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GEOMETRICKY NELINEARNI ANALYZA OCELOVYCH
TENKOSTENNYCH NOSNIKU JEDNOOSE SYMETRICKEHO
PRUREZU ZATIZENYCH KOLMO K OSE SYMETRIE

GEOMETRICALLY NONLINEAR ANALYSIS OF STEEL BEAMS OF
MONOSYMMETRIC THIN-WALLED CROSS-SECTIONS LOADED
PERPENDICULARLY TO THE AXIS OF SYMMETRY

Ivan Balazs', Jind¥ich Melcher?

Abstrakt

Piispévek se zabyva geometricky nelinearni analyzou ocelovych nosniki jednoose
symetrického tenkosténného prifezu zatizenych kolmo k ose symetrie excentricky ke
sttedu smyku. Numerickd analyza vybranych pfi¢né zatiZenych nosnikli je provedena
v programu Dlubal RFEM metodou konec¢nych prvki. Na zakladé vysledkt je studovana
vhodnost pouziti interakéniho vztahu pro posouzeni ohybu s klopenim a krouceni.

Klicova slova

Ocel, nosnik, ohyb, krouceni, stabilita, napéti, numerické modelovani, analyza, MKP.

Abstract

The paper deals with geometrically nonlinear analysis of steel beams of monosymmetric
thin-walled cross-sections loaded perpendicularly to the axis of symmetry eccentrically
to the cross-section shear centre. Numerical analysis of selected beams is performed by
using Dlubal RFEM code based on finite element method. Accuracy of an interaction
formula for bending with lateral torsional buckling and torsion is studied.

Keywords

Steel, beam, bending, torsion, stability, stress, numerical model, analysis, FEM.

1 Uvod

Tento pfispévek se soustiedi na problematiku nosnikii prifezu U zatizenych pficnym
zatizenim plisobicim excentricky ke stfedu smyku zptsobujicim naméahani ohybem se
ztratou stability (klopenim) a kroucenim.

Pro jednoose soumérné priifezy zatizené kolmo k ose symetrie byly pottebné vztahy
pro feSeni problému klopeni pro pficné zatizeni prochazejici sttedem smyku uvedeny v
[1]. Vztahy pro vypocet klopeni v aktualné platné normé pro navrhovani ocelovych
konstrukei [2] jsou také platné pouze pro pripady, kdy vektor pricného zatizeni protina
stted smyku. Pro ostatni pifipady je doporuceno pouzit napif. numerické postupy.
Interakeni vztah pro ohyb s klopenim a krouceni neni uveden.

" Ing. Ivan Baldzs, Vysoké uéeni technické v Brné, Fakulta stavebni, Ustav kovovych a dfevénych konstrukei, Veveti 331/95, 602 00
Brno, balazs.i@fce.vutbr.cz

2 Prof. Ing. Jindfich Melcher, DrSc., Vysoké uceni technické v Brné, Fakulta stavebni, Ustav kovovych a dievénych konstrukei,
Veveii 331/95, 602 00 Brno, melcher.j@fce.vutbr.cz
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2 Numericka analyza a jeji vysledky

Pfedmétem numerického modelovéani v programu Dlubal RFEM je analyza vybranych
tenkosténnych jednoose symetrickych prifezi o rizném rozpéti zatizenych pricnymi
zatizenimi excentricky ke stfedu smyku.

Numericka analyza v programu RFEM probéhla v nékolika fazich: po namodelovani
geometrie, ulozeni a zatizeni byla provedena stabilitni analyza pro ziskani vlastnich
tvard; prvni z nich byl pouzit jako pocatecni zaktiveni (imperfekce). Geometrie nosniku
pak byla ptizpisobena pocate¢nimu zakiiveni a model tak byl pfipraven na geometricky
nelinearni analyzu imperfektniho nosniku podle teorie II. fadu [3] (GNIA analyza).

Vysledky analyzy jsou porovnany s vysledky analytického vypoctu, kdy je studovana
vhodnost uziti jednoduchého interakéniho vztahu pro kombinaci ohybu s klopenim a
krouceni. Jednd se o soucet normalového napéti od ohybu redukovaného soucinitelem
klopeni a normalového napéti od krouceni. Obr. 1 ukazuje porovnani vysledki
numerické analyzy s vysledky analytického vypoctu pti uplatnéni interakéniho vztahu
pro vybrané piipady zatizeni.

500,0 400,0
. 450'0§\ e FEM s 350,0
g 4000 N E —e— FEM
4 \\ —&— analyticky T 3000 o
3 350,0 \ H ! —&— analyticky
g 300,0 \\ 2 _2500
2 £2500 \\\ 3 £2000
N2 =
g 22000 Y & ~150,0
g 1500 \§ H 1000
& 100 \\ % 50'0
T 500 ——a '
0,0 . i - i 0,0 v v v .
1 2 3 4 5 1 2 .3 4 5
rozpéti L (m) rozpéti L (m)
Obr. 1: Porovnani vysledki (Castecné a plné spojité zatizeni)
r W
3 Zavér

V fesenych piipadech vede pouziti jednoduchého linedrniho interakéniho vztahu ve
vétSiné piipadi k mirn€ nizSim hodnotdm zatiZeni na mezi kluzu, nez které poskytly
vysledky geometricky nelinearni numerické analyzy.

Podékovani
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STATICKA ANALYZA STENY VALCOVEJ SKRUPINY
STATIC ANALYSIS WALL OF CYLINDRICAL SHELL

Lubomir Balaz!

Abstrakt

V tomto prispevku prezentujeme niekol’ko inZinierskych spdsobov a pristupov
modelovania zat'azenie a nasledny vypocet vnutornych sil a deformacii valcovych
nadrzi.

Krucové slova

valcova nadrz, metdda konecnych prvkov, zatazenie, vnttorné sily, deformacia

Abstract

In this paper are presented several types of calculate internal forces and deformation
cylindrical tank. ANALYTIC METOD, KRNA, SCIA ENGINIEER, R FEM and
ANSYS software was used to created of the model and the analysis.

Keywords

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

1 Uvod

V tomto prispevku sme sa zamerali na modelovanie valcovych nadrzi, na vypocet
vnutornych sil v stene nadrze a priehybu tejto steny. Pre analyzu bol vybrany model
valcovej nadrze zo stavebnej praxe. Takato valcova nadrz je pouzitd ako fermentor pri
zhodnocovani biologického odpadu a vyrobe bioplynu. Stena valcovej nadrze bola
pocitand roznymi programami. Zatazenie bolo zadané bud formou hydrostatického
tlaku zatazovacim trojuholnikom, alebo pomocou fluid konecnych prvkov. Dosiahnuté
vysledky su prezentované v tabulke 1.

2 Model valcovej nadrze

Ako reprezentativny model valcovej nadrze sme zvolili Zelezobeténovi monolitickll
konStrukeiu.

Vnutorny priemer: 20 metrov
Vyska nadrze: 8 metrov
Hrubka steny: 0,6 metra
Hrubka dna: 0,6 metra

Néplii (voda), mernd tiaz: 10 kN / m’

'Ing. Lubomir Balaz, Slovenska technickad univerzita, Stavebna fakulta, Katedra stavebnej mechaniky, Radlinského 11, 813 68
Bratislava, Slovenska republika,e-mail: lubomir.balaz@stuba.sk
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Obr. 1: Tvar valcovej nadrze(vlavo - SCIA ENGINEER, vpravo - ANSYS)

0,000205 394,60 108,12 10,14
0,000222 399,30 103,15 12,10

0,0002 410,12 106,28 8,97

0,0002 401,32 103,01 9,41
0,000223 417,43 29,45 10,17
0,00024 415,95 29,85 10,56
0,00024 402,50 29,85 10,56

Tab. 1: Vyhodnotenie maximalnych veli¢in na stene valcovej nadrze

3 Zaver

Z prezentovanej analyzy vyplyva, ze v dneSnej dobe existuje mnozstvo spoésobov ako
urcit’ velkosti priehybov steny valcovej nadrze a vnutornych sil, ktoré v nej posobia.
JednoduchSie modelovanie sa oproti zlozitému modelovaniu v sofistikovanych
programoch lisia len minimalne a na prvotny odhad a navrh konstrukcie uplne postacuju.
V tabulke 1 wuvadzame dosiahnuté hodnoty, priehybov, ohybovych momentov,
priecnych sil a osovych sil.

Pod’akovanie
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NUMERICKE MODELOVANIE A EXPERIMENTALNE OVERENIE
ZAVESENEHO MOSTA PRE CHODCOV

NUMERICAL MODELING AND TESTING OF CABLE-STAYED PEDESTRIAN BRIDGE
Jan Benéat', Daniel Papan®

Abstract

Modeling and testing of the structures is only way of assessing the reliability of
assumptions made in numerical modeling and is the most satisfactory means of
determining relevant parameters for evaluation existing structures. A comparison of the
values of certain quantities obtained by experiment and by theoretical analysis and
computation is the necessary prerequisite for both static and dynamic loading tests.

Keywords

Cable — stayed pedestrian bridge, bridge static and dynamic loading tests, structures
diagnostics, spectral analysis of structures, natural frequencies and modes.

1 Introduction

Cable — stayed bridges, especially pedestrian slender structures exhibit complex
behavior in which the lateral translation, torsion and vertical bending modes are often
strongly coupled. It combined spatial dynamic behavior increases the challenges
involved in the model improving of the bridges purposes. This strongly combined
vibration under load of the pedestrian bridges induces dynamic and static load tests
necessity. This paper discussed the experimental and analytical analysis of the cable —
stayed pedestrian bridge over the Hron river near Zarnovica (SK), static and dynamic
response via static and dynamic loading tests [1,5,6].

Fig. 1: General view of the cable — stayed pedestrian bridge Tennis Racket over the Hron River

! Jan Benéat, Prof., Ing., Ph.D. University of Zilina, FCE, Structural Mechanics Department, Univerzitna 1, SK-01026 Zilina,
E-mail: jan.bencat@gmail.

? Daniel Papan, Ing., PhD. University of Zilina, F.C.E, Structural Mechanics Department, Univerzitna 1. SK-01026 Zilina.
E-mail: daniel.papan@gmail.com
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Ambient vibration tests [1] were also carried out to determine the service dynamic
characteristics of the bridge (dynamic load factor — DLF, damping, etc.) and basic modal
parameters in the frequency range 0.3 Hz to 10 Hz via spectral analysis means [7].

The experimental investigation was complemented by development of a simplified
Finite Element Model (FEM), so that the main assumptions adopted in model were
assessed through the comparison between measured and designed dynamic and modal
parameters [1,2,3,4], see also Tab. 1.

Calculated frequency f; Measured frequency f; Natural mode
[Hz] [Hz]
fio=1,224 fo= 1,131 1 bending vertical
f=1903 f&=1,654 1 torsion
f5= 2,851 f5= 2,507 2 torsion
fn=23,724 fo= 3,582 3 torsion

Tab. 1: Calculated and measured bridge natural frequencies

2 Conclusions.

1) The static and dynamic behavior of the pedestrian cable — stayed bridge confirmed
good agreement between numerical (FEM) and experimental static deflections (SLT)
and dynamic parameters — natural modes and frequencies and DLF, (DLT).

2) The numerical model can be greatly affected by the sag of the cable and geometrical
stiffness; if such effects are neglected in the FEM modal analysis, the resulting
theoretical and experimental dynamic properties can be different.

3) The vibration under the common service load acting was safety but during monitoring
of the bridge it sometimes appeared not comfortable for the pedestrians using.

4) Nowadays, the increased service vibrations are reduced by structural modifications
following from the Static and Dynamic loading test results [1].
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EXPERIMENTALNI MERENI TEPLOT A NAPJATOSTI ZAKLADOVE
DESKY NARODNIHO SUPERPOCITACOVEHO CENTRA

EXPERIMENTAL MEASUREMENT OF TEMPERATURES AND STRESSES IN THE
FOUNDATION SLAB OF NATIONAL SUPERCOMPUTER CENTER

Radim Cajka', Roman Fojtik’

Abstrakt

V piispévku je popsén zplsob experimentdlniho méteni teplot a napéti Zelezobetonové
zakladové desky béhem vystavby Narodniho superpocitacového centra v Ostrave.

Klicova slova

Experimentalni méfeni, teplota, napjatost, betonové zékladové konstrukce, kluzné spary

Abstract

In the paper is described the method of experimental temperature and stress
measurement of reinforced concrete foundation slab during building-up of National
Supercomputing Centre in Ostrava.

Keywords

Experimental measurement, temperature, stress, concrete foundation, sliding joints

1 Uvod

Pocatkem roku 2013 byla vramci ,,OP VaVPI projektu IT4 Inovations* zahdjena
vystavba Centra excelence - Narodniho superpoéitatového centra v aredlu VSB —
Technické univerzity Ostrava. S ohledem na ndro¢nost stavby, slozité zakladové poméry
a betonaz v zimnich podminkéch bylo rozhodnuto ovétit béhem vystavby pribeh teplot a
stav napjatosti zékladové desky.

2 Méreni teplot a napjatosti Zelezobetonové zakladové desky

Foliové tenzometry jsou nalepeny na betonaiskou vyztuz, kterd je umisténa v obou
hlavnich smérech pii hornim a spodnim povrchu zb. desky. Sledovani zmény napjatosti
betonové desky, je zajisténo pouzitim strunovych tenzometri, které jsou umistény
v podélném 1 pficném sméru po vysSce zelezobetonové deky v trovnich po cca 90 mm v
méficim pilifi. Tato ¢idla rovnéz umoznuji mefeni zmén teplot, které v pocatecnim
stadiu vznikaji vlivem vyvoje hydrata¢niho tepla cementu a kolisanim teplot vnéjsiho
prostiedi [1].

'Prof. Ing. Radim Cajka, CSc., VSB — TU Ostrava, Fakulta stavebni, Katedra konstrukei, L. Podésté 1875, 708 33 Ostrava — Poruba,
radim.cajka@vsb.cz
2Ing. Roman Fojtik, VSB — TU Ostrava, Fakulta stavebni, Katedra konstrukci, L. Podésté 1875, 708 33 Ostrava — Poruba,
roman.fojtik@vsb.cz
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Obr 1. Sestava méficiho pilife osazeného do zelezobetonové desky
3 Zavér
Experimentalni ovéteni teoretickych predpokladi zmén napjatosti zakladovych
konstrukci vlivem kolisani teplot vnéjSiho prostfedi, vyvoje hydratacniho tepla a
objemovych zmén betonu je nezbytné pro verifikaci navrzenych vypocetnich modelt.

Vysledky méfeni potvrdily teoretické vypocty [6] a piiznivy vliv hydratace betonové
smési [1], [2], [3] na teplotu kluznych spar i v zimnim obdobi [4], [5].
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PRESYPANE ZDENE KLENBOVE MOSTY - INTERAKCE ZEMINY A
KONSTRUKCE V INZENYRSKYCH APLIKACICH

BURIED MASONRY ARCH BRIDGES — MODELLING OF THE SOIL-STRUCTURE
INTERACTION IN ENGINEERING APLICATIONS

Michal Drahorad’

Abstrakt

Tato prace se zabyvad mozZznostmi modelovani interakce zdénych klenbovych mostnich
konstrukci s materidlem zasypu v inzenyrskych aplikacich. Hlavnim cilem prace je
vyvoj numerického modelu konstrukce vystihujiciho s dostate€nou piesnosti skute¢né
chovani mostu na rovni pouzitelné v bézné inzenyrské praxi. V ¢lanku jsou uvedeny
zakladni pfedpoklady, definice modelu interakce zeminy s klenbou a rozbor dosazenych
vysledkd.

Klicova slova

Klenbovy most, interakce se zeminou, zemni tlak

Abstract

The paper deals with modeling of soil-structure interaction of buried masonry arch
bridges. The main scope of this work is developing of a numerical model with sufficient
accuracy for engineering applications. Basic presumptions, numerical model definition
and analyses of results are introduced in the paper.

Keywords

Masonry arch bridge, soil interaction, earth pressure

1 Uvod

Zdéné klenbové mosty s piesypavkou jsou jednim z nejstarSich druhii trvalych mostu.
Stavba téchto mostl je z femesIného hlediska relativné jednoducha a jejich tinosnost
znaéna. To je i diivodem jejich rozsahlého rozifeni jak po svété, tak i v CR. V souasné
dobé 1ze odhadovat, ze se celkovy pocet aktivné uzivanych zdénych klenbovych mosti
na komunika¢ni siti v CR pohybuje kolem 10.000, pfitom jejich primérné stafi
presahuje 100 let. Uvazime-li pfedpoklddanou zivotnost konstrukce 100 let a vyvoj
zatizeni dopravou po dobu jejich uzivéni, je ziejmé, Ze tyto mosty vyzaduji, nebo
v nejblizsi dobé budou vyzadovat, zdsadni opravu, zesileni, ¢i dokonce ndhradu novou
konstruket.

S ohledem na vyse uvedeny pocet aktivné uzivanych klenbovych mosti a s ohledem
na soucasny stav vefejnych financi nebude mozné vSechny nevyhovujici mosty nahradit

! Ing. Michal Drahorad, Ph.D., CVUT v Praze, Fakulta stavebni, Katedra betonovych a zdénych konstrukci, E-mail :
michal.drahorad@fsv.cvut.cz
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novymi ani je v nejbliz$i dobé opravit. Proto nabyva na vyznamu stanoveni skute¢ného
stavu a unosnosti, resp. zatizZitelnosti, zdénych klenbovych mostii a v souvislosti s touto
ulohou je zasadni i spoluptisobeni zdéné klenbové konstrukce s materialem zasypu.

2 Model interakce

Protoze vlastni zdénd klenbova konstrukce je velmi tuhd, je v rdmci modelu konstrukce
zasyp modelovan jako silové, deformacné zavislé, zatizeni. To s sebou pfinasi i vyhodné
sniZeni numerické narocnosti modelu, ktery je nasledné podroben materialové nelinearni
analyze. Velikost zatizeni se stanovi na zaklad¢ geometrie konstrukce, objemové tihy
materidlu zdsypu (svisly smér) a zatlateni deformované konstrukce do zeminy
(vodorovny smér). Pro stanoveni velikosti vodorovného zatizeni se vyuzije zavislost
velikosti zemniho tlaku na zatla¢eni do zeminy stanovena podle zasad mechaniky zemin.

Protoze material zasypu klenby je zpravidla tvofen nesoudrznymi zeminami, jsou pro
stanoveni meznich vodorovnych tlaki vyuzity klasické vztahy odvozené z rankinovy
teorie zemnich tlakd. Zasadni vyznam pro mezilehlé hodnoty vodorovného tlaku ma
zejména hutnéni zasypu. Pro stanoveni soulinitele bocniho tlaku v klidu je vyuzito
jékyho vztahu doplnéného o vliv piekonsolidace (soucinitele OCR).

K, oc =(1-sing')-OCR™’ (1)

Z uvedenych zakladnich hodnot vodorovného tlaku je potom sestavena zdvislost
vodorovného tlaku na zatlaceni konstrukce do zeminy — viz Obr. 1.
3,50 4

3,00

250 /

—26.316
15.038

—10.526
3.759

—1

Soucinitel vodorovného tlaku [-]

-0,01 0 0,01 0,02 0,03 0,04 0,05 0,06 0,07

Relativnizatlaeni do zeminy [-]

Obr. 1: Zavislosti souCinitele vodorovného tlaku na zatlaceni do zeminy pro rizné hodnoty OCR

3 Zavér

Uvedeny model interakce zeminy byl implementovan do numerického modelu
konstrukce a je v soucCasnosti ovéfovan v praxi. Dal§i vyzkum je zaméien na velikost
piekonsolida¢niho napéti a distribuci proménnych dopravnich zatizeni v zasypu.
Podékovani
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PRETLACENIE BETONOVYCH LOKALNE PODOPRETYCH
STROPNYCH A ZAKLADOVYCH DOSIEK

PUNCHING OF CONCRETE FLAT SLABS AND FOOTINGS

Ludovit Fillo ', Jaroslav Halvonik

Abstrakt

V prispevku je prezentovany jav pretlacenia betonovych lokalne podopretych stropnych
a zédkladovych dosiek. Uvedené su obmedzenia CEN/TC250/SC2 — max. Smykovej
odolnosti takychto konstrukcii s krehkym - ndhlym spdsobom porusenia. Prezentované
su tiez grafické zdvislosti max. hrabky dosiek v zavislosti na zataZeni, rozpiti a stupni
vystuZenia.

Klucové slova

pretlacenie, lokalne podopreta doska, krehké - nahle porusenie, max. Smykova odolnost’

Abstract

Paper deals with punching phenomenon of concrete flat slabs and footings. Presented are
limits of CEN/TC250/SC2 — max. shear resistance of these structures with brittle and
sudden mode of failure. There are also presented graphic relations between slab
thickness and loads, spans and reinforcement.

Keywords

punching, flat slab, brittle failure, progressive collapse

1 Uvod

Vzhl'adom na existujiice zlyhania lokalne podopretych dosiek a netypicky nahly spdsob
porusenia CEN/TC250/SC2 Subkomisia pre betonové konStrukcie pripravila
obmedzenia — max. Smykovej odolnosti takychto konStrukcii. Jednotlivé ¢lenské Staty
CEN upravili tieto obmedzenia do svojich NA. V prispevku uvddzame tieto obmedzenia
a ich vplyv na navrh lokalne podopretych stropnych a zakladovych dosiek.

2 Pretlac¢enie dosky

Na obr. 1 je schematicky zndzorneny jav pretlacenia bodovo podopretej dosky -
porusenie tlakovej diagondly (drvenie betonu) a Smykové porusenie v prvom kontrolnom
obvode, betonu resp. Smykovych tinov v tahu. Uvadzané obmedzenia sa tykaju celkove;j
Smykovej odolnosti a tito hodnotu nemozno prekrocit' aj za predpokladu vysSieho
vystuzenia Smykovou vystuzou.

! prof.Ing.Pudovit Fillo,PhD, Stavebné fakulta STU v Bratislave, Radlinského 11, 813 68 Bratislava
2 prof.Ing.Jaroslav Halvonik,PhD, Stavebna fakulta STU v Bratislave, Radlinského 11, 813 68 Bratislava
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Obr. 1: Model pretlacenia lokalne podopretej dosky

3 Navrh hrubky dosky

Na zaklade novych obmedzeni Smykovej odolnosti boli vypocitané a zobrazené
zavislosti hrabky stropnej a zékladovej dosky na rozpiti - vzdialenosti stlpov, stupna
vystuzenia a vel'kosti zat'’azenia.
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Obr. 2: Navrh hriibky bodovo podopretej dosky
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EXPERIMENTALNI MERENI TUHOSTI KRUHOVEHO ZTUZIDLA

EXPERIMENTAL MEASUREMENT OF STIFFNESS OF CIRCULAR BRACES

Roman Fojtik', Tomas Novotny?, Jan Hurta®

Abstrakt

Vysoké a §tihlé konstrukce vyzaduji zvySené naroky na vodorovné ztuzeni, predevsim
z divodu zatizeni od vétru a seismicity. Jednou z moznosti vyztuzeni téchto konstrukci
je vyuziti nového ztuzujiciho systému s nazvem ,,Kruhovy ztuzujici systém®, ktery je v
soucasné dob¢ podrobovan laboratornimu zkouseni.

Klicova slova

experiment, ztuzeni, ocel, numericky model

Abstract

Tall and slendTall and slender structures have higher demands on the horizontal bracing
mainly due to wind and seismic actions. One option for the reinforcement of these
structures is to use a new stiffening system called "circular reinforcing system" which is
currently subjected to laboratory testing.

Keywords

experiment, bracing, steel, numerical model

1 Uvod

Vystavba objektil, jejiz konstrukce musi odolavat horizontdlnim silam, tvofenym
pfedevsim proudem vétru, vody, zemétfesenim a mnoha dalSimi, klade zvySené néaroky
na ztuzeni odolavajici témto silam. Mezi tyto konstrukce patii stozéary, rozhledny,
vyskové budovy a dalsi. Velké Stihlosti vertikalnich konstrukei, vyzadujici vys$si tuhosti
ztuzidel, pfinaseji prostor pro nové netradicni fesSeni [1].

Jednim z téchto netradi¢nich feSeni je 1 ,,Kruhovy ztuzujici systém* [2], [4], ktery je
podrobovan laboratornimu zkouseni. Zkousky jsou zaméfeny predev$im na smykovou
tuhost téchto prvki. Dale se také ovétuji napjatosti ve vybranych bodech a pfipravuji se
dynamické zkousky. NejdulezitéjSim zjisStovanym parametrem je praveé tuhost systému
ve smyku, kterd je rozhodujici pro praktické zabudovani do konstrukce. Smykovym
zkouskam jsou podrobovany vzorky 1. etapy, které se skladdaji ze dvou zkuSebnich
soubori. Prvni soubor je tvofen vzorky zmensSeného ,Kruhového ztuzidla® bez
predpinacich sil. Vzorky druhého souboru jsou jiz s predpétim.

' Ing. Roman Fojtik, VSB-Technicka univerzita Ostrava, Fakulta stavebni, Katedra konstrukci, Ludvika Podésté 1875/17, 708 33
Ostrava — Poruba, roman.fojtik@vsb.cz
2 Dr. Ing. Tomas Novotny, VSB-Technicka univerzita Ostrava, Fakulta stavebni, Katedra konstrukci, Ludvika Podéste 1875/17, 708

33 Ostrava — Porubfl, tomas.novotny@yvsb.cz
3 Ing. Jan Hurta, VSB-Technicka univerzita Ostrava, Fakulta stavebni, Laboratof stavebnich hmot, Ludvika Podéste 1875/17, 708 33

Ostrava — Poruba, jan.hurta@vsb.cz
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Obr. 1: experimentalni zkousky kruhového ztuzidla

2 Zavér

V soucasnosti jsou nové konstrukce navrhovany predev§im pomoci softwaru
vyuzivajicich MKP. Témito prostfedky je mozné modelovat t¢éméf vSe, co si Clovek
zamane, ale ne vzdy vysledky koresponduji se skuteCnosti. Pravé zkouSené zmensené
modely by mély ukdzat, zda numerické simulace odpovidaji realnému chovani
zkousenych vzorkd. Momentalné probihd intenzivni zkouSeni experimentélni konstrukce
kruhového ztuzidla a dil¢i vysledky budou uvedeny v ptipravované prezentaci k tomuto
¢lanku.
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GENERATOR CTYRUHELNIKOVE SITE

QUADRILATERAL MESH GENERATOR

Petr Frantik'

Abstrakt

Clanek pojednava o generovani sité Gtyiuhelnikd pro potieby metody koneénych prvkiL.
Sit’ je generovana na libovolné mnoziné bodt, pomoci Deloneho triangulace. Tvar sité je
optimalizovan pomoci dynamické simulace.

Klicova slova

Ctytthelnikova sit, Deloneho triangulace, tvarova optimalizace, dynamicka simulace.

Abstract

The paper is focused on making meshes of quadrilaterals for application of finite
element method. The mesh is generated on arbitrary set of points with help of the
triangulation Delaunay. The shape of the mesh is optimized by a dynamical simulation.

Keywords

Quadrilateral mesh, triangulation Delaunay, shape optimization, dynamical simulation.

