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NUMERICKE SIMULACE TEPLOT V BETONOVYCH PANELECH
BEHEM POZARNICH EXPERIMENTU

NUMERICAL SIMULATIONS OF TEMPERATURE IN CONCRETE PANELS DURING
FIRE EXPERIMENTS

Michal Bejéek!, Hana Simonovi?, Iva Rozsypalova®, Petr Danék®, Zbynék Kersner®

Abstrakt

Ptispévek se zabyva pilotnimi numerickymi simulacemi teplot v betonovych panelech
jednostranné pozarné zatézovanych v peci Centra AdMaS FAST VUT v Brné. Simulace
byly provedeny v programu ATENA-GiD. Ziskané vysledky byly porovnany s hodnotami
teplot naméfenymi béhem experimentli pomoci termoc¢lankt umisténych uvnitt paneli.

Klicova slova

Beton, pozarni experiment, teplota, numerické simulace, software ATENA-GiD.

Abstract

This paper presents pilot results of numerical simulations of temperature in concrete
panels exposed to high temperatures using the fire test furnace at the AdMaS Science
Centre of Faculty of Civil Engineering, Brno University of Technology. Numerical
simulations were performed via the ATENA-GiD software. Obtained results were
compared with temperature values measured during the fire experiments by temperature
sensors placed inside the concrete panels.

Keywords

Concrete, fire experiment, temperature, numerical simulation, ATENA-GiD software.

1 Uvod

Beton se fadi k nejpouzivanéj$im stavebnim materialim se Sirokou $kéalou aplikaci. Pokud
na tento material ptisobi vysoké teploty (naptiklad v souvislosti s pozarem), vyvolavaji
v kompozitu fadu fyzikélnich a chemickych procest, které maji za nésledek zménu
struktury a ovliviiuji hodnoty jeho mechanickych vlastnosti.

V ramci disertacniho tématu Ing. Ivy Rozsypalové byly vyrobeny série betonovych
panell o nomindlnich rozmérech 2300 % 1300 x 150 mm, které se jednostranné
vystavovaly plisobeni vysokych teplot v peci na pozarni zkouSky stavebnich materiala
a malorozmérovych dilct, jez je soucasti Centra AdMaS FAST VUT v Brné€. Nasledné se
fada métenych dat na téchto panelech a na sadach z panelii odebranych téles podrobovala
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rozsahlé vyhodnocovaci kampani; vybrané vysledky lze vyuzit také jako hodnoty
vstupnich parametrii materialovych modell pro realistické numerické modelovani odezvy
betonovych konstrukci zatizenych/poskozenych pozarem.

Predmétem predkladaného ptispévku jsou vysledky pilotnich numerickych simulaci
teplot v uvedenych panelech pii pozarnich zkouskach, které byly ziskany v programu
ATENA-GID. Porovnani obdrzenych vysledkti s hodnotami teplot naméfenymi b&hem
experimentll pomoci termo¢lank umisténych uvnitt paneld ukazuje Obr. 1.
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Obr. 1: Porovnani teplot po tloustce panelu ziskanych z experimentti a numerickych simulaci
2 Zavér

V softwaru ATENA-GiD byl sestaven 2D model betonového panelu, ktery slouzil
k simulaci teplot uvnitf panelu béhem provedenych pozarnich experimentd. Ziskané
vysledky byly porovnéany s teplotami naméfenymi pii redlnych testech. Nejvyssi shody
s naméfenymi teplotami bylo dosazeno v pfipadé panelu P3, kdy byla maximalni
nominalni teplota v peci 800 °C.

Podékovani
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PHENOMENOLOGICAL MODELS FOR FATIGUE AND STATIC
FRACTURE PREDICTION

Alfonso Fernandez-Canteli', Sergio Blasén', Miguel Muiiiz-Calvente!, Enrique Castillo?

'Dep. of Construction and Manufacturing Engineering, University of Oviedo, Spain

Spanish Royal Academy of Engineering and Spanish Royal Academy of Sciences, Spain

Abstract

Phenomenological models, in particular those based on extreme value statistics and
compatibility, may be advantageously applied to fracture and fatigue failure predictions
in the design of components. Some examples of derivation of such models are presented
aiming at illustrating the usefulness of this methodology, particularly when combined
with the generalized local model in order to guarantee transferability from the laboratory
results to practical design.

Keywords

Phenomenological models, probabilistic design, fracture, fatigue, generalized local
model

1 Introduction

Phenomenological models, in particular those based on extreme value statistics and
compatibility, prove to be useful providing reliability in predicting fracture and fatigue
in practical design [1]. Their application can be transcendental in the development and
interpretation of other fracture and fatigue models as cumulative damage calculation [2],
assessment of VHCEF lifetime results, failure of quasi-brittle materials, but also in the
analysis of the Kitagawa-Takahashi model. Finally, they serve as the basis for the
development of the generalized local model (GLM) [3] that allows transferability to be
ensured by objective assessment of experimental results for subsequent application to
practical design.

Ao L

Trajectory| -
entries -

Trajectory

. - *®
exits - N

Fig. 1: Illustration of the compatibility condition in the S-N field between the cdfs
F(Ao;N)=F(N; Ao).
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Phenomenological models, though reviled, usually implies sophisticated approaches
rather than plain empirical proposals, just applied for results fitting, since generally their
derivation arises not only from simple statistical observations but also from complex
scientific requirements and high demanding mathematics techniques. For instance, after
proving the need of considering extreme value statistics and establishing the necessary
compatibility condition between the cumulative distribution functions F(4da,N)=F(N,
4o) in the S-N field, see Fig. 1, a functional equation is used in the derivation of the
probabilistic S-N field model of Castillo-Canteli, see Fig. 2. Also, the generalized local
model implies conceptually complex knowledge in its derivation application to fracture
and fatigue models. All this proves that phenomenological models represent a valid
alternative to justify fundamental approaches other than the micromechanical or
structural models.
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Fig. 2: S-N field assessment using the Weibull regression model proposed by Castillo
and Canteli [1] as an example of phenomenological model for fatigue lifetime
prediction.

2 Conclusion

Despite their limitations, phenomenological models prove to be extremely useful to
glimpse the fundamental laws of the fracture and fatigue phenomenon under study and
to understand the underlying micromechanical laws as well as the relations beneath, thus
contributing as a basis to establish the conditions under which a scientific derivation of
the phenomenon becomes possible.
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MODELOVANI KONSTRUKCI A PRVKU S POSKOZENIM
MODELLING OF DAMAGED STRUCTURES AND STRUCTURAL ELEMENTS

Michal Drahorad’

Abstrakt

Clanek je zaméfen na modelovani konstrukei a konstrukénich prvki s poskozenim. V
¢lanku jsou uvedeny zékladni principy modelovani konstrukci s poskozenim,
vyhodnocen vliv materialu, statické ptisobeni a uspotradani konstrukce na jeji hodnoceni.

Klicova slova

Modelovani konstrukei s poskozenim, hodnoceni konstrukei

Abstract

The article deals with modelling of damaged structures and structural members. There
are basis of structural modelling, influence of structural materials and structural
arrangement on assessment stated in the article.

Keywords

Modelling of damaged structures, structural rating, structural assessment

1 Uvod

ZvySovani vyznamu hodnoceni existujicich konstrukci, jehoz jsme v posledni dobé
svedky ve stavebni praxi, s sebou pifinasi fadu vyzev i z hlediska modelovani a analyzy
téchto konstrukci. Na vysledcich modelovani a nédsledné numerické analyzy konstrukce
(zejména na stanovenych ucincich zatizeni) totiz vyznamné zavisi hodnoceni konstrukce
provadéné na zaklad¢ postupli pro navrhovani konstrukei, tj. porovnani odolnosti
konstrukce, prvku nebo rozhodujiciho prafezu s navrhovymi uinky zatizeni.

Obecné Ize konstatovat, Ze nevhodné modelovana konstrukce mtize vykazovat az fadove
jiné ucCinky zatizeni (napéti, deformace, apod.), coz muze vyznamné ovlivnit jeji
hodnoceni, resp. bezpecnost pii uzivani a nasledny navrh opravy. V dobé, kdy je vétSina
konstrukei modelovana numericky na stale slozitéjsich modelech je proto nesmirné
dalezité spravné vyhodnotit a do analyzy =zavést 1 poskozeni zastizend
prohlidkou/prizkumem na hodnocené konstrukei.

2 Zakladni principy modelovani

Pii modelovani konstrukci s poskozenim je nutné v prvni fadé rozhodnout, jakym
zpusobem bude konstrukce modelovana a nasledné hodnocena. Z hlediska modelovani a
vystizné analyzy nosné konstrukce nebo prvku je totiz zdsadni, zda zastizené poskozeni

'Ing. Michal Drahorad, Ph.D., CVUT v Praze, Fakulta stavebni, Katedra betonovych a zdénych konstrukci, Thakurova 7, 166 29
Praha 6, e-mail: michal.drahorad@fsv.cvut.cz
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konstrukce ovliviluje G€inky zatizeni ¢i nikoliv. To zaleZi na statickém uspofadani
konstrukce, materidlu a typu poskozeni konstrukce.

Nékteré druhy poskozeni je mozné v analyze konstrukce zanedbat a zohlednit je az ve
fazi hodnoceni odolnosti konstrukce. To se tyka zejména konstrukei staticky urcitych a
konstrukei s poskozenim, kterd vyznamnéji neovliviiuji uCinky zatizeni a tuhost
konstrukce, ptip. ovliviiuji tuhost konstrukce pfiblizné¢ stejn¢ na celé konstrukci (napf.
plosné oslabeni betonafské vyztuze nebo degradace betonu - viz_ Obrazek 1 vlevo).

OGS L5y e e e e e g g Wy
i LR G ]

Obrazek 1 - Typické poskozeni betonové (vlevo) a ocelové (vpravo) konstrukce

Naopak u konstrukci, u nichz jsou ucinky zatizeni vyznamné ovlivnény zjiSténymi
poruchami, je nutno tyto poruchy pii modelovani a analyze zohlednit. Jedna se zejména
0 statlcky neur01te konstrukce s vyznamnymi zménami tuhosti (viz Obrazek 1 vpravo),
konstrukce s vyznamnymi zménami
geometrie (viz Obrazek 2) a podobné.
Rozsah poskozeni zavadéného do modelu
konstrukce se rovnéz 1isi podle typu a
materidlu  konstrukce, piipadné jejiho
statického ptsobeni (viz vyse). U zdénych
a betonovych konstrukci se jednad zejména
o zménu geometrie konstrukce, rozméry
prufezu a zavedené hloubky vydroleni
spar zdiva. U ocelovych konstrukci
i : 15 zejména o lokdlni imperfekce prvka,
Obriazek 2 - Poskozeni klenby s viivem korozni oslabeni, lokalni zvySeni napéti v
na geometrii konstrukce diisledku vrypt a koroznich dalkd.

3 Zavér

Modelovani konstrukci a prvki s poskozenim se stdva vyznamnym tématem v rdmci
hodnoceni konstrukci. Praxe ukazuje, Ze vyhodnoceni a vhodné modelovani poskozeni
vyznamn¢ ovlivituje stanoveni bezpecnosti stavebnich konstrukei.
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VZPER PRUTU: ZAVISLOST RESENI NA ITERACNI METODE

BEAM BUCKLING: SOLUTION DEPENDENCY ON ITERATION METHOD

Petr Frantik!

Abstrakt

V ¢lanku je prezentovana studie zavislosti feSeni vzpéru prutu s geometrickou imperfekci

na pouzité iteracni metod¢. Je ukazano, ze nejpouzivangjsi iteracni metody Casto vedou
na feSeni, kterého by nebylo dosazeno pii realném zatézovani.
Kli¢ova slova

vzper prutu, velké deformace, iteracni metoda, bifurkacni bod

Abstract

The paper presents a study of the dependence of a beam buckling solution with geometric
imperfection on the iteration method used. It is shown that the most frequently used
iterative methods often lead to a solution that would not be achieved in real loading.

Keywords

beam buckling, large displacements, iteration method, bifurcation point

1 Uvod

Pro feSeni statickych nelinearnich tilloh uzivame itera¢ni metody, které dosahuji vysledku
bez ohledu na redlny pribéh zatézovani. Pokud pro dané zatiZeni existuje vice nez jedno
mozné feSeni, pak uziti iteraéni metody miize zpusobit nalezeni stavu, kterého nelze
dosdhnout kvazistatickym zatéZovanim z pocatecniho stavu, ptipadné je vysledny stav
dokonce nestabilnim feSenim tlohy.

2 Uloha

Mgéjme velmi §tihly konzolovy nosnik délky L =1 m s ohybovou tuhosti E/= 1 Nm?
zatizeny silou F pusobici v ose idealniho prutu, viz obr. 1.

g F
|

L |

Obr. 1: Vzpér ideédlniho konzolového nosniku

Tento nosnik ztrati stabilitu pii dosazeni kritické sily Fer = EI 7°/4L?, ktera pti danych
parametrech vychazi s hodnotou pfiblizné 2.4674 N. Uvazujme dale modifikovany prut

! doc. Ing. Petr Frantik, Ph.D., Vysoké uceni technické v Brné&, Fakulta stavebni, Ustav stavebni mechaniky, Veverti 331/95, 602 00
Brno, e-mail: kitnarf@centrum.cz
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s geometrickou imperfekci ve tvaru kruznicového oblouku, tj. s konstantni kfivosti «, resp.
s konstantnim polomérem kiivosti R = 1/x. ZvySenim sily F na jeji kritickou hodnotu
dosdhneme tzv. superkritické vidlickové bifurkace, pii které vznikaji dva nové
rovnovazné stabilni statické stavy (plna cara), pfi¢emz plivodné stabilni pfimy tvar prutu
se stane nestabilnim, viz obr. 2.

- == >

Obr. 2: Superkriticka vidlickova bifurkace pro idealni prut (vlevo) a pro prut s imperfekci (vpravo)

Na obr. 3 jsou zobrazeny bazény pfitazlivosti s barevnym kdédovanim zohlednujicim
pfi¢nou vychylku volného konce prutu. Jedna se o vysledek uZiti ptirastkové modifikace
Newtonovy metody s péti ekvidistantnimi kroky. Zelenomodry bazén odpovida
pfirozenému stavu, ¢ernocerveny nestabilnimu stavu a riizovy bazén stabilnimu stavu na
stran¢ prutu odvracené od imperfekce.

0.10

0.04

0.02

0.00
24 F._ 26 2.8 3.0 F[N]

Obr. 3: Bazény pfitazlivosti pro piiristkovou Newtonovu metodu s piirozenym pocatecnim stavem
a péti ekvidistantnimi kroky (640x640, tj. celkem 409 600 vzorkt); bila barva indikuje nekonvergujici
itera¢ni proces
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INTERAKCE MEZI BODOVYMI POLY

INTERACTION BETWEEN POINT POLES

Petr Frantik!

Abstrakt

Clanek pojednava o idealizované interakci mezi objekty s poly, jeZ lze povazovat za
bodové. Je ukazano, Zze za danych pfedpokladl, nabyva interakéni zavislost inverzni
kvartické funkce.

Klicova slova

polarni interakce, bodové poly

Abstract

The article deals with the idealized interaction between objects with poles, which can be
considered as points. It is shown that under given assumptions, the interaction dependency
can take inverse quartic function.

Keywords

polar interaction, point poles

1 Uloha

Pro hledani optimalniho vzorkovani prostoru se fesi interakce mezi hmotnymi body majici
inverzni kubickou zavislost na vzdalenosti téchto objektt, tj. F(d) = k/d°, viz [1], kde F je
interak¢ni sila mezi objekty o vzdéalenosti d a k je dana konstanta. Jelikoz typicka interakce
v trojrozmérném prostoru mé kvadratickou zavislost, jsou hledany podminky, které
mohou stupeil takové interakce zvysit na kubickou.

M¢jme objekt polarizovany tak, Ze 1ze jeho pdly uvazovat jako bodové, viz obr. 1.

predloha idealizace

Obr. 1: Objekt s bodovymi pdly a jeho magneticka predloha

—o A
L L ] L R R L ]
N 4|, S d N J, S

Obr. 2: Interakce dvou objektl
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Uspotadejme dva takové objekty souose, viz obr. 2, a stanovme jejich interakéni funkci.
Mezi kazdou dvojici polt ptsobi vzajemna sila F, majici inverzni kvadratickou zavislost
na jejich vzdalenosti d, (danou povrchem koule se stfedem v polu) se zohlednénim
znaménka, které je kladné pro interakci opacnych poll (ptitazlivost) a zaporné pro poly
stejné (odpudivost):
k
F,d,)=t—, (1)
dp
Stanovme nyni silu Fn pfedstavujici vyslednici plisobeni mezi severnim pdlem levého
objektu a obéma poly pravého objektu (dle obrazku 2):
k k
F ()= -—, 2
n(@) d+0)?° d’ @
a obdobné silu Fs predstavujici vyslednici plisobeni mezi jiznim poélem levého objektu
a obéma poly pravého objektu:

k k
F,d)= - 3
S( ) (d _1)2 dZ ( )
Vyslednice sil ptisobicich na levy objekt je poté souctem:
2 2 g2
F(d)=F, +F, = k k 2k 2klI°(3d”-17) @)

+ - = .
d+0> @d-0)* d* d*("-2d>+d*)
Odvozeny vyraz odpovida pribliznému vyrazu uvedenému v [2] a pfedstavuje inverzni
kvartickou zavislost pro vétsi vzdalenosti aproximovanou vyrazem:

6k’
dt (5)

F(d)=

2 Zavér

Clanek prezentoval neuspé$ny pokus najit fyzikalni systém vykazujici inverzni kubickou
interakci pfi vzajemném pisobeni dvou polarnich objektti s bodovymi pély. Ukazalo se,
ze za danych predpokladii je plisobeni zavislé na obracené Ctvrté mocniné vzdalenosti
objektl, coz odpovida znamym zévislostem, viz napt. [2].
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OPTIMALNI VYSKA SYMETRICKEHO I-PROFILU

OPTIMAL HEIGHT OF SYMMETRICAL I-PROFILE

Petr Frantik!

