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Ergebnisse einer experimentellen Forschung der Einfllisse
von bis an 800°C erhohten Temperaturen an die
Fasenzusammensetzung, Entwicklung der Porenstruktur
und physikalisch-mechanische Eigenschaften der in
Atomkraftwerken verwendeten Betone, und bei hochwerti-
gen Dolomitischen Beton werden prasentiert. Die
Beschadigung der Strukturganzheit des Betons, den
Temperaturen von 20°C - B00°C ausgesetzt, ist von
einem Ausfall der Hydratationphase durch die Bildung von
Luftkavernen verursacht, die eine Verdickung der
Porenstruktur verursacht. An den Probesticken, die einer
Temperatur bis 400°C ausgestelit waren, hat man keine
bedeutende Anderungen des Elastizitatsmoduls (E-modul),
Festigkeitsmoduls, des Medianradius der Poren, und des
errechneten Durchlassigkeitskoeffizienten beobachtet.
Die Verdickung der Porenstruktur zwischen 400°C a
800°C bewirkt offensichtlich eine bedeutende
Herabsetzung der Betonfestigkeit. Fur den Beton, der
einer Temperatur von 800 ° C ausgestelit ist, ist ein Kollaps
der strukturaler Einheit charakteristisch. Man nimmt an,
dass das schnelle Wechseln des dynamischen
Elastizitatsmoduls, der Schwindung/Anschwellung und
des Kriechens sind vom momentanen, aber zeitlich sehr
begrenzten Anstieg der Feuchtigkeit durch das von
Hydratationsprodukten entstandene Freiwasser im
Inneren der Betonstiicke, verursacht. Die Menge des
Wassers ist der zugefigten Warme bei dem plotzlichen
Erhchen der Temperatur proportional.

Martin Krizma - Jan Jerga - Terézia Nurnbergerova - Pavel
Kalina

Experimentelle Erforschung der zusammengebauten
Tragwerkselemente aus Leichtbeton bei stufenweise
steigender Lastbeanspruchung. Die Belastung in der
senkrechten, durch die Langsachse der Elemente laufen-
den Ebene, sowie in der von der Schwerpunktachse abge-
setzten Ebene - die Simulation der wirklichkeitsnahen
Wirkung der Elemente im Tragwerke. Die Gliederung der
Prifelemente - der Sturztrager in zwei Gruppen nach der
Grosse der lichten Spannweite. Der Vergleich der
Prifgruppen auf Grund der Verformungen und der
Rissentwicklungscharakteristik. Der Einfluss der
Kombination der Einwirkungen von Biegung, Querkraft
und Torsion auf die Verformung und die Rissentwicklung.
Die getrennte Betrachtung der Einwirkungen der Querkraft
und der Biegemomente bei der Berechnung von
Durchbiegungen.

Juraj Kralik

Im Artikel ist eine nichtlineare Analyse eines
Atomkraftwerkes mit Temperatureinwirkung und
Explosionbelastung bei einer Kihlungsystemhavarie
prasentiert. Das Tragwerk ist durch dreidimensionelle
finite Elemente diskretisiert. Interaktion Tragwerk-
Untergrund ist mit Hilfe der Feder und 3-D unendlichen
Elemente gelost. Die Rissenausbreitung, Nachformung
und Falten von Beton ist mit der Temperatur, Zeit,
Feuchtigkeit und Dampfdruck geldst. Druckverlauf in Zeit
wird als eine gute Abschétzung von Beschadigung primar-
er Rohrleitung bei Gilotineschnitt modelliert. Die
Programme INFINITE, SCREEP und CRACK sind in FOR-
TRAN geschrieben und in ANSYS v. 5.7. inplementiert.
Numerische Ergebnisse sind mit Experimenten verglichen.
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Jan Bujnak - Jaroslav Odrobinak

Der Artikel prasentiert effektives Model der Zeitberick-
sichtigung den rheologischen Vorgangen auf den gekup-
pelten Stahlbetonbalken. Gelost wird ein durchlaufender
Balken mit zwei Feldern, die mit einer gleichmassigen
Belastung belastet sind, und mit der Anwendung der
Montageverlegung den Mittelstiitzebalken. Die Ergeb-
nisse, die mit einer vorgeschlagenen unanspruchsvollen
Analyse der Auswirkungen der Rheologie festgestellt wur-
den, wurden mit den Ausgaben aus der unlinearer Analyse
des 3D FEM Models als auch mit einigen Experimen-
tergebnissen verglichen.

Pavol Knaze

Transportbeton als wichtiger Faktor von Betonentwicklung
in der Slowakei. Eine Charakteristik der Entwicklung und
die Veranderungen vom Transportbeton in letzten 10
Jahren. Die Grindung vom Slowakischen Transportbeton-
verband (SAVT) und der Vergleich unserer Resultate mit
den Resultaten der Mitglieder vom Europaischen
Transportbetonverband (ERMCO). Die ersten Erfahrungen
mit der Anwendung des selbstverdichtenden Betons.

Milan Moravcik - Martin Moravcik

Im Beitrag wird die Zuverlassigkeit der Spannbeton-
schwellen bei gewohnlicher dynamischer sowie auch
hochzyklischer Belastung experimentell arizlysiert. Grund
zu solchen Abprifung :n = die Notwendigkeit die
Zuverlassigkeit von alte :n Betonschwellentypen zu uber-
prifen, und die Analy. 2 von neueren Betonschwellen-
typen, die zur grosseren Betriebsgeschwindigkeit bes-
timmt sind.

Peter Fabo - Andrej Jarosevic - Milan Chandoga

Die magnetoelastische Methode ist bis jetzt die einzige
zerstorungsfreie Methode fur kontaktlose Messungen der
mechanischen Spannungen in Stahlseilen, Litzen und
Kabeln. Die Erforschung der Eigenschaftenen und
Anwendungsmoglichkeiten der magnetoelastischer
Messmethode war in den letzten Jahren das
Hauptforschungsgebiet der Firma Projstar PK G.m.b.H. in
der Kooperation mit der Abteilung Radiophysik FMFI UK
Bratislava und der Abteilung fur Betonkonstruktionen und
Briicken STU Bratislava. Wahrend dieser Zeit wurde eine
Reihe von magnetoelastischen Dynamometern dazu
notwendige technische Ausrustung und Software entwic-
kelt und getestet, die erfolgreiche Umsetzung in der
Praxis nachgewiesen haben.

Matus Buci - Igor Hudoba

Der Beitrag beschaftigt sich mit der tahlbetonkonstruk-
tion der Silozwillinge fur die Keimung des Malzes. Es wird
die Superkonstruktion des Silos, der Voraufsetzungen des
Entwurfes, des Aufbauverlaufes und der Technologie der
Betonarbeiten beschrieben, wobei die die spezifischen
Anforderungen des Auftraggebers berlcksichtigt werden.
Anspruchsvoller Zeitplan des Aufbaus, mit besonderem
Akzent auf die Qualitat der Betonkonstruktion, bildet ein
Druck auf die erfolgreiche Koordination der Arbeit zwis-
chen den Auftraggeber, Projektant und Bauhersteller.

Michal Schmuck

Der Artikel weist auf Maglichkeiten der Fertigteilbenutzung
beim Bau mehrgeschossiger Garagen mit kreisformigem
Grundriss hin. Das monolithische Fertigteilsystem aus
Beton hat zu einem bedeutend schnelleren und billigeren
Bau beigetragen.
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In diesem Beitrag werden einige aus Fertigbetonteilen
aufgebauten Industriehallen in der Slowakischen Republik
und der Tschechischen Republik prasentiert. Die
vorgestellten Hallenkonstruktionen sind nicht nur aus
technischer Sicht interessant, sondern auch durch ihre
Arbeitskapazitat und Konstruktionsgeschwindigkeit.

FrantiSek Brlit

Die Tragkonstruktion der Bricke uber die Autobahnaus-
fahrt ist als eine Stahlbetonplattenkonstruktion entworfen
und realisiert worden, die durch Vorspannung von inneren
unbindigen Spannbewehrung noch zusatzlich erganzt
wird. Der Ausfertigung der Projektdokumentation ging die
theoretische Bearbeitung voraus, durch die die
vorgeschlagene Konstruktion bei Benutzung von inneren
unbindigen Spannbewehrung sich im Vergleich zu
Berechnungsmethoden im Zusammen-hang mit mehreren
Normenvor-schriften bewehrt hatte. Projekt diente als
Experimentbau.

Tibor Michalka

Eine Estakade fihrt die Schnellstrasse Uber dem bebau-
ten Teil der Stadt Zilina. Im Artikel werden die Losung und
die Erfahrungen von der Ausflihrung beschrieben.

Tibor Michalka - Jan Kodaj

Die bei Nosice den Waagkanal (berquerende Bricke liegt
an der Strecke des 16,6 km langen D1-Autobahnab-
schnittes NemSova - Ladce. Das Haupfeld der Bricke
nimmt die vorgeplante Ausbreitung des Kanals, sowie
auch die Anforderungen des vorausgesetzten Wasserver-
kehrs in Betracht. Mit dem Bau der Bricke wurde im Jahre
1997 angefangen und er wurde im Jahre 2000 fertig.

Jana Kapsiarova - Ladislav Buci

Der Artikel beschreibt eine atypische Briicke mit pannbe-
tonplattenkonstruktion, die durch einen Parapettrager ver-
starkt war. Die Lasung erfillt die Anforderungen auf die
Erhaltungen der vertikalen Linienfihrung, auf die
Ergrosserung des Durchflussprofils und auf entsprehende
astetiche Bedirfnisse einer Stadtbricke.

Miroslav Matas¢ik - Vladimir Pukanéik - Tibor Michalka

Die ostliche Autobahnortsumfahrt der Hauptstadt
Bratislava ist zur Zeit in der Endausbauphase. Der Artikel
berichtet allgemein von 8 Briickenobjekten des Baues. Die
Information Uber dem Hauptobjekt des Baues, (ber die
Estakade Prievoz ist in einem selbststandigen Artikel.

Miroslav Mafaséik - Igor Masaryk - Katarina Taborska

Die Estakade "Prievoz" ist das dominierende Objekt der
ostlichen Autobahnortsumfahrt der Hauptstadt der
Slowakei, Bratislava, der sich zur Zeit in der Endaus-
bauphase befindet.

Miroslav Matascik

Autobahnteilstrecke Ladce - Sverepec, derzeit im
Ausbaustadium, verlauft in einem sehr gewdlbten
Gelande. Das erfordet an dieser 10 km langen Strecke 32
Bricken zu bauen. Der Beitrag informiert Gber 10 der
bedeutendsten.
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109

115
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128

Juraj Blanar, Jozef Mika

Der Beitrag beschaftigt sich mit den Betonkonstruktionen,
die aus der technischen und technologischen Hinsicht zu
dem Komplex der innerlichen Auskleidung von Tunel
"Branisko" gehoren. Er schildert die einzelnen Teile der
innerlichen, bzw. der definitiven Auskleidung des Tunels
und ihre Bauweise und die technische Gestaltung. Knapp
schildert er auch die technische Gestaltung und
Realisation des Portalobjektes.

Im Souterrain geht es um die Betonierung. Diese folgte
nach dem Abhieb der rechten Tunelrohre und nach der
Ausstattung der primaren Auskleidung von dem oberen
Gewolbe des Tunels durch die Neue osterreichische
Tunnelmethode - Betonspritzen. Auferhalb Souterrains
wurden die gekuppelten Portalobjekten - das Ostliche
Portalobjekt und das Westliche Portalobjekt - gebaut. Mit
Bezugnahme auf die ahnliche Gestalltung beider
Portalobjekte beschaftigt sich der Artikel nur mit dem
Westlichen Portalobjekt.

Peter Kassa

Der Artikel schildert ein technisch anspruchsvolles
Bauwerk in der engen Nahe der historischen Objekten im
alten Teil von Bratislava. Dieses Bau wurde von der Firma
Vahostav-SK, GmbH Zilina als eine eigene Investition ent-
worfen und realisiert.

Autor des Artikels war in der Zeit der Planung und des
Aufbaus der "oberirdischen Pakrgaragen auf der
UrSulinska Strafe in Bratislava" ein Angestellte der Firma,
der projektierten Zentrale in Zilina, und war ein verant-
wortlicher Projektant der Statik und Geotechnik.

Ladislav Btci - Vladimir Pukanéik

Das Anwenden der Gerbergelenke ist eine von der
Maoglichkeiten zum Verteilen langer Rampenbriicken auf
kiurzere Dilatationsteile. Im Artikel sind die Erfahrungen
mit diesen Konstruktionen zusammengefasst, die bei der
Reparatur an den Rampenbricken der Hafenbrucke in
Bratislava gemacht wurden.

Jan Kucharik

Entwurf und Fertigungsvorgang von Verstarkungen der
Betonkonstruktionen durch geklebte und vorgespannte
Ankerdeckplatten werden im Beitrag behandelt. Es wer-
den die Ausgangspunkte und Grundvoraussetzungen des
Entwurfs, die verwendeten Materialien und Elemente und
deren Eigenschaften beschrieben. Die Wichtigkeit der
Vorspannung - der Aktivierung Gurtplatte bei der
Installierung - wird hervorgehoben. Es werden Beispiele
der erfolgreichen Anwendung von Verstarkung durch
aktivierte Stahlgurtplatten aufgefiihrt.

Ivan Karafa

Durch Wirkung der Zeit, Durchndssung, Korosion und
Dauerdeformation gekennzeichnetes Brickentragwerk
notigte eine vollstandige Reparatur. Mit einer geeigneten
statischen Losung ist es gelungen, die gefragte
Tragfahigkeit der Briicke zu erreichen, und zugleich ein
schones Ingenieurbauwerk zu schaffen.

Miroslav Mafaséik

In de Gegenwahrt verlauft schon der Ausbau der fiinften
Briicke (iber dem europaischen Grossfluss Donau in der
Hauptstadt der Slowakei Bratislava. Der Beitrag dokumen-
tiert die Entwicklung der Kozeptionauffassungen der Uber-
briickung.
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UOvodné slovo prezidenta Slovenského komitétu fib

Introductory Address by the President
of the Slovak Committee of fib

Prisiel ¢as podat globalnu spravu o stave a vyvoji
beténovych konstrukcii za ostatné 4 roky na Slovensku.
Neda mi pri tom nevratit sa do rokov 1989 - 1990 - k dobe
v ktorej sa zacal menit hospodarsky systém od prisne
planovaného, uzavretého hospodarstva na otvorené
trhové hospodarstvo. Otvorenost nasho hospodarstva
umoznila priliv novych technologii, novych materialov a
vyrobkov. Pre betonové konstrukcie to znamenalo invaziu
roznych komponentov do beténov, razantny nastup
roznych systémov debnenia a podpernych konstrukeii,
nastup modernych, pocitacmi riadenych betonarok, auto-
matickych ohybarni vystuze a dalSich modernych nastro-
jov vyspelého sveta betdnovych konstrukcii.

Ukazalo sa, Z slovenské stavitelstvo ma dost vzde-
lanych a usilovnych inZinierov a technikov, ktori sa vedeli
prisposobit potrebam doby a vyuzit nové vydobytky vedy a
techniky. Vieme vyhotovit Spickové inzinierske diela v
kvalite a Case, ktoré znesu porovnanie s vyspelymi
hospodarstvami, mnohé z nich su prezentované v tejto
narodnej sprave.

Ing. Ivan Sestak
prezident Slovenského komitétu fib

Ing. Ivan Sestak, v roku 1965 absolvoval Stavebnu
fakultu SVST (teraz STU) v Bratislave. Od roku 1965 pra-
coval nepretrzite v Doprastave Bratislava. Posobil
v roznych poziciach, od vediceho stavby, vediceho stre-
d_lsk_a. hlavného inZiniera, namestnika podnikového
riaditela az po podnikového, resp. generalneho riaditela.
Takto sa podielal na vystavbe vsetkych dialniénych
Usekov na Slovensku. Od roku 2001 je prezidentom DDM
Group, ktora zastresuje spoloénosti DOAS, as.,
Dopras}gv. a.s., Metrostav, a.s. a spoloénosti s majet-
kovou agastou uvedenych firiem. Obrat tychto spoloénos-
ti v roku 2001 dosiahol v prepoéte cca 22 mld Sk.

The time has come to present a global report on the
state and development of concrete structures in Slovakia
over the last 4 years. | cannot help but recall the years of
1989 - 1990 when the economic system started to
change from a strictly command-based and closed eco-
nomy to an open market economy. The opening up of our
economy brought in its wake an avalanche of new tech-
nologies, new materials and products. For concrete struc-
tures, this meant an onset of a variety of components for
concretes, vigorous entry of different formwork systems
and supporting structures, advent of modern, computer-
aided concreting plants, reinforcement bending
machines and other modern tools of the advanced world
of concrete structures.

The Slovak civil engineering has demonstrated that it
has a number of highly skilled and hard-working engi-
neers and technicians who were able to adapt to the
requirements of modern era and to put scientific and
technological achievements to a practical use. We have
the capabilities necessary to produce engineering works
of required quality and in time that bear comparison with
the developed economies. Many of them are presented
also in this national report.

Ing. Ivan Sestak
President of Slovak Committee of fib

Ivan Sestak obtained his diploma in 1965 from the
Faculty of Civil Engineering of the Slovak Technical
University in Bratislava. From 1965 he was consecutively
working at Doprastav Bratislava in different positions,
construction manager, section manager, deputy director,
general director. He participated on the construction of all
sections of Slovak highway network. From 2001 he is a
president of DDM Group (DOAS, Doprastav, Metrostav
with an investment in several other companies) with a
total turnover approx. 500 millions USD.
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Analyza degraddcie beténu pri teplotach do 800°C

Analysis of Concrete Degradation
at Temperatures up to 800°C

Ivan Janotka - Terézia Niirnbergerova - Ludovit Nad’

Prezentuju sa vysledky experimentalneho vyskumu
ucinkov teploty na fazové zloZenie, vyvoj porovej Struk-
tiry a fyzikalno-mechanické vlastnosti betonovych
vzoriek vystavenych vysokym teplotam do 800°C.

Wvoj betonu pocas poslednych 20 rokov umoznil vy-
stavbu naroénych diel a viedol tiezZ k jeho znacnej Specia-
lizacii v roznych oblastiach pouZitia. Mechanické vlast-
nosti betonu vystaveného vysokym teplotam pri nahod-
nych poziaroch v budovach alebo v tuneloch, pripadne
pocas prevadzky vysokej pece alebo nuklearneho reakto-
ra, znacne klesaju, ¢o vedie k neziadlcim lomom a drobe-
niu [1, 2]. Preto je nutné vykonat posudok Strukturainej
celistvosti beténu po jeho vystaveni vysokym teplotam.
Suvisiace Stadie ukazujd, Ze zatvrdnuta cementova kasa
zohrava kligovi dlohu v zhorSeni kvality beténu po pre-
hriati [3, 4, 5]. Dolezité Cinitele, ktoré ovplyvAuji spra-
vanie betonu pri vysokych teplotach su: strata hmotnosti
v dosledku drobenia a uvolnenia viazanej vody, tvorba

The results of experimental research on the effects of
temperature on the phase composition and pore struc-
ture development, and physico-mechanical properties of
concrete specimens subjected to high temperatures up
to 800°C are reported.

During the last 20 years, concrete has evolved to pro-
vide challenging performances and also to great speciali-
sation in various fields of application. As concrete is
exposed to high temperatures in an accidental building or
tunnel fire or an operating furnace or a nuclear reactor its
mechanical properties remarkably decrease and result to
undesirable fractures and spalling [1, 2]. Following an
exposure to high temperature, an assessment of concrete
structural integrity must be made. The related studies
show that hardened cement paste plays a key role in the
deterioration of concrete upon heating [3, 4, 5]. The
important factors that influence concrete behaviour at
high temperatures are: mass loss due to spalling and

* Druh betdnu | Concrete type JE | NPP JE | NPP JE | NPP Laboratorium | Laboratory
TEMELIN | MOCHOVCE PENLY VHD
Cement, kg.m? 499 485 290 425
Piniva | Fillers, kg.m? 135 32
Plastifikatory | Plasticiser, kg.m?® 49 10.82 5.4
Strkopiesok | Aggregates, kgm®| 1700 1760 1870 1851
Vodny sucinitel v/c | W/C ratio 0.43 0.35 0.45 0.32
Sadnutie | Slump (Abrams), mm 80 75 280 80
Objem.hmotnost | Volume density, kg.m?® 2390 2 356 2420 2518
Obsah vzduchu | Air content % vol 1.8 0.3 ; 25
: Rﬁzne druhy a rozmery (podrobnosti o zlaZni beténovej zmesi st uvedené v lankoch [8 9, 10, 11))
Various types and sizes (details on concrete mixture composition are given in papers 8, 9, 10, 11)

Tab. 1. Zakladné charakteristiky beténovych zmesi
Table 1. Basic characteristics of concrete mixtures

Ing. Ivan Janotka CSc., Ing. Terézia Nirnbergerova PhD., Ustav stavebnictva a architektury, Slovenska akadémia vied
Dubravska cesta 9, 842 20 Brati§lava, Slovensko; usarivan@savba.sk, usartena@savbar.)shk :
doc. Ing. Ludovit Nad, CSc., Technicka univerzita Kosice, Stavebna fakulta , Vysokoskolska 4, 042 01 Kosice,

Slovensko, ludovit.nad@tuke.sk
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porov a trhlin, redukcia pevnosti a modulu pruinos_ti, druh
spojiva a kameniva a rychlost ohrevu [6, 7]. Globalny pri-
stup k rieseniu musi byt podlozeny pochopenim procesov
prebiehajtcich v beténe vystavenom vysok_ym tgplotam.
Tieto vedomosti sl nevyhnutnym zakladnym nastrojom
pre predpovedanie spravania konstrukcie pri pozZiari a
jeho predchadzaniu.

V tomto &lanku sa uvadzaju experimentalne ziskané
vysledky spravania sa betonu pouzitého v jadrovych elek-
trarnach (JE) TEMELIN (Ceska republika), MOCHOVCE
(Slovensko) a PENLY (Francuzsko) a vysokohodnotného
dolomitického beténu (VHD) vystaveného teplotam do

800°C.

SKUSOBNY PROGRAM

Materialy a vyroba vzoriek

Cerstvy betén na vyrobu kociek (150° mm) a hranolov
(100x100x400 mm) sa vyrabal zo zhodnych materialov
na stavenisku v Temeline, Mochovciach a v Penly v labo-
ratérnych mie$ackach a kladol sa do kovovych foriem na
vibraénom stole (50 Hz, 0.35 mm). Doba vibracie bola
30 s. Vysokohodnotny dolomiticky beton pre pouzitie pri
vysokych teplotach sa vyrobil v nasom laboratoriu.
Zakladné charakteristiky Cerstvého betonu su uvedené
v Tab. 1.

Osetrovanie a zohrievanie

Po odformovani boli vSetky vzorky ulozené pri 20°C a
100 % r. v. - mokré prostredie po dobu 28 dni. Potom sa
teplota zvySila na 800°C. Diagramy priebehu teplot
pouzité v experimentalnom programe v oboch
spolupracujucich laboratériach (Bratislava a Kosice) su
uvedené v ¢lankoch [8, 9, 10, 11].

Skusky

Uréili sa fyzikalno-mechanické vlastnosti vzoriek (mo-
duly pruznosti, pevnost). Zmena dizky hranolov sa merala
prenosnym mechanickym deformometrom (rozpon defor-
mometra bol 300 mm) s presnostou merania 0.001 mm.
Stanovilo sa chemické a mineralogické zlozenie (XRD, TG-
DTA-DTG) a pérova Struktira (vysoko tlakovy porozimeter

mod. 2000 a makroporozimetricka jednotka). Podrobnosti
o skuskach si uvedené v [8, 9, 10, 11].

Vysledky a vyhodnotenie

Rozvoj deformacii od zmrastovania/napuciavania a
dotvarovania betonu z elektrarne TEMELIN je znazorneny
na opr. 1 a 2. Priemerné hodnoty deformacie od
zmrastovania a dotvarovania s vynesené na obr. 2.
Krivky na oboch obrazkoch vykazuji nahle zmeny spo-
sobené nahlym zvySenim teploty a nasledn( stabilizaciu.
Pri 200°C, teplotna expanzia zacina vyrazne presahovat
zmrastovanie betonovych vzoriek. Sivisiace krivky pre
betény z MOCHOVIEC, PENLY a VHD beténu su podobneé
[9, 10, 11).

Priemerné hodnoty dynamického modulu pruznosti
E., @ statického modulu pruznosti E, uvadza tab. 2.
Zistilo sa podstatné znizenie dynamického a statickeho
modulu pruznosti vzhladom k hodnotam nameranym po
28 dnoch pri teplote 20°C. Pri vy3sich teplotach sa
°blaytgje zvySenie pretvorenia vzoriek pri maximalnom
napati (vo vrchole pracovného diagramu) vzhiadom ku

RESEARCH AND DEVELOPMENT

bound water release, the formation of pores and cracks,
strength and modulus reductions, the type of binder and
aggregate, and the heating rate [6, 7]. The global
approach has to be supported by a good understanding
and simulation of the processes involved in concrete
material at high temperatures. This knowledge is neces-
sary as a basic tool for predicting and preventing the fire
behaviour of structures.

This paper presents experimentally observed beha-
viour of concrete used in TEMELIN (Czech Republic),
MOCHOVCE (Slovakia) and PENLY (France) nuclear power
plants (NPP) and high-performance dolomite (HPD) con-
crete subjected to temperatures up to 800°C.

EXPERIMENT

Materials and casting

The fresh concrete for making cubes (150° mm) and
prisms (100x100x400 mm) was made from the identical
materials at the construction sites in Temelin, Mochovce
and Penly, using a laboratory mixer and placed it in steel
moulds on a vibration table (50 Hz, 0.35 mm) with vibra-
tion time of 30 s. The HPD concrete for using at high tem-
peratures was made in our laboratory. Basic characteris-
tics of fresh concretes and their properties are listed in
Table 1.

Curing and heating

After demoulding all specimens were stored at 20°C
and 100 % R.H. - wet air for 28 days. Then the tempera-
ture was increased up to 800°C. The temperature sketch
for the experimental programmes in both collaborating
laboratories (Bratislava and KoSice) are illustrated in
papers [8, 9, 10, 11].

Testing

Physico-mechanical properties of the specimens
(elasticity modulus, strength) were obtained. Length
changes of prisms were measured by a portable strain
gauge (gauge length 300 mm) with measuring accuracy
of 0.001 mm. Chemical, mineralogical composition (XRD,
TG-DTA-DTG) and pore structure (high pressure porosime-
ter mod. 2000 and macroporosimetry unit) of concrete
specimens were estimated. Details on testing are given in
the above items [8, 9, 10, 11].

Results and discussion

The development of shrinkage/swelling and creep
induced deformations of TEMELIN concrete are illustrated
in Figure 1 and 2, respectively. Mean values of creep and
shrinkage deformations are plotted in Figure 2. The
curves in both Figures show sudden changes due to sud-
den temperature increases and subsequent stabilisation.
At 200°C, the thermal expansion begins to exceed pro-
nouncedly the shrinkage of concrete specimens. The
related curves for MOCHOVCE and PENLY and HPD con-
crete are similar [9, 10, 11].

Mean values of the dynamic modulus of elasticity E_,
and Young's modulus of elasticity E; are given in Table 2.
Significant decrease of the dynamic and Young's elastici-
ty modulus related to the 28-day values at 20°C were
found. At higher temperatures an increase of the strain at
the maximum stress appeared in concrete specimens

InZinierske stavby, roé. 50, 2002,¢. 3
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Obr. 1 Deformacie od zmrastovania betonu vystaveného
zvysenym teplotam

Fig. 1 Shrinkage induced deformations of concrete
subjected to elevated temperatures

Tab. 2 Dynamicky a staticky modul pruznosti skiSobnych
vzoriek vystavenych zohrievaciemu rezimu EP 1

Table 2 Dynamic and Young's module of elasticity of
tested specimens subjected to EP 1 heating regime

vzorkam vystavenym nizSim teplotam. OcCividné znizenie
kockovej pevnosti sa pozorovalo pri teplotach nad 200°C
(tab. 3). Vysoké teploty sU pricinou zvacSenia porovej
Struktary betonu s naslednym znizenim modulu pruznosti
a pevnosti. Charakteristiky pérovej Struktury a vypocitané
koeficienty priepustnosti [12] vzoriek beténu z
MOCHOVIEC [13] su uvedené v tab. 4.

Wsledky odhalili priamu zavislost medzi velkostou
porov, vypocitanymi koeficientami priepustnosti, modu-
lom pruznosti a pevnostami. Podobné vziahy sa zistili aj
pre betony z TEMELINA, PENLY a VHD beténom [8,10,11).
Koeficienty priepustnosti nie s spocitané.

Zjavna zavislost medzi ubytkom gelovitych hydra-
tacnych produktov a teplotou v tepelnom intervale medzi
20°C - 200°C sa dokazala pri PENLY betonoch [10]
pomocou termogravimetrickej analyzy (tab. 5). Podobné
vysledky si vo vzfahu k zloZeniam zmesi ostatnych
beténov.

Obr. 2 Deformacie od zmrastovania a dotvarovania
beténu vystaveného zvySenym teplotam

Fig. 2 Creep and shrinkage induced deformations of
concrete subjected to elevated temperatures

Osetrovaci rezim Exi E:

Curing regime (GPa) (GPa)
20°C, 28 dni /days 43.1 27.8
40°C + 28 dni /days 40.1 29.7
60°C + 28 dni /days 38.3 28.8
100°C + 28 dni /days 341 27.7
200°C + 56 dni /days 24.8 18.0
20°C/60%r. v. 429 30.9

28 - dni zakladné oSetrovanie pri 20°C a 100 % r. v.
- mokré prostredie. Zakladné oSetrovanie + 140 dni pri
20°C a 60 % r. v. - suché prostredie

28 - days basic curing at 20°C and 100 % R. H.
- moist air. Basic curing + 140 days at 20°C and 60 % R.
H. - dry air

Namerana pevnost
Concrete temperature Measured strength
Teplota betonu EP1 EP 2

(MPa) (MPa)
20°C 49.4 52.3
40°C 60.3 E
60°C 63.8 59.6
100°C 71.0 -
200°C 64.0 61.2
20°C/60%r. v. 67.4 -
400°C - 49.1
600°C = 21.2
800°C - 101

Tab. 3 Namerané pevnosti betonu pri zvySenych teplo-

tach podfa dvoch rozdielnych oSetrovacich rezimov [13]
Tab. 3 Measured strengths of concrete at elevated tem-
peratures according to two different curing regimes [13]

relative to those exposed to lower temperatures. Evident
decrease in the cube strength of concrete is observed at
temperatures over 200°C (Table 3). High temperatures
contribute to the formation of large pore structures and
result in the reduction of modulus of elasticity and
strength. Pore structure characteristics and calculated
permeability coefficients [12] of MOCHOVCE concrete
specimens [13] are given in Table 4.

The results reveal direct dependence between pore
sizes values, calculated permeability coefficients,
modulus of elasticity and strength values. Similar rela-
tions are found for TEMELIN, PENLY and HPD concrete
[8, 10, 11]. Permeability coefficients are not calculated.

An evident temperature dependence on the loss in
gelike hydration products in the temperature interval
20°C - 200°C is proved for PENLY concrete [10] by ther-
mogravimetric analysis (Table 5). Similar results are relat-
ed to mixture compositions of remaining concretes.

The decrease in prism strength depends upon the
release of water bound either in gellike hydration pro-
ducts (temperature 60 - 400°C) or free Ca(OH), (temper-
ature 400 - 600°C). At temperatures over 600°C struc-
tural degradation of concrete is markedly influenced by
CaCO; decomposition, and above 800°C also by the re-
crystallization of new non-binding phases arising from
hydrated cement minerals under re-combustion. The
example of the relation between bound water content,

i§ mm RESEARCH AND DEVELOPMENT

vzorka | Sample | Ve Vip Myp Mrp MK TP SpS F K
M 20 59.52 62.75 30.90 33.18 5:.15 13.13 6.039 16 0.87
M 40 56.74 60.04 43.59 47.02 5.50 1205 4,752 21 1.81
M 60 63.74 66.15 53.18 5511 3.64 13.98 3.423 20 2.52
M 100 72.66 76.31 55.41 58.26 4.77 15.65 3.597 23 3.60
M 200 70.28 73.04 61.69 65.00 3.78 15.23 3.457 33 6.36

— M200 58.74 | 6143 | 5729 | 60.80 | 4.38 1314 | 4511 29 4.05
M 400 58.12 60.47 77.64 87.26 3.89 13.08 3.900 45 10.37
M 600 89.39 96.45 176.72 | 222.70 7l b 19.67 2,555 60 67.46
M 800 161.71 197.68 155.49 | 294.62 18.20 34.50 3.126 bh 89.30

Vip: Vip - Objem mikropérov (do 7500 nm) a objem

vsetkych porov (mm’.g”)

Mpp: Myp - priemerny polomer mikropérov a priemerny

celkovy polomer porov (nm)
MK - podiel makroporov (%)
TP - celkova porozita (% obj.)

SpS - pecificky povrch pérov (m”.g’)
F - podiel pdrov s polomerom v rozmedzi 100-10 000 nm (%)
K - koeficient priepustnosti (*10" m.s")

Ve, Vip - volume of micropores (up to 7500 nm) and vo-
lume of all pores (mm™.g")

Myp. Myp - average micropore radius and average total
pore radius (nm)

MK - portion of macropores (%)

TP - total porosity (% vol.)

SpS - pore specific surface (m>.g")

F - portion of pores in the radius range of 100-10 000 nm (%)
K - permeability coefficient (*10" m.s?)

Tab. 4 Vysledky ortutovej porozimetrie a vypocitany koeficient priepustnosti beténovych vzoriek zohriatych na 800°C
podla osetrovacieho reZimu EP 2
Table 4 Mercury porosimetry measurements and calculated permeability coefficient for concrete specimens heated to
800°C using the EP 2 curing regime

InZinierske stavby, roé. 50, 2002, ¢. 3

Obsah viaz. vody Celkova strata . . CEREer obigih
Podmienky oSetrovania v zatvrdnutej hmotnosti Ca0 viazane v ca0 vv(yla(OH)
a doba o3etrovania v dfioch cement. kasi Total loss of Ca0 bound in sl g
Curing conditions and period Content of bound weight Total conte?\t of
of curing in days water in hardened Ca(OH), CaCO5 Ca0 in Ca(OH
cement paste anrlj Cac(:O )2
(%) (%) (%) (%) .
20°C/100% r. v. 28 2.40 41.40 2:11 18.00 20.11
60°C +2 227 40.91 2.40 16.81 19.21
200°C +2 1.82 40.45 3.09 17.04 20.13
400°C el 1.00 37.27 1.58 17.09 18.67
600°C el 0.09 29.78 137 13.45 14.62
800°C =3 0 4 Ba b 1.05 4.42 5.47
Tab. 5 Vysledky termickej analyzy zatvrdnutého beténu Median pore radius (nm)
Tab. 5 Results of thermal analysis of hardened concrete R 047 - P T ey
Obr. 3 Vztah medzi obsahom viazanej vody, medianom A
polomeru pérov a hranolovou pevnostou beténovych
vzoriek &0 | s
Fig. 3 Relationship between bound water content, pore H . . ,
median radius and prism strength of concrete specimens E
40 |
' Poklgs pevnosti v tlaku zavisi od uvolfiovania vody E
viazanej alebo v gelovitych hydrataénych produktoch £
(teploty GQ - 400°C), alebo vo volnom Ca(OH), (teploty LAl
400-600°C). Pri teplotach nad 600°C, degradacia struk- >~ |
tury betonu je vyrazne ovplyvnena rozkladom CaCO; a N (BT i
nad 800°C tiez rekrystalizaciou novych nevdznych faz B Eiye e e W iatnniv
vznikajucich z hydratovany’ch cementovych mineralov pri ; S = 18 1.0 0.1
opakovanom wvypale. Priklad vzfahu medzi obsahom Bound water (%)

viazanej vody, medianom polomeru pérov a hranolovou
pevnostou pre vzorky z vysokohodnotného dolomitického
beténu [11] je znazorneny na obr. 3. Podobné vysledky sa
az-lg;(all pre betony z TEMELINA, MOCHOVIEC a PENLY [8, 9,

pore median radius and prism strength for high-perform-
ance dolomite concrete specimens [11] is shown in
Figure 3. Similar results are obtained for TEMELIN,
MOCHOVCE, and PENLY concrete [8, 9, 10].
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Objem hydratovanej fazy do 600°C sa postupne
zmensuje v dosledku straty viazanej vody. Onbjem
masivneho beténového materialu nad 600°C sa tiez pos-
tupne zmensuje hlavne v dosledku uvorr'\ovan_'ra_plynneho
CO, a dolomitického Strkopiesku a rekryStalizacie cemen-
tovych faz. Namiesto stélej pevnej fazy sa v betonove)
&trukture objavuju vzduchové dutiny. Dokazom je sucasne
zvacsenie medianu polomeru porov a hodnot celkovej
porozity sposobené zvySenim teploty. Cim vacsia _je strata
viazanej vody a obsahu CO,, tym intenzivnejsie je zhrub-
nutie Struktlry porov a tym zrejmejSia je strata pevnosti v
tlaku. Na druhej strane, betén sa stava priepustqgjss._oo
dokazuje rast koeficienta priepustnosti pri ;vyseny_ch
teplotach. Takto poskodeny beton po vystaveni vysokym
teplotam (ohfu) je nachyiny k znizeniu trvanlivosti dokon-
ca aj pri beinej okolnej teplote a vihkom prostredi.
Zvysena priepustnost prispieva k zvySenej vihkosti a pohy-
blivosti atmosferického CO, vnutri betonového prvku a
vyvolava rychlejSiu koroziu ocelovej vystuz a karbonata-
ciu v porovnani s betonom neovplyvnenym teplotnym
atakom.

ZAVERY

1. Poskodenie Strukturdlnej celistvosti betonu spo-
sobené teplotou v rozsahu 20°C - 800°C je zaprici-
nené stratou prirodzenych vlastnosti hydratovanej
fazy tvorbou vzduchovych dutin vyvolavajucich proces
zhrubnutia porovej Struktdry.

2. Na skuaSanych vzorkach vystavenych teplotam do
400°C sa nepozorovali ziadne vyznamné zmeny v
module pruznosti, pevnosti, mediane polomeru pérov
a vypocitanych koeficientoch priepustnosti.
Zhrubnutie porovej Struktdry medzi 400°C a 800°C
evidentne sposobuje vyznamné zniZenie pevnosti
betonu. Pre betdn vystaveny teplotam 800°C je
charakteristicky kolaps jeho Strukturalnej celistvosti.

3. Uvaiuje sa, 2 nahle zmeny dynamického modulu
pruznosti, zmrastovania/napuciavania a dotvarovania
su sposobené okamzitym, avsak ¢asovo obmedzenym
zvySenim vihkosti vnutri betonovych vzoriek vodou
uvolnenou z produktov hydratacie. Mnozstvo tejto
vody je imerné dodanému teplu po nahlom zvySeni
teploty.

PODAKOVANIE

Autori dakuju Slovenskej grantovej agentdre pre vedu
VE_GA (Projekt ¢. 2/7035/22) za Ciastocnl podporu tejto
prace.

LITERATURA

[1) HKalifa, P., Frangois-Dominique Menneteau, F. - D.,
Quenard, D.: Spalling and pore pressure in HPC at
high temperatures, Cement and Concrete Research,
Vol. 30, 2000, No.12, 1915-1927.

[2] Felicetti, R., Gambarova, P. G.: The Effects of High
Temperature on the Residual Compressive Strength
of High-Strength Siliceous Concretes, ACl Materials
Journal, Vol. 95, 1998, No. 4, 395-406.

[3]1 Kiellsen, K. 0., Wallevik, 0. H., Fjallberg, L.:
Microstructure and microchemistry of the paste-
aggregate interfacial transition zone of high-per-

is

The volume of hydrate phase up to 600°C gradually
decreases due to bound water loss. The volume of bulky
concrete material above 600°C also gradually decreases
mainly due to the release of gaseous CO, from dolomitic
aggregate and the re-crystallization of cement phases.
Instead of steady solid phase, air voids occur in the con-
crete structure. This is proved by a contemporary increase
in median pore radius and total porosity values due to
temperature elevation. The higher the loss in bound water
and CO, content, the more intense is the pore structure
coarsening and the more evident is the loss in compres-
sive strength. On the contrary, concrete becomes more
permeable as proved by permeability coefficient increa-
ses at the temperature elevation. Such deteriorated
concrete after high temperature (fire) attack is vulnerable
to shorten its durability in time even at ambient tempera-
ture and moist condition. Higher permeability contributes
to higher moisture and atmospheric CO, mobility inside
concrete element and evokes faster steel reinforcement
corrosion and carbonation relative to the temperature -
unaffected concrete.

CONCLUSIONS

1. The temperature - dependent damage of the structu-
ral integrity of concrete between 20°C - 800°C is
caused by the hydrate phase denaturing with the com-
pressed air voids formation inducing the process of
pore structure coarsening.

2. No significant changes in modulus of elasticity,
strength, pore median radius, and calculated permea-
bility coefficients for tested specimens exposed to
temperatures up to 400°C are found. The effect of
pore structure coarsening between 400°C and
800°C very evidently results in significant concrete
strength decrease. The collapse of concrete structural
integrity characterizes 800°C temperature exposure.

3. It is believed that the sudden changes in dynamic
modulus of elasticity, shrinkage/expansion, and creep
are due to an immediate but time-limited increase in
humidity inside the concrete specimens by water
released from the hydration products, amount of
which is proportional to supplied heat after the sud-
den temperature elevation.
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Medzné stavy pouzitel'nosti konstrukénych
porobetéonovych prvkov

Serviceability Limit States of Structural
Aerated Concrete Elements

Martin Krizma - Jan Jerga - Terézia Niirnbergerova - Pavel Kalina

Experimentalno - teoreticky vyskum progresivnych
zloZzenych porobetonovych prekladov. Experimentalne
modelovanie realneho statického pésobenia. ZataZenie
pésobiace v pozdiznej zvislej rovine prechadzajicej
taziskom prierezu a v rovine mimo pozdlZnej osi prvku.
Medzné stavy pouzitelnosti - pretvorenia porobetonu a
priehyby prvkov, charakteristiky procesu rozvoja trhlin.

1. OvoD

Pri vystavbe murovanych stavieb z klasickych staveb-
nych materidlov, ku ktorym so svojimi UZitkovymi vlast-
nostami patri tiez porobeton, sa plynuly proces spomaluje
zhotovovanim klasickych Zelezobeténovych prekladov.
Sucasne treba riesif teplotechnické otazky. Preto pre
objekty, kde dominantnym stavebnym materialom bol
porobeton sa vyvijali vystuzené porobetonové preklady
[1]. Nevyhodou bol pracny sposob vystuzovania a zvySeny
narok na sortimentaciu vyrobkov. Naviac kazdy vyrobca
vyvijal vlastny systém. Tieto nedostatky odstranuje aplika-
cia progresivnych zloZznych pérobeténovych prekladov -
vyrobca HEBEL Pérobetén Sastin-Straz,s.r.o., Slovensko.

