N Vd o AS Sy
a v v -
sl ed TSpal ] PR e S i el et d
= ap @ a - L v v * ¥ vv » v L be o - - - -
i s < 4 . Sl T 5 « ' o "
b e S 0 L AR I 1 R e e
st H A L AL ¥ Sl s N Pl i e T
5, & . s Iy N r i o T e vy v | - - - -
O e 2 Al e B
. oay o . as . R R e r ’ bl IR T S =
.’.“‘..0 _— *O¥ YL e Ty " " < Y «e? ‘.
02 e B Lpa T T, v . L2 vy LI “« - e n
ba s . & -~ - v & e v e % - - P -
&g ML L vy " e " L - - a1,
ai Roga Tack a & s ¥ ooy g oy Wighy w8 Ya Lt tay, "
Y ‘. - " -
Y Bl W 7Y A 4 P | 1

0.0 PO ST " b A LB TR I B
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0

Obr. 1: Rozdilné névrhy experimentl vyuzité v metod¢ asymptotického vzorkovani vedouci k riizné
kvalitnim odhadtm Pr.

Vzajemnym porovnanim vysledki byly zjistény znaéné rozdily v kvalit€¢ odhada pfi
pouziti riznych zplsobl piipravy planovaného experimentu, pfi€emZ v piipadé¢ MC
experimentu je tfeba konstatovat nepouzitelnost této metody pro nizké pravdépodobnosti
poruchy a nevhodnost u pfipadd, v nichz je Pr vysoka.

Na druhou stranu pfi pouziti sofistikovangjsich metod pfipravy experimentu Ize docilit
znaéného snizeni potiebného poctu simulaci a odhadnout pfinejmensim orientacni
hodnotu Pr feSené¢ho problému.

Podékovani

Prispevek byl vytvoren v ramci resSeni projektu ¢. LO1408 ,,AdMaS UP — Pokrocilé
stavebni materialy, konstrukce a technologie” podporovaného Ministerstvem skolstvi,
mladeze a télovychovy v ramci ucelové podpory programu , Narodni program
udrzZitelnosti 1.

Literatura

[1] BUCHER, C. Asymptotic sampling for high-dimensional reliability analysis.
Probabilistic Engineering Mechanics. 2009, ro€. 24, €. 4, s. 504-510. ISSN 0266-
8920

76



MODELLING IN MECHANICS OSTRAVA, JANUARY 2017

DYNAMICKE POKRITICKE POSOBENIE
DYNAMIC POST-BUCKLING BEHAVIOUR

Lubos Snirc!, Alzbeta Grmanova?, Jan Ravinger®

Abstrakt

Pouzitim geometricky nelinedrnej tedrie bolo rozpracované pokritické posobenie Stihlej
steny. Pre tulohy dynamiky bol pouzity Hamiltonov princip. Ukdzané su priklady
dynamického pokritického pdsobenia Stihlej steny naméhanej tlakom. Vplyv rezidudlnych
napéti na frekvenciu Stihlej stena tvori zéklad pre nedestruktivne metody vySetrovania
vlastnosti konstrukeii.

KPacové slova

Geometricky nelinedrna teoria, stabilita, dynamické pokritické posobenie, kmitanie.

Abstract

Geometric non-linear theory has been used to describe the post-buckling behavior of
slender web. Hamilton’s principle in increments has been used. Examples of dynamic
post-bucking behavior of slender web loaded in compression are presented. Influence of
residual stresses to frequency of slender web is a base for non-destructive method of
investigation of structures.

Keywords

Geometric non-linear theory, stability, dynamic post-buckling, vibration.

Dynamické pokritické posobenie

Prezentovany Gvodny obrazok ukazuje vyber zakladnych prikladov stability pri statickom
namahani. Pri extrapolovani problémov do dynamiky sa objavuje mnoZstvo novych javov
ako st dynamické vybocenie, parametrické rezonancia, flater Stihlej steny a iné. Pre opis
stabilitnych javov je nutné pouzit' geometricky nelinearnu tedriu. V obecnom pripade
statiky uloha vedie na systém kubickych algebrickych rovnic. Pouzitim prirastkovej
formulacie rieSime dany systém Newton-Raphsonovou iteraciou. Pre tlohy dynamiky
typu dynamického vybocenia je mozné pouzit Newmarkovu metédu priamo
v prirastkovej formulacii. Pre ulohy typu parametrickej rezonancie sa ukazuje ako mozny
postup vyuzit’ transformdciu do vlastnych tvarov, zostavit’ systém podmienkovych rovnic
a nasledne zvolit Newmarkovu metddu. Tento postup si ale vyZaduje realizovat’ operacie
s priestorovymi maticami. Autori realizovali mnozstvo teoreticko-numerickych analyz,
ktoré boli konfrontované experimentdlnymi meraniami.
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MUTUAL COMPARISON BETWEEN THE TWO COMPUTATIONAL
MODELS OF INTERACTION SYSTEM VEHICLE-PAVEMENT

Veronika Valaskova', Jozef Melcer?