Abstrakt

Clanek uvadi odvozeni vyrazu pro optimalni vy$ku dvouose symetrického priifezu tvaru
I naméhaného ohybem.

Klicova slova

I-profil, kubicka rovnice.
Abstract

The article introduces the derivation of the expression for the optimal height of
symmetrical I-shaped cross-section capable to withstand bending stress.
Keywords

I-profile, cubic equation.

1 Uloha

M¢jme dvouose symetricky prifez tvaru I slozeny z obdélnikovych pasnic a stojiny
namahany ohybovym momentem M, viz obr. 1. Necht’ je ddna Sitka prafezu b, tloustka
stojiny tw, tloustka pasnic #. Hleddme vyraz pro vysku prufezu 4 takovou, aby na
krajnich vldknech profilu bylo pravé dosazeno extrémni normélové napéti o.

[ |
tf

tr
| |

b

Obr. 1: Dvouose symetricky I-profil

Pro druhy moment plochy priifezu / (moment setrvacnosti) plati vyraz:

I(h):llz(bh3 —(b—1,)(h-2,)) (1)

! doc. Ing. Petr Frantik, Ph.D., Vysoké uceni technické v Brné&, Fakulta stavebni, Ustav stavebni mechaniky, Veveti 331/95, 602 00
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Pro normélové napéti o(z) uvazujme v platnosti Navierovu hypotézu zachovani
rovinnosti prifezu po deformaci a linearni material:

o(2) = Af z, 5

2%

normalové napéti na okraji prifezu se souiadnici z = 4/2, coz vede na podminku:

Mh
T )
kterou upravime do tvaru:
20l —Mh=0. 4)
Do podminky dosadime vyraz (1) a upravime, ¢imz obdrzime kubickou rovnici:
olbh® —(b—1,)(h-2t,)*)-6Mh = 0. (5)

2 Obecné trigonometrické reSeni

Pro feSeni kubické rovnice (5) uzijeme trigonometrické feseni, viz [1,2], zaloZené na
uprave kubické rovnice:

cx’ +dx’ +ex+ f=0. (6)
Pro koeficienty kubické rovnice (6) dle vyrazu (5) plati:
oM
c=t,, d=6t,(b-t,), e= —7—12zf2(b —t,), f=8,(-t,). (7)

Dosazenim do vyrazil dle [2] pak dostavame:

B 12bt,*(b—t,)+st, _2,(b —t,)t, (8b” —4bt ) +st,) 6M

p: 9q , S = . (8)
¢’ ¢’ o

w w

Po uprave vyrazl a s uvdzenim redlné¢ho feSeni mé konecny vztah pro vysku prifezu 4
tvar:

2t . (b—t,,
h=24/—£cos larccos 3q 1.3 —M. 9)
3 3 2p p t,

3 Zavér
Clanek uvedl odvozeni vyrazu pro optimalni vysku dvouose symetrického I-profilu

s vyuzitim trigonometrického feSeni. PouZzity postup je univerzalni pro hledani realnych
kotent kubickych rovnic.
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POUZITi MODELU EFEKTIVNI TRHLINY K ANALYZE ODEZVY
VALCOVYCH TELES SE SIPOVYM ZAREZEM

EFFECTIVE CRACK MODEL APPLICATION FOR ANALYSIS OF CHEVRON-
NOTCHED CYLINDRICAL SPECIMENS FRACTURE RESPONSE

Petr Halfar!, Petr Frantik?, Hana Simonova®, Petr Danék*, Zbynék Kersner ®,
Leona Vavro®, Martin Vavro’

Abstrakt

Piispévek uvadi aplikaci modelu efektivni trhliny k analyze odezvy valcovych téles se
Sipovym zéafezem namahanych v ttibodovém ohybu. Jednalo se o testy tii zkuSebnich téles
z piskovce z lokality Javorka a tfi betonovych téles z nosné konstrukce naddrazni budovy
v Ostravé-Vitkovicich. K vypoctim byl pouzit akademicky software chevroncylinder na
bazi metody konecnych prvk.

Klicova slova

Lomovy test, model efektivni trhliny, program chevroncylinder, piskovec, beton.

Abstract

This paper introduces the application of an effective crack model to analyse the response
of chevron-notched cylindrical specimens loaded in three-point bending. There were
analysed the three sandstone specimens from the Javorka locality and three concrete
specimens from the building structure of the Ostrava-Vitkovice railway station. The
chevroncylinder software based on the finite element method was used for the
calculations.

Keywords

Fracture test, effective crack model, chevroncylinder software, sandstone, concrete.

1 Uvod

Horniny a beton patii mezi materialy s kvazikiehkym chovanim [1]. V lomovych testech
vykazuji tyto materialy pfed dosazenim mezniho zatizeni siln€¢ nelinearni odezvu, proto
houzevnatosti, stanovovanou napiiklad metodou efektivni délky trhliny.

Ptispévek se zabyva vyuzitim modelu efektivni trhliny na télesech specifického tvaru
— valcich se Sipovym vrubem. Model efektivni trhliny je zde aplikovan pomoci

! Ing. Petr Halfar, Vysoké uceni technické v Brné&, Fakulta stavebni, Ustav stavebni mechaniky, Veveii 331/95, 602 00 Brno,
157083 @vutbr.cz
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parametrické studie numerického modelu lomového experimentu v metodé konecnych
prvki [2]. Touto metodou byly simulovany vybrané zatézovaci zkousky — jednalo se o tfi
piskovcova télesa [3] a tfi betonova télesa odebrand ze stavajici nosné konstrukce [4].

2 Vysledky

Vysledkem vypocti z aplikace modelu efektivni trhliny na lomové zkousky téles jsou
hodnoty efektivnich délek trhlin ae a nasledné efektivnich lomovych houzevnatosti Kice.
V Tab. 1 lze nalézt pro vybrana betonova zkusebni télesa porovnani téchto hodnot délek
trhlin a lomovych houzevnatosti vzhledem k vypoctim pomoci LELM (ao, Kic).

de ae/ao Kic Kice che/KIc
mm % MPa-m'? | MPa-m"? %
V7 22,90 203,0 1,150 1,624 141,2
V15 19,16 162,8 0,730 0,974 133,5
V18 21,13 168.4 1,060 1,484 140,0
Aritmeticky pramér 21,06 178,1 0,980 1,361 138.2
Variacni koeficient [%] 8,9 8,9 22,6 25,1 25,1

Tab. 1: Porovnani linearné elastickych a efektivnich lomovych parametri pro vybrana betonova télesa
3 Zavér
V ptispévku byl aplikovan postup modelu efektivni trhliny na valcova télesa se Sipovym
vrubem. K vypoctim poslouzil akademicky software chevroncylinder — byly simulovany
lomové zkousky na vybranych redlnych télesech, a to postupnym odfezdvanim ligamentu
z vrubu (modelovanim §ifici se trhliny). Tyto hodnoty se nasledné pouzily pro vypocet
efektivnich lomovych parametri vybranych téles. Hodnoty efektivni lomové
houZevnatosti se porovnaly s hodnotami ziskanymi na zaklad¢ ptredpokladi linearné
elastické lomové mechaniky — vysly o zhruba 150 % vySsi v pfipad€ piskovcovych téles
a o priblizn€ 40 % vyssi u betonovych téles.
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INTERACTION OF FLUID — STRUCTURE — SOIL

Slavka Harabinova', Kamila Kotrasova?, Eva Panulinova®

Abstract

Ground-supported tanks are critical and strategic structures which are used to store a
variety of kind of liquids. The fluid develops hydrodynamic pressure on walls and
bottom of tank during an earthquake. This paper provides numerical model on seismic
response of fluid - structure - soil interaction. Numerical model was obtained by using of
Finite Element Method (FEM).

Keywords

Container, fluid, soil, interaction.

1 Introduction

Liquid-containing structures are important components in the commercial and
industrial applications as they are used for storage water and other products. The seismic
analysis and design of liquid storage tanks is, due to the high complexity of the problem,
in fact, really complicated task. The knowledge of fluid effects acting onto walls and the
bottom of containers during an earthquake plays essential role in reliable and durable
design of earthquake resistance structure/facility - tanks. Seismic design of liquid storage
tanks has been adopted in [1].

2 Interaction of Fluid - Structure

The ground supported cylindrical storage container, without a roof, with inner
diameter 2R = 14 m, and height Hw=7.25 m is analysed in this study. The walls have
the uniform thicknes 0.25 m and the base slab of the tanks is 0.4 m.

Two way Fluid-Structure Interaction (FSI) techniques were used for simulation of the
interaction between the structure and the fluid at the common boundary.

The maximum value pmar= 80368 Pa measured at node “RD” (right down edge of
fluid region) in time 21.36 s.

Peak Von Mises stress measured at the inside circumference of the solid wall. The
peak 1.963 MPa measured at the time point 21.44 s.

3 Interaction of Structure - Soil

The cylindrical tank is founded at depth of 0.5 m below the surface on the circular
base with diameter of 7.5 m with a thickness of 0.5 m. The subsoil was modeled using 4
various types of subsoil - soil group G5 and S5 and cohesive subsoil — soil group F2 and
F4. The three load conditions were considered for modeling of this problem: I. empty
tank - static analysis, II. water filled tank - static analysis, and III. water filled tank -
seismic analysis.

! Slavka Harabinova, Ing. PhD., ,UIS, SvF TUKE, Vysokoskolska 4, 042 00 Kosice, Slovakia, slavka.harabinova@tuke.sk
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The tank was verificated according to theories of Limit States I. - the ultimate limit
state (ULS) and II. - the serviceability limit state (SLS) under EC 7 [2]. It was computed
vertical and horizontal bearing capacity, settlement and rotation of a footing. The results
of L. the ultimate limit state (ULS) are presented in Tab.1.

The ultimate limit state I L|oad cg1d1t10|n T
Subsoil formed of clayey gravel (GC) — soil group G5
Design bearing capacity of foundation soil Rs (kPa) | 971.24 971.24 796.21
Extreme contact stress o (kPa) 34.40 91.10 96.11
Horizontal bearing capacity Ran (kN) 3509.35 | 8396.43 | 8368.81
Extreme horizontal force ~ H (kN) 0.0 0.0 1327.0
Subsoil formed of clayey sand (SC) — soil group S5
Design bearing capacity of foundation soil Rs (kPa) | 621.44 621.44 510.32
Extreme contact stress o (kPa) 34.40 91.10 96.11
Horizontal bearing capacity Ran (kN) 3302.00 | 7555.23 | 751841
Extreme horizontal force ~ H (kN) 0.0 0.0 1327.0
Subsoil formed of gravelly clay (CG) — soil group F2
Design bearing capacity of foundation soil Rs (kPa) | 672.33 672.33 552.35
Extreme contact stress o (kPa) 34.40 91.10 96.11
Horizontal bearing capacity Ran (kN) 3479.50 | 7732.74 | 7686.71
Extreme horizontal force ~ H (kN) 0.0 0.0 1327.0
Subsoil formed of sandy clay (CS) — soil group F4
Design bearing capacity of foundation soil R4 (kPa) | 492.82 492.86 405.92
Extreme contact stress o (kPa) 34.40 91.10 96.11
Horizontal bearing capacity Ran (kN) 3252.63 | 7271.95 | 7207.52
Extreme horizontal force ~ H (kN) 0.0 0.0 1327.0

Tab. 1: Results of I. the ultimate limit state (ULS)

4 Conclusion

Ground-supported tank has been verificated according to theories of 1. Limit States -
the ultimate limit state (ULS) and II. Limit States - the serviceability limit state (SLS)
under EC 7 [2]. It was computed vertical and horizontal bearing capacity, settlement and
rotation of a footing. The resulting vertical and horizontal bearing capacity (Tab.1)
depends on the deformation properties (@ef; cef) of the subsoil.
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PRAVDEPODOBNOSTNI POSOUZENI INICIACE KOROZE NA
ZELEZOBETONOVE MOSTOVCE

PROBABILISTIC ASSESSMENT OF CORROSION INITIATION ON REINFORCED
CONCRETE DECK

Marie Horiiakova!, Petr Lehner?, Petr Kone¢ny?

Abstrakt

V ¢lanku je pravdépodobnostné posouzena iniciace koroze v zZelezobetonové konstrukci
s ohledem na pusobeni chloridl. Jsou porovnany hodnoty chloridového prahu, pii které
muze zacCit vyztuz korodovat, a to s vypoctenou hodnotou koncentrace chloridii na
urovni vyztuze. Vysledkem je porovnani pravdépodobnosti poruchy modelu s casové
nezavislym difuznim koeficientem a modelu s ¢asové zavislym difuznim koeficientem.

Klicova slova

Pravdépodobnostni posudek, iniciace koroze, chloridy, Zelezobeton.

Abstract

This article is aimed at the probability assessment of the initiation of corrosion in a
reinforced concete slab, which is affected by chloride penetration. The chloride
concentration and chloride threshold (sufficient content to initiate the corrosion) are
compared and the reliability function is determined. The result is a comparison of model
using time independent and time dependend diffusion coefficient

Keywords

Probability assessment, corrosion initiation, chlorides, reinforced concrete.

1 Uvod

Spolehlivost a trvanlivost Zelezobetonovych konstrukci je vyznamné ovliviiovana
prostiedim, ve kterém se tyto konstrukce nachazi. Naptiklad pti pouziti posypovych soli
na mostovkach jsou zelezobetonové konstrukce vystaveny pronikani chlorida do kryci
vrstvy vyztuze a nasledné korozi vyztuze, kterd vede ke zmenSovani prifezové plochy
vyztuze a muze zpusobit kolaps celé konstrukce [1] [2].

Pfedmétem analyzy je pfimopojizdéna idealni mostovka bez trhlin z zelezobetonu z
Portlandského cementu. Pravdépodobnostni vypocet je v této praci proveden pomoci
elementarni metody Monte Carlo. K pravdépodobnostni analyze je pouzita metoda
SBRA, kterd vyuziva pifimou metodu Monte Carlo pfi charakterizaci nahodné
proménnych useknutymi histogramy [3].
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K vypoctu mnozstvi chloridovych iontd v Grovni vyztuze je pouzit druhy Ficklv
zékon difuze, ktery Ize vyjadfit dvéma modely uvazujicimi s casové nezavislym (M1) a
zavislym difuznim koeficientem (M2). Hodnoty pravdépodobnosti poruchy modelu M1
a modelu M2 jsou porovnany s navrhovou hodnotou pravdépodobnosti pro mezni stav
pouZitelnosti.

Porovnani pravdépodobnosti korozni iniciace,
N=100 000.

10 20 30 40 50

- — Pf M2
-6 Pf M2+3s
rrrrrrr Pf M2-3s
—»—Pf M1
Pf M1+3s
Pf M1-3s
— —Pd=10"-2

Pravdépodobnost

Cas [roky]

obr. 1. Porovnani pravdépodobnosti korozni iniciace modelu 1, modelu 2 a navrhové
hodnoty pravdépodobnosti poruchy pro mezni stav pouzitelnosti.

2 Zavér

Pro pravdépodobnostni posudek bylo vytvofeno 900 simulaci prostupu chloridi
zelezobetonovou mostovkou pomoci metody Monte Carlo s 1 000, 10 000 a 100 000
vypocetnich kroki. Pravdépodobnostni analyza byla provedena pro 10., 20., 30., 40. a
50. rok zivota konstrukce. Po porovnani spoctené pravdépodobnosti poruchy s
navrhovou pravdépodobnosti poruchy vyplyva, ze za vySe uvedenych piedpokladii a

zvolenych vstupnich parametri neni mostovka dostatecné trvanliva a bylo by potieba
zvolit vhodnou ochranu proti pronikédni chloridt k vyztuzi.
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ASSESSMENT METHODS FOR RELIABILITY VERIFICATION OF AN
EXISTING REINFORCED CONCRETE SLAB

Karel Jung', Milan Holicky?

Abstract

The submitted contribution illustrates the application of theoretical procedures for
verification of existing reinforced concrete panel. The aim of this study is to compare the
results obtained by various assessment approaches: the partial factor method given in
Eurocodes EN 1990 and EN 1991, the adjusted partial factors, the assessment value
method and the probabilistic method.

Keywords

Existing structures, partial factors, assessment values, probabilistic assessment

1 Introduction

An existing building constructed in 1970 is to be renovated and a new assessment is
required. The following example is limited to a simply supported reinforced concrete
panel (a prefabricated hollow core floor panel) of the span L = 6 m. The panel should be
exposed to additional permanent load due to newly designed floor surface. The
following requirements are specified: the remaining working life is 50 years, the target
reliability index related to the reference period of 50 years is ft = 3,8. The target
reliability can be adjusted to the actual economic and societal conditions.