Ich zakladna cast tvoria vystuzené tramce o priere-
zovych rozmeroch 125 x 125 mm, ktoré sa ulozia na pod-
perne steny. Na tramce sa nasledne nalepia presné poro-
betonové tvarnice, na ktoré sa ukladaji stropné dielce.
Dielce su v celach ukongené vystuzenym betonovym ven-
com. Vo vacsine pripadov, takto zhotovené preklady su v
konstrukcii namahané zvislym excentrickym a sicasne
vodorovnym zatazenim. Wnimku tvoria preklady
vnutornych stien, ktoré mézu byf namahané centricky.
Po zabudovani do konsStrukcie, na preklady pdsobi
niekol'ko priaznivych faktorov, ktoré ovplyviujd ich Gnos-
nost a pretvarne vlastnosti. Je to hlavne spolupdsobenie
venca, konstrukcie stropu a muriva kolmych stien.

Experimental - theoretical research of the progressive
built-up aerated concrete lintels. Experimental modelling
of the real static behaviour. Load acting in the longitudi-
nal vertical plane crossing the centroid of the cross-sec-
tion and in the plane extra-axial with regard to the longi-
tudinal axis of the element. Serviceability limit states -
the deformations of the aerated concrete and the deflec-
tions of the elements, characteristics of cracking.

1. INTRODUCTION

The fluent process of construction of the masonry
structures from the classical building materials, which
include the aerated concrete due to its service properties,
has as a rule been delayed by the manufacturing of the
classic reinforced concrete lintels. At the same time, the
thermo-technical problems should be solved. Therefore,
for the objects where the aerated concrete was the pre-
vailing material, the reinforced aerated concrete lintels
have been developed [1]. The disadvantage of these lin-
tels was laborious way of reinforcing and an increased
claim on the assortments of the products. In addition,
each producer has been developing the system of his
own. These shortcomings have been eliminated by the
application of the progressive built-up aerated concrete
lintels - producer HEBEL Pérobeton Sa&tin-Straze, Itd.,
Slovakia.

The basic part of these lintels is created by the rein-
forced beams with the dimensions of 125 x 125 mm that
are seated on the supporting walls. Subsequently, the
precise shaped blocks are glued on the beams and then
the ceiling units are mounted on these blocks. The faces
of ceiling units are ended with the reinforced concrete
bearer. In most cases, so constructed lintels in the struc-
ture are stressed by the vertical eccentric load and at the
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Preklady sa potom spravaju ako nosniky votknuté a Cias-
toéne podopierané. Celkovy celny pohlad na skusobny
preklad AE-E a bo¢ny pohlad na skusSobnu zostavu je na
obr. 1.

Systém zhotovenia zlozenych prekladov a sposob
sabudovania do zvislych konstrukcii tvori pomerne zlozity
staticky problém, ktory neumoziuje posudenie podlia
stcéasnych normovych predpisov [2]. Na zaklade tychto
skutoénosti sa v roku 2001 uskutocnil v laboratériach
USTARCHu SAV v Bratislave experimentalny vyskum
zlozenych prekladov, ktory bol zamerany na tvorbu pod-
kladov pre overenie spolahlivosti ich pouzitia [3].

2. SKUSOBNE PRVKY, SPOSOB ZATAZOVANIA A
MERANIA PRETVORENI

V ramci experimentalneho programu bolo
odsktiganych devat skusobnych zostav so zlozenymi
prekladmi . Skisobné zostavy sa odliSovali svetlou vzdia-
lenostou podpier g, Sirkou prekladu b a polohou zataZenia
k pozdiznej osi prekladu e.

a) Preklady AE-C(i), (centric load), kde i = 1 az 3;
odpovedali realnemu vnutornému prekladu nominainej
Sirky b = 250 mm. Skusobné preklady tvorili dva tramce
125 x 125 mm dizky 2000 mm v kombinacii s presnymi
tvarnicami rozmerov 250 x 250 x 600 mm. Z hladiska
spolahlivosti sa neuvaZovalo so spoluposobenim
beténovej zalievky venca, pretoze Sirka zalievky by bola
iba 50 mm. Svetla vzdialenost podpier bola Ig = 1500
mm. Preklady boli namahané zvislym, kvazi-rovnomernym
centricky posobiacim zatazenim.

b) Preklady AE-E(j), (eccentric load), kde j = 1 aZ 3;
odpovedali vonkajSiemu prekladu Sirky b = 375 mm.
Skusobné preklady tvorili tri tramce 125x125 mm dizky
2700 mm v kombinacii s tvarnicami 375x250x600 mm.
Preklad bol doplneny o betonovy veniec Sirky b, = 275
mm a cast stropnych dielcov vo forme tvarnic
100x200x600 mm. Svetla vzdialenost podpier bola Ig =
2200 mm. Preklady boli namahané excentrickym
rovhomernym zatazenim s excentricitou e = 137,5 mm.

¢) Preklady AE-E(j), (eccentric load), kde j = 4 az 6;
odpovedali vonkajSiemu prekladu Sirky b = 250 mm.
Skusobné preklady tvorili dva tramce 125x125 mm dlzky
2700 mm v kombinacii s tvarnicami 250x250x600mm.
Preklad bol doplneny o beténovy veniec Sirky b, = 150
mm a cast stropnych dielcov vo forme tvarnic
100x200x600 mm. Svetla vzdialenost podpier bola rov-
naka ako v pripade "b", t. j. [y = 2200 mm. Preklady boli
namahané excentrickym rovnomernym zatazenim s
excentricitou € = 75 mm. Nosné komponenty prekladov a
rozdelenie prekladov do skiSobnych skupin je na obr. 2.

Pri vSetkych prekladoch Gloina dizka tramcov bola
l, = 250 mm. Vodorovné, t,. lozné Skary boli vyplnené
“tenkovrstvovou" maltou HEBEL s nominalnou pevnostou
v tlaku fo, = 10 MPa.. Zvislé Skary stien sa nevyplnali,
podobne aj vzajomny styk tramcov bol iba trenim. Doraz
sa vsak kladol na vypinenie zvislych Skar tvarnic, ktoré
tvorili skisobny preklad a tvarnic nahradzajlcich stropné
panely. Pri tvarniciach, ktoré tvorili preklad sa naviac kla-
dol déraz na geometrickli presnost a homogenitu
materialu. Tieto skutoénosti mézu ovplyvnif proces
porusovania prekladov. K tejto problematike sa vratime
este v zavere prispevku.

RESEARCH AND DEVELOPMENT

same time also by horizontal load, with the exception of
the inside walls lintels that could be stressed by the cen-
tric load. After the lintels are built-in to the structure they
are affected by several positive factors effecting their load
bearing capacity and deformation properties. It is mainly
the interaction of the bearer, the ceiling structure, and the
masonry of the vertical walls. The lintels act as the fixed-
end and partially supported beams. The bearing compo-
nents of the built-up lintels and the global side view on
the test set-up is shown in Fig. 1

The system of the production of the built-up lintels and
the method of their building into the vertical structures
creates a relatively complicated static system which is not
possible to check according to the nowadays standards
[2]. On the basis of these facts, the experimental
research of the built-up lintels has been carried out in the
laboratories of the ICASA in Bratislava in the year 2001.
The experimental research was focused on the develop-
ment of a base for the verification of the application reli-
ability of aforementioned lintels [3].

2. TESTED ELEMENTS, THE METHOD OF LOADING
AND MEASURING THE DEFORMATIONS

In the frame of the experimental programme nine test-
ing assemblies with built-up lintels were tested. The test-
ing assemblies differed in the clear distance of the sup-
ports Ig, in the width of the lintel b, and in the position of
load related to the longitudinal axis of the . 2l e.

a) The lintels AE-C(i), (¢ :ntric i0ad), where i = 1, 3;
corresponded to the real in< de lintel of the nominal width
of b = 250 mm. The testing lintels were created by two
beams of 125x125 mm with the length of 2000 mm in
the combination with the precise shaped blocks of the
dimensions of 250x250x600 mm. From the reliability
point of view the interaction of the concrete grout of the
bearer was not taking into account because the width of
the grout would be only 50 mm. The clear distance of the
supports was lg = 1500 mm. The lintels were stressed by
the vertical, quasi-uniformly distributed centric load.

b) The lintels AE-E(j), (eccentric load), where ] = 1, 3;
corresponded to the outside lintel of the width of b = 375
mm. The testing lintels were created by three beams of
125x125 mm with the length of 2700 mm in the combi-
nation with the blocks of the dimensions of 375x250
x600 mm. The lintel was completed by the concrete bear-
er of the width of b, = 275 mm and by the part of ceiling
units in the shape of the blocks of 100x200x600 mm.
The clear distance of the supports was Ig = 2200 mm.
The lintels were stressed by the eccentric uniformly dis-
tributed load, the eccentricity being of e = 137.5 mm.

¢) The lintels AE-E(j), (eccentric load), where j = 4, 6;
corresponded to the outside lintel of the width of b = 250
mm. The testing lintels were created by two beams of
125x 25 mm with the length of 2700 mm in the combi-
nation with the blocks of the dimensions of
250x250x600 mm. The lintel was completed by the con-
crete bearer of the width of b, = 150 mm and by the part
of the ceiling units in the shape of the blocks of
100x200x600 mm. The clear distance of the supports
was the same as in the case b), i.e. Ig = 2200 mm. The lin-
tels were stressed by the eccentric uniformly distributed
load with the eccentricity of € = 75 mm. The load bearing
components of the lintels and their distribution into the
testing groups is shown in Fig. 2.

InZinierske stavby, ro¢. 50, 2002, &. 3
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Obr. 1 Zatazovacia zostava, a) ¢elny pohlad na preklad AE-E, b) bocny pohlad na zostavu

Fig. 1 Loading assembly, a) frontal view on the lintel AE-E, b) lateral view on the assembly

Pretoze preklady AE-E boli namahané excentrickym
zafazenim, v oblasti podpier boli zabezpedené tiahlami,
ktoré odolavali Gcinkom kratenia - v realnej konstrukcii
tito funkciu pinia kolmé steny, vzdialenost tiahla od stre-
du prekladu bola 2000 mm. Funkciu stropnych panelov
plnila podperna ocelova konstrukcia, ktora umoznovala
zvisli deformaciu prekladu - priehyb, ale branila vodor-
ovnému posunu prekladu.

Skisky prekladov sa skladali z dvoch na seba nad-
vazujlcich casti. Do hodnoty prevadzkového zataZenia
boli preklady namahané stupnovite rasticim zatazenim s
prirastkom zafaZenia rovnym desatine prevadzkovej hod-
noty. Po stanovenej dobe pdsobenia prevadzkového
zatazenia sa skuSobné prvky odlahéili na hodnotu
zatazovacej sily F = O kN. Nasledne, poc¢as druhej ¢asti
skusky, sa preklady stupnovite zatazovali az do porusenia.
Prevadzkova hodnota zatazenia pri prekladoch centricky
namahanych - AE-C, bola F; = 55 kN, pri excentricky
namahanych - AE-E, bola Fg = 35 kN.

Prikazdom zatazovacom stupni sa opticky zazna-
menaval vznik a rozvoj trhlin a pretvorenia pérobetonu v

The length of bearing of the beams was I, = 250 mm
in all the lintels. The horizontal, i.e. bed joints were filled
with the "shallow layered" mortar HEBEL with the nominal
compressive strength of f,,, = 10 MPa. The vertical joints
of the walls were not filled and similarly, the reciprocal
connection of the beams was only by friction. The empha-
sis was put on the filling of the vertical joints of the blocks
creating the testing lintel and the blocks substituting the
ceiling units. In the case of the blocks creating the lintel
the geometric accuracy and the homogeneity of material
was strictly observed. These details could effect the
process of failure of the lintels. These problems will be
discussed once again in the conclusion of this paper.

As the lintels AE-E were stressed by the eccentric load,
they were secured in the support area by the tie rods
resisting to the effects of torsion- in the real structures
this function is carried by the vertical walls. The distance
of the tie rod from the centre of the lintel was 2000 mm.
The function of ceiling units was substituted by the sup-
porting steel structure that enabled the vertical deforma-
tion of the lintel - the deflection, but it hindered the hori-
zontal displacement of the lintel.

i$

zakladniach pasov horného a dolného okraja a diagonal
meranej fiktivne] priehradovej sustavy. Pri excentricky
namahanych prekladoch sa merali obe strany prekladov -
t. j. interna, kratenim pritazovana strana a externa,
kritenim odlahéovana strana. Pretvorenia sa zistovali
pomacou priloznych deformometrov. Ziskané pretvorenia
umoznili pouzitim Williot-Mohrovych translokacnych
obrazcov separaciu priehybov od ucinkov priecnych sil a
ohybovych momentov. Analogicky sa zaznamenavali
deformaéné zmeny pérobetonu v oblasti ulozenia tramcov
na podpernych stenach. Na zaklade ziskanych pretvoreni
sa potom ur€ilo teoretické rozpatie skuSobnych
prekladov.

3. VYSLEDKY Z EXPERIMENTOV

Vsetky preklady sa pri zataZovani spravali pruzne az
do hodnoty zatazovacej sily Fg,; pri vzniku trhlin. Hodnoty
zatazovacej sily su uvedené v tab. 1.

Hlavnym ucelom sledovania trhlin bolo ziskanie pod-
kladov pre hodnotenie spolahlivosti vystuzenych poro-
beténovych prvkov a overenie modelov statického
posobenia zlozenych prekladov. Na obraz trhlin mala
podstatny vplyv poloha zataZzenia vzhladom na pozdiznu
os prekladu. Pri prvkoch AE-C, na ktoré posobilo centricke
rovhomerné zataZenie, prevladali ohybové a Smykové
trhliny. PoruSenie bolo spdsobené drvenim poro-
beténovych tvarnic v tlacenej zéne. Naopak pri prvkoch
AE-E s rovnomernym zatazenim excentricky posobiacim
voci pozdiZznej osi prekladu bol registrovany rozsiahly

Oznacenie prekladu Feri [KN]

Denomination 5 = =1 Fmax
of lintels Fcr.l‘v Fc.',rl e

AE-C1

(1500(2000)/250 0 s
AE-C2

(1500(2000)/250) 55 |109.5| 100 | 109.5
AE-C3

(1500(2000)/250) | 80 | 45 | 70 | 1122
AE-E1 int| 114 | 114 85 114
(2200(2700)/375) |ext 85 114

AE-E2 int| 105 | 105 895 125
(2200(2700)/375) |ext| 125 | 105 | 125

AE-E3 int| 85 | 105 | 95
(2200(2700)/375) [ext 8 | 105 | °
AE-E4 int] 95 | 95 | 95 . :
(2200(2700)/250) [ext| 95 | 95 | 95 | %
AE-E5 int| 95 85 95 105
(2200(2700)/250) [ext| 75 | 95 95

AE-E6 int| 105 [ 132 | 105 -
(2200(2700)/250) [ext| 85 | 105 | 115
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The tests of the lintels consisted of the two linked-up
parts. Up to the level of the service load the lintels were
subjected to the step by step increasing load, the incre-
ment of load being the tenths of the service value. After
the specified time of the action of the service load the
tested elements were unloaded to the value of the load
F = 0 kN. Subsequently, during the second part of the
test, the lintels were loaded step by step up to the failure.
In the case of the centric stressed lintels AE-C, the value
of the service load was Fg = 55 kN and Fg = 35 kN for cen-
tric stressed lintels AE-C and eccentric stressed lintels AE-
E, respectively.

At each loading step the cracking was observed and
the crack widths were measured and registered as well as
the deformation of the aerated concrete at the continual-
ly linked-up base-lines at the top and bottom chords and
the crossing diagonals of the fictitious truss. In the case
of the eccentrically loaded lintels both sides of the lintel
were measured - i.e. the internal side surcharged by tor-
sion and the external side relieved by the torsion. The
deformations were measured by means of the mechani-
cal strain gauge. The obtained deformations enabled the
separation of the shearinduced deformations from the
deformations due to bending moments using the Williot-
Mohr translocation polygons. The deformations of the
aerated concrete in the bearing area on the supporting
walls were also registered. On the basis of the obtained
deformations the theoretical span of tested beams was
determined.

3. EXPERIMENTAL RESULTS

The behaviour of all lintels under the load was elastic
up to the value of the loading force at cracking Fg,.. The
values of the loading force are given in Tab. 1.

The main purpose of the observation of crack devel-
opment was obtaining the data for the evaluation of the
reliability of the reinforced aerated concrete elements
and the verification of the models of static behaviour of
the built-up lintels. The position of load related to the lon-
gitudinal axis of the lintel had the fundamental influence
on the crack pattern. In the case of the elements AE-C
subjected to the centric load the cracks due to bending
and shear prevailed. The failure was due to crushing of
the aerated concrete blocks in the compressed zone. On
the contrary, in the case of the elements AE-E subjected
to the uniformly distributed load eccentric towards the
longitudinal axis of the lintel, the extensive crack devel-
opment in the horizontal and vertical joints was regis-
tered. In consequence of these cracks also the reinforced

Tab. 1 Charakteristiky poruSovania prekladov - F_; -
zataZovacia sila pri vzniku trhlin, F,,, - maximalna hod-
nota zataZovacej sily dosiahnutej pri skiske

Tab. 1 Characteristics of the failure process of the lintels
- F.,; - the loading force at cracking, F,,, - the maxi-

cri
mum value of the loading force

Obr. 2 Skasobny preklad, a) nosné komponenty prekladu, b) usporiadanie v prieénom smere
Fig. 2 Tested lintel, a) load bearing components of the lintel, b) arrangements in the lateral direction
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Pozn.:

3 Hodnota zatazovacej sily pri vzniku trhlin vo zvislych
Skarach medzi tvarnicami.

Hod‘nota vzat’aiovacej sily pri vzniku trhlin vo vodor-
ovnych loznych Skarach.

Hod,nota zataZovacej sily pri vzniku trhlin v tvarnici, resp.
V tramcoch 125x125x2000(2700).

2

3

Notes:

Y The value of the loading force at cracking of the vertical
joints between the blocks.

? The value of the loading force at cracking of the hori-
zontal bearing joints.

¥ The value of the loading force at cracking of the blocks
or of the beams of 125x125x2000(2700).
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rozvoj trhlin vo vodorovnych a zvislych Skarach. V dosled-
ku tychto trhlin bol postupne vyradeny zo spolupdsobenia
aj ®lezobetonovy veniec. KedZ unosnost zostavajucich
asti bola nizSia ako Uéinok posobiaceho zatazenia, malo
to za nasledok nahle porusenie zostavy. Sikmé trhliny

vznikali zvacsa v priebehu procesu poruSovania.

Podstatny rozdiel pri porovnani prekladov AE-C s
prekladmi AE-E je vidiet v tab. 1, kde su uvedené hodno-
ty zataZovacej sily Fq; pri vzniku trhlin. Sposobeny je
hlavne Géinkom Zelezobetonového venca a tvarnic
nahradzajlcich stropné dielce. Pri zostavach AE-C(1-3)
nastal vznik trhlin v Skarach uZ pred dosiahnutim pre-
vadzkového zafaZenia. Medzi skupinami AE-E(1-3) a AE-
E(4-6) nie su vyznamné rozdiely a to ako pri trhlindch v
Skarach, tak aj v tramcoch a tvarniciach.

Prva ohybova trhlina vo vystuZzznom porobetonovom
tramci v sérii AE-C(1-3) Sirky 0,05 mm bola registrovana
na stupni zatazenia § =1,27 (8 = F; / Fs ). Pri stupni &
=1,64 dosahovala maximalna ohybova trhlina Sirku 0,40
mm. Prvé Sikmé trhliny vo vystuzenych porobeténovych
tramcoch v sérii AE-C s maximalnou Sirkou 0,28 mm boli
registrované pri 6 = 1,64. Pri sériach prekladov AE-E
trhliny vo vystuzenych porobetonovych tramcoch pred
porusenim nevznikli.

Pri prekladoch, ktoré boli namahané excentricky - AE-
E, dochadza k vyraznému rastu priehybov na internej
strane od ucinkov skosenia. Vplyv Géinku od ohybovych
momentov klesd s hodnotou stupna z:-fazenia 6.
Konstatovanie plati pre stupen zatazenia 0 = 2. Tento
efekt sa prejavuje hlavne na externej strane skusanych
prekladov. V tab. 2 su celkové vysledky pre preklady
AE-E(1-3) 0 Sirke b = 375 mm. Podiel priehybu od Géinkov
priecnych sil na internej strane pri stupni zatazenia §= 1
dosahuje 60-70 % na celkovych priehyboch. Podobné
vysledky boli namerané pri prekladoch o Sirke b = 250
mm. Pri prekladoch namahanych centricky AE-C pri ohy-
bovej Stihlosti I/h = 5.33 (I je priemerné teoretické
rozpatie, h je vySka zlozeného prekladu) bol podiel Gcinkov
na priehyboch od priecnych sil na celkovych priehyboch v

PRI e is

concrete bearer was gradually eliminated from the coop-
eration. As the load bearing capacity of the remaining
parts was lower than the effect of the acting load it result-
ed in the sudden failure of the assembly. The inclined
cracks rose mostly during the failure process.

The fundamental difference at the comparison of the
lintels AE-C with the lintels AE-E can be seen in Tab. 1
where the values of loading force Fg.; at cracking are
given. It is caused mainly by the effect of the reinforced
concrete bearer and blocks substituting the ceiling units,
In the case of the assemblies AE-C(1-3) the cracks in
joints occurred already before the service load was
reached. Between the series AE-E(1-3) and AE-E(4-6)
there are not significant differences at the cracks in joints
as either in beams and blocks.

The first bending induced crack in the reinforced aer-
ated concrete beam of the series AE-C(1-3) of the width of
0.05 mm was registered at the loading step & =1,27
(6= Fgj/ Fs). At the step & =1,64, the maximum ben-
ding induced crack reached the width of 0.40 mm. The
first inclined cracks in the reinforced aerated concrete
beams of the series AE-C with the maximum width of 0.28
mm were registered at the step é = 1,64. By series of the
lintels AE-E, the cracks in the reinforced aerated concrete
beams do not occurred before the failure.

There was a considerable increase of the deformation
due to the effects of the shear deformation on the inter-
nal side of the eccentrically loaded lintels - AE-E. The
influence of the bending moments decreases with the
value of the loading step 8. The statement is valid for the
loading steps of & = 2. This effect manifests itself mainly
on the external side of the tested lintels. In Tab. 2 the
overall results of the lintels AE-E(1-3) with the width of
b = 375 mm are given. The share of the shear induced
deflections on the internal side at the loading step
8 = 1 reaches 60 - 70% of the total deflections. The si-
milar results were measured on the lintels with the width
of b =250 mm. At the centric loaded lintels AE-C with the
span/depth ratio of [/h = 5.33 (I is the average theoreti-
cal span, h is the height

of the built-up lintel) the
share of the shear
induced deflections on
the total deflections was
in the range of 15 to 25
%. The scatter of the eval-
uated deflections for the
individual series of the
tested lintels is practically
negligible. The limit val-
ues of the deflections are
markedly higher and the
criteria of the serviceabili-
ty limit states will not be
decisive. The deflections
due to bending a(f), shear
a(v) and the total deflec-
tions a(tot).of the internal
and the external side of
the lintel AE-E1 in relation
to the loading step are
shown in Fig. 3.

Obr. 3 Priehyby v strede prekladu AE-E1 od Géinkov ohybu a(f) Smyku a(v) a celkové
y priehyby a(tot)
Fig. 3 Deflections in the middle of the span of the lintel AE-E1 due to bending a(f), due to shear a(v) and the total

deflections a(tot)
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F Stupen zataz. Priehyby a(i) (mm) a(v)/a(t) AY
Prgklald Load‘?ng degree Sérizga Deflections afi) (mm)
Sl (kN) a(v) a(f) a(tot) (%) (mm)
intern. 0.187 0.103 0.290 64
35 1 extern. 0.009 0.095 0.104 9 0.19
intern. 0.464 0.219 0.683 68
AEEL 75 214 extern. 0.048 0.262 0.310 15 0.57
intern. 0.828 0.306 1.134 73
95 2.71 extern. 0.194 0.294 0.488 40 0.65
intern. 0.164 0.103 0.267 61
35 1 extern. 0.018 0.137 0.155 12 011
intern. 0375 0.140 0.515 73
75 214 extern. 0.037 0.208 0.245 15 0.27
AE-E2 = v intern. 0.610 0.203 0.813 75 e
£ extern. 0.045 0.267 0.312 14 ;
intern. 0.920 0.300 1.220 75
115 3.3 extern. 0.082 0.331 0.413 20 0.81
intern. 0.211 0.019 0.230 92
35 1 extern. 0.004 0.092 0.096 4 013
intern. 0.491 0.106 0.597 82
i 75 214 extern, 0.023 0.197 0.220 11 Dise
g 05 271 intern. 0.724 0.247 0.968 74 054
; extern. 0.058 0.362 0.420 14 g
intern. 1.010 0.435 1.445 70
105 3 extern. 0.245 0.412 0.657 37 0.79
Poznamka: * Rozdiel celkovych stredovych priehybov a(tot) od ucinkov krutenia
Note: ¥ The difference between the internal and external total midspan deflections a(tot) due to torsion

rozpati od 15 do 25 %. Rozptyl podielov ucinkov priec-
nych sil na celkovych priehyboch pre jednotlive skupiny
skasanych pre-kladov je takmer zanedbatelny.

Normativne hodnoty priehybov su vyrazne podkrocené
a kritérium podla medznych stavov druhej skupiny nebu-
de rozhodujlce.

Priehyby prekladu AE-E1 pre internt a externu stranu
od ucinkov ohybu a(f), Smyku a(v) a celkové priehyby a(tot)
vo vztahu k stupnu zatazenia s na obr. 3.

4. DISKUSIA A ZAVER

Laboratorne skisky overili progresivnost daného typu
prekladov, hlavne pri excentrickom namahani. Preklady
logicky, efektne a efektivne doplhaju uvedeny stavebni-
covy systém pri aplikacii dominantného stavebného
materialu.

Pri grgifladoch AE-C bude este potrebné overit prispe-
vok stuzujuceho venca na celkovi projektovanu tinosnost

Pri skimani pretvarnych vlastnosti treba zvySenu
pozornost venovat vzniku trhlin v stykoch komponentov
prekladov.

_ Experimenty verifikovali predpoklady o statickom
posobeni prekladov, potvrdil sa vplyv Zelezobetonového
venca na pretvarne vlastnosti prekladov AE-E, tinosnost a
sposob porusovania.

Syl centricky namahanych prekladoch AE-C je podiel
Gcinkov od Smyku na celkovych priehyboch a(tot) priblizne
20 %. Pri excentricky namahanych prekladoch pri

internych stranach je uvedeny podiel v hraniciach
(60-80)%

Tab. 2 Priehyby a(v) od Gcinkov Smyku , a(f) od ucinku
ohybu a celkove priehyby a(tot) prekladov AE-E(1-3) -
(2200(2700)/375) od zatazenia F

Tab. 2 Deflections of the lintels AE-E(1-3) - 2200(2700)
/375 due to the loading force F; a(v)- shear induced
deflections, a(f) - bending induced deflections, a(tot) -
total deflections

4. DISCUSSION AND CONCLUSIONS

The laboratory test verified the progressiveness of the
referred type of the lintels, mainly under eccentric load.
The referred lintels logically, spectacularly, and effectively
complete the building-block system applying the domi-
nant building material.

In the case of the lintels AE-C the contribution of the
reinforcing bearer to the global designed load-bearing
capacity should be verified.

During the investigation of the deformation proper-
ties, the increased attention should be given to cracking
in the joints of the components of the lintels.

The experiments verified the assumptions about the
static behaviour of the lintels, the effect of the reinforced
concrete bearer on the deformation properties, load
bearing capacity and the mode of the failure of the lintels
AE-E was confirmed.

By the centric loaded lintels AE-C, the share of the
shear induced deflections on the total deflections a(tot) is
approximately 20%. By the internal sides of the eccentric
loaded lintels the given share is in the range of 60-80%.

As it was mentioned above, some technological inac-
curacies might influence, under certain circumstances,
the process of failure of the lintels. After the first part
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V prispevku sme uviedli, 2 niektoré technologicke
nepresnosti za istych okolnosti mozu ovplyvnit proces
poruSovania prekladov. Po prvej etape skusok, ktorych
vysledky su uz Ciastocne publikované [4], [5] prebieha v
laboratoriach USTARCHu SAV v Bratislave druha etapa
skusok. Je zamerana hlavne na podiel vplyvu technolo-
gickych nedokonalosti pri stavebnom procese na celkovu
spolahlivost prekladov. K tejto problematike sa vratime
samostanym prispevkom.
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of the tests, the results of which were partially published
[4], [5], the second part of the tests, focused on the
effects of the technological imperfections during the
building process on the total reliability of the lintels, is car-
ried out in the laboratories of the ICASA. These problems
will be discussed in another paper.
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Analyza bezpec¢nosti a spolahlivosti Zelezobeténovej
konstrukcie hermetickej zony za uvdZenia porusenia
bet6nu po havarii chladiaceho systému

Safety and Reliability Analysis of Concrete Containment
Considering Concrete Cracking Due to Loss Coolant Accident

Krdlik Juraj

V clanku sa prezentuje nelinearna analyza objektu
jadrovej elektrarne od zatazenia teplotou a exploziou po
havarii chladiaceho systému. Konstrukcia je diskretizo-
vana konecnymi prvkami v priestore. Interakcia
konstrukcia - podlozZie je rieSena pouzitim pruzin a 3D
nekoneénych prvkov. Rozvoj trhlin, dotvarovanie a
zmrastovanie betonu bolo rieSené s uvazovanim teploty,
veku, vihkosti a tlaku par. Priebeh tlakov v ¢ase je mod-
elovany ako dobry odhad porusenia primarneho potrubia
gilotinovym rezom. Programy INFINITE, SCREEP and
CRACK boli vytvorené vo FORTRANE a zabudované do
systemu ANSYS v.5.7. Numerické riesenia su porovnané
s experimentalnymi.

1. UvoD

Na zaklade poziadaviek na zvySovanie aktivnej a
pasivnej bezpecnosti jadrovych elektrarni v sicasnej
dobe vznikla aj potreba prehodnotenia odolnosti techno-
logického zariadenia po uréitej dobe prevadzky.
Medzinarodna agentura pre atémovi energiu vytvorila v
r.1974 odpordéania pre svoje clenské Staty z viacerych
hladisk bezpecnosti jadrovych elektrarmni.

Odolnosti stavebnych konstrukcii musia byt pre-
verované na extrémny tlak v pripade malej a strednej
havarie, ako LOCA (havaria na chladiacom systéme) alebo
HELB (vysoka strata energie gilotinovym lomom potrubia)
alebp SBLA (havaria porusenim teplej vetvy) na roznych
vetvach primarneho potrubia. Komplexna pravdepodob-
nostna analyza budov jadrovej elektrarne s reaktorom
VVER 230 vychadza z poziadaviek odpordaéani MAAE [2).
V silade s poziadavkami MAAE a Eurokédu 2 boli
uvazované tri kombinacie zatazeni :

NQC (Normalne podmienky), DBA (Projektovana
havaria) a BDBA (Nadprojetkova havaria)

This paper presents a nonlinear analysis of nuclear
power plant buildings loaded by thermal a:.d explosion
loads after a loss of coolant a._ident. The finite element
idealization of the structur : is used in space. The soil-
structure interaction is calc ilated using both springs and
3D infinite elements. The crack, creep and shrinkage of
the reinforced concrete were calculated, including tem-
perature, age, degree of hydration, relative vapor pres-
sure in the pores and pore water content. The pressure-
time relationship from the explosion is modeled as a
best estimate cracking of the primary pipe system. The
FORTRAN programs INFINITE, SCREEP and CRACK was
created and incorporated into the ANSYS v 5.7 soft-
ware. A comparison of the experimental and numerical
solutions is presented.

1. INTRODUCTION

In view of the continuing demands recently to
increase the active and passive safety of nuclear power
plants, the question of reestimating the resistance of
technological equipment after a certain amount of opera-
tional time is very real. The International Atomic Energy
Agency set up a program in 1974 to give guidance to its
member states on the many aspects of the safety of
nuclear power reactors.

The resistance of the building structure must be
checked for extreme steam pressure in the case of small
or medium-sized accidents, such as a LOCA (Loss of
Coolant Accident) or a HELB (High Energy Line Break) or a
SBLA (Steam Line Break Accident) on the different pri-
mary loop piping system. A complex high confidence and
low probability analysis of power plant buildings with a
VWER 230 reactor meets all the requirements of the IAEA
[2]. Compliance with the IAEA and Eurocode 2 will be con-
sidered in three load combinations:

Doc. Ing. Kralik Juraj, PhD., Katedra stavebnej mechaniky, Stavebna fakulta STU Bratislava, Slovensko
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Obr. 1.1 Rez objektom jadrovej elektrarne V1 v Jaslovskych Bohuniciach
Fig. 1.1 Cross section of NPP building V1 at Jaslovské Bohunice

Pre komplexni analyzu konstrukcie od dlhodobého
pésobenia zataZenia pre rézne intenzity sil sa pouZil pro-
gram ANSYS 5.7 a programy CRACK a SCREEP vytvorené
Kralikom.

Budova jadrovej elektrarne bola idealizovana diskrét-
nym modelom s 26 923 elementmi a 325 036 stupnov
volnosti. Pruzinové prvky a nekonecné vrstevnaté prvky
modifikované autormi [2] boli pouZité pre modelovanie
podlozia. Pruzinové konecné prvky pre tenkd vrstvu
podlozia pod blokom pri zatazeni tlakmi par su dostatoéne
presne a davaju realisticky obraz o skutoénom chovani sa
konstrukcie a podlozia vo vzajomnej interakcii. Podlozie
pod zakladovou doskou sa uvazovalo ako dostatoéne kon-
solidovane. ,

2. SCENAR PRE ZATAZENIE LOCA

_ Scenar havarie bol definovany fy. SIEMENS KWU,
VUEZ Timace and VUJE Trnava v ramci programu Phare a
Projektu rekonstrukcie NPP V1. Termodynamické experi-
mentalne analyzy chladiaceho potrubného systému a
numerické simulacie boli vstupnymi datami pre defino-
vanie zatazenia v Case [2].

NOC (Normal Conditions), DBA (Design Basic
Accident) and BDBA (Beyond Design Basic

For a complex analysis of the load-bearing structure
for different kind of loads, ANSYS 5.7 software and our
programs CRACK and SCREEP created by Kralik were pro-
vided to solve this task. The building of the power block
was idealized with a discrete model consisting of 26 923
elements with 325 036 DOF.

The link finite elements and the infinite layered space
elements developed by the authors' [2] were used to
model the soil. The link finite elements for the model of
thin soil layer under the power block building loaded by
steam pressure are accurate enough, and thus create a
more realistic model. Recently the soil under the founda-
tion plate has been consolidated.

2. SCENARIO FOR LOCA LOADS

. The accident scenario was defined by SIEMENS KWU,
VUEZ Timade and VUJE Trnava within the Phare program
and "The NPP V1 Reconstruction Project". The thermody-
namic experimental analysis of the cooling pipe system
and the numerical simulation were input data concerning
the load behavior over time [2].

L&

1.EBO V1 * Wuclesr Power Plant * Calculstion model *

Obr. 1.2 Vypoctovy model budovy JE s vrstevnatymi Skrupinovymi elementmi
Fig. 1.2 Calculation model of the NPP building with layered shell elements
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Obr. 2.1 Scenar havarie LOCA v reaktorovni, v boxe PG a v nadrzi 800m?
Fig. 2.1 Scenario of LOCA in Reactor, Box PG and Tank 800m?*

Gilotinovy rez potrubia ¢200 na studenej a horlcej
vetve chladiaceho systému PG boxu a Ciastkové poruse-
nie potrubia ¢500 primarneho potrubia boli uvazovane
pre DBA a porusenie hlavného potrubia spatného syste-
mu pre BDBA.

Vzhladom k malému dynamickému sucinitelu tlaku
(cca 1.1) sa uvazovalo pre BDBA (resp. DBA) s pretlakom
120 kPa (resp. 54 kPa) vo vnutri kontainmentu a 74 kPa
(resp. 51 kPa) vo vnutri 800m® bazéna s chladiacou
vodou.

Konstrukcia hlavného vyrobného bloku bola pre-
verovana na pretlak par, ktory vznikne v dosledku poruse-
nia potrubného systému v pripade havarie gilotinovym
rezom v priestoroch SG boxu alebo haly reaktora.
Zatazenie teplotou bolo stanovené meranim na povrchu
hlavnych nosnych stien a pohybuje sa v intervale 25°C az
55°C [2]. V dosledku zmraStovania a dotvarovania
betonu, Spicky napati klesaju v ¢ase. V silade s vysled-
kami Schneidera [6], efekt dotvarovania sa zvySuje 0 1,5
az 2,0 nasobne v pripade teploty cca 50°C .

grspES =1 B g > 12.25=1 (2.1)

Teda deformacia v pripade dlhodobého pdsobenia
zatazenia je redukovana v dosledku dotvarovania cca o
30%.

3. RIESENIE ROZVOJA TRHLIN V BETONE

V_ prégi je pouzity fyzikalny model Zelezobetonu
yych_adzajyci z modelu orientovanych trhlin, ktory bol vyv-
Lauty v praci [1] a neskor upraveny viacerymi autormi [3,

Vychadzajuc z experimentainych vysledkov Vecchio,
(}ollmg a Cervenka [1], bol vyvinuty novy vrstevnaty
skrupinovy prvok a instalovany do systému ANSYS.

~_Vrstva beténu bola uvaZovana ako ortotropny mater-
ial, pre ktory smer trhliny je rovnaky ako orientacia
hlavnych deformacii.

P_rac'ovn)'[ diagram betonu v tlaku sa uvazoval ako par-
abolicky v stlade s Eurokédom 2 v tvare,

kap -1’
L+(k-2)n

The guillotine cutting of the ¢$200 cold and hot pipe
branches in the PG box and the partial break of the ¢500
primary pipe were taken for DBA and the crushing of the
main recycle pipe for BDBA.

Concerning the small dynamic pressure load factor
(v. 1.1) we used for BDBA (versus DBA), a load pressure of
120 kPa (v. 54 kPa) inside the containment and a 74 kPa
(v. 51 kPa) inside a 800m” cooling tank.

The power block building's load-bearing structure was
checked for steam pressure that would arise during dam-
age to the piping system in an accident due to the guillo-
tine cutting in the areas of the SG box or reactor shaft.

The temperature load is based on detailed tempera-
ture measurements on the supporting wall surfaces and
it ranges between 25°C and 55°C [2]. Due to concrete
shrinkage and creep, the stress peaks decrease over
time. According to Schneider's results [6], the effect of
creep increases from 1,5 to 2,5 times in the case of a
temperature of about 50°C.
> @ 5= @ =i Ll s dns =13 (2.1)

Consequently, the deformation from the longterm
temperature load effect is reduced by creep to approxi-
mately 30%.

3. CONCRETE CRACKING SOLUTION

The constitutive model presented is a further exten-
sion of the smeared crack model, which was developed in
reference [1] and later improved by many writers [3, 4].

Following the experimental results of Vecchio, Collins
and Cervenka [1], a new concrete cracking layered finite
shell element was developed and incorporated into the
ANSYS system.

One concrete layer was considered as orthotropic
material for which the direction of a crack is the same as
the direction of a principal strain.

Strain-stress concrete diagram in compression can be
taking as parabolic in accordance to Eurocode 2 in form

(3.1)

: B (kwn)
B.()==¢ [1+(k-2)n]

InZinierske stavby, ro¢. 50, 2002, &. 3

21



VYSKUM, VYVO)

kde n=¢_ /6., ak 0<|e.|<e, |, &, je medzna
deformacia betonu v tlaku (g, = - 0,0035), &, je
pomerna deformacia betonu v tlaku pre max. hodnotu
funkcie f(¢) (g4 =-0,0022), k = Egoecy / Fom » Eco J€ POCia-
toény modul pruznosti, g, &, st napatie a deformacia na
konci diagramu. Vrstva betonu bola uvazovana ako
ortotropny material, pre ktory smer trhlin je totozny so
smerom hlavnych deformacii ¢; (resp. &) v tlaku
(resp.fahu) tangencialna (resp. normalna) deformacia na
smer trhlin.

: £
£=£0-%8) B, =ﬁ" (3:2)
X gcr_SZ
S T e
k k=5,
G=G°(1_ﬁ3J A S T

Medzné napatie betonu v tlaku f, v tahu f, a Smykovy
modul G su redukované po poruSeni betonu kde 7 = Ry,
(f.r = 0,5.R,,) sl tlakoveé (tahové) napatia v betone, Go(G)
je pociatoény (redukovany) Smy-kovy modul, £, je hlavna
pomerna deformacia, k;, ko, k3 St redukované parametre
determinované experimentalnym testom, a a, 7 su para-
metre zavislé na rozvoji trhliny v konstrukcii

Ohybova trhlina: a=20-30; 7=20-25
Smykova trhlina: a= 5-10; =10-15

Na zaklade vysledkov experimentov Cervenku [1],
uvazujeme nasledovné parametre a = 20; k, = 0,5;
ks =1a k3 =0,4. Uvazujeme s redukovanym Smykovym
modulom v rovine vrstvy (resp. v prieénom reze) s para-
metrom = 10 (resp. v= 20).

Pre rieSenie membranovej a ohybovej deformacie Zele-
zobetonovej Skrupinovej konstrukcie sa zvolil vrstevnaty
Skrupinovy prvok SHELL91, na ktorom sa uvazovalo s
rovinnym stavom napatosti v kazdej vrstve zvIast.

Prirastok plastickej deformacie v smere trhliny Az,
vyjadrime v tvare
Ae, =T, AE, 3.3)

<

kde AE}, je vektor prirastku plastickej pomernej defor-
macie vyjadrenej v kartézskom sdradnom systéme a
T!, je transformaéna matica.

Matica tuhosti materidlu je diagonalna "I" v smere
trhlin v beténe v 1. smere. Ak a, je uhol orientécie hlavnej
pomernej deformacie v beténovej vrstve a a je orientacia
vystuz, dostaneme globalnu maticu tuhosti materialu
pre Ith vrstvu v tvare

(o ]-[T (o ](x]+ X[xT ][] eo

kde T. , T si transformaéné matice beténového a
ocelového prvku.