Abstract

Dynamic interaction between vehicle and pavement is a current problem which is solving
in many workplaces around the world. This article is focused on the interaction model
creation and principles of the solution for two numerical models. Numerical models of the
interaction system vehicle-pavement were constructed in the computer software ADINA,
which is based on the Finite Element Method. Bathe calculation method was adopted in
the numerical solver. The article presents the results, which were obtained during the
modelling of the vehicle-pavement interaction system.

Keywords

Vehicle-Pavement Interaction, Finite Element Method, Half-Part Model, Lorry Tatra 815,
Numerical Model.

1 Introduction

Pavements are structures that are exposed to the direct dynamic effect of the moving
vehicles. Unevenness of the pavement surface is the main source of the kinematic
excitation for the vehicle. They have significant influence on the magnitude of the contact
forces between the pavement surface and the vehicle tires. The amplitude is the variable
of the time and the frequency domain. There are two approaches how to obtain a required
data — computational or experimental methods. The verification of the reliability of the
transport structures loaded by the heavy traffic needs a detailed analysis using vehicle-
pavement interaction simulations [1, 2].

2 Numerical Simulation

The whole interaction model of vehicle-pavement consists of 719 points and 782 lines.
The lines were meshed in the pavement with specific material characteristics. The relevant
degree of freedom and boundary conditions were set in the model.

After start of the simulation, the vehicle moves on the pavement with constant speed
of 40 km-h!. The simulation took 14 seconds. In the first 10 seconds, the gravity is
activated and whole model is numerically stabilizing. In the last 4 seconds, the vehicle is
moving along the pavement with constant speed. In this simulation, the time step was
constant 0.001 s. The scheme of the model is shown in Fig. 1. The pavement with smooth
surface was modelled as a Winkler elastic foundation. The vehicle-pavement interaction
model consists of 26 points. The scheme of the model is shown in Fig. 2.
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The half-part model of lorry Tatra 815
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Fig. 1: Scheme of the computational model with offsets contacts

The half-part model of lorry Tatra 815
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Fig. 2: Scheme of the computational model with Winkler Elastic half-space

3 Conclusion

Vertical displacement (z-direction) and vertical acceleration in selected points are
presented. Point nr.1 was selected in the front vehicle axle, nr.2 in the rear axle and nr.3
in the centre of gravity of the lorry Tatra 815. Results are presented for quantities in
vertical axis and have been obtained in 2D simulations in XZ plane. Presented results from
numerical simulation were obtained for road pavement with unevenness (offsets) and for
the smooth pavement surface. For the smooth surface, there is a leading wave caused by
the acceleration for whole model. Using of FEM methods can give useful results of
modelling of the phenomenon of the vehicle-pavement interaction.
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3D NUMERICKY MODEL NEHOMOGENNIHO NELINEARNIHO
POLOPROSTORU V INTERAKCI S NELINEARNIM MODELEM
DRATKOBETONOVE DESKY

3D NUMERICAL MODEL OF INHOMOGENEOUS NONLINEAR HALF-SPACE IN
INTERACT WITH NONLINEAR MODEL OF SFRC SLAB

Jana Vaskova !, Radim Cajka 2

Abstrakt

S vyuzitim experimentalniho zafizeni vybudovaného na FAST VSB — TU Ostrava v
Ceské republice byla v roce 2016 realizovdna sada experimentalnich zatéZovacich
zkousek dratkobetonovych desek v interakci s podlozim. Pro tuto sadu experimentalnich
zkousek byla v programovém systému ANSYS provedena numerickd analyza na bazi
metody konecnych prvki (MKP), jejiz vysledky byly srovnadny s hodnotami
naméefenymi béhem experiment.

Klicova slova

Interakce zdklad-podlozi, 3D konecné prvky MKP, zdkladové konstrukce.