Tab. 1 indicates expected characteristic values of actions specified in accordance with
EN 1991, of the load effect £ (the mid-span point bending moment) and of the
corresponding current capacity of the panel R.

Permanent | Imposed Panel
load g load ¢ resistance R
[KN/m?] | [kN/m?] [KNm]
Characteristic values 6.264 1.50 43.23
Characteristic total actions 7.464 -
Characteristic values Ex and Rx 34.94 4323

Tab. 1: Characteristic values of actions and resistance

It follows from Tab. 1 that the characteristic load effect Ex is less than the characteristic
resistance Rk. However, the characteristic values of the actions Ex and resistance Rk
alone can’t be used to assess structural safety. The inequality Ex < Rk indicates only a
possible safety margin. Submitted study shows that the panel that does not comply with
the requirements given in EN 1990 [1, 2], which are however valid for design of new
structures. More sophisticated verification approaches indicated in the following text
seem to be effective.

! Karel Jung, CTU in Prague, Klokner Insitute, Department of Structural Reliability, Soliyova 7, karel.jung@cvut.cz
2 Milan Holicky, CTU in Prague, Klokner Insitute, Department of Structural Reliability, Solinova 7, milan.holicky@cvut.cz
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2 Conclusions

The results of the panel assessment including recommended decisions based on the
applied verification methods are indicated in the following Tab. 2.

Assessment method Load effect| Resistance| Reliability Results
[kNm] [kNm] index

Partial factors of EN 48.30 37.59 - Negative

Adjusted partial factors 41.87 39.30 Assumed 3.8 | Negative

Assessment values 40.32 41.00 Assumed 3.8 | Positive

Probabilistic method - - Assessed 4.2 | Positive

Tab. 2: Results of the applied assessment methods

It follows that the partial factor methods lead to negative results when both the partial
factors recommended in Eurocodes and the adjusted partial factors obtained considering
the index f = 3.8 are applied. The assessment value method (when index f = 3.8 is
assumed to determine the assessment values) leads to a positive result. The probabilistic
method indicates also a positive result as the resulting reliability index = 4.2 is greater
than the required reliability level corresponding to the index £ = 3.8. Therefore, for the
remaining working life of 50 years the considered panel seems to be sufficiently reliable.

This illustrative example of a floor panel may provide guidance to the assessment of a
one-off structure, for example of a column or bridge elements. It should be emphasized
that the actual conditions and available data concerning action and resistance variables
should be always taken into account. When limited data are available only, then
advanced statistical methods including data updating can provide valuable techniques. In
general, the relevant target reliability level (index f) and sensitivity factors o and ar
should be re-examined. In some significant cases the risk assessment method indicated
in Clause 6 of TS [4] may be advisable. When possible structural or operational
interventions are considered (to increase the current reliability level even when it seems
to be acceptable), then the cost optimization of possible interventions may be applied
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NELINEARNI ANALYZA BETONOVYCH DESEK S KONVENCNI
A/NEBO ROZPTYLENOU VYZTUZIi Z OCELOVYCH DRATKU

NON-LINEAR ANALYSIS OF CONCRETE SLABS WITH
CONVENTIONAL AND/OR STEEL FIBRE REINFORCEMENT

Ondiej Kika', Tom4s Pail®

Abstrakt

V ptispévku je pifedstaveno nckolik variantnich postupt, které lze aplikovat pro
nelinedrni analyzu betonovych stropnich desek s konvenc¢ni a/nebo rozptylenou vyztuzi
z ocelovych dratkd v programu SCIA Engineer. Prostfednictvim numerické studie jsou
jednotlivé postupy srovnany s vysledky experimentu za ucCelem ovéfeni vystiznosti
a pouzitelnosti uvedenych metod v praxi.

Klicova slova

Zelezobeton, dratkobeton, stropni deska, nelinearni analyza, SCIA Engineer.

Abstract

The paper describes various approaches which can be applied for a non-linear analysis
of concrete slabs with conventional and/or steel fibre reinforcement using SCIA
Engineer software. Each approach is evaluated using a numerical study and the
numerical results are compared with experimental results to confirm its accuracy and
applicability in practice.

Keywords

Reinforced concrete, steel fibre concrete, flat slab, non-linear analysis, SCIA Engineer.

1 Uvod

Piidanim rozptylené vyztuze ve formé ocelovych dratkli do betonové smési (samostatné
¢1 jako dopln€k ke konvenéni vyztuzi) lze dosdhnout vyrazného tahového zpevnéni
a vys$i houZevnatosti vysledného materialu. Jako velmi aktudlni se vSak jevi potieba
definovat pro tento druh materidlu dostatecné vystizné vypocetni postupy a materidlové
modely, které by byly dale pouzitelné v praxi v ramci béznych vypocetnich programi na
bazi metody kone¢nych prvka. Prvnim kompletnim feSenim na tomto poli lze zminit
vysledek spoluprdce mezi prednim svétovym vyrobcem ocelovych dratkt, firmou
Bekaert, a spolecnosti SCIA, ktera je dodavatelem softwaru SCIA Engineer.

2 Moznosti nelinearni analyzy ve SCIA Engineer

Predmétem tohoto pfispévku, jsou moznosti nelinearni analyzy betonovych (tj.
zelezobetonovych, dratkobetonovych ¢i vzijemné kombinovanych) konstrukei po
vzniku a $ifeni trhlin v cementové matrici v daném programu. Pro uvedeny typ vypoctu

! Ing. Ondfej Kika Ph.D., SCIA CZ s.r.0., Slavickova 827/1A, 638 00 Brno, o.kika@scia.net
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lze aplikovat jednu nasledujicich metod: normové zavislé prihyby (zjednodusend
metoda podle [1]) a nebo néktery z fyzikalné-nelinedrni modeli implementovany
v ramci MKP fesice, napt. modifikovany Mazarsiiv model poskozeni betonu, piipadné
elasto-plasticky model Drucker-Prager ¢i Mohr-Coulomb.

3 Srovnavaci studie

Za ucelem porovnani vySe uvedenych metod pro nelinedrni analyzu Zelezobetonovych
a dratkobetonovych desek byla provedena srovnavaci numericka studie. Za referencni
ulohu byl pro tuto studii vybran experiment realizovany na Chalmers University of
Technology, viz [2,3]. V ramci tohoto experimentu byla vysetfovana sada kloubové
podeptenych obousmérné pnutych desek ve tvaru pravidelného osmitihelniku, které byly
zatézovany bodové fizenym posunem uprostied rozpéti. Jednotlivé desky se mezi sebou
lisily typem pouzit¢ vyztuze v nasledujicich tfech konfiguracich: a) zelezobeton
s konvencéni nesymetrickou vyztuzi; b) dratkobeton stypem rozptylené vyztuze
DRAMIX-5D; ¢) kombinace obou pfedchozich typt vyztuze.

4 Zavér

Na zéklad¢ porovnani experimentalné ziskanych L-d diagrami s vysledky numerickych
simulaci provedenych v rdmci programu SCIA Engineer pro betonové desky s rtiznou
formou vyztuze se podafilo prokazat vhodnost nasazeni fyzikalné-nelinearniho vypoctu
pro analyzu chovani tohoto typu konstrukci. Jako nejpfesnéjSi metoda se jevi

modifikovany Mazarsiv model poskozeni, ktery je mozné zavést do modelu
prostfednictvim 2D fyzikalni nelinearity.
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Obr. 1: Porovnani L-d diagramti ziskanych experimentem a numerickou simulaci pro: a) dratkobeton
(vlevo), b) dratkobeton s konveéni vyztuzi (vpravo)
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ANALYSIS OF LAMELLAR STRUCTURES WITH RIBS DUE FINITE
ELEMENTS METHOD

Gela Kipiani', B. Abesadze?, G. Okropiridze’, Vazha Sulashvili*

Abstract

This article, the development of the stages of calculating plates and shells with stiffeners
is described.lt is noted that the theory of ribbed shells is one of the most controversial
and incomplete sections of the general theory of shells. We consider shell calculations
with longitudinal and transverse stiffeners by the finite element method. In the first
embodiment, the stiffener is considered as a beam end element, In the second case, the
edges are approximated as thin-walled plates and, finally, in the third case, the edge is
represented as a three-dimensional finite element A comparative analysis of the
theoretical and experimental results is given.

Keywords

Tension, plate, shell, stiffener, deflection.

1 Introduction

The theory of ribbed shells is, apparently, one of the most controversial and incomplete
sections of the general theory of shells. If we turn to the history of the development of
the theory of ribbed shells, then three stages are clearly visible.

At the first stage of development, individual problems of the theory of ribbed shells.
Characteristic here is the consideration of the ribbed shell (plate) as a composite shell-rib
structure. In this case, the equilibrium equations were derived separately for the shell
and edges, and then the problem of their conjugation was solved.

It should be emphasized that at the first stage the theory of ribbed shells is not
essentially considered. The very term '"ribbed shell" appeared much later. The
consideration of the ribbed shell as a composite construction not only limited the
possibilities of the theory, but also excluded a whole series of important problems from
consideration.

The second stage is characterized by consideration of the ribbed shell on the
basis of the constructive anisotropy scheme. At this stage, a large number of important
tasks were solved. However, a number of fundamental problems remained unresolved
until now. For example, the limits of applicability of the constructive anisotropy scheme
remain extremely unclear, moreover, it is not clear what quantities and in what cases are
determined by this scheme reliably and which are not. It is clear that the necessary
condition for the applicability of this scheme will be the consideration of edge effects.
On the other hand, the formulation of sufficient conditions for the applicability of the
constructive anisotropy scheme is largely determined by the very design and conditions
of its operation, so it does not make sense to obtain formal sufficient conditions.
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2 Conclusion

The results of the analysis allow us to say that the calculation of the ribbed shell is
possible with all four models. In this case, the calculation error with the experimental
data is sufficiently small. (<5%)
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POROVNANI NUMERICKYCH MODELU ZKOUSKY
MODIFIKOVANEHO LOMOVEHO TESTU EXCENTRICKYM TAHEM
A ZKOUSKY STIPANI KLINEM

COMPARISON OF NUMERICAL MODELS OF MODIFIED COMPACT TENSION TEST
AND WEDGE-SPLITTING TEST

Jifi Klon!, Jakub Sobek?

Abstrakt

Piispévek je zaméfen na porovnani numerickych modeld zkousky modifikovaného
lomového testu excentrickym tahem a zkousky Stipani klinem. Modely byly vytvofeny
v programovém nastroji ATENA Science, pracujicim na bazi metody konec¢nych prvki.
Porovnani je zamétfeno na vyhodnoceni odezvy téles (zatézovacich kiivek) vytvoienych
s pouzitim realnych materidlovych parametrii ziskanych z laboratornich zkousek.

Klicova slova

Numericky model, zkouska modifikovaného lomového testu excentrickym tahem,
zkouska Stipani klinem, kvazikiehky material.

Abstract

This paper is focused on comparison of modified compact tension test and wedge-splitting
test numerical models. To assemble the numerical models, ATENA Science software
based on finite element method was used. The aim is to compare loading diagrams
(loading force vs. crack mouth opening displacement) obtained from these numerical
models, created with real material properties.

Keywords

Numerical model, modified compact tension test, wedge-splitting test, quasi-brittle
material.

1 Uvod

Odpovidajici vyhodnoceni zatézovacich zkousek vSech moznych konfiguraci je zésadni
pro vystizné urceni lomovych parametrti zkouseného materidlu. Z hlediska stanoveni
hodnot lomovych parametrti zéalezi zejména na velikosti atvaru télesa ataké na
okrajovych podminkich zkousky. Tyto vlivy se u kvazikiehkych materidli snazi
postihnout naptiklad modifikovany lomovy test excentrickym tahem (modified compact
tension test — modCT) [1], viz Obr. 1, nebo zkouska Stipani klinem (wedge splitting test —
WST) [2], viz Obr. 2.
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Tento pfispévek se zamétuje na porovnani
numerickych modeltt modCT a WST, jejichz
vstupni parametry pro materidlovy model
byly uréeny z laboratornich zkousek. Pro
sestaveni numerickych modelt zkouSek
aanalyzu jejich odezvy byl pouzit
programovy nastroj ATENA Science [3].
Tento program byl vyvinut k provadéni
nelinedrnich analyz konstrukci na bazi
Obr. 1: Model zkousky Obr. 2: Model metody koneénych prvkii a obsahuje nastroje
Stipani klinem modifikovaného specialné navrzené pro simulaci
lomového testu kvazikfehkého lomu. Jelikoz oba modely

excentrickym tahem ., o, o .
maji rozdilny tvar artzné zpusoby
zatézovani, bylo tieba vybrat vhodny zpisob,

jakym bude mozno porovnat

odezvu téles pro zkousku WST oo P—-CMOD diagram numerickych modelt
a také modCT. Jako ' —_
nejvhodnéjsi zpusob 50 [ = —WsT
vyhodnoceni  odezvy  obou ,’\\ N

. N 40 S N - = == modCT
modeld na zatéZovani bylo = N ~
zvoleno porovnani urcenych 230 ,'/ o b — —
zatézovacich diagrami, v tomto °~2 o i \~~~_____ o ——
ptipadé¢ zéavislost zatézujici sily e T T ——e
P na rozevieni lici trhliny 10 |
CMOD. Zat€zovaci diagramy |
identifikované z obou modelu ’ 0,0 0,1 0,2 0,3 0,4 0,5 0,6
jsou zobrazeny v Obr. 3. CMOD [mm]
2 ZAavér Obr. 3: Zatézovaci diagram zkouSek WST a modCT

Ze zobrazenych zatézovacich diagraml je zfejmé, Ze odezva téles pro obé zkuSebni
konfigurace je velmi podobnd. Velice podobna je i velikost nejvyssi dosaZené zatézujici
sily. Dle nazoru autort ptispévku bylo 1épe dosazeno kvazikiehké odezvy u konfigurace
modifikovaného lomového testu excentrickym tahem.
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vyzkumu FAST-S-18-5614.
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FLOW OVER ROUGH-WALLED CIRCULAR CYLINDER IN THE
CRITICAL AREA

Ivan Kolo§!, Lenka Lausova? and Vladimira Michalcova’

Abstract

The article deals with the flow over a rough-walled circular cylinder in the critical area at
high Re numbers to compare the standard calculation of the drag coefficient cqa with the
numerical modeling in ANSYS Fluent software. Numerical problems are solved by the
simplified geometry of the smooth cylinder, where the influence of the rough surface is
expressed by the equivalent acrodynamic roughness, and also by the model with the real
geometry of the rough casing of the cylinder.

Keywords

CFD, SST k-omega, circular cylinder, high Reynolds number, boundary layer, wall
function, aerodynamic roughness, near-wall modeling, drag coefficient.

1 Introduction

The article is based on a practical task to determine the effect of the load (drag coefficient
cd) of the flow over a smokestack, the casing of which is formed by a shaped sheet.
Calculation of the drag coefficient c4 according to the currently valid standard depends on
the value of the Reynolds number (Re) and takes into account the roughness of the surface
of the overflown body.

25m ! 115m

L=140m

Fig.1: Computational area of the solved task

2 Method of solution

The study presents the possibility to solve the effects of loads on corrugated sheet metal
casing of the smokestack with a numerical solution by finite volume method. A numerical
SST k-omega model was chosen for the solution, because it is suitable for modeling of
flow in near-wall region. Computational area is showed in Fig. 1.
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Numerical tasks are solved by two approaches. One task solves the effects of load on
the simplified model, when the geometry of the chimney is formed by a smooth sheet and
the influence of the rough casing is expressed in the calculation by the so-called equivalent
aerodynamic roughness. In the second task, the geometry of the model is made up of the
real shape of the casing by two different grids, a tetrahedral and a hexahedral grid. All
models are in 2D (Fig.2).

a) b) ©)

7 062 ey
—

Fig. 2: Meshing of solved models: a) simplified geometry — hexa/tetra mesh, b) real geometry — tetrahedral
mesh, c) real geometry — hexahedral mesh

3 Results

The result obtained by calculating with the real geometry modeled by the tetrahedral mesh
almost matches with the standard results and it can be evaluated as the best one.

However, the results obtained in the two other variants differ from the standard
calculation. In the case of the real hexa-shaped geometry task, it is problematic to create
a grid just close to the wall (the shaped metal sheet), by adjusting the ratio of sides in the
grid may be achieved a more relevant result.

In the case of simplified smooth geometry using the aerodynamic roughness it is a
relatively complex problem of correct setting the physical roughness height coefficient
Ks, because in the numerical solution Ks was given only by the height of the wave and the
shape of the chimney casing could not be taken into account. This issue will be the subject
of further research.
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STUDIE EFEKTIVITY A PRESNOSTI OPTIMALIZACNICH
ALGORITMU PRI INVERZNI IDENTIFIKACI HODNOT PARAMETRU
NELINEARNIHO MATERIALOVEHO MODELU BETONU

STUDY OF THE EFFICIENCY AND ACCURACY OF OPTIMIZATION ALGORITHMS
WITHIN INVERSE IDENTIFICATION OF THE PARAMETER VALUES OF NONLINEAR
CONCRETE MATERIAL MODEL

Petr Kral', Jifi Kala?, Petr Hradil®

Abstrakt

Inverzni identifikace hodnot parametrii nelinedrnich materidlovych modelli, urcenych
nejen pro modelovani betonu, tvoii v soucasnosti proces, ktery je v oblasti vyzkumu a
vyvoje hojné vyuzivan a zkouman. V dnes$ni dobé existuje jiz n€kolik pfistupd, které lze
za ucelem procesu inverzni identifikace vyuzit. Jednim z klicovych pfistupt je vyuziti
optimalizacnich algoritmt, které se nicméné mnohdy vyznacuji riiznou piesnosti a
efektivitou v ramci konkrétnich uloh, coz jsou aspekty, které jsou pfedmétem vyzkumu
uvedeného v ramci tohoto piispévku.