Ohranicenie porusenia beténu je definované v kon-
trolovanom bode prostrednictvom funkcie porusenia i
Tato Je definovana v priestore hlavnych pomernych defor-
macii v zavislosti od plastickych deformacii v bode a
medznej efektivnej plastickej deformacie Bl

Potom F,=F,(e% ¢ % &) =0,

is

where n=¢. /6., when 0<[e|<|e,[ <, is
ultimate concrete strain in compression ( &, = - 0,0035),
.1, Is concrete strain in compression at p_ea.k p_f function
f(e) (g1 =-0,0022), k = Eqper / Fem » Ego 1S initial elastic
modulus, g, , 5, are the stress and strain in the end of
diagram. One concrete layer was considered as orthotrop-
ic material for which the direction of crack is the same as
direction of principal strains - &4 (resp. £5) is compressive
(resp.tensile) strain tangential (resp.normal) to the crack
direction.

£=£01-k8) B B (32)

Bl =8

§=§x(1_ﬁ;E]V£2>£a-' JB: =m

o E'l" -eu
€ (1 ‘)’)'

0br.3.1 Model

o spevnenia v tahu
] Fig.3.1 Tension-
stiffening model

The concrete
compressive
stress f,, tensile
concrete stress f,
and shear modu-
» | lus G are reduced
after the cracking
of the concrete

£ ! (On+1,En+1)
cr o T 4

i -
- i

"—"_Jé‘JEn*-I; £

. -

E,

= lmax(8|)=a8c, _|

where £ = Ry, (f.,

= 0,5.Ry,) is com-
pressive (tensile) concrete stress, Go(G) is the initial
(reduced) shear modulus, =, is the principal tensile strain,
ky, ks, ks are reduction parameters determined within the
experimental test, and a, v are the pa-rameters depend-
ing on the structural fracture expected

Flexural fracture: = 20-30; 7=20-25
Shear fracture: a= 5-10; ~+=10-15

According to Cervenka's experimental results [1], we
have taken into consideration the following parameters of
a=20;k;=0,5,k,=1a k3 =0,4. We propose a reduced
shear modulus in the layer plane (versus the cross sec-
tion) with a parameter v = 10 (versus v = 20). For the
membrane and bending deformation of the reinforced
concrete shell structure, we have chosen the SHELL91
layered shell element, on which we propose a plane state
of stress on every single layer.

The increment of plastic strains along the direction of
the crack can be obtained as

Ae, =T A€ (3.3)

where Ael is the vector of the plastic strain incre-
ments expressed in global Cartesian axes, and T'C is the
transformation matrix.

The matrix of physical constants is diagonal "I" in the
case of concrete cracking in one direction. If a, is the ori-
entation angle of the principal direction of the relative
deformation in the concrete layer and ag is the reinforce-
ment orientation, we can get a global matrix of a consti-
tution relation for /" layer in the form
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kde § =8 =1V &/ <0,6 <0,
1

o
£ ens p p
é]zé,'=[p—_ Ve >0,¢6 >0,

e

ucom p

B : :
& :[‘1—'““1-];‘5? =1 oer>0,85 < 0,

et ,
E=11L = u-l‘jﬂ pYaer < Orey >0,

u oom p

Nelinearne rovnice su rieSené metodou premennej
secnicovej matice tuhosti a rychlost konvergencie je
urychlovana linearizovanou metédou ALM [2] podla
autorov Ramm, resp. Wempner-Riks s energetickou kon-
trolou presnosti. Kontrola konvergencie je rieSena varia-
ciou vektora deformacnych parametrov a podmienkami
rovnovahy, resp. nevyrovnanych uzlovych sil [2].

kde r je vektor deformacénych parametrov, p a f su
vektory vnutornych a vonkajSich sil a toler - je dovolena
chyba. Program CRACK bol vytvoreny na zaklade pred-
chadzajucej tedrie a instalovany do systému ANSYS v.5.6.

(3.6)

Tedria porusovania beténu bola testovana porovnava-
cou Stddiou na 2D vrstevnatych Skrupinovych prvkoch
SHELL91 a 3D SOLID65. Prvky sa testovali na priklade
Zelezobeténovej dosky s jednoduchym podoprenim na
kratSich hranach dosky o rozmere 1190x3590x120 mm
s vystuznou sietou KARI ¢ 8 mm a' 150x150 mm na spod-
nej strane. Na zaklade porovnania maximalneho priehybu
moZme vidiet na obr.3.3, Z rieSenie so Skrupinovymi
vrstevnatymi prvkami SHELL91 dava presnejSie vysledky
a lepSie vystihuje poruSenie betdnovej dosky ako pri
rieSeni priestorovymi prvkami SOLID65 v kombinacii s 1D
prvkami LINK8 reprezentujicimi ocelovi vystuz. Wsledky
experimentalnych merani boli uvazované podla prace [5]
pre Zelezobetonovl dosku typu R-U2-1. Materidlové vlast-
nosti boli uvaZované nasledovne: betén - E, .5 =
30920MPa; R, ,5 = 38,33MPa; G = 14 919MPa a ocel -
E; = 210700MPg; R, = 595,6MPa.
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[0 ]-[x] [ ](r ]+ Xx T (][] o

where T, , T; are the transformation matrices for the
concrete and steel elements.
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The limit of damage at a point is controlled by the va-
lues of the so-called crushing or total damage function F,,.
This is defined in the principal strain space in terms of the
plastic strains at the point, the limit equivalent of plastic
strain up. Thus F,=F, (=, €58 =0,

where & =&, =1V €<0,¢€5 <0,
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The non-linear equations are solved with the variable
secant stiffness matrix method and the convergence
accelerator according to the ALM linearization method [2]
by Ramm, versus Wempner-Riks, with an energy inspec-
tion of the convergence solution. The convergence solu-
tion was checked by a variation of the deformation
parameter vector and by satisfying the equilibrium condi-
tion and consequently, the vector unbalanced nodal
forces test [2].

where r is the vector of the deformation parameters, p
and f are vectors of the internal and external forces and
toler - is the permissible deviation.

The CRACK program was developed by virtue of the
previous theory and incorporated into the ANSYS 5.7 sys-
tem.
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46 EXPERIMENTALNE TESTOVANIE HERMETICKEJ
ZONY

\Wsledky numerickej analyzy metédou konecénych
prvkov boli testované experimentalnymi meraniami defor-
macii Zelezobetonovych konstrukeii stien na vnutorny pret-
lak.

Prvotne kritické miesta na konstrukcii boli Specifiko-
vané na zaklade numerickej analyzy. Merania boli realizo-
vané tenzometrickymi snimaémi a mechanickym indika-
torom. Na obr. 4.1 je zobrazené porovnanie numerickych
a experimentanych vysledkov (max. chyba je 7,5 az 17 ).
Ocelové ramy okolo montaZnych otvorov na Zelezo-
betonovom strope sposobili podstatne vacsie odchylky v
rieSeni.

Chovanie sa zlezobeténovej konstrukcie je linearne
pre zataZenie tlakom mensim ako 70kPa. Vznik a rozvoj
mikrotrhlin v Zlezobetone bol vypoétom zaznamenany
pre tlak nad 70kPa. Wsledky numerickej analyzy boli
testované s experimentalnymi az po pretlak 100kPa, pri
ktorom sa testovala tesnost hermetickej zony.

5. REKAPITULACIA NELINEARNYCH RIESENI

Nelinearne vypocty boli realizované pre tri rézne
zataZovacie stavy s uvazenim staleho zafaznia, teploty
(dotvarovanie, zmrastovanie, teplota) a projektového tlaku
pre pripad havarie podia [2].

Na rekapitulacii hodnét pomernych deformécii po
nelinearnych vypoétoch od jednotlivych zafaZovacich
stavov sa preukazalo, 2 medzné hodnoty pomernych
deformacii neboli prekrodené.

~Maximalne pomerné deformacie na hornej drovni
stien boxu parogeneratorov su

&= 122*103; ¢, = 2,15%103; &,= 1,12*103 (51)

Wsledna maximalna pomerna deformacia v fahu
£ =,2'8*1°'3 (2,8 %o) je mensia ako maximéalne dov-
olené pretvorenie pre Zlezobetonovi kontrukciu her-
metickej zony.

A theory of concrete failure was implied and applied to
the 2D layered shell elements SHELL91 and 3D SOLID6E5,
It was examined on an example of a reinforced concrete
plate bending with joint support on a shorter edge of a
1190x3590x120 mm plate and reinforcement KARI
¢ 8mm a' 150x150 mm on the bottom border. From a
comparison of the maximum displace-ment values on
fig.3.3 we can see that the solution with the SHELL91
2D - layered elements have the higher precision, and
they better represent the failure of the concrete than the
case of SOLIDB5 3D - elements mixed with LINK8 link
1D - element.

The results from the experimental measurement of
plate R-U2-1 were taken from work [5]. The following
material characteristics were considered: concrete - E,. ,4
= 30920MPa; R, o5 = 38,33MPa; G = 14 919MPa and
steel - E; = 210700MPa; R, = 595,6MPa.

4. EXPERIMENTAL TESTING OF HERMETIC ZONE

The numerical results from finite element method
analysis were checked by experimental analysis of rein-
forced concrete slab deformations on internal pressure
above atmospheric.

Primary, the critical places of the structures were
specified by numerical analysis. The measurement was
realized with the tensiometer and mechanical indicator.
The fig.4.1 show the comparison of numerical and exper-
imental results (max. error 7,5 to 17 ). The steel frame
about the hole in the reinforced concrete plate was
caused the higher error.

The behavior of reinforced concrete structures is li-
near for the load pressure smaller than 70kPa. The con-
crete is cracking under the pressure increasing 70kPa.
The results of numerical analyses were checking with
experimental analyses of reinforced concrete structure of
hermetic containment on internal pressure above atmos-
pheric 100kPa realized in frame testing of resistance and
airtightness of hermetic zone.

5. RECAPITULATION OF NON-LINEAR CALCULATIONS

Non-linear calculations were conducted for three dif-
ferent load cases with account the dead loads, the tem-
perature (creep, shrinkage, temperature) and design pres-
sure load [2].

From the review presented of the relative deformation
behind the non-linear solution, we can see that the limit
value of the deformation was not overrun in any structur-
al cross-section.

The maximum relative deformations for top face reac-
tor hall are

& = 1,22*10-3; g, = 2,15*10-3; &,= 1,12¥103 (5.1)

The resulting maximum relative deformation with a
tension of &, = 2,8%10-3 (2,8 %) is smaller than the
allowable values for the structure, including the steel con-
tainment.
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6. ZAVER

V élanku sa prezentovali vysledky komplexnej analyzy
konstrukcie objektu jadrovej elektrarne z pohladu jej odol-
nosti v pripade moznej havarie [2]. V zavislosti na vyz-
name tychto objektov, nielen numerické, ale aj experi-
mentalne analyzy boli realizované.

Za uvazenia vzniku a rozvoja trhlin v betone, dot-
varovania a zmrastovania pocas celej doby prevadzky
gpicky napati boli redukované v dosledku relaxacie napati
na 30-60%. Wsledky analyz boli pouzité v procese projek-
tu rekonstrukcie objektu EBO V1 na zosilnenie kritickych
miest predovsetkym v okoli otvorov. Tedria poruSenia
betonu, zmrastovanie a dotvarovanie betonu bola obo-
hatena v ramci rieSenia grantovej vyskumnej ulohy [2] a
programy v jazyku Fortran INFINITE, CRACK a SCREEP boli
vytvorené a implementované do systému ANSYS. Tieto
llohy boli riesené v ramci podpory Slovenskej Grantovej
Agentlry 1/9355/02 [2].
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6. CONCLUSION

This paper deals with the problem of the complex
analysis of the buildings of nuclear power plants from the
point of view of their resistance to possible accident [2].
Depending on the importance of these buildings, not only
numerical analyses, but also experimental measure-
ments, were provided.

However, after considering the crack, creep and
shrinkage during the lifetime of the structure, the stress
peaks were reduced due to stress relaxation in some
parts to 30 - 60%. The result of this nonlinear analysis
was used for the reconstruction design of nuclear power
plant building V1 described previously. The theory of the
cracking, shrinkage and creep of concrete was developed
within the framework of scientific research program [2]
and the FORTRAN programs INFINITE, CRACK and
SCREEP were created and incorporated into the ANSYS
system. This paper was prepared with the support of
Slovak Grant Agency VEGA 1/9355/02 [2].
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VystiZnejsie stanovenie tc¢inkov reoldgie na spojitom
spriahnutom ocelobeténovom trame

More Representative Estimation of Rheologic Effects
in Continuous Steel-concrete Composite Beam

Jan Bujndk - Jaroslav Odrobinak

Clanok prezentuje efektivny model ¢asového zohladne-
nia reologickych procesov na spriahnutych ocelo-
betonovych tramoch. RieSeny je spojity dvojpolovy tram
zataZzeny rovno-mernym zataZenim a s aplikaciou
montazneho premiestnenia strednej podpery. Vysledky
zistené navrhovanou nenarocnou analyzou ucinkov
reologie su konfrontované s vystupmi z nelinearnej
analyzy 3D FEM modelu ako aj s niektorymi experimen-
talnymi vysledkami.

FYZIKALNY MODEL A EXPERIMENTALNE MERANIE

Na sledovanie casovo zavislych zmien napéatosti spri-
ahnutého prierezu sa pouzil model spojitého nosnika o
dvoch poliach rovnakého rozpatia velkosti 2,5 m. Ocelova
cast tohto spriahnutého tramu je z valcovaného profilu
IPE 300 z ocele S 235. Spolupdsobiacu dosku hribky
73 mm z beténu s pevnosfou v tlaku f.,, = 39,1 MPa
vystuZovali praty priemeru 6 mm z betonarskej ocele
10 425 (V). Obvyklym postupom bol betén oSetrovany v
priebehu 5 dni po vybeténovani. Model tramu sme zatazili
v dobe 44 dni po zhotoveni. Najprv pdsobil ako
Jjednoduchy nosnik o rozpati 5,0 m, ¢im sa ziskalo tlakové
predpatie v doske. Pred aplikdaciou rovnomerného
pritazenia bola zriadena stredna podpera, kedy sa nosnik
stal spojitym tramom o dvoch rovnakych poliach. Takto
staticky posobil az do doby 230 dni. Elektrickymi
odporovymi tenzometrami sa sledovala zmena napatosti
vo vybranych viaknach prieéneho rezu v dvoch charakter-
istickych prierezoch a to v strede jedného pola a pri stred-
nej podpere.

FINITNY VYPOCTOVY MODEL

Teoreticky model v programovom systéme ANSYS bol
z dovodu vystiZnejSej simulécie reologickych procesov

The paper presents a model for the time-dependent rhe-
ological determination of continuous composite struc-
tures of steel and concrete. A two-span composite beam
is considered. Except a uniformly distributed load, the
prestressing by middle support displacement was used.
A comparison of the results obtained from the proposed
simply analysis of rheological effects with both non-li-
near FEM analysis and some experimental values is
presented.

PHYSICAL MODEL AND EXPERIMENTAL MEASURE-
MENT

In order to measure time-depend changes in strain of
composite structure, a real model of continuous beam
with spans 2.5 + 2.5 m was prepared. Steel part of the
cross-section was made of a rolled beam IPE 300 of steel
$235. The concrete part was cast in place concrete with
compressive strength f.. = 39,1 MPa. Concrete slab was
reinforced with bars of diameter = 6 mm and quality 10
425 (V). Curing was carried out during first five days after
casting, and the load was placed in the time of 44 days.
Loading consists of two steps. Firstly, the beam has acted
as simply supported with span of 5 m in order to obtain
some prestressing in concrete slab. Secondly, when the
middle support was provided, the additional uniformly dis-
tributed load was applied on deformed beam and kept up
till age of concrete of 230 days. The changes in strain
were measured by gauges in chosen fibres of two charac-
teristic cross-sections (in the middle of a span and near
middle support).

FEM NUMERICAL MODEL

For better simulation of rheologic effects, the steel
part in theoretical model in ANSYS programme was

prof. Ing. Jan Bujfiak, CSc., Ing. Jaroslav Odrobifiak, Katedra stavebnych konstrukcii a mostov, Stavebna fakulta Zilinskej

univerzity v Ziline.
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popisany priestorovymi konecnymi prvkami SOLID 45 pre
ocelovu éast a SOLID 185 pre Zelezobetonoviu dosku [1].
Tuhé vazby medzi obidvoma ¢astami zaistovali nepodda-
jné mykové spojenie a tak simulovali realne spriahnutie
pomocou blokovych zarazok. Vyuzitim symetrie sa
zmensili naroky na rozsah diskretizacie a urychlila sa
numericka realizacia vypoctu. Zatazenie a podopretie
konstrukcie sa uvazovalo zhodne s experimentalnym pos-
tupom.

Wpoctovy finitny model umoziuje uvazit reologické
efekty viacerymi postupmi. Pre obdobie do 230 dni je
mozné mieru dotvarovania podla EC 2 [2] vhodne aproxi-
movat funkciou

i ~ A—g =T (1)
R T

Konstanty C; a C, v rovnici (1) boli zistené nelinearnou
regresiou exponencialnej zavislosti pre dany sibor Ag; a
At;, Casovy prirastok At; sa menil od hodnoty 0,25 dna
pocas prvého dna aZz po hodnotu 10 dni na konci
vySetrovanej doby. BlizSie informacie je mozné najst v [3].

Zmrastovanie sa do vypoctu zaviedlo ako pridavné
pomerné pretvorenie beténu podla ustanoveni Eurokodu
2 [2] v kazdom casovom kroku. DalSie nelinearne vlast-
nosti betonu a ocele sa neuvazovali. Do tvahy sa tak brali
len linearne oblasti koreSpondujlcich pracovnych dia-
gramov, kedZe obidva materialy posobili spolahlivo iba v
pruznej oblasti.

ZJEDNODUSENY VYPOCET REDISTRIBUCIE NAPATI

ZjednoduSeny vypodet Ucinkov dotvarovania prebieha
v dvoch etapach. Najskor sa zistuji primarne dosledky
redistriblcie napati po priereze od dotvarovania
beténovej dosky. Modifikdaciou modulu beténu a relaxac-
nou metodou sa stanovi presun napati do ocelovej casti
tramu. Sekundarne G€inky dotvarovania si vyvolané
zataZzenim pridavnymi deformaciami elementov konstruk-
cie, sposobenymi primarnymi Gcéinkami. Tieto pridavné
deformacie je mozné vyjadrit ako normalova deformaciu
jednotkového elementu

N_(G)ekt)
Af)=— c :
E,AG[1+x 65106, [m/m’], (2)

ale aj jeho potodenie

(M, 6)+N, ) a, 0]¢p)
E, - T0O[1+x &) okt )]

oB=- [rad/m’], (3)

Nasledne sa teda korespondujtice deformacie (2) a (3)
uvaZuju ako pridavné zatazenia staticky neurcitého systé-
mu, ¢im dochadza k redistribtcii po dizke tramu.
DetailnejSi sposob vypoétu uvadzame v clanku [4].

__ Podobnym spdsobom sa mdzu uvaiit aj sekundarne
Ucinky zmrasfovania.

ANALYZA VYSLEDKOV V MEDZIPODPEROVOM
PRIEREZE

) I\_la ilustraciu uvedieme iba vysledky v_jednom
Priecnom reze a to v strede jedného z poli. Ciastoéné

RESEARCH AND DEVELOPMENT

discredited into SOLID45 finite elements and reinforced
concrete slab consisted of SOLID185 elements [1]. Using
hard steel block elements as shear connectors, connec-
tion between top steel flange and concrete slab was mo-
delled as rigid. The symmetry of the model was used for
saving memory space and computing time. Loading was
considered according to real procedure.

The program allows considering creep effects by se-
veral functions. For the time less than 230 days, the rate
of creep based on EC 2 [2] could be quite well approxima-
ted by the functions

L SO0 (1)
dt _.‘\T)l

The constants, C; and C, in (1), were obtained from
non-linear regression of exponential relationship for given
set of Ag, and At,. Time increments At, were chosen from
0,25 during first day of period up to 10 days at the end of
the considered time. More information can be found in [3].

Shrinkage was applied as strain increments to the
concrete elements calculated according to EC2 at each
time step. Other material non-linearity has not been taken
into account. Considering the fact that the steel and con-
crete part was worked fairly under its elastic strength, Ii-
near stress-strain diagram for a momentary load step was
sufficiently accurate.

APPROXIMATIVE PROCEDURE FOR RHEOLOGICAL
EFFECTS ASSESSMENT

A simply estimation of rheological effects consists of
two main steps. At first, the primary effects of stress
redistribution through cross-section caused by creep are
calculated. For this purpose, the Age Adjusted Effective
Modulus Method with combination of Relaxation Method
across the section is commonly used. Afterwards, seconda-
ry creep effects are involved by deformation of structure
elements caused by primary effects. These deformations
can be derived as normal deformation of unit element

¢ N & )eEt)
t)=- m/m-], (2
E_-BA (U[l +x &€ r@ (EE l} i
and its rotation, respectively
[M GI+N.§)a \U]-(p GL.)
wEb)=-— - [rad/m’], (3)

E.-1O[1+x &t 1o Eg)]

Therefore, the corresponding deformations (2) and (3)
are considered as an additional load, which produces fur-
ther modification of stress state along beam length. This
method is given in detail in paper [4].

In addition, the shrinkage stresses can be similarly
estimated by similar way, too.

COMPARISON OF RESULTS IN THE MIDDLE OF A SPAN

Because of space limitation, only results in the cross-
section in the middle of a span will be given. Partial
results in cross-section near middle support are detailed
discussed in [3].
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Obr. 1 Celkové pomemé pretvorenia po vySke prierezu ( £y -10°)
Fig. 1 Total strains though the height of the beam ( g4, .10

vysledky z prierezu nad podperou su v [3].

Casovy vyvoj celkovych pretvoreni po vySke prierezu je
zrejmy z obr. 1. Pretvorenia reprezentujlice vysledky z
programu ANSYS su charakterizované priemerom z hod-

Time-dependent development of strains across the
height of beam is shown in fig. 1. ANSYS strains are pre-
sented as an average from points though width at certain
vertical position.

l ----Zj_wpocet / Symple_calcul. —— ANSYS
t-t0=0 dni t- o= 6 dni t- o= 20 dni t- b=84dni t-to= 166 dni
days days days days days

>

30-15 0 15 3045 3015 0 15 30D 45 -V -15 0 15 30 46 -30-15 0 15 20 45 -30-15 0 15 30 45

Obr. 2 Pomerné pretvorenia po vySke prierezu od vonkajSieho zataZenia ( €554 .10°)
Fig. 2 Strains due to load though the height of the beam ( g,,4 .10°)

not po Sirke v uvaZovanej vertikalnej drovni.

Z obrazku je mozno usudit, Z rozdiel medzi namer-
anymi pretvoreniami a vypoctom deklarovanymi hodnota-
mi s ¢asom postupne narasta.

Tento zaver je vSak v rozpore s vyvojom pretvoreni na
obr. 2, ktory znazormuje, aké vysledky je mozno ziskat uve-
denymi postupmi pri odseparovani vplyvu zmrastovania.
Hodnoty pretvoreni od Géinkov len rovnomerného

It is evident from the picture that difference between
measured strains and calculated ones, and between two
analyse approaches respectively, is growing in time.

However, this conclusion does not fit with comparison
of results shown in fig. 2 where the calculated strains
without shrinkage effects are compared. It can be seen
that the strains due to uniformly distributed load and mid-
dle support displacement are very close to the theoretical

| -~~~ Zji_wpodet / Symple_calcul. —— ANSYS
1 1 l.
. i
'\
1
Jeies dus days ! days days ) days *
. t-B=0dni t- =6 dni | t-w=204n |, t-0=84dni t-1o=186 dni |
0 20 -10 0 20 -10 0 -0  -50 0 00 .= 0

Po wnhmenla po vySke prierezu od zmrasfovania ( eg, ;i .10°)
ains due to shrinkage though the height of the beam ( &y, -10°)
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ickych pristupov
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konsStrukcie na
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Pri detailnej
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ni od zmrastova-
nia st evidentné
znacné rozdiely
narastajuce s Ca-
som. Tieto roz-
diely poukazuju

------- ANSYS_edge

ANSYS_middle

+ Experiment_edge A

X  Experiment_middle

Simple calcul.

na fakt, 2 pouzity model zmrastovania podla [2], resp.
jeho aplikacia na uvedeny pripad, nevystihuje realne
pretvorenia. Rozdiely v pretvoreniach od zmrastovania
spriahnutého prierezu, zistenymi tak zjednodusenym
vypoctom ako aj programom ANSYS, su zrejmé z obr. 3.

Uvedené zavery potvrdzuju aj grafy priebehu
pretvoreni na obrazkoch 4 az 6. Graf na obr. 4 reprezen-
tuje pretvorenia hornych viakien betoénovej dosky Sirky
800 mm vo vzdialenosti 50 mm, resp 300 mm od
pozdlznej osi (indexy "stred", resp. "kraj"). Wsledky
ziskané programom ANSYS dobre vystihuju experimen-
talne pretvorenia. Odchylky méZzu byt sposobené nielen
vypoctovou proceddrou alebo principmi, ale aj neho-
mogenitou beténu a pripadnymi Géinkami krutenia
prierezu. Z obrazku je vidief, Ze zijednoduseny postup pro-
dukuje vyraznejSie odchylky vzrastajuce smerom ku
koncu c¢asového obdobia.

V spodnej pasnici ocelového prierezu (obr. 5) dosta-
vame pomerne dobri zhodu vyslednych pretvoreni a
rozdiely nie su také vyrazné ako v pripade beténovej
dosky. Vacsie rozdiely st vsak viditelné v niektorych
dalSich  vlak-

Obr. 4 Porovnanie pomernych pretvoreni na povrchu
beténovej dosky

Fig. 4 The strain comparison at the top of concrete slab

values. Therefore, the simple approach seems to be suit-
able for estimation of an effect of external actions.

After detailed analyse of strains due to shrinkage, the
considerable differences increasing in time can be
stated. These variations might ex-press the fact that
either the model of shrinkage or its application for this
case was not accurate enough. The comparison between
simple approach and ANSYS results is presented in fig. 3.

After detailed analyse of strains due to shrinkage, the
considerable differences increasing in time can be stat-
ed. These variations might express the fact that either the
model of shrinkage or its application for this case was not
accurate enough. The comparison between simple
approach and ANSYS results is presented in fig. 3.

The first set of curves in fig. 4 corresponds to the top
fibres of concrete slab with width of 800 mm in distance
50 mm and 300 mm from longitudinal axis, respectively

nach ocelovej aj
betonovej casti
prierezu, ktoré 0 50
detailnejsie 50

t-to [days]
100 150 200

neuvadzame. b, ¢
Vo  vaetkych , 4 w
M

vlaknach spri- 40
ahnutého & i

prierezu je viak

pozorovana rov- 30
naka tendencia
zavislosti € — t.

£x10°

Vidy s nadhod- 20
notenymi

vysledkami 10
ziskanymi
zjednoduSenym
vypoctom. 0 |

——ANSYS

X Experiment

& Simple calcul.

Obr. 5 Porovnanie pomernych pretvoreni v spodnej pasnici ocelového prierezu
Fig. 5 The strain comparison at the bottom flange of rolled steel IPE beam
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Obr. 6 Porovnanie napati na povrchu dosky
Fig. 6 The stress comparison at the top of concrete slab

Ciary na obr. 6 dokumentuju uz spomenutd relativne
dobru zhodu teoreticky deklarovanych napéati v hornych
vidknach beténovej dosky od vonkajSieho zataZenia.
Napéatia produkované zmraStovanim mézu byt zistené
zjednoduSenym vypoctom len priblizne, pricom diferencie
oproti Casovo-zavislému numerickému vypoétu sa
vyraznejSie prejavia s narastajicim vekom beténu.
Presnost uvedenej metddy je moiné zvysif zavedenim
dvoch alebo viacerych ¢asovych krokov vo vypoctovej pro-
cedure.

Rovnako v spodnych vldknach ocelového prierezu
(obr. 7) su napéatia od zmrasfovania nadhodnocované s
narastajucim ¢asom. V napétiach od rovnomerného
zataZenia a poklesu strednej podpery mézme konstato-
vat dobri zhodu s rovnakou tendenciou priebehov
funkénych zavislosti.

Similarly,
accordingly to our expectations, results from manual cal-
culation by using simplified methodology produce over-
came strains towards the end of considered period.

At the bottom flange of rolled steel beam (fig. 5) it is
obvious very good correlation of total strains. The differ-
ences are not such significant as in the case of concrete
slab. Greater variation can be seen in other fibres of both
steel and concrete part of cross-section not in detail pre-
sented here. However, in all considered fibres of chosen
cross-sections the same tendency of € — t relationship
was observed. The simplified approach overestimates the
strains in all cases.

The curves at fig. 6 represent relative good concor-
dance of theoretically declared stresses due to external
load at the top fibres of concrete slab. The shrinkage
stress calculated in simple way cannot be very precisely
determined. Differences in comparison with time-depend-
ent numerical analysis are more apparent with age of
concrete. Accuracy of this method may be increased by

t-to [days]
0 50 100

two or more
time steps in
calculation pro-

o 200 cedure.

. Similarly,

stresses due to
shrinkage at

bottom fibres of

the steel beam
(fig. 7) are over-

o
o
o

estimated too.
In analyse of

effects for uni-

formly  distri-
buted load and

-6,0

middle support
displacement a

ANSYS_load

Simple calcul._load A

ANSYS_shrink

Simple calcul._shrink

good agreement
in stresses and
a similar curve
tendency can be
stated.

Obr. 7 Porovnanie napéti v spodnej pasnici ocelového nosnika

Fig. 7 The stress comparison at the bottom flange of rolled steel IPE beam
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S vyuzitim nelinearneho, pocitacom podporovaného
vypoCtu sme dostali zhodu s nar_neranymi hodnotami
pretvoreni v niektorych viaknach prierezu. Vyskytovali sa
véak aj rozdiely, narastajlice s ¢asom. Podrobna analyza
tychto diferencii v obidvoch vypoctovych teoretickych pris-
tupoch ukazala, Ze ich velkost sa priblizne zhoduje s
nepresnostami ziskanymi pri vypocte zmrastovania.
Rozdiely s preto spésobené nielen vypoctovymi postup-
mi, ale ako uZ bolo vy3Sie uvedené, aj nepresnym
odhadom uéinkov zmrastovania.

Na zaklade priebehov uvedenych pre jednotlivé casy
posobenia zatazenia mozno teda konstatovat, ze vysledky
ziskané jednoduchym vypoctom davaju, pri odseparovani
Gcéinkov zmrastovania, velmi dobru zhodu s vysledkami
nelinearneho ¢asovo-zavislého vypoctu od tcinkov vonka-
jSich zatazeni a vynitenych pretvoreni.

Uvedeny zjednoduSeny vypocet v principe moze
poskytnut velmi dobry realny prehlad o napatiach v
priereze sposobenych vonkajsim zatazenim. Zmrastovanie
je mozno teoreticky popisat uvedenou zjednoduSenou
metédou len priblizne.
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CONCLUSIONS

In conclusion, we can observe good approximation of
time-dependent modification of strains by non-linear FEM
modelling of composite beam. The presented results con-
firm that in the time range of 200 days, Eurocode
approach of creep can predict real behaviour of concrete
part of cross-section in composite structures. From sim-
plified manual approach a similar results can be
obtained, but this approach overestimates the strain and
stress in both concrete and steel part of cross section.

Both theoretical approaches, especially simplified
one, produced differences in comparison with measured
strains. From particular analyse of these differences
among results showed that magnitudes of this variations
are close to differences obtained from shrinkage effects
calculation. Therefore, these errors are produced not only
by calculating procedure as it was mentioned above, but
also by insufficient assessment of shrinkage phenomena.

Consequently, with reference to the results in certain
time, it can be concluded that if the shrinkage effects are
separated, the presented simplified method could be suf-
ficiently exact for determination of influence of external
load effects and forced displacement on stress or strain
development.
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Transportbet6n na Slovensku - vyvoj a perspektivy rozvoja

Ready Mixed Concrete in Slovakia - Development
and Perspectives

Pavol Knaze

Transportbetonu ako dolezity Cinitel' rozvoja beténu na
Slovensku. Charakteristika jeho vyvoja a premien za
poslednych 10 rokov. Vznik Slovenskej asociacie vyrob-
cov transportbetonu (SAVT) a porovnanie nasich vysled-
kov s vysledkami vyrobcov transportbetonu, ktori su
¢lenmi Europskej organizacie vyrobcov transportbetonu
(ERMCO). Prvé poznatky z pouZivania samozhutnujiceho
betonu na Slovensku.

Z HISTORIE TRANSPORTBETONU NA SLOVENSKU

Transportbetén az do zmien v r. 1989 nebol rozhodu-
jucim vyrobkom v oblasti betonu, faZisko bolo vo vyrobe
prefabrikovaného beténu, ktorej vyrazny Gtlm nastal po r.
1989, tento fakt priniesol rozvoj stavieb z monolitického
beténu, resp. stavieb s optimalnou kombinéciou monoli-
tického a prefabrikovaného beténu.

" Z?éal sa presadzovat tzv. "obchodny transportbetén”,
uz nazov vyjadruje fakt, 2 betén sa vyraba pre obchodné
ucely v Specializovanej vyrobni pre réznych zakaznikov
(a teda nielen pre viastni potrebu stavebnej organizacie).
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Obr. 1 Vyvoj HDP a stavebnictva
Fig. 1 Development of GDP and construction

Ready mixed concrete as the important factor of con-
crete development in Slovakia. Characteristic of its
development and changes in last ten years. The estab-
lishment of Slovak Ready Mixed Concrete Association
(SAVT) and the comparison of our results with the results
of RMC producers, which are the members of European
Ready Mixed Concrete Organization (ERMCOQ). First expe-
riences from the application of self-compacting concrete
in Slovakia.

FROM THE HISTORY OF READY MIXED CONCRETE IN
SLOVAKIA

Ready mixed concrete was not the decisive concrete
product until the changes in 1989, it was overshadowed
by the popularity of precast unit production. After 1989
precast unit production witnessed a significant reduction
implying a development of monolithic concrete construc-
tions and constructions with optimal combination of
monolithic concrete and precast unit.

The new, so-called "commercial ready mixed concrete"
begar_n to take the lead. The name indicates that this con-
crete is produced for commercial purposes in specialised
production plants for different customers (i.e. not only for
the need of the construction company itself).

The development of ready mixed concrete is affected
by the_ overall situation in the construction industry cha-
racterised by a decrease of its importance in national
economy (see Fig.1). The number of people working in
this md_ustry has been decreasing as well, namely from
10.3%_ in 1989 to 6.4% in 2000. Despite a significant
reduction of domestic consumption of cement the ready
mixed concrete production recorded an increase of
approx. 50% in the period between years 1995 and 2000

Ing. Pavol Knaze, CSc., prezident SAVT, riaditel Holcim betén S.r.o., Bratislava,

Hviezdoslavovo nam. 9
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Jeho vyvoj bol ovplyvneny celkovou situaciou v staveb-
nictve, ktora je charakterizovana poklesom vyznamu
stavebnictva v narodnom hospod_érstve (obr.1). Poklesol
aj podiel zamestnancov v stavebnictve na celkovom pocte
zamestnancov v narodnom hospodarstve, a to z 10,3%
v r. 1989 na 6,4% v r. 2000. Napriek vyraznému poklesu
domacej spotreby cementu, vyroba transportbetonu zaz-
namenala medzi r. 1995 a 2001 narast o cca. 50%
(obr. 2). Wrobcovia cementu sa zacali vyrazne zameriavat
na export cementu, pricom tento vzrastol zo 100 tis. t
vr.1989 na 1,4 mil. t v r. 2001.

ZALOZENIE SLOVENSKEJ ASOCIACIE VYROBCOV
TRANSPORTBETONU (SAVT)

Wznamnym medznikom v podpore rozvoja transport-
beténu bolo zaloZenie SAVT v r. 1995, ako zaujmového
zdruZenia vyrobcov transportbetonu na Slovensku (odvt-
edy su sledované aj Udaje o vyrobe transportbetonu na
Slovensku). Hlavnym cielom zaloZzenia spolocnosti bolo
zwysit technologicku Groven vyroby a kvalitu vyrabaneho
transportbetonu tak, aby splfala poziadavky zodpoveda-
jice beznej europskej Grovni. Dialo sa to v zlozZitom obdobi
transformacie narodného hospodarstva, za vyrazného
poklesu spotreby transportbetonu - len na cca. 0,3 m’ na
jedného obyvatela. Okrem toho vo verejnosti pretrvaval
odpor k betonu ako materialu, sposobeny vystavbou
“Sedych” obytnych sidlisk v minulosti.

Zakladajucich 6 ¢lenov SAVT sa snazili svojou cin-
nostou obnovit doveru v monoliticky beton, ako dolezity
stavebny material, vyhovujuci z hladiska funkcnosti, ale aj
z hladiska spliania estetickych pozZiadaviek architektov.
ISlo tiez o to, aby bolo dokazané, 7 stavby zhotovené z
transportbeténu sa daju realizovat v kratkom case a vari-
abilita monolitickych konstrukcii splna poziadavky projek-
tantov.

SPOLUPRACA S EUROPSKOU ORGANIZACIOU VYROB-
COV TRANSPORTBETONU (ERMCO)

Prvé kontakty s ERMCO zacali v r. 1995, kedy sa
Holcim betén s.r.o., Bratislava (vtedy este SLOVBETON)
stal jej korespondujucim c¢lenom. ERMCO uz vySe 30
rokov zdruzuje europskych vyrobcov transportbetonu a v
sucasnosti ma 20 plnopravnych élenov (narodné asocia-
cie vSetkych rozhodujlicich europskych krajin), 2
koreSpondujlcich élenov (Rusko a Kuba) a 2 pridruzenych
Clenov (Federaciu $panielsky hovoriacich krajin Latinskej
Ameriky a Narodnu asociaciu transportbetonu USA).
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Obr. 2 Vyvoj spotreby cementu a transportbetonu
Fig. 2 Development of cement and RMC consumption

(see Fig.2) and producers of cement began to focus on
exporting their products. Cement export has increased
from 100000 t. in year 1989 to 1,4 mil. t. in year 2001.

FOUNDATION OF THE SLOVAK ASSOCIATION OF
READY MIXED CONCRETE PRODUCERS (SAVT)

Foundation of the Slovak Association of Ready Mixed
Concrete Producers (SAVT) in 1995 as an interest group
of ready mixed concrete producers in Slovakia is an
important turning point in supporting the development of
ready mixed concrete (data in ready mixed concrete pro-
duction has been monitored since then, too). The main
objective of the foundation was to increase the techno-
logical benchmark of the production and the quality of the
ready mixed concrete to meet the usual European require-
ments. It all happened in the difficult transition period
coupled with a significant decrease in demand for ready
mixed concrete to approx. 0.3 m® per capita. In addition
the general public kept on showing its resistance to con-
crete as a material caused by its past use in grey housing
developments.

The six founding members of the SAVT strained to re-
establish the trust in monolithic concrete as an important
construction material fulfilling both the functional and
aesthetic architectonic expectations. Another important
issue was to prove that ready mixed concrete is a suitable
material for building constructions in short period of time
and the variability of monolithic constructions satisfies
the requirements of designers.

CO-OPERATION WITH THE EUROPEAN READY MIXED
CONCRETE ORGANISATION (ERMCO)

The first contacts with ERMCO (European Ready
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Obr. 4 Cena TB, cementu a kameniva u élenov ERMCO v
US$ na 1 tonu, m* (r.1999)

Fig. 4 RMC, cement and aggregates prices at ERMCO
members in US$ per ton, m® (Y1999)

Obr. 3 Spotreba transportbetonu u clenov ERMCO

v m*/obyvatel (r.2000)

Fig. 3 RMC consumption at ERMCO members in m*/
capita (Y2000)
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Skusenosti a poznatky z tychto krajin, ktoré vyrabaju
viac ako 600 mil. m® roéne a vlastnia vySe 18 tis.
betonarni s viac ako 200 tis. zamestnancami, boli zdro-
jom poznatkov i pre SAVT. Spolupraca s ERMCO sa este
prehibila v r. 2001, ked Slovensko bolo prijaté za riadne-
ho ¢élena ERMCO a predseda SAVT - Ing. Pavol Knaze, CSc.
bol zvoleny za ¢lena predsednictva ERMCO.

Z porovnania Statistickych idajov ERMCO vyplyva, Ze v
spotrebe transportbeténu na 1 obyvatela Slovensko patri
ku krajinam s nizSou spotrebou (obr. 3). Stupen penetra-
cie transportbetonu 40% (vyjadreny % spotreby cementu
na vyrobu TB z celkovej spotreby cementu v krajine) je
zrovnatelny s ostatnymi europskymi krajinami (priemer v
ERMCO je 42%), cena TB je velmi nizka (obr. 4).
Z porovnania cien betonu, cementu a kameniva vyplyva,
Z cena 1 m® betonu sa pomaly pribliZzuje (u clenov SAVT)
k cene 1 t cementu (v zavode), ¢o je ciefom vyrobcov
transportbetonu. Nizky je podiel cerpaného betonu - cca.
15% (priemer v Eurdpe - 30%). Malo je domieSavacov s
objemom bubna > 6 m®, len 5% (v Eurdpe - 61%).

ROZVOJ VYROBY TRANSPORTBETONU NA SLOVENSKU

Wrobne transportbetonu su rovnomerne rozloZzné po
celom uzemi Slovenska. Az vstup zahranicnych spolu-
vlastnikov priniesol vyrazny obrat a zlepSenie technickej
urovne centralnych betonarni. Wroba TB v betonarnach
tychto spoloénosti vzrastla z 100 tis. m® v r. 1995 na vyse
500 tis. m* v r. 2000. Podiel rozhodujtcich vyrobcov na
trhu transportbetonu na Slovensku a v Bratislave je uve-
deny v obr. 5 a 6. Zahranicné spolocnosti priniesli i
zlepSenie servisu dodavok betonu (dodavky betonu po
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Obr. 7 Pohlad na typicki novii betonaren
Fig. 7 Wiev of a typical new RMC plant

@ Holcim beton

B BEMIX Bratislava

OALAS Bratislava
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5 big construction companies
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Obr. 5 Podiely na trhu transportbetonu na Slovensku (r.20€07
Fig. 5 RMC market segmentation in Slovakia (year 2000)
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Obr. 6 Podiely na trhu transportbetonu v Bratislave (r.2000)
Fig. 6 RMC market segmentation in Bratislava (year 2000)

Mixed Concrete Organisation) were made in 1995 when
Holcim beton, Bratislava (then SLOVBETON) became its
corresponding member. Currently ERMCO associates
more than 30 European producers of ready mixed con-
crete and currently it has 20 full members (national asso-
ciations of all the major European countries), 2 corre-
sponding members (Russia and Cuba) and 2 associated
members (Federation of Spanish-speaking Latin
American countries and the National Ready Mixed
Concrete Association of USA).

Experience and knowledge from these countries pro-
ducing more than 600 million m® a year and owning more
than 18 thousand concrete plants with more than 200
thousand employees have also served as an important
source of information for SAVT and its members. The
co-operation with ERMCO elevated in 2001 when
Slovakia was accepted to become a regular member of
ERMCO and the Chairman of SAVT, Mr. Pavol Knaze, Ph.D.
was elected to the Board of ERMCO.