Abstract

Set of experimental loading tests of steel-fibre reinforced concrete slabs was realized
using the experimental facility built in campus of Faculty of Civil Engineering, VSB -
Technical University of Ostrava in the Czech Republic in 2016. For this set of
experimental tests, numerical analysis have been done in the program ANSYS - based
on the finite element method (FEM). Results of numerical analyses were compared with
the values measured during the experiment.

Keywords

Subsoil-structure interaction, 3D finite elements, foundation structures, FEM analyses.

1 Uvod

Navzdory tomu, Ze feSenim interakce zakladi s podlozim se zabyva mnoho autorti po
celém svété vice nez stoleti a za tu dobu vznikl nespocet vypocetnich postuptl,
teoretickych i numerickych modeld, stale neexistuje zaddny obecné platny model podlozi.
Vysledky feSeni se mohou liSit pravé v zdvislosti na volbé modelu podlozi. Za timto
ucelem se dodnes provadi vyzkumy a experimentalni méfeni zaméfené na seddni
zékladové pudy pod stavbami a deformace zakladovych desek. V ¢ervnu roku 2016 byla
na FAST VSB-TU Ostrava experimentalné zatézovana dratkobetonové deska. Jednalo se
o dratkobeton vytvofeny piidanim ocelovych dratki do betonové smési v mnozstvi
25 kg/m*® (3D DRAMIX 65/60B6-25 kg/m?).
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2 Numericky model s vyuZitim prostorovych kone¢nych prvki

Numerickymi analyzami [1] bylo prokazano, Zze pii tvorbé prostorového modelu
s vyuzitim 3D kone¢nych prvki, jsou vysledky zna¢né zavislé na volenych parametrech
vstupujicich do vypoctu. Zemina je latka nestejnoroda a jeji vlastnosti se 1iSi od
idealizace linedrné pruzné izotropni a homogenni latky. To bylo casteCné feSeno
vyuzitim nehomogenniho pruZzného poloprostoru. Jednd o poloprostor, jehoZ modul
pretvarnosti s hloubkou linearné€ roste. Tuto zavislost v obecném tvaru dale rozpracoval
Ohde [2]:

E=E,(z+d,)" (1)
kde je Eo modul pfetvarnosti na povrchu, zje z-ovd soufadnice (hloubka), m je
koeficient zavisly na Poissonov¢ souciniteli L a do je takova hloubka v podlozi, kterd
neni rovna hloubce zaloZeni, ale jedna se o konstantu, kterd co nejlépe vystihuje
zavislost modulu pfetvarnosti na hloubce podlozi (dle Ohdeho v [2]) s ohledem na
Poissontiv soucinitel. V ptipadé, kdy m # 0, Eo je rovno velikosti E za ptedpokladu, ze
pro z-soufadnici na povrchu plati z = 0, byla za do dosazena hodnota 1,0.

Vzhledem k tomu, ze experimentalné zatézovana deska byla dratkobetonova, byly
provedeny numerické modely desky se zohlednénim vlivu dratkii v betonové smési
i oslabenim prifezu desky vlivem trhlin vznikajicich ptfi zatéZzovani. Proto byl vyuzit
kone¢ny prvek SOLID 65, ktery umoziuje nelinearni vypocet betonovych konstrukei,
simulaci plastického chovani (vznik plastickych deformaci) i poruseni tahem ve tfech
vzajemné kolmych smérech (vznik trhlin) a poruseni tlakem (drceni materialu).

3 Zavér
Pro analyzu interakce podlozi s dratkobetonovou deskou zatéZovanou b&hem
experimentalni zatézovaci zkouSky byly vytvofeny numerické modely s vyuzitim
prostorovych kone¢nych prvki. Model podlozi byl vytvofen jako nelinearni
nehomogenni kontinuum. Numerické modely dratkobetonové desky byly vytvoteny
s vyuzitim kone¢ného prvku, ktery umoziuje nelinearni vypocet betonovych konstruket,
simulaci plastického chovéani (vznik plastickych deformaci) i poruseni tahem (vznik
trhlin) ve tfech vzajemné kolmych smérech a poruSeni tlakem (drceni materialu).
Srovnanim maximalni deformace ve stfedu desky ziskané numerickym modelem
21,937 mm a deformace desky ve stfedu desky ziskané aproximaci prihybové plochy

znamétenych dat 20,50 mm, lze povazovat vysledky numerické analyzy za velmi
vystizné a samoziejmé predevsim na strané bezpecné.
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NELINEARNI ANALYZA STIHLEHO TLACENEHO ZDENEHO
SLOUPU

NON-LINEAR ANALYSIS OF SLENDER MASONRY BEAM

Marek Vokal', Michal Drahorad?