Klicova slova

Optimaliza¢ni algoritmy, globalni optimalizace, ucelova funkce, beton, materidlovy
model, vypoctovy model, experimentalni data, ¢tytbodovy ohyb.

Abstract

The inverse identification of parameter values of nonlinear material models, not only for
concrete modeling, is currently a process that is widely used and investigated in the field
of research and development. Nowadays, there are several approaches that can be used
for the inverse identification process. One of the key approaches is the use of
optimization algorithms which are, however, often characterized by varying precision
and efficiency within the specific tasks. These are the aspects that are the subject of the
research presented in this contribution.

Keywords

Optimization algorithms, global optimization, objective function, concrete, material
model, computational model, experimental data, four-point bend.
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1 Uvod

Cilem tohoto piispévku je provést studii efektivity a pfesnosti optimaliza¢nich algoritma
programu optiSLang pii inverzni identifikaci hodnot malého mnozstvi parametrt
modifikované verze nelinedrniho materialového modelu betonu zndmého pod nazvem
Continuous surface cap model, ktery je implementovan v explicitnim kone¢noprvkovém
vypocetnim systému LS-Dyna. Za timto Gc¢elem je pouzita Gloha ¢tyfbodové ohybové
zkousky provedené na vysokém, betonafskou oceli vyztuzeném, betonovém nosniku.
Dosazeni vytyCeného cile vyzaduje aplikaci zminéného modelu betonu a dalSich
materidlovych modelti v ramci vypoctového modelu zkousky vytvoreného v programu
LS-Dyna a pouziti experimentalnich dat ziskanych zredlné ctyitbodové ohybové
zkousky [1].
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Obr. 1: Grafické srovnani vysledku.

2 Zavér

Z vysledkii inverzni identifikace provedené v rdmci tohoto prispévku (obr. 1) lze vidét,
zZe presnost vSech péti pouzitych optimaliza¢nich algoritmi je velmi uspokojiva, pticemz
rozdily v ptfesnosti mezi jednotlivymi algoritmy jsou zanedbatelné (ktivky se prakticky
prekryvaji). Nejefektivnéjsim algoritmem pro danou ulohu byl gradientni algoritmus
zalozeny na nelinedrnim programovani (NLPQL), ktery potteboval pro nalezeni
globdlniho minima ucelové funkce pouze 21 iteraci. Nejméné efektivnimi algoritmy

byly naopak Evolu¢ni algoritmus (EA) a Optimalizace hejnem castic (PSO), které
potiebovaly pro nalezeni globalniho minima ucelové funkce celkem 400 generaci.
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ANALYSIS OF SSI EFFECTS TO NPP VVER 1200 USING 1D AND
3D FE MODEL OF NONHOMOGENEOUS SUBSOIL

ANALYZA SSI vPLYVUNA JE VVER 1200 vyuziTiM 1D A 3D FE MODELU
NEHOMOGENNEHO PODLOZIA

Juraj Kralik!, Juraj Kralik, jr.2

Abstract

This paper describes the soil-structure interaction (SSI) effects to the Nuclear Power
Plant (NPP) structure with reactor VVER-1200. The simplified 1D and numerical 3D FE
models of the nonhomogeneous subsoil are investigated. The methodology of the
calculation of the frequency dependent complex functions of the soil stiffness and
damping is presented.

Keywords
Nuclear Power Plant, Impedance functions, SSI, FEM, ANSYS.

Abstrakt

Clanok sa venuje problémom interakcie konstrukcie — podloZie na objekt jadrovej
elektrarne s reaktorom VVER-1200. Zjednoduseny 1D anumericky 3D konecno-
prvkovy model nehomogénneho podlozia je skimany. Metodologia vypoctu frekvencne
zavislych komplexnych funkcii tuhosti a Gtlmu podlozia sa uvadza.

KPucové slova
Jadrové elektraren, impedan¢né funkcie, Interakcia SSI, MKP, ANSYS.

1 Introduction

During the last couple of decades, it has been well recognized that the soil on which a
structure is constructed may interact dynamically with the structure during earthquakes,
especially when the soil is relatively soft and the structure is stiff [1-3]. The following
problems should be considered:

1. Radiation of dynamic energy into the unbounded soil;

2. The hysteretic nature of soil damping;

3. Separation of the soil from the structure;

4. Possibility of soil Liquefaction under seismic loads; and

5. Other inherent nonlinearities of the soil and the structure.

The investigation of the SSI effects to the resistance of structures is especially important
from the point to arrange the safety of nuclear power plants (NPP).
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2 Impedance of foundation using FE Model

For most common structures, the SSI effect will be more advantageous as it reduces the
effect of bending moments and shear forces on individual structural elements. In soil
dynamics, it is customary to express the complex dynamic impedance. The real and
imaginary parts of the dynamic impedance are associated, by analogy, with a dynamic
(frequency dependent) spring and dashpot as shown in following equations:

K(a)):kl+ia)k2, (1)
k (@)=Re(K (w))=(P,/U,)cos(¢),  k,(@)=Im(K(w))/w=~(P,/U,)sin($)/o
On the base of this methodology the impedance functions for the NPP main building

VVER-1200/491 PWR considering the real layered subsoil properties determined by
experimental testing of the subsoil were calculated on FE model in software ANSYS.

Impedance functions of NPP block Impedance functions of NPP block
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Fig. 1: Real and imaginary part of the impedance functions for translation.

3 Conclusions

This paper describes the soil-structure interaction effects in the case of the NPP main
buildings with reactor VVER-1200/491 PWR during earthquake excitation. The
methodology of the calculation of the impedance functions is considered. The dynamic
impedance is defined as the ratio between the harmonic force acting on the foundation
and its vibration amplitude. The results from the 3D FE analysis show as that the
impedance functions are not smooth functions in case of the layered subsoil with various
material properties as in case of the homogeneous subsoil.
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DETERMINISTIC AND PROBABILITY ANALYSIS OF THE PAPER
MACHINE VIBRATION IMPACT TO THE STRUCTURE SAFETY
AND HUMAN COMFORT

DETERMINISTICKA A PRAVDEPODOBNOSTNA ANALYZA VPLYVU
PAPIERENSKEHO STROJA NA SPOCAHLIVOST KONSTRUKCIE A NA POHODU
CLOVEKA

Juraj Kralik!, Juraj Kralik, jr.

Abstract

This paper describes the probability and sensitivity analysis of the concrete frame and
paper machine interaction. On the base of the experimental results the calculation FEM
model was verified. The uncertainties of the loads level, the material properties and
other influences following the inaccuracy of the calculated model and numerical
methods were considered in the approximation method RSM.

Keywords
ANSYS, Machine Vibration, Probability, Safety, Human Comfort, FEM, RSM.

Abstrakt

V ¢lanku sa uvadzaju vysledky pravdepodobnostnej a citlivostnej analyzy interakcie
Zelezobetonového ramu a papierenského stroja. Vypoctovy konecno prvkovy model bol
verifikovany experimentdlnym meranim skuto¢ného stavu. Neurcitosti zatazenia,
materidlovych vlastnosti a ostatnych vplyvov sledujuc neurcitosti vypoctového modelu
a numerickych metod boli zohl'adnené v aproximacnej metdéde RSM.

KrPucové slova
ANSYS, kmitanie stroja, pravdepodobnost’, bezpecnost, pohoda ¢loveka, MKP, RSM.

1 Introduction

The paper presents solutions of the problems that have arisen after installing a new
technology of a higher-end paper machine into the original factory building. After the
start of the operation, there were problems with the interaction of the machine with the
load-bearing structure, which threatened both the load-bearing structure and the impact
on the human comfort of the person working in the hall. Due to the problems of
interaction between the paper machine and the existing industrial hall structure, it was
necessary to experimentally measure these effects and to modify a computational model
and analyse the effect of interaction on the structures and human comfort of the workers,
and to propose of the reconstruction of the existing structure or design of dampers to
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maximally eliminate the effects of machine and structure interaction. On base of the
problems with the paper machine and hall structure interaction, it was necessary to
analyse the effect of the dynamic interaction by the experimental measurements of the
vibrations of the stool-technology-hall system to eliminate the adverse resonant effects
of the proposed technology on the hall structure. The hall reconstruction involved the
exchange of part of the technology in the screen, winding and upstream part of the
machine. The design solution has been implemented in such a way that the frame itself
under the paper machine stand is not separated from the building's structure, thus
rendering the dynamic effects of the technology impractical to the structure. The
supporting structure of the hall consists of a reinforced concrete frame and masonry
walls.

2 Comparison of deterministic and probabilistic analysis

Comparison of deterministic and probabilistic solution of the safety and reliability of the
design of the building is documented in the full paper. The values of maximum
displacements, velocities and acceleration at the level of the foundations does not exceed
the limit values given in the standards STN 730032 and DIN 4150. Maximum vertical
displacements of the structure indicate a possibility of failures in accordance with the
criteria STN 730036.

3 Conclusion

In the article was presented sensitivity analysis of the safety and reliability of the hall
structure with the paper machine, depending on the variability of the stiffness of the sub-
soil, mechanical characteristics of materials, and the operation of the machine, as well as
the uncertainty of the model and the resistance. The principles of optimal design and
assessment of the base of the machine are presented in the full paper. The analytical
model was tested by experimental measurement on a real structure. The probabilistic
analysis was carried out with the approximated method RHS under software ANSYS.
The probabilistic analysis gives to the engineer-designers a more complex informations
about the interaction of the system soil-structure-machine as deterministic.
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PRAVDEPODOBNOSTNI PRISTUP K PREDIKCNIM MODELUM PRO
ODHAD KOROZNICH UBYTKU

PROBABILISTIC APPROACH TO PREDICTION MODELS OF CORROSION LOSES

Monika Kubzova!, Vit K¥ivy?, Martin Krejsa®, Katefina Kreislova*

Abstrakt

Clanek se zabyva predikci koroznich ubytkil patinujicich oceli pomoci analytickych
predik¢énich modell. Environmentalni data vstupujici do predikénich modeld — relativni
vlhkost, teplota, koncentrace oxidu sific¢ittho SOz a koncentrace chloridd CI jsou
analyzovany s vyuzitim statistickych a pravdépodobnostnich metod. Zvoleny postup
umoznuje predikovat ocekavany rozsah korozniho ubytku a analyzovat tak vliv
jednotlivych environmentalnich charakteristik na korozni procesy.

Klicova slova

Zde uved'te vycet klicovych slov vaseho ptispévku, oddélenych carkou.

Abstract

The article deals with prediction of corrosion losses based on application of dose-response
functions. Environmental parameters - relative air humidity, temperature, concentration
of sulphur dioxide SO2 and concentration of chlorides Cl are analysed using statistical
and probabilistic methods. Using the probabilistic analysis it is possible to predict the
expected range of corrosion losses and analyse impact of environmental characteristic on
corrosion processes.

Keywords

Corrosion losses, weathering steel, dose-response function, environmental parameters.

1 Uvod

Mezi rozhodujici Cinitele atmosférické koroze patii relativni vlhkost vzduchu (RH);
teplota vzduchu (7); depozi¢ni rychlosti koroznich stimulatori v ovzdusi — oxidu
sifi¢itého (Pd) a chloridl (S4¢); mnozZstvi prasnych ¢astic v ovzdusi, mnozstvi srazek, pH
srazek a dalsi [1, 2]. Vyznamny vliv na korozni chovéni a vyvoj koroznich produktt na
povrchu oceli ma také umisténi povrchu v ramei konstrukce [3].

Vhodnym materialem pro navrh konstrukeci umisténych ve vnéj$im prostiedi jsou oceli se
zvysenou odolnosti proti atmosférické korozi, tzv. patinujici oceli. Tyto nizkolegované
oceli obsahuji max. 2 % hm. legujicich prvki jako jsou Cu, Cr, Ni a P, které pozitivné
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ovliviiuji korozni vlastnosti kovu a jeho korozni chovani v atmosféte [4, 5]. Na povrchu
oceli se pii expozici ve vhodnych podminkach vytvaii vrstva koroznich produkti
s ochrannymi vlastnostmi, tzv. patina. Pribéh koroznich procesi na povrchu
konstrukénich prvki zavisi na konkrétnich environmentélnich podminkéach. Dostate¢né
ochrannd vrstva patiny vznikd obvykle po 3 az 5 letech piimé expozice, u Castecné
chranénych povrchi je vyvoj patiny pomalejsi. Pro odhad koroznich tbytkt se vyuzivaji
predikéni modely [4]. Tyto predikéni modely umoziuji odhadnout hodnotu koroznich
ubytkid s ohledem na zndmé nebo predpokladané hodnoty environmentalnich parametri
konkrétni lokality. Environmentélni parametry prostiedi jsou ndhodné proménné veliCiny,
proto je vhodné pii aplikaci predikénich modelti vyuzit pravdépodobnostni metody.

2 Zavér

V iivodu ¢lanku jsou popsany vstupni veli¢iny vybranych predikénich modeld. Pro
pravdépodobnostni vypocet byly vybrany tii predikéni modely pro odhad korozniho
ibytku v 1 roce expozice - analyticky vztah dle CSN EN ISO 9223, déle analytické vztahy
z experimentalnich programtit UN/ECE ICP a Multi — Assess. Predik¢éni model Multi —
Assess obsahuje nejvétsi mnozstvi vstupnich environmentalnich parametrii. Déle jsou
v ¢lanku uvedeny metody méfeni a dlouhodobé sledované environmentalni parametry ve
vybranych lokalitdch Kopisty a Ostrava — Poruba. U danych dat je provedena statisticka
analyza a je jim pfifazeno vhodné rozdéleni hustoty pravdépodobnosti.

Druha ¢ast clanku predstavuje software pro pravdépodobnostni vypoCty s vyuZzitim
sofwtare ProbCalc. Ziskané hodnoty koroznich Ubytkli poukazuji na to, ze vybrané
predikéni modely udavaji témét stejné hodnoty pii vysSich depozi¢nich rychlosti SOx.
Proto je potieba predikénim modelim vénovat patficnou pozornost a upravit je pro
soucasné hodnoty environmentalnich parametri.
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ACCURACY ASSESSMENT OF FORMULAS FOR COOLING TIME
(ts;s) CALCULATION DURING THE WELDING OF CARBON STEELS

Vuki¢ Lazi¢!, DuSan Arsié¢?, Aleksandar Sedmak?®, RuZica Nikoli¢*, Mirjana Opacic®

Abstract

During the welding and weldability assessment of certain materials, the cooling time in
the temperature range 800 to 500°C is a very important parameter, based on which one
can predict characteristics of the welded joint. Today, for calculating the tss time there is
an increase of use of analytical and empirical formulas. The aim of this paper is to
compare results of those formulas to experimental results (measured by thermocouples).

Keywords

Cooling time, empirical formulas, carbon steel, model plates

1 Introduction

Execution of the adequate welded joint is, in majority of cases, accompanied by
voluminous experimental or numerical investigations. However, today exist ways to
predict the weldability and expected properties of the welded joint by application of the
analytical and empirical expressions [1, 2]. If the satisfying results of those calculations
are obtained, the process can be significantly shortened by eliminating the expensive and
tedious experimental research. The objective of this paper is to point to possibilities to
predict weldability of material, as well as to accuracy of empirical formulas. Research
presented in this paper was conducted on examples of hard-facing of the carbon and
tempered steels, while the formulas of Rikalin, Ito and Bessyo and formula based on
limiting thickness [1, 2] were analyzed and their results were compared to experimental
ones. Samples for experiments (measurements of temperature) were actually the plates
made of carbon steels (one structural and four tempering steels): S355J2G3, C15, C35,
C45 and C45E, with various thicknesses (s = 7.4, 8, 10, 20 and 30 mm). The thermocouples
were placed and fixed in drilled holes of diameter 1.7°°% mm. For that purpose,
experiments were performed with various electrode diameters (3.25 - PIVA 430 B (ISO,
E1-300), ¥4.0 - PIVA 440 B (ISO, E1-400) and ©5.0 - PIVA 460 B (ISO, E2-60) [3].
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Table 1. Comparative values of the cooling time ts;s (s = 10 mm)

Electrode | Hard-facing Preheating Cooling time tgs, s
diameter | driving energy | temperature Base metal
de, mm qi, Jem /T, °C (ts) | (155 | (195" (ts15)"

4.00 20082 20 19.6 57.7 20.5 31.0
4.00 17650 20 16.1 44.6 18.5 25.5 C15
5.00 29400 138 54.6 2454 44.5 79.0
5.00 24758 36 28.3 95.3 29.0 44.0
4.00 18200 20 16.9 47.4 15.5 26.8 C45E
4.00 19413 36 19.6 58.6 20.0 315
5.00 16736 96 19.7 61.1 20.5 34.0
5.00 40551 80 69.8 326.3 57.5 84.0
5.00 34087 62 50.3 208.2 47.5 68.0 83551263
5.00 34588 20 44.2 171.2 40.0 60.0
4.00 19809 20 7.6 14.0 8.5 10.0 C45
4.00 17975 50 7.3 13.5 7.5 10.1 (=20 mm)
4.00 21101 20 8.4 15.9 9.5 12.1
5.00 28356 71 13.1 16.1 12.5 11.5
5.00 38667 97 23.0 36.4 19.0 16.2
5.00 34027 20 14.3 18.4 14.7 11.2 C35
5.00 34255 20 144 18.7 17.5 11.5
5.00 26863 20 10.0 11.5 10.3 9.0

(ts/5) — Ito-Bessyo formula; (ts/5)%" —Limiting thickness formula; (ts/5)"" - experiment; (ty/5)% — Rikalin's formula.