Analysis of the ERMCO statistical data shows that
Slovakia belongs to countries with a relatively lower con-
sumption of ready mixed concrete per capita (see Fig.3).
Thg penetration of ready mixed concrete of 40% (as a
ratio of cement used for ready mixed concrete compared
to the overall consumption of cement in the country) is
comparable to that of the other developed European
countries average in ERMCO = 42%) and the price of
ready mixed concrete is very low (see Fig.4). Comparison
of the prices of concrete, cement and aggregates shows
that the price of 1 m’ concrete is slowly matching (in SAVT
mgrr!ber companies) the price of 1 t of cement (ex work) -
this indicator being the target value of ready mixed con-
crete producers. The quantity of pumped concrete is quite
low - approx. 15% (average in Europe - 30%). Relative low
is the number of truck-mixers with drum > 6m®, only 5%
(in Europe - 61%).

DEVELOPMENT OF READY MIXED CONCRETE
PRODUCTION IN SLOVAKIA

_ Ready mixed concrete production plants are evenly
;ilstrnbutqd all over the territory of Slovakia. It was the
introduction of foreign investors that proved to be the
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Obr. 8 Struktura stavebnych prac v % (novostavby)
Fig. 8 Structure of the construction works in %
(new buildings and constructions)

cely def, zlepSenie v doprave betonu na stavbu i cerpanie
beténu na stavbe - dodavky beténu az do debnenia). Bolo
vybudovanych viacero modernych betonarni a postupne
sa rekonstruujl i starSie betonarne. To prinieslo zvysenie
technologickej Grovne vyroby betonu a kvality vyrabaného
beténu, priklad modernej betonarne je na obr.7.
Modernizacia betonarni sa vykonala tiez u viacerych
velkych stavebnych spoloCnosti, zucastnujucich sa na
infrastrukturalnych projektov (napr. Doprastav a.s.,
Bratislava, InZinierske stavby a.s., Kosice).

V sicasnosti ¢lenovia SAVT vyrabaju cca. 700 tis. m®
TB rocne, co predstavuje cca. 40% vyroby TB na
Slovensku, vlastnia celkove 28 betonarni s cca. 260
zamestnancami. Priemerna vyroba TB na 1 zamestnanca
je 2680 m’ (priemer v Eurdpe - cca. 2600 m’), priemerné
trzby na 1 zamestnanca si 92750 € rocne (europsky
priemer - 91 tis. €).

Aj ked' sa Struktura stavebnej produkcie v poslednom
desatroci vyrazne zmenila (obr.8) nastal pokles vystavby
bytov, i priemyselnej a vodohospodarskej vystavby, trans-
portbeton sa Uspesne uplatiuje v oblastiach, kde nastal
narast - nebytové budovy nevyrobné (nakupné strediska,
budovy bank a sporitefni, administrativne budovy) a v
oblasti inZinierskych stavieb - stavby infrastruktary
(dialnice, mosty, cesty, tunely a Zeleznice).

Zacinaju sa uplatnovat i nové druhy betonu, resp.
betény so zlepSenymi vlastnostami, ako si betony s
drotikmi a vlaknami, striekany betén a samozhutiujuci
betén. Priemerna pevnost beténu na Slovensku sa z hod-
noty C 16/20 postva k hodnote C 20/25, vyrazne sa
zvySilo pouzivanie beténu triedy C 25/30 (najcastejsie
pouzivané trieda pevnosti betonu u élenov ERMCO su v
rozmedzi 25-35 MPa). Pouzivanie kvalitnych plasti-
fikaénych prisad je uz beznou zalezitostou, vyrazne stupol
podiel prevzdusiovanych beténov (pre stavby vystavene
vplyvu klimatickych podmienok). Clenovia SAVT maju
vytvorené technické podmienky pre vyrobu betonov podla
novej eurdpskej normy EN 206.1.

VYUZITIE SAMOZHUTNUJUCEHO BETONU

Samozhutiujici betén (SCC) patri medzi nové druhy
betonu. Ide o betén s vysokou tekutostou, ktory ma schop-
nost zatiect do debnenia lubovolného tvaru a zhutnit sa
viastnou hmotnostou (t.j. vyplinit debnenie bez vibracie).
Nesrllie pritom vykazovat odlucovanie zloZiek betonu ani
odludovanie vody na povrchu beténu.

Histé_ria vyuZitia SCC na Slovensku je kratka, napriek
tomu ma uz za sebou prvé velmi lspesné aplikacie. Prvé
predvedenie SCC na Slovensku sa konalo v juni 1999,
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turning point in improving the technological benchmark of
central concrete plants. The production of ready mixed
concrete in concrete plants of these companies increased
from 100 thousand m* in 1995 to more than 500 thou-
sand m3 in 2000. The market share of leading produc-
ers at RMC production in Slovakia and in Bratislava is
given in Fig. 5 and 6. Foreign concerns also improved the
ser-vices linked with supply of concrete (supplying con-
crete 24 hours a day, improving transport of concrete to
construction sites, pumping of concrete on construction
sites - supply of concrete to shuttering). A number of mod-
ern concrete plants have been completed and the older
ones are being reconstructed step-by-step. This also
improved the technological benchmark and quality of
concrete production. An example of a modern concrete
plant can be seen on Figure 7.

Upgrade of concrete plants was performed in several
big construction companies active in the area of infra-
structure projects (e.g. Doprastav Bratislava and
InZinierske stavby Kosice).

Today SAVT members produce approx. 700 thousand
m” of ready mixed concrete a year representing around
40% of the overall ready mixed concrete production in
Slovakia. They also own 28 concrete plants with about
260 employees. The average production of ready mixed
concrete per employee is 2.680 m® (the average in
Europe is about 2.600 m’), the average annual revenue
per employee is 92.750 € (the European average is
91.000 €).

Although the constructi . 2roduction has changed
considerably during the last jecade - see Fig.8 (reduction
in housing, industrial and /ater management construc-
tions) ready mixed concrete is successful in booming
areas, namely in non-residential houses (shopping cen-
tres, banks and other financial institutions, office buil-
dings) and engineering infrastructure (highways, bridges,
roads, tunnels and railroads).

The kinds of concrete with improved characteristics,
e.g. concrete with fiberglass, shotcrete and self-compact-
ing concrete are applied, too. The average category of
concrete is moving from C16/20 to C20/25. Also the
C25/30 category is used more frequently (the concrete
strength used mostly at ERMCO members is in range 25
- 35 MPa). Application of plasticizers is quite common and
use of air-entrained concrete (for constructions exposed
to adverse climatic conditions) is more frequent as well.

SAVT members have good technical conditions to pro-
duce concrete according to the new EN 206.1 European
standard.

APPLICATION OF SELF-COMPACTING CONCRETE

Self-compacting concrete (SSC) is one of the new con-
crete types. This concrete with high fluidity is able to leak
to shuttering of any shape and firm up by its own weight,
i.e. fill the shuttering without any vibration. It can show
neither separation of individual concrete components nor
separation of water on its surface.

The history of application of SSC in Slovakia is short.
However, there are some very successful initial examples.
The first introduction of SSC in Slovakia was in June 1999
when this concrete was presented to experts at the con-
crete plant of Holcim beton in Bratislava - site Zabi majer.
In the same year this concrete was used to seal the pre-
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ked bol tento betén predvedeny stavebnej verejnosti na
betonarni Holcim beton s.r.o. v Bratislave - Zabom majeri.
V tom istom roku sa tento beton pouzil na zalievanie pre-
fabrikovanych stropov pri vystavbe Polus centra v
Bratislave. Prednosti SCC pre pouzitie na Specialne udely
(zosilnenie stropnej dosky) sa preukazali na stavbe obyt-
nej budovy na Racianskej ulici v Bratislave (450 m’
beténu). Tu sa preukazala moznost vytvorit na rozsiahlej
stavbe dodatocne tenkl - 6 cm hrublu speviujucu
dosticku za Géelom zosilnenia pdvodnej stropnej dosky. V
r. 2001 sa vykonali tiez prvé pokusy s vyuzitim SCC na
zhotovenie zakladov a podpier mostov na dialnici D 61 v
Bratislave (Doprastav Bratislava). Tu sa vyuzila prednost
SCC - moznost betonaz i v tazSie pristupnom teréne, u
silno vystuznych Zlezobetonovych konstrukciach a dosi-
ahnut pri tom pekny vzhlad povrchu konstrukcie - 250 m’
beténu. Obdobné bolo aj pouzitie SCC pri zhotoveni pod-
pier mostov na dialnici D 61 v Belusi (Hydrostav
Bratislava).

V r. 2001 sa zahajilo tiez vyuzivanie SCC na zhotove-
nie prefabrikatov, kde sa vyuZila moznost odstranenia
vibracie pri vyrobe prefabrikatov a znizenie hlucnosti a
prasnosti vo vyrobni prefabrikatov (napr. ak je vyrobna v
blizkosti rekreacného zariadenia). Vyuzitie SCC v prefab-
rikacii sa uplatnilo u wvyrobcov prefabrikatov ZIPP
Bratislava a Doprastav Bratislava. Najvacsie vyuzitie SCC
bolo zatial pri vystavbe 5 km dlhého tunela Branisko na
dialnici D1, kde sa na zalievanie kanala s optickymi
kabelami (s minimalnymi medzerami medzi tymito
kabelami) pouzilo v r. 2001 cca. 2000 m® beténu.

Vdaka vyrobcovi prisad na Slovensku - STACHEMA
Bratislava podarilo sa postupne vyvinit vhodnd plasti-
fikacnd prisadu i stabilizacnd prisadu. Prvé betony sa
vyrabali s pridanim jemne mietého vapenca. V sticasnos-
ti sa pouziva uz len jedna prisada (v ktorej je plastifikator
na polykarboxylovej baze a tiez stabilizator). Postupne sa
zniZovala tiez cena tejto prisady, takz v slcasnosti SCC
beton je len o cca. 10% drahsi ako tradicny beton.
Podarilo sa pripravit také zloZenie prisady do SCC, Z tento
betén vyhovuje i modulom pruznosti beténu, mrazuvz-
dornostou a odolnostou voéi posypovym soliam.

Ing. Pavol Knaze, CSc. - predseda Slovenskej asociacie vyrob-
cov transportbeténu (SAVT). Clen predsednictva Eurdpskej
asociacie vyrobcov transportbetonu (ERMCO). Clen dozorne;
rady Slovenského zvazu vyrobcov kameniva (SZVK). Riaditel
spolo€nosti Holcim beton s.r.o., Bratislava, najvacsieho
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cast unit ceilings during the construction of Polus City
Centre in Bratislava. The advantages of SSC in special
applications (reinforcement of flooring plate) were
demonstrated during the construction of the apartment
house on Racianska street in Bratislava (450 m* of con-
crete). This proved the possibility to create a substantially
thin, 6-cm high, layer to reinforce the original floor slab in
a large-scale construction. In 2001 the first experiments
were made to use SSC for making the foundations and
bridge pillars on the D61 highway in Bratislava (by
Doprastav Bratislava). Also used for this site was the
advantage of self-compacting concrete - possibility to use
concrete in remote places with difficult access for heavily
reinforced concrete constructions and achieve a friendly
appea-rance of the construction's surface. A similar case
was the application of SSC in constructing the bridge pil-
lars on the D61 highway in Belusa (by Hydrostav
Bratislava).

In 2001 started the use of SSC for making precast
units. It helped to eliminate vibrations in precast unit pro-
duction and reduce the noise dust nuisance in precast
unit production plant near a recreation area. Especially
ZIPP Bratislava and Doprastav Bratislava are active in
using self-compacting concrete for precast unit produc-
tion. The most significant application of SSC is the con-
struction of a 5-km long Branisko tunnel on the D1 high-
way in 2001 where about 2000 m* of concrete was used
to fill the trench for optical cables (with minimal gaps
between these cables).

Thanks to STACHEMA Bratislava, the producer of addi-
tives in Slovakia, right plasticizers and stabilizers have
been developed. First types of concrete were made with
adding fine ground limestone. Nowadays only one addi-
tive (consisting of a polycarboxyl-based plasticizer togeth-
er with a stabilizer) is used. The price of this additive is
decreasing and currently the self-compacting concrete is
more expensive than the traditional one by only 10%.
Experts managed to find such a composition of the addi-
tive that this concrete complies with the traditional types
also in terms of modulus of elasticity, frost resistance and
deicing salt resistance.
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Vplyv dynamického a iinavového zatazenia
na predpaté betonové podvaly

Dynamic and Fatique Load Tests of Prestressed
Concrete Sleepers

Milan Morav¢ik - Martin Moravéik

Clanok je experimentalnou analyzou spolahlivosti pred-
patych beténovych podvalov zataZiovanych beinym
dynamickym ako aj vysokocyklickym zatazenim.
Dévodom takychto skisok je overovanie spolahlivosti
starSich existujucich typov podvalov, a analyza novsich
typov podvalov urcenych pre vyssie prevadzkove
rychlosti.

1. UvoD

Predpaté betonové podvaly spolu s kolajovymi pasmi
tvoria zakladnd nosnd konstrukciu Zeleznicnej trate -
kolajovy rost, v ktorom podvaly pocas predpokladane;
zivotnosti 40 rokov sU vystavené intenzivnemu dynamick-
ému namahaniu a zloZitym interakénym silam, ako zo
strany polozia, tak aj zo stravy pruineho upevnenia
kolajnice. VSetky tieto vplyvy, ale aj sucasné naroky
kladené na celkovi vysoka spolahlivost konstrukcie trate,
najma vzhladom k zvySenym prevadzkovym rychlostiam
do 200 km/hod., vyZaduju vysoku funkénost, odolnost na
pretaZovanie a spolahlivost tychto prvkov.

V problematike spolahlivosti predpatych betonovych
Dod_v_alov. ako nosnych prvkov kolajového rostu, vystupuju
V sucasnosti do popredia viaceré aktualne otazky:

1/ Do akej miery je spinena poziadavka predpokladanej
vysokej 40 rocnej zivotnosti podvalov.

2/ Aka je moznost dalSieho spolahlivého vyuzivania
starSich typov beténovych podvalov - podvalov
vyrabanych a osadzovanych do trate pred 15+25
:jokmi, a ktoré v sucasnosti vykazuju rozne typy posko-
enia.

3/ Podmienky zaistenia vysokej kvality, inosnosti a Zivot-
nosti betonovych podvalov novej generacie pre priame
upevnenie kolajnicovych pasov pruznymi systémami.

The experimental analysis of prestressed concrete slee-
pers is presented in this paper. Dynamical and fatigue
loading tests were applied to verify the concrete sleepers
reliability. The major reason of such experiments was to
analyse existing older types of sleepers and new ones
utilisation for higher service speed.

The paper gives a short information on some phenome-
nological observation concerning the fatigue behaviour
of prestressed concrete sleepers. Experimental investi-
gation and testing was concerning the older types SB
and PB that were damaged by the different failures and
also the new ones (BP-3). The cyclic and fatigue load was
applied to predict their fatigue resistance and to give
information about crack formation and crack stability
including the cyclic load influence on the safety and serv-
iceability of sleepers.

1. INTRODUCTION

An extensive using of prestressed concrete sleepers
demands testing and predicting their reliability, lifetime
(designed approximately for 40 years), fatigue properties,
types of possible failures, etc. The sleepers in service
conditions are subjected to a large number of repeated
dynamic load that degrade their loading capacity and may
cause their damage and fatigue failure.

Dynamic and fatigue research on concrete structures
have been carried out for a number of years and a great
deal of knowledge exists. In these days applied research
such elements is asked to develop regarding their exten-
sive production, speed increasing to 200 km/h, and to
regard the fact that many questions about dynamic and
fatigue loading still remain to be answered. Following
points are desired to be focused on:

1/ To what extent the demand for 40-years lifetime is ful-
filled.
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Véetky tieto dovody viedli k tomu, Z problematikou
spolahlivosti predpéatych betoénovych podvalov sa na
nasom pracovisku komplexne zaoberame uz cca 15 J'okov
tak v teoretickej oblasti, najma vSak experimentalnym
vyskumom hodnotenia zlozZitych dynamickych ucinkov na
predpaté beténové podvaly, a testovanim ich mechanick-
ych a Gzitkovych viastnosti.

2. ZAKLADNY POPIS SKUMANYCH PODVALOV

PoZiadavka vysokej stability a spolahlivosti kolajoveho
ro&tu smeruje vyvoj beténovych podvalov, smeruje, najma
pre vysokorychlostné koridory, k ich zvySenej hmotnosti a
vysokej odolnosti na vznik trhlin. Zhromazdovanie poz-
natkov z prevadzkovania podvalov, ale aj testovania ich
Gnosnosti v dynamickom rezime zataZovania, viedlo k ich
roznym konstrukénym a tvarovym Gpravam, ktoré vyustili
do navrhu a vyroby predpatého beténoveho podvalu typu
BP-3. V sucasnosti je v tratiach ZSR osadenych a
vyuzivanych viacero typov predpatych betonovych podval-
ov, napr. podvaly rady SB a BP.

Podvaly rady SB su typickym predstavitelom starsej
generacie predpatych betonovych podvalov, vyrabanych
od r. 1970. Podval je navrhnuty na zatazenie napravovou
silou P, = 250 kN, a rjchlost 160 km/hod. Upevnenie
kolajnic k podvalu je podkladnicové, Styrmi upevihovacimi
skrutkami zatacanymi do zabetonovanych plastickych
viozZiek.

Podvaly rady BP - obr.1, su predstavitelom novej gen-
eracie predpatych betonovych podvalov vyrabanych od

2/ What is the possibility of next reliable exploiting of the
older types of concrete sleepers that were installed
into the track before 15+25 years ago which show var-
jous kinds of failures at present.

3/ What are the conditions for the quality insurance on
new generation of sleepers with applied direct elastic
fastening systems of rail and determining the fatigue
properties for the new types of concrete sleepers,

Followed tasks are related to these points :

- Development of the measuring methodology for exper-
imental dynamic and fatigue tests.

- Determining the fatigue properties for the sleepers
damaged with cracks.

- Assembling the knowledge concerning the fatigue
strength of prestressed concrete sleepers.

All these reasons led us to the complex experimental
and theoretical research of these members. In the last
time the attention was paid to testing of the older type of
concrete sleepers SB and testing of the new type of con-
crete sleepers BP-3 that are used on the Slovak railways
since 1995.

2. THE BASIC CHARACTERISTICS OF INVESTIGATED
SLEEPERS

According to high-speed corridors building the
research of concrete sleepers reliability is focused on
increasing of the sleeper's weight and their high

il Predpinacia Predpinacia sila [kN] -
Typ podvalu an\';gitg:tsf L[;.I:;fh vystuz Prestressing force [kN] ?g‘g"
Type of sleeper [kﬂ (m] PrestreSSing kotevna zakladna Concrzte
wires anchorage base
SB8 270 2,42 40f3 337 281 C40/50
BP-3 305 2,60 10f6 350 330 C45/55
Tab. 1 Charakteristiky zakladnych typov predpatych Al B! s
betonovych podvalov. i 1
Tab. 1 The basic characteristics of prestressed concrete ———- - Ermer oo oJgl?
sleepers. — = P2
Al el s |
Obr. 1 Predpaty beténovy podval typu BP-3. — c!
Fig. 1 Prestressed concrete sleepers BP-3. -+ TH e \-{%_3;5_- T
| _!l; ) 1
Tab. 2 Teoretické hodnoty ohybovych momentov TM a
zafazenia TP podvalu v jeho charakteristickych priere-
zoch pri zataZeni podla obr. 2.
Tab. 2 Theoretical values of bending moments TM and
load TP of sleepers in its characteristic sections for load-
ing scheme according to Fig. 2.
Prierez podvalu
Cross-sections of sleeper
Typ podvalu pod kolajnicou "k" 3R
stred "s"
Type of sleeper under rail section "k" in ther?:er?t?g gt‘:’tisn 5?
M, P, uM, up, cM cp umMm "P__ﬁ
(kNm] kN] (kNm] [KN] [kNm] [kN] (kNm] [kN]
SB8 20,41 148,40 35:31: 255,30 -14,29 63,50 -25,35 112,50
BP-3 23,87 173,6 40,64 295,60 -17,08 75,90 -30,41 135,20
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11994 a pouzivané su v rekonstruovanych tratiach a
rychlostnych koridoroch. Navrhnyté su na zataZenie
napravovou silou P, = 240 kN, a rychlost do 200km/h s
priamym upevnenim kolajnic pomocou dvoch skrutiek.

Teoreticky vypocitané hodnoty ohybovych momentov
povalu v charakteristickych prierezoch pod kolajnicou (k)
a v strede podvalu (s) na medzi vzniku prvej trhliny <M,
¢M, a momentov na medzi inosnosti v tychto prierezoch
uM, , “M, st zostavené v Tab.2.

resistance to crack formation. The knowledge from ope-
rating properties and the results of dynamic testing me-
thods have been leading to the several structural and
shape adaptations of concrete sleepers.

Concrete sleepers types of SB and BP-3 are the most
common used in railroads in our country at present.
Sleeper SB - is the typical representative of older genera-
tion of concrete sleepers manufactured since 1970 in our
country. The sleeper is designed to the axle load P, = 240

al P

Loading scheme in railway
1516
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P

=

=

[
R 2

P 1e

il 2

P i P
Bending G "‘ TT I ]
moments y Iy 100 250 250 00 ® J;mh.}
. ' PD- 600
o

S 1111111 N—

~My, 201375.P

\
\my =0255.P

Obr. 2 Schéma zataZenia a namahania podvalu v trati a pri skiske.
Fig. 2 The loading schemes of sleepers in the real railway track and in the tests.

3. ZAKLADNE SKUSKY STATICKEJ A DYNAMICKE)
UNOSNOSTI PODVALOV

Testovanie predpokladanej unosnosti podvalov sa
preukazuje zakladnymi skuskami ich statickej a dynam-
ickej inosnosti, a Gnavovej odolnosti, ktoré su stanovené
jednotnym skuSobnym postupom podla smernic ERRI 1 -
v statickej schéme podla obr.2.

3.1 Skusky statickej unosnosti

Podvaly st zatazované staticky s prirastkom zatazenia
po APsk= 20 kN, resp. APsk = 10 kN. Po ustaleni zatazenia
sa hodnoti odozva podvalu - rozvoj trhlin, Sirka hlavnej
trhliny a charakter poskodenia betonu podvalu. Wsledky
skusok statickej unosnosti preukazuju odolnost podvalu
na vznik trhlin v priereze pod kolajnicou a v strede pod-
valu i inosnost podvalu v tychto prierezoch. Odozva pod-
valu na statické zatazovanie ma vzdy charakteristicky
priebeh. Na hladinach zataZenia v oblasti 1,5.5P > Psk> P
mozno odozvu charakterizovaf ako stabilnu, s postupnym
rozvojom trhlin do tlacenej oblasti beténu a ich Gplnym
uzatvaranim. Na hladinach zatazenia v oblasti 2,0.5P >
Psk>1,5.5P odozva ma intenzivny charakter - nastava pos-
tupné pretvaranie spodného radu fahanej vystuz a
trhliny sa po odtazeni neuzatvaraja. Na vysokych hlad-
inach zataZenia v oblasti Psk > 2,0.cP prebieha uz inten-
Zivna plastizacia tahanej vystuze, ale aj postupné drvenie
v tlatenom betdne. V prierezoch pod kolajnicou (k) nasta-
va pqru’éenie oby€ajne pretrhnutim spodnej rady predpi-
nacej vystuze, resp. v kombinacii so Smykovym porusenim
betonu pri podperach. Strata Gnosnosti podvalu v stred-
Nej casti nastava obycajne porusenim tlacéeného betonu,
alebo v kombinacii so Smykovym porusenim betonu.
Wsledky skiSok statickej unosnosti vykazuji vidy dobri
zZhodu s vysledkami teoretického riesenia, ked s
dodrZané predpisané technologické postupy vyroby pred-
Pateho beténu a spinené podmienky kvality materialov.

kN, and speed to 140 km/h. The rail fastening is realized
by 4 screws as indirect ones. Sleeper BP-3 , see the Fig.1,
is the representative of new generation of prestressed
concrete sleepers manufactured in our country since
1994 and is used for the rehabilitated railways and high-
speed corridors. The sleeper is designed to the axle load
P, = 240 kN, and for speed to 200 km/h with direct rail
fastening by 2 screws.

The theoretical values of bending moments at the
cross-sections under rail (k) and in the middle of sleeper
(s) are specified for the first crack formation level €M, ,
¢M, and for the ultimate limit state in these cross-sections
UM, , M, and they are arranged at the Tab.2.

3. THE SLEEPER TEST ASSEMBLY

All basic testing of the static and dynamic capacity
and fatigue resistance of sleepers were performed
according to unified procedures recommended by ERRI 1
standards, in scheme, see the Fig.2.

3.1 The static tests

The sleepers are loaded by the static load with the
increment APsk= 20 kN and APsk= 10 kN, respectively.
The cracks formation, the major crack width, and the
character of concrete deterioration are assessed after
loading stabilization. The sleeper static resistance is indi-
cated by a crack formation and a crack width in the cha-
racteristic cross-sections mentioned above. There can be
observed the typical response of sleeper to static loading.

The response of sleepers can be considered as sta-
tionary one with the cracks development into the con-
crete compression zone for the followed loading level
1,5.¢P > Psk > ¢P. The cracks remain closed after unload-
ing. The intensive character of the sleeper response can
be observed on the loading level 2,0.cP > Psk 15 > ¢p -
starting the progressive deformation of bottom row of pre-
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stressing  wires

Dynamic loading Dynamic loading and the cracks
cross-section under rail middle cross-section always remain
A Load A Lgaf.jj Opfﬂedq V\?fter
PN unloading. When
P[] 5 X the high loading
EI— level is applied Psk
S b > 2,0.P the yiel
Poon T QI: | ’ ding  tensioned
. i i wires or slqw con-
H dyn.h (il crete crushing are

- 3 LLL Y _j. L — . l i l in progress.
dyn, d i i dyn.d [ ! Generally, the
I| f tlmf I | | time | sleeper in the

e

pulses MiN.

1 cross-section
under rail (k) is
destroyed by rup-
ture of the bottom

jom) 8

pulses MIN.

Obr. 3 Schéma zatazovacich diagramov pre testovanie prierezu pod kolajnicou a stredného

prierezu podvalu.

Fig. 3 Loading schemes for cross-section testing - under rail seat and in the middle cross-section.

3.2 Skusky dynamickej unosnosti

Skusky dynamickej unosnosti podvalov sa vykonavaju v
rovnakej statickej schéme zatazenia a podopretia podvalov
ako statické skusky - obr.2. Dynamické zataZnie sa apliku-
je v blokoch zafazenia po 5.10° cykloch zatazenia s postup-
ne sa zvySujlicou hornou hladinou zataZnia Py, pri
udrZiavani konstantnej spodnej hladiny zataZznia Py,
podla obr.3. Frekvencia zataZovania je f = 4 + 7 Hz.

Dynamicka odozva podvalu sa hodnoti na jednotlivych
zafazovacich blokoch po odtazni. Hodnoti sa rozvoj trhlin,
sirka hlavnej trhliny a charakter poskodenia Odozva podvalu na
nizSich hladinach dynamického zafaZovania ma ustéaleny
charakter, ktory je podobny ako odozva pri statickom
zataZovani. VWsledkom skdSok si hodnoty dynamického
zafaZnia na medzi vzniku prvej trhliny cPsk,, v charakteristick-
ych prierezoch podvalu "k® a "s", hodnoty dynamického
zafaZnia pre charakteristické Sirky trhlin P, (w; =0,05 mm,
w;, =0,2mm a w, =0,5 mm), ako aj hodnoty dynamického
zataZenia pri strate Gnosnosti prierezu UPsk . Dynamicka dnos-
nost podvalu sa teda hodnoti na zaklade stability Sirky trhlin,
resp ich rozvoja, v charakteristickych prierezoch podvalu.

row of wires in
combination with
concrete shear fai-
lure near the sup-
ports, respectively.
The sleeper in the middle cross-section is destroyed by
compressed concrete crushing or in the combination with
shear failure. The experimental and theoretical results of
analyses are in good coincidence providing the pre-
scribed technological conditions and material quality are
satisfied.

3.2 The dynamic tests

The dynamic load tests are performed in the same
static scheme of loading and supporting of sleepers as
static tests, see the Fig. 2.

The dynamic load has been applied in loading blocks
5.10° loading cycles with the continually raising upper
load level Py, s% and keeping the constant bottom load
level course Py, ;5 , according to the Fig.3. The load fre-
quency is f = 4 =+ 7 Hz. The dynamic response is evaluat-
ed for the individual loading blocks after unloading. The
cracks formation, the major crack width and the charac-
ter of concrete deterioration are considered after dynam-
ic loading stabilization.

1‘ Prierez podvalu nad kolajnicou (,,k*)
Pod?:lu e o Op ‘M Oy 5 e Op ‘M Oy
[kN] [kN] [kNm] [kNm] [kN] [kN] [kNm] [kNm]
SB8 205 22 282 3.0 380 28 3536 38
BP-3 224 28 308 38 420 35 57.7 48
ol — iod Stredny prierez podvalu (,,s%7)
podvatn || Tk Op ‘M Oy g Op M} Oy
[kN] [kN] [KNm] [kNm] [kN] [kN] [kNm] [kNm]
SBS8 78 0 =T -2,2 30 5 -29.2 -3.8
BP-3 90 3 -20,2 -3.4 40 8 o -4,

Tab. 3 Vysledky skiSok dynamickej Ginosnosti podvalov.
Tab. 3 The results of sleepers dynamic capacity tests.

Porovnanim vysledkov skiSok z Tab.3 a teoretickych
hodnot sledovanych velicin potvrdzuje, & skutoéna (nos-
nost extrémne namahanych prierezov (k) a (s) dosahuje
navrhované parametre. Pri skiskach Gnavovej odolnosti v
zmysle platnych _predpisov [1] sa preukazuje aj odolnost
na Unavové zataZenie pricom skisky sa vykonavaiji v rov-

‘The response for lower dynamic load levels is charac-
terized as stable response, similar as in the static loading.
The basic test results are the dynamic loading values
“Psk ;) when the first crack is occurred in characteristic
cross-sections (k) and (s) and the dynamic loading values
for characteristic crack width Psk. (w. =0,05 mm,
We =0,2mm a w, =0,5 mm) and (Psk,) as well as the
dynamic loading values on ultimate limit state uPs, and
(UPsk;). That means the dynamic capacity of sleepers in
service conditions can be evaluated on the base of the
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Obr. 4 Porusenia podvalov typickymi ohybovymi trhlinami pri dynamickom zatazovani.
Fig. 4 Sleepers failures by typical bending cracks under dynamic loading.

nakom usporiadani ako statické alebo dynamicke skusky.
Charakteristické prierezy sa zatazuju poctom 2.10° cyklov
na hladine zatazenia, napriklad pre prierez pod kolajnicou

(k):
I)L'.tlf\'n h 5 1’3"!,‘d‘m

) W 4 pdim
[.l-dm d 0‘-"/4

(1)

Wsledok skusky musi potvrdit, Ze Sirka trhliny po
aplikacii 2.10° cyklov dynamického zataZenia je stabilna.
Skusky unavovej odolnosti podvalov typu BP-3 splnaju
predpoklad, Ze ohybova trhlina sa vobec nevytvori, alebo
je pocas celého zatazovacieho cyklu stabilna.

Ako sme konstatovali v Uvode, jednou z dalSich uloh
hodnotenia funkcnosti a spolahlivosti podvalov je testo-
vanie exploatovanych podvalov s roznymi typmi poruch a
poskodeni, ktoré sa vyskytli v prevadzkovych pod-
mienkach. Ide najma o poskodenie trhlinami v typickych
prierezoch podvalu a o posSkodzovanie betonu z
pretazenia v okoli upeviovadiel. Typické casté poskodenie
podvalov trhlinami je ukazané na obr. 4.

4. VYSOKOCYKLICKE ZATAZENIE - UNAVOVE SKUSKY
PODVALOV

Usporiadanie testov a skiSok na dynamické vysoko-
cyklické zataZenie je rovnaké ako pri zakladnych
skuskach Gnosnosti podvalov.

Prakticky najdolezitejsi pripad hodnotenia spola-
hlivosti podvalov je pripad nahodného jednorazového
pretazenia podvalu, désledkom &oho je vznik ohybovej
trhliny v priereze pod kolajnicou alebo v strednej casti
podvalu a nasledného vysokocyklické zataZovanie na
zvolenych hladinach dynamického zatazenia. Ide teda o
hodnotenie vplyvu dynamického vysokocyklického
zataZenia na zvolenych hladinach zataZenia. Tymito
skuskami sa hodnoti:

1/ Vplyv ohybového namahania podvalu pri vysokocyk-
lickom za}'kaiovani na hladinach zatazenia pre
maxM, ;.= < "M, v priereze (k) pod kolajnicou, kde
€M, je moment vzniku prvej trhliny.

2/ \_iplyv ohybového namahania podvalu pri vysokocyk-
lickom zatazovani na hladinach max M, , = 2 M, ,
pre max M, sk =1,1-1,5¢<M,. ‘

crack width stability in characteristic cross-sections of
sleeper.

In comparison of the experimental results in the Tab.3
and theoretical results in the Tab.2 there can be observed
the real capacity of sleeper in decisive cross-sections (k)
and (s) achieves designed values.

The test of fatigue resistance is performed at the
same arrangement as a static or dynamic one according
the standard [1]. The characteristic cross-sections are
loaded by 2.10° number of cycles on the load level, for
example determined for section (k) under rail by the rela-
tion (1) :

I’A dvn.h e l‘j ljldm.
P ”__1],;4:‘,-‘.

(1)

dvn,d

The fatigue test result has to prove that the crack
width is stable after applied dynamic loading 2.10
cycles. All fatigue resistance tests for BP-3 sleeper have
satisfied that assumption. The primary bending crack has
not been developed at all, or during all tests appears to
be stable.

The testing of sleepers damaged by cracks appeared
as one of next important problem in service condition.
Especially, testing in decisive cross-sections with cracks
and investigation of deteriorated concrete in the zone
closed to rail fastening of sleepers is important. The typi-
cal bending cracks in experimental testing can be seen at
the Fig. 4.

4. FATIGUE TESTS OF SLEEPERS

One of the major cases which can occur in practice is
a bending crack development due to one-short random
overloading and the sequential dynamic loading of the
sleeper on certain load levels. The influence of dynamic
load on the deteriorated sleepers being investigated and
following points are discussed :

1/ The influence of stregses due to fatigue loading on the
level for maxM, .- = My at the cross-section (k)
under rail, where M, is the first crack moment in the
cross-sections (k).

2/ The influence of stresses due to fatigue loading on the
higher level for max M, 5., 2 M, for max M, 4,5
=11-1,5¢M,.
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3 Staticka trhlina Dynam. zataZovanie Pocet cyklov e i
Podval / test C. Static crack Dynamic loading | Number of cycles Fanfgﬁfg'a
e L0 TR, RN <M, [KNm] Paynn / Payna x 10° 5
BP-3/1 220 30,2 260/40 6,1 A
BP-3/2 230 31,6 240/50 4,0 0
BP-3/3 220 30,2 300/60 1.4 A,B
BP-3/4 230 31,6 230/20 2,5 0

Failure mode : - A -the prestressing wires rupture
- B - the crushing of concrete (shear failure)

Tab. 4 Vysledky Gnavovych skusok predpatych
beténovych podvalov typu BP v priereze pod kolajnicou.
Tab. 4 The results of fatigue tests of prestressed con-
crete sleepers BP for cross-section under rail seat.

Charakteristické vysledky unavovej odolnosti testo-
vanych betonovych podvalov BP-3 v priereze pod kolajni-
cou ako aj tvar porusenia podvalov su zhrnuté v Tab. 4.

VSetky skusenosti a testy predpatych beténovych pod-
valov na vysokocyklické zatazovanie potvrdzuju, z pre
opakované dynamické namahanie betonu na hladinach
max M, sk <cMsk sa Gnavové porusenie betonu sa nevysky-
tuje.

Pri prakticky najdolezitejSom pripade podvalu posko-
denéeho trhlinou (inak pine funkéného) sa pri Gnavovom
namahani posSkodenie kumuluje v oblasti hlavnej ohy-
bovej trhliny a najma v predpatej vystuzi vo vytvorenej
trhline. Hlavné indikatory poSkodenia su Sirka trhliny w,,,
ale aj priehyb f podvalu ako prejavy poskodenia na
makroskopickej urovni. V zavislosti na pocte cyklov
zatazenia sa sleduju najma:

- priehyby charakteristickych miest podvalu f, , resp. f;
- Sirka trhlin w;, , vznik a rozvoj volnych trhlin

- pretvorenie tlaceného betonu &,

- posunutia predpatej vystuz na hlavach podvalu.

‘Opr. 5 ukazuje typické zavislosti rastu Sirky trhliny w,,
v zawslo_sti na pocte cyklov zatazenia N pri vysokocyklick-
om zataZovani predpatych podvalov.

Pri praktickych ulohdch hodnotenia funkénosti a
spolahlivosti dalSieho vyuZivania prevadzkovanych pod-
valov poskodenych ohybovymi trhlinami sa ukazuje dosta-
tof.ne spolahlivé overenie Gnosnosti v dynamickom
rezirpe zafaZenia na predpokladanej prevadzkovej
hladine Py, / Py, do poitu N = 2.10 cyklov
zafaZnia.

Typ porudenia: - A - pretrhnutie vystuze
- B - Porusenie betonu v tlaku (Smyku)

The basic results of fatigue resistance and failure
modes of the sleepers BP-3 at cross-section under rail (k)
are presented at the Tab.4.

All experiences from the cyclic fatigue load tests of
prestressed concrete sleepers on the level
max M, sk < cMsk confirm the fact that the fatigue failure of
concrete had not occurred. In the most important case -
the tested sleeper with crack, the fatigue failure is cumu-
lated in the primary bending crack, particularly in pre-
stressing wires. As the basic indicators of damage are
considered : the crack width w, , deflection f of sleepers
and other visual damages on macroscopic level,
Following parameters depending on loading cycles' num-
ber can be considered as crucial :

- the deflection in decisive sections of sleepers f, , f,
respectively,

- the crack width w, , and a formation of the primary
cracks,

- compressed concrete strain g, ,

- the slip of prestressing wires at heads of sleeper.

Some typical relations as a crack width w, and a
deflection f course in dependance to the number of loa-
ding cycles N are presented at the Fig.5.

The essential recommendation for the next safe and
reliable service can be given from these fatigue tests.
Sufficient capacity and reliability of sleepers previously
damaged by typical bending crack and conseguently
loaded by dynamic load on expected traffic load level
Pona™ / denldsk were proved to the number of cycles
N = 2.106, which are desired.

5. CONCLUSION

; The expected reliability and serviceability of sleepers
is directly related to the dynamic load levels in the real

Ld1b]
Gk . - Pit) -
Y width = .-
4 w, (- [me] 4 fq m;idi — e
as c P 4 st R an hE -
I 0
o7
i "r TEST BP 21
as !
’p 20 4
s +
23 - /l
LT et A i M
o 1 | R S DR -.;.—-xI TEST B91/2
4
e : : ?_ We o -_'n.nsu . 'Nm_ﬂfcyml . y i fy o *0.02mm Number of cycles
10 20 10 &9 108 i ¢ + + o |
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Obr. 5 Vyvoj Sirky ohybovej trhliny wir a priehybu fdyn v zavislosti na poé z
£ pocte cyklov zatazenia.
Fig. 5 The width of bending crack wtr and deformation fdyn development in relation to loading cycles number.
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5. ZAVER

Navrhom predpokladana funkénost a spolahlivost
predpét)?Ch betonovych podvaIO\{ uzko ngisi s hladinami
dynamického zataZovania v prevadzkovych podmienkach.
Na zaklade velkého poctu experimentalnych merani na
podvaloch priamo v prevadzkovych podmienkach, ale aj v
presne definovanych laboratérnych podmienkach mozno

konstatovat:

« Indikatory poskodenia podvalu - sirka trhliny w, a
priehyb f davaja dobry obraz o kumulacii poskodeni na
makrourovni.

« Ohybové namahanie podvalu v extremne namahanych
prierezoch pod kolajnicou a v strede vyvodzujuce
max M < ¢M nesposobuje Unavové porusenie podvalu.

« Dynamické namahanie podvalu uz poskodeného ohy-
bovymi trhlinami v extrémne namahanych prierezoch
sposobuje Unavu najma predpéatej vystuze, pricom
Gnavové poskodenie zavisi na hladine a rozkmite
dynamického namahania:

- Dynamické zataZzenie vyvodzujuce max M < 1,1.5M
sposobuje Unavu vystuZe, ale vzhladom na relativne
nizke hladiny zatazenia nesposobuje esSte Unavove
porusenie podvalu.

- Dynamické zafaZenie podvalu vyvodzujice jeho
ohybové namahanie na hladinach max M > 1,1.°M
sposobuje Gnavové poskodenie, ktoré sa vidy kumu-
luje vo vytvorenej ohybovej trhline a v zavislosti na
hladine dynamického zataZenia sposobuje unavove
porusenie podvalu. Unavové porusenie nastalo vzdy
pretrhnutim spodného radu predpatej vystuze.

- Dynamické zataZenie podvalu vyvodzujuce jeho
ohybové namahanie na vysokych hladinach
max M > 1,5.6M sposobuje intenzivne poskodzovanie
podvalu, ktoré sa prejavuje rychlou unavou predpatej
vystuze, a stratou sudrZznosti betonu a vystuze.

Namahanie podvalu na hladinach zatazenia
vyvodzujliceho ohybové momenty M < max M << “M
nastava porusenie podvalu porusenim predpinacej
vystuze, ¢asto v kombinacii so Smykovym zlyhanim
betonu a stratou sudrznosti vystuze a betonu.

* Pre zataZenie podvalu vyvodzujuce ohybove
namahanie ¢M < max M << YM sa potvrdila spolahliva
funkcia tlaceného beténu, ako aj sudrznost vystuze s
beténom. Unava betonu bola pozorovana pre vysoke
hladiny zatazenia, pri max M > 1,5 .cM.
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service. Following conclusions can be given on the base
of in-situ measurements on railway track and in laborato-
ry conditions.

* For the bending dynamic moment max M, < cM, the
fatigue failure did not occur. The moment M, = 16
kNm in the section under rail seat may be regarded as
a fatigue limit moment, however :

a) The fatigue failure may occur for a high cyclic loa-
ding on lower levels when a previous overloading has
cracked the element.

b) The fatigue loading for max M, > <M causes fatigue
failure of the sleeper.

* The experimental investigation into fatigue failure on
the prestressed concrete sleepers have indicated that
the fatigue failure due tension rupture of wires is per-
forming as the most common mode of fatigue failure.
It is the typical attribute of proper designed pre-
stressed element. In some cases secondary compres-
sion failure has occurred.