1 Uvod

Ctytuhelnikové sité se intenzivné uzivaji pro vypodéty deformaci a napéti v rovinnych
ulohach mechaniky deformovatelnych téles pomoci metody koneénych prvki. Kazdy
¢tyfuhelnik sit¢ by mél byt tvarové co nejblizs§i Ctverci z divodu vystiznosti
aproximovanych veli¢in a numerické stabilité. Zde prezentovany postup vytvéieni je
zalozen na péti jednotlivych technikach pouzitelnych samostatné.

ST T
T Qe
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A AT
J
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O

Obr. 1: Posloupnost vytvareni sité s optimalizaci
Nejprve je na mnoziné bodl provedena triangulace, viz obr. 1. Vzniklé trojihelniky
jsou poté spojovany do ctyfuhelnikii, dokud neztstanou trojuhelniky, které jiz nemaji
vhodné partnery ke spojeni. Vznikla smiSend sit' se rozdéli tak, ze vznikne sit’

! Ing. Petr Frantik, Ph.D., Vysoké ugeni technické v Brng, Fakulta stavebni, Ustav stavebni mechaniky, Veveti 331/95, 602 00 Brno,
e-mail: kitnarf@centrum.cz
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¢tyfuhelnika s ptiblizné dvojnasobnou hustotou. Odstrani se specifické kosoctverecné
utvary. V kazdé fazi se ptfitom provadi optimalizace tvaru sité, kterd méni polohy uzli
sité.

2 Spojovani trojuhelniki

V této fazi se prochdzi vSechny trojiihelniky. Pro kazdy trojihelnik je nalezena trojice
sousednich trojuhelnikti. Pro tfi ¢tyifuhelniky vzniklé spojenim plvodniho trojuhelnika
s jednim z partnert je spocitdno bezrozmérné ¢islo, tzv. index pravidelnosti (regularity)
r, pro které plati:
A

ek (1)
kde A je plocha ctyithelnika a C je jeho obvod. Spojeni partnerti se provede pro
Ctyfuhelnik s nejvy$Sim indexem pravidelnosti, pokud tento index piekro¢i urcitou
prahovou hodnotu. Vysledkem je smiSend sit’ obsahujici trojuhelniky a ¢tyfuhelniky, viz
obr. 1 uprostied.

r

3 Rozdéleni

WV

kazdého n-tthelniku a ve stfedech vSech hran sité [1]. Kazdy trojuhelnik respektive
ctytuhelnik se rozpadne na tfi respektive Ctyii ¢tyfuhelniky, viz obr. 2.

A

Obr. 2: Rozdéleni n-uhelnika

Po provedeni rozdé¢leni lze sit’ znovu podrobit optimalizaci (obr. 2 vpravo).

4 QOdstranéni kosoc¢tverca

Vyse popsany postup generovani sité¢ typicky vytvaii nevhodné kosoctverecné uvary
znazornéné¢ na obrazku 3. Tento Utvar lze snadno detekovat a odstranit slou¢enim
blizsich protilehlych uzla kosoctverce.

00 Q1

Obr. 3: Kosoc¢tvereény tutvar a jeho odstranéni
Prezentované vysledky byly ziskany za financni podpory projektu specifického
vysokoSkolského vyzkumu registrovaného na VUT v Brné pod ¢. FAST-S-12-34.
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SENSITIVITY ANALYSIS OF CYLINDRICAL SHELL

Maksym Grzywinski', Iwona Pokorska’

Abstract

The paper deals with some aspects of structural sensitivity analysis and its application
in the engineering practice. The consideration is illustrated by numerical results
concerning an industrial thin shell structure modeled as a 3-D structure.

Keywords

Sensitivity analysis, shell structure, finite element method.

1 Introduction

In the sensitivity analysis a variability of some functionals is investigated that
characterize the behavior of structural system and depend on a number of design
variables. All the magnitudes which affect the structural behavior of a system under
consideration can serve as the variables, for instance the cross-sectional areas and
lengths of particular elements, Young’s moduli of used material etc. These functional
can in general depend on the current states of displacements and stresses as well as their
admissible values called the design constraints.

One of the first paper on the sensitivity analysis was written by CAMPBELL and
ZIENKIEWICZ [1] followed over recent years by an increasing number of paper devoted
to this subject. Relatively many paper have been published in the aeronautical periodical
(HAFTKA and MROZ [2], AURORA and CARDOSO [3]). The sensitivity analysis has found
its main applications in optimization problems, though. The goal of this paper is to
indicate suitability of such analyses in the state-of-the-art structural design and
inspection, in particular, of structural systems.

In this paper a linear sensitivity analysis of a thin shell structure subjected to static
load is presented under the constraints on the nodal displacements; comprehensive
aspects of computer implementation is discussed.

3 Example of analysis

3.1 Description of structure

This example the response of a thin shell structure is considered. Fig. 3.1 shows the
half of a cylindrical shell clamped at boundaries under uniformly distributed pressure
p=15kN/m*. The remaining input data are: radius R=2,5m, length L=12m,
thickness # =0,10 m , Young modulus £ =30 MPa , Poisson ratio v =0,2.

' Maksym Grzywinski, Ph.D., Czestochowa University of Technology, Faculty of Civil Engineering, Department of Building,
Construction and Engineering, Poland, 42-200 Czestochowa, ul. Akademicka 3, tel.: (+48) 343250924, e-mail:
mgrzywin@bud.pcz.czest.pl

2 Iwona Pokorska, Ph.D., Czestochowa University of Technology, Faculty of Civil Engineering, Department of Theory of Structures,
Poland, 42-200 Czestochowa, ul. Akademicka 3, tel.: (+48) 343 250 920, e-mail: pokorska@bud.pcz.czest.pl
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Fig. 3.1: 60-element shell with mesh grid

4 Conclusion

Static sensitivity analysis of 3-D shell structure is presented in the paper under

displacement constraints. The conclusions drawn are directed to the practicing structural
designer and consulting expert. Thus the classical methods can be supplemented with the
sensitivity analysis which has otherwise been treated as a tool in problem of structural
optimization.
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MODELOVANI SIRENI TLAKOVE VLNY V UZAVRENEM
PROSTORU NADRAZNI BUDOVY

MODELLING OF BLAST WAVE PROPAGATION WITHIN
CONTAINED SPACE OF A RAILWAY STATION BUILDING

Radek Hajek', Marek Foglar’

Abstrakt

Cilem pfispévku je analyza Sifeni tlakové viny po vybuchu v uzavieném prostoru
budovy nadrazi. Piispévek je zaméfen zejména na pocitaové modelovani a pochopeni
dynamiky tlakové viny a jejiho Sifeni prostorem v interakci s pevnymi ¢astmi budov a
dalSimi prekaZkami. Jsou navrZeny betonové zabrany pfispivajici k rychlejsi disipaci
uvolnéné energie a k omezeni rozsahu Skod zpisobenych vybuchem.

Klicova slova

vybuch, tlakova vlna, MKP analyza, zabrany proti Sifeni tlakové viny

Abstract

The main objective of this paper is an analysis of blast wave propagation within the
contained space of a railway station building. The paper is focused on computer
modelling and understanding of blast wave dynamics in interaction with the solid
building. Concrete barriers are proposed for faster energy dissipation and reduction of
the damage caused by the explosion.

Keywords

explosion, pressure wave, FEM analysis, barriers against the pressure wave spreading

1 Uvod

Vzhledem k soucasnému vzestupu hrozby teroristického utoku je vyzkum v oblasti
zatizeni zejména vetfejnych budov a jejich wvnitintho prostfedi vybuchem znac¢né
aktualni. Budovy typu nadraznich hal, letiSt, ambasad apod. by mély byt navrzeny tak,
aby zabezpecily co nejvétsi moznou miru bezpecnosti osob uvnitt a v blizkém okoli.

Hlavnim pozadavkem na kazdou takovou budovu je zajisténi jeji statické funkce pro
jakykoli vybuch, at’ uz zplsobeny teroristickym utokem nebo nehodou. Druhym
pozadavkem je pokusit se redukovat mnozstvi potencidlné nebezpecnych ulomku
vnitiniho vybaveni, napf. sklenéné stiepy a kusy nabytku, které jsou pii vybuchu
vymrstény do vzduchu.

Diky vyvoji v pocitacové technice a programovém vybaveni je mozné provadét
numerické analyzy jak samotného vybuchu, tak hlavné chovani okolniho vzduchu a
objektl v jeho dosahu. S ptihlédnutim k vysledkiim provedenych simulaci jsou navrzena

" Ing. Radek Hajek, Ceské vysoké ucenti technické v Praze, Thakurova 7, 16629 Praha 6, radek hajek@fsv.cvut.cz
? Ing. Marek Foglar, Ph.D., Ceské vysoké uéeni technické v Praze, Thékurova 7, 16629 Praha 6, marek.foglar@fsv.cvut.cz
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riznd uspofddani zabran, kterd maji za poslani Sifici se vybuchovou vinu zpomalit ¢i
utlumit. Dtlezitym kritériem bylo mimo schopnosti snizit razanci pretlakové viny také
zachovani funkénosti a prostupnosti interiéru nadrazni budovy.

2 Zatizeni vybuchem

Podstata zatizeni vyvolaného vybuchem spociva v Sifeni tlakové viny, tedy oblasti
stlaten¢ho vzduchu. Tlakové vlna se pohybuje z epicentra vybuchu a nabyva znacné
rychlosti, ta ¢asto prekracuje rychlost zvuku. To znamend, Ze proces Sifeni tlakové viny
v uzavieném prostoru probéhne v fadu milisekund, coz musi byt brano v potaz pfi
usporadani a nastaveni vypocetniho modelu.

Ackoli vybuch ve vefejné budové miize vzniknout pii nehod€, v naprosté vétSing
ptipadi se spojuje s teroristickym utokem. Ten ma urcitd specifika, se kterymi je tfeba
uvazovat.

3  MKP analyza

Za ucelem analyzy Sifeni tlakové viny v uzavieném rozsadhlém prostoru, napt. nadrazni
budovy, byl vytvofen jednoduchy vypocetni model (Obr. 1). Simulace vybuchu byla
provedena programem pro vypocty explicitni dynamiky LS-DYNA, pracujicim v ramci
robustniho vypocetniho programového baliku ANSYS.

Obr. 1: Priklad pocitaéového modelu nadrazni budovy s probihajicim vybuchem v rohu budovy bez
zéabran (vlevo) a vodorovny fez vzduchem s odrazem tlakové viny ve stejném Case (vpravo)

4 Zavér

Tento ptispévek reprezentuje uvod do problematiky modelovani chovéni tlakové viny
v interiéru vetejné budovy a zajisténi bezpecnosti jejich uzivateli. Vysledky analyzy
ukazuji, ze vhodnymi prostiedky je mozné zménit chovani tlakové viny, tim omezit jeji
destruktivni potencial a zredukovat pocet potencialnich obéti vybuchu. Pro budouci
vyzkum je stéZejni ovéfit presnost ziskanych vysledkli porovnanim s experimentalnimi
daty a, bude-li nutné, provést kalibraci vypocetniho modelu.
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PRETLACENIE — PRICINY HAVARIE V KOMPLEXE TRINITY
PUNCHING — THE REASONS OF FAILURE IN COMPLEX TRINITY

Jaroslav Halvonik', Ludovit Fillo

Abstrakt

Prispevok je venovany objasneniu pri¢in zrutenia nosnej konStrukcie garazi
v polyfunkénom komplexe Trinity, ku ktorej doslo vjuli roku 2012 v Bratislave.
Lokalne zlyhanie streSnej dosky malo za nasledok uplnt deStrukciu pat poschodovej
budovy, ktorej stropné konstrukcie boli navrhnuté ako lokalne podopreté dosky.

KPacové slova

pretlacenie, lokalne podopreta doska, krehké porusenie, retazové zrutenie

Abstract

Paper deals with clarifying of the reasons of car garage structural collapse in
multifunctional complex Trinity in Bratislava which occurred in Bratislava in July 2012.
Local failure of roof slab caused total destruction of five story building, where floors
were designed as RC flat slabs.

Keywords

punching, flat slab, brittle failure, progressive collapse

1 Uvod

V nedelu 1. jula 2012 v rannych hodinach doSlo ku zrateniu stropnych konStrukcii
garazi obchodno-obytného komplexu Trinity v Bratislave, pozri obr.1. Nakol'ko zrutena
cast’ nebola skolaudovania nedoSlo nastastie ku strate na l'udskych Zivotoch ani ku
zraneniam 0sob.

2 Popis konStrukcie

Polyfunkény komplex Trinity tvoria tri dilatacné celky A,B,C. Kazdy dilata¢ny celok
pozostava zo suterénov, podnozi a obytnej Casti. Nosny systém suterénov, ktoré sluzia
ako gardzové statia a podnozi na ktorych mali byt situované obchodné prevadzky
predstavuju lokalne podopreté dosky hrabky 220 mm, okrem dosky nad 1.PP, ktorej
hrabka je zvidena na 350 mm a v mieste stipov d’alej zosilnena hlavicami hrabky 500
mm. Dosky st vi&§inou podopreté stipmi 400x500 mm, alebo kruhovymi stipmi s ¢ 600
mm a pod obytnou castou 500x800 mm. Dosky mali maximalne rozpdtia 7,5x6,0 m.
Obytnu Cast’ tvoria tri vySkové budovy s 22, resp. 26 poschodiami, kde je navrhnuty
stenovy nosny systém. V stcasnosti je dokonceny dilata¢ny celok ,,A“ a hruba stavba
dilata¢ného celku ,,B“. V pripade dilata¢ného celku ,,C* st dokon¢ené podnoze.

! prof.Ing.Jaroslav Halvonik,PhD, Stavebna fakulta STU v Bratislave, Radlinského 11, 813 68 Bratislava
2 prof.Ing.I'udovit Fillo,PhD, Stavebna fakulta STU v Bratislave, Radlinského 11, 813 68 Bratislava
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Obr. 1: Pohl'ad na zraten( Cast’ konstrukcie

3 Zlyhanie konStrukcie

V objekte dilatacného celku B sa zrutila Cast, ktord mala sluzit’ ako parkovaci dom a
wellness. Strecha objektu bola navrhnutd ako zelend s premennou vrstvou zeminy
hrabky 1050 az 1300 mm. Tato vrstva zeminy bola umiestnend na lokélne podoprete;j
doske hrabky len 200 mm.

'8 ayic i e b :
& k = s |

Obr. 2: Charakteristicky tvar poruchovej zony pri pretladeni stip - doska

Charakteristicky tvar poruchovej zény ukazuje, ze k zlyhaniu doslo v dosledku
pretlacenia silne zatazenej dosky. Zlyhanie malo krehky charakter a bolo progresivne -
retazové, tj. pretlaenie dosky okolo prvého stipa sposobilo pretazenie oblasti
susednych stipov a takto sa postupne rozsirilo po celej konstrukcii. Pad stresnej dosky
spdsobil postupne zrutenie d’alSich stropnych dosiek a celkovy kolaps budovy garazi.
Pod’akovanie
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INICIACE TRHLIN V TELESECH Z DRATKOBETONU

CRACK INITIATION IN STEEL FIBRES REINFORCED CONCRETE SPECIMENS

Ivana Havlikova', Magdaléna Drbuskova’, Hana Simonova®, Jaromir Lanik*,
Zbynék Kersner’

Abstrakt

V prispévku se kvantifikuje odpor proti stabilnimu Sifeni trhlin dratkobetonovymi
zkuSebnimi télesy, ktera jsou pfed testem opatiena zafezem a namahéana v tfibodovém
ohybu. Porovnavaji se odezvy téles s dratky délky 38 a 52 mm. Pro vyhodnoceni je
pouzit lomovy model ,,dvoji-K*.

Klicova slova

Iniciace trhliny, lomovy model ,,dvoji-K*, beton s rozptylenymi dratky.

Abstract

The aim of this paper is to quantify crack initiation in steel fibres reinforced concrete
specimens. Response of notched specimens with fibre lengths 38 and 52 mm in three-
point bending is compared. The double-K fracture model is used.

Keywords

Crack initiation, double-K fracture model, steel fibres reinforced concrete.

1 Uvod

Kompozity na bazi cementu patii k nejpouzivanéj$§im materialim inZenyrskych staveb.
Predstavuji kompozity velmi adaptabilni a pouzitelné pro rtizné ucely v konstrukéni
praxi diky svému charakteru a technologii vyroby. Hlavnim reprezentantem tohoto
materidlu je beton. Jeho aplika¢ni moznosti lze dale rozSifovat piidavkem raznych
vldken, ktera mohou jiz pfi relativné malém objemovém zastoupeni v betonové smeési
pozitivn¢ ovlivnit v budoucim kompozitu zejména odolnost proti Sifeni trhlin.
V predkladaném ptispévku jde o vldkna ocelovéa — dratky — a pozornost je zde zamétena
k vystizeni jejich pfinosu v prvotnim stddiu poruSovani kompozitu.

V piispévku je pouzit lomovy model ,,dvoji-K*. V principu tento model vychazi
z konceptu ptisobeni kohezivnich sil nalicich efektivni trhliny kombinovaného
s kritériem rozvoje trhliny zalozenym na faktoru intenzity napéti. Pfednosti modelu je
popis riznych Grovni §ifeni trhliny: tj. iniciacni, kterd odpovida pocatku stabilniho $ifeni
trhliny (pti dosazeni urovné faktoru intenzity napéti rovné K,") a kritickou, ktera

Ie
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koresponduje s poc¢atkem nestabilniho $ifeni trhliny (pfi dosazeni lomové houzevnatosti
Klﬂ’l )
Ie /*

2 Testovani dratkobetonovych téles

Testovana t¢lesa byla pfipravena z betonu tiidy C25/30, do kterého byly ptidany ocelové
dratky tloustky 1 mm. V sadé¢ testovanych téles s oznacenim D S§lo o dratky typu
MEZ 10/52 délky 52 mm, v sad¢ K pak dratky typu MEZ 10/38 délky 38 mm. Mnozstvi
t&chto dratkil bylo v obou piipadech 30 kg/m’.

Zkousky v tfibodovém ohybu byly provadény na télesech ve tvaru tramce
s centralnim zéafezem. Staii téles bylo 37 dni. Celkem bylo odzkouseno 24 trdmct
(dvanact z kazdé sady). Nominalni rozméry téles byly 150x150x550 mm, rozpéti Cinilo
500 mm. Pocatecni zafezy byly pfed samotnym testovanim vytvoreny pilou
s diamantovym kotou¢em. Hloubka tohoto zafezu byla pfiblizné¢ 20 % vysky télesa.
Béhem lomovych zkousek byly zaznamendvany P—-CMOD diagramy, z nichz byla dale
odectena vstupni data pro model ,,dvoji-K* k urceni hodnot lomové-mechanickych
parametr obou betont.

3 Vyhodnoceni vysledki lomového modelu

Ziskané vysledky jsou prezentovany v podobé poméru Ki.™/ Ki.”, tj. poméru hodnot
Pini/Piay, tj. poméru hodnot sily, pfi které se zacne trhlina stabilné Sifit k maximalni
dosazené sile. Ziskané poméry byly pro oba druhy betonu (pro zkusebni sadu D, resp. K)
statisticky vyhodnoceny, byl tedy spocitan aritmeticky primér, vybérova smérodatna
odchylka a varia¢ni koeficient — tyto hodnoty shrnuje Tab. 1.

omér stiredni smérodatna variacni
.p. y hodnota [-] | odchylka [-] | koeficient [%]
K"/ K" 0,525 0,058 11,1
Sada D Pini/Punas 0,818 0,085 10,3
K"/ K" 0,522 0,051 9,9
Sada K PP 0,792 0,058 74

Tab. 1: Vyhodnoceni relativnich hodnot lomové houZevnatosti a zatiZeni na pocatku stabilniho Sifeni
trhliny pro sadu D (ocelové dratky délky 52 mm) a K (ocelové dratky délky 38 mm)

4 Zavér
V ptispévku byla kvantifikovana iniciace trhlin v dratkobetonovych zkuSebnich télesech

s vyuzitim lomového modelu ,,dvoji-K*. Ukazalo se, ze ocelova vladkna se znac¢nou
mérou podileji na zhouzevnaténi kompozitu jiz v prvotnim stadiu zatézovani téles.

.....

téles z betont s kratkymi a dlouhymi dratky vyznamny rozdil.
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NUMERICKA PODPORA ZKOUSKY EXCENTRICKYM TAHEM
APLIKOVANA NA KVAZI-KREHKE MATERIALY

NUMERICAL SUPPORT FOR COMPACT TEST APPLIED ON
QUASI-BRITTLE MATERIALS

Taia HoluSova', Stanislav Seitl’, Miguel Lozano’, Alfonso Fernandez-Canteli*

Abstrakt

Problematika stanoveni rychlosti Sifeni trhliny v kvazi kiehkych materidlech je v
soucasné dob¢ jednim ze zdkladnich trendii stavebni lomové mechaniky. Cilem
pfispévku je zachyceni vlivu okrajovych podminek vyjadienymi zménou polohy
tahem. Numericka studie je provedena v kone¢né prvkovém systému ATENA. Na zavér
je uvedeno porovnani s pilotnim experimentem.

Klicova slova

Excentricky tah, cementovy kompozit, zbytkova tinosnost, Sila-CMOD diagram.

Abstract

One of the fundamental trends in study of building materials is the determination of
a crack propagation rate in quasi-brittle materials. The aim of this contribution is the
quantification of influence of different boundary conditions for modify compact tension
test. The different boundary conditions are expressed by changing position of grip steel
bars and various starting notch lengths. The study is performed in finite element
software ATENA. The trends of numerical results and pilot experimental data are
compared.

Keywords

Compact tension, cement-based composite, residual resistance, Load-CMOD diagram.

Ve stavebnich konstrukcich, jejichz hlavni slozku tvoii nejpouzivangj$i material dnesni
doby, beton, vznikaji v priibéhu jejich zivotnosti trhliny - v zévislosti na dominantnim
zatizeni konstrukce se muze jednat o chemicky vzniklé trhliny ¢i trhliny vzniklé
smrs§ténim atd., v tomto ptipad¢€ jsou studovany tzv. inavové trhliny. Vypoctové postupy
pro odhad zbytkové tnosnosti posSkozené konstrukce jsou klicové v predikci dal$iho
postupu tnavové trhliny. Experimentalné namétend data slouzi pak jako vstupni lomové
mechanické parametry do kone¢né prvkovych modeli.

Ptispévek je vénovan numerické podpofe experimentdlniho méteni cementovych
kompoziti pomoci systému ARAMIS [3], viz obr. 1. V prvnim kroku numerické studie
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byl model kalibrovan s vyuzitim podobnosti se vzorkem pro klinové Stipani [1], [6] a
standardnim vzorkem pro excentricky tah [4] a [5].
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/,= 60 mm a vysledné pribéhy Sila-CMOD diagramu z programu ATENA [2]

Pro ilustraci experimentalniho testu je na obr. 1 vlevo uveden vzorek uchyceny do
Celisti pfes implementované tyce s ozna¢enim umisténi polohy ocelovych tyci /;a délkou
zétezu [,. Na obr. 1 vpravo je uveden ptiklad vlivu zmény polohy nosnych ocelovych
ty¢i vystup v podobé Sila-CMOD diagramu, kdy je vidét nartst sily s rostouci
vzdalenosti od pocatku télesa.

V piispévku byla provedena numerickd studie vlivu okrajovych podminek

prubéh zkousky excentrickym tahem. Na vytvofenych modelech zkuSebnich tcles
v software ATENA byly provedeny odpovidajici vypocty metodou koneénych prvki s
vyuzitim modelu kohezivni trhliny.

Z provedené numerické analyzy plyne, ze zménou polohy nosnych ocelovych ty¢i
dosdhneme maximaln€ odchylky mezi hodnotami lomové prace 10 %.
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MODELOVE A EXPERIMENTALNI OVEROVANI VLASTNOSTI
A UNOSNOSTI OCELOVE OBLOUKOVE VYZTUZE

MODEL AND EXPERIMENTAL VERIFICATION OF PROPERTIES
AND CARRYING CAPACITY OF STEEL ARC REINFORCEMENT

Petr Janas', Lenka Koubova®

Abstrakt

Tento clanek se =zabyvd modelovanim ohybovych zkousek profilu TH-29.
Experimentalné potvrzené vysledky byly podkladem pro zatazeni tohoto profilu do tiidy
prafezu 1. Déle se ¢lanek vénuje numerickému modelovani zatézovani kompletti dilni
vyztuze a srovnani ziskanych vysledkl unosnosti s vysledky experimentalnich zkousek
na zkuSebnim zatizeni.

Klicova slova

Ocelova obloukova vyztuz, tfida prifezu, efektivni ohybova tuhost.

Abstract

This paper deals with the simulation of steel profile TH-29 bending tests. The
experimentally verified results were basis for the classification of this cross-section as
the class 1. Further the paper discusses numerical simulation of steel arc reinforcements
and compares its results of carrying capacity with results obtained by experimental tests.

Keywords

Steel arc reinforcement, cross-section class, effective bending stiffness.

1 Uvod

Ocelové obloukové vyztuze se montuji zpravidla ze specidlnich vélcovanych profild.
Jsou konstruovany tak, aby mély dostatecnou plastickou rezervu a odolavaly velkym
aplikované v ocelovych konstrukcich pozemnich a inzenyrskych staveb. S touto
skute¢nosti se nepocita v CSN EN 1993-1-1 Eurokéd 3: Navrhovani ocelovych
konstrukci. Profily ocelové obloukové vyztuze nelze dle této normy korektné zatradit do
ptislusné t¥idy profild.

Vysledky modelovani profilu TH-29 zoceli HS00M metodou konec¢nych prvkl
umoznily sestavit kiivky efektivni ohybové tuhosti jako funkce relativniho natoceni [1].
Ty pak byly podkladem pro simulovani ohybovych zkousek, které umoznily zatadit

' Doc. Ing. Petr Janas, CSc.,VéPtf TUO, FAST, Katedra 228, L. Podésté 1875, 708 33 Ostrava, email: petr.janas@vsb.cz.
2 Ing. Lenka Koubovéd, Ph.D., VSB-TUO, FAST, Katedra 228, L. Podéste 1875, 708 33 Ostrava, email: lenka.koubova@vsb.cz
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tento profil TH-29 do tfidy prufezu 1 ve smyslu uvedené normy. Toto zafazeni bylo
ovéfovano i experimentalnimi ohybovymi zkouSkami.

Ziskané kiivky efektivni ohybové tuhosti byly podkladem i pro modelové urcovani
unosnosti a vlastnosti celych kompleti ocelové obloukové vyztuze. Tyto unosnosti i
vlastnosti byly experimentalné zjistovany na zkuSenim zafizeni, které je instalovano
v GIG Katovice.

2 Modelovani ohybovych zkouSek

Modelovani ohybovych zkousek profilu TH-29 z vyvijené oceli HS00M vychazi ze
znalosti efektivni tuhosti tohoto profilu. Pfedpokladd se pfitom, ze ty€ je zatéZovana
tiibodovou ohybovou zkouskou, pii které se méii tihel nato¢eni ¢, nad podporami pfi
dané hodnot¢ ohybového momentu M ve sttedu nosniku.