2 Conclusion

In calculating the cooling time ts/s a dilemma arises which formula to choose. In other
words, until now it was not known which formula gives results that are the closest to the
experimental cycle, or the curve of temperature cycle obtained by other methods. By
analyzing results from table 1 one can notice the unacceptable differences between the
cooling time calculated from the formula ts/s= f(sgr) and experimental results. The best
agreement with experimental results was obtained by the Ito-Bessyo formula. This
conclusion is valid for hard-facing of the flat plates, while results for hard-facing of
other surfaces were not considered.
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ANALYSIS OF A SELECTED NODE OF A TRUSS MADE OF COLD-
ROLLED SECTIONS BASED ON THE FINITE ELEMENT METHOD

Maciej Major !, Jaroslaw Kalinowski 2, Mariusz Kosin 3, Izabela Major *

Abstract

The study presents a comparative analysis of displacements and reduced stresses that
occur in the selected node of a truss made of cold-rolled sections Computations were
based on the finite element method using the Autodesk ROBOT Structural Analysis and
ANSYS Academic Research Mechanical software. Analysis of the status of the selected
node was performed for constant and variable loads.

Keywords

Numerical analysis, FEM, cold-rolled sections, light steel framing technology.

1 Introduction

At the stage of the choice of materials, designers aim to reduce the mass of the
components while maintaining or improving their strength properties. One of the groups
of systems that are characterized by such features is the structures made of cold-rolled
sections. In the construction sector, cold-rolled products have been used as construction
materials (spans, pillars, trusses) and wall and roof claddings (e.g. components of shell
walls). The study analysed the static state of stress of a selected none of the truss
subjected to constant (specific weight of roof structure) and variable (wind and snow)
load. This was achieved by the analysis of the truss of a detached house built using the
light steel framing technology.

2 Object of analysis and solutions

Case study presents the structure of a detached house construed using the light steel
framing technology (Sunday System) [1]. Node connections, varied in terms of the
number of screws, were separated from the building. Building height in the roof ridge
beam was 8.62 m and the roof pitch for the roof covered with the asphalt shingle 58%.
The beam span was 8.226 m at the height of 2.373 m (Fig. 1a).

Values of von Mises reduced stresses and changes in displacements were determined
during the analyses. A linear static analysis was used for the description of the above
node connection. Figure 2 presents the behaviour of the node with respect to vertical
displacements.
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Fig. 1: The computational model for a truss made of cold-rolled sections. Truss with area denoted for
further analysis of stresses that occur in the analysed node
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Fig. 2: The vertical displacements UZ of the analysed node, front view: (a) with lower number of
screws, (b) with higher number of screws

Conclusion

Displacements and stresses are the basic values which have to be verified at the stage of
design of nearly any structure. According to standard guidelines, boundary states have to

be

met in order for a design element to be considered as safe.
This study presents the analysis of the behaviour of the selected node of the truss

made of cold-rolled sections. The FEM analysis was used to predict the behaviour of
connections and describing the results computed depending on the number of screws.
Based on the computations one can conclude that the changes in the number of screws
used for gusset plate connection with the truss did not lead to substantial differences.
However, this does not mean that the number of screws should be minimized. Similar
studies with the use FEM method to the analysis of thin-wall profiles to verify
calculations was made in [2].
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SUCINITEL, VONKAJSIEHO TLAKU BUDOVY S ATYPICKYM
PODORYSOM

EXTERTNAL PRESSURE COEFFICIENT OF A BUILDING
WITH AN ATYPICAL CROSS-SECTION

Soiia Medvecka', OPga Ivankova?, Marek Macak®

Abstrakt

V ¢lanku je vyjadreny sucinitel’ vonkajSieho tlaku cpe pre vyskovu budovu atypického
pddorysu. Pédorys budovy je v tvare pismena ,,S“. Pre vyjadrenie si¢initel'a sme pouzili
CFD pocitacova simulaciu v programe Ansys Fluent. Vypocet bol realizovany pre 4
smery prudenia vetra.

Klicova slova

Vietor, Ansys Fluent, stCinitel’ vonkajSieho tlaku.

Abstract

In this article an external pressure coefficient of a high-rise building with an atypical
cross-section plan is calculated. The building’s plan is in shape of letter ,,S*“. The computer
fluid simulation in Ansys Fluent was used to determine the coefficient. The calculation
was performed for four wind flow directions.

Keywords

Wind, Ansys Fluent, external pressure coefficient.

1 Uvod

V sucasnosti preto pri navrhu budovy pri zat'azeni od vetra postupujeme v zmysle platnej
europskej normy [1], v ktorej sa nachadzaji hodnoty stucinitel'ov vonkajsieho tlaku cpe pre
objekty s pravouhlym pddorysom a tvaru valca. Tieto hodnoty boli stanovené na zéklade
experimentalnych a empirickych postupov. Pri budovéach s atypickym podorysom
mozeme urcit’ ucinok vetra pomocou pocitacovej simulacie CFD, experimentalnym
meranim vo veternom tuneli alebo meranim in situ [2].

2 Charakteristika modelu

Pri pocitatovej simulacii sme namodelovali model (obr. 1) v tvare ,,S* pre Styri smery
pradenia vetra: 0°, 45°, 90° a 135°. P6dorysné rozmery modela st 150x150 mm a vyska
300 mm. Uginky vetra sme analyzovali pomocou 24 bodov nachadzajucich sa v tyroch
urovniach: A (horny okraj), B (referencna vyska — 2/3H), C (stred) a D (dolny okraj). Pre
pocitacovi simuldciu sme pouzili ANSYS Fluent 18.2 [3], kde sme uvaZovali
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s turbulentnym prudenim (RANS) pri referencnej rychlosti 13,54 m/s. Metodu sietovania
sme zvolili Cutcell. Pri pocitacovej simulécii sme realizovali aj konvergenciu siete pre tri
typy hustoty siete: hrub4, stredné a jemna.
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Obr. 1: Pohl'ad na vypoc¢tovy model s jemnou hustotou

<

ypoctovou sietou

3 Zaver

Pre budovu s podorysom v tvare pismena ,,S“ sme vyjadrili hodnoty sucinitelov
vonkajSieho tlaku pre Styri rovne po vyske modelu pri pradeni v Styroch smeroch.
Extrémne hodnoty z CFD simulécii pre jednotlivé Grovne sa nachadzaju v tab. 1, kde
maximalny tlak bol v Girovni A (pri hornom povrchu) s hodnotu 0,85 a pre sanie -1,79.

Extrémné hodnoty Uroveit A Urovei B Uroven C Uroveii D
CFD Tlak 0,85 0° 0,82 45° 0,76 45° 0,61 45°
Simuldcia  |Sanie -1,33 0° -1,79 45° -1,73 45° -1,29 45°

Tab. 1: Extrémne hodnoty cj. pre jednotlivé analyzované urovne.
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NIEKTORE VLASTNOSTI POZDIL.ZNYCH NEROVNOSTI
ASFALTOVYCH VOZOVIEK

SOME FEATURES OF LONGITUDINAL UNEVENNESS OF ASPHALT PAVEMENTS

Jozef Melcer!, Maria Kudel¢ikova®

Abstrakt

Nerovnosti vozovky predstavuju hlavny zdroj kinematického budenia vozidla. Nerovnost’
musi byt nejakym spdsobom zmapovand a matematicky opisand. Pretoze nerovnost’ je
nédhodna veli¢ina, na jej opis sa pouZivaji metédy matematickej Statistiky. Statistické
subory sluzia ako vstupy pre numerické vypocty. PredloZeny prispevok analyzuje
Statistické charakteristiky dvoch pozdiznych profilov v I'avej a pravej stope vozidla.

KPacové slova

Nerovnosti vozoviek, kinematické budenie, Statistické charakteristiky.

Abstract

Road unevenness represents the main source of kinematical excitation of vehicle.
Unevenness must be mapped in some way and mathematically described. Because the
unevenness is random variable, for their description the methods of mathematical statistics
are used. Statistical files serve as inputs for numerical computations. The submitted paper
analyses the statistical characteristics of two longitudinal profiles in left and right tracks
of vehicle.

Keywords

Road unevenness, kinematical excitation, statistical characteristics.

1 Profily vozovky a ich charakteristiky

Pre potreby tohto prispevku boli pozdizne profily asfaltovej vozovky v lavej a pravej
stope vozidla ziskané zariadenim typu vibrograf [1]. Hodnoty boli zaznamenané na useku
dlhom 105,9 m s krokom 0,3 m. Kazdy subor obsahoval 354 vzoriek. Pre potreby d’alSich
Statistickych analyz bol kazdy subor prevzorkovany tak, aby obsahoval N = 23 = 8192
vzoriek. Pre vypocet medzil'ahlych hodnét sa pouzila linedrna aproximacia. VSetky d’alSie
analyzy sa vykonali ztychto novych stiborov. Vo vSeobecnosti sa tvrdi, Ze hustoty
rozdelenia vySok nerovnosti sa riadia Gaussovym zakonom normalneho rozdelenia [2].

V d’alsom kroku sa vypoéitali zakladné &iselné charakteristiky pozdiznych profilov.
Ich hodnoty su usporiadané v tab. 1.
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ul ur
Stredna hodnota u 0,19e-10 mm | 8,04e-10 mm
Stredna aritmetickéd odchylka R4 2,679 mm 5,166 mm
Stredna kvadratickd odchylka Ry 3,325 mm 6,158 mm
Rozptyl - disperzia o° 11,056 mm? | 37,931 mm?
Efektivna hodnota RMS 3,325 mm 6,158 mm
Koeficient asymetrie Rk -0,051 -0,042
Koeficient Spicatosti Riu 2,796 2,162
Hibka najhlbsej prichlbiny -9,281 mm | -15,192 mm
Vyska najvyssieho vystupku 8,564 mm 12,994 mm
Celkova vyska profilu 17,845 mm 28,186 mm

Tab. 1: Ciselné charakteristiky 'avého a pravého pozdizneho profilu

Kvalitu povrchu vozovky je mozné posudzovat’ pomocou viacerych kritérii. V zmysle
normy ISO 8608 [3] je mozné vozovky zatriedit’ do 8 kategoérii A — H na zaklade
vykonovych spektralnych hustot nerovnosti. Ak sa vykonova spektralna hustota zobrazi
v logaritmickej mierke, jej obrazom je priamka. Pri numerickych simuldciach pohybu
vozidla po vozovke je potrebné realizovat’ opacny proces ako pri merani ndhodnych
nerovnosti na vozovke. Je potrebné na zaklade znamej vykonovej spektralnej hustoty
nerovnosti generovat’ ndhodny pozdizny profil vozovky.

2 Zaver

Nerovnosti povrchu vozoviek predstavuju hlavny zdroj kinematického budenia vozidla.
Pri numerickych simulacidch pohybu vozidla po vozovke predstavuju dolezitti vstupnii
veli¢inu. Preto je potrebné nerovnosti mapovat’, matematicky ich popisat’ v duchu teorie
Statistiky a nésledne ich spracovat’ do podoby potrebnej pre realizdciu réznych druhov
dynamickych vypoctov. Moznosti vyuzitia takto ziskanych udajov st roézne [4].
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DECISION-MAKING ABOUT MONITORING OF DETERIORATING
INDUSTRIAL CHIMNEYS USING VOI ANALYSIS

Jan Mlcoch ', Miroslav Sykora?

Abstract

An industrial chimney serves as an example where the corrosion of the reinforcement
caused by the carbonation of the concrete cover is a factor dominating time-dependent
reliability. All essential decision alternatives for chimney affected by degradation are
compared using a value-of-conditional-information analysis - posterior analysis that
evaluates whether monitoring costs are outweighed by the gain of new information. The
results of the analysis should support decisions about reliability of other existing
reinforced concrete structures.

Keywords

Carbonation, concrete cover, reliability, industrial chimney, monitoring

1 Introduction

Industrial reinforced concrete chimneys were commonly designed for service life of 40
years using deemed-to-satisfy rules. However, many of these structures are in operation
for longer periods and their durability seems to be insufficient. In the case study the
service life of a 40-year old industrial chimney should be extended for the next ten years.
Volume of information (Vol) analysis allows comparing all essential decision
alternatives - repair, monitoring, or no action.

2 Reliability analysis

Reliability analysis is focused on structural resistance affected by deterioration, loads are
not considered for the sake of simplification. The resistance model assumes that the
structural strength is directly proportional to the area of vertical reinforcement As. More
information on the case study is provided in[1]. It is assumed that the structure was
designed to achieve the target reliability index fo = 3.8, EN 1990. Time-dependent
reliability index f: is obtained from equation:

Ra=Ea= uroexp (a Bo Vro) = urw exp (a B Vrw) (1)

where Ra denotes the design resistance, E« design load effect, a sensitivity factor of a
random variable, and wurm and Vry are the mean and coefficient of variation of
resistance, respectively, affected by corrosion in time ¢#. The Monte Carlo method has
been used to estimate structural reliability.

The prior information of carbonation depth is based on the model described in [2]. To
improve information about carbonation rate, 10 measurements of depth of carbonation
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were obtained. The prior information and information obtained from the measurement
were combined using Bayesian updating.

3 Vol analysis
Volume of Information (Vol) is described by equation:
V=Bi-Bo (2)

Where Bo/ Bi1 are maximized expected benefits without/with additional information (10
measurements of carbonation depth in this case). Bo/ B1 are described as follows:

Bo=min [Pr - Cr; Prupr - (Cr + Cupr) + Pnrup - Cup]
Br=min [P’F- (Cr+ Cr)+ P’nr-Cr; P’rup - (Cr + Cup+ Cr) + P'nrup - (Cup + Cr)]

where the following probabilities and costs are defined for =50 y.:

- Pr/ Pnr: probability of Failure/Not failure of the non-upgraded structure,

- Prup/ Pnrup: probability of Failure/Not failure of the upgraded structure,

- P’r / P’nr: updated probability of Failure/Not failure of the non-upgraded
structure,

- P’rup / P’nrup: updated probability of Failure/Not failure of the upgraded
structure.

- Cr - Cost of failure - Costs associated with downtime + costs of eliminating the
consequences of failure

- Cupr - Cost of upgrade - Concrete cover is replaced in severally deteriorated
areas, structural surface is cleaned and coating is applied on the surface.

- Cr- Cost of testing - 10 carbonation depth measurements

4 Conclusions

The case study of an industrial chimney illustrates the application of a procedure for
reliability analysis of reinforced concrete structures and decision making based on the
Vol analysis. Posterior analysis based on updated carbonation depth shows that the best
option for maximum benefits is not to upgrade the chimney. A positive value of Vol
indicates that measurements used to update the probabilistic model are economically
beneficial. It appears that Vol analysis can support optimisation of monitoring and
maintenance strategies.

Acknowledgements

This work has been supported by the CTU in Prague under Grant
SGS18/164/OHK1/2T/31 and by the Technology Agency of the Czech Republic under
Grant TE01020068.

Publications

[1] SYKORA M., MARKOVA J.,, MLCOCH J., MOLNAR J. AND PRESL K..
Predicting Service Life of Chimneys and Cooling Towers based on Monitoring. In
Proc. fib Symposium 2017, 12-14 June 2017, Maastricht. Lausanne : fib, p. 1671-
1679

[2] HOLICKY M, HOLICKA N. Probabilistic optimisation of concrete cover exposed
to carbonation, In Proc. ConcreteLife'06, : RILEM Publications SARL, 2006, p.
384-93.

46



STRUCTURAL RELIABILITY & MODELLING IN MECHANICS OSTRAVA, MAY 2018

ACCELERATION RESPONSE OF THE RAILWAY BRIDGES —
VERIFICATION OF THE LIMIT STATE

Milan Moravéik!, Martin Moravéik?

Abstract

The vertical mid-point acceleration of the simply supported railway bridge of the length
L+=38 m subjected to bogie forces of the conventional IC train is analysed in this paper.
The closed-form solution of the bridge response with the intention to resonance and
cancellation effects is applied. The acceleration response is investigated for modes of
vibration j =1 and j = 1+3 because higher modes can have significant influence on the
acceleration amplitude.

Keywords

Dynamic response of the railway bridges, acceleration, resonant speed, modal
superposition method.