* In order to predict the fatigue life of a given sleeper,
first, it is necessary to determine the stress history for
prestressing wires corresponding to the known or
assumed load history. There is need to perform stress
- moment relation that may be computed by theoreti-
cal way to determine the transformation from load his-
tory to stress history.

* When the total area of prestressing wires is contained
in a small number of elements (sleeper BP-3), it is suit-
able to define the sleepe- fatigue failure as a failure of
the bottom row of wires, . e. the predicting of sleepers
fatigue life depends oi. fatigue properties of steel
wire.

« The tests of dynamic loading cM < max Mest << UM
have shown both the accurate function of concrete in
compression zone and the function of concrete rein-
forcement bonding. Concrete fatigue failures can
occur in high load level for max Mtest > 1.5, €M.

« |f the prestressed concrete member is designed to
avoid cracking and an unexpected overloading of
sleeper would occur it is not dangerous because the
crack will stabilize rapidly.

« The actual loading of the sleepers in service condition
can be estimated about M = 10 - 12 kNm. Then the
fatigue safety of sleepers should be satisfactory. But
the problem regarding steel wires corrosion risk acce-
leration can arise, especially due to crack opening.
The other deterioration due to aggressive environ-
mental influences has not been considered in these
observations.
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Prehlad sticasného stavu ME metédy na meranie
napadtosti predpinacej vystuze

Health Monitoring of the Steel Cables

Peter Fabo - Andrej Jarosevic¢ - Milan Chandoga

Magnetoelasticka metéda [1] je doteraz jedinou
nedestruktivnou metodou na bezkontaktné meranie
mechanického napéatia v ocelovych lanach, tyCiach a
kabloch. Vyskum vlastnosti a aplikacnych mozZnosti
magnetoelastickej meracej metddy je v obdobi posled-
nych rokov hlavnym vyskumnym programom firmy
PROJSTAR PK s.r.o. v spolupraci s Katedrou radiofyziky
FMFI UK Bratislava a Katedry beténovych konstrukcii a
mostov STU Bratislava. Pocas tohoto obdobia bola vyvi-
nutd a overena rada magnetoelastickych dynamo-
metrov, ktoré nasli svoje uspesné uplatnenie v praxi.
Podobne podstatnym vyvojom presla meracia technika a
Jjej programové vybavenie.

1. ZAKLADNA CHARAKTERISTIKA ME METODY

Z praktického hladiska nasla ME metoda najvacsie
uplatnenie v oblasti stavebnictva - predpatych betonovych
konstrukcii pozemného a hlavne mostného stavitelstva.
J}ko sa ukazalo najma predpinacia vystuZ stabilitou svo-
jich metalurgickych a fyzikalnych vlastnosti umoznuje
spolahlivo aplikovat presné ME snimace s neobme-
dzenou Zivotnostou. V ramci vyskumu, ale i merani in -
situ, ktoré realizovali vy3sie uvedené pracoviska od
r. 1985 boli ME snimade instalované na drotoch, tyciach,
Ian_ach a kabloch s kapacitou od 30kN do 10MN.
NajpodetnejSie zastipenie maji vonkajsie kable
Zostavené z 13 aZ 19 lan Lp15,5 pouzivaneé v novych ale
najma sanovanych mostnych konstrukciach [2],[3].

V porovnani s klasickym tenzometrickym resp.
hydraulickym dynamometrom, ktory musi byt priamo
zatazeny meranou silou ma ME snimac tieto vyhody:

5 kon?trukcia snimaca je velmi jednoducha, tvori ju val-
ﬁOW transformator uzatvoreny v masivnom kovovom
ryte

- predpinacia vystuz je sucastou snimaca, prechadza
shimacom a tvori tak priamo jadro transformatora sni-
made neobsahuji nijaké pohyblivé ¢asti, su robustné

The Elastomagnetic method (EM) is up to now the only
non-destructive method for non-contact measurement of
stress in the steel cables, rods and wires [1]. The main
objective of research done in the last years by company
PROJSTAR PK. Ltd. in collaboration with Department
of Radiophysics FMFI UK Bratislava and Department
of Concrete Constructions and Bridges STU Bratislava
are properties and a new applications of the EM method.
The new generation of the EM sensors was developed
and tested in the labor: tory and in the field. The
measuring technique and software were also essentially
innovated.

1. THE MAIN CHARACTERISTICS OF THE EM METHOD

The most applications of EM method are in Civil
Engineering - prestressed concrete constructions, espe-
cially bridges. The stability of the metallurgical and physi-
cal properties of the high tensile prestressing steel
enables application of the precise EM sensors with prac-
tically unlimited lifetime. Within the research projects and
in-situ measurements were the EM sensors installed at
wires. rods and cables with the loading capacity from
30kN to 10MN. The main field of applications are the
external tendons made from 13 to 19 strands 0,6" used
in the new but mostly in the reconstructed prestressed
concrete bridges [2],[3].

In comparison with the annular dynamometer
(hydraulic or using strain gauges) which is the force bea-
ring element the EM sensor has several advantages:

The construction of the sensor is very simple - sensor
is cylindrical transformer protected by the steel or
plastics cover.

The prestressing steel is the main part of the EM sen-
sor - it is the core of the transformer and the real sen-
sor is the steel itself.

The EM sensor has no moving parts, it is very reliable

RNDr. Peter Fabo; Doc. RNDr. Andrej Jarosevic, PhD. - Katedra radiofyziky FMFI UK Mlynska dolina F2, 84248

Bratislava, fabo@fmph.uniba.sk;
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a odolné proti prachu, vode, tlakovej a _slane_j vode,
chemikaliam, narazom, vibraciam, radioaktivnemu
Ziareniu

- ako vyplyva z vy3Sie uvedeného snimac nema Ziaden
prvok, ktory by bol silovo zataZeny. Masivny kryt slazi
len na zoslabenie vplyvu okolitych feromagnetickych
materialov. Nevyzaduje mechanické prerusenie me-
raného materialu alebo Upravu jeho povrchu

- montaz snimacov je velmi jednoducha, .snima'é sa
volne nasunie na merany prvok alebo je integralnou
stcastou obalu predpinacej vystuze.

- snimac nie je mozné silovo pretazit

- meracia metoda je spofahliva a presna, neistota mera-
nia je pri kalibrovanom snimaci mensia ako 1%, je
mozné spolahlivo zaregistrovat zmeny napatosti pod
1MPa.

- cena snimadov je nizSia ako cena prstencového ten-
zometrického resp. hydraulického dynamometra.

- ME metéda je pouzitelna aj na dynamické merania,
perioda merania snimaca na lane Lp15,5 moze byt 5
sekind, snimade priamo uréené na dynamické mera-
nia umoznuju merat zmeny napatosti s trvanim
niekolko mikrosekand.

2. MERACI SYSTEM

Pretoze poziadavky z oblasti stavebnictva na aplikacie
ME metddy byvaju velmi Siroké, bol pri vyvoji meracieho
systému kladeny déraz na jeho flexibilitu. Zakladny sys-
tém je moZné z jednokanalovej prenosnej aparatury
rozsirit na rozsiahly mnohokanalovy systém, umoznujlci
nepretrzité monitorovanie stavu stavebnej konstrukcie s
moznostou dialkového prenosu dat prostrednictvom
Internetu, obr.1.

Pri prenosnej verzii systému je aparatira napajana z
batérii a pracuje ako data-logger s pamatou na 1000 me-
rani. K prenosnej aparatire je Standardne mozné pripojit
jeden snimac, po doplneni o interny multiplexer az 4 sni-
mace. Kazdy snimac obsahuje identifikacnu jednotku, na
zaklade Udajov ktorej si aparatira automaticky nastavuje
meraci rezim Specificky pre prave merany snimac.
Aparatlru je mozné kedykolvek pripojit k pocitacu cez

and resistant against dust, salt water, shocks,
vibrations and radioactivity.

- The EM sensor has no mechanical contact with the
measured steel and bears no force. The steel cover
serves only as a magnetic shield. No treating of the
steel surface is necessary.

- Installation of the EM sensor is very simple - it is
slipped over the measured steel or it is the integral
part of the cable duct or protective tube.

- The EM sensor can not be overloaded.

- The EM measuring method is reliable and precise -
uncertainty of force measurement is after calibration
less than 1%, resolution is deep under 1MPa.

- Price of the EM sensor is lower than price of the com-
parable annular dynamometer.

- The EM method enables also dynamic measurement
and it is possible to measure the stress changes with
duration several microseconds. 3.2. Multistrand sen-
sor

The multistrand sensor was developed for monitoring
the single strands in the whole cable. This sensor con-
tains several single sensors together with the control elec-
tronic circuits closed in the steel cover. It is possible to
install it inside the anchor or using the bearing ring direct-
ly under the anchor plate. At Fig.3 are shown the both
types of PMS13 sensor for cable made from 13 mono-
strands 0,6". It is possible to design this type of sensor for
any cable size, especially in the cases when the external
tendon or stay cable is prestressed by the single strand
jack. Integral EM sensor gives information about the total
force in the cable together with the information about
force distribution between the single strands what is very
important for fatigue safety of the stay.

2. THE MEASURING SYSTEM

To fit the demands for application in the Civil
Engineering the EM measuring system is designed very
flexible. The basic single channel measuring unit extend-
able up to several thousands channels what enables con-
tinuous monitoring of the large construction and transfer
the data through Internet, Fig.1.

1..64

i o= RS 485
-

1...256

Internet

Obr. 1 Konfiguracia komplexného meracieho systému s dialkovym prenosom dat
Fig. 1 Configuration of the complex measuring system with remote data transfer
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rozhranie RS232 a prepnut do remote-mode. V tomto pri-
pade je mozné aparaturu oyladat z grafi;kého rozhrania
poéitaca. Tato verzia systému sa vyuziva pre potreby
reviznych a kontrolnych merani na objektoch, ktore
nevyzaduju nepretrzité monitorovanie. Pre konstrukcie a
objekty ktoré vyzaduju nepretrzité monitorovanie stavu
(napriklad obalky atomovych reaktorov, mosty, stavebné
kon&trukcie ohrozené kordziou predpinacej vystuz a
prirodnymi udalostami ako zemetrasenia, uragany, sada-
nia, zosuvy a pod.) sa pouziva konfiguracia systému podla
obr.1. Zvycajne takyto systém pozostava z jednej zaklad-
nej jednotky, dopinenej sustavou az 4 multiplexerov, ktoré
umozfiuji redukovat naklady na kabelaz. Ku kazdému
multiplexeru je moZné pripojit az 16 snimacov. Zakladné
jednotky je mozné prostrednictvom rozhrania RS485
spajat do siete, v sieti moze byt az 256 aparatir.
Programové vybavenie umoznuje paralelnu pracu viace-
rych aparatur, éo umoznuje skratit celkovl dobu merania.
Aparatdry moézu byt od seba vzdialené do 800m, celkova
dizka kabla od snimaca cez multiplexer do aparatury by
nemala presiahnut 200m. Meraci systém je mozné vhod-
nym sposobom pripojit k Internetu a cinnost systému
monitorovat dialkovo.

3. ME SNIMACE A ICH VLASTNOSTI

ME snima¢ pozostava z dvoch alebo viacerych vinuti.
Na rozdiel od predchadzajucich verzii pouzivaju najnovsie
snimade budenie pridovym impulzom, ¢o umoznilo
vyrazne znizit hmotnost snimacov, redukovat chyby mera-
nia sposobené ohrevom materialu pri dlhodobych mera-
niach a zvySit rychlost merania. Primarnym vinutim
prechadza impulzny budiaci prad a zmeny magnetickeho
toku indukuji napatie v sekundarnom vinuti. Sila poso-
biaca na merany feromagneticky material meni jeho mag-
netické vlastnosti, o sa prejavi zmenou indukovaného
napéatia Pretoze magnetické vlastnosti feromagnetickych
materialov zavisia aj od teploty, je suc¢astou snimaca pres-
ny teplomer.

3.1. Integralne snimace

V porovnani so stavom pred niekolkymi rokmi sa
podarilo zredukovat rozmery aj hmotnost integralnych sni-
macdov a zmensit neistotu merania pod 1% (za predpok-
ladu kalibracie snimaca na pouzity material). Spektrum
snimatov pokryva vSetky bezné priemery predpinacich
drétov, tyéi, lan a kablov. Na obr. 2 je fotografia snimaca,
ktory bol navrhnuty pre meranie sily v zavesoch
zaveseného mosta cez rieku Yang Tze v Nanjingu, CLR.

Obr. 2. Deleny integralny snimaé na zavese o priemere 150mm a snimace na kable, lana, droty a tyce
Fig. 2 Splitted Integral EM sensor and Integral EM sensors for cables, strands wires and bars

The portable measuring unit is battery powered and
has internal memory for storing 1000 measured data.
The standard unit is a single channel, optionally using the
internal multiplexor 4 channels. Each EM sensor has
built-in the identification unit containing the unique sen-
sor number and the calibration data. The measuring unit
works in the local mode or after connecting to the host
computer via RS232 interface in the remote mode. In the
remote mode the measuring unit is controlled from the
host computer using the graphical user interface. This
version is used for temporary measurements or in the
cases when the continuous monitoring is not important.
At the constructions where the continuous monitoring is
important (envelope of the nuclear reactor, constructions
in the regions with earthquakes, slide slopes, typhoons
etc.) the configuration according Fig.1 is used. The basic
unit is extended using the four external multiplexes up to
64 channels what reduces costs for electrical cables.
Each multiplexor has 8 or 16 inputs. The basic units may
be connected through the RS485 interface to the net with
maximum 256 units. The control software enables simul-
taneous work of several units which reduces the time for
measurement. The maximum distance between the
measuring units is 800m, the total cable length from the
EM sensor through the multiplexor to the measuring unit
should be less than 200m. The whole measuring system
after connecting to the Internet is remote controlled.

3. EM SENSORS AND THEIR PROPERTIES

The EM sensor contains the primary winding and one
or more secondary windings. The new generation of the
EM sensors use the pulse excitation what reduces their
dimensions and mass, increases the accuracy and the
measurement rate. The current flowing through the pri-
mary winding magnetize the steel and change of the mag-
netic flux induces voltage in the secondary winding. The
magnetic properties of the steel change under stress and
temperature what results in the change of the output
voltage. To exclude the influence of the temperature
each EM sensor contains also the precise temperature

gauge.

3.1. The Integral EM sensor

The new generation of Integral EM sensors have
essentially reduced dimensions and mass and the uncer-
tainty of force estimation is after calibration less than 1%.
Sensors are designed for practically all bars, wires,
strands and cables dimensions used in the Civil
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PM13.

Obr. 3 Multilanovy snimaé PM13 do prechodovej oblasti a pod kotvu 13 lanového kabla. Test multilanového snimaca

Fig. 3 Test of Multistrand sensor PM13 with the bearing ring and the anchor plate

Snimaé je nainStalovany na integrovanom zavese
zostavenom zo 265 drotov 7 mm, zaliatych v HDPE.
Nakolko k realizacii merania doslo az v poslednej etape
vystavby mosta, boli navrhnuté snimace s delenou
kostrou, navinuté priamo na zavesoch. ISlo o druhd
dodavku ME monitorovacieho systému do CLR. ME sys-
tém bol GspeSne pouZity aj v Japonsku pri merani koefi-
cientov trenia volnych kablov zostavenych z lan 15,5 mm
povlecenych epoxidom.

3.2. Muitilanové snimace

Pre potreby komplexného monitorovania jednotlivych
lan v kabloch bol vyvinuty Specialny druh multilanovych
snimacov, ktoré umoznuju merat sily v kazdom lane
kabla. Snimaé pozostava z viacerych jednoduchych sni-
macov, ktoré ale maju spolocny magneticky obvod a
mozno ho viozif do prechodovej oblasti kabla alebo
doplnit ocefovym prstencom a vlozit ho bezprostredne
pod kotevnu objimku. V snimaci je integrovana elektroni-
ka, ktora riadi proces merania. Na obr. 3 je fotografia
obidvoch prevedeni snimaca PM pre 13 lan typu MONO-
STRAND. Kapacita tohto typu snimaca nie je obmedzena
a predpoklada sa, 2e jeho hlavné vyuZitie bude pre vonka-
jSie kable a najma zavesy s vacsSim poctom lan, ked nie je
mozné pouzif na predpinanie velkokapacitné lisy kvoli ich

Engineering. At the Fig.2 are shown several types of the
EM sensors. The largest one was designed for the Second
Yangtze River Bridge at Nanjing, PRC. This sensor was
wound in-situ at the loaded stay cable made from
265x7mm wires coated by HDPE. The first application of
the EM sensors in the PRC was the Jiangyin bridge over
the Yangtze river. The EM sensors were used also in
Japan for measurement of the friction coefficients of the
external tendons made from epoxy-coated strands 0,6".

3.2. Multistrand sensor

The multistrand sensor was developed for monitoring
the single strands in the whole cable. This sensor con-
tains several single sensors together with the control elec-
tronic circuits closed in the steel cover. It is possible to
install it inside the anchor or using the bearing ring direct-
ly under the anchor plate. At Fig.3 are shown the both
types of PMS13 sensor for cable made from 13 mono-
strands 0,6". It is possible to design this type of sensor for
any cable size, especially in the cases when the external
tendon or stay cable is prestressed by the single strand
jack. Integral EM sensor gives information about the total
force in the cable together with the information about
force distribution between the single strands what is very
important for fatigue safety of the stay.

e
G VYPOCITANA SILA ODCHY NEISTOTA
PROCEQ WIGA U;MF) (”ﬂV‘F’D’,]Uav(O” CALCULATE FORCE ow&%’#@s umcagrgww
RING READING (kN] [kN] [%]
[kN]
0 5,0493 0,0000 38 38
210 5,4585 0,4092 206,5 55 "1.68
248 5,5355 0,4862 2445 T35 ©1,43
330 5,7055 0,6562 328,3 17 20,52
503 6,0671 1,0178 507,2 4.2 0.83
745 6,5434 1,4941 746,2 1,2 0.16
977 56,0935 1,9442 978,6 16 0.16
1266 7,5310 2,4817 1268,9 2.9 0,23
1520 7,9678 2,9185 1518.4 16 “041
1830 8,4814 3,4321 18315 15 0,08
1800 8,4326 3,3833 1800,7 0.7 0,04
1700 8.2723 3.2230 1701,2 1.2 0,07
1600 8,1030 3,0537 1598,6 -1.4 -0,09
1400 7.7505 2.7012 13925 =15 s |
1300 7,5914 2,5421 1302,6 2,6 0,20
1200 7.4061 2,3568 1199.9 “0.1 20,01
- -
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hmotnosti a prichadza do uvahy predpinanie jed-
nolanovym lisom. Snima¢ zabezpeci rychlu a spolahlivi
informaciu o rozdeleni sily medzi jednotlivé lana zavesu.

V nasledujtcej tabulke je uvedeny vysledok testu sni-
macda PM13. Na meranie celkovej sily v kabli bol pouzity
prstencovy dynamometer PROCEQ WIGA RING. Ako je
vidiet, neistota merania celkovej sily v kabli je mensia ako

1%.

4. APLIKACIE V STAVEBNICTVE

Magnetoelasticka meracia metoda si nasla pevné
miesto v oblasti monitorovania stavebnych konstrukci.
Svedéi o tom aj viac ako tisic instalovanych ME snimacov.
Systém MEM monitoruje silu v predpinacich kabloch
obalok JE Temelin ako aj desiatky inych malych i velkych
stavebnych konstrukcii.

Na ilustraciu sucéasnych moznosti magnetoelastickej
metddy uvedieme vysledky merani pri predpinani volne
vedenych kablov [3]. Magnetoelastické snimace boli
namontované za aktivnou kotvou, v strede a pri pasivnej
kotve volne vedeného kabla. Pocas celého procesu pred-
pinania bola aparattra v reZime automatického merania.
Na obr.4 je uvedeny zaznam priebehu sily pocas procesu
predpinania v oboch snimacoch. Je zrejmé, Z takato
forma zaznamu umoznuje nielen presnd a objektivnu
dokumentaciu predpinacich prac ale aj presne stanove-
nie strat trenim.

Na obr.5a, 5b je znazorneny priebeh sily v Siestich zo
169 lan hlavného nosného kabla visutého mosta s
rozpatim 1385 m v CLR. Na obr.5a je jednomesacny zaz-
nam priebehu sily meranej kazdych 10 minut. Detailny
priebeh sily dia 6.3.2000 je zobrazeny na obr.5b. ME
snimadce zaregistrovali prejazd koldny vozidiel po odstavke
mosta a "dynamické" Géinky dopravy. Obrazok zaroven
dokumentuje rozlisovaciu schopnost ME metody. Delene

In the next table is result of the PM13 sensor calibra-
tion (see Fig.3). The total force in the cable was measured
by the annular dynamometer PROCEQ WIGA RING
5500kN. Uncertainty of the PM13 sensor is less than 1%.

4. APPLICATIONS IN THE CIVIL ENGINEERING

EM method is applicable in the many situations where
other methods are inapplicable and is valuable tool for
the Civil Engineering. During the last years several hun-
dreds of EM sensors were installed not only at Slovak
Republic, Czech Republic but also in Asia.

For illustration of possibilities of the EM method as an
example is measurement of the force in the external ten-
dons during the prestressed concrete bridge reconstruc-
tion [3]). The EM sensors were installed near the active
anchor, in the middle and near the dead anchor of the
tendon. The 13 strands external tendon was prestressed
by the single strand jack. During the all prestressing the
measuring unit works in the remote mode and measures
the forces each 20 seconds. At the Fig.4 is shown the
time record of the force in the EM sensors near the active
anchor and behind the deviator. This record is not only the
quality control but also serves for the precise estimation
of the friction coefficient. At Fig.5 is shown the time his-
tory of the force in the six from 169 cables forming the
main cable of the Jiangyin suspension bridge with the
span 1385 m in PRC. The record at Fig.5a shows the time
history of force during March 2000 with the measuring
rate 10 minutes. At the Fig. 5b is detailed record from
March 6-th, 2000. This figure also illustrates the resolu-
tion of the EM sensor. Splitted EM sensors were installed
by company Strainstall Engineering Services, Ltd. [4] after
installation of the main cable. Measuring unit is a part of
the complex monitoring system with remote data acquisi-
tion.
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Obr. 4 (‘.asovy‘r priebeh sily za aktivnou kotvou a v strede volne vedeného kabla pocas predpinania.
Fig. 4 Time history of the force near the active anchor and behind the deviator of the external tendon
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Obr.5a Casovy priebeh sily v kabloch zaveseného mosta v priebehu marca 2000
Obr.5b Detail ¢asového priebehu sily v kabloch zaveseného mosta dna 6.3.2000
Fig.5a, 5b Time history of force in the main cable of the Jiangyin bridge

ME snimade boli nainstalované v spolupraci s firmou
Strainstall Engineering Services, Ltd. [4] aZ po namonto-
vani kablov. Meracia aparatura je sucastou komplexného
monitorovacieho systému napojeného na diafkovy zber
dat.

5. MERANIE DYNAMICKEHO NAMAHANIA

Zaverom kratko uvedieme zaujimavé pouzitie magne-
toelastickej metody na sledovanie dynamickych dejov. K
sledovanie tlakovych vin v kovoch bol pouzity jednoduchy
experiment podla obr.6. Ty¢ z materidlu 34CrNiMo6 bola
upevnena v zvislej polohe, pre generovanie tlakovych vin
v tyCi bola pozita keramicka gula zo zirkéniovej keramiky s
priemerom asi 4 cm, ktora padala na ty¢ z definovanej
vysky. Magnetoelasticky snima¢ bol napéajany jednos-
mernym prudom. Tlakova vina, ktora sa tydou Sirila rych-
lostou priblizne 4000m/sec pri prechode snimaom mod-
ulovala jednosmernd zlozku prudu, ktora sa registrovala
na sekundarnom vinuti oddelovacieho transformatora.
Po elektronickom spracovani signalu [5] ziskame realny
tvar tlakovej viny. Pre porovnanie si na obr.7 znazornené
signaly z tenzometra UDMS a ME snimaéa UMEE. Aby
bolo mozné porovnat celd tlakovych vin, s signaly na

5. DYNAMIC STRESS MEASUREMEMT

The EM method enables also very simple to measure
the dynamic load. The arrangement for comparing the EM
sensor and the strain gauge is shown at Fig. 6. The rod
with diameter 10mm from the 34CrNiMo#6 alloy (drill bit)
was fixed in the vertical position, the pressure waves were
generated by impact of ceramic ball falling down from the
certain highness. The EM sensor was powered by the DC
current. The pressure wave propagating through the rod
with velocity about 4000m/s locally changes the magne-
tic properties of the rod and inside the EM sensor affects
the magnetic flux. These changes modulated the current
flowing through the sensor winding and were registrated
by the measuring unit. After signal processing [5] the out-
put signal corresponds the instantaneous inner stress in
the rod. The comparison between the strain gauge and
the EM sensor is shown at Fig.7. The both signals are
shifted in the time - the strain gauge is farther from the
source, it registrates the direct wave later and the reflect-
ed wave sooner than the EM sensor. It is clear that the EM
sensor gives the same time resolution but it measures
directly the inner stress, not strain as the strain gauge.
The main advantage is the easy sensor installation with-
out contact with the measured material.
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Obr. 6 Usporiadanie experimentu pre meranie tl y
vin v ocelovej tyéi 4 e

Fig. 6 Measuring of the pressure waves in the steel rod
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Obr. 7 Porovnanie signalov magnetoelastického snimaca
asignalu z odporového tenzometra. Mierka éasovej 0si vV
mikrosekundach.

Fig. 7 Comparison of signals from EM sensor and the
strain gauge.
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rafe Gasovo posunuté, tenzometer bol namontovany
dalej od zdroja tlakovej viny, takZe priamu vinu registroval
neskor a vinu odrazend od poq|oz;§y registroval skor. Z
orovnania je zrejmé, 2 ME snimac dava lepsie casové
rozlisenie ako tenzometer, odhliadnuc od skutocnosti, ze
meranie magnetoelastickym snimacom je bezkontaktné.
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KONSTRUKCIE POZEMNYCH STAVIEB
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7Zelezobeténova konstrukcia sila kli¢iarne sladu
v Pivovare Hurbanovo

Reinforced Concrete Structure of the Malt Germination
Silos at the Brewery Hurbanovo

Matus Buci - Igor Hudoba

Predmetom ¢lanku je Zelezobeténova konstrukcia dvo-
jice sil kliciarne sladu. Uvadza sa popis superkonstrukcie
sila, predpoklady navrhu, postup vystavby a technologie
betonarskych prac so zohladnenim S$pecifickych
poziadaviek investora. Narocny casovy plan vystavby,
zvlastny doraz na kvalitu betonovej konstrukcie vytvorili
tlak na uspesnu koordinaciu prac investora, projektanta
a dodavatela.

1. VSEOBECNE

Superkonstrukcia dvojice sil kliciarne sladu tvori
stcast nového komplexu sladovne v Pivovare Hurbanovo
v juZnej casti Slovenska. Investorom celej stavby bol
Heineken Slovensko, a.s.

Na navrhu a realizacii stavby kli¢iarne sladu sa
podielali nasledovné subjekty:

- Delegovany manager projektu: IBS Ingenieurbureau
Spijkensse b.v. Holland

- Zodpovedny projektant: Jakab Design Studio,
Komarno, SK VPU DECO Bratsislava, a.s., Bratislava,
SK

- Konzultant: Katedra betonovych konstrukcii a mostov
Stavebnej fakulty STU v Bratislave, SK

- Dodavaterl stavby: DOPRASTAV, a.s., Bratislava, SK

Svojou velkosfou a projektovanou vyrobnou kapacitou
sa stavba sladovne zaraduje medzi najvacsie zriadenia
tohto druhu na svete. Technolégia vyroby sladu si
vyzaduje Specifické podmienky, ktoré bolo treba zohladnit
pri samotnom navrhu Zelezobetonovej konstrukcie sil, ako
aj postupu a technolégie ich vystavby.

Zakladné poziadavky na material:

- spotreba betonu 6 542m°
- spotreba ocele 1 012 ton
- potreba debnenia 1238 m’

The paper is concerning the reinforced concrete struc-
tures of germination silo twins. Paper content describes
the silo reinforced concrete superstructure, require-
ments of design, building process and technology pro-
cedure of casting by taking into account the specific
requirements of the contractor. Pretentious time sched-
ule of the construction process, special accent on the
quality of concrete structures evoked the stress on effec-
tive and successful collaboration among investor,
designer and contractor.

1. GENERAL

The superstructure of silo twins serves for germina-
tion of malt as a part of the new malting plant in the
Brewery Hurbanovo in the south of Slovakia.

The investor of the new malting plant is Heineken
Slovakia, corp.

The following players were involved into the process of
design and construction of the malting plant complex:

- Delegated project manager: IBS Ingenieurburerau
Spijkenisse b.v., Holland

- Project design: Jakab Design Studio, Komarno, SK
VPU DECO Bratislava, corp., Sk

- Co_nsultant: Department of Concrete Structures and
Bridges, Faculty of Civil Engineering, Slovak University
of Technology Bratislava, SK

- Contractor: DOPRASTAV, corp., Bratislava, SK

From the size and production capacity point of view
the superstructure belongs to the biggest facility of this
type all over the world. The technology process of malt
germination requires a specefic conditions which had to
be taken into account at the design of silo reinforced con-
crete structure, as well as in the technologic procedure.

Ing.Mat(s Bci - DOPRASTAV, a.s. , Bartislava

Doc.Ing.Igor Hudoba,PhD - Katedra bet6novych konstrukcii a mostov SvF STU Bratislava
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2 DNE UDAJE O ZELEZOBETONOVEJ
KONSTRUKCII SILA

Komplex sladovne pozos'géva z dvojice sil kliéia;ne
sladu, sila susiarne sladu a snla__r_wa uskladnenie suchého
sladu. Samotna konétrukcia kliciarne sladu pozostava z
dvojice sil vzajomne qujenych l_«_ratkym krékom. Obidve
sil4 st tvarove identické. Vonkajsi priemer valca sila je
28,28 m, vyska jeho valcovej steny je 30 m, hrabka steny
je 350 mm. Vnatorny priemer sila jegrozdelen{/ na tri tech-
nologické podlazia. Stropné konstrukcie jednotlivych
poschodl’ tvoria monolitické Zele_zobetonoyé kruhové
dosky premennej hribky. Kruhova stropna doska na
vyske +4,87 m je premennej hrabky od 400 do 900 mm.V
strede dosky je kruhovy otvor priemeru 700 mm. Doska je
podopreta systémom ielezobeténoyych stlpov. Kruhové
stropné dosky 2. a 3.poschodia (uroven + 12,97m a
21,07m) maju svetlé rozpatie 27,58 m a su votknuté do
valcovej steny sila. Ich premenna hrubka je od 700 mm
na okraji do 1 200 mm v strede dosky, kde je situovany
kruhovy otvor priemeru 700 mm. Stresna kruhova doska
ma konétantnu hrdbku 400 m s otvorom priemeru 700
mm v strede dosky. Zelezobetonova nadstavba stresnej
dosky v podobe dopravného tunela tvori spolu s kruhovou
stropnou doskou jeden nosny celok.

Cely objekt sila je zaloZzeny na tuhych zelezobetonovych
pasoch a velkopriemerovych pilotach priemeru 600 mm
siahajticich aZ do hibky 15 m po terénom. Schému Zle-
zobetonovej konstrukcie sila kliciarne sladu je vidiet na
obr.1.

V pristavbe sila, ktora tvori stcast podorysu su sustre-
dené technologické zariadenia kliiarne sladu.

3. TECHNOLOGICKY POSTUP VYSTAVBY SILA
KLICIARNE SLADU

Kratky ¢as vystavby sila kliciarne sladu pozadovany
investorom si vyziadal dokladnua pripravu zo strany doda-
vatela. Na betonaz monolitickej konstrukcie stien a
stropov sila sa pouzili systémové debnenia typu PERI a
DOKA, 6o umoznilo urychlif odebnovacie a oddebnovacie
prace. Kvalitné debnenie vytvorilo tiez predpoklady pre
whbornt kvalitu povrchov hotovej betonovej konstrukcie.
Pri vystavbe stien sila sa pouzil sposob prekladaného
debnenia. Samotna betonaz sa robila systémom prudovej
vystavby striedanim prac na stenach a stropnych doskach
obidvoch z dvojiciek sil. Na vyrobu betonu sa pouzilo
dunajské rieéne kamenivo, vysokopecny cement CEM
llli/A 32,5 a superplastifikator, ktory umoznil pouZit cer-
stvy betén s nizkym vodnym sucinitefom. Transportbeton
sa vyrobil v modernej betonarke typu STETTER vo vzdi-
alenosti 25 od miesta stavby. Objem betonu valcovej
steny jedného sila predstavoval cca 120 m3 a betonaZ sa
robila Spirdlovite po vrstvach hribky 400 m. Beton
uloZeny do debnenia sa zhutioval ponornymi vibratormi.

4. SPECIFICKE PODMIENKY NAVRHU A REALIZACIE SIL

41 Po?ladavky vyplyvajice z technologie prevadzky
sila pocas vyroby sladu

Technologia vyroby sladu si vyzaduje Specifické
Podmienky, hlavne kondtantni teplotu 16°C a 100 %
VIhkost vzduchu vovniitri sila. Preto navrh Zlezobetonovej

BUILDING CONSTRUCTION

Basic requrements on materials:

concrete 6 542 m®
steel reinforcement 1 012 tons
formwork ( system DOKA, PERI ) 1 238 m’

2. BASIC FACTS ABOUT REINFORCED CONCRETE
STRUCTURE

The complex of malting plant consists of the germina-
tion silo twins, silo for malt drying process and silo for
storing of dry malt product. The structure of germination
silos consists of two identical silos ( twins ) interconnect-
ed by short neck. Both silos are symmetrical in ground
plan. Outer diameter of the silo cylinder is 28,28 m, its
height 30 m. The wall thickness is 350 mm. Internal
space of the silo is vertically devided in three technologic
floors. The circular floor slabs have continuously varying
thickness. The slab on the first floor ( level +4,87 m ) has
a varying thickness of 400 to 900 mm with one circular
technologic opening of diameter 700 mm in the middle.
The solid slab is supported by system of reinforced con-
crete columns.

The circular solid floor slabs on 2@ and 3 floor (level
+12,97 m and +21,07 m) have the effective span of
27,58 m. The slabs are fixed into the silo cylindrical wall.
Their varying thickness is from 700 mm to 1 200 mm.
There is one circular opening with diameter of 700 mm in
the middle of each floor. The roof structure consists of flat
solid slab with thickness of 400 mm. A circular techno-
logic opening of diameter 700 mm is situated in the mid-
dle .

The silos are based on rigid reinforced concrete rings
and piles. The piles with diameter of 600 mm were drilled
into the depth of 15 m. Fig.1 shows the scheme of the
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Obr. 1 Schéma Zelezobetonovej konstrukcie sila
Fig. 1 Scheme of the silo’s reinforced concrete structure

—

InZinierske stavby, ro€. 50, 2002, ¢. 3

53



KONSTRUKCIE POZEMNYCH STAVIEB M is

kon&trukcie sil si vyziadal pouZitie vodostavebného
beténu vyssej kvality. Samotna technologia vyroby sladu a
mokry proces vovnutri sila si vyZzaduje technologicky
spad horného povrchu stropnych dosifek
1 % v radialnom smere od stredu dosky k obvodovym
stenam. Z dévodu plynulého odtoku technologickej vody
je hribka kruhovych stropnych dosiek jednotlivych
podlazi premenna (obr.1). Ako vidiet z popisu konstrukcie
sil, ich tvaru a rozmerov, jedna sa o velmi narocnu mono-
litickli Zelezobetonovia superkonstrukciu. Pre jej realizaciu
bolo treba navrhnut podrobny technologicky postup, ktory
by garantoval kvalitu betonarskych prac a zaroven
dokonale splnil predpoklady projektanta v statickom
navrhu nosnej konstrukcie sila. Vzhladom na tvar a
velkost Zelezobetonovej konstrukcie sil bolo ich treba
budovat po jednotlivych etapach. Navrhnuty postup vys-
tavby musel byt premietnuty aj do vstupnych tdajov pre
konstrukénu a statickd analyzu nosnej konstrukcie.

Preto bolo potrebné urobit okrem statického navrhu
nosnej konstrukcie sila v definitivnom Stadiu prevadzky aj
postdenie jednotlivych vyrobno-montaznych stadii pocas
vystavby. Ako sa ukazalo, tieto Stadia mali vyrazny vplyv
na stav napatosti a deformacii konstrukcie.

NajkritickejSou castou celej nosnej konstrukcie sil boli
kruhové stropné dosky na drovni +12,97 m a 21,07 m.
Vzhladom na ich velké svetlé rozpatie 27,58 m a pre-
mennu hribku v medziach od 700 do 1 200 m (6o pred-
stavuje zataZenie od vlastnej tiaze dosky 20 kN/m2), ako
aj intenzitu prevadzkového zatazenia v, = 11,5 kN/m2,
bolo treba navrhnut nadvySenie debnenia dosky v strede
podla vypoctu. Tymto sposobom sa zabezpecila dlhodoba
pouzitelnost stropnej dosky z hladiska medzného stavu
deformacii. Rovnako bolo treba posudenim preukazat
medzny stav Sirky trhlin podla platnych kritérii. Kruhové
stropné dosky boli tiez narocnou Castou betonarskych
prac zo strany dodavatela. Doska premennej hribky od
700 do 1 200 mm o celkovom objeme 500 m3 si
vyZiadala nepretrZitu betonaz pocas 24 hodin. Beton sa
ukladal po vrstvach a dalSia vrstva betonu sa ukladala na
predoslu vrstvu najneskor do 1 hodiny. Horny povrch
kruhovej dosky musel byt upraveny v predpisanom sklone
1% a vyhladeny rotacnym strojnym hladidlom. Zvlastna
pozornost sa venovala oSetrovaniu beténu dosiek z dovo-
du minimalizovania Ucinkov zmrastovania.

4.2 KonStrukcné a statické poZiadavky navrhu a reali-
zacie sila

Poziadavky investora vzhladom na montaz strojného
technologického zariadenia vovnutri sila boli velmi
prisne. Pri valcowych stenach o polomere 14 m sa
pozadovalo dodrZanie projektovanych rozmerov konstruk-
cie s toleranciou + 17 mm. Preto bola poloha kazdého
dielca debnenia steny kontrolovana geodeticky pomocou
optického dialkomera.

DalSou naroénou tilohou, ktord musel riesit dodavatel
bol investorom pozadovany rychly postup vystavby. Z dévo-
du rychleho tempa stavebnych prac a efektivneho vyuzitia
nasadepého debnenia sa stropné dosky oddebriovali v
najkratSom moznom &ase po ich betonazi. Po postupnom
odstrar_leni debnenia dosky sa tieto podopreli doéasnymi
ocelovymi stojkami (vezami). Oddebnenim stropnej dosky
sa docielilo to, Ze tieto zacali prenasat svoju viastna tiaz a
tym odlahCili_doCasné podperné vez poéas vystavby
dalSej vySSej Casti sila.

reinforced concrete structure of germination silos. The
side extension part of the silo twins is used for germina-
tion technology equipment.

3. TECHNOLOGIC PROCEDURE OF THE SILO REIN-
FORCED CONCRETE STRUCTURE ERECTION

Due to limited time for silo erection very careful atten-
tion was payed for preparatory works.

High quality system of formworks DOKA and PERI
were used for wall and circular floor slabs. This type of
sofisticated formworks allowed to accelerate its assem-
bling and dismanteling process. An excellent quality of
the concrete surface was achieved. The concreting of
walls and circular floor slabs was made on the principle
of step by step method by changing of works at both
silos. Ready- mix concrete was prepared by using Danube
river aggregate, blast furnace cement CEM IlI/A 32,5 and
superplasticizer which allowed to use a low water-cemet
ratio of fresh concrete. Ready - mix concrete was trans-
ported from central mixing plant type STETTER from the
distance of 25 km.

For one cylindrical wall of the germination silo was
used 120 m® of ready-mix concrete. The concreteing of
the wall was done in spiral way by placing of 400 mm
thick layer continuously. Fresh concrete after its placing
was compacted by internal vibration.

4. SPECIFIC REQUIREMENTS FOR DESIGN AND CON-
STRUCTION OF THE SILOS

4.1 Requirements concerning the technologic process
of malt production

The technology process of germination requires very
specific conditions inside the silos, especially +16°C of
temperarure and 100% of air humidity. Therefore the
hydrotechnics concrete of higher quality was designed
and used. Because of malt germination process and
necessity of water course the upper floor slab surface
declination of 1% in radial direction was needed. This is
the reason why the continuously varying floor slab tick-
ness at each silofloor was designed. As Fig.1 shows, due
to the size and span the silos can be characterized as a
cast-in-situ reinforced concrete superstructure. Therefore
it was needed to design a very detailed technologic
process of its erection which should guarantie sufficient
quality of concreting works and to fulfil the requirements
of silo s static design.

Due to size and form of reinforced concrete silo it was
necessary to cast it by using the step-by-step method.
This sequence was taken into account at structural
analysis of the silo.

Therefore it was necessary to provide the structural
analysis not only for definitive stage but also to evaluate
all particular stages during the silo erection. It was evi-
dent that these particular stages had significant influ-
ence on the stress and deformation of the structure.

Circular solid floor slabs on the level +12,97 m and
+21,07 m were found as the most critical part of the
whole silo structure. Due to its long span of 27,58 m and
thickness in the range from 700 to 1 200 mm (dead load
of the slab is more than 20 kN/m2), and the value of vari-
able action v, = 11,5 kN/m?2, there was necessary to pre-
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7 dévodu overenia stavu napatosti a deformacii pocas
oddebnovania a nasledného doc¢asného podopretia
kruhovej stropnej dosky sa urobila podrobna staticka
analyza jednotlivych vyrobno-montaznych stavov nosnej
kondtrukcie sila. Vo vypoctoch sa uvaZoval realny vek
beténu jednotlivych hotovych casti sila z hladiska
mechanickych viastnosti betonu. Staticka analyza sa uro-
bila na 3D vypoétovom modeli. Wsledky vypoctov
preukazali spinenie podmienok unosnosti kritickych
prierezov nosnej konstrukcie sila, ako aj medznej Sirky
trhlin.

Vypoéitana Sirka trhlin sa pohybovala v rozpati od
0,05 do 0,15 mm. Porovnanie nameranych hodnot defor-
macii a sirok trhlin na hotovej konstrukcii sila s teoretick-
ymi hodnotami ziskanymi vypoctom potvrdili spravnost
statickych predpokladov projektanta pri statickom navrhu
nosnej konstrukcie.

Skisenosti dodavatela ziskané pocas vystavby sila a
jeho uspesna realizacia potvrdili spravnost navrhnutého
technologického postupu betonarskych prac.