Profil TH-29 byl zatézovan z vnitini a vnéj$i strany profilu. Hodnoti se thel natoceni
@, na vzestupné vétvi ziskané kiivky a uhel natoCeni ¢,  na sestupné vétvi ziskané
kiivky pii dosazeni M, = M,,. Je-li pomér ¢, '/ @. > 4, 1ze tento profil zatadit do tfidy
prifezu 1. Vypoctené vysledky byly potvrzeny experimentalnimi zkouskami.

3 Modelovani zkouSek kompleti dulni vyztuZze

V roce 2012 probéhly v GIG Katovice zkousky diillnich vyztuzi. Oteviena obloukova
vyztuz SP16/4 z profilu TH-29 a z oceli HS00M v nepoddajném provedeni byla pfi
zkousSce vystavena plisobeni aktivnich 1 pasivnich sil.

Vysledky numerického modelovani této vyztuze vychdzejici ze znalosti efektivni
ohybové tuhosti tohoto profilu wukdzaly velmi dobrou shodu s vysledky
ziskanymi experimentalnimi zatéZovacimi zkouSkami.

4 Zavér
Software zpracovany na zakladé postupti uvedenych v [2] umoziiuje pii alternativnim
zatézovani ocelové obloukové vyztuze a pii peclivé odvozenych hodnotach efektivni

ohybové tuhosti profilu TH-29 z vyvijené oceli vérohodné¢ modelovat skute¢né chovani
prvki i celych kompletti ocelové obloukové vyztuze.

Podékovani

Projekt byl realizovan za financni podpory ze statnich prostiedkit prostrednictvim
Technologické Agentury Ceské republiky, TACR. Registracni cislo projektu je
TA01010838.

Literatura

[1] MARKOPOULOS, A., JANAS, P., PODESVA, J. Néhradni ohybova tuhost profilu
TH-29. In New Trends in Statics and Dynamics of Building 2010, Bratislava
21. - 22. 10. 2010. Mezinarodni konference. Sbornik ptispévkil, Bratislava 2010,
s. 101-102. ISBN 978-80-227-3373-1.

[2] KOUBOVA, L. Deformaéni metoda v nelinearni mechanice. Disertatni préce.
Ostrava 2012.

28



MODELOVANI V MECHANICE OSTRAVA, KVETEN 2013

PROPOJENI 3D DETAILU STYCNIKU S PRUTOVYM MODELEM
KONSTRUKCE S VYUZITIM MPC ALGORITMU

INTERCONNECTION OF THE 3D JOINT DETAIL AND THE BEAM MODEL
OF STRUCTURE USING THE MPC ALGORITHM

AneZka Juréikova', Miroslav Rosmanit’

Abstrakt

Tato prace je zaméfena na vytvoreni komplexniho modelu detailu ocelového sty¢niku,
ktery je propojen se zjednodusenym prutovym modelem celé konstrukce ptihradového
vazniku za pomoci kontaktnich prvkid a metody MPC (Multi-Point Constraints) a
na nasledné porovnani takto ziskanych vysledkl s vysledky na samostatn¢ feSeném
sty¢niku. Prace navazuje na feSeni svafovaného ocelového sty¢niku, ktery vychdzi
z ptikladu z praxe. Pti tvorbé jeho numerického modelu bylo zapotiebi vyfesit problém
vhodnych okrajovych podminek pro tento detail. Jako feSeni, které by bylo nejblize
realité, se nabizelo praveé vyse zminéné propojeni detailu s celou konstrukei.

Klicova slova
Ocelovy sty¢nik, MKP, MPC, kontaktni prvky.

Abstract

This work focuses on the creation of a complex model of the steel joint detail, which is
connected to the simplified beam model of the whole truss using the contact elements
and the MPC method (Multi-Point Constraints) and subsequently on comparison
of results thus obtained with the results from the separately solved joint. This paper
follows up on solving of the welded steel joint, which is based on practical example.
During the numerical modeling a problem with the choice of appropriate boundary
conditions for this detail has appeared. As a solution, that could be closest to reality,
seemed to be the mentioned connection of a detail and whole structure.

Keywords
Steel joint, FEM, MPC, contact elements.

1 Uvod

Pii posuzovéani svafovanych ocelovych sty¢nikli muize nastat problém v podobé
omezeného rozsahu pouziti normy CSN EN 1993-1-8 (geometrické podminky, omezeni
materidlovych charakteristik, pouze urcité typy stycnikd s danymi zplsoby zatiZeni).
Ve stavebni praxi se vSak Casto objevuji styCniky, které nevyhovuji omezenim danych

' Ing. Anezka Juréikova, Katedra stavebni mechaniky, Fakulta stavebni, VSB-Technick4 univerzita Ostrava, Ludvika Podésts
1875/17, 708 33 Ostrava - Poruba, tel.: (+420) 597 321 391, e-mail: anezka.jurcikova@vsb.cz.
2 Ing. Miroslav Rosmanit, Ph.D., Katedra konstrukci, Fakulta stavebni, VSB-Technickd univerzita Ostrava, Ludvika Podésté
1875/17, 708 33 Ostrava - Poruba, tel.: (+420) 597 321 398, e-mail: miroslav.rosmanit@vsb.cz.
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Eurokodem a nelze je tedy presné posuzovat na zakladé normovych vztahti pro vypocet
unosnosti sty¢nikl. Roste tak potfeba ovéteni chovani a inosnosti takovych sty¢nik.

V praci, ze které se zde vychazi, byl fesen sty¢nik z praxe, jehoz zvlastnosti je to, zZe
vyboCuje z mezi, kter¢é udavd Eurokdéd pro pouziti vztahlt pro vypocet Unosnosti
takového sty¢niku. Konkrétné se jedna o poruseni jedné z geometrickych podminek, kde
uhel napojeni taZzené diagonaly na spodni pas je mensi nez 30°. Cilem této prace je tedy
vytvotit model, ktery by vystihoval chovani sty¢niku v kontextu celé konstrukce.

2 Popis FeSené konstrukce

Konstrukei, kterou se tato prace zabyva a na které se nachézi feSeny stycnik, je ocelovy
ptihradovy vaznik spasy zHEA profili a sRHS (obdélnikovy duty profil)
mezipasovymi pruty. S ohledem na detail styéniku byly uvazovany dvé ndvrhové
situace — nejdiive s vyztuhou umisténou jen pod tlacenou svislici a poté s vyztuhou také
pod tazenou diagondlou.

3 MKP model — okrajové podminky

Jako mozny zpusob feSeni problému zavedeni vhodnych okrajovych podminek
do modelu se nabizelo propojeni 3D detailu konstrukce s prutovymi prvky, pomoci
kterych by byla konstrukce vymodelovana jako celek (viz Obr. 1). Chovani sledovaného
sty¢niku je pak vyvozeno vzijemnym plsobenim jednotlivych prvkl vazniku, coz je
blizké skute¢nému chovani konstrukce. Pro toto spojeni byly pouzity kontaktni prvky
CONTA 175 a TARGE 170 s vyuzitim MPC (Multi-Point Constraints).

Obr. 1. Propojeni prutového a 3D modelu

4 Zavér
Byl vytvoten funk¢ni model 3D detailu sty¢niku, ktery je propojen s prutovym modelem
zbytku konstrukce ocelového piihradového vazniku. Diky metodé¢ MPC (Multi-Point
Constraints), kterd vyuziva kontaktni prvky (elementy typu CONTA 175 a
TARGE 170), se oba modely chovaji jako jeden celek a chovani sledovaného sty¢niku
tak vyplyva z ptisobeni okolnich prvki konstrukce, coz odpovida skute¢nému pisobeni.

Vyhodou takovéhoto modelu je jednodussi zadavani okrajovych podminek (podpory,
zatizeni) a predevSim to, ze chovani feSené¢ho detailu Ize sledovat v kontextu celé
konstrukce. Nevyhodou je vSak, ze je model limitovan Gnosnosti celé konstrukce (resp.
jejich prvkl) a ne unosnosti konkrétniho sty¢niku (nemoznost dosazeni post-kritického
chovani sty¢niku). Ukazalo se, Ze tento typ propojeni je vhodny pro zakladni ovéfeni
skutecného chovani sty¢niku.
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SIMULATIONS OF THE MECHANICAL BEHAVIOUR OF KNITTED
FABRIC FOR TECHNICAL APPLICATIONS

Jifi KAFKA'

Abstract

Knitted fabrics are widely used in medical and technical applications. Extend these
applications of knitted fabrics is possible, when smart materials like NiTi are used. NiTi
(Nitinol) belongs to the shape memory alloy (SMAs) group from smart materials. SMAs
show unusual but intelligent material behaviour, such as superelasticity (ability to
recover large elastic strain) and shape memory effect (ability of a deformed SMA model
to recover its initial shape, when it is heated). The paper presents 3D modeling method
and simulations of the mechanical behaviour of the NiTi knitted fabric.

Keywords

knitted fabrics, shape memory alloy, finite element method

Introduction

Shape memory alloys show unusual but intelligent material behaviour such as
superelasticity (ability to recover large elastic strain) and shape memory effect (ability of
a deformed SMA model to recover its initial shape when it is heated). In this paper is
presented a 3D modelling method of weft knitted and the mechanical behaviour of
knitted fabrics from NiTi and its superelasticity.

1 Material parameters

For the determination of material parameters is used uniaxial tensile test of a NiTi yarn.
The tested specimen had the diameter 0.1mm and the initial longitude 50mm. The tensile
test was performed for the room temperature 20°C. The experimental data were verified
with FE model from SOLID elements HEXA7.

2 FE model

The numerical simulations of the mechanical loading were carried out by means of the
commercial software MSC Marc/Mentat 2012. For the model are chosen eight-noded
hexahedral HEXA7. The elements are defined by eight nodes having three degrees of
freedom at each node, viz. transformations in the nodel x,y and z directions. The element
type has large strain capabilities. The model is defined with structural (Auricchio’s)
shape memory model, which is based on superelasticity.

! Ing. JifivKAFKA, Technicka univerzita v Liberci, Fakulta strojni, Katedra mechaniky, pruznosti a pevnosti, Studentska 2, 461 17,
Liberec, Ceska republika, jiri.kafka@tul.cz
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The complete experiments research the reactions of the knitted fabric for the loading in
the y-direction and the fixing in the x-direction (see Figure 2). The loading in the y-
direction for FE simulation is represented by a point load 2N. The point load is defined
to the middle point of the top and bottom face of wires. The fixing in the x-direction is
described by the symmetrical conditions. The left and the right boundary faces have
forbidden the displacement in the x-direction and the rotations in y- and z-direction.
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CONSIDERATION OF TIME-EFFECT ON THE MODELING OF
CHLORIDE DIFFUSION IN CONCRETE

ZOHLEDNENI{ VLIVU CASU NA MODELOVANI
DIFUZE CHLORIDU BETONEM

Petr Koneényl, Pratanu Ghoshz, Petr Lehner’

Abstract

This paper deals with the application of time-dependent diffusion coefficient for the
ingress of chlorides into reinforced concrete bridge deck. A finite element-based
diffusion model is used in order to model the chloride ion ingress into concrete and to
evaluate the influence of diffusion coefficient change over time.

Description of the diffusion of High Performance Concrete (HPC) is based on the
laboratory study while the concrete cover is based on the in-situ measurements.

Keywords

Reinforced concrete, corrosion, reinforcement, chlorides, initiation, diffusion coefficient,
time-dependency.

1 Introduction

This paper is focused on the enhancement of a finite element based probabilistic
corrosion initiation model [3] that is focused on reinforced concrete bridge deck 2-D
chloride ingress. The development of the model [3] follows the initial 1-D approach [4].
The chloride ion concentration at the reinforcement level of concrete slab is evaluated
with respect to the time-dependency of diffusion coefficient and compared with the
solution with diffusion coefficient constant over time.

2 Chloride Ingress Induced Deterioration

2.1 Service Life

If one considers the corrosion process driven by chloride ingress as the governing
durability issue then service life #.wice can be expressed by Equation (1),

t =t +1

service initiation propagation ( 1 )

where finitiation 1 the period before the onset of corrosion and fpropagation 1S the time for
corrosion to reach an unacceptable damage level once it has started.

2.2 Mechanism of Chloride Ingress and Transportation Model

Diffusion is the primary variable by which chlorides penetrate to the level of reinforcing
steel to initiate corrosion. It is widely accepted that Fick’s 2™ law of diffusion can

' Petr Koneény, Ing., Ph.D., VSB — TU Ostrava, Fakulta stavebni, Katedra stavebni mechaniky, petr.konecny@vsb.cz;
2 Pratanu Ghosh, Ph.D. California State University, Fullerton, pratanug@gmail.com;
3 Petr Lehner, Be. VSB — TU Ostrava, Fakulta stavebni, student, petr.lehner.st@vsb.cz;
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represent the rate of chloride penetration into concrete as a function of depth and time,
see [2]. The solution of the governing differential equation is done numerically using
finite element solution [3].

ac., d*c,,
a D @

where Cy; is the concentration of chlorides (percent by mass of total cementitious
materials) at time ¢ (years) and depth x (meters), and D, is the apparent diffusion
coefficient (m?*/year). The chloride diffusion coefficient D. is described herein as a
function of time according to [1].

The estimated behavior of time-dependent diffusion coefficient is shown in the Fig. 1.

Time-dependent diffusion coefficient
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=
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Fig. 1: Time dependent diffusion coefficient for the chloride penetration to concrete
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POROVNANIE VYSLEDKOV STATICKEJ A DYNAMICKEJ
NUMERICKEJ SIMULACIE DIAGNOSTICKEJ METODY VOZOVKY

THE COMPARISON BETWEEN RESULTS OF STATICK AND DYNAMIC NUMERICAL
SIMULATION OF DIAGNOSTIC METHOD OF PAVEMENT

Jan Korti§', Nina Rapanova’

Abstrakt

Zariadenie FWD Dynatest pouzivané na diagnostiku unosnosti vozoviek zatazuje
povrch vozovky silovym impulzom a meraji sa relativne prichyby v okoli pésobenia
silového impulzu. V ¢lanku st uvedené dve moZnosti analyzy a to staticka analyza, kedy
neuvazujeme s pdsobenim zotrvacnych sil a dynamické analyza, pri ktorej uvazujeme aj
s pdsobenim zotrvaénych sil.

KPacové slova

numerickd simuldcia, diagnostika vozoviek, silovy impulz

Abstract

FWD Dynatest, which is a diagnostic device used to measure the current condition of the
pavement from bearing capacity point of view, loads the surface of the pavement by a
force impulse. The article describe two possibilities of analysis. The first one is static
analysis, which does not include mass forces and the second one is dynamic analysis,
which takes into account mass forces.

Keywords

numerical simulation, diagnostic of pavements, impulse

1 Uvod

Pri diagnostike tnosnosti vozoviek je jednou z moznosti vyuzit’ zariadenia pracujice na
baze merania prichybovej kotliny na povrchu vozovky vyvolanej silovym impulzom.
Aby bolo mozné lepSie analyzovat' vysledky merani diagnostického zariadenia, je
vhodné zrealizovat' aj numericktl simuldciu vozovky zatazenej silovym impulzom.
Zat'azenie vozovky silovym impulzom je mozné riesit’ v statickom, alebo dynamickom
rezime. Dynamické analyza vyzaduje véacSie naroky na pripravu vypoctového modelu.
Nasledna interpretacia vysledkov je nendro¢nd, pretoZe sa viac menej obmedzuje len na
analyzu maximalnych priehybov v sledovanych miestach na povrchu vozovky.
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Na ucely porovnania statickej a dynamickej analyzy bol vytvoreny vypoctovy model,
ktory reprezentuje zlozenie konStrukénych vrstiev vozovky na podlozi. Zatazenie
charakterizuje tlak pdsobiaci na kruhovi dosku meniaci sa v zavislosti od silového
impulzu. Poloha bodov v ktorych boli analyzované vysledky (ich vzdialenost’ od osi
zatazenia) bola totozna s polohou bodov, v ktorych sa meria prichyb povrchu vozovky
pri diagnostike zariadenim FWD Dynatest.

0.2 01 0,15 0,15 03 03 03 03

: |
zabaZenie I Analyzované body
rozloZené

do uzlov Yyywy -

konstrukéneé vrstvy
vozovky

0s symetrie

na bo¢nej hrane st definované nulové posunutia v smere y
podloZie

na spodnej hrane modelu su definované nulové posunutia v smere z, y

Obr. 1: Schematické zobrazenie vypoctového modelu

2 Zaver

Pri tvorbe vypoctovych modelov za ucelom interpretacie vystupov metdod dynamickej
diagnostiky vozoviek, ktoré povrch vozovky zatazuju silovym impulzom, je moZzné
vyuzit’ staticki aj dynamicku analyzu. Statickd analyza vSak umoznuje len hodnotenie
maximalnych vychyliek v jednotlivych analyzovanych bodoch na povrchu vozovky.
Vypocitané hodnoty maximalnych vychyliek pri statickej analyze su takmer
porovnatel'né s maximalnymi vychylkami ziskanymi pri dynamickej analyze. V pripade
dynamickej analyzy je mozné hodnotit’ aj celkovy Casovy priebeh prichybov povrchu
vozovky a tie nasledne porovnat’ s experimentalne nameranymi hodnotami.
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ANALYSIS OF REQUENCIES AN LIQUID IN RECTANGULAR TANK
FREKVENCNA ANALYZA KVAPALINY V PRAVOUHLEJ NADRZI

Kamila Kotrasova'

Abstract

Ground-supported tanks are used to store a variety of liquids. During earthquake activity
the liquid exerts impulsive and convective pressures (sloshing) on the walls and bottom
of the rectangular tank. This paper provides theoretical background for analytical
calculating of circular frequencies and hydrodynamic pressures developed during an
earthquake in rectangular container. Analytical results of first natural frequency are
compared with experiment

Keywords

Frequency, fluid, rectangular tank

1 Introduction

Seismic event is certainly one of the most critical external events regarding safety of
industrial plants, as demonstrated by recent earthquakes. If industrial facilities store
large amount of hazardous materials, accidental scenarios as fire, explosion or toxic
dispersion may be triggered, thus possibly involving working people within the
installation, population living in close surrounding or in urban area where the industrial
installation is located. Liquid storage tanks are considered essential lifeline structures.
Knowledge of frequency properties of containers with fluid during an earthquake and is
important for good analysis and design of earthquake resistant structures/facilities —
tanks.

2 Fluid in rectangular tank

For tanks, walls of which can be assumed as rigid, a solution of the Laplace equation for
horizontal excitation can be obtained in a form, so that the total pressure is again given
by the sum of impulsive and convective pressures by use of absolute summation rule:

Prpw = Pupmw t Prpcw - (1)

Consider arectangular container as shown in Fig. 1, and at the instant under
consideration let the surface of the fluid be horizontal and let the walls of the container
have a horizontal acceleration i, in the x — direction.

When the walls of the container are given acceleration, the membranes will be
accelerated with the fluid and the fluid will also be squeezed vertically with respect to
the membranes.

1
Ing. Kamila Kotrasova, PhD. Technical University of Kosice, Civil Engineering Faculty, Vysokoskolska 4,04200 Kosice,
(kamila.kotrasova@tuke.sk)

37



MODELOVANI V MECHANICE OSTRAVA, KVETEN 2013

L

dx
- S o IF

\
v v
H v
H-y \l, .
\l/ U+ ﬂdx
“W> > &
iio % u
a) b)

Fig. 1. Rectangular tank is filled with water

The circular frequencies are then for the nth mode
o = gn\/gtanhn SH
L \2 2 L

3 Experimental analysis of fluid in rectangular tank

2)

The experiment was made with a rectangular tank with inner ground parameters 192 mm
x 392 mm and height 242 mm, made of glass. The tank was filled with water by using
potassium permanganate; the height of filling of water was 150 mm. The container was
excited by horizontal harmonious motion of various frequencies with amplitudes of 5

mm and 10 mm (see Fig. 2).

For a rectangular tank with inner parameters 192 mm x 392 mm and height 242 mm,
at which the tank was filled with water to the height of 50 mm, the first natural
frequency is given f; = 0,875 Hz, it was calculated by using of equation (2).

Fig. 2: Detail of experiment
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PROBABILISTIC NONLINEAR ANALYSIS OF REINFORCED
CONCRETE BUBBLER TOWER STRUCTURE FAILURE

PRAVDEPODOBNOSTNA NELINEARNA ANALYZA PORUSENIA
ZELEZOBETONOVEJ KONSTRUKCIE BARBOTAZNEJ VEZE

Juraj Kralik'

Abstract

This paper describes the reliability analysis of concrete bubbler tower structure for
VVER 440 under high internal overpressure. There is showed summary of calculation
models and calculation methods for the probability analysis of the structural integrity
considering degradation effects and high internal overpressure. The uncertainties of the
resistance and the calculation model were taking in the account in the RSM method.

Keywords
Probability, Nonlinearity, Failure, Reinforced Concrete, NPP, ANSYS, RSM

Abstrakt

V ¢lanku je opisana analyza spolahlivosti Zelezobetonovej barbotdznej veze pre VVER
440 od vnutorného pretlaku. Prezentuji sa vypoctové modely a metddy pravde-
podobnostnej analyzy porusenia konstrukcie zohl'adniac efekty degradacie a vysokého
vnutorného pretlaku. Neurcitosti modelu a odolnosti a vypoctové procedury zalozené na
aproximacnej metode RSM.

KIuacové slova
Pravdepodobnost’, nelinearita, porucha, zelezobeton, JE, ANSYS, RSM

1 Introduction

The International Atomic Energy Agency set up a program to give guidance to its
member states on the many aspects of the safety of nuclear power reactors (NPP) [1].
The bubbler tower (BT) is the most importance structure in the case of the accident of
the pipe coolant system in the Reactor hall (Fig.1). The extreme pressure and the steam
radioactivity are eliminated in the space of BT. In this paper the nonlinear analysis of the
concrete BT structure resistance for mean values of loads, material properties and higher
overpressure than BDBA (Beyond Design Basic Accident) is presented. Following these
results the probability check of the structural integrity may be realized for the random
value of the loads and material properties by RSM method [2]. On the base of the IAEA
requirements the experimental test of the airtightness of hermetic zone must be realized
each 10 years of NPP performance. The stiffness of structure is tested during this
experiment too. The experimental results were compared with the results of numerical

! Prof.Ing.Juraj Kralik,CSc. Slovak University of Technology in Bratislava, Faculty of Civil Engineering, Department of Structural
Mechanics, Radlinského 11, Bratislava 813 68, SR, e-mail: juraj.kralik@stuba.sk
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analysis of the structures on the FEM
calculation model. For a complex analysis
of the concrete structure for different kind
of loads, ANSYS software and the
program CRACK [2] were provided to
solve this task (Fig.1). The airtightness of
the hermetic zone and stiffness resistance
of the structures was tested by com-
pression of the interior space of NPP. The
pressure increased with the speed of 25kPa
by 2hours and each compression step. The
results of the measurements were recorded
at pressure 0, 25, 50, 75 and 100kPa.

Fig.1: Calculation model of boubbler tower

2 Probabilistic nonlinear analysis of the structure reliability

The nonlinear solution was realized using the layered shell element SHELL91 from the
ANSYS library and program CRACK with concrete nonlinear model and the
experimental results. The stiffness matrix of reinforced concrete layered shell element
for the /"-layer can be written in the following form

EARCAIEA LAY ERI A (] 0

o

where [T..], [Ts] are the transformation matrices for concrete and reinforcement
separately. The probability of BT-structure failure is calculated from the probability of
the reliability function RF' in the form,

Py =PRF<0)=P(1- F,(Ls Jo2; L&) €.<0) 2)
where the failure function F,(.) is the so-called crushing or total damage function.
Resulting from variability of input quantity 25 simulation steps on the base of RSM
method under system ANSYS-CRACK was realized.

3 Conclusion

The probability of loss BT-structure integrity was calculated from 10° Monte Carlo
simulations for 25 steps of approximation method RSM on the full structural FEM
model. The probability analysis was realized for structural FEM model considering the
concrete cracking. The mean value of the failure pressure is equal to 609,7kPa and its
5% kvantil is equal to 369,3kPa.
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DETERMINISTICKA A PRAVDEPODOBNOSTNA ANALYZA
POZIARNEJ ODOLNOSTI VIACPODLAZNEHO OCELOVEHO RAMU

DETERMINISTIC A PROBABILITY ANALYSES OF THE MULTISTOREY OF THE
STEEL FRAME FIRE RESISTANCE

Juraj Kralik', Maro§ Klabnik®

Abstrakt

Clanok sa zaobera problematikou elastického a plastického riesenia poZiarnej odolnosti
viacpodlazného rdmu. Prostrednictvom roéznych modelov je simulované poZiarne
zat'azenie v jednotlivych podlaziach. Porovnavané su modeli stuhymi a podajnymi
sty¢nikami. Poziarna odolnost’ je skimana na vplyv teploty , stadlych a premennych
zatazeny. Deterministickd analyza je spracovand podla poziadaviek eurokodov. Pre
pravdepodobnostny pristup rieSenia danej problematiky bol pouzity pravdepodobnostny
a citlivostny postprocesor programu Ansys.

KPacové slova

Poziarna odolnost’, deterministicka a pravdepodobnostna analyza, nelynedrna analyza

Abstract

This paper deals with an elastic and plastic solution of the mulistorey steel frame under
fire loads. The deterministic and probability analysis of the fire resistance of the steel
structure is considered. Through various models are simulated fire load in individual
floors. Models are compared with rigid and semi-rigid joint. The deterministic analysis
is based on the Eurocode’s requirements. The executed fire resistance analysis of the
steel structures is investigated as the influence of temperature, permanent and variable
loads. The analysis takes into account both the non-linear behaviour. The Response
Surface Method for the nonlinear analysis of the fire structure reliability was used on
program ANSYS. The sensitivity analysis of the various input parameters shows the
significant influence of the considered loads and the material properties.

Keywords

deterministic and probability analysis, fire resistance, non-linear behaviour

Hlavnou ulohou poziarnej ochrany stavieb je U€innd ochrana ludskych Zzivotov
a majetku. Na dosiahnutie tohto ciela existuje dokumenty , normy a pravne predpisy
zalozené na réznych pristupoch krieSenii problému. [3]. KonStrukcie vystavené
ucinkom poziaru je mozné riesit’ zjednoduSene pomocou tabuliek a grafov. V stcastnosti
sa takymto spdsobom spravidla analyzuji len samostatné konstrukéné prvky.
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ZjednoduSené vypoctové metddy spolu s empirickymi formulacii st Siroko pouzivané v
kazdodennej projekénej praxe. Ich hlavnou vyhodou je jednoducha formulacia
kritickych teplot, ktoré naméhaji konstrukciu. Na globalnu analyzu celej konStrukcie sa
vyuzivaju presnejSie modely , vystihujuce spravanie konstukcii pri vysokych teplotach.
[5] Existujii normové postupy , ktoré vymedzuji a exaktne opisuju moznosti pouzitia
jednotlivych vypoctovych modelov. Definicia vlastnosti materialu, ako aj podmienky
zatazenia, je mozné definovat deterministicky alebo pravdepodobnostne. V pripade
deterministického pristupu su stanovené podmienky zatazenia a odolnosti . V pripade
pravdepodobnostného pristup st podmienky stanovené s premennymi hodnotami
zatazenia a vlastnosti materidlu, ktoré st popisané pomocou histogramov. [2] [7].
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DETERMINISTIC AND PROBABILISTIC ANALYSIS OF
STELL HALL COLLAPS LOADED UNDER EXTREME SNOW LOADS

Juraj Kralik'

Abstract

Engineering structures are designed to resist all expected loadings without failure.
However, structural failures do happen occasionally, mainly due to inadequate design
and construction, especially for extreme loads. The main aim of this contribution is to
find out the maximum load carrying capacity of the steel frame. Account is taken of
geometrical and material nonlinearity of structural elements.