1 Introduction

Dynamic response of railway bridges subjected to the real trains moving at the speed
c most often evaluates as the dynamic displacement ‘““w(x,7) and the acceleration

(C)W(x, t). In this direction the most analyses is formed for the load considered as a
single point load (the axle loads Pax or the bogie loads Psg ), but the practical case of the
response is a bridge subjected to the passage of the whole of trains. At present time, the
actual question becomes vibration of railway bridges due to train moving at speeds
above 200 km/h. It poses dynamic problems of higher order, due to the possibility of
resonance effects and their possible limitation, considering the typical distances between
concentrated loads P with a characteristic interval den = dv, dei, de2 and the natural
vibrations @, of the bridge and his length Lb. The presented numeric study is focused to

the loads by conventional IC passenger trains running on the Slovak railways lines,
Fig. 1.
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Fig. 1. Simply supported bridge subjected to series moving loads — bogie loads of IC-cars.
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In this study, the acceleration response of the small and medium weakly damped
bridges (£, <0,05) modelled as a simply supported 2D beam, subjected to a row of bogie

forces Pbgnn=1,2,...N 1C-cars is presented. The acceleration response is focussed on the

(o)

mid-point response W D(Pogrs +"'Pbgn2)(Lb /2,t) considering j=1 and j=1+3 modes of

vibration and to evaluate the impact of individual components on the acceleration. The
acceleration response of the bridge is investigated for (1) the resonance train speed c=65
m/s=234 km/h, and (2) for the speed ¢=57 m/s = 207 km/h making a cancellation
phenomenon on the response. For these cases modes of the vibration j=1 and j=1+3 are
taken into account because higher modes can have significant influence on the
acceleration amplitude.

2. Complex acceleration due to the loads moving over the beam and the
loads moving out the beam for the resonant speed c¢= 65 m/s=234 km/h,
for the modes j=1+3

(c=65) ..

The complex response W (i=143), (Pograt Pbgsz)(Lb /2,t) for the modes j=1+3 is

obtained by the superposition: (1) For the loads moving over the beam and (2) For the
loads moving out the beam, Fig. 2.

(c=65) .. (C) _(c=65) . (4)
W(j=1+3)1(Pbg11+'“Pbgsz) (Ly/2,1) W(j=1+3)r(Pbg11+"'Pbg82) (Lp/2, )+

(c=65) . (2)*
W(j=1+3):(Pbg11+”'Pbgsz)(Lb/z' t)

a/ Components b/ Total acceleration

(c=65) .. (4) (c=65)... (C)
W(j=1+3)'(Pb911+”'Pb982)(Lb/z’ t) W(J'=1+3),(Pbg11+'"Pbgsz)(Lb/2' 2

(c=65) .. (2)*

W(j=1+3)'(Pbg11+'“Pbg82) (Lp/2,0)

:W%WMWW - A““VA‘ﬁUAVAUAuW ‘lf ‘

e B ——

YV

(c= 65) (C)

Fig. 2. The complex acceleration response C143),(Pygra+Pogss )(Lb /2,t) of the
g 9

bridge due to loads 16xPbg(8 IC-cars) =16x256 kN for the time t=6 s and t=3+4 s.
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STRESS FIELD AND STRUT-AND-TIE ANALYSES OF RC DEEP
BEAM

Jaroslav Navritil', Tran Dang Bao?

Abstract

Reinforced concrete deep beams are widely used structural elements in building
construction. The Strut and Tie Method, which is recommended by the Eurocode and by
the code of American Concrete Institute, is used to calculate the internal forces and to
design the deep beams for the ultimate limit state. Stress Field Method can provide more
visualized results of deep beams, walls and details for both ultimate and serviceability
limit sates. The objective of his paper is to compare the design of RC deep beam using
both methods.

Keywords
Concrete, Deep Beam, Wall, Discontinuity Region, Strut, Tie, Stress Field.

1 Introduction

Strut-and-Tie (STM) and Stress Field Methods (SFM) can be used for the design of
discontinuity regions of reinforced concrete members such as deep beams, diaphragms,
walls, brackets, areas around opening, anchorage zones, etc. STM is widely used in
today’s practice for hand calculations or it is frequently implemented in single-purpose
programs or Excel design sheets. It is simple to use with clear link-up with contemporary
national standards, but it is limited to the verification of Ultimate Limit State (ULS).
Above that, the author’s experience is that even professionals have inadequate knowledge
of the main principles for the creation of the models in cases of atypical details. Simplified
assumptions of SFM are similar to the ones used in hand calculations, but the method is
improved to allow ductility and Serviceability Limit State (SLS) verifications. SFM can
be seen as a generalized Strut-and-Tie Method, in which 2D members with stresses instead
of force resultants are considered. The method is based on clear material properties and
strength criteria corresponding with the ones used in national codes and regulations, [3].
Despite the obvious benefits, the method is not as widely used in common practice as
STM.

2 Objectives

To demonstrate the potential of SFM, the assessment of well-known example of deep
beam with a large opening [5] was performed using both methods in Eurocode context
[1]. The results of both analyses were compared. The influence of (i) detailing - impact of
anchorage, transverse reinforcement in concrete strut, and (ii) model parameters was
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investigated with respect to ultimate load and mode of failure. SLS verifications were
performed by SFM in order to examine to which extend the ULS assessment by STM is
sufficient for deep beam design. The efficiency of topological optimization [2] for the
design of the positions and directions of reinforcement bars was studied.

3 Conclusion

The study has shown (i) wider possibilities to proof structural safety and reliability by
SFM than the STM would allow, (ii) an excellent agreement of the results in ULS checks
viable by both methods, (iii) ability of SFM to perform SLS verifications (iv) possibility
to optimize the positions and directions of reinforcement bars.

...........

1 .

(a) Stress-flow at ULS (b) Softening of concrete in compression

Fig. 1 ULS verification using Stress Field Method in IDEA StatiCa [4]
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GENERALIZATION OF COLORING LINEAR TRANSFORMATION

Lukas Novak!, Miroslav Vorechovsky?

Abstract

The paper is focused on linear transformations between correlated and uncorrelated
Gaussian random vectors. Two well-known linear transformation techniques, namely the
Cholesky decomposition and Eigen-decomposition (principal component analysis), are
shown to be special cases of the generalized transformation presented in the paper.
Conclusions presented herein may be useful for structural reliability analysis with
correlated random variables/fields.

Keywords

Linear transformation, correlation, Cholesky decomposition, Eigen-decomposition.

1 Motivation

Probabilistic engineering analyses such as statistical, sensitivity and reliability
analyses, often must consider statistical dependencies among random variables. Most of
the methods for generation and analysis of correlated random variables is based on linear
transformations between uncorrelated and correlated Gaussian random vectors. One of
the simplest applications of the linear transformation is the generation of realizations
from correlated random vector using Monte Carlo type simulation techniques [1,2].

Let Z ~ N (0, I)) be the Gaussian random column vector for which expected value
E[ZiZi] = 0ij, i.e. columns of Z are uncorrelated. We would like to transform Z to
Gaussian random vector X ~ N (0, X), where £ = E[XX] is target covariance matrix
(symmetric and positive definitive). A linear transformation of Z to X (coloring) by
using square transformation matrix A then reads:

X=AZ (1)

There are two well-known choices for A: Achol from the Cholesky decomposition of X
and Acig from the Eigen-decomposition of X [3]. Illustration of linear transformation
based on the Cholesky and Eigen decomposition for two-dimensional case is depicted in
Figure 1, where A is a diagonal matrix of eigenvalues of X and @ is the matrix of
eigenvectors associated with the eigenvalues.

2 Generalization of linear transformation

The equivalence of both methods is proved in the full paper. However, the position of
transformed realizations of random vectors is dependent on the utilized method. It can be
shown easily that the transformed realizations have different positions on the same
ellipsis representing points at the same Mahalanobis distance. This is because Achol 18
a lower triangular matrix while Aeig is not. Cholesky decomposition is commonly
utilized in structural reliability analysis and it is easy to use. On the other hand, Eigen-
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decomposition has several advantages, e.g. transformed realizations to correlated space
X keep the original pattern from uncorrelated space Z and the significant advantage is
the possibility of dimensional reduction using the transformation for computational
purposes.

The generalized transformation matrix is obtained using Aeig by post-multiplication
by an arbitrary orthogonal matrix. There is an infinite number of possible linear
transformations corresponding to the target covariance matrix. It can be shown that
Cholesky decomposition and Eigenvalue decomposition are special cases of the
generalized linear transformation, which is derived in the full paper.

Z~ N(0,1) X ~ N(0,%)

Figure 1 Linear transformations of the original sample from Z (left), selected as an orthogonal grid of
points. The sample of X is obtained from Z using: Cholesky decomposition (middle)
and Eigen-decomposition (right).

3 Conclusion

In this paper, two well-known linear transformations of Gaussian random vectors are
reviewed and their relationship clarified. It is shown that the Cholesky and Eigen-
decomposition are special cases of the generalized transformation presented in the full
paper. The linear coloring transformations find many applications in probabilistic
modeling involving correlated random variables. One can name e.g. Nataf
transformation to build a general non-Gaussian joint distribution function, FORM and
SORM, generation of random fields and many others.
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ANALYZA KONSTRUKCE CERNEHO MOSTU V HODONINE

ANALYSIS OF CONSTRUCTION OF BLACK BRIDGE IN HODONIN CITY

Michal Okanik!, Jakub Sobek?

Abstrakt

Clanek se zabyva statickou analyzou Cerného mostu ve mésté Hodonin. Vypoétovy model
konstrukce je vytvotren v systému ANSY'S dle stavajici projektové dokumentace, nasledné
aplikovany okrajové podminky (vcetné feSeni zdkladové konstrukce umisténé na
pilotach). Soudasti je ovéfeni nosnych &asti konstrukce dle platnych norem CSN EN,
véetné ovéfeni inosnosti konstrukce na soucasné dopravni omezeni.

Kli¢ova slova
ANSYS, CSN EN, mostni konstrukce, MKP, piloty, zakladova ptda.

Abstract

Paper deals with static analysis of the Black bridge in Hodonin city. The numerical model
of its construction is created in ANSYS sw. according to the current project
documentation, followed by the application of all boundary conditions (including the
solution of foundation soil placed on the piles). Verification of the main construction parts
is done according the CSN EN standards, accompanied by the verification of the load
carrying capacity of the structure (respecting the current traffic limitation).

Keywords
ANSYS, bridge construction, CSN EN, FEM, foundations, piles.

1 Uvod

Konstrukce stavajictho Cerného mostu ve mésté Hodonin je navrzena jako nahrada
puvodni dievéné konstrukce mostu vedouciho ptes frekventovanou zelezni¢ni trat
Bteclav — Pferov. Samotnd pivodni konstrukce mostu byla shleddna jako nevyhovujici
z diivodu Sitkového uspotradani drevéné mostovky, dale nizké tnosnosti opér ze
smiSen¢ho zdiva, ale predevS§im kvili nevyhovujicimu stavu dievénych pilot.
Z uvedenych diivodi byla v roce 1961 provedena generalni oprava na soucasny stav [1].

Stavajici konstrukci mostu vede Silnice 11/432 propojujici okresy Hodonin a Krométiz
s délkou 79 km. Je to jedna z hlavnich komunikaci vedoucich Stredomoravskymi Karpaty.

vvvvv
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a také z dvodii malych polomért zakruzovacich obloukt komunikace pted a za mostem,
se neuvazuje zatizeni specialnimi vozidly.

Mostni prohlidka z roku 2015 [2] zjistila fadu nedostatkil a ¢ast z nich vytesila ¢astecna
rekonstrukce spoleéné se stanovenim omezeni dopravy pro tézka vozidla najedno
samostatné vozidlo o maximalni hmotnosti 24 t.

Zjisténi, zda konstrukce mostu vyhovuje dle aktudlnich normativnich pozadavkl
(zejména na zatizitelnost konstrukce) bylo zcela na misté. K ucelu statické analyzy bylo
piikro¢eno k vytvofeni vypoctového prostorového modelu, respektujicimu vliv
okrajovych podminek v podobé zalozeni konstrukce, zatizeni dle CSN EN [3,4,5].

Obr. 1: Prostorovy vypoctovy model konstrukce — nosna ¢ast rostu bez zb. mostovky
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STABILITNY VYPOCET ZEMNEHO TELESA HRADZE
STABILITY CALCULATION OF EARTH DAM BODY

Eva Panulinova', Slavka Harabinova?, Eva Kormanikova ?

Abstrakt

V ¢lanku je analyzovana stabilita svahu vodnej stavby v Styroch prie€nych profiloch. Na
simulaciu a vypocet stability svahu zemnej hradze bol pouzity softvérovy balik GEO 5.
Vypocet bol vykonany v konkrétnych profiloch vzduSny a navodny svah priehrady
Domasa. Na stanovenie kritickych faktorov bezpecnosti boli pouzité metddy Bishop,
Petterson a Sarma.

Klicova slova

Stabilita svahu, stupen stability, Pettersonova, Bishopova, Sarmova metéda, GEOS.

Abstract

The slope stability of a water construction in four cross-profiles is analyzed in the article
and the factors of safety reviewed. The GEO 5 software package for slope stability
calculations is an essential component of work. The computer software was employed to
simulate and calculate the stability in the particular profiles of the downstream and
upstream slopes of the DomaSa Dam. Bishop, Petterson and Sarma methods were
applied to determine the critical factors of safety.

Keywords
Slope stability, safety factor, Petterson, Bishop, Sarma method, software GEOS.

Uvod

Stabilita a bezpecnost vodnych diel je jednym zo zakladnych cinitel'ov pre ich
spolahlivii a bezporuchovu prevadzku. Priehrady su vzduvacie stavby vybudované
naprie¢ udolim, za i¢elom vytvorenia vodnej naddrze. Pozostavaja z priehradnej hradze a
funkénych zariadeni. Aby bolo mozné predchadzat’ nepriaznivym situaciam, vykonava
sa ich technicko-bezpecnostny dohlad. Délezitou oblastou sledovania je stabilitna
analyza svahu telesa hradze [1].

Cielom prispevku je analyzovat modely na vypocet stability, prostrednictvom zistenia
stupiia stability Fs, ktory sa definuje ako pomer pasivnych sil braniacim zosuvu k
aktivnym silam, ktoré zosuv vyvolavaju.
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Modelovy vypocet stability svahov

Podklady pre vypocet stability boli ziskané z pravidelnych merani od Vodohospodarskej
vystavby $.p. KoSice. Modelovy vypocet bol vykonany pre zemnu hradzu na prichrade
Domasa v 4 profiloch pre stav bez seizmického zat'azenia.

Vypocty stability svahu boli urobené pre vzdusny a navodny svah hradze. V modelovom
vypocte bol stupent stability svahov zistovany Bishopovou, Pettersonovou a Sarmovou
metddou [2,3,4]. Poloha Smykovej plochy bola optimalizovand programom GEOS5 [5].
Optimalizovanim sa ziskal najnepriaznivej$i stupenl stability svahu. Vypocty boli
realizované pre rozne hladiny vody v nadrzi, a to prevadzkovu hladinu, maximalnu
retenénu hladinu a stav bez vody - Obr. 1.

Kritické stupne stability pri prevadzkovej hladine Kritické stupne stability pri max. retenénej hladine Kritické "“9"9“"?"'(": pristave bez vody a bez
bez seizmického zafatenia bez seizmického zafaienia seizmickeho zatazenia

=4~ Bshop 2 100 =4—Bishop

upen stability

~&-Petterson = ~-Petterson ~@-Petterson

ofi1 Profi2 Profi3  Profild Profil  Profi2  Prof3  Profild

Obr. 1 Porovnanie vypoctom ziskanych hodnot kritického stupnia stability

Zaver

NajnepriaznivejSie vysledky boli dosiahnuté Pettersonovou metddou, ktord vSak
nezohladnuje spolupdsobenie susednych pruzkov, ¢o znamena urcité nepresnosti vo
vypocte. Najvyssie stupne stability boli ziskané vypoctom podl'a Sarmu. V profile 2, pri
prevadzkovej hladine, sa dosiahol vysoky stupen stability, aj ked’, vzhI'adom na zlozenie
podlozia a velkost prisypu by sa ocakéavali vyrazne nizSie hodnoty. Preto za
najoptimalnej$iu metdodu pre vypocet stability svahov pre zemné heterogénne hradze
priehrad, akou hradza priechrady Domasa bezpochyby je, je mozné povazovat’ Bishopovu
metodu.
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RHEOLOGICAL, MECHANICAL AND X-RAY INVESTIGATION
OF SELF-COMPACTING CONCRETE WITH STEEL FIBRES

Tomasz Ponikiewski', Jacek Golaszewski?

Abstract

The paper presents results of tests on self-compacting mixtures with the addition of steel
fibres (Steel Fibre Reinforced Self-Compacting Concrete). Four types of steel fibres at 3
levels of the volume ratio are considered. The results include studies on samples belonging
to classes of slump flow SF, classes of viscosity 7500, and rheological tests. The studies
were based on application of two rheometers for rheological properties of concrete
mixtures - BT2 Rheometer and Viskomat XL. Additionally, a study of compressive
strength fcm2s and flexural strength fswas carried out on concrete SFRSCC. These studies
have confirmed the possibility of using steel fibres in concrete SCC while maintaining the
assumed technological parameters for concrete mixtures and, above all, their workability.

Keywords

steel fibres, self-compacting concrete, workability, rheometers, rheological properties,
X-ray

1 Introduction

The analysis of the influence of fibres on the self-compacting and mechanical properties
of concrete is one of the new tendencies in investigations of cement composites. The
general improvement in the hardened self-compacting concrete properties with increased
fibre volume is accompanied by lowered workability on casting. Other problems present
themselves while dealing with the production of steel fibre modified SCC and their
application. Therefore, the workability of SFRSCC as well as the effect of fibres on the
properties of fresh and hardened concrete mixture should be well recognized. The SCC
mixture design is not a simple task; every modification in precise dosage of components,
variable materials and curing conditions can result in manufacturing of material without
assumed properties: fluidity, ability to flow between the reinforcing bars as well as the
resistance to segregation.