Na obr.2 vidiet pohlad na konstrukciu sil kli¢iarne
sladu pocas vystavby.

Obr. 2 Pohlad na konstrukciu sil kliciarne sladu pocas
vystavby,
a.) Vystavba prizemnej asti sila
b) Vystavba poslednej ¢asti konstrukcie sila
Fig. 2 Silo for mait germination under construction,
a) Construction works on the silo ground floor
b) Final stage of the silo construction

BUILDING CONSTRUCTION

sc_rlbe certain overerection of the floor slab form in the
middle of the span. It was the way how to guarantie the
long-term reliability of the floor slabs form the point of its
deformation limit state view.

The similiar attention was payed for evaluation of
crack width limit state according the valid criterion.
Concreting of the huge circular floor slabs was considered
as the most pretentious operation provided by the con-
tractor. Floor slab of the thickness in the range from
700 to 1 200 mm and the total volume of 500 m" ready-
mix concrete have been casting continuously during
24 hours. Placing was provided in layers when next layer
was cast until 1 hour after concreting the previous one.
The upper surface of the circular floor slab had to be
finnished in prescribed declination of 1% from the middle
of the slab to the outer wall by using of rotation smooth-
ing machine.

Special attention was payed for slab “s curing procces
during the concrete hardening due to minimize the effect
of shrinkage.

4.2 Structural and static requirements

Very strict requirements concerning the fixig-up of
technologic equipment for malt germination were
requested by investor inside the silo.The tolerance pre-
scribed for the cylindrical wall was + 17 mm. Therefore
the position of every formwork elements during its assem-
bling was checked by optic measuring instruments.

Another task which had to be solved by contractor was
the requirement of fast pror:.ess of the silo erection. Due
to this requirements and t' e effective utilization of the
formwork the circular floor slabs have been dismanteled
in prescribed time after concreting. Step by step after
removal of the formwork the slab was preliminary sup-
ported by steel support (towers).

Using this procedure the slab after dismanteling has
started to carry its own dead load and this way the pre-
liminary steel support were less loaded during the con-
struction works of the silo upper part.

Due to proposed system of dismanteling of circular
floor slab in earlier age than 28 days and supporting by
preliminary steel supports a detailed static analysis of
particular construction stages was realized. The actual
age of the concrete and corresponding material charac-
teristics have been taken into account in calculations.
The 3D model of the silo structure was used for its static
analysis. The results of the static computatios has con-
firmed the ultimate load bearing capacity of the silo struc-
ture and also the limit crack width. The maximum theo-
retical crack width according the computation on the 3D
model achieved the value from 0,05 to 0,15 mm. The
comparisson of the measured actual deformations and
cracks width at the silo slabs and the theoretical values
according the computations has confirmed the expecta-
tions of the designer in the project static design.

The experiences of the contractor which have been
achieved during the erection of the silos and the suc-
cessful termination of the construction works have con-
firmed proper way of the technologic procedure design of
concreting works.

Fig.2 shows the malt germination silo under con-
struction.
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5 ZAVER

Superkonstrukciu sil kliciarne sladu v Pivovare
Hurbanovo prezentovanl v tomto prispevku mozno
povaZovat za priklad UspeSnej spoluprace investora, pro-
jektanta a dodavatela. Uzka spolupraca subjektov zain-
teresovanych v procese vystavby vysSie uvedenej
konstrukcie podporena vyuZitim vedeckej a odbornej
kapacity technickej univerzity umoznila bezproblémovu a
rychlu  realizaciu  tejto  narocnej priemyselnej
superkonstrukcie.

Dodavatel stavby DOPRASTAV, a.s. Bratislava dokazal
zrealizoval stavbu prezentovanu v tomto c¢lanku v
pozadovanom extrémne kratkom Case a vo vynikajucej
kvalite.

Ing. Buci Matus, nar. 17.01.1957 v Bratislave, zamest-
nany u Doprastav a.s. Bratislava - Petrzalka ako veduci
Wrobno Hospodarskeho Strediska.

Realizované referencné stavby:

- Wstavba novej sladovne v Hurbanove - inzinierska
stavba monolitickych sil potravinarskom priemysle

- Estakada Prievoz na dialniénom useku Mierova -
Senecka v Bratislave.

- mostné objekty na dialniénom Gseku pri Novom
Meste n/V 700m Horna Streda, 400m Beckov,
mensie premostenia

- mostny objekt Schnaittach v Nemecku budovany
technologiou vysuvania

- Dielne pre telesne postihnutych Siegelbach Nemecko
komplex pozemnych stavieb

- Realizacia mostov technologiou letmej montaze
priecne delenych konStrukcii. A-5, V-1, Vlarska v
Bratislave, Hustak Banska Bystrica

Doc. Ing. Igor Hudoba, PhD. (1946)

- veduci i}atedry beténovych konstrukcii a mostov,
Stavebna fakulty Slovenskej technickej univerzity v
Bratislave

Oblast vyskumu: betonové konstrukcie, vysokohodnotny
betdn, viaknobetén

5 CONCLUSION

The superstructure of the malt germination silos at
the Brewery in Hurbanovo presented in this paper is 3
good example of successful collaboration among the
investor, project designer and contractor. Close coopera-
tion of all subjects involved into the realization process of
above mentioned construction supported by scientific
and professional capacity of the university experts
allowed the smooth completing of this pretentious indus-
trial superstructure.

Matus Buci, MSc.Civil Eng. (1957):
DOPRASTAV s.a., Bratislava - Chief Engineer
Reference constructions:

- Malting Plant of the Brewery Hurbanovo, Slovakia

- Overpass Bridge Prievoz, highway part Mierova-
Senecka, Bratislava, Slovakia

- Bridge Constructions nearby Horna Streda, Beckoy,
Slovakia

- Complex of Buildings for Handicaped People,
Siegelbach, Germany

Igor Hudoba, Assoc.Prof., PhD ( 1946)

- Head of the Department of Concrete Structures and
Bridges, Faculty of Civil Engineering, Slovak University
of Technology Bratislava, Slovakia

Field of research: Concrete Structures, High Performance
Concrete, Fibre Reinforced Concrete,
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Hromadné garaZe SPP Bratislava
Car Park SPP Bratislava

Michal Schmuck

Clanok poukazuje na moznosti prefabrikacie pri stavbe
viacpodlaznej garaze kruhového pédorysu. Prefamonoli-
ticky systém betonovej konstrukcie prispel k vyraznému
urychleniu a zlacneniu stavby.

V roku 2000 bola postavena zaujimava konsStrukcia
hromadnych garazi v areali Slovenského plynarenskeho
priemyslu - OZ Bratislava.

Objekt hromadnych garazi je po architektonicko - dis-
pozicnej stranke navrhnuty kruhového podorysu, ma svo-
jim tvarom pripominat plynojem, ktory v tychto miestach
kedysi stal. Ma Sest nadzemnych a jedno podzemné
podlazie. Skladobny priemer hornej stavby je 54 m,
priemer podorysu podzemného podlazia 67 m. Garaze su
vyprojektované pre malé nakladné automobily v suteréne,
pre velké nakladné automobily a autobusy v prizemi a
pre osobné automobily v druhom az piatom nadzemnom
podlazi. Komunikaciu automobilov zabezpecuju rampy -
kruhova do suterénu a priame dvojsmerné rampy v
hornych podlaziach. Pristup velkych nakladnych automo-
bilov a autobusov do kazdého garazového boxu je priamo
zvonku objektu. V prizemi sa eSte nachadzaju priestory
pre servisné sluzby. V Siestom nadzemnom podlazi su
umiestnené kancelarie, Satne a sklady.

Styri Unikové schodiska su situované v Stvrtinach
obvodu, odklonené si od hlavnych osi objektu o 450.
Hlavuné vertikdine komunikécie - schodisko a vytahy s ins-
talacnymi a vetracimi

sachtami si v centralnej oblasti dispozicie - v
kruhovom &triu pretinanom priamymi rampami. Atrium je
Zhora zastreSené a presvetlené zasklenou ocelovou
konstrukciou v tvare kuzela.

_Konétrgkény systém je montovany Zlezobetonovy
priestorovy skelet so spriahnutymi prefamonolitickymi
stropmi. Stropné konstrukcie pozostavaju z vnitornych

°b!':'k°V!7€h prieviakov, obvodovych nosnikov, radial-
gych tramov skladobného rozpatia 13 m a Zlezo-
etonovych prefabrikovanych  dosiek (filigrany).

Plfif!Stprové posobenie konstrukcie je zabezpeceneé
Vlozpnjm nadpodporovej vystuze, spriahnutim tyéovych a
Plosnych prvkov pomocou vyénievaijticej vystuze a zmono-

e

The article points out at the possibilities of the concrete
prefabricates by construction of the multiple storey car
park building of circular layout. The prefabricated mono-
lithic concrete structure system has contributed to a sig-
nificant acceleration and economizing of the construc-
tion works.

Last year a collective car park with an interesting
design has been built in the: premises of the Slovak Gas
Company (SPP) - the branc! plant Bratislava.

From the architectural viewpoint the car park has
been designed as a building object with circular ground
plan layout, which should resemble the gas tank station,
which used to stand in this place a long time ago.

The building has 6 over ground storeys and 1 under-
ground storey. The diameter of the overground circular
part of the building is 54 m, whereas the diameter of the
underground circular part is 67 m. The car park has been
designed for parking of small trucks in the underground
storey, for parking of the large trucks and bussess on the
ground floor and for parking of the passenger cars on the
2nd - 5th overground storey. The cars can move around
the car park through the system of ramps: - the circular
ramp leading to the basement and the straight bi-direc-
tional ramps on the upper storeys. The access of large
trucks and busses to any parking box is possible directly
from the outside of the car park building. Moreover, there
is a car repair and service station on the ground floor of
the building. The 6th floor of the building also houses the
office rooms, wardrobes and storage rooms.

The 4 emergency staircases are situated each in one
quarter of the building, at an angle of 45° measured from
the respective perpendicular axis of the building. The
main vertical communications - the staircase and the lifts
with the building services and ventilation shafts are locat-
ed in the central part of the layout - in a circular atrium
crossed by the straight ramps. This atrium has_a steel pro-
file roofing structure with the glazed cone skylight.

The building structure has the carcass built from the
prefabricated iron concrete columns with the coupled
monalithic ceiling from prefabricated concrete. The ceil-

Ing. Michal Schmuck, ZIPP BRATISLAVA, spol. s r.0.
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Obr. 1 Rez stropnou konstrukciou
Fig. 1 Cross sectional view of the access ramps

litnenim stropu.

Radialne nosniky podobne ako nosniky ramp sq
uloZené na konzolach stipov a prieviakov. VSetky stipy su
stykované pomocou vyénievajucej vystuZe, na ktoru sa
nasunu svojimi dutinami stipy vyssieho podlazia a
nasledne sa zainjektuju Vusokretom. Pri takomto rieseni
odpada zvaranie a styky su v pohladovom betone nev-
iditelne.

Zakladova doska a suterénne steny si monoliticke.
Maximalna hladina podzemnej vody sa nachadzacca 1 m
nad podlahou suterénu, preto bola spodna stavba
rieSena ako vana.

Wpocet priestorovej konstrukcie bol vykonany pro-
gramom Feat 4.1 metodou konecnych prvkov. Bol
pouzity beton tr. B20-B30 pre monolitické konStruk-
cie a B30 - B50 v prefabrikatoch. PouZita ocel 10505,
resp. 10425.

Investor:  Slovensky plynarensky priemysel, OZ Bratislava.
Dodéavatel: ZIPP BRATISLAVA, spol. s r.0.
Autor: Ing. arch. Peter Kostal, Ing. Michal Schmuck
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ing structure is composed of the vaulted downstang
beams, peripheral girders, radial trusses of the 13
span and of the iron concrete prefabricated panels (fj.
igrans). The spatial effect of the building structure is ¢or.
rected through insertion of the over support reinforce.
ment bars, through coupling of the rod and surface ele.
ments by means of the protruding reinforcement bars ang
by means of the monolithic ceiling from the cast con
crete.

The radial trusses are, similarly as the ramp girders,
laid on the column cantilever beams and on the down-
stand beams. All columns are coupled through the pro-
truding reinforcement bars, on which the upper floor
columns are fitted and subsequently injected through the
Vusokret cement mixture. This engineering solution does
not require any welding and the joints invisible in the ceil-
ing soffit.

The foundation slab and the walls in the basement are
from the monolithic concrete. The underground water
attains the maximum height of approx. 1 m above the
basement floor level, therefore the hydroinsulating layers
on the floor and on the diaphragm walls had to be used
on the underground storey.

The structural calculation of the car park building
object has been performed by means of the finite ele-
ments method and the FEAT 4.1 computer program.

The monolithic structures of the building have been
built from the class B20 - B30 concrete and the prefabri-
cated elements were made from the class B30 -B50 con-
crete. The reinforcing bars used in the iron concrete mix-
ture are made from the steel 10505 and/or 10425.

Investor:  Slovak Gas Company, branch plant Bratislava
Contractor: ZIPP Bratislava, s.r.o.
Designers: Peter Kostal, MSc.Arch.,

Michal Schmuck, C.Eng.
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Obr. 2 Dispozicia prizemia
Fig.2: Ground floor layout

Obr. 3 Dispozicia typ. podlazia”
Fig. 3 Layout of a typical overground storey
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Obr. 5 Vertikalne komunikacie

Fig. 5 Vertical communication paths in the car park
building
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Obr. 4 Padorys typického podlazia
Fig. 4 Ground plan of a typical overground storey

Obr. 6 Rez rampami
Fig.6: Ground floor layout

Ing. Michal Schmuck, Authorized
civil engineer (Age: 62 years), work
specialization - structural analysis of
the buildings and construction
objects, author of many
successful engineering designs of the
prefabricated and monolithic concrete
structures in Slovakia

Obr. 7 Pohlad na hotovi konstrukeiu
garazi
Fig. 7 Car park - external view

Ing. Michal Schmuck, Autorizovany
stavebny inzinier (62 rokov), hlavné
Zameranie - statika pozemnych
S_ta_wep. autor mnohych uspesnych
reseni prefabrikovanych i monolitick-
ych konstrukcii na Slovensku.
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Obr. 8 Ineriér garazi - typické podlazie
Fig. 8 Typical floor - Internal view
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Halové objekty
Concrete Halls

Lubomir LASAN

Niekolko priemyselnych hal, vyrobenych z prefabriko-
vanych beténovych prvkov v Slovenskej a Ceskej repub-
like je prezentovanych v prispevku. Uvedené halové
konstrukcie st zaujimavé nielen z technického hladiska,
ale aj z hladiska objemu stavebnych prac a rychlosti vys-

tavby.

1. UvoD

Wvoj halovych objektov v siiéasnom obdobi je uréeny
investorskou ¢innostou a moZnostami technolégie vyroby,
dopravy a montaz. Halové konstrukcie z beténu splnaji
narocné poZiadavky z hladiska vytvarania potrebnych
priestorov a zaroven spliaju uzZivatelské poZiadavky vra-
tane poziarnej odolnosti bez dalSich potrebnych Gprav. V
zavodoch je mozné bez vplyvu pocasia vyrabat velmi kval-
itné prefabrikaty s povrchovymi Gpravami, skosenymi
hranami z kvalitnych beténovych zmesi od B20 do B60.
Wvoj detailov s naroénym tvarovanim Zlezobeténovych
prvkov (hlavne stlpov) umoznuje rychlu montaz na stavbe.
Pouzivanie fahkych streSnych plastov s vyuZzitim trapé-
zového plechu umozZnuje zvacSovat rozpony halovych
konstrukcii aZz do modulu 30,0 m pri pouZiti predpatych
prvkov. Limitujucim faktorom sa stavaji dopravné a
montazne moznosti zavislé od hmotnosti prefabriko-
vaného prvku.

Firma ZIPP BRATISLAVA spol. s r.o. realizovala velké
mnoZstvo halovych objektov na Slovensku, ale aj v
zahraniéi - hlavne v Nemecku a Ceskej republike. Z
poslednych realizacii svojou narocnostou a velkostou pri
velmi naroénych terminovych poziadavkach zaujali dve
priemyselné stavby :

2. ZELEZOBETONOVA KONSTRUKCIA OBJEKTU NOVA
LAKOVNA V DEVINSKEJ NOVEJ VSI

Stavba predstavuje jeden z investicne najnaroénejsich
priemyselnych objektov realizovanych na Slovensku za
poslednych 10 rokov. Prave objemovy rozsah, naroénost
konstrukcie a terminy vystavby predstavovali vyzvu pre
dodavatela stavby, ktora bola (nielen) v sloven-skych pod-
mienkach ojedinela.

Several industrial halls, assembled from precast con-
crete elements in Slovak and Czech republic are pre-
sented in the paper. The introduced hall structures are
interesting not only from the technical point of view but
also from the volume of construction works and the
speed of construction.

1. INTRODUCTION

Nowadays, the development of hall structures is deter-
mined by an owner's activity, ability of production tech-
nology and efficiency of hauling and erection equipment.
Concrete hall structures meet the demanding require-
ments for the space and along with, they fulfil a user's
requirements including the fire resistance. It is possible to
produce high quality precast elements with a surface
trimming, skewed edges, from C20 up to C60 concrete
mixes in the plants without an influence of weather.

Development of details with complex shaping of rein-
forced concrete elements (mainly columns) enables quick
assembling on the construction site. An application of
light roof claddings allows to increase spans up to 30 m
module if prestressed members are used. Limiting fac-
tors has become hauling and erection equipment those
capacity determines the

ZIPP BRATISLAVA Ltd. has built a lot of hall structures
in Slovakia and abroad - mainly in Germany and Czech
republic. From the latest ones, the most interesting are
two industrial halls because of their complexity, the scale
and very tough time table of the construction.

2. THE REINFORCED CONCRETE STRUCTURE OF THE
NEW SPRAYING PLANT IN DEVINSKA NOVA VES

The construction represents one of the most invest-
ment demanding industrial works built in Slovakia within
last 10 years. The size and complexity of the structure
and schedule of the construction were challenge for a

contractor, because its uniqueness within Slovak condi-
tions.

Ing. Lubomir Lasan, ZIPP BRATISLAVA spol. s r.o.
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Participants in the construction

Investor: Volkswagen SLOVAKIA a.s.

Projektant | COPROJEKT spol. s r.o.

stavebnej - celkové projektove rieSenie

casti: ZIPP BRATISLAVA spol. s r.o.
Gvodny staticky koncept, staticky
vypocet, projekt statiky (okrem ocelovych
konstrukcii a komina), vy-robna dokumen-
tacia zelezobeténovych prvkov

Vy3si doda-

vatel staveb- | ZIPP BRATISLAVA spol. s r.o.

nej Gasti:

Vyssi dodav. |

technolog. | DURR Systems GmbH

casti:

Pre obidve firmy pracovalo mnozstvo subdodavatelov.

Dalsie firmy pracovali priamo pre investora.

Objemové udaje stavby:

Celkova zastav. plocha 36 357 m?
Maximalna Sirka haly 138 m
Celkovy obostav. priestor 840 700 m’
Plocha stresného plasta 36 000 m*
Plocha zelezobet. stropov 55 000 m*
Plocha obvodového plasta 23 600 m*
Maximalna dizka haly 360m
Objem prefa beténu 21 350 m*
Objem monolit. beténu 19 260 m’

6o celkovo predstavuje 15 111 ks prefabrikatov

z toho:

« stipy 557 ks 4245 m®

« nosniky, tramy, prieviaky 3 186 ks 11 796 m’

* vazniky 463 ks 1038 m*

+ polopref.stropné dosky 9984 ks 2813m° 48132 m’

* stropné dosky TT 208 ks 249 m’ 6 240 m’

* iné prefabrikaty 713 ks 1209 m’

Terminové tdaje stavby:

ZaCiatok prac 20.11.1998
Montaz prvého stipa 17.12.1998

Dokoncenie 1. etapy stavby 15.02.1999
Dokoncenie 2. etapy stavby 31.03.1999
Dokonéenie 3. etapy stavby 31.05.1999
Uplné ukondenie po in&talacii technolégie 10.02.2000
Kolaudacia stavebnej casti 29.02.2000

Struény popis stavby:

Stavba sa nachadza v areali VW SLOVAKIA v Devinskej
Novej Vsi. Stavba je stéastou rozsiahlej investiénej €in-
nosti, ktord hned po vstupe na Slovensko zacala firma
vyvijat Ide o rozsiahle a komplikované stavebné dielo,
kde instalovana technologia lakovania automobilov pre-
bieha na Styroch podlaziach o celkovej ploche 91 000
m2. Technoldgia rozhodujticim spésobom ovplyvnila tvor-
bu stavebnej konstrukcie a kladla na fu vysoké naroky z
hladiska zatazenia i stavebnych uprav.

Zakladny modul nosnej konstrukcie je 12 x 12 m.
Konstrukcia je rozdelena na 7 dilatacnych celkov. Terminy
Wstavby a velky rozsah projektovych prac si vyziadali
fozdelenie objektu na 3 zakladné montazne Useky
(etapy). Objekt je 1 az 4 podlazny s minimom priestorov
Pod droviiou 0,00. Najvyssia ast hrubej stavby objektu

Owner: Volkswagen SLOVAKIA a.s.

Consultant | COPROJEKT, Itd. - general design solution

- structure: | ZIPP BRATISLAVA, Itd. - conceptual design,
design calculation, drawings

Principal

contractor | ZIPP BRATISLAVA spol. s r.o.

- structure:

Principal

contractor | DURR Systems GmbH

|- technology:

Data of the construction work

Overall area: 36 357 m2
Maximum width of the hall: 138 m
Overall space: 840 700 m’
Area of the roof cladding: 36 000 m*
Area of the RC floors: 55 000 m*
Area of the peripheral cladding: 23 600 m*
Maximum length of the hall: 360 m
Volume of the precast concr.: 21 350 m’
Volume of the cast-in-situ concrete: 19 260 m*

Totally: 15 111 pieces of precast elements that consist of

* Columns: 557 pc. 4245 m*

* Beams, girders: 3186 pc. 11796 m’

* Roof girders: 463 pc. 1038 m’

* Semi-precast floor slabs: 9984 pc. 2813 m* 48132 m’
* Double -Tee beams: 208 pc. 249 m’ 6240 m*
* The others precast elements: 713 pec. 1209 m*
Time table of the construction:

Start of the construction: 20.11.1998
Erection of the first columns: 17.12.1998
Completion of the 1st stage: 15.02.1999
Completion of the 2nd stage: 31.03.1999
Completion of the 3rd stage: 31.05.1999
Final completion including technology:  10.02.2000
Inauguration of building: 29.02.2000

The brief description of the structure

The structure is located in area of VW SLOVAKIA in
Devinska Nova Ves and it is a part of an extensive invest-
ment activity of the company, that started just after its
entering to Slovakia. It is a large construction work, where
technology for spraying of cars is installed on four floors
with overall area of 91 000 m2. The technology decisive-
ly influenced the design of the structure from the aspects
of the load and construction layout.

The basic module of the structure is 12 x 12 m. The
structure is divided into seven 7 substructures by the
expansion joints. The time table of the construction and
extensive design works claimed division of the structure
into three basic assembling units. The structure is from
one up to four floors tall and only few parts are below
0,00 elevation. The tallest part of the structure is 28,50
m above the ground (fig.1, fig.2,fig.3,fig.4).

Some floor structures are from steel and they were
built by the supplier of technology. They can not be count-
ed to the lateral-load resisting system. In some areas,
they represent substantial part of the column load.

InZinierske stavby, roc. 50, 2002, ¢. 3
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Obr. 1 Modulova schéma objektu
Fig. 1 Modular scheme of the structure
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Fig. 2 Section A-A
je 28,50 m nad terénom (obr. 1, 2, 3, 4).

Cast stropov jez ocerovej konstrukcie a realizoval ju
dodavatel technologie. Nie je ich mozné zapoéitat do

stuZenia objektu. Miestami tvoria podstatni cast
zatazenia stipov.

ZataZenia objektu :

Pri navrhu konstrukcie bolo uvaZované s nasledujicimi

The following loads were taken into account:

- snow load -0,70 kN/m?,
- wind load - 0,55 kN/m’ and opened terrain type "A’
according to Slovak Code,

- design ground acceleration a, = 0,55 m/s’ according t0
Slovak Code, i

- :mpo_sed load -5, 10 or 20 kN/m* depending on the
requirements of the technology,

- superimposed dead load - 0,7 kN/m?

- loads on corbels for bearing of the steel inter-floors -
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Fig. 3 Section A-A
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Obr. 3 Rez B-B

depending on the
requirements of the

M-Il! -

Obr. 4 Realizacia stavby - Nova lakovna Dewnska Nova Ves (Siovenska rep.)
Fig. 4 Construction of the New spraying plant in Devinska Nova Ves (Slovak rep.)

zatazeniami:

- speh - Il. snehova oblast

- vue}or - IV. vetrova oblast, terén typu A

- Seizmicita - navrhové seizmické zrychlenie a, = 0,55

m/s* podla nového znenia STN 73 0036 2
roku 1997
- nahodilé zataZenia 5,10 alebo 20 kN/m’ podla Gdajov
dodavatela technologle
- dalsie podvesené zatazenia vaésinou 0,7 kN/m’
- zataZnia na konzoly pre uloZnie ocelovych medzistropov
- podla Udajov dodavatela technologie.

Pouzité materialy :

Beton - pre zaklady, poloprefabrikované a monolitické
dosky a iné prefabrikaty B35

- pre prieviaky a tramy B45, B55

- pre stipy a predpaté prvky B55
- 10505(R) predpinacia ocel 1570/1770 ¢ 12,5
podia DIN

Ocel

—

i
II h _ ﬂ

technology.
Materials
Concrete:
- for foundations,
semi-precast and
cast-in-situ  slabs
and the other RC
precast elements

class C30/37,

- for RC girders and
beams class
C35/45, C45/55

- columns and PC
members: C45/55.
Steel:

- ordinary reinforce-
ment with character-
istic yield stren-gth

of 500 MPa,
- prestressing rein-
forcement low

relaxation strands
¢ 12,5 mm with cha-
racteristic strength
of 1770 MPa.

3. SKODA AUTO A.S. MLADA BOLESLAV - HALL M6 -
LONG-SPAN HALL STRUCTURE

The hall is located in Mlada Boleslav within area of
SKODA AUTO a.s. It consists of one storey structure with
the several bays and with plane dimensions of 371,2 x
216,8 m. Double storey part of the "PENTHAUS" structure
is situated in the central part of the hall. The main struc-
ture is from reinforced concrete, only PENTHAUS from

steel.

Participants in the construction:

SKODA AUTO, a.s. Mlada Boleslav
S-PROJEKT PLUS, a.s.

Design and engineering works
tr. Bati 508, 762 Zlin, CZ

Owner:
General consultant:

Consultant - Design of

InZinierske stavby, roc. 50, 2002, ¢. 3
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3. SKODA AUTO A.S. MLADA BOLESLAV - HALA M6
- HALOVA KONSTRUKCIA S VEIKYMI ROZPONMI

Stavba sa nachadza v Mladej Boleslavi v areali SKODA
AUTO a.s. Konstrukeiu stavby tvori jednopodlazna viaclod-
na hala podorysnych rozmerov 371,200 x 216,800 m. Y
pozdiznom smere priblizne v strede haly sa nachadza
dvojpodlazna cast "PENTHAUS". Hlavna nosna konstru'k-
cia je Zelezobetonova, konStrukcia "PENTHAUSU" je
ocelova.

Ugastnici vystavby :

Investor: SKODA AUTO a.s. Mladé Boleslav

Generalny projektant: S.PROJEKT PLUS a.s. .
Projektova a inZenyrska cinnost
ti. Bati 508, 762 73 Zlin

Navrh a vypocet

predpatych prvkov : ZIPP BRATISLAVA spol. s r.o.
Dodavatel prefabri-

kovanej konstrukcie: ZIPP BRATISLAVA spol. s r.o.
Strucny popis konsStrukcie :

Konstrukciu stavby tvoria :

- lezobetonové stipy votknuté do kalichov v rozsirenej
hornej ¢asti pilot,

- do stlpov s vidlicovym ukonéenim su ulozené predpaté
prieviaky - | prierez - priecny smer,

- v pozdlznom smere st na prievlaky zavesené cez ozub
vazniky - | prierez - pozdlZny smer.

Modulova osnova stipov sa pohybuje od 18,85 do
26,00 m v pozdiznom smere a od 12,00 do 27,00 m v
prieénom smere. Stipy svojou vlastnou tuhostou
zabezpecuju stabilitu konstrukcie aj na horizontalne
ucinky. Spady v streSnej rovine su tvorené réznou vyskou
uloZenia prieviakov v hlavnych osiach. Wskovy rozdiel je
;ovgag 0,50 m pri réznych modulovych dizkach (obr. 5, 6,

Stresné vazniky:

Stresné vazniky su spravidla ukladané v module 6,0
m na nosné prievlaky cez ozub vysky 0,44 m. Rozpatie je
od 18,85 do 26,00 m. Vaznik prenasa fahkd stre3nd
konstrukciu, zataZenie snehom a podvesené zafaZenie z
techaolégie. Z hladiska narocnosti ide o bezny predpaty
prvok.

Stresné prieviaky:

Stresné prievlaky su ukladané v hlavnych modulovych
osiach od 12,00 do 27,00 m. Ukladaju sa do vidlice
stipov, ¢im je zabezpedena ich boéna stabilita. Prieviaky
prenasaju bodové Gcinky od vaznikov a daldie zataznie
od technoldgie.

Z hladiska predpatych prvkov ide o velmi naroéné
prvky z dovodu prenaSania vefkych zatazeni (pri dizke
27,09 m je normovy moment M = 10 249,19 kNm a nor-
mova postvajica sila Q = 1 293,35 kN). Pri beznom
prieviaku L = 24,00 m je pouzitych 59 kusov predpinacich
lan ¢ 12,5 mm/1800 MPa a pri prieviaku L = 27,00 m je
pouzitych 60 kusov predpinacich lan. Takéto prvky sa
narocné na vyrobu, prepravu a montaz. Bezny prieviak L =
24,00 m ma hmotnost 38,00 t. Prieviak L = 27,00 m ma
hmotnost 60,15 t.

Prestressed structures:  ZIPP BRATISLAVA, Itd.
Contractor
- Prestressed structures: ZIPP BRATISLAVA, Itd
Contractor

- Precast elements: ZIPP BRATISLAVA, Itd

Description of the structure

The structure consists of

- RC columns are fixed into the pockets located in the
pile cap.

- Columns with fork shaped end support transverse pre-
stressed | - girders.

- Longitudinal |- roof beams are supported by the trans.
verse girders.

The modular grid of columns ranges from 18,85 m to
26,0 m in longitudinal direction and from 12,0 m to 27,0
m in transverse direction. The lateral stability of the struc-
ture is ensured by flexural stiffness of the columns. The
roof slope was created by different elevation of the trans-
verse girders. The difference in elevation is 0.50 m for the
modules. (Fig.5,6,7,8,9).

Longitudinal Roof Girders

Longitudinal roof girders are supported by the trans-
verse girders in module of 6,0 m using half joints 0,44 m
deep. The spans range from 18,85 m to 26,0 m. The gird-
ers are loaded by the dead load of the roof, the superim-
posed dead load of the technological equipment sus-
pended from the roof girders and snow. The girders are
ordinary stressed prestressed concrete element.

Transverse Roof Girders

The transverse roof girders are erected into the axes
of the main modules ranging from 12,0 m to 27,0 m. The
lateral stability of girders is ensured by their insertion into
fork shaped end of the columns. The girders bear forces
- reactions of the transverse roof girders beams and
superimposed dead load due to the technology.

Prestressed girders are highly stressed structural ele-
ments, (e.g. members with span length of 27 m have to
withstand nominal (unfactored) bending moment of M
10,249 MN.m and shear force of V 1,293 MN).

The rest of the longitudinal girders of L=24 m is pre-
stressed by 59 strands of ¢ 12,5 mm and their self-weight
is 38,0 tons. The longest girder L 27 m is prestressed by
60 strands ¢ 12,5 mm and its weight is 60,15 tons.

Materials

Concrete C45/55

Ordinary reinforcement with characteristic yield strength
of 500 MPa,

Prestressing reinforcement - low relaxation strands ¢ 12,5
mm with characteristic strength of 1770 MPa.

It is important to possess highly variable manufactur-
ing capacity, that enables designers a variable designing
of reinforced concrete and prestressed concrete ele-
ments, if he wants to reach the high quality of the con-
struction. It is the only way, how to fulfil diverse demands
of investors from industrial and trade sphere, and how to
meet various requirements for intended use of the struc-
tures and ability to withstand the loads.
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Obr. 5 Modulova schéma objektu
Fig. 5 Modular scheme of the structure
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Obr. 6 Prieény rez A-A
Fig. 6 Transverse section A-A
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Obr. 7 Pozdizny rez B-B
Fig. 7 Longitudinal section B-B

Pouzité materialy :

Betén B 55
Ocer 10 505 (R)
Predpinacie lana ¢ 12,5mm /1800 MPa

_ Pre kvalitny navrh halovych konétrukeii je dolezité mat
Wrobné moznosti variabilného navrhovania Zelezo-
betonowych a predpéatych prefabrikovanych prvkov. Iba
tak sa daju pokryt rozne naroky investorov z priemyselnej
a obchodnej oblasti pri roznych poziadavkach na vyuZitie

In the further figures are presented solutions of rein-
forced concrete and prestressed concrete members with
details of their joints (fig. 10, 11, 12, 13, 14, 15, 16, 17).

REFERENCES

[1] Szabé, I. - Lasan, L.: Spriahnuté a montované
beténové konstrukcie, In Proceeding: Betonarske

dni 1996

——

nZinierske stavby, roé. 50, 2002, &. 3

65



KONSTRUKCIE POZEMNYCH STAVIEB

Obr. 8 Detail napojenia
Fig. 8 Detail of the joint

Obr. 9 Realizacia stavby - Skoda Auto, a.s. - Hala M6 -
Miada Boleslav (Ceska rep.)

Fig. 9 Construction of the hall - Skoda Auto, a.s. - Hall M6
- Mlada Boleslav (Czech rep.)
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Obr. 10 Pozdizny pohfad - montaz vaznika - Magdeburg
(Nemecko)

Fig. 10 Longitudinal view - erection of the girder -
Magdeburg (Germany)

objektov a ich narokov na zataZenia hlavne vodorovnych
konstrukcii.

_Na dalSich obrazkoch su dokumentované riesenia
narocnych Zelezobeténovych a predpatych prvkov s
rieSenim detailov ich vzajomnych stykov (obr. 10, 11, 12,
13, 14, 15, 16,17).

iS

[2] Kral, M.: Zelezobetonova konstrukcia objektu Noys
lakoviia v Devinskej Novej Vsi, In Proceeding:
Betonarske dni 2000

[3] Lasdan, L.: SKODA AUTO a.s., Mlada Boleslav - hala
M6 - halova konstrukcia s velkymi rozpatiami, |n
Proceeding: Betonarske dni 2000

Obr. 11 Piény pohl‘a -Magdeburg (Nemecko)
Fig. 11 Transverse view -Magdeburg (Germany)

Obr. 12 Detail konstrukcie - Skoda-VW - Mlada Boleslav
(Ceska rep.)

Fig. 12 Detail of the structure - Skoda-VW - Mlada
Boleslav (Czech rep.)

Lubomir Lasan received his master's degree from the
Slovak University of Technology in Bratislava, Slovak
republic in 1976. He worked as a structural engineer in
company Stavoindustria Bratislava during period 1977
1983. Within years 1983-1990 he worked as an inde-
pendent researcher at Research Institute of Building
Construction in Bratislava. He solved research projects
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(Ceska rep.) '
Fig. 13 Transverse view - Skoda-VW - Miada Boleslav
(Czech rep.)

Obr. 14 Pozdizny pohlad na nosnu konstrukciu -
Obchodné centrum Cerny Most - Praha (Ceska rep.)

Fig. 14 Longitudinal view on the structure - Shopping
centre of Cerny Most - Prague (Czech rep.)
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ako samostatny vyvojovy pracovnik pracoval Vo
Ws“‘.Jm"&VWOjovom ustave pozemného stavitelstva v
Bratislave. Riesil vyskumné Glohy v oblasti Zelezo-
betonovych a spriahnutych vopred predpatych konstruk-
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BUILDING CONSTRUCTION
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for design of structures. He has worked on design of many
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Obr. 15 Pohlad do haly na nosnii konstrukciu - IKEA -
Brno (Ceska rep.)

Fig. 15 Inside the hall view on the structure - IKEA - Brno
(Czech rep.)

Obr. 165edova’ nosna konstrukcia - INA Skalica
(Slovenska rep.)

Fig. 16 The shed hall structure - INA Skalica (Slovak
rep.)

Obr. 17 Pohlad na nosni kontrukciu - OBI - Sterboholy
Praha (Ceska rep.) y ’

Fig. 17 View on the structure - OBI - Sterboholy Praha
(Czech rep.)
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Beténova nosna konstrukcia mosta s pouZitim
vnitornej nesudrZnej prepinacej vystuZze.

Reinforced Concrete Bridge Superstructure with
the Usage of Internal Unbonded Prestressing Steel.

Frantisek Brlit

Nosna konstrukcia nadjazdu nad dialniénym privadza-
¢om je navrhnuta a zrealizovana ako Zelezobeténova
doskova  kon-Strukcia, ktora je  doplnena
o predpatia vyvodené vndtornou nesudrznou predpina-
cou vystuZou.

Zhotoveniu projektovej dokumentacie predchadzala teo-
reticka praca, ktora preukazala sposob navrhovania
konstrukcii s pouZitim vnitornej nesudrznej predpinacej
vystuZe s porovnaniami vypoétovych metdd v sivislosti s
viacerymi normovymi predpismi. Projekt bol zhotoveny
ako experimentalna stavba.

Typ konstrukcie: spojita

Rozpatia poli: 10,0+ 155+ 155+ 10,0 m
Uzitocna Sirka: 7,775 m

Uzitoéna plocha: 7,775 x 52,0 = 404,3 m*

VSEOBECNE

Mostny objekt prevadza cestu ll. triedy &. /5076
kategorie P7/40 ponad dialniény privadzaé kategorie
$11,5/100. Komunikacia je na moste v priamej a v
smerovom obliku s polomerom 450 m a vo vydkovom
obliku s polomerom 900 m. Prieény sklon na moste je
I;ogétantnfg jednostranny 2,5 %. Sirka medzi zvodidlami je

,0 m.

ZAVERY Z POROVNANIA NAVRHU KONSTRUKCI
PREDPATYCH VNUTORNOU NESUDRZNOU
PREDPINACOU VYSTUZOU

Teoreticka praca, ktora predchadzala samotnému
gévrhu konkrétnej mostnej konstrukcie, pozostavala zo
Styroch €asti, v ktorych boli uréené hlavné zasady pre
navrh, realizaciu a monitorovanie stavby nadjazdu.

Pre porovnanie predpisov platnych v Slovenskej repub-

Superstructure of fly-over over motorway feeder was
designed and built as reinforced concrete slab comple-
mented with prestresses forced by unbonded prestress-
ing steel.

The elaboration of project documentation was preceded
by theoretical work that has proven the method of
designing of superstructure with unbonded internal pre-
stressing by comparison of calculation methods accord-
ing to several standards. The project was built as an
experimental structure.

Type of superstructure: continuous beam

Spans: 10,0+ 155 +155+ 10,0m
Effective width: 7,775 m

Effective area: 7,775 x 52,0 = 404,3 m2

GENERALLY

Bridge carries the |ll. class road No. I11/5076 catego-
ry P7/40 over motorway feeder category $11,5/100.
Horizontal alignment of the road changes from tangent to
arc with radius of 450 m and vertical alignment has a
parabolic arc with radius of 900 m on the bridge. Cross
slope is constant, one-sided 2,5 %. Clear width between
rails is 7,0 m.

CONCLUSIONS FROM THE COMPARISON OF THE
DESIGNS OF SUPERSTRUCTURES PRESTRESSED
WITH INTERNAL UNBONDED PRESTRESSING STEEL

_Theoretic work that precede the design of a particular
bridge superstructure itself was constituted by four parts
in which a main principles for design, implementation and

monitoring of the construction of fly-over were deter-
mined.

There was done an analysis according to ENV 1992

Ing. FrantiSek Brlit - CEMOS,
e-mail: brlit@cemos.sk

projektova kancelaria, s. r. 0., Mlynské Nivy 68, 821 05 Bratislava, tel.: 02/5341 8993,
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like sa urobila analyza‘podla ENV 1992: Normovy predpis
ENV 1992 je budovany na tedrii medznych stavov, ktorych
filozofia je odlidna od filozofie normovych predpisov pre
navrhovanie mostov platnych na tzemi SR. Napriek tomu
vacsinu pravidiel, princ!pov a p_ozuadav'nek sa moze apliko-
vat aj v prostredi nasich noriem. Pristup ENV 1992 k
navrhovym modelom betonovych konstrukcii dosledne
vychadza z pojmu konstrukcny beton. Pojem "konstrukcny
beton" zahfna beton vystuzeny beto’narskou alebo pred-
pinacou vystuZou, a predpatie je chapane ako vonkajsie
zatazenie konstrukcie. To znamena, Ze vypoctové modely
pouZivané pre Zelezobeton sa mozu pouzif aj pre prvky
wystuzené predpinacou vystuzou.

Na zaklade urobenych analyz mézeme zhrnit pod-
mienky a kritéria pre navrh konstrukcii

s vnGtornou nesudrZznou predpinacou vystuzou do
nasledovnych véeobecne platnych pravidiel:

1. Mostné konstrukcie predpaté iba vnutornou nesu-
drznou predpinacou vystuZzou sa mozu navrhovat ako
7lezobetonové konstrukcie a ucinky predpatia sa
mozu povazovat za vonkajSie zatazenie.

2. Stupen predpatia tychto konstrukcii sa moZe pohybo-
vat v celej Skale od y, = O pre Zlezobeténové
konstrukcie az po x, =21 pre konstrukcie pine pred-
pate.

3. V nosnej konstrukcii predpatej vnitornou nesudrznou
predpinacou vystuzou musi byt navrhnuta aspon min-
imélna plocha sidrznej vystuze s vysokou taznostou
(betonarska vystuz), ktora wvylacéi pri pripadnom
pretaZeni konstrukcie krehké porusenie konstrukcie.

4. Vnitornu nesudrznu predpinaciu vystuz nie je potreb-
né posudzovat na dnavu.

5. Krytie betonom vnitornej nesudrinej predpinacej
vystuze pre mostné konstrukcie musi byt rovnaké ako
pre stdrZnG predpinaciu vystuz.