Keywords
Extreme, snow, nonlinearity, material, stability, probability, LHS, ANSYS

1 Introduction

This paper deals with the resistance of the steel hale
frame of the nuclear power plant (NPP) in locality
J.Bohunice. The international organization IAEA in
Vienna [2] set up the design requirements for the safety
and reliability of the NPP structures. The extreme
environmental events (e.g. wind, temperature, snow,
explosion...) are the important loads from the point of the
NPP safety performance. The extreme snow loads are
defined with the probability of mean return period equal
to one per 10" years This paper deals with the analysis of
the steel frame loaded with extreme snow load. The Fig.1: Calculation model
IAEA standards require setting up the probability of the of the NPP hall frame

structure failure during the extreme loads. The critical steel frame of hall structure was
investigated. The FEM model consist the beam and mass elements of ANSY'S program -
BEAMI188 and MASS21.

2 Loads and Load Combinations

The load combination was considered in accordance of Eurocodes and TAEA
requirements for the deterministic and probabilistic analysis.
- Deterministic method — extreme design situation

Eq=Gq+ Qq+ Apa+ T4 (1)
- Probabilistic method — extreme design situation
E=G+ Q + AE +T= gvar-Gk + C]var-Qk + avar-AEk + tvar-Tk (2)

where gyur, Gvars Avar, tvar are the variable parameters defined in the form of the histogram
calibrated to the load combination in compliance with Eurocode [1] and Gy (Gy) is the
characteristic (e.g. design) value of the permanent dead loads, O (Q.) - the characteristic
(e.g.design) value of the permanent live loads, Ax (Agq4)- the characteristic (e.g. design)
value of the extreme snow loads, T} (7,) - the characteristic (e.g. design) value of the
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temperature load. The extreme snow load is defined twice the characteristic snow load
value as Sy = 1.52 kN/m?. The characteristic value of the climate effects were used as
follows, the absolute year minimum per 100 years -30,8°C, the internal temperature of
environment 25°C.

3 The nonlinear analysis

The limit state of the steel frame was considered to utilise the geometric and material
nonlinearity in program ANSYS. The geometric nonlinearity is based on the theory of
the large strain, which is often used for elastic-plastic elements. The elastic-plastic
model of steel material was taken in compliance with the Von Mises yield function. The
Newton-Raphson iteration method to solve nonlinear equations was taken.

4 The probabilistic approach

The limit state of the steel frame was investigated in relation with the level of the
extreme snow loads using the deterministic and probabilistic analysis. The characteristic
values of the material and load was taken in the case of deterministic analysis. The
limited snow load is determined from the linearized failure function for the critical
element in the form

g, M) =1=(N, +1, Ny )| Ny =(M, +7,Mp, )/ M =0, (3)
where N,, M, (e.g. Nex, MEx) are the normal forces and bending moment from the normal
loads (e.g. extreme loads), Nr, My are the design values of the resistance forces and
bending moment, 7, is the factor of the failure. The failure snow loads are defined as

follows

Su =1, 'SEx 4)
The fragility curve of the extreme snow was calculated on the base of the nonlinear
deterministic analysis of the steel frame for median values of input data. The probability
of the structure failure was calculated for the various levels of the snow loads. The
density of probability and the cumulative probability function were determined using
simulation on the base of LHS method.

5 Conclusion

This paper presents the reliability analysis of the steel hall frame resistance due to
extreme snow loads. The extreme loads were defined for mean return period equal to
one per 10* years in accordance of the IAEA requirements for NPP structures. The
geometric and material nonlinearity were taken into account. The deterministic and
probabilistic analysis of the structure failure was investigated. The limit state (frame
collapse) was obtained for the factor 17, =6,2.
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NONLINEAR ANALYSIS OF STEEL CONCRETE COLUMN FIRE
RESISTANCE

NELINEARNA ANALYZA POZIARNEJ ODOLNOSTI OCELOBETONOVEHO STLPA

Juraj Kralik', Maria Tirpakova’

Abstract

The objective of this work is the design of the steel concrete composite column of fire
effects considering the material and geometrical nonlinearity. This paper is aimed to the
simple and detailed analysis of the structural fire resistance in accordance of the
Eurocode requirements. On the base of the nonlinear analysis using ANSYS software
the fire resistance of the three types of columns is investigated.

Keywords

Steel concrete column, fire, nonlinearity, temperature, ANSYS

Abstrakt

Cielom prace bolo postdenie spriahnutého ocel'obetonového stipa na uéinky poziaru za
uvazenia fyzikdlnej a geometrickej nelinearity. Praca sa zaoberd zjednodusSenou a
podrobnou analyzou poziarnej odolnosti konstrukcii podl'a poziadaviek Eurokédov.
Nelinearnou analyzou v programe ANSYS sa porovnava poZiarna odolnost’ troch typov
stlpov.

KPacova slova

Ocelobetonovy stip, poziar, nelinearita, teplota, ANSYS.

1 Introduction

Experiences from fire cases and their consequences are the main reasons for the
developing of the fire safety standards. A list of codes, standards, and other legal
documents being used to achieve this aim are based on the simple numerical methods [2
and 3]. The column is one from the most importance element in the case of the fire. The
fire resistance of composite steel-concrete structures is calculated according to EN1994-
1-2 [1]. Three methods are available in order to evaluate the fire resistance: the tabulated
data method, the simple calculation models and the advanced calculation models. The
simple calculation models compute the ultimate load of the element by means of
formulas or design charts, established on the basis of experimental data. The advanced
calculation models suppose an advanced numerical analysis of the elements, parts of the
structure, or of the entire structure under fire, using specialized software for nonlinear
analysis of the structures on dependency of temperature.
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2 FEM model of the composite steel-concrete column

The composite steel-concrete column [zmns -
consists the steel profile 1600 from S235,| ™™ iy
concrete rectangular section 550/800mm

from C30/37 and the reinforcement
8J28mm from B500B. The FEM model
consist of 3 800 elements SOLID65, 784
SHELL181 and 1396 LINKI180 in
program ANSYS. The material model of
the steel elements was defined for the
Von Mises yield function and multilinear
isotropic hardening stress-strain diagram.
In the case of concrete the Drucker-Prager
yield function was taken. Fig.1: FEM model of steel concrete column

1., veelobetonem sprisbomty stlp obdlzailewsho priccezn

3 Material and geometric nonlinearity

The stress-strain diagrams for the steel and concrete were considered in accordance of
Eurocode [1 and 2] on dependancy of temperature level. The reduction factors are

deﬁned for Steel (ku,9 = f;m,é’/f;:y b kp,@ = ﬂp,é‘/fl:y s kmax,@ = fmax,@/f;ly b kE,G = a,H/an )
and for concrete (k,, = f, ,/ f.), where f,, ;i fru03 fopos fro are characteristic strengths

of steel and concrete during fire and £, ; /. are strengths at reference temperature 20°C.

4 Conclusions

This paper deals with the analysis of the fire resistance of two types of column -
composite steel-concrete (SC) and reinforced concrete (RC) for four models — M1 (SC
column loaded by full section), M2 (SC column loaded by steel profile), M3 (RC
column only), M4 (S column from 1600 only). The load was considered for 20%, 40%,
60% and 80% level of design normal force Nrq and temperature of 200, 400, 500, 700
and 900°C. The limit state was achieved for following situations : model M1 - 40% N4
and 820°C, M2 - 60% Ngrq and 900°C, M3 - 40% Ngrq and 700°C, M4 - 40% Ngrq and
900°C. The composite steel-concrete column (model M2) loaded by steel profile has the
highest level of fire resistance.
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NUMERICKY MODEL DUTINOVE DESKY NA PRUZNEM
PODEPRENI S KONTAKTNIMI PRVKY

NUMERICAL MODEL OF HOLLOW CORE PLATE ON ELASTIC SUPPORT WITH
CONTACT ELEMENTS

Jakub Krsik'

Abstrakt

Cilem pfispévku je popsat tvorbu numerického modelu dutinové stropni desky na
pruzném podepieni s kontaktnimi prvky v programu ANSYS. Vypocet je proveden
v ¢asovych krocich, které simuluji postup vystavby a zatézovani skuteéné desky.
Deformace celého modelu a normalovych a smykovych napéti ve vybranych fezech jsou
vyhodnoceny.

Klicova slova

Beton, predpéti, ANSYS, kontaktni prvek, normélové napéti

Abstract

The objective of this paper is to describe the numerical model of the hollow core ceiling
slab on elastic supports with contact elements in ANSYS program. Calculation is
executed in time steps, which correspond to real construction and loading steps.
Evaluation of normal and shear stresses in selected sections of the slab is presented.

Keywords

Concrete, pre-stress, ANSYS, contact element, deformation, normal stress

1 Uvod

Stropni dutinové panely typu Spiroll jsou pouzivany na zastfeSeni hal o vétSim rozponu,
kde by pouZiti béZzného Zelezobetonového stropu nebylo ekonomické. Okolo 20 % téchto
hal pouziva skeletovy nosny systém. V tomto systému jsou panely ukladany pfimo na
pruvlaky, které se mohou vlivem zatizeni deformovat. Na takto zdeformovanych
stropnich panelech vznika pfidavné smykové napéti, které snizuje tinosnost panelu.

Cilem clanku je popsat tvorbu MKP modelu desky. Popsat zatizeni, nastaveni
vypoctu a jeho pritbéh. Vyhodnotit vyslednou deformaci desky, normélové a smykové
napéti ve vybranych fezech.

2 Popis modelu

Modelovana deska, popsana v tomto ¢lanku, vychazi ze skutecného zatézovaciho testu
Finského vyzkumného institutu pod cislem VTT-S-07331-06 [1] zroku 2006. Deska
se sklada z 8 paneli délky 9 m, vysky 0,4 m, a Sitky 1,2 m. Panely jsou zmonolitnény do
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desky. U vn¢&jSiho okraje je deska ulozena na ocelovy nosnik HE260A a u vnitiniho
okraje na betonovy panel z predpjatého betonu. Predpoklada se, ze tyto nosniky se
budou pod zatizenim deformovat jako prosté nosniky.

Pro modelovani objemil jsou pouzity konec¢né prvky SOLID 185. Piedepjaté a
betonaiské vyztuze jsou modelovany z konecnych prvkiit BEAM 188. Kontakty mezi
deskou a podptrnymi nosniky jsou modelovany kontaktnim parem z prvki TARGE 170
a CONTA 173.

Pouzité materialové charakteristiky vychazi z hodnot naméfenych v experimentu. Pro
modelovani vztahu mezi silou a deformaci jsou pouzity multilinedrni pracovni diagramy
s izotropickym zpevnénim.

NCDAL SOLUTICN

APR 25 2013
15:48:21
PLOT NO. 1

STEP=3
SUB =999999
TIME=

USUM (RVG)

RSY
DMX =.003957
SMX =.003957

NN S
0 .879E-03 .001759 .002638 .003517
.440E-03 .001319 .002198 .003077 .003957
deska_400_contacts_time steps

Obr. 1: Deformace desky s plnym zatizenim
3 Zavér
Byl vytvoten model s kontaktnimi prvky, ktery se chova korektné a ktery je pouzitelny
pro dalsi vyhodnoceni deformaci a napéti. Aby se vypocCtené hodnoty deformaci

shodovaly s hodnotami z experimentu, tak je tfeba provést vhodné tipravy materidlovych
charakteristik a predpéti, které povedou ke spravnéjSimu modelu.
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MATERIALOVE VLASTNOSTI PATINUJICICH OCELI POUZITYCH
PRI VYSTAVBE MOSTNICH KONSTRUKCI V CESKE REPUBLICE

MATERIAL PROPERTIES OF WEATHERING STEELS USED IN BRIDGE STRUCTURES
IN THE CZECH REPUBLIC

Vit K¥ivy', Petr Kone¢ny?, Viktor Urban®

Abstrakt

V ¢lanku je uvedeno statistické vyhodnoceni redlnych materidlovych vlastnosti
patinujicich oceli pouZitych na vystavbu dalni¢nich mostéi v Ceské republice v rozmezi
let 2001 az 2007. Hodnoceni je zpracovano pro sortiment valcovanych plechi z oceli
S355J2W. Vyhodnoceny jsou pevnostni vlastnosti oceli, plastické vlastnosti oceli,
kiehkolomové vlastnosti oceli a chemické slozeni oceli. V ¢lanku jsou rovnéZz odvozeny
realné hodnoty dil¢ich souliniteld materialu odpovidajici piislusSnym tfidam
spolehlivosti RC1 aZ RC3 podle evropské normy EN 1990.

Klicova slova

patinujici ocel, ocelové mosty, materialové vlastnosti, histogram

Abstract

The article contains a statistical evaluation of the real material properties of weathering
steels used for the construction of motorway bridges in the Czech Republic between
2001 and 2007. The evaluation is performed for a range of hot rolled plates made of
S355J2W steel. There is an evaluation of the strength properties, plasticity properties
and impact properties of the steel and its chemical composition. The article also contains
derived real values of partial factors of materials corresponding to the relevant reliability
classes RC1 to RC3 pursuant to the European standard EN 1990.

Keywords

weathering steel, bridge structures, material properties, histogram

1 ReSena problematika

Predkladany c¢lanek se zabyva vyhodnocenim redlnych materidlovych vlastnosti
patinujicich oceli pouZitych na vystavbu dalniénich mostd v Ceské republice.
Hodnoceni je zpracovano pro sortiment tlustych plechli z oceli S355J2W. Statisticky
zpracovany a vyhodnoceny jsou nésledujici vlastnosti materialu:

! Ing. Vit K¥ivy, Ph.D., VSB-TU Ostrava, Fakulta stavebni, Katedra konstrukei, L. Podé§té 1875, Ostrava-Poruba, vit.krivy@vsb.cz
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pevnostni vlastnosti (mez kluzu f, a pevnost v tahu f;, — viz obrazek 1);

plastické vlastnosti (taznost A5 a pomér f, / fy);

kiehkolomové vlastnosti (narazova prace KV);

chemické slozeni oceli (prvky ovlivitujici tvorbu patiny, index atmosférické korozni
odolnosti /, uhlikovy ekvivalent CEV).

V ramci statistickém zpracovani hodnot meze kluzu oceli f; jsou pro ptislusné
tloustkové skupiny rovnéz odvozeny charakteristické hodnoty Xy a navrhové hodnoty Xy
odpovidajici tfiddm spolehlivosti podle normy EN 1990.

Histogram of yield strength - S355J2W Histogram of yield strength - S355J2W
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Obr. 1: Histogramy meze kluzu f;

Yield strength - tensile strength relationship
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Obr. 2: Zavislost meze kluzu f; a pevnosti v tahu f;

2 Zhodnoceni

Z provedenych statistickych analyz vyplyva, Ze patinujici oceli pouzité na vystavbu
dalni¢nich mostt v Ceské republice spolehlivé splituji pozadavky evropskych norem
technickych dodacich podminek a norem pro navrhovani konstrukei.

Vyznamnym vysledkem plynoucim ze statistické analyzy pevnostnich vlastnosti oceli
S355J2W je doporuceni k uzivani vyssich hodnot dil¢ich soucinitelit materialti nez uvadi
normy pro navrhovani ocelovych konstrukci. Pro konstrukce zatazené do tiidy
spolehlivosti RC2 Ize bezpecné doporucit hodnotu ypo = 1,15, pro konstrukce zarazené
do tfidy spolehlivosti RC3 pak hodnotu ymo = 1,20.

Razna chemicka sloZzeni patinujicich oceli, ktera jsou v souladu s pozadavky normy
technickych dodacich podminek EN 10025-5, vykazuji nezanedbatelné rozdily v korozni
odolnosti. V ramci objednavky materidlu tiidy S355J2W se doporucuje uplatiovat
pozadavek na minimalni hodnotu indexu atmosférické korozni odolnosti / = 6,4.
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A NUMERICAL ANALYSIS OF INTERFACE CRACK PROPAGATION
IN SHEARING MODE WITH COHESIVE AND ADHESIVE TYPE
CONTACT

Jozef K§ifian', Roman Vodi¢ka®

Abstract

The crack propagation problem in the interface of a layered structure is discussed. In
order to simulate the delamination process, the mathematical models have been
developed. A numerical approach for contact problem is focused on the comparison of
analysed models with cohesive and adhesive type contacts in the shearing crack mode.
The delamination of interface is governed by energetic formulation. The contribution
demonstrates the model behaviour which occurs in many aspects of engineering practise.

Keywords

interface crack, energetic approach, shearing crack mode, quadratic programming,
adhesive contact, cohesive contact, mathematical model.

1 Introduction

Recently, the analysis of crack propagation process has a considerable influence to
design and development of structural constructions and materials. In this study the
variational approach and energetic concept formulation for modelling the interface
rupture is proposed. The developed mathematical models of interface rupture distinguish
two active interface variables which conveniently define a plastic response of the
interface and its failure. The general objective of investigation is the mutual comparison
of analysed models with defined adhesive and cohesive contact in shearing crack mode.

2 Concept of layered structure model of interface failure

An essential concept of investigated layered structure has been defined by a planar
domain Q c R’ bounded by Lipschitz boundary dQ =T . The investigation discusses the
rupture of interface I', in the sense of shearing crack mode (Mode 1I). The interface

failure mechanism determines two variables: a damage variable ¢ and plastic slip rr .
i

Mode 11 Mode 11

in-plane shear '

(2Gk,) -

Ovyicld |

/

e d - / Gd -
I 0 Oyicld u,
A k,
Fig. 1: The concept of layered structure. Fig. 2: Schematic description of shearing crack mode.
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2.1 Adhesive and cohesive type contact interface

Proposed model defines two types of contact. The adhesive-type contact yields a
discontinuous response of the stress o and damage parameter( . The cohesive-type

contact assumes rather an engineering approach which supposes a continuous response.

e ! ° ° k+
1 (2G,k)? 1 T2 +2k7) Gp*
area=G; area=G

Gk} u (2GR U (G (k+2k)) (G/k) ¥ (2G,/(k #2k))} (26, k)
(a) (b)

Fig. 3: Damage parameter ¢ and mechanical stress O (a) adhesive model and (b) cohesive model.

2.2 Achieved results of the analysis of interface rupture model by shearing slip
() (b)

800

: = - e % 1000
80 w00m ~ 600 o
o 100 Xl [mm] 200 o 100
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Fig. 4: The adhesive model parameters (a) damage parameter ¢ , (b) mechanical stress O .

800 0 1000
' 600

X [mml] 200 g 100 xl[mm]

400 o0 100

Fig. 4: The cohesive model parameters (c) damage parameter ¢ , (d) mechanical stress O .

3 Conclusion

The published study yields the comparison analysis of the model response with adhesive
and cohesive type contact, respectively. The proposed numerical models for both types
of contact confirm the expected response in accordance with the applied theory and
enable its applicability in engineering practise.
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NAVRHOVANI MEMBRANOVYCH KONSTRUKCI
DESIGN OF MEMBRANE STRUCTURES

Rostislav Lang', Ivan Némec’

Abstrakt

Tento ptispévek se vénuje otazce navrhovani a vypoctu membranovych konstrukei. V
teoretické casti bude pojednano o problematice hledani vychozich tvart, tedy o takzvané
teorii form-finding. V praktické Casti bude prezentovan navrh a vypocet membranové
konstrukce zastfeSeni stadionu na konkrétnim ptikladu. Tato prace byla vypracovana s
ohledem na zamér firem Ing. Software Dlubal s.r.o. a FEM consulting s.r.o. vytvofit
modul pro hleddni vychozich tvari membranovych konstrukei, jenz by byl nasledné

implementovan do softwaru RFEM.

Klicova slova

Membranové konstrukce, form-finding, pocatecni rovnovazny stav, nelinearni vypocet,
izotropni pole napéti, ortotropni pole napéti

Abstract

The subject of this article is the question of design and analysis of membrane structures.
The first part of this article deals with the problem of form-finding. It is the problem of
searching the initial shape of membrane structure. In the second part of the article an
example of design and analysis of the membrane structure of a stadium roof is presented.
The work was carried out with respect to the intention of companies Ing. Software
Dlubal s.r.0. and FEM consulting s.r.o. to create the module for searching initial shapes
of membrane structures, which will be implemented to software RFEM.

Keywords

Membrane structures, form-finding, initial equilibrium state, nonlinear analysis,
isotropic stress field, orthotropic stress field

1 Uvod

Pii navrhovani membranovych konstrukci je urceni pocatecniho tvaru a napjatosti
jednou z klicovych otazek. Pro dosazeni pozadované unosnosti, stability a tvarové
stalosti je nutné membranu piedepnout a tim do ni vnést geometrickou tuhost. Orientace
radidlnich slozek ptedpéti je determinovana volenou geometrii konstrukce. U
membranovych konstrukci proto nelze oddélit samotny névrh tvaru od statické a
dynamické analyzy.

Pocatecni rovnovazny stav membranové konstrukce musi zarucit existenci pouze
tahovych napéti po celou dobu jeji zivotnosti. Pfi zddné kombinaci zatizeni nesmi dojit

' Ing. Rostislav Lang, Vysoké uceni technické v Brné&, Fakulta stavebni, Ustav stavebni mechaniky, Veveii 331/95, Brno,
lang.r@fce.vutbr.cz
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ke vzniku tlakovych napéti, jejichz dasledkem by bylo vrasnéni, které zplsobuje
estetické a n¢kdy i statické znehodnoceni stavby.

Vlastni tiha membrany je velice nizka a proto pfili§ nepfispiva ke stabilizaci tvaru,
jak tomu muze byt naptiklad u betonovych konstrukci. V procesu hledani pocatecniho
rovnovazného stavu membrdnové konstrukce tak obvykle vytvafime tvar
prostfednictvim pozadavku na vysledné napéti. V souvislosti s touto skute¢nosti dochazi
k hledani takové plochy mezi danymi hranicemi, jejiz povrch je minimdlni. Takovyto
tvar ma totiz specidlni vlastnost, kterou je jeho izotropniho piedpéti. Pro mnoho piipada
je tato varianta velice vyhodna, protoZe vykazuje zna¢nou geometrickou tuhost. Jsou
vSak 1 takové pripady, ve kterych tento pozadavek vede k chybnému feseni a je nutné
najit jiny vhodny tvar. K tomu ucelu vyuzivdme piedepisovani anizotropniho (Casto
ortotropniho) pole napéti, jehoz vysledkem je jiny vhodny tvar membranové konstrukce.

2 Navrh a vypoc¢et membranové konstrukce zastreSeni stadionu

Cilem praktické ¢asti této prace byl ndvrh a vypocet membranové konstrukce zastieSeni
stadionu. Bylo nutné uvazovat jak konstruk¢éni a dispozicni, tak i estetické pozadavky na
uvazovanou stavbu. Vysoka pozornost byla nejdiive vénovdna navrzeni nosné¢ho
lanového systému a nésledné samotné membrang, kterou tento lanovy systém vynasi.

Lanovy systém musi zajiStovat jak potifebné statické pozadavky, tak 1 neruSeny
vyhled divéka z tribun. Lanovy systém je vyndSen na vné stojici sloupy. Potiebné
vlastnosti zajiSt'uji vhodné navrzené kiivosti lan a mira jejich predpéti.

PPTTIN \

Obr. 1: Cast globalniho modelu membranové konstrukce
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VYPOCET UNOSNOSTI OCELOVYCH KONSTRUKCI ZA POZARU

LOAD BEARING CAPACITY OF STEEL STRUCTURES UNDER FIRE LOADING

Lenka Lausova', Ivan Kolo¥*, Martin Krejsa®

Abstrakt

Piispévek je zaméfen na vypocet inosnosti ocelovych konstrukei za pozaru. Pro feSeni
téchto uloh je pouzit nové vytvotfeny program v programovacim prostiedi MATLAB
pro vypocet rovinnych prutovych konstrukci zatizenych vedle silového zatizeni také
rostouci teplotou v dobé pozaru. Pifi vypoctu jsou respektovany zmeény tepelnych
i mechanickych vlastnosti materidlu v zavislosti na dosazené teploté¢ v priiezu
konstrukce.

Klicova slova

Pozar, ocelova konstrukce, inosnost, napéti, deformace, nelinearita.

Abstract

This paper shows a solution of a load bearing capacity of steel structures under fire
loading. The newly created program in MATLAB for assessment of plane beam
structures under mechanical or fire load was used for solution of selected examples.
In the program there were respected changes of material characteristics from growing
temperature.

Keywords

Fire, steel structure, load bearing capacity, stress, strain, nonlinearity.

1 Konstrukce zatiZené pozarem

Pti feSeni konstrukei zatiZzenych pozérem teplotni deformace na kazdém prutu zatézuji
ostatni casti konstrukce. U staticky neurcitych konstrukei je vazbami v podporach
zabranéno teplotni dilataci a v konstrukci nasledné vznikaji vnitini sily vlivem rostouci
teploty. Pii pozaru se jednd o nestacionarni Sifeni tepla a tak v zavislosti na ¢ase se spolu
s teplotou méni nelinearné také mechanické vlastnosti oceli (mez kluzu, modul pruznosti
v tahu a tlaku, délkova roztaznost) [1]. Vnitini sily se tedy méni v zavislosti na Case
pozéru vlivem rostouci teploty a také vlivem klesajiciho modulu pruznosti v tahu a tlaku.
Prufez konstrukci miize byt ohfivan rovnomérné nebo nerovnomérné jak po vysce
prafezu, tak i po délce prutu, coz je také potieba pii vypoctu zohlednit.
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2 Metody reSeni

V ramci disertacni prace autora ¢lanku je vytvoren software v programovacim prostiedi

MATLAB pro vypocet rovinnych prutovych ocelovych konstrukci zatizenych vedle

silového zatiZeni také rostouci teplotou v ¢ase pozaru, kde jsou respektovany nelinearni

zmény materidlovych charakteristik v zavislosti na zméné teploty. NarGst teploty

v prufezu je fesen prirGstkovou metodou [2], pro staticky vypocet konstrukce je zvolena

obecnd deformacni metoda. Podle teorie I. fa4du neni zaru€en dostate¢né presny vypocet

v ptipadé §tihlych pruti namdhanych kombinaci tlaku s ohybem. V programu lze tedy

pouzit vypocet pro geometricky nelinearni tlohy, ve kterém je postup naprogramovan

podle teorie II. fadu [3], a je provedeno pruznostni posouzeni konstrukce. Pfedpokladem
je feSeni ptfimych pruth stalého, ale ne tenkosténného priiezu.