Abstrakt

Tato prace se zabyva numerickou analyzou a ovéfenim Stihlych tlacenych zdénych
prvka konstantniho prifezu zatizenych normalovou silou a ohybovym momentem v
rovin¢ hlavniho momentu setrvacnosti prufezu. S ohledem na materialovou nelinearitu
zdiva neni pro feSeni této ulohy mozné pouzit klasickou matematickou teorii Stihlych
prutli, a proto je vyvinuta metoda vyuzivajici iterativni vypocet s vlivem materidlové i
geometrické nelinearity.

Klicova slova

Materidlova nelinearita, geometricka nelinearita, druhy fad.

Abstract

This paper deals with numerical analysis and design of slander prismatic masonry beams
loaded predominantly by axial force and bending moment in plane of the principal
moment of inertia. Because of the material non-linearity, classical mathematical theory
of slender columns cannot be applied for masonry elements, therefore the proposed
method use iterative non-linear calculation considering both material and geometrical
non-linearity.

Keywords

Material non-linearity, geometric non-linearity, second order analysis.

1 Uvod

Stabilitni analyza je jednim z nejCastéjSich problémt zkoumanych v oboru stavebnich
konstrukei. Jednim z divodi je, Ze analyza je pomérné slozitd vzhledem k mnoZzstvi
jevu, které musi zahrnout. V posledni dob¢ navrhované zdéné konstrukce jsou s ohledem
na pouzivané zdici prvky, jejich uspotaddani a odolnost zpravidla feSeny jako sténové,
coz siln¢ akcentuji 1 stdvajici navrhové predpisy (zejména [2]). Pokud jsou vSak
navrzeny vyznamn¢ zatizené Stihlé sloupové prvky, metody uvedené v [2] selhavaji a
dochazi k podcenéni vlivu vzpéru.

Cilem soucasného vyzkumu autort je proto analyza skutecného plisobeni zdénych
Stihlych tlatenych konstrukci a nasledny vyvoj zjednoduSenych metod pro jejich navrh a
ovefeni pouzitelny v kombinaci s platnymi technickymi piedpisy. Pfedmétem tohoto
¢lanku je popis algoritmu vytvofeného v programu MATLAB®, ktery zohlediiuje vyse

! Ing. Marek Vokal, CVUT v Praze, Fakulta stavebni, Katedra betonovych a zdénych konstrukei, E-mail : marek.vokal@fsv.cvut.cz
2 Ing. Michal Drahorad, Ph.D., CVUT v Praze, Fakulta stavebni, Katedra betonovych a zdénych konstrukci, E-mail :
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Vv v

vlivem rozevirani trhlin.

2 Modelovani zdénych sloupii - piriklad

V ramci prace na vyvoji algoritmu jsou provadény ovéfovaci studie. UvaZuje se zdény
sloup s pocatecni imperfekci danou vztahem wo = eo.sin(nx/L), ulozeny oboustranné
kloubové. Pro ptiklad sloupu o vysce 4.2 m a rozmérech B x H = 0.4 x 0.4m zatiZzeny
normalovou silou 770 kN s excentricitou 0,05 m byly ziskany nésledujici vysledky:

4.5
4
Graph of deformed structure
3.5 5 T T T T T
{ —— Deformed from load multiplied with PlotFactor
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=25 T
E | :
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Obr. 1 — Vlevo vysledna tloustka prifezu na konci vypoctu, vpravo vysledna geometrie konstrukce
3 Zavér
Byl vyvinut algoritmus implementovany v programu MATLAB®, kterym lze fesit
nelinearni stabilitni analyzu zdénych sloupt zatizenych v rovin€é hlavniho momentu
setrvacnosti. Program umoznuje analyzu téchto konstrukei az do meze unosnosti. Do

budoucna se pocita s rozsifenim algoritmu na sloupy zatizené v obecné roving. Soucasné
se pocita s rozSifenim algoritmu na obecné konstrukce, ne jen tlacené sloupy.
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ANALYZA VZDALENOSTI ORTOGONALNIHO NAVRHU
ANALYSIS OF DISTANCES IN AN ORTHOGONAL GRID

Miroslav Vofechovsky !, Vaclav Sadilek 2, Magdalena Smidova 3

Abstrakt

Ptispévek se zabyva analyzou vzdalenosti mezi vSemi dvojicemi bodd v prusecicich
pravidelné ortogonalni miizky umisténé do jednotkové hyperkrychle. Porovnava pocty
délek vycislované pomoci piimocaré implementace a zjednoduSené¢ho postupu
vyuzivajiciho pravidelnosti tohoto uspotradani bodt a jejich vypocetni naro¢nosti. Dale
popisuje histogramy délek a zabyva se vyvojem jejich sttednich hodnot v zévislosti na
poctu bodi navrhu.