BRIDGES, TUNNELS, UNDERGROUND STRUCTURES

for the comparison of standards valid in the Slovak
F_\’epublic. Standard ENV 1992 is based on the theory of
limit states, which philosophy is different from the philos-
ophy of standards for the designing of bridges valid in the
territory of the Slovak Republic. Despite that, the majori-
ty of rules, principles and requirements of ENV 1992 can
be also applied in the environment of Slovaks standards.
The approach of ENV 1992 to design models of concrete
structures is consistently based on the term "construction
concrete”. The term "construction concrete” includes con-
crete reinforced by mild or prestressing steel, and pre-
stress is understand as external load on the construction.
That means that calculation models used for reinforced
concrete can be used also for the elements reinforced
with prestressing steel.

On the basis of performed analyses, the conditions
and criteria for the design of constructions with internal
unbonded prestressing steel can be summarized into the
following generally valid rules:

1. Bridge superstructure prestressed only with internal
unbonded prestressing steel can be designed as rein-
forced concrete sutructures and the effects of pre-
stress can be considered as external load.

2. The level of prestress of these structures can vary
within the whole range from y, = O for reinforced con-
crete structures upto ¥, =21 for fully prestressed
structures.

3. In superstructure prestressed with internal unbonded
prestressing steel, must be proposed at least minimal
area of bonded reinforcement with high ductility (mild
reinforcing steel), which in the case of incidental over-
loading excludes brittle failure of the structure.

4. There is no necessity to review internal unbonded pre-
stressing steel for fatigue.

5. Cover of internal prestressing steel for bridge super-
structure must be the same as for bonded one.

200

POPIsS NOSNEJ (6 [) REZ
KONSTRUKCIE [ - [§ 1:50
MOSTA |
I o

Nosna konstruk- g 200 ~230% : -
cia v prieénom reze 3| 8
bola v pﬁVOdnej o Q).t B400 § : 2 \—/-.I B=
dokumentacii = E S S =
navrhnuta ako 1700 800
doskovd s kon- L 90 | 1610-1652 | 800 | WW 2428

zolovitymi Gastami
navrhnutymi  ako
oblikové nabehy.
Nowy navwrh s

|| 80-122

| 8860 : )

82124 g " 2428
pouZitim vnatornej

nesudrznej predpinacej vystuze umoznil vylahéenie
Prierezu. Vylahéenie sa dosiahlo zhotovenim prieéneho
fezu ako dvojtramového so Sirokymi tramami. Vonkajsie
Wary konzolovych Gasti zostali nezmenené z dévodu
Poziadavky zachovat ich tvar podla navrhu z predchadza-
luceho stupiia projektovej dokumentacie.

leozdlinom smere konstrukcia posobi ako spojity
nosnik s rozpatiami poli 10,0 + 15,5 + 15,5 + 10,0 m.
Nosna konstrukcia je na spodni stavbu ulozena prostred-
hictvom elastomérovych lozisk. Technoldgia jej zhotovenia
Predpokladala betonaz nosnej konstrukcie ako jedného
celku bez pracovnej Skary.
———

Obr. 1 Prieény rez nosnej konstrukcie v poli
Fig. 1 Cross-section of superstructure at midspan

DESCRIPTION OF BRIDGE SUPERSTRUCTURE

Superstructure was in the original project design as
reinforced concrete solid slab with cantilevers with arc-
shaped haunchs in cross-section. A new design with the
utilization of internal unbonded prestressing steel has
enabled the lightening of cross-section. The lightening
was achieved by the creation of cross-section as do_ubl&
beam with wide T-beams. External shapes of cantilever
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lano ma vlastna protikoréznu ochranu.

V pozdiznom smere konstrukcia posobi ako spojity
nosnik s rozpatiami poli 10,0 + 15,5 + 15,5 + 10,0 m.
Nosna konstrukcia je na spodnu stavbu uloZena prostred-
nictvom elastomeérovych lozisk. Technolégia jej zhotovenia
predpokladala betonaZz nosnej konstrukcie ako jedného
celku bez pracovnej Skary.

Fig. 2 Cross-section of superstructure at intermediate
support

struction acts as continuous beam with spans of lengths
10,0 + 15,5 + 15,5 + 10,0 m. Superstruc-ture is support-
ed by elastomer bearings. The construction technology
has supposed casting of superstructure as one unit with-

1 il REZ
1:50/1
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gap.

They con-
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@ strand ten-
dons  44Ls

155 mm /
1800 MPa as
prestressing
units. Every
prestressing
tendon has its

own anticorro-
sive  protec-

e ey 1T

Polyethylene sleeve

Plastic grease

Ako predpinacie jednotky boli uvazované Stvorlanové

: e

kable 44ls 15:5 mm / 1800 MPa. Kazdé predpinacie
lano ma viastnu protikoréznu ochranu,

Ocelové lano TRIOSTRAND pre nesudrznu inaci
_ Oc r A predpinaciu
Vystuz pozostava z ocelového sedem drotového predpina-
cieho lana Ls 15,5 mm / 1800 MPa, z polyetylénového
obalu z HDPE a plastického maziva.

Predpinacie kable si kotvené prostrednictvom k
- - " om-
paktnych kotiev Projstar CH-2 / K pre kotvenie dvoch lan.

tion.
Qbr. 3 Vedenie predpinacej vystuze v pozdiznom smere
Fig. 3 Tendon layout in longitudinal section

Obr. 4 Predpinacie lano "TRIOSTRAND"
Fig. 4 Prestressing strand "TRIOSTRAND"

h_1 a longitudinal direction, the construction acts as
continuous beam with spans of lengths 10,0 + 15,5 +
15.5.+ 10,0 m. Superstructure is supported by elastomer
bea(lngs. The construction technology has supposed
;:stmg of superstructure as one unit without working

p.

They considered four-strand tendons 44Ls 15,5 mm/
1800 MF_’a as prestressing units. Every prestressing ten-
don has its own anticorrosive protection.

S@eel strand TRIOSTRAND for unbonded prestressing
consists of steel seven-wire prestressing strand

Ls 15,5 mm / 1800 MPa, polyethylene HDPE sleeve and
plastic grease.

Prestres-sing tendons are anchored by compact
anchor Projstar CH-2 / K for two strands.
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PREDBEZNE POROVNANIE SPOTREBY MATERIALOV

Na zaklade zrealizovanych prac je moiné urobif
predbezné porovnanie spotreby materialov na nosnu
konstrukciu. Porovnanie je urobené pre navrhnutud
konstrukciu s pouzitim vnutornej nesudrznej predpinacej
vystuze s konstrukciou zo Zelezobetonu.

Nové rieSenie ponlika pre konecného odberatela,
investora, kvalitnejSiu konstrukciu, ktora ma lepsie viast-
nosti, ako Zelezobetonova konstrukcia. Konstrukcia s
pouZitim nesudrznej vystuze ma vacsiu tuhost, ktora v
koneénom dosledku zmensuje priehyby nosnej konstruk-
cie s naslednym zmensenim prirodzenych trhliniek v Zele-
zobeténovej konsStrukcii. Tym sa dava predpoklad
dlhodobej bezporuchovej Zivotnosti mosta. Zmensenie
mnozstva betonarskej vystuze umoznuje dokonalejSie
ukladanie betonovej zmesi a jej dokonalé zhutnenie a
vytvorenie kvalitného povrchu mostovky, na ktorud sa zho-
tovuje izolaéna vrstva.

Zhotovenie predpinacich kablov s pouzitim vnutornej
nestdrznej predpinacej vystuze je oproti pripadnému zho-
toveniu klasickych predpinacich kablov so sudrznostou
neporovnatelne jednoduchsie (odpada instalovanie tru-
biek pre zhotovenie kablovych kanalikov a injektaz pre-
dopnutych kablov).

SPRACOVANIE PROJEKTOVEJ DOKUMENTACIE

_ Na spracovani teoretickej asti a zhotoveni dokumen-
tacie pre vykonanie prac sa podielal nasledovny kolektiv:
Doc. Ing. Jaroslav Halvonik, PhD., Ing. Ludovit Farkas, Ing.
Miroslav Durdo, Ing. Zuzana Gimerska, Ing. Frantisek Brlit

Program monitorovania a vlastné monitorovacie prace
Whotovil VUIS-mosty, s. r. 0., Bratislava.

——

PRELIMINARY COMPARISON OF MATERIAL
CONSUMPTION

On the basis of finished works, it is possible to elabo-
rate a preliminary comparison of material consumption
for superstructure. The comparison is done for the super-
structure with unbonded prestressing against originally
designed reinforced concrete superstructure.

A new solution offers better-quality structure to end-
user, client. This superstructure has better properties
than reinforced concrete one. The structure with the
usage of unbonded presstressing steel has higher stiff-
ness that eventually reduces the deflections of super-
structure with the subseque nt reducing of natural cracks
in reinforced concrete sup rstructure. Thus a prerequi-
site for a long-term trouble-free service life of a bridge is
given. The reduction of the quantity of mild reinforcement
enables better casting of concrete mixture and its perfect
compaction and creation of quality bridge deck surface
onto which a waterproofing layer is placed.

Preparation of prestressing tendon from unbonded
presstressing strands is incomparable simpler when
compared with a pertinent preparation of classic pre-
stressing tendon from bonded ones (the installation of
pipes for the forming of cable ducts and injection of pre-
stressed cables are dropped out).

ELABORATION OF PROJECT DOCUMENTATION

Theoretical part and elaboration of documentation
was participated in by the following team: Doc. Ing.
Jaroslav Halvonik, PhD., Ing. Ludovit Farkas, Ing. Miroslav
Durco, Ing. Zuzana Gimerska, Ing. FrantiSek Brlit

Schedule of monitoring and the monitoring works
themselves were made by VUIS-mosty, s.r.o., Bratislava.

InZinierske stavby, roé. 50, 2002, &. 3




MOSTY, TUNELY, PODZEMNE STAVBY &

&

Estakada na rychlostnej komunikdcii C. I/11 v Ziline
Expressway 1/11 Flyover at Zilina

Tibor Michalka

Estakada prevadza Z??chlostnﬁ komunikaciu ponad zas-
tavanu ¢ast mesta Zilina. V ¢lanku je uvedeny popis jej
riesenia a skusenosti z realizacie.

Typ konstrukcie: Spojita z predpatého betonu, celkovej
dizky 1154 m.

Rozpatia poli: V rozmedzi 20 - 65 m.

Sirka medzi zvodidlami: Hlavny objekt 10,25 m, vetvy 6,5 m.

uvop
Navrhovana estakada je sucastou stavby nachadza-
jacej sa v severnej casti Ziliny na ceste I/11.

Rieseny usek cesty I/11 je zaradeny medzi rychlostné
komunikacie FT A2 a je sucastou IIl. dopravného okruhu
mesta Zilina. Prakticky ide o vystavbu druhej polovice

The flyover carries the expressway traffic over the built-
up area of the town of Zilina. Description of flyover
design and experience acquired during its implementa-
tion are presented in this article.

Type of structure: Continuous prestressed concrete girder
with overall length of 1,154 m.

Bridge spans: In the range 20 - 65 m

Bridge width: Main structure 10.25 m, ramps 6.5 m

INTRODUCTION

The planned flyover is part of the Project situated on
the expressway I/11 in the northern part of the town of
Zilina.

The planned section of road I/11 is included in
expressways FT A2 and is part of the Zilina Ring Road Il
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Obr. 1 Prehladna schéma estakady a jej delenie na dilataéné celky (DC) ( a - pozdizny rez, b - padorys )
Fig. 1 General layout of the flyover and its division into construction units ( a - longitudinal section, b - the plan )

Ing. Tibor Michalka, CSc., Dopravoprojekt a. s. Bratislava
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estakady na c. |/11 v smere Cadca - Bratislava a Cadca -
Rajec - obr.c.1.

Navrhovand estakada _mimouroviiovo  krizuje
smleznicna trat Zilina - Cadca, Zilina - Bratislava (celkovo
14 kolaji), Bratislavsku cestu, podzemné vedenia a dve
vetvy jestvujucej estak_ady.Pod estakadou sa nachadza
hala na prehliadanie rusnov.

KONCEPCIA NAVRHU

Navrh estakady v zasade vychadza z rieSenia uzZ exis-
tujticej prilahlej estakady postavenej v r.1978. Tyka sa to
hlavne vyaky nosnej konstrukcie a rozpatia poli.

Konstrukcia novonavrhovanéj estakady je rozdelena
do piatich dilataénych celkov.Kazdy dilatacny celok je
tvoreny spojitym jedno resp. dvojkomarkovym nosnikom z
predpatého beténu beténovaného na podpernej pevnej
skruzi - obr.6.2. Rozhodujucou prekazkou urcujicou
rozpatia @ postup vystavby hlavnych poli estakady je
kolajisko ZSR. Hlavné polia so spoloc¢nou podperou ¢. 8 v
1. dilataénom celku (1.DC) maja rozpatia 64.66m a
64.39m.Pre tito cast nosnej konstrukcie nachadzajucej
sa tesne nad trolejovym vedenim s pomerne velkymi
rozpatiami poli vyplyvajlcimi z prilahlych poli na existu-
jicej estakade, bol navrhnuty neobvykly sposob vystavby,
uvedeny dalej. Odvodnenie vozovky v ¢asti nad kolajiskom
je riesené odvodnovacim Zlabom, v zostavajucej casti je
estakada odvodnena pomocou odvodnovacov.

ZAKLADANIE A SPODNA STAVBA

Zakladov( podu tvori Gnosné Strkove podlozie.

ZaloZenie navrhovanej etakady je prevaine plosnée v
otvorenych a zapazenych stavebnych jamach.Wnimku
tvori krajna opora €. 1, ktora je zalozena na pilotach VUIS
¢ 420 mm, dl. 8.5m a podpera ¢.8, ktora je zaloZena na
mikropilotach GEWI ¢ 50 mm, dI.10 a 11 m. Mikropiloty
na podpere ¢. 8 boli navrhnuté z dovodu mensich
priestorovych narokov pocas ich realizacie v obmedze-
nom priestore kolajista.

_ Krajné opory st navrhnuté bud ako pilotova barka s
lloznym prahom v pripade opory ¢.1, alebo ako gravi-
taéna opora v pripade opory ¢.200.

Medzilahlé podpery tvori Zelezobeténovy zaklad a
stenovy driek hrdbky 1.2m, resp.2.5m v mieste dilatacie
N.K. Na vietkych podperach je nosna konstrukcia ulozena
na hrncovych loziskach. Pevné uloZenie je zabezpedené v
kazdom dilataénom celku samostatne, vidy na jednom,
alebo na viacerych vysokych pilieroch.

NOSNA KONSTRUKCIA

~ Nosng konstrukciu mosta tvori jednokomaérkovy a dvo-
lkomérkovy padorysne zakriveny nosnik premennej vysky
a Sirky z predpatého beténu rozdeleny do piatich
gg??;nyl:h celkov. Schéma ich rozdelenia je zrejma z

Niveleta nosnej konstrukcie v zasade sleduje niveletu

Nosnej konstrukcie prifahlej, uz dovanej starej
estakag prilahlej, uz vybu ) |

= Vo vs":etk')‘rcvh dilataénych celkoch si nad podperami
Vihnuté priecniky s prieleznymi otvormi. Wnimku tvoria

BRIDGES, TUNNELS, UNDERGROUND STRUCTURES

In fact it concerns construction of the parallel carriageway
of the road I/11 flyover for traffic direction Cadca -
Bratislava and Cadca - Rajec - Fig. 1.

The planned flyover crosses the railway link Zilina -
Ef‘adcga. Zilina - Bratislava (in total 14 tracks), the
Bratislavska" road, and two ramps of existing flyover. A
locomotive depot is situated under the flyover.

STRUCTURAL DESIGN

In principle the new flyover design is based on the
layout of existing one completed, parallel flyover con-
structed in 1978, particularly matching its constructional
depth and spans length.

Its structure is divided into five construction units.
Each formed by continuous, single- or two-cell pre-
stressed concrete box girder concreted on solid centering
- Fig. 2. The principal obstacle determining the length of
spans and sequence of construction of flyover main
spans is the trackage layout. The lengths of main spans
adjacent to the joint pier No.8 in the 1st. construction unit
are 64.66 m and 64.39 m. Atypical construction method,
presented below, was proposed for this part of the flyover
superstructure which is situated close above the over-
head trolley lines. Pavement surface drainage in part
above trackage is provided by means of a drainage chan-
nel, remaining part of the flyover is drained by gullies.

SUBSTRUCTURE

The subsoil is formed by gravel with satisfactory load-
bearing capacity.

All piers have been founded on spread foundations in
open or shored excavation pits except of abutment 1,
which rests on piles VUIS ¢ 420 mm, 8.5 m long and pier
No.8, founded on micropiles GEWI ¢ 50 mm, 10 and 11
m long. Micropiles at pier 8 have been proposed due to
smaller construction space requirements within the limit-
ed area of the trackage.

Abutment No.l is designed as a capping beam sup-
ported by piles, abutment 200 as gravity abutment.

Piers consist of RC footing and 1.2 m thick wall, 2.5 m
thick in place of expansion joint. The superstructure is
placed on neo-pot bearings. Fixed bearings are provided
in each construction unit separately, always situated on
one or more of the taller piers.

SUPERSTRUCTURE

The curved bridge superstructure is formed by a sin-
glecell and two-cell prestressed concrete box girder of
varying depth and width and is divided into five construc-
tion units. Scheme of the bridge layout is obvious from
Fig. 1.

In principle the new flyover grade line follows the ver-
tical alignment of adjacent, existing, already constructed,

flyover.

Cross girders with openings are designgd most!y
above all piers in all construction units. Exception to this
are only several end cross girders ‘(at particular construc-
tion units) which are without openings.
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len koncové priecniky jednotlivych dilataénych celkov
ktoré su neprielezné.

Hrubka hornej dosky NK je 0,22 a 025m,hrubka spod-
nej dosky je 0,22 - 042m, resp.0.8m nad ramovou pod-
perou ¢.8 a hrubka tramov NK je 0,42 - 0,6m.V stenach
tramov a v hornej doske su umiestnené bloky pre kotve-
nie predpinacich kablov.

Pre vystavbu nosnej konstrukcie boli navrhnutgé dw_a
technoldgie. V kolajisti bola NK beténovana a napinana
po dvojiciach lamiel dl.12.5m na podpernej skruzi. Dalsie
Casti NK su tieZ beténované po betonaznych dieloch na
skruZi, ale systémom pole - konzola - obr.¢.2. Dizka kon:
zoly je v jednotlivych poliach rozdielna, v rozmedzi 5,0 az
9,0m. V obidvoch technolégiach sa v prieénom reze
najprv vybetonuje spodna doska a tramy a po doplneni
vystuZ horna doska.

Obr. 2 Pohlad na podpernii skruz
Fig. 2 Elevation - centering

Pre predpatie nosnej konstrukcie boli pouzité kable
zlozené z 12¢4Ls 15.5mm, pevnosti 1800 MPa. Pre kotve-
nie boli pouzité dvojstupriove kotvy typu CH-12/RP-2S a
Spojkové dvojstupiiové kotvy typu SK CH-12/2S. Pre
vytvorenie kéblovych kanalkov sa pouzili rirky do pred-
patého beténu typ Vikanova - Witzeman pre 12 lan. Kable
su kotvené v cele jednotlivych betonaznych dielov, v
priecnikoch nad piliermi a v kotevnych blokoch. V styku
betonaznych dielov je mensia éast kablov spojkovana a
vacsia Cast kablov prebieha cez Skaru.

Betdn nosnej konstrukcie je zn. B 400, resp. triedy
C30/37 podla STN EN 206-1.

POSTUP A SPOSOB VYSTAVBY

Betonaz a predpinanie nosnej konstrukcie v mieste
hlavnych poli zadina od zarodku nad podperou ¢.8 a dalej
pokracuje symetricky smerom k podpere €.7 resp.¢.9. Po
predopnuti kazdej dvojice je mozné odstranit podperni
skruz a premiestnit ju na dalsiy Cast nosnej kontrukcie.
Tento postup vystavby umoznil znizit obmedzenie pre-
vadzky na Zleznici a znizit objem podpernej skruz
potrebnej pre vystavbu nosnej konstrukcie v mieste
hlavnych poli. Betonaz ostatnych poli nosnej kon&trukcie
pokracovala tiez na podpernej skruzi, ale systémom pole
- konzola.

i

The depth of box cross-section varies from 1.25 to
3.5m. The thickness of the deck slab varies from 0.22 to
0.25m, for bottom slab from 0.22 to 0.42m (0.8m ahoye
frame pier No.8). The web thickness varies from 0.42 to
0.6m. Anchorage blisters are situated inside a box girder
at webs and top slab.

Two methods have been proposed for the flyover
superstructure. In the area of trackage pairs of 12.5n
long segments have been cast in-place and prestresseqd
simultaneously on supporting centering. Other parts of
the superstructure have been also constructed on center-
ing but by the "span + cantilever" method - Fig.2,
Cantilever length at particular spans differs from 5.0 to
9.0m. In both methods the box section was concreted in
two stages - first the bottom slab and webs and secondly
(after placing additional reinforcement) the deck slab.

Obr. 3 Pohlad na hotovi estakadu
Fig. 3 View of the completed flyover

The superstructure has been prestressed by tendons
of 12 strands dia.15.5mm (12¢Ls 15.5mm/1800MPa)
with the PROJSTAR anchorage system - muiltiplane
anchors type CH-12/RP-2S and multiplane anchor cou-
plers SK CH-12/2S. Cable ducts have been formed by cor-
rugated steel ducts type WITZEMAN-VIkanova.

Tendons have been anchored at faces of concreting
sections, in cross-girders above piers and in blisters with-
in the span. Most tendons pass through construction
joints, only minor part of tendons is coupled in joints.

The superstructure concrete is of Class B 400, or
C30/37, pursuant to stn en 206-1.

SEQUENCE OF CONSTRUCTION

Concreting and prestressing of flyover superstructure
of the main spans begins from the starting segment situ-
ated above the pier No.8 and continues symmetrically to
the pier No.7 and 9. After prestressing of each couple of
Segments the centering is removed and relocated to fur-
ther part of the superstructure. The above method has
reduced necessary railway traffic interruptions and mate-
rial requirements on centering. Concreting of remaining
Spans of flyover Superstructure continued on the sup-
porting scaffold as well, but by the method span by span.
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UKAZOVATELE POREBY MATERIALU PRE N.K

Beton 8830m* 0,66 m’/m’
3 ystuz 79,79 kg/m?
onarska vystuz 1165t :
Ef;dpl'nacia vystuz 333t 22,83 kg/m

SLOVENSKA SPRAVA CIEST IU ZILINA

tor: -
'z’}ff{fwf:eu DOPRASTAV a.s., OZ ZILINA
Projektant: DOPRAVOPROJEKT a.s. BRATISLAVA PROMO
spol.s.r.o PRAHA
ZAVER

Estakada je v sucasnosti zrealizovana a uvedena’do
premavky. \ystavba mosta preukazala vhodnost a
hospodarnost rieSenia pa_\{rhnutep_o’ v DVP. Ro_zsahomf
kombinaciou technol6gii, zloZitymi podmienkami
staveniska v mieste dolezitého dopravneho uzla_ ZSR’ a
tvarom nosnej konstrukcie sa estaka_da rqdu k zaujimavym
mostnym konstrukciam, v sucasnosti u nas realizovanych.

T

olcim

10 rokov /1992-2002/
spolahlivosti a kvality

[Na vase stavby dodavame transportbetony|

2 Bratislavy, Stupavy, Pezinka, Trnavy, Nitry, No-
vych Zamkov, Prievidze, Nového Mesta n/Va-
hom,Tren¢ina, Ziliny, Martina a Banskej Bystrice

[Kamenivo vyrabame a dodavame |

Z Bernoldkova, Nového Mesta n/Viahom a Re-
maty-Raztoéna

Holcim betén s.r. 0.

Hviezdoslavove nam.9, 811 02 Bratislava 1

tel=02/59 20 55 03, fax: 02/59 20 55 45 www.holcim sk

Pevnost. Vikonnost. Nadseni:
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QUANTITIES OF MATERIAL FOR SUPERSTRUCTURE

Concrete 8,830 m? 0.66 m’/m?
Reinforcing steel 1,165t 79.79 kg/m?
Prestressing steel 333t 22.83 kg/m?

Client/Owner:  SLOVAK ROAD ADMINISTRATION,
INVESTMENT ORG. ZILINA
Contractor: DOPRASTAV a.s., ZILINA Branch

Project designer: DOPRAVOPROJEKT a.s. BRATISLAVA
PROMO Ltd. PRAGUE

CONCLUSION

Currently the flyover is completed and has been put in
operation. Its construction has demonstrated suitability
and economic efficiency of the solution proposed in
Detailed Design. By its scope, combination of methods,
complex conditions of the site (important Slovak Railways
junction) and by its bridge deck appearance, the flyover is
one of the interesting bridge structures recently built in
the Slovak Republic.
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Patrime k Holcim (Slovensko) a.s
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Dial'ni¢ny most cez kandl Vahu pri obci Ladce
Motorway Bridge over the Vah Canal at Ladce

Tibor Michalka - Jan Kodaj

Most Sikmo kriZujici vazsky Nosicky kanal leZi na trase
dialnice v useku D1 Nemsova - Ladce dlhej 16,6 km.
Hlavné pole mosta respektuje vyhla-dové rozSirenie
kanala a poZiadavky na predpokladand vodni
dopravu.Vystavba mosta zacala v roku 1997 a bola
ukonéena v roku 2000.

Typ konstrukcie: Spojity nosnik z predpatého betonu
Rozpatia poli: 60,0m + 105,0m + 60,0m
Sirka medzi zvodidlami: 2x11,75m

UvoD

Dialni€ny most pozostava z dvoch samostatnych
mostnych konstrukcii komorkového prierezu, kazdy pre
Jeden dopravny smer dialnice. Sikmo premostuje Nosicky
kanal, favostrannu hradzu Vahu a lavostrannd hradzu
kanala. Pre vyhladové rozsirenie koryta kanalu bola
uvaZovana Sirka dna kanalu 34m a prietok 300m?/sec.
Whladovy plavebny gabarit ma Sirku 50m a vysku 7m nad
maximalnou plavebnou hladinou rozsireného kanala.

KONSTRUKCNY NAVRH

Nosna konstrukcia

Mostny objekt sa sklada z dvoch samostatnych
konstrukcii, prevadzajicich v smerovom a vyskovom
obliku dva dialnicné pruhy. Celkova dizka oboch mostov
je rovnaka 226,6 m (obr.€.1). Prieéne rezy si jednoko-
morove, s obojstranne vylozenymi konzolami. Hlavné pole
nosnej konstrukcie je budované letmou betondZou a
prilahlé polia na pevnej skruzi. Nosna konstrukcia je v
pozdlZznom smere predpata kombinaciou kablov zabu-
dovanych v konstrukcii @ volnych kablov bez sddrinosti.
Je navrhnuta z betonu B500 podla STN 73 6306 resp.
C35/45 podla STN P ENV 206. Betonarska vystuz je z
ocele 10425(V).

Predpinacia vystuz pre kable zabudované aj pre volné
kable je z 13¢Ls 15,5/1800 MPa. VoIné kable si kotvené
v priecniku zarodkov nad vnutornymi podperami, ohybané
v deviatoroch, osadené v PE chranickach DN 80mm a
zainjektované cementovou maltou. V deviatoroch s

The bridge, skew in plan, crossing the "Nosicky" canal
parallel to the river Vah, is situated on 16.6 km long
motorway link D1 Nemsova - Ladce. The main bridge
span respects the perspective widening of the canal and
planned navigational requirements. Construction of the
bridge commenced in 1997 and was completed in
2000.

Type of structure: prestressed concrete continuous girder
Bridge spans: 60.0m + 105.0m + 60.0m
Bridge width: 2x11.75m

INTRODUCTION

The motorway bridge consists of two separate bridge
structures each with single-cell cross-section and for one
carriageway of motorway. The crossing of the bridge with
the Nosicky canal as well as with the left-side embank-
ment of the Vah and of the canal is skew. Future widening
of the canal (width of 34 m at the bottom) and a flow rate
of 300 m°/sec. have been considered for the design of
the bridge spans. The navigation horizontal and vertical
clearance at the highest navigation water level is: 50 m
and 7 m respective.

STRUCTURAL DESIGN

Superstructure

The bridge consists of two separate structures provid-
ing two motorway carriageways in horizontal and vertical
curve. The overall length of both bridges is the same -
226.6 m (Fig. 1). Their cross sections are single-cell with
cantilevers. The main span of the bridge deck is con-
structed by the free cantilever method while adjacent
spans are concreted on solid scaffolds. In longitudinal
direction the bridge deck is prestressed by combination
of bonded (built-in in the structure) and unbonded ten-
dons without cohesion. The bridge deck is designed from
class B500 concrete pursuant to STN 73 6306 of
C35/45 pursuant to STN P ENV 206. Reinforcing steel is
of grade 10425(V).

Prestressing reinforcement for bonded as well as

Ing. Tibor Michalka,CSc. Dopravoprojekt, a.s. Bratislava
Ing. Jan Kodaj Doprastav, a.s. Bratislava
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unbonded tendons is provid-
ed by stabilized strand ten-
dons 13¢4Ls 15.5/1800

MPa. Unbonded tendons
are anchored in cross gird-
ers at starter sections above
piers, bent in deviators,
placed in PE protective pipe
dia. 80 mm and grouted
with cement mortar. In devi-

= ators the tendons are
L, placed inside steel pipes of
—~ = ] dia. ¢ 108/4 mm and dia. ¢
159/4.5 mm, that eliminate
possible inaccuracies
incurred during concreting.
Steel pipes are protected
against corrosion by means
of metallization and protec-
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tive coating.

Tendons are anchored

Obr. 1 PozdiZny a prieény rez mosta - schéma
Fig. 1 Bridge Longitudinal and Cross-sections - Layout

kable osadené v ocelovych rarkach ¢ 108/4 mm a
¢ 159/4,5 mm, ktoré eliminuju pripadné nepresnosti pri
betonaZi. Ocelové rarky su voci korozii chranené metal-
izaciou a naterom.

Kable su kotvené pomocou dvojstupnovych kotiev
PROJSTAR CH13/2S. Kablové kanalky tvoria rirky HF
700-DN8O (typ VITZEMANN - Vikanova).

_ Nosna konstrukcia mosta bola ¢lenena na zarodky
dl.25m nad medzilahlymi podperami, na betonazne diely
dl.15 m resp. 16 m v krajnych poliach a na lamely dl.5 m
pre letmd betonaz v hlavnom poli. Toto élenenie zod-
poveda navrhnutému postupu vystavby.

SPODNA STAVBA A ZAKLADANIE MOSTA.

Geologické podmienky v podzakladi umoznili plosné
zq!oianie mosta. Opory si zalozené v otvorenych staveb-
nych jamach, podpery si zaloZené pod ochranou rozo-
pretych Stetovnicovych stien s tesnenim dna stavebnej
Jamy zhotovenym proti hydrostatickému tlaku, betonazou
do vody.

Opory €.1. a €.4. su rieSené ako lezobeténové cle-
Nene a presypané konstrukcie.

Medzilahlé podpery &.2 a &.3 st navrhnuté ako plnos-
tenne' Zlezobetonové skosené steny votknuté do zak-
ladovych ptiek.

POSTUP A SPOSOB VYSTAVBY
Spodna stavba

Podpery s zalozné pod ochranou Stetovnicovych

stien, Vybudovanych z pracovnej plosiny.

Zaklady opdr sa zalozili beznym postupom v
olvorenych stavebnych jamach.

NOSNA KONSTRUKCIA

Povodna zhotovena dokumentacia, predpokladala

:;l:dovaf Symetrické vahadla nad jednotlivymi podperami
w%u "betonovacich vozikov". Tento osveddceny

by means of multiplane
anchors PROJSTAR CH13/2S. Cable ducts are formed by
HF 700-dia.80 (VITZEMANN- Vikanova type) pipes.

Bridge deck has been divided into 25 m long starter
sections situated above the piers, 15 m and 16 m long
sections at end spans, and 5 m long segments for in-situ
cantilever construction of the main span. This bridge deck
articulation is in line with the planned sequence of con-
struction works.

SUBSTRUCTURE AND FOUNDATIONS

The bridge subsoil conditions enabled design of
spread bridge foundations. Bridge abutments have been
constructed in open foundation pits, the piers under pro-
tection of braced sheet pile walls, with concrete sealing
(underwater concreting) of the foundation pit bottom
against hydrostatic pressure.

Abutments 1 and 4 have been designed as reinforced-
concrete (RC) spill-through abutments while piers 2 and 3
as massive RC tapered walls embedded into base foot-
ings.

METHOD OF CONSTRUCTION

Piers and Abutments

Bridge piers were founded under the protection of
sheet pile walls driven from piling platform.

Bridge abutment footings were constructed by stan-
dard method in open foundation pits.

SUPERSTRUCTURE

The original (preliminary) design assumed_ construc-
tion of symmetrical cantilevers above each pier by free
cantilever method using two "form-travellers”. This well-
proven method has been changed during the period of
Project preparation in order to make full use of the other

Contractor 's equipment.

The modified (new) design assumed cons.tructicm of
two end spans on a solid centering _immed|ately after
asymmetrical starter sections above piers 2 and 3 were
carried out. Then free cantilevering, using temporary sup-
ports, was applied for the central span.

Ininierske stavby, ro¢. 50, 2002, ¢. 3
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postup bol zmeneny v obdobi pripravy stavby, z Q6vodov
vyuZitia volfnych technologickych zariadeni zhotovitela.

Noveé rieSenie predpoklada po vybetonovani nesymet-
rickych zarodkov nad podperami ¢.2 a €.3, po etapach
vybudovat krajné polia na pevnej skruzi (obr.c.2) v pred-
stihu pred letmou betonazou stredného pola s vyuzitim
docasnych podpier.

Tymto postupom vzniknd na oboch brehoch kanala
prosté polia s previslymi koncami nad vodou. Pred Zmono-
litnenim stredného pola je mozné urobit vySkovi rektifika-
ciu pomocou provizorneho uloznia NK cez hydraulickt_é
valce na krajnych oporach a osadit na nich nosnu
konstrukciu na definitivne loziska. Po zmonolitneni pre-
vislych koncov sa konstrukcia dopne " volnymi kablami".
Uvedeny postup vystavby tohto mosta umoznil:

* vzhladom na pomerne nizke vedenie nivelety nad
terénom efektivne vyuzit volnu kapacitu prvkov
pevnej podpernej skruz

* po konstrukénych Upravach vyuzitie lahkého techno-
logického zariadenia (tzv. "maly vozik" pévodne uréeny
pre priamopasovl letml betonaz) aj pre betonaz
mosta takeéhoto rozpatia s premennou vyskou prierezu

* pri budovani jednostrannej konzoly letmo, redukovat
podet zariadeni pre letmd betonaz pri zachovani
pozadovaného tempa vystavby

* etapovitym budovanim NK krajnych poli na pevnej
skruzi zachovat Géelnu obratkovost podpernej skruze
a debnenia

UKAZOVATELE POREBY MATERIALU PRE N.K

Beton 4 956,0 m? 0,81 m3/m?*
Betonarska vystuz 716,0t 117,18 kg/m?
Predpinacia vystuz 217,0t 35,52 kg/m?

Investor:  Slovenska sprava ciest Bratislava

Projektant: DOPRAVOPROJEKT a.s. Bratislava
PROMO spol.s.r.o Praha

Zhotovitel: DOPRASTAV a.s. Bratislava

ZAVER

Wstavba tohto naroéného mosta pripravovaného a
najma v zaCiatocnom &tadiu realizovaného v znacnej
Casovej tiesni prebehla bez zavaznejSich nedostatkov.
Zafazovacia skiska mosta potvrdila zhodu navrhovanych
a meranych parametrov mosta. Zdarné ukonéenie prac a
bezporuchova prevadzka na moste svedéia o spravnom
navrhu a o dobrej kvalite realizovanych prac na moste
(obr.¢.3).

Obr. 3 Lavy most pred dokonéenim
Fig. 3 Left Bridge Prior to Completion of Works

Obr. 2 Zarodok mosta nad podperou ¢.2
Fig. 2 Starter Section Above Pier 2

Simply supported side spans with short cantilevers
projecting into the bridge main opening had been formed
on both canal banks by this method. Before key segment
in the middle of the main span was cast possible vertical
adjustment of the bridge deck had been allowed by
means of hydraulic jacks placed on both abutments. After
integration of the bridge deck in central span the whole
superstructure was prestressed by unbonded tendons.
This sequence of construction enabled the following:

* effective use of solid centering members (available by
the Contractor) due to the low-lying bridge grade line

* use of the light construction equipment, after its cer-
tain modification, (so called "little mobile carriage"
/bottom of the mould, initially intended for in-situ can-
tilever construction of constant depth decks) for long-
span bridges with variable depth of the deck:

* reduction of number of mobile carriages while main-
taining required construction time schedule because
free cantilever method was applied in the main span
only;

* by staged construction of bridge deck of side spans on
solid scaffold to maintain the efficient rate of return
on supporting scaffold and formwork.

MAIN QUANTITIES FOR SUPERSTRUCTURE

Concrete 4,956.0 m* 0.81 m3/m’
Reinforcing steel  716.0 t 117.18 kg/m*
Prestressing steel 217.0t 35.52 kg/m*

Ciiqnt / Owner:  Slovak Road Administration Bratislava
Project Designer: DOPRAVOPROJEKT a.s. Bratislava and
PROMO Ltd., Prague
Contractor: DOPRASTAV a.s. Bratislava

CONCLUSION

Construction of this challenging bridge, designed, and
particularly in its initial stage executed under consider-
able time pressure, was carried out without any defects
and imperfections. Bridge loading test confirmed the
compliance of the measured bridge parameters with
those of the design. Successful completion of works and
failure-free operation on the bridge are the evidence of a
correct design and the good quality of works. (Fig. 3).
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Most cez Hron na ceste I1/591 v Banskej Bystrici

I1/591 Road Bridge over the River Hron in
Banska Bystrica

Jana Kapsiarovi - Ladislav Buci

Clanok popisuje atypicku doskovi predpéati mostni
konstrukciu, zosilnenu skratenym parapetnym nos-
nikom. Riesenie splna poZiadavky na zachovanie nivele-
ty povodného mosta, zvacsenie prietocného profilu pod
nim a estetické poZiadavky na mestsky objekt.

spojity nosnik o dvoch poliach
34,15+ 11,20 =45,35m
3,25 + 11,50 +3, 25 = 18,00 m

Typ konstrukcie:
Rozpatie poli:
Uzitocna Sirka v m:

ovop

Intravilanom mesta Banska Bystrica preteka rieka
Hron s prietokom Q,0,=460,00 m*/sek. V centralnej casti
mesta bol Hron povodne premosteny Zelezobetdnovym
doskovym ramom s nabehmi o jednom poli, ktory spajal
subené nabrezné komunikacie. Stara nosna konatrukcia
bola znaéne poskodena, porusena trhlinami, s pomerne
velkou trvalou deformaciou a znaéne zniZenou
zafazitelnostou. Vycislené naklady na jej rekonstrukciu a
2osiinenie boli tak vysokeé, ze bolo opravnene rozhodnuté
Wbudovat novy most na mieste starého - obr.1.

Obr. 1 Pohlag na stary most
FIg. 1 View of the olg bridge

The article deals with atypical slab-type prestressed
bridge strengthened by two short parapet beams. The
design meets the condition to maintain the vertical align-
ment of the existing bridge, extension of the river bed
profile under the bridge and aesthetic requirements on
urban structure.

Design: Two-span continuous slab
Spans length: 34.15+ 11.20 = 4535 m
Bridge width between safe' y fences:

3.25 + 11.50 +3.25 = 18.00 m

INTRODUCTION

The river Hron with a discharge of Q,q, = 460.00 m’/
sec. flows through the urban area of the town of Banska
Bystrica. In the central part of the town the river Hron was
previously bridged by means of RC single-span slab frame
with haunches, which provided connection between par-
allel quay roads. The old bridge superstructure was con-
siderably damaged, impaired by cracks, with extensive
permanent deformations and significantly reduced load
bearing capacity. The estimated costs for its reconstruc-
tion and strengthening were so high, that construction of
a new bridge at the place of the old one (Fig. 1) was justi-
fied.

DESIGN CONCEPT

The following three basic requirements of the
Employer have been observed while preparing the bridge
design:

+ to maintain the old bridge vertical alignment corre-
sponding with alignments of parallel roads situated at
its both ends;

« to extend the river bed profile under the bridge;

» todesign an architecturally impressive bridge situated
in urban environment.

These requirements led to the design of the bridge

"€ Jana Kapsiarova, Ing. Ladislav Bci, CSc., Dopravoprojekt a.s. Bratislava
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Obr. 2 Prehladna schéma mosta, a -
Fig. 2 General layout of the bridge, a

pozdizny rez, b - pédorys, ¢ - prieény rez
- longitudinal section, b - section plan, c - cross-section

800 | | 34150 L 11200 )
% i=2100
Obr. 3 Usporiadanie predpétej vfs:.tu?e
a - sudrZné kable, b - voI'né kable, c - predpinacie tyée, d - zemné kotvy, e - balast

Fig. 3 Tendons arrangement

a - bonded tendons, b - unbonded tendons, ¢ - prestressing rods, d - earth anchorages, e - concrete block

KONCEPCIA NAVRHU
Pri navrhu mosta boli reSpektované tri zakladné
poziadavky obstaravatela:

+ dodrzat niveletu starého mosta navazujlcu na nivele-
ty stibeznych komunikacii na oboch jeho koncoch

+ zvacsit prietoény profil koryta pod mostom

* navrhnif architektonicky zaujimavé riegenie, kedze
objekt je situovany v centrainej éasti mesta

Poziadavky viedli k rieSeniu premostenia velmi &tihlou
konstrukciou. Z niektorych moznosti, vratane konstrukcie
zavesenej, bol prijaty navrh premostenia doskou so
skratenymi parapetnymi nosnikmi, predpatej sudrznymi
aj volnymi kéblami. Hribka dosky je 85 cm, & je
0,85/34,15 = 1/40 rozpatia.

with a very slender super structure. The slab-type bridge
deck with two short parapet beams, prestressed by bond-
ed as well as unbonded tendons has been chosen from a
number of different alternatives, including a cable-stayed
bridge. The slab is 85 cm thick, which is 0.85/34.15 =
1/40 of the span length.

STRUCTURAL DESIGN

Bridge deck

From the statics point of view the bridge represents a
continuous two-span slab, with theoretical span lengths
34.15 + 11.20 m. At the end of the short span the slab is
fixed into the anchored cross-beam loaded down by con-
crete blocks. Considerable slenderness of the slab
required its strengthening by means of two parapet
beams in order to provide for shifting of the bending
moment from the centre of the longer span to section
above pier No.2. Thus the short span forms only an effec-
tive lever arm for anchored concrete blocks in the place of
abutment No.3 - Fig.2.