Program lze pouzit obecné pro vypocet vnitinich sil a napéti od libovolného silového
a/nebo teplotniho zatizeni na jakoukoliv konstrukei. Pro ocelové konstrukce 1ze vypocet
provést také pro zatizeni pozarem, kdy nardst teploty v prifezu se fidi nékterou
znomindlnich teplotnich kiivek, kdy teplota plynu je zadvisld pouze na Case trvani
poZzaru.

Teplotni zatizeni na konstrukci je mozné v programu ziskat t€émito zpisoby:

e u ocelovych konstrukei pfestupem tepla z teploty plynu v pozarnim tseku, kdy nartst
teploty plynu je fizen nékterou znomindlnich teplotnich kiivek (normova,
uhlovodikova, kiivka pomalého zahtivani, kiivka wvnéjSiho pozaru) pro prifez
nechranény nebo chranény protipozarni ochranou;

e zadanim pfimo na prafez znamou hodnotou teploty (rovhomérna nebo nerovnomerna
teplota po vySce prafezu).

3 Zavér
Vytvoteny software poslouzi k vyhodnocovéani ucinkt silového a teplotniho zatizeni
na rovinné prutové konstrukci véetné¢ posouzeni konstrukce s uvazovanim pruzného
chovani materidlu. Programem lze feSit staciondrni a pro ocelové konstrukce také
nestaciondrni teplotni ulohy. Zatizeni teplotou v Case pozaru se odviji v zdvislosti na
volbé typu teplotni kiivky a na typu prifezu (chranény, nechranény). Pro feseni stihlych
prut namdhanych kombinaci tlaku s ohybem je mozné pouzit geometricky nelinedrni
vypocet.
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PORUCHY OCELOVYCH KONSTRUKCII ZATAZENYCH TEPLOTOU
FAILURES OF STEEL STRUCTURES LOADED BY TEMPERATURE

Martin Magura', Jan Brodniansky’

Abstrakt

Nizkocyklovd tnava materidlu spdsobend nerovnomernym ohriatim konStrukcie je
jednou z hlavnych pri¢in poruch konstrukcii v energetickom priemysle. Potrubné
konstrukcie, ktorych priemer ku hriabke steny je do 150, povazujeme za ohybovo tuhé
nosniky. Ak je tento pomer vysSi hovorime o konstrukcidch skrupinovych. Do tejto
kategorie je mozné zaradit’ plynovodné potrubia alebo aj kominové telesd kruhové ¢i
Stvorcové sluziace na odvod horucich spalin.

KPucové slova

nizkocyklové inava, zat’aZenie teplotou, komin

Abstract

Low-cycle thermal fatigue is one of the dominant failure modes in high temperature
structural components of energetical industry equipment. Pipelines serve to transport
media in liquid state. Ducts, with a ratio of pipe diameter to wall thickness up to 150 are
considered as simple beams. Ducts with higher ratio serving to transport gas or exhaust,
are considered as shell elements. These ducts can be round shaped or box shaped with
large diameters.

Keywords

thermal stress, low cycle fatigue, uneven temperature, gas-turbine chimney

1 Uvod

Nizkocyklova unava materidlu spdsobena nerovnomernym ohriatim konStrukcie je
jednou z hlavnych pricin poruch konstrukcii v energetickom priemysle.

Mnohé konStrukcie zatazené teplotou maju nespravne rieSené¢ konStrukéné detaily, ¢o
vedie kich porucham. Pri diagnostickych prehliadkach konstrukcii kominov
turbosustrojenstiev (obr.1) boli ndjdené zdvazné poruchy stien, vystuh (obr.2) a prirub
vo forme trhlin, ktoré mali zna¢nu dizku. V prispevku je uvedeny popis poriich, prigin
ich vzniku, analyza napitosti v konstrukcii a navrh tprav takychto poruch. Analyzovany
je vyfukovy trakt turbosustrojenstva. Posudzované boli ¢asti timic¢a hluku (obr.3), kolena
a komina (obr.4) a samotného komina. Na zdklade prepoc¢tov boli navrhnuté upravy.
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Obr. 1 Posudzovana konstrukcia Obr. 2 Detail poruchy vystuh

Obr. 3 Model kolena komina Obr. 4 Model timi¢a hluku

2 Zaver

PredloZzeny c¢lanok na zaklade diagnostickych prehliadok zpraxe poukazuje na
dolezitost navrhu ocelovych konstrukcii na ucinky nerovnomerného ohriatia
konstrukcie. Ukazané st poruchy, analyzované priiny ich vzniku a st navrhnuté
opatrenia.
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ACCELERATION WAVE PROPAGATING IN HYPERELASTIC
MOONEY-RIVLIN AND ZAHORSKI MATERIALS

Maciej Major', Izabela Major”

Abstract

The paper presents the issues of the propagation of acceleration wave in the cylinder
made of hyperelastic incompressible Mooney — Rivlin and Zahorski materials. It is
considered the speed of acceleration wave propagation and the shape of the front of
propagating surfaces of discontinuity. The analytical results are presented graphically.

Keywords

acceleration wave, hyperelastic materials, rubber

1 Strain analysis

We consider a circular cylinder with the initial radius R and R,, wherein R < R, , which
is made of incompressible elastic material. We assume the cylindrical material
coordinate system { 0‘}: {R,©,Z} so that the axis X* coincides with the axis of the
cylinder. For the current configuration we also assume cylindrical coordinate system
{x[ }: {r, 9, z}. The initial deformation is described by the formulas, according to [3]

r=vR*+c; 9=0; z=Z (1)

where c is the parameter describing the deformation.
The equation of motion for the initial deformation (1) for incompressible material is
in the form (comp. [3])

A.“/“‘H | X% =0 2
1 k x aﬁ p”a s ( )

The first-order tensor of the material function for the elastic material has the
coordinates, (comp. [4]):

4% =201, 87 + 3)
+20, [2xiaxkﬂ - gikcaﬁ - xiaxkﬂ + (Ilgik - B, )gaﬂ]+ 40'11xiaxkﬂ
For further calculations, we assume the Zahorski material determined by the elastic

constants C,,C,, C,
W(Ilalz): OPr = Cl(ll _3)+C2(12 _3)+C3(112 _9) 4)
Assuming that C; =0 we obtain the equation for function p for the Mooney-Rivlin

material, comp. [4]. Discussion is limited to axially-symmetric surface of discontinuities
> . The equation of surface is the following, (see [4]):

t=y(r,z) &)

' M.Major, Ph.D., Czestochowa University of Technology, Department of Building , ul. Akademicka 3, Czestochowa, Poland, e-
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2

According to [4] acoustic tensor g, and reduced acoustic tensor g, are [4]:

Qi = Aiakﬂxraxsﬁnrns S g =g —gumn’ (6)
Eigenvalues of reduced acoustic tensor allow to calculate the velocity of propagation:

U =—|qn+ g+, 91953 | +44913 95

2p
* * * * 2 * *
2 1
U, = 2_ ant+ ‘]33_\/(6111_‘]33] +44; g5
P
uy’ =42 ()
or
Conclusion

Numerical analysis showed differences in the distribution of u; speeds between

Zahorski and Mooney — Rivlin materials. It is the result of including the non-linear
dependence on invariant tensor /, in the elastic Zahorski potential.

Also, the determination of the shape of the front of propagating surfaces of

discontinuity showed quantitative differences which indicative of a greater curvature of
the propagating of the shape of the wave front in the considered cylinder for Zahorski
material relative to the Mooney — Rivlin material. With the increase of the time, the
curvature of the wave front increases for both study materials.
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STATICS ANALYSIS OF REINFORCED CONCRETE BEAMS
BY THE EXCLUSION ZONE OF TENSILE STRESSES

Pavol Marton'

Abstract

This paper presented the statics analysis of reinforced concrete beams by the exclusion
zone of tensile stresses. The stiffness matrix of multilayered element is derived under the
assumption of non-compressibility of layers. When investigating the state of stress and
deformation was created element stiffness matrix ans stress matrix based on a
assumptions specific to the layered system.

Keywords

Beam, multilayer, stiffness, matrix, ortothropie.

1 Introduction

Stiffness matrix of layered beam is derived on the assumptions:
- Terms equilibrium of sudar stresses on the contact of layers are met,
- Compression of layer in a direction perpendicular to the layers is not envisaged
- Material of layers is homogeneous and is characterized with design ortothropie

2 The force variant of finite element method

Stress equation for ortropic materidl to the k-th layer is

i84Fk+ 1 2vf) 9'F, +L84Fk _ 0
E} ox* G E! Jox’0z> E! oz'

Stress function satisfies

F,=Axy+B,z> +C.xzy> + Dz’ + E xz’ 2)

The analysis of layered ortotropic beam with rectangular cross section with a
continuously variable Young’s modulus after section of fig.1.

Fig. 1 The computational model of beam with variable modulus of elasticity of layers

! Pavol Marton, Doc., Ing., PhD., SVF STU, Katedra stavebnej mechaniky, Radlinského 11, Bratislava, pavol.marton@stuba.sk
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2.1 The stiffness matrix of the beam

The stiffness matrix of beams is determined by the forces /" and moments M
The stiffness matrix of layered beam has the form

6l
2/?

-12
-6/

12 6l
S 6/ 41°

[£]
6l 21* -6l

2.2 The reinforced concrete beam

TSP | -12 -6 12 -6l

4]*

)

Equivalent modulus of elasticity of the mixed layer is a weighted mean of the modulus
of elasticity of the components — concrete and steel.

Example: Assesment of reinforced concrete plate reinforced unilaterally modeled as a
simple beam: Concrete C 12/15, steel B400B, thickness of plate &7 = /40 mm, bright
range / = 3,30 m. The load still ¢ = 6,08 kN/m, the flexural moment M, = 16,30 kNm.

C 12/15

| 1 000 |

110

20

Fig. 2 The reinforced concrete beam
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Fig. 2 The computational model of reinforced concrete beam

3 Conclusions

Application of the stiffness matrix is suitable to deal with an issue of stress state of
multilayer reinforced concrete beams or girders composed of layered material.
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STATICS ANALYSIS OF MULTILAYER BEAMS
IN THE TEMPERATURE FIELD

Pavol Marton'

Abstract

This paper presents the stiffness matrix of a N-layered element derived by author as well
as the numerical analysis of N-layered beam system in a field with high temperature
performed on the assumption of non-compresibility of layers. When investigating the
state of stress and deformation element stiffness matrix was created based on
assumptions specific to the layered system.

Keywords

Beam, multilayer, stiffness, matrix, ortothropie.

1 Introduction

Stiffness matrix of layered beam was derived on the assumptions:
- Equilibrium conditions of shear stress on the contact layers are fulfilled
- Compression of layer in a direction perpendicular to the layers was not considered
- Temperature distribution in the beam cross section is assumed non-stationary.
Solution of slabs exposed to high temperatures was made by numerical
calculation
- Material of layers is homogeneous and is characterized by design orthotropy

2 Force variant of finite element Metod

Stress equation for ortropic material to the k-th layer is

:Lafﬂ_+_l__2vf 0'F, +_lij;:0 )
E} ox* \G! E}! Jox’0z° E! oz*

Stress function satisfies

F,=Axy+B,z> +C,xzy’ + D,z + E x2° (2)

The analysis of layered ortotropic beam with rectangular cross section with a
continuously variable Young’'s modulus after section .

2.1 The stiffness matrix of the beam

According to [17] the stiffness matrix of layered beam has the form
12 6/ -12 6l

s |6 4 -6l 2
128, |-12 -6l 12 -6l
6l 207 —6l 4’

[£]

€)
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63



MODELOVANI V MECHANICE OSTRAVA, KVETEN 2013

2.2 The reinforced concrete beam

The computational model of reinforced concrete beam is a model with five layer.
Equivalent modulus of elasticity of the mixed layer is a weighted mean of the
modulus of elasticity of the components — concrete and steel.

2.3 The effect of the temperature

The dependence of elastic modulus of concrete and steel on the temperature field
defined by STN EN 1922-1-1.

2.4 The distribution of temterature in the cross section of the beam

The problem of the distribution of the temperature field is described by the equation
K]} A} = {0} (19)
where [K] s the matrix of heat conduction
{®}  vector of temperature distribution
{h}  source vektor

The computational model for determining the temperature distribution in the cross
section of heat-insulated beam towards the edges of the cross-section is shown in Fig. 5.
Example: Calculation of stress unindirectional reinforced-concrete under fire.

- 12.12%10° 600°C

| - 6,23%10°

~ 1,19¢10°  Ox

39,64*10° 4743*%10°

46,42%10° 100°C

Fig. 1: Chart the course of normal and shear stresses in cross sections with maximum M and V

3 Conclusion

The stiffness matrix of the multilayered beam with continuously variable modulus in the
layers was applied to a beam of rectangular cross section with constant width and
variable modulus of elasticity along the height of the layer.

Application of the stiffness matrix is suitable for analysis of stress state of multilayer
reinforced concrete beams or girders composed of layered material whose modulus of
elasticity is a function of temperature.
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VOZIDLO — CESTA RIESNIE VO FREKVENCNEJ OBLASTI
VEHICLE — ROADWAY SOLUTION IN FREQUENCY DOMAIN

Jozef Melcer!

Abstrakt

Pri rieSeni problémov interakcie vozidlo — cesta vo frekvencnej oblasti nas okrem iné¢ho
zaujimaju funkcie frekvencného prenosu. Predkladany prispevok je venovany
teoretickému odvodeniu funkcii frekvencného prenosu pre rézne vypoctové modely
nakladného vozidla a ich numerické vycislenie v ur¢itom frekvenénom pasme.

Klicova slova

Vozidlo, cesta, funkcia frekven¢ného prenosu.

Abstract

At the solution of the vehicle — roadway interaction problems in the frequency domain
we are interested in the frequency response functions. The submitted paper is dedicated
to the theoretical derivation of frequency response functions for various kind of a lorry
computing models and their numerical evaluation in certain frequency band.

Keywords

Vehicle, roadway, frequency response function.

1 Uvod

Funkcie frekven¢ného prenosu (FFP) vyjadruji vztah medzi odozvou a budenim
dynamického systému v zavislosti od hodnoty budiacej frekvencie. V pripade
dynamického systému tvoreného vozidlom a vozovkou st nerovnosti vozovky zdrojom
kinematického budenia vozidla. Vypoctové modely vozidiel je mozné zvolit’ na rdzne;j
kvalitativnej urovni — cely priestorovy model, polovi¢ny rovinny model, Stvrtinovy
model. Pre tieto vypoctové modely je mozné odvodit’ rozne frekvencné prenosy.
V pripade sledovania interakcie vozidlo — cesta nas zaujimaju funkcie frekvenéného
prenosu vzt'ahujuce sa k zlozkdm posunuti charakteristickych bodov vozidla (viazucich
sa k stupiiom vol'nosti vypoctového modelu) a k hodnotam kontaktnych sil vznikajucich
medzi kolesom vozidla ajazdnou drahou. Pre rozne vypoctové modely vozidla je
vhodné sledovat’ a vzajomne porovnavat’ takzvané vykonové prenosové faktory (VPF),
¢o st druhé mocniny absolutnych hodnét funkcii frekvencéného prenosu. Da sa ukazat’,
ze pokial st vypoctové modely vzdjomne dynamicky ekvivalentné, tak funkcie
frekvencného prenosu pre vzajomne si korespondujuce zlozky, st vzajomne identické.
Moznosti, ako takéto udaje ich ziskat, je viac. Niektoré su obsahom predkladané¢ho
prispevku. Vyuzitie ziskanych vysledkov je roznorodé [1], [2], [3], [4].

! Prof. Ing. Jozef Melcer, DrSc., Zilinsk4 univerzita, Stavebna fakulta, Katedra stavebném mechaniky, Univerzitna 8215/1, 010 26

Zilina, Slovenska republika, jozef.melcer@fstav.uniza.sk
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2 Funkcie frekvenéného prenosu

Funkcie frekvencného prenosu je mozné ziskat numerickou alebo experimentalnou
cestou. Pri numerickom rieSeni sa prechod z c¢asového do frekvenéného priestoru
realizuje na zdklade nejakej integrdlnej transformdcie. NajcastejSie sa pouziva
Fourierova alebo Laplaceova integralna transformacia. Pohybové rovnice, popisujuce
dany dynamicky problém, sa transformuji =z cCasovej do frekvencnej oblasti.
Z diferencialnych rovnic tak vzniknu algebraické rovnice v komplexnom tvare, ktoré sa
rieSia numerickou cestou v uréitom zdujmovom frekvenénom pasme. Po vyrieSeni
hladanych veli¢in sa odvodia potrebné frekvenéné prenosy, ktoré je najlepSie zobrazit’
v grafickom tvare.

o x 10° Vykonow prenosovy faktor [Fdyn3/h3[?

& l l l l

£ l : l l
N | | | |

zZ | | | |

é | | | |
o~ 5 R S NC - SRR R —
™ | | | |

c | | | |

el l l ‘ l

c

> ! ! |
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Obr. 1: VPF pre dynamicku zlozku kontaktnej sily pod prednym kolesom vozidla T815

3 Zaver

Funkcie frekvencného prenosu poskytuji doéleziti informdaciu o vlastnostiach
dynamického systému vo frekvencnej oblasti. Je mozné ich ziskat’ numerickou alebo
experimentalnou cestou.
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NUMERICKE A EXPERIMENTALNI MODELY ZATIZENI OBJEKTU
OD UCINKU PROUDOVEHO POLE

NUMERICAL AND EXPERIMENTAL MODELS OF LOAD ON BULDINGS FROM THE
EFFECTS OF THE FLOW FIELD

Vladimira Michalcova', Sergii Kuznetsov’, Stanislav Pospiil’

Abstrakt

Clanek popisuje vzajemné porovnani dvou rozdilnych feseni standardni Glohy stavebni
aerodynamiky, tj. zatizeni objektu tvaru krychle vystaveného uc¢inkiim proudového pole
vzduchu. Fyzikalni modelovani probihd v aerodynamickém klimatickém tunelu Ustavu
teoretické a aplikované mechaniky AVCR v Teléi, numerické modelovani je feseno
na Stavebni fakulté VSB TU pomoci sotware Ansys Fluent.

Klicova slova

Aerodynamika, vétrny tunel, CFD.

Abstract

Article describes two different approaches of the solution of typical bluff aerodynamic
problem, which is the solution of wind pressures upon the cube exposed to the effects
of air flow field. Physical modeling is carried out at the wind tunnel of the Institute
of Theoretical and Applied Mechanics in Tel¢ whereas numerical modeling is
performed at the Faculty of Civil Engineering, VSB Technical University of Ostrava of
sotware using Ansys Fluent.

Keywords

Aerodynamics, wind tunnel, CFD.

1 Uvod

Clanek ma za cil porovnat vysledky fyzikalniho a matematického modelovani proudéni
vzduchu kolem objektu neaerodynamického tvaru. Pfedmétem vyhodnoceni je tlakové
zatizeni modelu tvaru krychle o hrané 0,24m od ucinku proudového pole. Sledovany
objekt predstavuje tzv. Silsoa krychli v méfitku 1:25. Model objektu umistény v méfici
sekci aerodynamického tunelu véetné detailu odbéru dat je na obr. 1.

V ramci fyzikalniho experimentu http://cet.arcchip.cz/ bylo modelovano proudové
pole s konstantnim vertikalnim rychlostnim profilem 13,5m/s a turbulenci 1%. Tlakové
zatiZeni je definovano pomoci soucinitele vnéjSiho tlaku c,. po obvodu plasté ve svislém

! Ing. Vladimira Michalcova, Ph.D., VSB-Technickd univerzita Ostrava, Fakulta stavebni, Katedra stavebni mechaniky,
Ludvika Podésté 1875/17, 708 33 Ostrava - Poruba, e-mail: vladimira.michalcova@vsb.cz.
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1 vodorovném fezu. Matematické modelovani bylo feSeno ve 3D ulohach rlznymi
vhodnymi modely.

Obr. 1: Model objektu v méfici sekci a detail méfici sekce

Na obrazku 2 je pribéh c,. koeficientu po obvodu krychle ve svislém podélném fezu
vyhodnoceny z fyzikalniho experimentu, jedné ze Ctyf stacionarnich uloh typu RANS
(model Spalart Allmaras) a jedné ze dvou nestacionarnich uloh typu LES (ELES model).
Stacionarni modely jsou zaloZeny na modelovani izotropni turbulence, vyZaduji mensi
naroky na hustotu sité, vypocet je rychly, ovSem pro tento ptipad ulohy mén¢ vhodny.
Proudéni kolem objektu neaerodynamického tvaru je siln€ anizotropni. Tuto vlastnost
modeluji 1épe nestacionarni modely typu LES, které maji daleko vétsi pozadavky
na hustotu sité i ¢asovou naro¢nost vypoctu.

15

Hodnoty bezrozmérmého koeficientu ¢,

— Spalart Allmaras
stacionarni tlloha

—ELES model
nestacionarni
uloha

¢ tunel

Obr. 2: Hodnoty koeficientu tlakového zatizeni
2 Zavér
Vyhodnocenim vysledkli byla prokdzéna slozitost modelovaného dé&je, v nékterych
oblastech bylo dosazeno pomérné dobré shody, u ostatnich byla v rdmci moznosti
vysvétlena pficina rozdilnych vysledkl. Popisovana prace je dil¢im ukolem projektu,
ktery ma za cil vytvofeni numerickych i experimentdlnich néstroji pro feSeni
turbulentniho proudéni vétru v mezni vrstvé atmosféry. Na zdkladé zkuSenosti z této

ulohy bylo zahajeno fyzikalni i matematické modelovani obtékani sledovaného objektu
ve vysoce turbulentnim prostredi.
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NUMERICKE MODELOVANI PROLAMOVANEHO NOSNIKU
NUMERICAL MODELING OF CASTELLATED BEAM

David Mikolasek', Old¥ich Sucharda’®, Ji¥i BroZovsky’

Abstrakt

Ptispévek se zabyvd modelovanim chovani prolamovaného nosniku. Ve vypoctech je
také zohlednéna imperfekce. Vypocty zahrnuji konecnéprvkové modely a normovy
vypocet. Hlavnim cilem pfipévku je provedeni ptipadové studie pro urceni soucinitelll
klopeni a popis prubéhu napétovych stavii na profilu.

Klicova slova

Prolamovany nosnik, klopeni, metoda kone¢nych prvki, analyza, vypocetni modely.

Abstract

This paper deals with modeling of the behavior of castellated beam. The calculations
also take into account the imperfections. The solution incorporates finite element models
and standardized calculation. The main contribution shall aim is to undertake case
studies to determine the coefficients of lateral buckling and description of the stress state
of the profile.

Keywords

Castellated beam, roll, finite element analysis, computational model.

1 Uvod

V dnesni dob¢ novych technologickych moznosti ve vyrobé ocelovych profili je mozné
vytvaret rozmanité tvary ocelovych nosnikii. Toto vede k znacnym odliSnostem
v pfistupech k vypoctu téchto nové vzniklych nosnych prvkl, protoze norma
neposkytuje plny popis chovani téchto ocelovych profila.

Obr. 1: Obecna geometrie prolamovaného nosniku Angelina [1]

Z téchto divodi je vhodné vyuzit numerické analyzy. Piispévek ma za cil stanovit pro
vybrany prolamovany nosnik hodnoty souciniteli klopeni a najit zptisob modelovani
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atypickych prolomenych nosniki tak, aby bylo mozno tyto vztahy a doporuceni pouzit
pro Sir§i spektrum nestandardnich ocelovych prolamovanych nosnikd. Provedené
modely jsou pocitany pouze numericky a kontrolovany normovymi postupy [2, 3, 4]
a pomoci zakladnich vztahl pruznosti a statiky.

2 Popis prolamovanych ocelovych nosnikii

Prolamovany nosnik zobrazeny na obr. 1 byl feSen jako staticky urcitd konstrukce
prostého nosniku. V piipadé testovani vzajemného spolupiisobeni ohybového momentu
a posouvajici sily jako konzola. Tento prolamovany nosnik vychdzi z vyrobni fady firmy
ArcelorMittal a jeho hlavni vyhodou je velikost prostupii ve stojiné nosniku. Tato
skute¢nost je vyhodnd zejména pro rozvod instalaci pod stropni konstrukci. Pro
numerické modely a jejich modifikace byl vybran jeden typ tvaru vyiezu ve stojiné
ajeden plvodni valcovany profil IPE 270 oceli S235 tvorici zadkladni hmotu
prolamovaného nosniku.

3 Zavér

Prispévek se zabyva urCenim souciniteld klopeni pro vybrany prolamovany nosnik
Angelina, kdy se vypocty provedly s numerickymi modely v programu ANSYS [5] a
SCIA [6], které byly doplnény o normovy postup vypoctu. Pro vybrany piipad
prolamovaného nosniku Angelina byla zjisténa dobra shoda mezi numerickymi modely a
normovym vypoctem. U prolamovaného nosniku byly sledovany také napétové stavy
v oblastech vyiezi, kde dochdzi ke koncentracim napéti. DalS§i prace se zaméii na

rozsifeni studie o dalSi typy nosniku Angelina a na modelovani téchto nosnikl
ve stropnich konstrukcich ve spojeni s betonem nebo dievem.
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PRENOS VIBRACII KONSTRUKCIOU TRATE
PRI PREJAZDE VLAKOV

VIBRATION TRANSMISION DUE TO MOVING TRAINS

Milan Moravéik !

Abstrakt

Analyzuje sa prenos vibracii a ich tlmenie v konstrukcii trate, ktord je dynamicky
zatazovand opakovanymi prejazdmi vlakov. Aplikovana je experimentidlna analyza
prejazdov charakteristickych vlakov osobnej dopravy, ktora je vyhodnocovana vo
frekvenénej oblasti f =(0+500Hz). Hladali sa dominantné frekvencie ovplyviujlice

kmitania kol'ajnic, podvalov, Strkového 16zka a zemného telesa trate.
Kracové slova
Experimentalna analyza, frekven¢na analyza, kmitanie trate.

Abstract

The transmission of vibration and damping in the track, which is dynamically loaded by
repeated passage of trains is analyzed. Experimental analysis for the passages of
passenger train which is evaluated in the frequency domain f =(0+500Hz). The
influence of dominant frequency phenomena on the rails, sleepers, ballast bed, and
ground vibration is investigated experimentally.

Keywords

Experimental analysis, frequency analysis, vibration of track..

1 Uvod

Prispevok je venovany na prenos vibracii konstrukciou trate, resp. jej hlavnych prvkov,
ktoré je vyvolané celym radom budiacich zdrojov ana dynamické javy spojené so
Sirenim deformac¢nych vin v konstrukeii trate, obr.1.1.