Klicova slova

Ortogonalni rastr bod, vzdalenost mezi dvéma body, statistiky.

Abstract

The article presents analysis of pairwise distances between all pairs of points arranged
into a regular orthogonal grid in a unit hypercube. Two methods for evaluation of
pairwise distances are compared with respect to the computational demands depending
on the number of points in a grid. Histograms and evolution of the mean values of
pairwise distances are shown.

Keywords

Orthogonal grid, pairwise distance, statistics.

1 Uvod

V metodice planovaného experimentu (Design of Experiment [1]), jakoZz i v jinych
oblastech badani a inZenyrstvi je potifeba zkoumanou doménu vhodné pokryt
navrhovymi body. To lze provést dvéma zplsoby: a) deterministicky navrh (body jsou
usporddany v pravidelné se opakujicich vzorech) nebo b) stochasticky navrh, pro ktery
se pouzivaji metody typu Monte Carlo (napt. Latin Hypercube Sampling).

Tento Clanek se proto zabyva analyzou vlastnosti navrhii tvofenych pravidelné
uspofddanymi body v ortogonalni miizce umisténé v jednotkové hyperkrychli: pocty
vzdéalenosti mezi dvéma body a vypocetni naro¢nost, histogramy (hustoty
pravdépodobnosti) vzdalenosti a vyvoj jejich stiednich hodnot s rostoucim poctem bodt
v névrhu.
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2 Ortogonalni navrh bodi

Ortogonalni navrh je tvofen rastrem bodl umisténych v priisecicich pravouhlé miizky
(obr. 1). Pocet veli¢in Ny, ze kterych je navrh tvofen, je roven dimenzi hyperkrychle.
Doménu kazdé veli¢iny (primét oblasti do jedné dimenze) je mozné rozdélit na Ni
ekvidistantnich bodd. V nasledujicim textu budeme uvazovat stejné déleni N pro
viechny veli¢iny a podet bodli (podet simulaci) v takto vzniklém navrhu je Ns = NMv.

I I
o --0--0--0--0
| |
indexy
L2 N
T T T T T ||
Bl Pl Pl =
0 Ti1 Tj1 TNl |
soufadnice <—>ij Lo 6 6 o o
i i |

v - 1 ; )
Obr. 1: Ukazky ortogonalnich navrhi s N=5 bodi podél jednotlivych dimenzi (NV,=1, 2 a 3).

3 Zavér

Clanek potvrzuje piedpoklad uvedeny v dfivéjsim ¢&lanku [1], totiz Ze aplikaci
zjednoduSen¢ho vypoctu délek a jejich Cetnosti se dosdhne sniZzeni Casové naroc¢nosti,
coz je dolozeno predlozenymi grafy. Dale zkoumé vzdalenosti mezi dvojicemi boda
v popisovaném navrhu a uvadi analytické vztahy pro vypocet hustoty pravdépodobnosti
téchto vzdalenosti a jejich druhych mocnin pro malé pocty Nv. Téch lze dale vyuzit pro
vypocet stfedni hodnoty téchto velicin.

Dalsim dutlezitym vysledkem je zjisténi, Ze pii vysokych poctech Ns druhé mocniny
vzdalenosti vyskytujicich se v ndvrhu konverguji k pfedem vy¢islitelné hodnoté. Tento
fakt (soucasn¢ s tim, Ze paraleln¢ zkoumané PAE kritérium obsahuje pravé druhé
mocniny vzdalenosti) vede k Uivaze o nutnosti Gpravy kritéria tak, aby pfi rostoucim
poctu bodii navrhu jeho hodnota stale rostla, nebot’ v pfipadé navySovani poctu bodii
v ndvrhové oblasti dochazi ke zméné charakteru AE kritéria (akcentace vlivu dlouhych
vzdalenosti), a tudiz dochéazi k necitlivosti kritéria na lokalni poruchy v rovnomeérnosti
pokryti (shluky bodd, apod.). Disledkem je vyrazné zpomalovani a snizeni G¢innosti
procesu kombinatorické optimalizace ndvrhu zaménami soufadnic.
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