2 Research significance

Previous studies have shown the impact that the dimensions of a formed element have on
the direction of fibres in the concrete mixture. Uneven and directional deployment of
reinforcements in the technological process brings some problems tied to the randomness
of fibre distribution in the volume of concrete. The analysis of mutually exclusive factors
occurring with the addition of steel fibres to self-compacting concrete, namely the
deterioration of workability, or even a complete loss of self-compatibility from one side
to an increase in compressive concrete strength on the other, is discussed in this paper.

3 The assumptions and methodology of research
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The results of workability tests of self-compacting cement mixtures modified with steel
fibres in rheological context are presented in this paper. The research was carried out with
the rheometrical workability test (RWT) conducted with a rheometer for mortars and
concrete mixtures - Rheometer BT2 and Viskomat XL.. An approximation of measurement
results conducted by two-parameter Bingham rheological model and three-parameter
Hershell-Bulkey model was done. It allowed two basic rheological parameters - yield
value g and plastic viscosity /4 to be determined by the use of a two-parameter model.The
obtained results are presented for samples with the fibre content 0.5 to 2.25% (40 to 180
kg/m®). The self-compacting behaviour was verified by the time and flow diameter
measurements with Abrams cone as well as by the measured rheological parameters.

4 The results and discussion

Figure shows the effect of the type and volume ratio of steel fibres on the rheological
properties of SFRSCC according to Viskomat XL research. It has been found that
rheological parameters yield value g and plastic viscosity / of self-compacting mixtures
increase along with increasing fibre content in the mixture. This effect is the greatest for
SCC mixtures with DM 6/0.17 fibres. Increasing the content of KE 20/1.7 fibres showed
no major changes in the values of # of SFRSCC with their addition.
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Fig. 6. The influence of steel fibres kind and volume on rheological and mechanical
properties of SFRSCC; a) Yield value g; b) Flexural strength

5. Summary and conclusions

Rheological properties, slump-flow workability, compressive strength and flexural
strength of SFRSCC were investigated. Basing on experimental research, with application
of the new rheological equipment and computed tomography, some preliminary results
were obtained in the undertaken realm of investigation. Decline in workability of concrete
mixtures occurs, but to a certain extent the properties of self-compatibility are maintained.
The self-compatibility of concrete mixtures deteriorates with an increasing volume ratio
of fibres in the mixture of self-compacting concrete. Despite the deterioration in the
workability, it is possible to attain self-compatibility for mixtures with the addition of steel
fibres and with good mechanical properties. The connection between orientation of fibres
and the direction of the SFRSCC mixture flow during moulding was confirmed. The
uniform distribution of fibres in the produced concrete element was proved. There was no
evidence of fibre cluster formation.
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PRELOMENIE STIiHLEJ STENY
SNAP-THROUGH OF SLENDER WEB

Jan Ravinger !, AlZbeta Grmanova?

Abstrakt

Pouzitim zvaranych nosnikov mdézeme vytvorit’ prierez s minimdlnou spotrebou ocele.
V désledku zvarovych napéti tenka stena takéhoto nosnika ma zacdiato¢né deformacie.
Rastom zat'azenia sa zaciatocnd deformdcia steny pretvara do tvaru deformacie
zodpovedajucej danému vonkajSiemu zat'azeniu. Toto pretvaranie tvaru vydavania steny
moze byt sprevddzané neprijemnou skokovitou zmenou — prelomenim. Rozbor tohto
javu prispieva ku kvalitnému névrhu tenkostennej ocel'ovej konstrukcie.

KPucové slova
Tenkostenné ocelové konstrukcie, zvarové napitia, zaCiatoéné deformdcie, stabilita
steny, pokritické posobenie Stihlej steny.

Abstract

Using welding we can arrange girders with minimum consumption of steel. Due to
welding stresses the slender web of plate girder has initial deformation different from
buckling surface due to external load. Increasing of load the buckling mode of slender
web could be accompanied with unpleasant sudden change — the snap-through effect.
Investigation of this effect improves the quality design of a thin-walled steel structure.

Keywords

Thin-walled steel structure, welding stresses, initial deformations, web buckling, post-
buckling behaviour of slender web.

1 Uvod

Kazdy projektant ma za povinnost navrhnut' konstrukciu tak, aby spolahlivo plnila
pozadované ciele, ale zaroven boli minimalizované néklady. Pri navrhovani ocelovych
konstrukcii je dilema v tom, Ze uspora ocele zvykne byt sprevaddzana so zvySenymi
nakladmi pri vyrobe arealizdcii. Predlozeny c¢lanok je venovany problematike
ocelovych zvaranych nosnikov so §tihlou stenou.

2 Ocelovy nosnik prierezu I

Ak navrhujeme nosnik naméhany ohybom a Smykom, tak kritérium minimalnej spotreby
ocele nas dovedie ku prierezu tvaru I s velmi Stihlou stenou (Obr. 1.). Technologia
vyroby ocelovych nosnikov valcovanim neumoziuje realizovat tak extrémne tenki
stenu, akt mézeme vytvorit’ pri zvaranom nosniku.

! Jan Ravinger, Dr.h.c. prof. Ing. DrSc. STU Bratislava, Stavebna fakulta, Katedra stavebnej mechaniky,
810 05 Bratislava, Radlinského 11, (jan.ravinger@stuba.sk)
2 Alzbeta Grmanova, Mgr. (alzbeta.grmanova@stuba.sk)
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Obr. 1: Porovnanie nosnikov so zvaranym a valcovanym profilom IPEA600

A

3 KonStrukéné apravy nosnika so Stihlou stenou

Sposoby, ako konstrukéne upravit’ zvarany ocel'ovy nosnik so stihlou stenou, si ukazeme
na priklade nosnika uvedené¢ho na obrazku 1. Bezne sa vystuhy alebo prelisy orientuju
tak, aby branili vyboCovaniu $tihlej steny. V navrhovanom priklade je to naopak. My
chceme vybocCovaniu pomdct’, aby nenastal efekt preskoku.

220720 I
Szkme vystuhy 56055 | Sikmé prelisy
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Obr. 12: Konstrukéné upravy nosnika so $tihlou stenou
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CALIBRATION FUNCTIONS FOR EDGE CRACKS
UNDER SELECTED BENDING LOADS

Stanislav Seitl!, Petr Miarka?

Abstract

Fatigue cracks are found during the regular structural inspections. To precisely
describe/suggest of fatigue cracks propagation throughout structure and for designed
service life, the knowledge of calibration functions is important. The cracks usually
propagate from the edge or the surface of the structural element. The theoretical model of
fatigue crack propagation is based on linear fracture mechanics (Paris law). Steel structural
elements are subjected to various bending load (three- and four-point bending, pure
bending etc.). The calibration functions for the edge cracks are calculated for various load
and appropriate polynomial function independent on the distance are proposed for 3PB
and 4PB load.

Keywords

Fracture mechanics, calibration curve, stress intensity factor, Paris-Erdogan Law, edge
crack.

In order to describe the crack the propagation, the linear elastic fracture mechanics [3][4]
is typically applied. This method uses Paris-Erdogan’s law [1] and defines relation
between propagation rate of the crack size a, and range of the stress rate coefficient, AK,

in the face of the crack:

da m
o= CKn™, (1)

where C, m are the material’s constants, N is the number of loading cycles and AK is range
of the stress intensity factor in front of the crack tip and it is defined as follow:

AK = Aovraf (a/W), )
where Ao is constant stress range (the value of Ao corresponding to each way of loading
is shown in Tab. 1.), a is crack length and f{a/W) is the calibration curve which represents
various boundary conditions.

. Three-point Four-point
Load type Pure bending bending bending
6M 3PS 2PS
Stress Ao = —_—
W?2B 2W?2B W?2B

Tab. 1: Overview of calculation of the stress range Ac:

Comparison of the results from this study and several of those extracted from the literature
for pure and three-point bending shows Tab. 2. The data from presented study agrees very
well and could be used in further structural analysis.

! Stanislav Seitl, doc. Ing. Ph.D., High Cycles Fatigue Group, Institute of Physics of Materials, Academy of Sciences of the Czech
Republic, Zizkova 22, 616 62, Brno, Czech Republic (seitl@ipm.cz)
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Pure bending Three-point bending
a/W Tada[4] | Bakker[6] | Present Tada[4] | Bakker[6] | Present
0.1 1.043 1.047 1.053 1.007 0.980 0.981
0.3 1.122 1.124 1.123 1.045 1.039 1.038
0.5 1.495 1.498 1.495 1.416 1.406 1.404

Tab. 2: Comparison of the presented calibration curve with data from the literature.

Fig. 1 compares the obtained calibration curves from FE analysis for various load types:
pure, three- and four-point bending for edge crack propagation. The types of bending
loads, mostly the ratio S/W shows, that with increasing value a curve is shifting towards
to the pure bending load. This fact should be considered for the prediction and evaluation
of the structural residual fatigue life.

1.8 T2 o= 3peT swWe2
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Pure M , ®
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Fig. 1: Comparison of the values of the calibration curve under selected load s.

In this contribution a numerical study of the influence of the various bending types on the
calibration curves is presented. The proposed calibration curves were studied for short
edge cracks a/W € <0.01+0.5> and for the various span to width ratios. The proposed
values of the calibration curves show good agreement with literature [4] and [6]. This
effect should be considered in further fatigue design of steel structures
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OUTDOOR LIGHTING WIND GENERATORS WITH BASALT FIBER
COMPOSITE BLADES

Merab Shvangiradze !

Abstract

Small wind generators are successfully applied for outdoor lighting on highways, parks,
seaside boulevards. We developed technologies that gives an opportunity to manufacture
wind rotor, the main element of this type of generators, using basalt fiber composite, and
to manufacture generator itself. To manufacture the blades for the generators, it is
necessary to solve the optimal compatibility equation of two opposite characteristics,
weight and strength.

Keywords

Outdoor lighting, wind turbines, basalt fiber, polymer composite.

1 Introduction

The use of small wind generators as a source of power for outdoor lighting in seaside
boulevards and highways is ecologically efficient and has substantial economic effect. In
both cases, we need hundreds of kilometers of underground or air electrical cables and
wires, which is related to significant costs. Since the highways and the seashores are
mainly wide, open spaces, the movement of active wind currents occurs there
systematically. Therefore, in such places the use of small wind generators for outdoor
lighting is efficient in every way.

Fig. 1: Wind generator with basalt composite blades, 200 wt capacity (left);
outdoor lighting wind generators on highways (right).

The wind rotor is an important part of the wind generator that accumulates wind energy,
turns it into a mechanical energy on his axis as materialized rotating moment. The use of
rotating moment given on the shaft to start an electric generator is a usual task of
mechanical engineering the solution of which is not connected with special difficulties.

! Professor Merab Shvangiradze, Georgian Technical University, 77, M. Kostava str., Tbilisi, 0175, Georgia, shvango@gmail.com
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The polymer composite materials are used in wind rotors’ blades manufacturing, the
main components of which are fiber materials. Mainly glass and carbon fibers are used.
Recently, the basalt fiber is of great interest, that is manufactured in Georgia as well
(Rustavi, factory “BASALT FIBER”).

Based on the above we created manufacturing technology for wind generator blades
and rotors with basalt fiber composites.

[T—

Fig. 2: Basalt composite blade products blade mold-shape (left);
Basalt composite blade products blade mold-shape L=700mm, B=150mm, 5=35mm (right).

2 Conclusion

Our studies show that the conditions in Georgia are absolutely realistic for applying small
wind generators as a source of outdoor lighting on highways, and seaside boulevards. The
fact that basalt fibers and basalt fibers woven materials are produced in Georgia, makes
production of wind generators not only ecologicaly efficient but is also justified in
economic terms. Based on research, we have established grounds for optimizing
parameters of wind generators, as well as the basic aspects of their manufacturing
technological processes.

Naturally, manufacturing based on local raw materials and labour, always gives a high
economic effect. Using the basalt fibers woven from the polymer composite materials we
will manufacture rotor blades and electric generator protective lids. The manufacturing of
the remaining parts of the wind generators is not is not difficult as well. Only electric
generators working on constant magnets with a low rotation number has to be purchased.

The research and experiments performed in GTU transportation and mechanical
engineering faculty gives a base to manufacture wind electric generators for outdoor
lighting, on highways, and seaside boulevards. This will be a good example in terms of
stimulating the local industry.
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SNOW LOAD MONITORING — MEASURE TO CONTROL
RELIABILITY OF THE ROOF OF A STADIUM

Miroslav Sykora', Dimitris Diamantidis’

Abstract

This contribution shows how monitoring can be used to control reliability of a structure
not complying with the requirements of Eurocodes. A general methodology to obtain
cost-optimal decisions using limit state design, probabilistic reliability analysis and cost
estimates is utilised in the full-scale case study dealing with the roof of a stadium located
in Northern Italy. The results demonstrate the potential of monitoring systems and
probabilistic reliability analysis to support decisions regarding safety measures such as
snow removal, or temporary closure of the stadium.

Keywords

cost optimisation; decision making criteria; Eurocodes; monitoring; reliability analysis;
snow load; stadium roof; standard

1 Uvod

The EU COST TU1402 project deals with the quantification of the value of information
of structural health monitoring by a novel utilization of applied decision analysis.
Knowing the value of SHM, one can improve the decision basis for the design, operation
and life-cycle integrity management of structures, while facilitating more cost efficient,
reliable and safe strategies for maintaining and developing the built environment to the
benefit of society. Therefore, it is essential to provide guidelines for practicing engineers
and to illustrate their applications by comprehensible case studies.

The implementation of a draft guideline currently under development within COST
Action TU1402 and of the related risk-based approach is illustrated in the full-scale case
study of the roof of a stadium. As the roof fails to comply with the requirements of the
Eurocodes, a permanent monitoring system has been designed utilising the experience of
the industry and academia. The contribution focuses on the key steps of the case study:

e Reliability analysis

e Monitoring strategy and intervention actions

e Cost modelling

e Risk acceptance criterion for temporary situation and specification of the threshold
for monitored roof snow loads using the total cost (risk) optimisation; see Fig. 1

! Miroslav Sykora, CTU in Prague, Klokner Insitute, Department of Structural Reliability, Solinova 7, (miroslav.sykora@cvut.cz)
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Fig. 1: Variation of the total cost (risk) in k€ with the threshold (dotted and solid curves — the lower
and upper bound on failure consequences Cr, respectively)

2 Concluding remarks

The case study is focused on a roof that does not comply with the requirements in EN
1990. A continuous monitoring of snow loads helps to assess the risk of using the
structure. When a specified limiting value of the monitored parameter is exceeded, either
the snow on the roof can be removed or the stadium can be temporarily closed.

The case study shows that the design of SHM is a complex issue that may include
component/ system structural reliability analysis, identification of possible monitoring
strategies, specification of threshold values for observed variables, and selection of
monitoring strategy based on total cost optimisation, considering also a ‘no monitoring’
alternative. The following findings are provided for snow-dominated structures:

e The fact that the safety-critical structure fails to comply with the requirements of
standards might be disturbing. However, the detailed probabilistic analysis helps to
better understand and control the associated risks — the return period for an excessive
snow load can be as long as 190 years.

e An important aspect of SHM design is the feasibility analysis of the possible safety
measures; in the case study a three-day weather forecast is thus taken into account to
provide time to remove snow from the roof.

e Cost-benefit analysis helps derive more realistic case-specific target reliability for
exceeding a limiting snow load. Particularly in regard to snow loads, the Eurocode
target levels seem to be too high.

e The optimum alternative of SHM is affected by its acquisition and operational costs,
and the expected cost of safety measures over a specified remaining working life.
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MECHANICAL ASPECTS OF STRESS CORROSION CRACKING

Srdjan Tadic', Mohamed Alkateb?, Aleksandar Sedmak?®

Abstract

Extended Finite Elements Analyses (X-FEM) were conducted in order to clarify
mechanical aspects of Stress Corrosion Cracking (SCC). Sharp-V and round-U notched
tensile specimens were investigated in terms of stress intensity factor (Keq) and the
thickness of the corrosion film. It was shown that the crack growth processes is largely
affected by the initial location and the residual stress distributions in the material.

Keywords

Stress Corrosion Cracking, Finite Elements, Crack Growth Rate, Stress Intensity Factor.

1 Introduction

SCC is a failure of a metal simultaneously subjected to corrosive environment and
applied loading. There are four factors required for SCC: (i) a material susceptible to
SCC, (i1) corrosive environment, (iii) mechanical loading and, (iv) time. SCC is a
concern of many engineering structures including gas pipelines, pressure vessels and
turbines. Historically, the phenomenon has been noticed as apparently spontaneous
cracks in military brass cartridges in India during the monsoon seasons and was given a
pejorative name “seasonal cracking”. The SCC is a brittle, or quasi-brittle failure,
practically without material loss, and visible corrosion products. It is normally described
as "river branched" with one primary crack, and multi-branched secondary and tertiary
cracks. The cracking occur below the yield strength of the material, and can be inter
granular or trans-granular. The SCC initiation and propagation is a complex degradation
process, depending on microstructural, mechanical and environmental parameters [1].
The SCC mechanisms can be classified in two broad families: anodic and cathodic
SCC. The first one is governed by anodic dissolution of metal and the second one by
hydrogen absorption which provokes hydrogen embrittlement, and consequently referred
as 'hydrogen induced cracking'. Representative example for the anodic mechanism are
the stainless steels, while for the cathodic reaction are the high strength steels [2]. For an
anodic mechanism, two models are widely accepted - 'slip-step dissolution' and 'film
rupture model'. In the film rupture model, a passive surface film, usually an oxide,
protects an underlying metal from a corrosive environment. An applied loading causes the
film to rupture, exposing the underlying metal to corrosion. Film rupture will occur
preferentially in regions of strain concentration such as a small crack or flaw. Crack
growth rate depends on competitive sequences of rupture and re-passivation of oxide film.