Track structure component . Air borne noise
vibration -

Vibration of —_—> AN A A

superstructure i <V VvV
<>

/ <> A A A A

GrgmdBorne vibration

Obr.1.1 Vibracie konstrukcie trate, prenos podlozim a hlukové zat'azenie v okoli trati.
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Typické zavislosti dynamickej poddajnosti «( f) pre rovinny model trate, pre nizke

a stredné frekvencie re prezentované na obr. 1.2 st porovnavané s experimentalnymi
meraniami dynamickej odozvy trate aplikovanymi na kol'ajnice, podvaly, Strkové 16zko
a zemné teleso trate. Hlavnym cielom je zamerany na hodnotenie tlmenia dynamickych

iginkov konstrukciou trate ako dosledok interakénych sil P""(¢) vznikajtcich na styku
koleso-kol'anica a prendsanych konstrukciou trate:

Track mede]l on discrete sopperts:
= With conplng hetmesn baflag

Without conpling betwesn ballast
massas upder slespan:

Fail saccaptance | aff)
[/ ]
1.104

requeancy £
[2z]

Obr.1.2 Typické zavislosti poddajnost trate &( f) pre nespojené ( ) strkové 16zko pod podvalmi -

rieSenie KSM [3]a spojené spolukmitajuce Strkové 16zko () podl'a [2], (obr.1.3b), pre diskrétny
rovinny model trate.

Zo zévislosti na obr.1.2 mézeme usudzovat’ na nachylnost’ rezonanéného kmitania
v konstrukcii trate. Vidime, ze rozhodujuce frekvencné zlozky lezia v nizkofrekvencnej
oblasti: f =(4+80Hz).Tieto vibracie sa §iria z miesta styku koleso — kol'ajnica, ktoré
vSak je v pohybe, cez kol'ajnice, podvaly Strkové 16zko a zemné teleso trate do okolia
trati, kde nepriaznivo pdsobia na Zivotné prostredie, obr.1.1. Experimentalna analyza
odhalila skutocné rezonancné oblasti a dominantné frekvencie kmitania komponentov
trate.
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PARAMETRICKA STUDIE ODEZVY KONTEJNMENTU
NA ZATIZENI NARAZEM LETADLA

PARAMETRIC STUDY OF THE STRUCTURAL RESPONSE
OF NPP CONTAINMENT TO IMPACT LOADING

Ivan Némec', Sarka Sychrova’

Abstrakt

Prezentovany clanek je ptispévkem k celosvétové diskusi tykajici se bezpecnosti
jadernych elektraren, ktera zesilila po katastrofé¢ v JE Fukushima Daiichi. Byla
provedena parametricka studie pro riizné materialy, tloustky stény kontejnmentu a riizné
rychlosti letadla pted narazem. Pro ucely vyhodnoceni poskozeni konstrukce byla
sledovana maximalni trvala deformace a rozsah plastického pretvofeni kontejnmentu.
Jednim zcili prace bylo ovéfeni moZnosti pouZiti explicitni metody pro analyzu
rychlych dynamickych jevli v programu RFEM.

Klicova slova

Explicitni metoda, naraz letadla, metoda konecnych prvki, rozsah poskozeni, nelinedrni
dynamika, RFEM.

Abstract

The presented article is a contribution to the discussion concerning nuclear safety which
has intensified after the Fukushima Daiichi nuclear disaster. A parametric study
concerning various materials, containment wall thicknesses and different aircraft speeds
before impact was performed. Containment damage was evaluated by means of the
value of permanent deformation and plastic strain extent. The purpose of this study was
also to foster experiential suggestions for improving the explicit method in the RFEM
program in order to release it for RFEM users.

Keywords

Explicit method, damage extent, finite element method, plane impact, nonlinear
dynamics, RFEM.

1 Analyza poSkozeni kontejnmentu

Tvar a rozméry konstrukce kontejnmentu byly stanoveny podle kontejnmentu JE
Bushehr v franu. Dopadajici letadlo odpovida Boeingu 737. Byly uvaZovany dvé
materdlové varianty: ocelovd a zelezobetonova konstrukce kontejnmentu. Tloustky
stény byly v pfipadé zalezobetonového kontejnmentu voleny z intervalu od 0.5 m do 1.8
m a v piipad€ ocelového kontejnmentu z intervalu od 0.05 do 0.16 m. Rychlost letadla

"doc. Ing. Ivan Némec, CSc, Institute of Structural Mechanics, Faculty of Civil Engineering, Brno University of Technology, Veveii
95; 602 00, Brno; Czech Republic, tel. (+420) 541 147 373, e-mail: nemec@fem.cz

? Ing. Sarka Sychrova, Institute of Structural Mechanics, Faculty of Civil Engineering, Brno University of Technology, Veveii 95;
602 00, Brno; Czech Republic, tel. (+420) 541 147 373, e-mail: sychrova@fem.cz
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pfed narazem 500 km/h byla zvolena pro simulaci ndhodného ndrazu a rychlost 867
km/h (maximalni rychlost Boeingu 737) méla pfedstavovat imyslny naraz.

Grafické reprezentace nékterych vysledki jsou uvedeny na obr. 1 a 2.

Obr.1 Naraz letadla do kontejnmentu v realném case 0.05 a 0.25 s

Obr.2 Trvald deformace ocelového kontejnmentu s tloustkou stény 0,05 m
pro rychlost letadla pfed narazem 500 km/h a 876 km/h

2 Zavér

Prezentovana studie dokazuje moznost pouziti programu RFEM pro nelinearni analyzu
rychlych dynamickych jevl. Vysledky parametrické studie je moZné pouZit pfi odhadu
poskozeni stavajicich konstrukci podobného typu nebo pii navrhovani novych
konstrukei predevsim ve fazi predbézného navrhu.
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NUMERICKE MODELOVANI TLACENYCH PRUTU Z VRSTVENEHO
KONSTRUKCNIHO SKLA

NUMERICAL MODELING OF COMPRESSION MEMBERS MADE OF LAMINATED
STRUCTURAL GLASS

Ondiej Pesek', Jind¥ich Melcher’

Abstrakt

Ptispévek pojednava o navrhu tlaCenych pruti z monolitického 1 vrstveného
konstrukéniho skla. Sklenéné tlacené pruty jsou analyzovany pomoci numerickych
modeld provedenych v programech RFEM a ANSYS s uvazovanim proménné hodnoty
modulu pruznosti ve smyku mezivrstvy. Ziskané hodnoty kritickych sil, napéti a
deformaci jsou potom porovnavany s hodnotami z analytického vypoctu.

Klicova slova

Tlaceny prut, vrstvené sklo, polyvinyl butyralova folie, pocate¢ni imperfekce, analytické
feSeni, metoda kone¢nych prvkd.

Abstract

This paper deals with design of compression members made of monolithic and
laminated structural glass. Glass columns are analyzed by numerical models made in
RFEM and ANSYS software with consideration of variable value of the interlayer shear
modulus. The obtained elastic critical forces, stresses and deflections are compared with
the values from the analytical calculation according to the second order theory.

Keywords

Compression member, laminated glass, polyvinyl butyral foil, initial imperfection,
analytical solution, finite elements method.

1 Uvod

Sklo je témét dokonale pruzny material (E = 70 GPa, v = 0,23) [1]. Z divodu dosazeni
bezpecnosti, vétSich prifezii a pokritické tnosnosti se pouziva vrstvené sklo, které
vznikne prokladdnim dvou nebo vice sklenénych tabuli mezivrstvami. Jako material
mezivrstvy se nejcastéji pouziva polyvinyl butyralova folie. PVB folie je viskoelasticky
material, jeji vlastnosti silné zavisi na teploté a dob¢ trvani zatizeni (G = 4 az 0 MPa,
v = 0,5). Byla provedena parametrickd studie zaméfend zejména na vliv modulu
pruznosti ve smyku na kritickou vzpérnou silu, normalova napéti a deformace
skutecnych prutii s uvazenim pocatecnich geometrickych imperfekei — zakfiveni prutu.
Tvar zakiiveni byl volen jako prvni vlastni tvar prutu.

' Ing. Ondfej Pesek, Vysoké uceni technické v Brng, Fakulta stavebni, Ustav kovovych a dievénych konstrukei, Veveii 331/95,
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2 Analyza tlacenych prutii z monolitického a vrstveného skla

Vzpérnou Ginosnost je mozné urcit v zasadé tfemi zpiisoby: numerickym modelovanim,
analytickym vypocétem podle teorie druhého fadu nebo piistupem vyuzivajicim kiivky
vzpérné pevnosti.

Numerickd analyza pruti zvrstveného skla podle teorie velkych deformaci
(geometricky nelinearni analyza) byla provadéna v programech ANSYS a RFEM
s vyuzitim prostorovych kone¢nych prvki jak pro sklenéné tabule, tak pro mezivrstvy.

Bfezina [2] uvadi vztahy pro analytické vycisleni deformaci a napéti. Velikost
prihybu uprostied délky tlaceného prutu s uvazenim pocatecniho zakfiveni prutu a
mimostfednosti zatizeni se ur¢i podle rovnice (1) nasledovné:

1 N

Sl +en).n = e{cos(L/2)~1/N/EIZ _1]+W° N,-N

Pruzna kritickd sila prutd z vrstveného skla se urci jako pro monoliticky priiez,
pri¢emz se za moment setrvacnosti dosadi jeho efektivni hodnota, ktera zavisi mimo jiné
na modulu pruznosti ve smyku mezivrstvy a na tloust’ce mezivrstvy.

(1

3 Vysledky

Na Obr. 1 vlevo je zobrazena zavislost pruhybu na zatizeni ur¢ena numerickymi modely
a teoretickymi vztahy. V pravé ¢asti jsou zobrazeny rozdily mezi teorii a matematickymi
modely. Vysledky ANSY Su se vyrazné blizi vysledktim analytického vypoctu.
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Obr. 1: Porovnani deformaci podle numerickych modelii a analytického vypoctu
w r r
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NEW CLIMATIC WIND TUNEL FOR STRUCTURAL
AERODYNAMICS

Stanislav Pospi§ill, Radomil Krzilz, Sergii Kuznetsov’

Abstract

The paper describes new climatic wind tunnel laboratory. As a separate unit of the
Institute of Theoretical and Applied Mechanics of the Academy of Science of the Czech
Republic, the tunnel will be used for fundamental research in engineering problems
within civil engineering, architecture, heritage care and in other fields where wind
effects appear along with further factors. The paper presents essential information about
the interior layout of the tunnel together with the description of advanced facilities
serving for simulation of a strong wind, rain, freeze and the heat radiation. Using two
different methods, the principal parts of the tunnel are designed taking into account both
the optimal flow characteristics and flow resistance.

Keywords

Climatic Tunnel, Flow Resistance, Aerodynamics, Tunnel Testing.

1 Introduction

New climatic wind tunnel laboratory was founded in spring 2012 within the project
“Centrum Excelence Tel¢” (CET). It has been named after eminent Czech physicist
Vincenc Strouhal. CET research center creates a separate unit of the Institute of
Theoretical and Applied mechanics of the Academy of Science of the Czech Republic.

The aerodynamic/climatic tunnel simulates a strong wind, rain, freeze and solar heat
radiation. This facility will serve basically for investigation of climatic effects on
historical buildings and monuments. Because of unique combination of the aerodynamic
working section and climatic chamber, the tunnel offers investigation of mutual
interaction of several physical phenomenon at the same time ever at constant laboratory
conditions. The similar climatic laboratory resides in France only.

Vincenc Strouhal tunnel will be used for fundamental research in aeroelasticity,
aerodynamic instability prediction, fluid-structure interaction and also an interaction of
the wind with influences of climatic parameters. It can be a significant tool for scientific
work in many engineering problems within civil engineering, architecture, heritage care
and in other fields where wind effects appear along with further factors, e.g. glaze ice or
water penetration into materials. Other application, for example sport branch or
assessment of comfort level can not be excluded as well.

The fan is powered by 200kW motor, it delivers a possibility to reach the wind
velocity of more than 30 m/s. The tunnel is equipped with simulators of climatic effects.
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Using the cooling/heating exchanger cycle temperature changing of the airflow is
available within the range of -5 to 30°C in relatively short time. Furthermore, the
laboratory provides rain simulators and infrared lamps that allow loading the structures
by rain and heat radiation, respectively. Integral part of the tunnel equipment consists of
instruments for airflow diagnostic, data acquisition system, direct pressure surface
measurement, precise thermometry and of many other types of handy accessories for
instant use.
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Obr. 1: Ground plan of the wind tunnel laboratory. It is designed in oval closed shape adapted for
aerodynamic and climatic testing, respectively.

2 Conclusion

The full paper will present the description of the new-built laboratory facility developed
for a fundamental research in engineering problems related to study of wind and climatic
effects on structures. The full paper will also be describing the pressure losses
determination and other important design issues. The unique wind climatic tunnel uses a
combination of two working sections. This arrangement takes an advantage in wide
universality and adaptability to experimental demands. Besides interior layout tunnel
description, the article will focus on the description of flow resistance of essential
tunnel parts [1], [2], [3]. According to the design guide and computational fluid dynamic
model, pressure development along the longitudinal centerline was identified that
provided a reference material with required pressure gain of the fan.
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ANALYZA TEPLOTNIHO POLE VYBRANYCH KONSTRUKCII
V JEJICH RANNEM STADIU

TEMPERATURE FIELD ANALYSYS OF CHOOSEN STRUCTURES
IN THEIR EARLY STAGE

Ivan Prciich', Miroslav Igna¢ak?®, Julius Soltész’

Abstrakt

Cielom prispevku je prezentacia termodynamického modelu pomocou, ktorého je
mozné vySetrit’ priebeh teploty v l'ubovol'nom c¢ase a mieste zdkladovej dosky, podlahy
resp. cementobeténovej vozovky v ich rannom §tadiu. Zaujimavost'ou danej ulohy je, Ze
na staticki ulohu, ktorou je vySetrovanie vzniku trhlin na beténovej konstrukcii ,ma
v rannom $tadiu vplyv najma zlozenie betonu, klimatické vplyvy a sposob osetrovania.

Klicova slova

Biele vane, priemyselnd podlaha, cementobetonova vozovka, MKP, teplotné zat'aZenie.

Abstract

The aim of this article is to present a thermodynamic model. By using this model it is
possible to calculate the development of temperature at any time and place of base a
slab, industrial floor or concrete pavement at the early stage. An interesting fact of the
static problem, which is investigation of cracks in concrete structures, is that an
investigating is at an early stage is influenced especially by the composition of the
concrete, climate impacts and method of treatment.

Keywords

White basin, industrial floor, concrete pavements, FEM, thermal load.

1 Uvod

Pri betonazi zdkladovych dosiek, priemyselnych podldh a cementobeténovych krytov
vozoviek zohrava doleziti wtlohu mnoho faktorov. V uvedenych konstrukciach je
mnohokrat snaha navrhnut' konstrukciu tak, aby trhliny nevznikli vobec, respetktive
vznikli len trhliny s limitovanou S$irkou. Cielom prispevku je prezentacia
termodynamického numerického modelu pomocou, ktorého je mozné vysetrit priebeh
teploty v Iubovolnom ¢ase amieste zakladovej dosky, podlahy resp.
cementobetonového krytu vozovky vich rannom Stadiu. Nasledne je mozné vysetrit
riziko vzniku trhlin.
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3 Doc.Ing. Julius Soltész, STU Bratislava, Stavebna fakulta, KBKM, Radlinskeho 11 813 68 Bratislava, soltesz@svf.stuba.sk
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2 Vypoctovy model

Vypoctovy model pracuje na baze metddy konecnych prvkov pricom cielom tlohy je
numerické rieSenie jednorozmerného nestacionarneho vedenia tepla s vnutornymi
zdrojmi, ktoré v danom pripade reprezentuje uvol'nené hydratacné teplo. Model zaroven
vhodnym sposobom zohladiuje klimatické vplyvy, tepelnti ochranu konstrukcie,
technologické vplyvy a vlastnosti podlozia.

Cely algoritmus vychadza zo znamej diferencialnej rovnice popisujicej nestacionarne
teplotné pole vo vSeobecnom ortotropnom telese. Rovnicu je mozné zna¢ne zjednodusit’
vzhladom na jednorozmernost’ predmetnej Ulohy. Nasledne boli zavedené vhodné
okrajové podmienky (kontakt zemina-ustalend teplota, kontakt beton-vzduch, kontakt
tepelna izolacia-vzduch). Termodynamicky model rozdel'uje konstrukciu po hribke na
45 koneénych prvkov ( 5 k.p. — tepelnd ochrana, 20 k.p. — betonova konstrukcia, 20.k.p.
- zemina).

temperature
[*C ]

time
[hr]

257

gl L
= o e

thickness of structure
[m]

Obr. 1: Vyvoj teploty v zakladovej doske

3 Zaver

Hodnoty vypocitané numericky pomocou popisovaného modelu su porovnané s datami
ziskanymi experimentalne na redlnych stavbach. Zaujimavostou danej ulohy je, Ze na
statickii lohu, ktorou je vysetrovanie vzniku trhlin na betdénovej konStrukcii, ma
v rannom $tadiu vplyv najmd zlozenie betonu, klimatické vplyvy a spdsob oSetrovania.
Na zdklade spomenutych vypoltov je mozné optimalizovat postup zhotovenia
konstrukcie z hladiska spomenutych vplyvov tak, aby vysledkom bola hospodéarne
navrhnuta konstrukcia, ktora spiia pozadované kvalitativne parametre.
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NONLINEAR ANALYSIS OF BUCKLING AND POST-BUCKLING

Martin Psotny'

Abstract

The stability analysis of slender web loaded in compression was presented. The non-
linear finite element method equations were derived from the variational principle of
minimum of potential energy [1]. To obtain the non-linear equilibrium paths, the
Newton-Raphson iteration algorithm was used. Corresponding levels of the total
potential energy were defined. Special attention was focused on the influence of
imperfections on the post-critical buckling mode.

Keywords

Stability, post-buckling, geometric non-linear theory, initial imperfection, finite element
method, Newton-Raphson method, arc-length method.

FEM nonlinear analysis

The FEM computer program using a 48 DOF element [2] has been used for analysis.
Presented model consists of 8x8 finite elements. Full Newton-Raphson procedure, in
which the stiffness matrix is updated at every equilibrium iteration, is applied. The
fundamental path of the solution starts from the zero load level and from the initial
displacement. It means that the nodal displacement parameters of the initial
displacements and the small value of the load parameter have been taken as the first
approximation for the iterative process. Interactive change of the pivot member during
calculation is necessary for obtaining required number of L-D paths, subsequently we
are able to separate the stable and unstable paths of solution.

a=b=120 mm t=1mm
E =210000 MPa v=0.73

B

&
v
yi, e
/Q—
AN e
, a =
initial imperfection mode: v e

w, =, *SxI*Syl+a,, *Sx2* Syl
Fig. 1: Slender web: a) Notations of the quantities, b) FEM model — SHELL 143

Obtained results were compared with results of the analysis using ANSYS system,
where 16x16 elements model was created (Fig. 1b). Element type SHELL143 (4 nodes,
6 DOF at each node) was used. The arc-length method was chosen for analysis,

! Martin Psotny, Assoc. Prof., Ing., PhD., Department of Structural Mechanics, Slovak University of Technology, Faculty of Civil
Engineering, Radlinského 11, 813 68 Bratislava, Slovakia, martin.psotny@stuba.sk
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the reference arc-length radius is calculated from the load increment. Only fundamental

path of nonlinear solution has been presented. Shape of the web in post-buckling has
been also displayed.
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LOAD — CARRYING CAPACITY OF COMPOUND SHELL

Martin Psotny'

Abstract

Load — carrying capacity analysis of compound shell was presented. Top of the shell was
created by paraboloid of revolution. This head was capped at each side by square
parabolic conoid. These conoids were connected together with four shallow hyperbolic
paraboloids (Fig. 1). ANSYS system was used for nonlinear analysis, arc-length method
was chosen for obtain fundamental load-displacement path of solution.

Keywords

Shell, stability, non linear analysis, arc-length method.

1 Geometry

Idea for writing of this paper was the figure in the older Czech book [1] in which the
shell model over square ground plan made from wire was presented. Accordance with
this, compound shell model shown in Fig. 1 was created. Simplified model has been
presented, where sphenoid surface was replaced by paraboloid of revolution, even at
small discontinuity in the first derivative of function of displacement at the contact of
paraboloid with conoid.

10
24m 10
10
. 10
40
10 ! 10 L10 |10 !

Fig. 1: Compound shell: a) view, b) ground plan

Such particular shell has region with positive Gaussian curvature (paraboloid of
revolution), negative Gaussian curvature regions (hyperbolic paraboloids) and also zero
values of Gaussian curvature (square conoids).

Presented shell covers square area 40x40 m, while the paraboloid of revolution itself
covers an area 20x20 m. The total height of the shell is 24 m, height of the paraboloid of
revolution is 12 m. Constant thickness 10 cm is contemplated for the entire shell. We
assume a fictitious ideal elastic material (E, v) with high strength. The model was
created in ANSY'S using SHELL 143 element type.

! Martin Psotny, Assoc. Prof., Ing., PhD., Department of Structural Mechanics, Slovak University of Technology, Faculty of Civil
Engineering, Radlinského 11, 813 68 Bratislava, Slovakia, martin.psotny@stuba.sk
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2 Load - carrying capacity analysis

Conoids after local buckling are still capable to carry load. Furthermore, they can not
buckle more, being held by supports and by paraboloid of revolution. As a result of this
state, they would push along their sides on hyperbolic paraboloids. Hypars become the
weakest elements, and after snap-through they pull down adjacent conoids. Some sort of
“circle” has been created, after which paraboloid of revolution has been pushed deeper
and deeper, but still keeps its shape.

In Fig. 2 we can see shape of the shell at the beginning of the buckling of conoids (a),
after snap-through of hypar (b) and after creating of ,,circle of deformation* (c).

Fig. 2: Process of deformation

Due to the difficulty of calculation (about 4000 substeps for full path), only a quarter
of the shell was modeled. Correct specification of boundary conditions is essential.
Load-deflection paths for UZ in the top of the shell and in the center of hypar are
presented in Fig. 3. Limit load value of nonlinear analysis is fixed on 11,7 kN/m".
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Fig. 3: Load-deflection paths for top of the shell (a) and for selected point on the hypar (b)
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NUMERICKY MODEL KOMBINOVANEHO
STYCNIKU TYPU OCEL-DREVO

NUMERICAL MODEL OF THE STEEL-TIMBER JOINT

Miroslav Rosmanit', P¥emysl Pafenica’

Abstrakt

Clanek se zabyva chovanim jednotlivych prvki piipoje ocelového a dfevéného prvku.
Ptipoj, ktery je predmétem vyzkumu, je opakované vyuzivan napf. pii spojeni ocelovych
pti¢nikl s hlavnimi dfevénymi trdmy mosti a lavek malych a stfednich rozpéti, ptipoj
mimo jiné zajistuje nemalou mirou celkovou stabilitu konstrukce. V pfispévku jsou
prezentovany moznosti MKP numerickych modelii v programu Scia Engineer 2012, se
zamétfenim na celkovy pribéh deformaci, se zohlednénim interakce vSech jednotlivych
¢asti ptipoje.

Klicova slova

Sty¢nik ocel-dievo, tuhost, MKP model, analyticky model, interakce.

Abstract

The paper is focused on the behavior of individual elements on the pin connection
of steel and timber beams. The connection is repetitively use on modern bridge
structures to ensure the overall stability of the structure. Interaction of all parts of the
connection (components as beams, face plate, bolts, washers and nuts) is numerically
modeled using the FEM program Scia Engineer 2012, the stiffness and the deformation
behavior of the connection is studied mainly.

Keywords

Steel-timber pin connection, stiffness, interaction, FEM model, analytical model.

1 Uvod

Byl zvolen typizovany pfipoj, ktery se v soucasnosti bézné pouziva u konstrukci
difevénych mosti a lavek. Tento detail je realizovan pomoci Celni desky a Sroubii
(svornikll) s vysokopevnostni podlozkou. Chovani sty¢niku je pfevazné ovlivnéno
otlaCenim Celni desky a Sroubt do dfevéného prvku, deformaci Sroubli v piipoji a v ne-
posledni fad¢ deformaci samotného ocelového ptic¢niku s ¢elni deskou v misté ptipoje.
Hlavnim tématem prace byla tvorba modelu spoje mezi ocelovym pii¢nikem
a hlavnim mostnim nosnikem z lepené¢ho lamelového dieva. Pro jeho tvorbu byl pouzit
software Scia Engineer 2012. Vyzkum navazuje na jiz provedena laboratorni méteni [1]
a[2] ana numerické modelovani v programu ANSYS (relativné slozitd prostorova

' Miroslav Rosmanit, Ing., Ph.D., VSB-TU Ostrava, Fakulta stavebni, Katedra konstrukci, 17. listopadu 15/2172,
708 33 Ostrava — Poruba, miroslav.rosmanit@vsb.cz
Pfemysl Pafenica, Bec., VSB-TU Ostrava, Fakulta stavebni, Katedra konstrukci, 17. listopadu  15/2172,
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nelinearni uloha) [3]. Cilem tohoto vyzkumu je vytvofeni funkcnich, ale zaroven
dostate¢né jednoduchych MKP modeld vystihujicich chovani ptipoje typu ocel-dievo
s vyuzitim softwaru pouzivaného béznou inZenyrskou praxi.

Byly vytvoreny tii rizné slozité 2D modely (kombinace plosnych prvkl (skotfepin)
a pruti), které byly porovnany s vysledky laboratornich méfeni a numerického modelu
v programu ANSYS. Tyto modely jsou v ¢lanku podrobné popsany a diskutovany.

2 Numerické modely

Hlavni mySlenkou pii tvorbé modeld byla idealizace redlného sty¢niku pomoci 2D
prvki. To je dano zejména tim, ze program Scia Engineer 2012 pracuje pouze s uréitymi
typy konecnych prvkli. Mezi né patii zejména prutové prvky, dale pak sténové nebo
deskové prvky. Nejkomplexnéjsimi prvky jsou pak deskosténové skotepiny. Oproti
specializovangj§im softwariim program neobsahuje zadné prostorové prvky.

Pro veskeré nelinedrni vypocty byla zvolena Timoshenkova metoda vypoctu. Tento
typ tesice byl zvolen zejména kvili pfimému feseni nelinearit v kontaktech téles.

Model ¢. 1 je idealizovan pievazné pomoci skotfepinovych ploch. Veskeré prvky jsou
prevedeny do 2D prvkl. Tento model lze hodnotit jako jednoduchy, velmi tuhy. Spojeni
je tvofeno pfimym napojenim jednotlivych skofepin (svornik — ¢elni deska). Vysledky
vykazuji vyznamné zkresleni prokluzu ¢elni desky a otlaceni svorniki, je zde také patrna
nespojitost deformace dievéného prvku — nedokonalost modelu.

Model ¢. 2 se snazi eliminovat nedokonalosti pfedeslého modelu. Jedna se zejména
o sniZzeni tuhosti napojeni svornik. Dale jsou zde skofepiny reprezentujici svorniky
nahrazeny prutem s prufezem odpovidajicim tvarové i rozmérove jedné fadé svorniki.
Tento priifez je tedy nové tvoien dvojici kruhovych priifezi. Tento model lze oznacit za
pln€ funkéni, celkové deformace 1 vnitini sily ve svornicich odpovidaji experimentim.
Model neni schopen vyftesit problém nespojitosti deformace dievéného prvku (minoritni
vliv na celkové chovani sty¢niku). Tento model je vhodny pro bézné vyuziti v praxi.