'Srdjan Tadic Innovation Center of the Faculty of Mechanical Engineering, Belgrade, Serbia
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The mathematical expression for the crack growth rate (da/dt) is given as [3]

da _ M Qpde _ B

E_Zp_FE_fE_ aKef (1)
where M is the molecular weight of the material, z is the charge of metal, F is the
Faraday constant, Q is the charge density per film rupture event and the de/dt is the
strain rate on the crack tip. The physical meaning of Eq.1 is that SCC is governed by
corrosion (Faraday law), tensile stress (through stress intensity factor Kef), and material
interactions with the environment (constants a and ). The equivalent stress intensity
factor was given as [4]

Keq =54 +5/KZ + 4(1.155K2) + 4KZ, )
where Ki i1 1 are related to the applied loading mode.

The open-source finite elements software Code-Aster was employed to analyze SCC
crack tip zone. A 2-D and 3-D models were analyzed in order to investigate crack-tip
stress field altered by the brittle oxide film. The thickness of the oxide film was 1-10um.
Contrary to the brittle oxide film, the bulk material was supposed to obey elastic-plastic
behaviour described by Ramberg-Osgood relation.

2 Conclusion

Finite elements model has been developed in order to better understanding of
mechanical parameters of the stress corrosion cracking.

In the front of the notch tip, stress field is affected by the thickness of the oxide film
and the width and depth of the notch geometry. Localized plastic flow is facilitated by
additive influence of applied loading and oxide film induced stress. As a consequence,
localized plastic strain rate at the notch tip increases crack growth rate.
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MODELOVANIE POHYBU VOZIDLA PO VOZOVKE
MODELLING OF VEHICLE MOVEMENT ALONG A ROAD

Veronika ValaS§kova', Gabriela Lajéiakova’

Abstrakt

Vplyv pohybujicich sa dopravnych prostriedkov na vozovky je mozné modelovat’
numerickou cestou. K tomu je potrebné vytvorit' vypoctovy model vozidla aj vozovky.
Vypoctové modely je mozné vytvéarat v duchu klasickej mechaniky alebo v duchu
metoédy koneénych prvkov. Dve takéto moznosti analyzuje a porovnava predkladany
prispevok.

Klicova slova

Vypoctovy model, vozidlo, vozovka, metdda konecnych prvkov.
Abstract

The influence of moving vehicles on the pavements can be modelled numerically. To do
this, you need to create a vehicle and road computational models. Computational models
can be created in the spirit of classical mechanics or in the spirit of the finite element
method. The submitted contribution analyse and compare two such possibilities.

Keywords

Computational model, vehicle, pavement, finite element method.

1 Uvod

Stav sticasného poznania umozituje modelovat numerickou cestou pohyb dopravnych
prostriedkov po vozovkach, analyzovat’ stavy napétosti a stavy pretvorenia vo vozidlach
1vo vozovke a analyzovat interakéné javy medzi vozidlom a jazdnou drdhou. Tento
proces vyzaduje vytvarat vypoctové modely vozidiel aj vozoviek, numericky rieSit’
stym spojeny matematicky aparat ainziniersky analyzovat ziskané vysledky.
Vypoctové modely je mozné vytvéarat v duchu klasickej mechaniky alebo v duchu
metédy konecnych prvkov. Predkladany prispevok chce informovat o takychto
moznostiach tvorby vypoctovych modelov a sicasne vzajomne porovnat’ takto ziskané
vysledky.

2 Vypoctové modely vozidla a vozovky

Vypoctovy model vozidla je mozné vytvorit’ v duchu klasickej mechaniky alebo v duchu
metody konecnych prvkov. Aj ked filozofia pristupu k tvorbe modelu je odlisna,

'Ing. Veronika Valaskova, PhD, Zilinska univerzita, Stavebna fakulta, Katedra stavebnej mechaniky a aplikovanej matematiky,
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vysledok je vkone¢nom dosledku v podstate rovnaky. Predmetom modelovania je
cementobetonova vozovka.
3 Vysledky vypo€tu a vzajomné porovnanie

Casovy priebeh vertikalnych vychyliek uprostred rieSenej oblasti pre klasicky vypoctovy
model (KVM) a MKP model je zobrazeny na obr. 1.

Porovnanie Klasicky model a MKP model

005 T T T T T
E 0 I
E
S 005 MKP | -
———KVM
_0-1 1 1 1 1 1 1 1 1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Cast]s]

Obr. 1: Porovnanie dynamickych vychyliek uprostred dosky pre KVM a MKP model

4 Zaver

Je logické, ze l'udia v dneSnej dobe dajii prednost vytvaraniu vypoctového modelu
v duchu MKP pred vytvaranim modelu v duchu klasickej mechaniky. Ale aj klasicky
vypoctovy model modze za urcitych podmienok dat uspokojivé, inZiniersky
akceptovatelné, vysledky. Maximalny prichyb z MKP modelu je wmkp = 0.07261 mm,
maximalny priehyb z klasického modelu je wkvm = 0.07164 mm. Klasicky model je o
niec¢o tuhsi ako MKP model. Maximalny priehyb v KVM je o 1,34 % mensi ako v MKP
modeli.
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ZATIZITELNOST ZDENYCH KLENBOVYCH ZELEZNICNICH MOSTU

THE LOAD BEARING CAPACITY OF RAILWAY MASONRY ARCH BRIDGES

Marek Vokal', Michal Drahorad?

Abstrakt
Clanek pojednava o zplisobu vypoétu zatiZitelnosti zdénych klenbovych Zelezni¢nich
mostl. Shrnuje zdkladni vlastnosti materidlu — popisuje zdkladni materidlovou

nelinearitu ovliviiyjici vypocet nejvice, a nasypu — popisuje chovani zeminy a jejiho
tlaku na konstrukci. Soustfeduje se zejména na vypocet podle mezniho stavu
pouzitelnosti a nasledné porovnani s vysledky podle mezniho stavu unosnosti.

Klicova slova

Klenba, zdivo, materialova nelinearita, zatizitelnost.

Abstract

This paper deals with the way of calculating the load-bearing capacity of masonry arch
railway bridges. It reviews the the basic aspects of structural behaviour of these bridges,
such as material non-linearity of masonry and interaction with the soil. It remainds the
requirements of standards and shows, how to calculate the load-bearing capacity in
accordance with these requirements with influence of mentioned non-linearities.

Keywords

Vault, masonry, material non-linearity, load-bearing capacity.

1 Uvod

U klenbovych zdénych konstrukei je analyza a stanoveni zatiZitelnosti komplikovano
statickym ptsobenim konstrukci v kombinaci s typickymi vlastnostmi pouzitého
materidlu — velmi mald pevnost v tahu. Vlivem téchto skuteCnosti vedou postupy
stanoveni zatizitelnosti a pfechodnosti na nelinearni analyzu, kterd musi zohlednit celou
fadu Casto proménnych parametri. V této praci se uvazuje, Ze material plisobi pouze v
tlaku a pfi vyskytu tahového namahani dochézi ke vzniku trhlin a jejich rozevirdni.

2 Zpusob modelovani v této studii

Vypocetla se zatizitelnost mostl o rozpéti od 2.5 do 10 m a to z hlediska uvedenych
posudki MSU a MSP. Byly uvazeny vzdy tii riizné relevantni tloustky kleneb, pevnosti
zdiva 2, 4, 6, 8 a 10 MPa a vzepéti L/2 a L/4. Pro MSU se konstrukce modelovala
v programu LimitState:RING a pro MSP se konstrukce modelovala v programu Scia
Engineer. Dale byl v programu Matlab sestaven skript, ktery vypocitd vnitini sily na
klenbové konstrukci s vlivem zminénych nelinearit. Je ur€en pro vypocet v meznim
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stavu pouzitelnosti, kdy nedochazi k rozvoji plastickych kloubl a rozvoji velkych
deformaci.

Jako ptiklad byla skriptem v Matlabu provedena analyza jedné konkrétni klenby
(Obr. 1):

356 b

251 B e— 4

—— Upper surface
— Lower surface
Thrust line
—-—-Axis of the arch

T Original surface and axis

05 =

-25 -2 -1.5 -1 -0.5 o 05 1 15 2 25
x[m]

Obr. 1: Vysledna tloustka ptsobici konstrukce pfi zatizeni napravou v levé poloviné klenby
3 Zavér
Byla provedena studie, ktera ukazala, jakym zplsobem se zdéné klenbové konstrukce
chovaji a jakym zptusobem by se méla provadét jejich analyza. Porovnava piisnost
pozadavkli MSP a MSU na =zatiZitelnost zdénych klenbovych Zzelezni¢nich mosti.
Odhalila, ze pfisnéjsi, nez pozadavky MSU jsou pozadavky stanovené MSP. Ddle

stanovila obecnd pravidla, jaky vliv mé na zatizitelnost vzepéti, tloustka zdiva a vyska
nadnasypu klenby.

Podékovani

Projekt byl realizovan za financni podpory ze statnich prostiedkii prostrednictvim
Grantové agentury Ceské republiky.

Literatura

[1] DRAHORAD, M. Load-Bearing Capacity of Masonry Arch bridges, Shornik
prispéevkii konference International Conference Engineering Mechanics 2013, pp
33-34.

[2] CSNEN 1996-1-1 — Navrhovani zdénych konstrukci, UNMZ 2007

[3] DRAHORAD, M. Pomiicka pro pouzivani programu LimitState RING pracovniky
SZDC

[4] LimitState:RING Manual. Limitstate.com. [online]. [cit. 2018-05-07]. Dostupné z:
http://www.limitstate.com/files/pdf/ring/RING User Manual.pdf

[5] Metodicky pokyn pro urovani zatizitelnosti zZelezni¢nich mostnich
objektil. szdc.cz. [online]. [cit. 2018-05-07]. Dostupné z:
www.szdc.cz/documentpublisher/download?documentld=1%3B%238c384b76

72



STRUCTURAL RELIABILITY & MODELLING IN MECHANICS OSTRAVA, MAY 2018

MODELOVANI ZKOUSKY TRIBODOVEHO OHYBU TRAMCU
S OCELOVOU INKLUZI UPROSTRED ROZPETI

MODELLING OF THREE-POINT BENDING TEST OF BEAMS
WITH A STEEL INCLUSION SITUATED IN THE MIDDLE OF THE SPAN

Michal Vyhlidal', Zbynék Ker$ner?

Abstrakt

Ptispévek seznamuje s ptristupem numerického modelovani zkusSebnich téles s ocelovou
inkluzi ve tvaru hranolu probihajici pfes celou tloustku télesa. Tato specialné navrzena
télesa o rozmérech 40x40x160 mm s ocelovou inkluzi 8x8x40 mm umisténou uprostied
rozpéti slouzi ke stanoveni vlivu piechodové oblasti na efektivni lomoveé-mechanické
vlastnosti vysledného kompozitu. Pro simulaci zkousky je pouzit numericky model
vytvoreny v programu ATENA.

Klicova slova

Tiibodovy ohyb, ptfechodova oblast, numericky model, jemnozrnny kompozit.

Abstract

The aim of this paper is to present the numerical model of the test specimens with a steel
inclusion in the shape of the prisms which length is equal to the specimen’s width.
Specially designed specimens of the nominal dimension 40x40x160 mm with steel
inclusion of §x8x40 mm serves to determine of the influence of the interfacial transition
zone on the effective mechanical fracture parameters of composite. The numerical model
is created in ATENA software.

Keywords

Three-point bending, interfacial transition zone, numerical model, fine-grained
composite.

1 Uvod

Konfigurace tiibodového ohybu [1] patii k nejrozsifenéjsi destruktivni metodé testovani
téles z kvaziktehkych materidli, mezi které bezesporu patii i zde studovany jemnozrnny
cementovy kompozit. V piipadé lomovych testd jsou navic zkuSebni télesa opatiena
koncentratory napéti ve formé zafez predepsané délky a, vedenych ve vodorovné
urovni se spodni plochou télesa. Zde zkoumana zkuSebni konfigurace tramct
o rozmérech 40x40x160 mm s ocelovou inkluzi 8x8x40 mm umisténou uprostied
rozpéti (obr. 1) byla navrzena z diivodu zjisténi vlivu tzv. pfechodové oblasti na celkové
chovani cementového kompozitu.
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Ptechodova oblast (ITZ) v cementovych kompozitech pfedstavuje oblast v blizkosti
zrma kameniva/inkluze/vyztuze, jejiz tloustka se pohybuje okolo 50 um a ktera je,
vzhledem k niz§im hodnotdm lomové-mechanickych parametrli, povazovana za nejslabsi
¢lanek cementovych kompozith [2, 3]. Z vySe uvedené¢ho vyplyva, ze ITZ mlze mit
zésadni vliv na chovani téchto kompoziti pod ptisobicim zatizenim.

Tento ptispévek je zaméfen na porovnani dvoudimenzionalnich numerickych modelt
zkousky tiibodovym ohybem vySe popsanych tramct se zafezem délky a, = 12 mm
s/bez inkluze a s/bez ITZ.

Obr. 1: Schéma vypocetniho modelu tiibodové namahaného tramce s trhlinou délky a; = 12 mm
v systému ATENA, vc¢etn¢ barevného vyznaceni jednotlivych vrstev — matrice, inkluze a ITZ

2 Zavér
Z podrobné numerické analyzy popsaného lomového testu vyplynulo, Ze vlivem
existence ITZ v okoli inkluze dochdzi k redukci maximdalniho dosazeného zatizeni.
U varianty obsahujici ITZ a uvazujici dokonalou adhezi navic dochazi ke zméné Siteni
trhliny oproti skute¢nému/sledovanému S$iteni. Z toho vyplyvé, Ze samotny problém
oblasti s niz§imi efektivnimi hodnotami lomové-mechanickych parametrii je navic ztizen
1 nedokonalou adhezi mezi ITZ a inkluzi.

Z vyse uvedeného je ziejmé, ze ITZ lIze pravem povazovat za nejslabsi ¢lanek
cementovych kompozitl a je tedy Gcelné se ji a jeji modifikaci zabyvat.
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PILOT ANALYSIS OF CHEVRON NOTCH LIGAMENT AREA FOR APPLICATION
ON QUASI-BRITTLE MATERIALS

S. Seitl !, V. Rizi¢ka?, P. Miarka?®, J. Sobek*

Abstract

Specimens for the bending tests with the chevron notch are standardized for the evaluation
of the fracture toughness of various materials. The main advantage of this test set-up is
that no sharp pre-crack has to be introduced, because a sharp crack is formed during
loading at the beginning of the test. Furthermore, no crack length measurement is required,
and a stable crack growth can be reached due to geometry of the notch. In this contribution
a difference of the ligament area of the specimens with the straight through notch and the
chevron notch was investigated.

Keywords

Fracture mechanics, chevron notch, ligament area, work of fracture.

The applied testing technique is the chevron-notched beam test (CNB), which is a
standardized method to evaluate fracture toughness of ceramics [1], also used for brittle
metals like bearing steel [2] or aluminium alloys [3]. The advantage of this test set-up is
that no sharp pre-crack has to be introduced because a sharp crack is formed during
loading at the beginning of the test [4]. Furthermore, no crack length measurement is
required, and a stable crack growth can be reached due to the geometry of the notch [5].
The aim of this contribution is to quantify the difference of ligament area for the
specimens with the straight through notches and chevron notches.
In the load-displacement relations, the area enclosed by the response curve represents the
work done by the external load to fracture beam. In the present case, the work is consumed
in breaking the unnotched part of the beam’s cross-section — the ligament in front of the
notch. According the RILEM [6], for three-point bending test (3PB), with initial notch
the work of external force Wr, is obtained from the complete load — displacement diagram
as follows:

Wr = [ F(d)dd, (D
The value of the specific fracture energy Gr area) can be expressed as:
Wg
Gr =22 2)
lig

where Alig 1s ligament area. Therefore, for the application of the chevron notch for quasi-
brittle materials the knowledge of Auig is crucial.

Specimens with the chevron notch have a smaller ligament area Alig,chevron compared to
the standard specimens with the straight through notch Auiig, therefore more specific
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fracture energy is needed for the fracture process. The definition of the cross-section with
the straight through, sharp and blunt chevron notches shows Fig. 1.

A g A lig.chevran A ligchevran
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Fig. 1: Comparison of ligament area of straight through notch (a), chevron notch with constant angle (b)
and chevron notch with blunt end (c)

In this contribution the influence of chevron notch shape on the total ligament area was
studied. The study shows, that the specimens with chevron notch need half of the work
(energy consummation) for the fracture process then the specimens with the straight
through notch. This study will be applied for experimental measurement performed on
specimen made from the C 50/60 concrete and high strength concretes with the chevron
notches.
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