Model ¢. 3 navazuje na piedchozi model. Hlavnim diivodem pro tvorbu tohoto
modelu bylo zajistit spoluptisobeni jednotlivych ¢asti hlavniho dfevéného nosniku, bez
vlivu na tuhost v otlaceni. Tato Gprava modelu je realizovana pomoci velmi tuhého
(pomocného) ocelového boxu, ktery je napojen na jednotlivé segmenty. Komplexnost
modelu zpusobuje problémy pii feSeni (¢asova narocnost, slozity model, relativné maly
ptispévek kvality v porovnani s pracnosti). Ukazuje se, Ze piedloZzené komplexni feSeni
neni vhodné pro béZznou stavebni praxi a jeho pfinos je zanedbatelny.
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MODELOVANIE NOSNYCH KONSTRUKCII
PAMIATKOVYCH OBJEKTOV

LOAD-BEARING STRUCTURE MODELLING OF HISTORIC BUILDINGS

Jaroslav Sandanus', Kristian S(’)gel2

Abstrakt

V prispevku je predstavend analyza a nasledna rekonstrukcia streSnych konstrukeii
dvoch sakralnych stavieb. V prvom pripade ide o veZze kostola klaStorného komplexu
v Jasove a druhym opisovanym objektom je kaplnka v Bratislave. Prostrednictvom
tychto konstrukeii st predstavené postupy a metédy modelovania historickych stavieb z
dreva. Pre kazdy objekt je predstavena diagnosticka prehliadka, staticka analyza a navrh
rekonsStrukcie a sandcie.

KPucové slova
Pamiatkovy objekt, drevend nosnd konStrukcia, statickd analyza, zatazenie vetrom,
konstrukéna ochrana, drevokazné huby, drevokazny hmyz.

Abstract

In the contribution the analysis and subsequent reconstruction of two religious building's
roof structure is presented. In the first case, the towers of the monastery church in Jasov
are described. Second the Chapel in Bratislava is introduced. Through these structures
the modelling problems and methods by historic buildings are presented. For each object
the diagnostic inspection, structural analysis and recommendation for reconstruction is
mentioned.

Keywords

Historic monument, timber load-bearing structure, structural analysis, wind load,
structural protection, wood-destroying fungi and insects.

1 Uvod

Ochrana a reStaurovanie pamiatok je odborom, ktory vyzaduje spolupracu so vsetkymi
vedami a technikami, schopnymi napomahat’ pri vyskume a zachrane pamiatkového
dedi¢stva. Obnova je ukon, ktory md mat povahu vynimocnosti. Jeho cielom je
zachovat’ a odhalovat’ estetické a historické hodnoty pamiatky. Zakladd sa na
reSpektovani povodnych stavebnych materialov nosnych prvkov azachovani ich
povodnych pripojov. Pévodna myslienka pdsobenia konsStrukcie sa tak premieta do
statického modelovania nosnej konsStrukcie. Zohl'adnit’ pritom treba aj vSetky zmeny,
ktoré vznikli na konstrukcii vplyvom casu.

"doc. Ing. Jaroslav Sandanus, PhD., Stavebna fakulta STU v Bratislave, jaroslav.sandanus@stuba.sk
2 Ing. Kristian Sogel, PhD., Stavebna fakulta STU v Bratislave, Radlinského 11, 813 68 Bratislava, kristian.sogel@stuba.sk
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2 Veze Klastora Premonstratov v Jasove

Cielom diagnostickej prehliadky bolo urcenie rozsahu poskodenia drevenych prvkov
biotickymi a abiotickymi Skodcami. Zistenia z prehliadky boli vyuzité pri navrhu sanacie
poskodenych prvkov. Na zdklade diagnostickej prehliadky a statického posudku
jednotlivych nosnych prvkov aich spojov bola navrhnutd rekonstrukcia drevenych
konstrukeii vezi.

Obr. 1 Pohl'ad na klastor zo severnej strany

3 Kaplnka RuZencovej Panny Marie v Dibravke

Pocas diagnostickych prehliadok sa zistili vazne poskodenia véznych trdmov a hlavnych
vizieb, o spdsobilo naklonenie vezicky. Na zaklade diagnostickej prehliadky bol
konstatovany havarijny stav streSnej konStrukcie kaplnky. Zistilo sa, Ze drevena
konstrukcia kaplnky nie je kotvena do murovanej stavby. Bolo potrebné modelovanim
zistit, ¢i moze konstrukcia fungovat s podperami, ktoré preberaju iba tlakové
namahanie.

4 Zaver

Pri rekonstrukciach pamiatkovych objektov je potrebné zohladnit’ viacero faktorov,
ktoré vstupuju do ¢innosti projektanta. Je potrebné zosuladit’ poZiadavky pamiatkovych
uradov, investorov, architektov, statikov a dodavatel'ov. Drevené nosné konStrukcie si
vyzaduju predovsetkym spolupracu odbornikov, ktori posudzuji mieru poskodenia
samotnej drevenej hmoty a odbornikov, ktori poznaji funkciu jednotlivych prvkov
konstrukcie. Vo viacerych pripadoch sa poznanim funkcie prvku v konStrukeii dali
prvky zachranit’ v duchu poziadaviek ochrany pamiatkovych objektov, pretoze na prenos
daného zat'azenia v konsStrukcii boli prierezy aj napriek poskodeniu dostato¢né.
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MODELOVANIE VYSTUZENYCH SKLENYCH NOSNIKOV V MKP
FEM MODELING OF THE REINFORCED GLASS BEAMS

Milos Slivansky'

Abstrakt

Navrhovanie nosnych konStrukcii zo skla je eSte aj v sucasnosti nedostato¢ne
rozpracovand oblast’. Intenzivny experimentalny a teoreticky vyskum je preto pre rozvoj
v oblasti navrhovania modernych sklenych konstrukcii rozhodujici. Tento prispevok sa
zaobera aplikaciou skla (ako konstrukéného materidlu) pri ndvrhu nosnych prvkov.
Prezentované¢ tdaje su zamerané predovSetkym na porovnanie vysledkov
experimentalneho a teoretickému vyskumu z pohladu totalnej a zvyskovej odolnosti
vystuzenych sklenych nosnikov.

KTPucové slova
Sklo, vrstvené sklo, nosniky, trhlina, krehky lom, vystuz, zvyskova odolnost, MKP
analyza.

Abstract

The designing with glass is still an under — developed area. Intensive theoretical and
experimental research is therefore essential for ensuring the reliability and efficiency of
modern structural glass systems. The paper deals with application of structural glass in
design of loadbearing glass elements. The main objective of the presented work is to
compare experimental and theoretical research (FEM-analysis) of the loadbearing
capacity and post-breakage behavior of the reinforced glass beams.

Keywords

Structural glass, laminated glass, beams, crack, fracture, reinforcement, post-breakage
structural capacity, FEM analysis.

1 Experimentalny vyskum

Skusky vystuzenych nosnikov z plaveného skla sa zamerali na skimanie charakteru
porusovania z pohl'adu zvySenia odolnosti spolupdsobenim skla s kovovymi materidlmi
a tiez z pohl'adu zabezpecenia zvyskovej odolnosti poruseného skleného prvku.
Skusobné vzorky sklenych nosnikov mali rozmery 1500 x 130mm a na ich vyrobu
boli pouzité tabule vrstveného nekalené¢ho skla s hribkou 5Smm, ktoré boli vzajomne
spojené PVB foliou s hrabkou 0,76mm. Ako vystuzny profil sa pouzil nerezovy pasovy
materidl kvality EN 1.430. Strihana pasovina s prierezom 15 x 3mm bola nalepenéd na
obidva povrchy sklenej tabule pozdiz celého nosnika na jednom jeho okraji (pri zat'aZeni
na tahanom okraji). Detail nosnika s nalepenou vystuznou paskou ilustruje obr. 1. Na
lepenie vystuznej pasky sa pouzilo dvojzlozkové epoxidové lepidlo Loctite Hysol 9466.

' Milog Slivansky, Ing., PhD., STU Bratislava, Stavebna fakulta, Katedra kovovych a drevenych konstrukcii, Radlinského 11, 813 68
Bratislava, milos.slivansky@stuba.sk
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Obr. 1: Nalepena vystuzna pasovina (detail), schéma a skuto¢né prevedenie

Skusobné vzorky vsetkych typov nosnikov boli overované 4 — bodovou ohybovou
skaskou. Pre tento ucel bola navrhnut4 a vyrobena skiSobna zat'azovacia zostava, ktora
bola osadend v stacionarnom hydraulickom lise ZDMU 30 s maximalnou zat'azovacou
silou 100kN. Zatazovaniu vzorky do porusenia predchadzalo niekolko zataZovacich
cyklov (zat'azenie — konstantna uroven zat'azenia — odl'ahcenie).

Porovnanim vysledkov skiSok nevystuzenych nosnikov a vystuzenych nosnikov
mozno jednoznacne konsStatovat’, ze vystuzené nosniky dosahuji niekol’kondsobne (2,5
az 4 — nasobne) vysSie hodnoty totdlnej odolnosti, priCom pdvodny krehky charakter
porusenia sa pri vystuzenych nosnikoch zmenil na pretvarny (plasticky).

2 Vypoity MKP

Pri vypoctoch MKP bolo v programe RFEM 4 zostavenych viacero vypoctovych
modelov. Vypoctové tlohy sa venovali moznostiam vyuzitia MKP pri modelovani
vystuzenych sklenych nosnikov. Posobenie nosnikov sa skiimalo jednak z hladiska
rozsahu poskodenia sklenej Casti (bez trhliny, jedna trhlina, viacero trhlin) a jednak
z hl'adiska oblasti pdsobenia materidlu vystuze (linedrna a nelinearna zavislost’  — ¢).
Vo vsetkych pripadoch bola pouzita rovnakéa geometria a okrajové podmienky nosnika.

Napéti

O+ [MPa]
195.29
132.50

69.71

9.0
6.92
-55.87
i -118.66

e

<X

Max Sigma-x,+: 195.29, Min Sigma-x,+: -495.40 [MPa]
Hodnoty: Sigma-x,+ [MPa]

Obr. 2: Model a grafické vysledky MKP (ilustrany obrazok)
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UCEBNI MATERIALY ZAMERENE NA PRUZNOST A PLASTICITU
VE STAVEBNICTVI

LEARNING MATERIAL OF ELASTICITY AND PLASTICITY IN CIVIL ENGINEERING

Old¥ich Sucharda’

Abstrakt

Prispévek se zabyva problematikou analyzy prutovych konstrukci. Pro analyzu je zvolen
vlastni vyvijeny software. Déle ptispévek prezentuje projekt Fondu rozvoje vysokych
Skol, ktery se zaméfuje na tvorbu studijnich materialti do predmétu Pruznost a plasticita,
zejména pak piikladd.

Klicova slova

Pruznost, plasticita, ptiklady, deformace, vnitini sily.

Abstract

The paper deals with the analysis of beam structures. The software developed by author
of article is used. Furthermore, the paper presents a project of the University
Development Fund, which focuses on creation of learning materials to subject elasticity
and plasticity, in particular examples.

Keywords

Elasticity, plasticity, examples, deformation, internal forces.

1 Uvod

Problematika statické analyzy, konkrétné oblast pruznosti a plasticity patii k zakladnim
znalostem stavebniho inZenyra, kdy znalosti z uvedené problematiky jsou predpokladem
pro pochopeni chovani stavebnich konstrukci a nasledné k dimenzovani konstrukénich
prvki. Pro uvedenou oblast vznikla celd fada teoretickych publikaci urcenych pro
studenty bakalaiskych [1, 2, 4] a magisterskych oborti nebo pro studenty doktorského
studia [3]. Prevazné se vSak publikace zaméfuji na teoreticky vyklad, kdy podpofeny
projekt ,,Studijni materidly pro predmét Pruznost a plasticita — ptiklady* se praveé snazi
koncept navrhu a posudkt dle soucasné platnych Eurokodi upravenych na podminky
pro studenty bakalarskych obori.

2 Ucebni materialy

Ucebni materidly jsou uréeny pro stejnojmenny piedmét, ktery patii ke stézejnim
pfedmétim stavebni mechaniky a navazuji na n€j ve vSech oborech na Fakulté stavebni,
Vysoké Skoly banské — Technické univerzity Ostrava dal$i odborné piedméty.

! Ing. Oldfich Sucharda, Ph.D., VSB-Technicka univerzita Ostrava, Fakulta stavebni, Katedra stavebni mechaniky, L. Podésté 1875,
CZ70833, Ostrava, e-mail: oldrich.sucharda@vsb.cz.
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Vytvotené studijni opory si kladou za cil pfedev§im usnadnit vyuku ve cviceni a pomoci
studentim pfi procvicovani numerickych ptikladi u samostudia a pomoci studentim
v kombinované form¢ studia. Doplitkové jsou ucebni materidly doplnény o moderni
multimedialni prvky, jako jsou fotografie staveb, videoklipy nebo vyukovy software,
ktery byl vyuzit pro prezentaci vybrané ¢asti jiz zpracovanych uloh. Konkrétné se jedna
o kapitolu zabyvajici se navrhem a posudkem prutovych konstrukci na ohyb dle mezniho
stavu Uinosnosti a pouZitelnosti.

x=0

by af F g q
~_ | /WTA(

Obr. 1: Nosnik

3 Zavér

Ptispévek prezentoval feSeny projekt ,,Studijni materidly pro predmét Pruznost
a plasticita — piiklady* podpofeny Fondem rozvoje vysokych Skol, ktery se zaméiuje
na tvorbu ucebnich materidlti. Nejvétsi ¢ast u¢ebnich materialti bude zahrnovat piiklady
pro procviceni, které budou doplnény o fotografie staveb, videoklipy nebo vyukovy
software. V soucasné dob¢ jsou uc¢ebni materidly rozpracovany. Ucebni materialy budou
zahnuty do vyuky v akademickém roce 2013/2014 a publikovany na webovych
strankach katedry v sekci studijni materidly —
http://www.fast.vsb.cz/228/cs/okruhy/studijni-materialy/.

Podékovani
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MECHANICAL AND MATHEMATICAL MODELING OF VISCO-
ELASTIC CONTINUA — CONSTITUTIVE EQUATIONS

MECHANO — MATEMATICKE MODELOVANIE VAZKOPRUZNEHO KONTINUA —
KONSTITUTIVNE ROVNICE

Jozef Sumec ', Maria Minarova’

Keywords

linear visco-elasticity, relaxation, plastic flow, differential and integral representation of
the constitutive equations for anisotropic media, rheological model, integral Laplace
transformation

Extended abstract

e Classical elasticity theory studies the mechanical response of the perfectly elastic body
to the ambient acting, where according to the Hook’s law the stress is a linear function
of the strain being independent on the deformation velocity. On the other hand in
hydrodynamic problems, where Newtonian laws are essential, the stress is linearly
proportional to the strain velocity, but independent from the strain itself.

¢ Phenomenological models of continuum mechanics applied on the rigid body are more
or less idealized. It is known from the experimental measuring that there is a plastic
flow, respectively relaxation in real rigid bodies, i.e. stress is the function of strain,
strain velocity and the higher time derivations.

e The Voight (Kelvin) rheological model consists of the basic substances - the Hook
elastic mass (H) and the Newton viscous liquid (N) connected parallelly, the structural
formula is (V)=(H)|(N) the Maxwell model consists of (H) and (N) connected serially,
the structural formula is (V)=(H)-(N), see Fig. 1a, b.

(H)

=

T
‘Iu'l\n
ulenl
-2 >

()

=1
-~

a) b)

Fig. 1. a) Voight rheological model, b) Maxwell rheological model

o Voight rheological model:
The corresponding constitutive equation is

' Prof. Ing. RNDr. Mgr. Jozef Sumec, DrSc., Stavebna fakulta STU Bratislava, Katedra stavebnej mechaniky, Radlinského 11,
Bratislava, jozef.sumec@stuba.sk

2 RNDr. Maria Minarova, PhD., Stavebn4 fakulta STU Bratislava, Katedra matematiky a deskriptivnej geometrie, Radlinského 11,
Bratislava, minarova@math.sk
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After applying of the Laplace transform and its inversion further we get the formula for
the strain tensor

6 . t
g(t)=Y A'A(2, )j [1—e™(" ]2—‘;dr
n=l1 0

o Maxwell rheological model:
The constitutive equation is
0 -0 .
—&e=(C—+vy)o
= (Coutv
After applying of the Laplace transform as in the case above for the stress tensor we get

c= ZE(Kn )j e (7t %di’
0

e Zener rheological model
Extending the Voight rheological model by the Hook mass (H), see Fig. 2, we get the
rheological model of the Zener type (Z)=(H;)|[(N2)-(H2)]

(H)
Ew

Fig. 2. a) Zener rheological model

The constitutive equation is
do CV6=F  C% @F 42 g
5"' c=E,C7 e+y"(E, + )5
After applying of the Laplace transform the stress tensor will be of the form

¢ 6
- = k(1) 4 O
G:I[E(l) +ZB(2)(Kn)€ alt ’)]a—adr
0 n=1 T

e The derived formulas are used during the analysis of the relaxation effect and time
depending deformations in the construction components created from the silicate
composites as well as in the biomechanical analysis of the tissue engineering, see Fig.3

Fig. 3. Possible applications of the rheological models in civil engineering and in biomechanics
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MODEL UNCERTAINTY IN SHEAR RESISTANCE OF REINFORCED
CONCRETE BEAMS WITH SHEAR REINFORCEMENT

Miroslav Sykora, Milan Holicky, Jan Krejsa'

Abstract

The submitted contribution is focused on the model uncertainty related to shear
resistance of reinforced concrete beams with special shear reinforcement considering
available test results. Variation of the model uncertainty with basic variables is analysed
and significant variables are identified for the section-oriented formula provided in EN
1992-1-1. Proposed probabilistic description of the model uncertainty consists of the
lognormal distribution having the coefficient of variation of about 0.25 and the mean
significantly varying with the strength of shear reinforcement.

Keywords

Model uncertainty, shear resistance, reinforced concrete.

1 Introduction

Previous studies indicated that structural resistances can be predicted by appropriate
modelling of material properties, geometry variables and uncertainties associated with
an applied model. In particular improvements in description of model uncertainties are
still needed. The submitted study is aimed at the model uncertainties of the shear
resistance of beams with shear reinforcement.

2 Uncertainties related to the model provided in EN 1992-1-1

The model uncertainty should be always clearly associated with an assumed resistance
model. In this contribution uncertainties related to the basic resistance model provided in
EN 1992-1-1 for beams with shear reinforcement are assessed.

Researchers at the University of Stellenbosch collected a database of 222 tests of the
beams with shear reinforcement. It was necessary to reduce database to 200 tests,
because for 22 tests information on shear reinforcement ratio py, and yield strength of the
shear reinforcement f;,, is missing. The database covers a wide range of beams with low
to medium concrete strengths; and small, ordinary and large effective depths. Lightly,
moderately and heavily reinforced beams are included. Sample characteristics of the
model uncertainty & obtained by the statistical evaluation of the database are given in
Tab. 1. Statistical analysis reveals that the strength of shear reinforcement has the most
significant influence on & and it is advisable to distinguish different levels of the
reinforcement. Statistical testing of outliers is conducted to exclude measurements tested
under significantly different conditions or affected by an error. Fig. 1 shows variation of
the model uncertainty with the reinforcement ratio.

" Ing. Miroslav Sykora, Ph.D., Prof. Ing. Milan Holicky, PhD., DrSc., Bc. Jan Krejsa, Czech Technical University in Prague, Klokner
Institute, Department of Structural Reliability, Solinova 7, 16608 Prague, Czech Republic, miroslav.sykora@klok.cvut.cz,
milan.holicky@klok.cvut.cz, jan.krejsa@klok.cvut.cz
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o Coefficient
Description of the sample Mean e
of variation
Whole database, sample size n = 200 1.32 0.34
Lightly reinforced beams (pwfyw < 1 MPa), n = 147 1.56 0.26
Moderately reinforced beams (1MPa < pyfyw <2 MPa), n =45 1.25 0.23
Heavily reinforced beams (2 MPa < pyfyw), n =8 0.76 0.20
Tab. 1: Sample characteristics of the model uncertainty
1.8
p—]
0 Heavily Yra — |
reinforced 1.6 . R
Heavily reinforced
1, =0.76, V,=0.2
1.4 } Moderately reinforced
Whole database Hy=125V,=0.23
o | H=132,7,=034 L
wE=c=T=
Y N A I SO USROS AL
. :\.\ 0.8 Lightly reinforced
1, =1.56,V,=0.26
0 0.6 | |
0 0.5 1 1.5 2 2.5 3 32 3.4 3.6 3.8 4.0 4.2 4.4
pwfyw ﬂ
Fig. 1: Variation of @ with pyf,,, for the whole Fig. 2: Variation of partial factor yq with §
database

3 Model uncertainty factor for deterministic reliability verifications

For deterministic reliability verifications EN 1990 introduces the partial factor jzq to
describe the uncertainty associated with the resistance model. Assuming the probabilistic
models for @ given in Tab. 1, variation of jz4, based on the design value method, with
the target reliability fis indicated in Fig. 2.

4 Concluding remarks

The following conclusions are drawn from the present study focused on the model

uncertainties in shear resistance of beams with shear reinforcement:

e Strength of shear reinforcement influences the mean of the model uncertainty and its
differentiation for lightly, moderately and heavily reinforced beams is advisable.

e As a first approximation uncertainties related to the section-oriented model provided
in EN 1992-1-1 can be described by the lognormal distribution with a coefficient of
variation of about 0.25 and the mean value 1.6 (lightly), 1.25 (moderately) and 0.8
(heavily reinforced beams).
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STUDIE STATISTICKEHO CHOVANI GUMBELOVA MODELU
UNAVOVE ODEZVY BETONU TRIiD C30/37 A C45/55

STUDY OF STATISTICAL BEHAVIOUR OF GUMBEL MODEL
OF PLAIN C30/37 AND C45/55 CLASS CONCRETE FATIGUE RESPONSE

Hana Simonova', Ivana Havlikova?, Zbynék Ker$ner’

Abstrakt

Ptispévek analyzuje hodnoty zdkladnich navovych parametrii betont pevnostnich tiid
C30/37 a C45/55 ziskanych z cyklickych testi téles. Pro popis unavové S—N kiivky je
pouzit nelinedrni regresni model vyvinuty Castillem a kol., zaloZeny na Gumbelovu
rozdéleni. Studuje se proménlivost hodnot zékladnich inavovych parametri betont téles
z vySe uvedenych tiid s vyuZzitim pravdépodobnostniho softwaru FReET.

Klicova slova

Beton, unava, aproximace, Gumbelovo rozdé¢leni pravdépodobnosti, software FReET.

Abstract

Basic fatigue parameter values obtained for plain C30/37 and C45/55 class concrete
specimens during dynamic tests with consideration of their variability are analyzed. The
Gumbel distribution utilized by Castillo at al. in nonlinear regression model is applied
for standard description of the S—N curve. This study is focus on the variability of the
values measured for the basic fatigue parameters using FReET probabilistic software.

Keywords

Concrete, fatigue, approximation, Gumbel distribution, software FReET.

1 Uvod

Beton patfi k uzivanym materidlim i pro konstrukce dynamicky zatéZované. Pro
posuzovani jejich tnavové Zivotnosti slouzi ptistup zalozeny na empiricky odvozenych
S—N diagramech — zéavislostech napéti (S) na poctu zatézovacich cykli do poruseni (N)
[1]. Dalsi moznosti je vyhodnoceni dynamickych zkouSek pomoci regresniho modelu
vyvinutého Castillem a kol. na zékladé Gumbelova rozdé¢leni [2], ktery je pouzit v tomto
prispévku. K analyzam byl pouzit pravdépodobnostni software FReET [3].

2 Zavér

V plném textu ptispévku jsou prezentovany vysledky studie proménlivosti korigovanych
naméfenych hodnot zakladnich tnavovych parametri ziskanych na zkusebnich télesech

" Ing. Hana Simonova, Vysoké ugeni technické v Brng, Fakulta stavebni, Ustav stavebni mechaniky, simonova.h@fce.vutbr.cz
? Ing. Ivana Havlikova, dtto, havlikova.i@fce.vutbr.cz
3 prof. Ing. Zbynék Kerdner, CSc., dtto, kersner.z@fce.vutbr.cz
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zbetonil tfid C30/37 a C45/55. Bylo zkoumano statistické chovani nelinedrniho
regresniho modelu vyvinutého Castillem akol. na zdkladé Gumbelova rozdéleni
pravdépodobnosti — viz Obr. 1 a 2: S—N diagramy standardizovanych méteni doplnénych
vystupy programu FReET (stfedni hodnoty a +/- smérodatné odchylky (STD)).

Podékovani

Prace na prispevku  byly podporovany projektem  juniorského  specifického
vysokoSkolského vyzkumu na VUT v Brné registrovanym na VUT pod ¢. FAST-J-12-
5/1566, pricemz se castecné vyuzilo vysledkii projektu GA CR ¢. P104/11/0833.
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Obr. 1: Naméfena data a vysledky analyzy Ginavovych kfivek pro beton pevnostni tiidy C30/37
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Obr. 2: Namétena data a vysledky analyz unavovych kiivek pro beton pevnostni tfidy C45/55
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PRUZINOVE SITE A JEJICH APLIKACE

SPRING NETWORKS AND THEIR APPLICATION

Michal Stafa', Petr Frantik

Abstrakt

Piispévek predstavuje dynamicky systém vyuzivajici fyzikalni diskretizaci FyDiK3D.
Popisuje jednotlivé faze diskretizatniho postupu na praktické, ale zaroven vypocetné
narocné nelinedrni tloze. VS§imé si soucasnych aspekti modelu a rovnéz demonstruje
vyuziti paralelnich vypocti prostfednictvim platformy Nvidia CUDA.

Klicova slova
Dynamicky systém, fyzikalni diskretizace, FyDiK3D, CUDA.

Abstract

The paper represents dynamical system with use of physical discretization method called
FyDiK3D. It describes every phase of used discretization process on practical but also
time-consuming non-linear task. It observes contemporary model aspects and
demonstrates use of parallel computation technique by Nvidia CUDA platform.

Keywords
Dynamical system, physical discretization, FyDiK3D, CUDA.

1 Uvod

Siln¢ nelinearni problémy mechaniky jako plastickd deformace nebo rozvoj trhlin
v heterogennich materidlech, se velmi obtizn¢ modeluji klasickymi metodami
mechaniky kontinua [1]. Jednim ze zptsobt jak tento problém fesit je pouziti metody
fyzikalni diskretizace, ktera byla prvné aplikovana jiz pted nékolika desitkami let [2].

Na VUT v Bmé je jiz n€kolik let vyvijen diskretizacni 3D model FyDiK3D [3],[4],
ktery je postaven na bazi dynamickych systémi, coz navic 1épe vystihuje i mechanickou
odpoveéd materidlu v Case.

Zda a jak je pouzity model schopen se vypotadat naptiklad s tlohou plastické
deformace ocelového nosniku a zda je vypocetni naroc¢nost takového dynamického
modelu i1 s vice nez 500.000 stupni volnosti Gnosnd se pokousi zodpovédet tento
ptispévek.

' Ing. Michal Stafa, Vysoké uceni technické v Brng, Fakulta stavebni, Ustav stavebni mechaniky, Veveti 331/95, 602 00 Brno,
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2 Aplikace

Pro aplikaci modelu byl vybran ocelovy nosnik, vysledek experimentu na Ustavu
kovovych a dfevénych konstrukci FAST VUT, viz obr. 1. Tvar nosniku se po deformaci
vypoctené modelem FyDiK3D velice blizil tvaru ziskaného z experimentu, coZ nejlépe
demonstruje obr. 2. Vzhledem k pomérné vysoké vypocetni ndrocnosti byla uloha
paralelizovana prostfednictvim platformy Nvidia CUDA. Diky ni bylo dosazeno
zrychleni cca 90x.

Obr. 1 Modelovany nosnik

Obr. 2: Model po kone¢né deformaci

3 Zavér

Pouzity model na vizualni shod¢ vysledki s experimentem prokazal svoji funkénost a je
ho mozné za urcitych podminek pouzit pro feSeni podobnych siln€¢ nelinearnich tloh.
Soucasny trend paralelizace vypoctl, pro ktery je tato metoda vhodna jisté v brzké dobé
cely proces jesté vice zptistupni pro vypocty na bézn¢ dostupném hardware.
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PROBABILISTIC ANALYSIS OF THE CIRCULAR
FOUNDATION PLATE

PRAVDEPODOBNOSTNA ANALYZA KRUHOVEJ ZAKLADOVEJ DOSKY

Katarina Tvrda'

Abstract

Author deals with the deterministic and probabilistic analysis of the internal forces and
deflection of the rotary symmetrical circular plate rested on Winkler's foundation.
Probability approach is used to assess the reliability and safety of the design structure.

Keywords

Probability, reliability, foundation, Winkler, circular plate.

Abstrakt

Autor sa zaobera deterministickou a pravdepodobnostnou analyzou vnutornych sil a
deformadcii rota¢ne symetrickej kruhovej doske, ulozenej na Winklerovom podlozi.

KPacové slova

pravdepodobnost’, spol'ahlivost’, zéklad, Winkler, kruhové doska.

1 Introduction

In the design of structures or parts there is one of the most important tasks of assessing
the reliability of the structure, and its ability to retain the confidence of the means
required for the entire time of the technical properties of life. The quality of the design
and methods used for the assessment of structures are being developed with increasing
levels of theoretical and practical knowledge and, of course, by increasing the quality of
the computer equipment. Reliability assessment method of construction can be divided
into deterministic and probabilistic analysis, or simulation, half-probabilistic analysis,
and others. Calculation on probability sampling is concerned with a number of authors
(see [1-4]).

2 Numerical analysis of the rotary symmetrical loaded circular plate
on elastic foundation

The bottom of a circular tank liquid will be consider as a rotary symmetrical plate
(Fig.1) loaded with the uniformly distributed load of the liquid, and the contact forces
from the tank walls liquid. Circular plate according to Fig. 1 is loaded by uniformly
distributed load q = 93 kN/m? by the bending moment M = 12.66 kNm/m, and the force
F =87.42 kN/m.

' Ing. Katarina Tvrd4, PhD. Slovak University of Technology, Department of Structural Mechanics, Radlinského 11, 813 68
Bratislava, +421259274291, (katarina.tvrda@stuba.sk)
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The thickness of the plate is h = 0.5 m, the radius r = 9.75 m with the modulus of
elasticity E = 26 GPa, v = 0.3 and the compressibility modulus of the soil C = 5000 kN/
m?. The limit deflection wpoy = 29 mm will not be exceeded. The load scheme is given
in Fig.1.

M =12,66 kNm/m F=87,42 kN/m

Y4

A
\

Fig. 1: Rotary symmetrical circular plate

In deterministic calculation we entered the input parameters as the fixed constants.
When we used probability calculation, the input parameters specified in the range are
accidentally due to inaccuracies in manufacture and the determination of material
characteristics.

-12.90853974
Colouration

uuuuu

2828817573 |
-9.74397763 3 74939465

Fig.3: Diagrams of the deflection from thedeterministic and probabilistic solution for C =5 MNm™
The maximum deflection Wy, is less than the limited point of deflection wqo,y With
the reliability of 0,999961, which represents 0,0039 % probability of damage the
structure.

4 Conclusion

Probability of the failure is intended or standard, for example to investors. The Czech
national standard for design of steel structures ACCORDING to CSN 73 1401 as one of
the first has imposed to fully probabilistic assessment of reliability steel structures.
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ANALYZA UNOSNOSTI NAHODNE ZAKRIVENEHO TLACENEHO
TENKOSTENNEHO PRUTU

THE ANALYSIS OF LOAD-CARRYING CAPACITY OF A COMPRESSION THIN-
WALLED MEMBER

Jan Vale§'

Abstrakt

Tento Clanek se zabyva analyzou unosnosti tlaceného ocelového prutu tenkosténného
otevieného i1 uzavieného prirezu, jehoz osa je ndhodné prostorove zaktivena. Pocatecni
zakiiveni je modelovano 1D nahodnym polem za pomoci metody LHS. Unosnost
tlaceného prutu je pak vypocitana geometricky nelinedrnim feSenim v programu
ANSYS. Vysledky jsou prezentovany v histogramech a je provedeno srovnani tinosnosti
prutti jednotlivych prifezii mezi sebou a s hodnotou Eulerovy kritické sily.

Klicova slova

Unosnost, poc¢atecni zakiiveni, ndhodné pole, mezni stav, tenkosténny prut, napéti,
deplanace

Abstract

The paper deals with the analysis of load-carrying capacity of a steel beam under
compression which axis is randomly spatially curved. The beam has both open and close
thin-walled cross-section. The initial curvature is modelled by the 1D random field. The
Latin Hypercube Sampling Method was applied. The load carrying capacity is calculated
by geometrically nonlinear solution by ANSYS software. The results are presented in
histograms and comparison between the load carrying capacities is done. Comparison
with Euler’s critical load is done as well.

Keywords

Load carrying capacity, initial curvature, random field, limit state, thin-walled member,
stress, warping

1 Uvod

Tento Clanek se zabyvéa analyzou unosnosti tlaeného ocelového prutu, jehoz osa je
nahodné prostorové zaktivena. Metodou LHS bylo vygenerovano 60 ndhodnych
realizaci zakfiveni prutlh a 60 nahodnych realizaci meze kluzu. Kazdé realizaci prutu
nalezela pravé jedna realizace meze kluzu. Pro tento prut byl zvolen symetricky
tenkosténny priiez, a to jak otevieny, tak uzavieny.

S naméhanim pruti takovéhoto priifezu je spojeno véazané krouceni. To vznika
v ptipadé, branime-li deplanaci. Deplanaci miiZze omezovat napt. konstrukéni uspotadani

! Jan Vales, Ing., Vysoké uceni technické v Brné, Fakulta stavebni, Ustav stavebni mechaniky, Veveii 331/95 602 00 Brno,
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(vazby branici deplanaci), zména kroutictho momentu podél osy prutu ¢i zména tvaru a
rozméru prufezu podél osy prutu. Vazané krouceni miize vzniknout i tehdy, je-li prut
namahan piicnym zatizenim, neprochdzejicim sttedem smyku, ¢i excentricky pisobicim
podélnym zatizenim. V téchto piipadech je vdzané krouceni kombinovano s ohybem,
smykem, tlakem ¢i tahem a dochdzi k obecnému ohybové-torznimu namahéni.

Pii feseni tenkosténnych prutt se vychazelo z predpokladu tuhého neptetvorujiciho se
prifezu. Unosnost tlaeného prutu pak byla vypoéitina geometricky nelinearnim
feSenim v programu ANSYS.

2 Vypoctovy model

Byl uvaZovéan oboustranné kloubové ulozZeny prut o délce L = 2,798 m. Jeho unosnost
byla vySetfovana pro hodnotu relativni §tihlosti A = 1,0, ktera je v zavislosti na délce
prutu a poloméru setrvacnosti definovana v normé¢ EUROCODE 3. K analyze tnosnosti
tohoto prutu byl v programu ANSY'S pouzit prutovy prvek BEAM18S.

2.1 Pouzité prirezy

V dané uloze byly pouzity dva symetrické ¢tvercové tenkosténné prifezy, pticemz prvni
byl uzavieny a druhy otevieny (uprostied jedné strany byl vytvoien zafez). Pro kazdou
realizaci prostorového zakfiveni osy prutu je pak pouzito téchto prufezti. Vzhledem
k tomu, Ze pocatecni zakfiveni je zde nezavislé na pouzitém profilu, je otevieny priifez
pokladan do étyi pozic, vzniklych pootodenim pokazdé o 90°. Unosnost prutu dané
realizace je pak vypocitana pro pét prirezi podle Obr. 1.

1)) V) V)

Obr. 1: Prufezy prutu - oznaceni
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MECHANICKE VLASTNOSTI DULNICH OCELOVYCH VYZTUZI
MECHANICAL PROPERTIES OF STEEL MINE SUPPORTS

Zdenék Vagek', Petr Janas®

Abstrakt

Vyroba dilnich vyztuzi zahrnuje nékolik zasadnich technologickych operaci, které
zabezpecuji jejich vysledné mechanické vlastnosti. Prace je zaméfena na studium vlivu
plastick¢ deformace za studena na zakladni mechanické vlastnosti dilnich vyztuZzi.
Zjisténé vysledky lze dale pouzit pro matematické modelovani redlnych zkousek a
vypoctu tinosnosti dilni vyztuze.

Klicova slova

Dulni ocelova vyztuz, deformacni zpevnéni, deformace za studena, ohybani.

Abstract

Manufacture of mine support includes several key technological operations that affect
their resulting mechanical properties. The work is focused on the study of cold plastic
deformation on the basic mechanical properties achieved after hot rolling. The results
can also be used for mathematical modeling of real-world testing and calculation of
bearing capacity of mining support.

Keywords

Steel mine support, strain hardenenig, cold deformation, bending.

1 Uvod

Dilni vyztuze jsou v soucasné dobé vyrabény technologii, ktera zabezpecuje jejich
vysledné mechanické vlastnosti podle standardi KN, DIN. Cilem provedené¢ho vyzkumu
bylo zjistit dopad technologie vyroby diilnich vyztuzi na jejich pevnostni vlastnosti a to
po kazdé technologické operaci. K experimentu byly pouzity profily TH29, vyrobené
z jakosti 31Mn4 a nove vyvijené jakosti HSOOM.

2 Experimentalni hodnoceni deforma¢niho zpevnéni profila

Za ucelem zjisténi zpeviovacich diagramli nové vyvijené oceli HS00M a oceli 31Mn4
byly provedeny experimenty s postupnym deformacnim zpevnénim pomoci tahové
zkousky.

Nejvyraznéji se tahovd deformace za studena projevila na piirstku meze kluzu u
obou oceli. Pfi porovnani jakosti nebyly zjiStény vyznamné rozdily v piirtstcich
zpevinovani.

! Ing. Zden¢k Vasek, Ph.D., ArcelorMittal Ostrava a.s., zdenek.vasek(@arcelormittal.com
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K uvedenému jevu dochazi zdivodu vycerpani plasticity materidlu piedchozi
deformaci za studena.

Téchto poznatkli pak bylo vyuZzito pii praktickém zkouSeni vzorki, odebranych v
jednotlivych technologickych uzlech.

3 Vlastnosti profilu TH29 a TH34, jakosti 31Mn4 a HS00M po
valcovani za tepla, po rovnani a zkruZovani za studena

Uvedeny experiment vychazel z nékterych vysledkd, kdy byla pozorovéana dil¢i zména
mechanickych vlastnosti po urcitych technologickych operacich a navazovala na
teoretické rozbory, uvedené vbodé 2. Pfi porovnani mechanickych vlastnosti po
valcovani za tepla a po rovnani profilu na rovnackach za chladnikem byly zjistovano
zpevnéni materialu v oblasti kotfene profilu o 0 - 10 %, v nékterych piipadech az o 30 %.
Ze ziskanych vysledkl pak byly sestrojeny diagramy, vyjadiujici jednotlivé zmény na
mezi kluzu materidlu po prafezu profilu, TH29, 31Mn4 a H500M viz obr. 1.

TH29, H500M TH29, 31Mn4

700 700

650 [ — 650

600 600

= 550 M =550 |— S
£ s00 S s00 s —

& 450 & 450

400 400 —W}—.—

350 350
300 300
P 151 Ls2 K Ps2 ps1 PP Lp Ls1 Ls2 K ps2 ps1 PP

==@==vilcované ==ll=rovnané ohybané =&=vilcované == rovnané ohybané

Obr. 1 Vlastnosti TH29, HS00M, 31Mn4 po jednotlivych technologickych operacich

Praktickymi zkouskami tak byly potvrzeny provedené vypoclty zpeviiovani

zakladniho materialu tahovou deformaci.

4 Zavér

Béhem procesu dochazi ke zméndm mechanickych vlastnosti podle faze zpracovani
dalni vyztuze, které se nejvyraznéji projevuji na piiristku meze kluzu, ktery podle
poloméru ohybu mtize dosahovat hodnot pies 100 MPa.

Vzhledem k pouziti dili dilnich obloukii od rovnych ty¢i az po pomérné Siroky
rozsah polomérii je pro vypocty Unosnosti nutné pocitat s nejnizSimi garantovanymi
vlastnostmi ve stavu po rovnani profild, tedy vlastnostmi rovnych ty¢i ve stavu po
valcovani za tepla a rovnani. V ramci feSeni byly stanoveny modelové rovnice,
popisujici zavislost mechanickych vlastnosti na stupni preddeformace, vyjadiené pomoci
deformace tahem. Nejvyraznéji se stupen preddeformace projevil na piirtstcich meze
kluzu.
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NUMERICKA STUDIE PORUSOVANI TELES Z CEMENTOVYCH
KOMPOZITU PRI MODIFIKOVANEM CT LOMOVEM TESTU

NUMERICAL STUDY OF FAILURE OF CEMENTITIOUS COMPOSITE SPECIMENS IN
MODIFIED CT FRACTURE TEST

Vaclav Vesely', Jakub Sobek’

Abstrakt

Ptispévek se zabyva numerickou analyzou pribéhu poruseni modifikovanych Compact
Tension téles planovanych pro pouziti pii zjiStovani lomovych parametr kvazikiehkych
materiali na bazi cementu, a to vcetn¢ rozsahu lomové procesni zony. Série téles,
zahrnujici tfi velikosti, urend pro experimenty za vyuziti rentgenografie, byla
modelovéana v programu ATENA 2D. Zvazeny byly riizné varianty excentricity tahové

.....

Klicova slova

CT téleso, numericka simulace, lomova procesni zona, kvazikiehky lom.

Abstract

The paper is focused on the numerical analysis of failure process of modified Compact
Tension specimens which are intended to be used for estimation of fracture parameters
of quasi-brittle cement-based materials, including the extent of the fracture process zone.
Specimen set (consisting of three sizes), designated to future testing in lab by X-ray
imaging, was modelled in ATENA 2D software. Several variants of the tensile load
eccentricity and the initial crack length were analyzed for optimization of the count of
demanding experiments.

Keywords

CT specimen, numerical simulation, fracture process zone, quasi-brittle fracture.

1 Uvod

Lomové parametry, vystupujici jako veli¢iny v modelech pro popis lomového chovani
materiald, jsou zavislé nejen na velikosti a tvaru zkuSebniho télesa, ale i okrajovych
podminkach pii zatézovacich zkouskach. Zejména v oblasti kvazikiehkého lomu
hovotfime v této souvislosti o tzv. rozmérovém efektu (size effect), vlivu geometrie
(shape effect) a vlivu volnych okraji (boundary effect) na hodnoty zjistovanych
lomovych parametrt.

Pro eliminovani (popf. rozpoznani) té€chto vlivli z vysledkt zatézovacich zkouSek by
mélo byt ptihlédnuto k rozsahu samotného poruseni télesa v tzv. lomové procesni zoné
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(LPZ). Rozsah této zoény souvisi srozlozenim napjatosti, determinovanym pravé
okrajovymi podminkami a tvarem télesa. Pfedpoklada se tedy, Ze mira stisnénosti napéti
a deformace (constraintu) za ¢elem S§ifici se trhliny se pro rizna télesa a pro rizné druhy
zatizeni méni. To, do jaké miry a jak je mozné tohoto jevu vyuzit, je predmétem
pfedstaveného vyzkumu. V rdmci pfispévku autofi navrhuji modifikaci zkousky
excentrickych tahem (Compact Tension — CT) pro jeji vyuziti pro kvazikiehké
materialy. Riizné excentricity tahové sily zplsobujici vyrazné zmény ve stisnéni napéti a
deformaci v okoli ¢ela trhliny. Série téchto modifikovanych zkuSebnich téles je
v soucasné chvili pfipravena k testovani v laboratofi pii vyuziti rentgenografie [1].
Vzhledem k moznostem experimentalni techniky je nutné testovat télesa relativné velmi
malych rozmérii (v relaci s béZznymi rozméry téles z cementovych kompozitd, jez jsou
urCeny v zavislosti na velikosti kameniva).

2 Numericka studie

Pro numerickou studii byly vybrany tii velikosti téles (oznaceny jako L, M a S — large,
medium, small). Dale pak byly uvazovany rizné excentricity vnaseni tahového zatiZeni
(A az C, viz obr 1.). Prostfednictvim této studie byl optimalizovan zplsob vneseni
tahového zatizeni do télesa, ktery, vzhledem k nizké tahové pevnosti, zplsobuje
komplikace v provedeni testi — byly uvazovany rozli¢né varianty v zavislosti na

Numerické modely byly vytvoieny v programu ATENA 2D, umoziujici nelinearni
analyzu poruSeni konstrukce trhlinami. Obr. 1 ukazuje schéma téles L, kterda jsou
umisténa do pomyslného zaté¢zovaciho zatizeni (pouzivaného pfti rentgenografii). Télesa
jsou opattena finalni podobou ptilozek ptilepenych k télesim.

ModCTA-L ModCT B - L ModCT C - L
N 328 \\J N .
N N N
E\4 \4 \4
'N J N
N N N

W' =82

Obr. 1: Schéma fady modifikovanych CT téles nejveétsi uvazované velikosti (rozméry v mm)
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MODELLING OF REINFORCEMENT CORROSION IN RC
STRUCTURES

Dita Voiechovska', Bietislav Teply”

Abstract

An assessment of deteriorative effects on reinforced concrete structures is presented
focusing mainly on the propagation of the reinforcement corrosion stage. It necessitates
the utilization of relevant models and advanced simulation techniques to enable the
probabilistic analysis of concrete structures and service life prognosis. Several analytical
models for the initiation of concrete cracking, for crack width and for a decrease in the
effective reinforcement cross-section are briefly presented. The described approach is
applied to some illustrative examples showing the feasibility of predicting the
development of reinforcement corrosion and its effect on the service life and/or
reliability of the structure. The authors believe that such methodology supports the
optimisation of design strategies as well as effective decision-making processes.

Key words

Limit states, Reinforcement corrosion, Reliability, Modelling.

1 Introduction

Among the key factors influencing reinforcement corrosion in concrete are the presence
of moisture and the ingress of oxygen from the air. A number of models have been
developed which can be roughly divided into two categories — empirical models and
more complex electrochemical models. For the purpose of introducing a practical
approach for the prognosis of the service life and relevant reliability level of concrete
structures the simplest models are utilized in the present work. Inherent uncertainties in
the material, technological and environmental characteristics of reinforced concrete
structures have to be considered while solving such problems.

2 Software tool

The authors of this paper and their colleagues have developed a software application
called FReET-D [1] in which all relatively well-known models are summarized within
the framework of a unified software environment. In FReET-D a combination of
analytical models and simulation techniques has been amalgamated to form specialized
software for assessing the potential degradation of newly designed as well as existing
concrete structures. The included models for carbonation, chloride ingress and corrosion
of reinforcement (among other phenomena) can be directly employed in the durability
assessment of concrete structures in the form of a durability LS, i.e. the assessment of
service life and of the level of the relevant reliability measure. Several features are

! Ing. Dita Votechovska, Ph.D., Brno University of Technology, Faculty of Civil Engineering, Institute of Structural Mechanics,
Veveiti 95, 60200 Brno, vorechovska.d@fce.vutbr.cz
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offered including parametric studies and Bayesian updating. Altogether, 32 models are
implemented as pre-defined dynamic-link library functions.

3 Example - critical crack width on the concrete surface

A parametric study utilizing the model by Li et al. [2] implemented in FReET-D is
demonstrated in this example. The limit state condition is constructed in this case in the
form:

Py (ty) = P{w, —w,(1,) <O} <P, (1)
where w,, is the limit value of a crack width equal to 0.3 mm — one of the essential limits
for the serviceability assessment of corrosion-affected RC structures. The actual
corrosion-induced crack width w, over time is computed according to [2]. In this
example, time #p represents the propagation period only; to gain a service life prediction
the appropriate initiation period must be added.

Fig. 1 shows the reliability index S vs. concrete cover for three different propagation
time values; the limit value of f = 1.5 prescribed typically for SLS is also shown in the
figure.

10

—{—15 years
--/x--20 years
6 F = O -25 years
= limit beta = 1.5 y
...... ]

————

Reliability index [-]

30 35 40 45 50 55 60 65 70
Concrete cover [mm]

Fig. 1: Reliability index g after 15, 20 and 25 years of steel corrosion development.

4 Concluding remarks

The use of modelling in the field of reinforcement corrosion in RC structures has
recently increased; nevertheless, it is recommended that users be aware of the conditions
under which the model in question was developed. A broader choice of models is useful
e.g. due to problems with the availability of statistical data for the input variables of
some models. The usefulness of effective degradation modelling and hence reliable
design/assessment for durability may enhance decision processes and, as a consequence,
bring positive financial and sustainability impacts.
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PROCES VYVOJE KORELACE PRI NAHODNYCH ZAMENACH
PORADI ELEMENTU

CORRELATION PROCESS RESULTING FROM RANDOM SWAPPPING OF
ELEMENTS’ORDER

Miroslav Voiechovsky', Jana Kadérova’

Abstrakt

Ptispévek se zabyva sledovanim vlastnosti procesu vyvoje statistick¢ korelace dvou
nahodnych vektorti pfi ndhodné zdméné potadi jednotlivych elementti. V praxi se tato
metoda pouziva pro zavedeni pozadované korelace nebo pro odstranéni statistické
zavislosti mezi vektory vzork (soufadnic) ndhodnych veli¢in. V piispévku jsou
studovany vlastnosti takového procesu vyvoje korelace s ambici porovnat vykonnost
metody s jinou, diive vyvinutou metodou pro zavadéni korelace.

Klicova slova

Vzorkovani metodou Monte Carlo, zavadéni korelace, simulované Zihani, Gaussovsky
stacionarni nahodny proces.

Abstract

The contribution deals with properties of a process of statistical correlation between two
vectors of samples of random variables that result from random swaps of their order.
This method is being applied when controlling correlations or removing undesired
statistical dependence.
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1 Uvod

Vzorkovani ndhodnych vektorti je dalezité nejen pro statistiku, ale také pro celou fadu
jinych oborti vyzkumu a odborné praxe jako napf. ekonomie, ndvrh experimenti nebo
operacni vyzkum. Vzorkovani je také dulezitym krokem v metodach typu Monte Carlo,
které lze pouzit pro inzenyrskou praxi. Informace o sdruzené hustoté pravdépodobnosti
nahodnych vektord, které se vyskytuji vinZenyrstvi, je Casto zuZena na znalost
marginalnich hustot jednotlivych veli¢in a korela¢ni matice T. Vystizeni marginalnich
hustot se s vyhodnou provadi pomoci vzorki vybranych metodou Latin Hypercube
Sampling (LHS), nebot’ tato metoda zajist'uje dokonale rovnomérné pokryti definiéniho
oboru veli¢iny vzhledem k pravdépodobnostem. Dal§im diilezitym aspektem vzorkovani
vektorti je schopnost vystihnout pozadovanou korelacni strukturu. Nejobecnéji se
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pozaduje jednotkova matice T, kterd odpovidd vzdjemné nekorelovanym ndhodnym
velicinam. Takova korelatni matice je nejcastéj$i a vyfeSeni problému odstranéni
korelace je dilezitym krokem pted zavedenim libovolné korela¢ni matice.

Problém zavadéni pozadované korelace byla ustfednim tématem praci [1, 2], kde je
navrzeno zavadéni pozadované korelace zdménami vzijemného potadi vzorkl
jednotlivych ndhodnych veli¢in. Proces zamén potadi je doporuc¢eno provadét za pomoci
metody simulovaného Zihdni, ktera se ukazala jako mimotadné robustni a vykonna pro
uvedeny problém. Studie publikované v [3] ukazuji, Ze popsand metoda je mnohem
vykonnéjsi, nez jiné obecné zndmé metody pro zavadeéni korelace nebo odstrafiovani
nechténé korelace. Co vSak schazi, je teoreticky rozbor a zdiivodnéni takové ucinnosti.

Tato prace si klade za cil polozit zédklady pro zdivodnéni vykonnosti metody
simulovaného zihani. V praci je studovana jednodussi varianta, pii které je teplota
v metodé zihani nekonecnd, a proto vSechny zmény konfigurace systému (zmény
vzajemného potadi vzorkil) jsou vzdy pfijaty. Ve studovaném problému to znamena, ze
jsou pfijaty vSechny navrzené zadmény potadi hodnot (vzorkil) pro jednotlivé ndhodné
veliciny. V textu je pro jednoduchost studovan problém pro par ndhodnych veli¢in
a Spearmantiv korelacni koeficient stim, ze zobecnéni vysledkli pro vétsi pocet
nahodnych veli¢in neni slozity.

Jsou studovany vlastnosti procesu ndhodné korelace a normy korelace (chyby), které
vznikaji zaménami part vzorkl jedné ndhodné veli¢iny vuci vzorkim druhé nahodné
veli¢iny. Uvedené zamény vyvolavaji zmény v korelacnim koeficientu, a tim padem
1 zmény absolutni hodnoty korelace. Je ukdzano, ze poc¢ate¢ni ndhodné parovani vzorka
vede na normalni rozdéleni korela¢niho koeficientu, a proces zamén part je Gaussovsky,
stacionarni s exponencialni autokorelacni funkci o korela¢ni délce vztazené k poctu
realizaci (vzorkd) veli€in Ngn. Je odvozeno, jaké rozdéleni maji zmény korelace
vyvolané jednotlivymi zdménami (rozdil korelacniho koeficientu po a pfed zdménou
potadi). Déle jsou studovany vlastnosti absolutnich hodnot vyse popsaného procesu,
ktery ma half-normalni rozdéleni. U tohoto procesu chyby korelace je studovano
rozdéleni minima po Ny zdméndch potradi. Je ukézdno, ze pro dostateCny pocet
nahodnych zamén lze autokorelaci procesu zanedbat a minima uvazovat za pouziti teorie
extrémnich hodnot nezavislych a stejné rozdélenych velic¢in. Nakonec je studovan pocet
nahodnych zamén potadi, ktery je nutny k dokonalému odstranéni odhadnuté korelace
mezi veli¢inami. Pfispévek tedy plné charakterizuje vysledky, kterych Ize pfi
zavadéni/odstranovani korelace dosahnout proudem ndhodnych zdmén potradi vzorkd.
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