1597,15

T [kN]

1297,28

T
vlastna tia2
dead load
pohyblivé zataZenie
live load
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Obr. 4 Priepen statickych veli¢éin M a T v prieénom smere

4 Bending moment - M and shear force - T diagram in transverse direction
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KONSTRUKCNE RIESENIE

Nosna konstrukcia

Most staticky posobi ako spojita doskova konstrukcia
o dvoch poliach teoretickych rozpati 34,15 + 11,20 m. Na
konci kratkeho pola je tato konstrukcia votknuta dq
prikotveného bloku pritazeného balastom. Velka Stihlost
dosky vyZadovala jej zosilnenie dvomi parapetnymi nos-
nikmi pre zabezpecenie presunu momentovych Gginkov
2o stredu vacsieho rozpatia do nadpodperového prierezu
nad pilierom ¢.2. Kratke pole tvori teda len acinné
rameno pre prikotveny balast v mieste opory ¢.3 - obr. ¢.2.

Kotvenie balastom zabezpecuje sustava 2x12 ks zem-
nych kotiev. Zemneé kotvy druhu 6 ¢ Ls 15,5 s nosnostou
600 kN pri dizke 19,0 m wyhovuji pre 1,5 nasobnu
bezpecnost V pripade potreby je mozné kotvenie doplnit
o dalSich 2x4 ks kotiev, pre ktoré su v kotevnom bloku
vynechané potrebné otvory. Zemné kotvy su certifikované
vyrobky s dvojitou ochranou proti korozii.

Parapetné nosniky su tvarované tak, aby umoznili
ucinné usporiadanie sudrinej predpinacej vystuz a
kotvenie volnych kablov - obr. €.3. Pre oba druhy predpé-
tia su pouzité kable z Ian 12 ¢ Ls 15,5 mm. Beton nosnej
konstrukcie je druhu B 400.

Volné kable si umiestnené v celej dizke v poly-
etylénovej rire z HDPE, chranenej ocelovou rirou
133/4,5, dodatocne zainjektovanej. Usporiadané su tak,
aby bola mozna ich vymena. Vertikalne zopnutie parapet-
nych nosnikov v mieste kotvenia volnych kablov je
zabezpecené 2 x 6 tytami CPS 32.

Koncentrovane umiestnené volné aj sidriné kable
okolo osi parapetnych nosnikov aj v asti, kde parapetné
nosniky nie su, vytvorilo akési fiktivne pozdizne nosniky v
prediznej osi parapetov. V prieénom smere , v polohe
uvedenych fiktivnych nosnikov, vznikaji zaporné momen-
ty, G umoZnilo navrhnit aj v smere kolmo na os mosta
Stihlu konstrukceiu - obr. ¢.4.

SPODNA STAVBA

Spodna stavba je velmi jednoducha a jej grafické
spracovanie nepotrebuje vysvetlenie.

Je potrebné sa len zmienit o spdsobe uloZknia nosnej
konStrukcie. Stara nosna konstrukcia bola vzdy pri
vysokych stavoch vody zaplavovana. Bude tak aj nadalej
napriek tomu, Ze kapacita prietoéného profilu pod
mostom je zvacSena z 250 m’/s na 320 m/s, teda o
28%. Z tohto dovodu nosna konstrukcia na oboch pilie-
roch €.1 a .2 je uloZena na valéekové loziska s nosnostou
4000 kN, resp. 15 000 kN, ktoré nebudi zaplavenim zne-
hodnocované.

POSTUP A SPOSOB VYSTAVBY

K_onétrukc[a bola vybudovana na pevnej podpernej
skruzi. Zemné kotvy boli odskiSané a aktivované pred
odskruzenim hlavného pola nad korytom rieky.

Most bol postaveny v rozpati 10 - tich mesiacov.

iS

The concrete blocks anchorage is provided by means
of 2x12 pcs. of earth anchorages. Earth anchorages of
stabilized tendons of 6 dia. 15.5, with loading capacity of
600 kN, at the length of 19.0 m, satisfy the safety 1.5.
fold. When necessary, the anchorage system can be sup-
plemented by another 2x4 pcs. of anchorages, for which
the necessary openings are left out in the anchoring
block. Earth anchorages are certified products provided
with double protection against corrosion.

Parapet beams are formed so as to enable effective
system of bonded prestressing reinforcement and
anchorage of unbonded tendons - Fig. 3. Tendons of 12
dia. 15.5 mm are used for both types of prestressing,
Concrete of the bridge superstructure is of Class B 400.

Along their whole length the unbonded tendons are
placed in HDPE pipe, protected by steel pipe dia.
133/4.5, and subsequently grouted. Their lay-out enables
potential replacement. Vertical prestressing of parapet
beams at the place of anchorage of unbonded tendons is
provided by 2 x 6 CPS rods dia. 32.

Both unbonded and bonded tendons are concentrat-
ed around the centre line of each parapet beam. In the
part of the deck without parapets, the tendon lay-out is
similar. The tendons thus form two fictitious "longitudinal
beams". Negative transverse bending moments above
the fictitious beams caused by such an arrangement
enabled to design a slender bridge deck (Fig. 4).

BRIDGE SUBSTRUCTURE

The bridge substructure is very simple and its graphic
presentation (Fig.2) needs no explaining.

Only the way of supporting the superstructure should
be mentioned. The old bridge was always inundated dur-
ing high waters. It will be the case also in the future in
spite of the fact that the bed profile capacity under the
bridge has been increased from 250 m*/s to 320 m’/s,
i.e. by 28%. That is why the bridge deck on both piers
No.1 and 2 rests on cylindrical bearings with load-bearing
capacity of 4000 kN, or 15 000 kN, which will not be
impaired by inundation.

METHOD OF CONSTRUCTION

The bridge structure was constructed on a stationary
scaffolding. Earth anchorages were tested and activated
prior to removal of the scaffolding in the main span over
the river bed.

The bridge was completed within 10 months.

LOADING TEST

The bridge was subject to test loading. The test con-
firmed the values calculated in the design. The measured
deflection was 40 mm, the calculated one was 52 mm at
80% of maximum admissible load.

CONCLUSION

_The bridge has been constructed in accordance with
strict Employer's requirements and according to the
conception of the designer. They succeeded in creating a

—
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ZATAZOVACIA SKUSKA

Na mostnom objekte bola vykonana zatazovacia skis-
ka, ktora potvrdila vopred vypocitané hodnoty. Zamerany
priehyb bol 40 mm, vypocitany priehyb 52 mm pri 80%
Gginnosti zataZenia.

ZAVERY

Most bol vybudovany v zhode s prisnymi poziadavkami
obstaravatela a podla predstavy projektanta. Podarilo sa
wytvorit Géelnu a dynamicky pdsobiacu konstrukciu, ktora
bude tvorif zaujimavy moderny prvok v centralnej ¢asti
mesta obr. €.5.

Investor - obstaravatel:
Slovenska sprava ciest Bratislava, Investorsky Gtvar
Banska Bystrica

Projektant: .
Dopravoprojekt a.s., Bratislava

Konzultant - volné kable:
Dac. Ing. M. Chandoga, CSc., STU Bratislava

Zhotovitel: :
Doprastav a.s. Bratislava, zavod Zvolen

Ve

VAHOSTAV
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B

Obr.5 - Pohlad na most po dokonéeni
Fig. 5 - View of the completed bridge

purpos_eful structure with dynamic appearance, which will
be an interesting modern feature situated in the central
part of the town - Fig. 5.

Employer:

Slovak Road Administration Bratislava, Investment
Organization Banska Bystrica

Project designer:
Dopravoprojekt a.s., Bratislava

Consultant - unbonded tendons:
Doc. Ing. M. Chandoga, CSc., STU Bratislava

Contractor:
Doprastav a.s. Bratislava, Zvolen branch
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Mosty na vychodnom obchvate Bratislavy
Bridges on Eastern Bratislava Bypass

Miroslav Matascik - Vladimir Pukancik - Tibor Michalka

Vychodny dialniény obchvat hlavného mesta Slovenska
Bratislavy je v sucasnej dobe v zaverecnej faze vystavby.
Clanok referuje vSseobecne o 8-ich mostnych objektoch
stavby, informacia o hlavnhom objekte stavby estakade
Prievoz je predmetom samostatného prispevku.

uvob

Wchodny obchvat Bratislavy je typicka "mestska
diafnica®. Priblizne polovica tejto novej dialfnice
prechadza zastavanym uzemim mesta. Jej dlzka je iba
6,475 km, avsak celkova dizka komunikacii tejto stavby
véitane krizovatkovych vetiev je az 13,993 km. V Useku
dialnice budd 4 mimodrovnové kriZovatky a 2 odpodi-
vadla. Dialnica prechadza cez oddychové zény mesta s
vilovou zastavbou a cez Gzemie s hustou koncentraciou
nakupnych stredisk, krizuje frekventované mestské
komunikacie a Zeleznicné trate. V tesnej blizkosti novej
dialnice sa nachadza aj bratislavské letisko.

Eastern motorway bypass of Bratislava, the capital of the
SR, is currently in its final construction stage. The article
covers in general an information on 8 bridges of the
Project. A separate article deals with the main Project
structure - flyover "Prievoz".

INTRODUCTION

Eastern Bratislava bypass is a typical "urban motor-
way". Approximately half of this new motorway stretch
runs through the city built-up areas. It is only 6.475 km
long, however the total length of this Project highways
including interchange ramps is as long as 13.993 km.
There will be 4 interchanges and 2 rest areas in the
motorway section. The motorway runs though the city
urban area with residential buildings and dense concen-
tration of shopping centres, crosses the streets with high
traffic volume and railway tracks. Bratislava Airport is also
situated in close vicinity of the new motorway.

OBJEXT 212-00 OBJEKT 213-00 OBJEKT 215-00 OBJEKT 217-00 OBJEKT 218-00
STRUCTURE 212-00 STRUCTURE 213-00 STRUCTURE 215-00 STRUCTURE 217-00 STRUCTURE 218-00
OBJEXT 210-00 OBJEKT 216~00
STRUCTURE 21000 STRUCTURE 216-00

Obr. 1 Prieéne rezy mostnych objektov - navrh
Fig. 1 Cross sections of bridges - design

Ing. Miroslav Matascik, Ing. Vladimir Pukanéik, Ing. Tibor Michalka, CSc., Dopravoprojekt, a. s. Bratislava
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. Typ nosnej konstrukcie
obj. 210, 211, 212, 213, 214, 215, 217, 218
spojita dodatocne predpatého monolitického

beténu
. Rozpétia poli / uZitoéna Sirka

Obj- 210: 34+38+41+30 =143 m /20'5 m
obj. 211: 41+35+27 =103 m/122m
obj. 212: 11+15+19+22+17+12 =96m /7,0 m
obj. 213: 14+420+20+14 =68m/7.0m
obj. 214: 31+42+42+31 =146m/125m
obj. 215: 14+24+14 =52m/6,0m
obj. 216: 5 x 30 =150m /171 m
obj. 217: 11+16+18+13 =58m/9,0m
obj. 218: 18+25+32+19 =94 m/90m

BRIDGES, TUNNELS, UNDERGROUND STRUCTURES

* Bridge Deck Design

structures 210, 211, 212, 213, 214, 215, 217, 218

continuous girder (slab) of post-tensioned cast-in-situ
concrete

* Spans length / Bridge width between safety fences
Str. 210: 34+38+41+30 =143 m /205 m

Str. 211: 41435427 =103m/122m
Str. 212: 11+15+19+22+17+12 =96 m //7.0 m

Str. 213: 14+20+20+14 =6 7

Str. 214: 31+42+42+31 = 1§6mm/ / 'fzr.g m
Str. 215: 14+24+14 =52m/6.0m
Str. 216: 5x 30 =150m /171 m
Str. 217: 11+16+18+13 =58m/9.0m
Str. 218: 18+25+32+19 =94m/9.0m

KONCEPCIA NAVRHU

Vzhladom na popisant lokalizaciu dialnice boli most-
né objekty navrhnuté tak, Ze vyhoveju nasledovnym
poziadavkam investora:

« "Dizajn" mostov koreSponduje s atraktivitou mest-
ského prostredia, v ktorom su osadené.

+ Sposob vystavby mostov musel byt taky, aby v min-
imalne moZnej miere naruSoval zivot obyvatelstva v
jeho bezprostrednom okoli.

* Mosty boli budované bez prerusenia premavky na
krizujicich komunikaciach.

* Technologické prvky, predovSetkym debnenie, boli
navrhnuté tak, aby boli pouZitelné na viacerych
mostoch.

0 2 - : -

Fll:.22 :ﬂec € rezy mostnych objektov - realizacia
' ross s 1 2 :

— _ "9SS Sections of bridges - construction

DESIGN CONCEPT

With regarc_i to the motorway location, the bridges
have been designed so as to meet the following require-
ments of the Employer:

* Design of bridges corresponds with attractiveness of
urban environment.

* They ha_d to be constructed in such way as to mini-
mum disturb the life of people living in their close
vicinity.

* The bridges were constructed without disrupting traf-
fic on the roads being crossed.

* Technological components, particularly formwork,
have been designed in such way as to be re-used for
the construction of other bridges as well.

InZinierske stavby, roé. 50, 2002, &. 3
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« Zivotné prostredie v okoli mostov je chranené tech-
nickymi opatreniami, predovsetkym protihlukovymi
stenami.

« Na Ziadost investora boli vylucené zle pri§tupné dutiny
v nosnych konstrukciach objektov, ktoré by stazovali
kontrolu technického stavu mostov.

Obr. 3 Obj. 217 pred dokoncenim
Fig. 3 Bridge 217 close to completion

ZAKLADANIE A SPODNE STAVBY

Zakladanie vSetkych objektov bolo pomerne
jednoduché. Boli zaloZzené ploSne na vrstve Strkov. Prace
na zakladani komplikovala vSak vysoka hladina spodnej
vody. Tento problém sa vo vacsine pripadov riesil pazenim
vykopu Stetovnicovymi stenami a utesnenim dna vykopu
monolitickou beténovou doskou beténovanou do vody.

Spodné stavby vacsiny objektov roznym sposobom
obmienaju zakladny tvarovy motiv spodnej stavby
estakady Prievoz. U troch objektov st pouZité tihle stipy
kruhového prierezu (obr. 1, 2, 3).

NOSNE KONSTRUKCIE

Nosnu konstrukciu vacsiny objektov tvoria piné dosky
alebo tramy bez dutin z monolitického predpatého beténu
(obr. 1a 2 ). Potreba vacsieho objemu beténov nosnych
konstrukcii je kompenzovana mensou pracnostou pri ich
realizacii a pohodinejSou ddrzbou pocas prevadzky.
Priene rezy tychto objektov maijd charakteristicky tvar,
ktory opat v rdznych obmenéch opakuije linie priecneho
rezu estakady Prievoz. Aj ked ma kazdy objekt iny tvar
nosnej konstrukcie, linie prieéneho rezu si navrhnuté tak,

L)

« Protection of environment around bridges is Provideg
by technological measures, particularly noise barriers

* On Employer's request, voids within bridge decks With
difficult access, that would hinder inspecting the con-
dition of bridges, have been eliminated.

FOUNDATIONS AND BRIDGE SUBSTRUCTURES

Foundations of all bridges are relatively simple, Bridge
supports rest on spread footings, on a layer of gravels
However the foundation works were complicated dye to

high level of ground water. In the majority of cases this
problem was resolved by means of sheet pile walls witp
sealing of excavation bottom by in-situ concrete slab cast
into the water. In a different way the shape of piers of
majority of bridges alternate the basic one of the "Prievo;*
flyover. Slender circular columns (Fig. 1, 2, 3) are used in
case of three bridge structures.

BRIDGE DECKS

Bridge decks are formed mostly by solid slabs or in-
situ prestressed concrete girders with no cells (Fig. 1, 2),
Higher quantity of concrete required for construction of
the bridge decks is compensated by less laborious work
during their construction and easier maintenance during
operation. Cross sections of these structures are of a
characteristic shape which again, in different variants,
copies the "Prievoz" flyover cross-section lines. Despite
the fact that the bridge deck shape of each structure is
different, the cross section lines are designed so as to
enable the usage of formwork elements for construction
of other bridges (Fig. 4). Formwork of majority of bridges
is formed by planed boards, which ensured high quality of
concrete surface.

Structure (overpass) 216 provides traffic over a trunk
road with high traffic volume, on which, even during con-
struction works, traffic could not be interrupted.
Consequently the deck of this bridge had to be designed
from post-tensioned concrete precast girders (Fig. 1, 2),
erected over the road under full traffic. By casting an in-
situ deck slab a composite bridge deck was formed.

BRIDGE ACCESSORIES

The shape and surface treatment of bridge cornices,
steel parapets and noise barriers are adjusted to the
design of substructures and superstructures (bridge

Obr. 4 Viacnasobné pouzitie debniacich prvkov
Fig. 4 Multiple use of formwork elements
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aby sa debniace prvky dali pouiit: pri vystavbe viacerych
mostov (obr. 4). Debnenie vacsiny mostov tvoria
hoblované dosky, 6o zabezpegilo velmi dobri kvalitu povr-

chov beténu.

Objekt 216 premostuje frekventovani mestski komu-
nikéciu, na ktorej nebolo mozné ani pocas vystavby
obmedzit premavku. Preto bola nosna konstrukcia tohto
objektu navrhnuta z tyéovych mostnych prefabrikovanych
nosnikov z dodatocne predpatého betonu (obr. 1 a 2 ),
ktoré boli montované za premavky na krizujicej komu-
nikacii. Prefabrikované nosniky boli dodatoéne spriah-
nuté s monolitickou beténovou mostovkovou doskou.

PRISLUSENSTVO MOSTOV

Tvar rims, zabradli a protihlukovych stien je svojim
tvarom a povrchovou Upravou prisposobeny dizajnu spod-
nych stavieb a nosnych konstrukcii popisovanych mostov.
Odvodnenie vacsiny mostov je zabezpedené odvodiovaci-
mi Zlabmi umiestnenymi po okrajoch mostovky.

BRIDGES, TUNNELS, UNDERGROUND STRUCTURES

decks) of the bridges described Draina jori

> ) ) - ge of majority of
bridges is provided by means of drainage troughs situat-
ed along the edges of the bridge deck slab.

It

Obr. 5 Podhlad nosnej konstrukcie obj.210
Fig. 5 Soffit of bridge 210 deck

SPOTREBA MATERIALOV

QUANTITIES OF MATERIALS

Objekt 210 | 211 | 212 | 213 [ 214 | 215 | 216 | 217 | 218 Structure
g%‘gg my/m?| 122 | 121 [ 073 | 0.71 | 114 | 0.7 | 121 | 074 | 1.21 | mym? Cg”jgge
P'ev‘i.g;'&‘;ma kym?| 33 | 31 | 28 | 27 27 |80 ) a1 i ga gy | Freetieesing
Beb‘yigf‘g"a ke/m’| 136 | 131 | 12 | 82 | 137 | 83 | 97 | 109 | 137 |kgme| Steelrein
ZAVER CONCLUSION

Wstavba (Useku dialnice D61 Mierova - Senecka v
ggglzslave zacala v maji 1999 a bola ukondena v auguste

Ipvestorom stavby bola Slovenska sprava ciest
Brat.lslava. Projektantom stavby bol Dopravoprojekt
Bratislava.

Stavba bola spolufinancovana Eurépskou investicnou
ban}mu ~a fondom PHARE. Na zhotovitela stavby bola
Ypisana medzinarodna sutaz. Vitazom tejto sitaz a zho-
tovitelom stavby bol Doprastav Bratislava.

The construction of motorway D61 Bratislava, Mierova
- Senecka commenced in May 1999 and was completed
in August 2002.

The Employer was the Slovak Road Administration,
Bratislava. The Project Designer was Dopravoprojekt. The
Project was co-financed by European Investment Bank
and PHARE. An international tender has been called for to
select the Contractor. Successful tenderer of this tender
and the Contractor was Doprastav Bratislava.

Institute of Construction and Architecture

Slovak Academy of Sciences,
.. Duabravska cesta 9,
». 842 20 Bratislava, Slovakia

Hebel Pérobeton Sastin, Ltd.

Zapotocna 1004

908 41 Sastin-Straze,

Slovakia

"_'—-_.____;
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Estakdda "Prievoz" v Bratislave
Flyover "Prievoz" in Bratislava

Miroslav Matas¢ik - Igor Masaryk - Katarina Taborska

is BRIDGES, TUNNELS, UNDERGROUND STRUCTURES

Typ nosnej konstrukcie
Rozpatia poli

UZitocna Sirka

Celkova dizka

1753 m

Main bridge structure:
* Bridge deck design

: Spojita (9 dilataénych celkov) z dodatoéne predpatého beténu —’
130 - 38 m (spolu 115 poli)

129,00 m (dialnica), 12,00 m (vetvy)

: Continuous girder of post-tensioned concrete

* Spans length : 30 - 38 m (115 spans in total)
* Bridge width between safety fences : 29.00 m (the motorway), 12.00 m (ramps)
* Total length 13753'm

KONCEPCIA RIESENIA

Vzhladom na uvedenu lokalizaciu estakady koncepcia

rieSenia tohto objektu respektovala nasledujice
poziadavky :

* Navrhnit most s dérazom na jeho architektonické
stvarnenie (v intravilane hlavného mesta, v jeho oddy-
chovej zone tesne vedla husto Zastavanej obytnej zony

DESIGN CONCEPT

With regard to the above mentioned location of the fly-
over the concept of its design had to observe the follow-
ing requirements:

* To design the bridge with particular emphasis on its
architectonic shape.

To minimize the site area to be temporarily occu-

DCZKA /BRIDGE TOTAL LENGTH/ 1753 m

/ mm\1§\ 678/ 753 m

=

R

-—0—-—n—-—0——6—-—\k-—-+—+—+—+—+—-+-'=,f.'f-.t.—_‘_,._,+__+_

66/ 218 m
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Obr. 1 Estakada "Prievoz
Fig.1 Flyover "Prievoz"

Estakada Prievoz je dominujicim objektom vychodného
dialnicného obchvatu hlavného mesta Stavgnsk§ Brati-
slavy, ktory je v sicasnej dobe v zavereénej faze vystavby.

uvobp

Estakadu Prievoz tvori dialniéna dvojestakada dizky
1 752 m a estakady na vetvach dvoch mimotroviiovych
krizovatiek. Mosty na dialnici a na krizovatkovych vetvach
tvoria jeden celok a celkova dizka ich nosnych konstrukcii
je 4 175 m (obr. 1).

Estakada je umiestnena v urbanizovanom Gzemi
hlavného mesta Slovenska, krizuje oddychové zony s
vilovou zastavbou, Gzemia s hustou koncentraciou nakup-
nych stredisk, frekventované mestské komunikéacie a dve
Zleznicné trate, v tesnej blizkosti sa nachadza aj
bratislavskeé letisko.

Flyover "Prievoz" is the dominating structure of the east-
ern motorway bypass of Bratislava, the Capital of the SR,
which is currently in its final construction stage.

INTRODUCTION

Flyover "Prievoz" consists of the main bridge - two,
parallel bridge structures, 1,752 m each and bridges on
ramps of two interchanges. Bridges on the motorway and
on interchange ramps form one unit and the total_length
of their superstructure (bridge deck) is 4,175 m (Fig. 1).

The flyover is situated within urban area of the cap'?a|
of the SR, provides traffic over recreational zones with
residential buildings, areas with dense concentration of
shopping centres, urban roads with high traffic volume
and two railway tracks. Also Bratislava airport is situated
in close vicinity.

Ing. Miroslav Matas¢ik, Ing. Igor Masaryk, Ing. Katarina Taborska, Dopravoprojekt, a. s. Bratislava

I
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a tiez vedla novovybudovaného obchodného centra.

Obmedzit plochu staveniska na minimum (vysoka
¢ena pozemkov, atraktivnost Gzemia ktorym most
prechadza).

Umoir_lif subeznu vystavbu viacerych Usekov objektu a

wtvorit aj dalsie predpoklady pre rychle tempo vystavby.

* Pocas vy‘fstavby neprerusit dopravu na krizovanych
komunikaciach Mierova, Gagarinova a Vrakunska,

Neporusit mohutné kanalizacné zberace, ktoré
estakada krizuje.

* Urobit technické opatrenia na obmedzenie dopadov
Na zivotné prostredie.

ZAKLADANIE A SPODNA STAVBA

Podpery estakady s prevazne zaloZené plogne na
VIstve Strku, ktory ma velmi zIé deformacné parametre,
Pretoze v flom chyba pieskova frakcia. Zakladanie na pilo-
tach tak velkého poétu podpier by bolo ekonomicky
NeUnosné. Hutnenie podiozia bolo neprijate/né vzhladom
Na moZnost poskodenia okolitej zastavby. Preto bolo
nutr)e‘vermi Podrobne analyzovat sadanie podpier v jed-
notlivych &tadiach realizacie konstrukcie a hodnoty

e

pied(high cost of lots, attractiveness of the area being
crossed by the bridge).

* To enable the simultaneous construction of various
structure sections and also to create further precondi-
tions for accelerated building process.

* Not to interrupt the traffic on roads "Mierova",
‘Gagarinova" and "Vrakunska", being crossed during
the construction.

* Not to damage big sewers being crossed by the fly-
over.

* Take technical measures to limit the negative impact
on the environment.

FOUNDATION AND BRIDGE SUBSTRUCTURE

Most of the flyover piers rest on spread foundations
on a layer of gravels with very bad deformation parame-
ters due to the missing sand fraction. Pile foundations of
S0 many piers would not be feasible and economically
Justifiable. Compacting of subsoil was unacceptable due
to the possibility of damaging of surrounding buildings.
Therefore it was necessary to analyze the settlement of
piers in particular construction stages, and to take into
account the values of differential settlement in the bridge

InZinierske stavby, roé. 50, 2002, &. 3
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GAGARINOVA UL

Obr. 2 Premostenie zberacov - navrh
Fig .2 Bridging of main sewers - design

nerovnomerného sadnutia zohladnit pri dimenzovani nos-
nej konstrukcie.

Dve podpery bolo treba umiestnit nad kanalizacny
zberaé pri Mierovej ulici pozostavajici z 2 rur ¢ 3150.

Vzhladom na velky profil zberaca bol zaklad
navrhnuty ako "most". Tvori ho dvojica kriZujucich nos-
nikov s podorysom v tvare "X". V bode krizenia nosnikov je
umiestneny driek podpery, konce nosnikov st ulozené na
velkoprofilovych vitanych pildtach. Nosniky su z pred-
patého monolitického betdnu (obr. 2 a 3).

Dve podpery su umiestnené do uzkeho koridoru
medzi Gagarinovu ulicu a mohutny stbezny kanalizacny
zberaé ¢ 4000. Podpery budu zatazené velkou vodorov-
nou silou v loZisku a ploSne obmedzena zakladova doska
by nebola schopna preniest vyvolany momentovy Gginok.
Preto bolo potrebné zéakladu "pomoct” vytvorenim paky.
Zaklad s plytko umiestnenou zakladovou Skarou je
zalozeny na mikropilétach, ktoré ponesud zvislu reakciu.
Momentovy GEinok je neutralizovany rebrovou doskou
premostujicou zberat (obr. 2).

ZaloZznie uvedenych podpier je nestandardné, ale aj
toto narocné riesenie bolo ekonomicky prijatelnejsie, ako
zvazovaneé preloZenie zberacov.

—r—

L

-
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Obr. 3 Premostenie zberacov - realizacia
Fig. 3 Bridging of main sewers - construction

deck design.

Two piers had to be positioned over the main sewer at
"Mierova" Street, consisting of two pipes with ¢ 3,150.

Due to the large diameter of the sewer, foundation
was designed as a "bridge". It is formed by a pair of cross-
ing girders forming a letter "X" in plan. The pier itself is sit-
uated at point of the girders crossing. The girders rest on
large-diameter bored piles. Girders are of prestressed
cast-in-situ concrete (Fig. 2 and 3).

Two piers are situated within the narrow corridor
between "Gagarinova" Street and a large parallel sewer
with ¢ 4,000. Piers will be loaded with excessively large
horizontal force acting on the bearings, and the pier foot-
ing with limited base dimensions would not be able to
transfer the induced moment effect. Therefore it was nec-
essary "to help" the foundation by creating a lever.
Shallow founded footing rests on micropiles, which will
bear the vertical force. Moment effect is neutralised by rib
slab, bridging the sewer (Fig. 2).

Foundations of these piers are atypical, but even this
difficult solution will be economically more acceptable
than considered relocation of sewers.

Bridge substructure is formed by a system of two dif-
ferent types of piers (Fig. 4 and 5):

* type "D" - wide piers; motorway section,

= . E— =

Obr. 4 Priecne rezy mostami
Fig. 4 Cross sections.

e—
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Obr. 5 Dialni¢na estakada vo vystavbe
Fig. 5 The flyover under construction

¥ %podm] stavbu tvori systém podpier dvoch typov (obr.
ab):

* typ"D"- $iroké podpery pod dialnicou,
* typ "V"- Uzke podpery pod vetvami krizovatiek.

Kombjnéciou tychto zakladnych typov bolo vyskladané
podop'retle nosngj konstrukcie roznej Sirky, ktora je pre-
menna hlavne v Usekoch pripojenia krizovatkovych vetiev
na dialnicu.

BV név'rhu podpier, krajnych opor aj priecneho rezu nos-
nej konstrukcie sa opakuje ten isty tvarovy motiv.
St(ledanie_ konvexnych a konkavnych ploch bude edte
Zvyraznene rozdielnym odtienom ich povrchu.

NOSNA KONSTRUKCIA

_Skladba prie¢neho rezu nosnej konstrukcie vychadza
V Ustrety poZiadavke obmedzit pocas vystavby potrebu
zabe(u plochy pod mostom na minimum a poziadavke na
verml’ ychle tempo vystavby. Je to umoznené tym, Z
nosna konstrukcia sa kompletizuje postupne v etapach.

Projekt predpokladal nasledovny postup prac (obr. 6):

V 1etape sa vybetonuje zakladny jednokomorovy nos-
nik z dodatoéne prepatého beténu. Toto “jadro”
Prierezu sa vybuduje postupne po jednotlivych poli-
ach: Priblizne 60 % predpinacich kablov sa stykuje
Spojkami v pracovnej Skare, zvysok kablov bude
zZakotveny v prieénikoch.

Vv 2.etape sa na "jadro" zavesia prefabrikované
beténove vzpery, ktoré budd v tomto &tadiu stabilizo-
vane vodorovnymi predpinacimi tyéami vsunutymi do
otvorov v hornej doske "jadra". Vzpery tvoria dominu-

e

* type "V" - narrow piers:; interchange ramps.

Slupport_ing of bridge deck with varying width, particu-
larly in sections of connection of interchange ramps to the

motorway, has been carried out by combination of these
two basic pier types.

The same shape motif repeats in the design of piers,
abutments as well as the bridge deck cross-section.

BRIDGE DECK

The structure of the bridge deck cross-section meets
the requirement to limit the required occupation of land
under the bridge during construction works to the mini-
mum and the requirement to perform the construction
works in a very short time. The two requirements can be

Lulfi:ed by means of staged construction of the bridge
eck.

e Trg.)e design envisaged the following sequence of works
ig. 6):

* Stage 1. - Construction of a main single-cell box girder
qf post-tensioned cast-in-situ concrete. This cross-sec-
tion "core” to be constructed in stages, span by span.
Approximately 60 % of prestressing tendons are
Jomec_i by coupling in the construction joint, the
remaining tendons are anchored in cross girders.

S;age 2. - Erection of precast concrete struts sta-
bilised by horizontal prestressing bars inserted into
openings in the "core" upper slab. The struts form the
dominating exposed part of the bridge deck.

Obr. 6 Most na vetve
Fig. 6 The bridge on a ramp

InZinierske stavby, ro¢. 50, 2002, é. 3
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Obr. 7 Mosty v krizovatke v Stadiu vystavby
Fig. 7 The flyover under construction

jucu pohladovi plochu nosnej konstrukcie. Preto si
navrhnuté tak, Z ich licna plocha opakuje zakladny
tvarovy motiv pouZity uz pri navrhu spodnej stavby.

Nosnu ¢ast vzpery tvoria dve priame rebra, ktoré pre-
nesu tlakovil osovi silu z mostovky do tramov. Do
tychto rebier si zakotvené aj vodorovné predpinacie
tyce, ktoré spolu s tramom a vzperou tvoria logicky
silovy trojuholnik. Tenka doska medzi rebrami vytvara
charakteristicky dizajn mosta.

* V 3.etape sa dobeténuje zvynd ¢&ast hornej
mostovkovej dosky a pripne sa v prieénom smere k
jadru prierezu pomocou 1-lanovych predpinacich
prvkov (monostrandy).

* V 4.etape sa vybeténuji po obidvoch stranach
prierezu odvodfovacie Zlaby. Zlaby budu slGzif na
odvodnenie mosta alebo ako kolektory pre vedenie
inZinierskych sieti.

* V S.etape sa dobuduji rimsy, vozovka, zvodidla,
zabradlia a protihlukové steny.

Opisany postup umoznil budovat nosni konstrukciu
mosta "prudovym" spdsobom, ¢im sa vytvorili predpokla-
dy pre poZzadované rychle tempo vystavby. Priemerna
doba vystavby 1 pola v priamom Gseku bola 14 dni.

Casti nosnej konstrukcie v kriZovatkach st tvarovo
velmi komplikované a vyzZiadali si vyrobu prefabriko-
vanych vzpier premenného lichobeZnikového pddorysu.
Prefabrikované boli aj casti spodnej dosky v rozvetveni-

is

The struts are strengthened by two straight ribs, which
transfer the compressive longitudinal force from
bridge deck slab to girders.

* Stage 3. - Concreting of the upper deck slab remaining
part and its fastening crosswise to the "core" by
means of prestressing monostrands.

= Stage 4. - Concreting of drainage troughs along both
sides of the bridge cross-section. The troughs will
serve for drainage of the bridge or as main service
ducts.

= Stage 5. - Construction of the bridge cornices, pave-
ment, safety fences, parapet and noise barriers.

The described method enabled to achieve the speedy
construction. The average time of construction of one
span in straight section of the bridge was 14 days.

The shape of parts of the bridge deck situated within
interchange sections is very complex and requires the
production of precast struts of varying trapezoidal plan.
Precast are also the parts of the bottom bridge deck slab
at interchange ramps. Precast struts were manufactured
in a plant situated 30 km from the site, precast parts of
the bottom bridge deck slab were produced on site.

Movements of the bridge deck of this system of the
bridge superstructure have been resolved by diving it into
9 construction units, the length of the largest one is 750
m. In places of connection of ramps to the motorway, the
fixed bearings are situated in the flyovers bifurcation,
which enables to each of the 3 ramps of such construc-
tion unit to move in "its own" direction. At the same time
extraordinary requirements are placed on bearings that
must allow large movements and change of their function
during construction.

BRIDGE ACCESSORIES

Bridge safety fences (crash barriers) are 1.20 m high,
of concrete, and braced by monostrands. They are formed
by 0.80 m high lower concrete part, while the upper part
is formed by steel pipe. The above type of crash barrier
has been developed specially for this Project.

Noise barriers with transparent panelling and traffic
signs gantries supports are situated along both sides of
the flyover.

Applied system of safety fences (crash barriers),
drainage troughs and noise barriers enabled placement
of bridge waterproofing and pavement on the whole
bridge area without colliding with anchorage components
and without need of additional boring through the bridge
waterproofing and pavement.

QUANTITIES OF MATERIALS

Implementation of the flyover "Prievoz" has been
extremely difficult. One of the many issues has been con-
struction of the flyover piers and the production of pre-
cast struts. The designer chose this unusual design know-
ing, that higher costs for the production of these bridge
components (particularly the formwork) would be richly
compensated by their considerably high repeatability.
Few data are shown below to illustrate the volume of
works on this structure:

—
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ach kriZovatiek. Prefabrikované vzpery sa vyrabali vo
vyrobni vzdialenej 30 km od staveniska, prefabrikované
casti spodnej dosky sa vyrabali ambulantne priamo na
stavenisku.

Dilatovanie nosnej konstrukcie tohoto pédorysne kom-
plikovaného komplexu mostov sa vyriesilo jeho rozde-
lenim do 9 dilataénych celkov, z ktorych najvaési ma dizku
750 m. V miestach pripajania vetiev na diafnicu si pevné
loZiska umiestnené do podorysnych rozétepov estakad, éo
umoznuje kazdej z 3 vetiev takéhoto dilataéného celku
dilatovat "svojim" smerom. Mimoriadne naroky sd pritom
kladené na loZiska, ktoré musia umoznit velké dilataéné
pohyby a pocas vystavby menit svoju funkciu.

PRISLUSENSTVO MOSTA

Zvodidla na moste s beténové, vysoké 1,20 m a sii
spinané 1-lanovymi predpinacimi prvkami alebo
ocelovymi "zamkami". S0 tvorené beténovou spodnou
castou vysky 0,80 m, hornu East tvori ocelova rira. Obidva
typy zvodidiel boli vyvinuté Specialne pre tito stavbu.

Po oboch stranach estakady su umiestnené protih-
lukové steny s priehladnou vyplfiou a nosice dopravnych
znaciek.

Pouzity systém zvodidiel, odvodnovacich Zlabov a pro-
tihlukovych stien umoznil ukladat izolaciu a vozovku na
celd plochu mosta bez kolizie s kotviacimi prvkami a bez
potreby dodatocného vrtania cez vozovku a izolaciu.

SPOTREBA MATERIALOV

Realizacia obj. 200-00 je mimoriadne naroéna.
Jednym z mnohych problémov bola vystavba tvarovo kom-
plikovanych podpier a vyroba prefabrikovanych vzpier.
Projektant zvolil toto neobvyklé riesenie s vedomim, 7
vyssie naklady na vyrobu tychto Gasti konitrukcie (pre-
dovSetkym debnenia) budi bohato kompenzované mimo-
riadne velkou opakovatelnostou prvkov mosta. Pre ilus-
traciu o objeme prac na tomto objekte je uvedenych
niekol'ko tdajov:

* Pocet podpér 139

* Pocet krajnych opér 12

* Podet mostnych poli 115

* Pocet prefabrikovanych vzpier 4140

* Betdn nosnej konstrukcie 0,81 m¥/m’
* Predpinacia vystuz 31 kg/m?

* Betonarska vystuz nosnej kon&rukcie 101 kg/m*
ZAVER

Wstavba lseku dialnice D61 Mierova - Senecka v
g:')aéizslave zacala v maji 1999 a bola ukonéena v auguste

lr_westorom stavby bola Slovenska sprava ciest
Bratislava. Projektantom stavby bol Dopravoprojekt
Bratislava.

Stavba bola spolufinancovana Eurépskou investiénou
bankou a fondom PHARE. Na zhotovitela stavby bola
Y¥pisana medzinarodna sttaz. Vitazom tejto sitaze a zho-
tovitelom stavby bol Doprastav Bratislava.

——

Obr. 8 Nostalgicky pohfad na rozostavani estakadu.
Fig. 8 A "sunset view" on the bridge

* Number of piers 139

* Number of abutments 7

* Number of spans 115

* Number of precast struts 4,140

* Concrete of the bridge deck 0.81 m3/m?
* Prestressing reinforcement 31 kg/m?

* Bridge deck steel reinforcement 119 kg/m?*
CONCLUSION

The construction of motorway D61 Bratislava, Mierova
- Senecka commenced in May 1999 and was completed
in August 2002.

The Employer was the Slovak Road Administration,
Bratislava. The Project Designer was Dopravoprojekt.

The Project was co-financed by European Investment
Bank and PHARE. An international tender has been called
for to select the Contractor. Successful tenderer of this
tender and the Contractor was Doprastav Bratislava.
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Mosty na dialnici D1 Ladce - Sverepec
Bridges on D1 motorway Ladce - Sverepec

Miroslav Mataséik

Dialniény usek Ladce - Sverepec, ktory je v siucasnej
dobe v Stadiu vystavby, prechadza velmi ¢Elenitym
terénom. To si vyZaduje postavit na tomto 10 km dseku
dialnice 32 mostov. Prispevok informuje o 10-tich
najvyznamnejSich mostnych objektoch tejto stavby.

Motorway section Ladce - Sverepec, currently under con-
struction, is located in a very rough hilly terrain. That is
why 32 bridges are required to be constructed within this
10 km long motorway stretch. This article informs about
10 major bridge structures of this Project.

"MOST PRUZINKA" - OBJEKT 217-00

* Typ nosnej konsStrukcie
- dialnicna estakada
- spojity komorovy nosnik z predpatého beténu
* Rozpatia poli / uZitotna Sirka
- 32+38+39+19x40+33=902m/ 14 m+14 m

BRIDGE "PRUZINKA" - STRUCTURE 217-00

* Bridge deck design
- motorway viaduct- continuous single-cell box
girder of prestressed concrete
* Spans length / width between safety fences
- 32+438+39+19x40+33=902m/ 14 m+14m

uvoDp

Diafnica D1 je sG¢astou dialnicnej siete Slovenskej
republiky. Je vSak aj sucastou eurdpskej dialkovej cesty E
50 vsmere "zapad - vychod" a tieZ suastou eurdpskej
cesty E 75 v smere "sever - juh”". Dobudovanim (seku
dialnice D1 Ladce - Sverepec sa teda vytvoria lepsie pod-
mienky pre medzinarodni tranzitnd dopravu v spomi-
nanych smeroch.

INTRODUCTION

Motorway D1 is part of existing motorway network in
the Slovak Republic. However it is also a part of the
European route E 50 in direction "west - east" as well as a
part of the European route E 75 in direction "north -
south". Thus by completing the D1 motorway section
Ladce - Sverepec, improved conditions for international
transit traffic on above mentioned routes will be created.

Ing. Miroslav Mafaséik, Dopravoprojekt, a. s. Bratislava

Obr. 1 Pdorys mosta
Fig. 1 Plan of the bridge
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KONCEPCIA NAVRHU

Objekt premostuje meandrujlce potoky, cestnd komu-
nikdciu a zosuvné uzemie. Nosna konstrukcia sa buduje
pomocou vysuvnej skruze. Pri tejto technologii kazda
dilatacna Skara spdsobuje spomalenie tempa vystavby a je
navySe poruchovym miestom mosta. Z uvedenych dévodoy
s( nosné konstrukcie navrhnuté ako jeden dilatacny celok na
celd dizku 902 m.

ZAKLADANIE A SPODNA STAVBA

Objekt premostuje Uzemie s tromi typmi podliozia:

* Podlozie tvorené 2 - 4 m vrstvou Strkov plytko pod
terénom, pod ktorymi si vrstvy zvodnelych pieskov.

* PodloZie tvorené zvetralymi ilovcami a slieflovcami v
hibke 5 - 8 m.

* Podlozie tvorené zosuvajicou sa vrstvou ilov a hlin,
pod ktorou sa nachadzaju kvalitné vrstvy sliefiovcov.

Vzhladom na uvedené okolnosti boli navrhnuté dva typy
zakladania:

* Plosné zakladanie na tenkej vrstve Strkov.
+ Hibkové zakladanie na mikropilotach.

Zosuvné uzemie pod mostom bolo stabilizované sys-
témom drenaznych vrtov.

Podpery mosta su tvorené stenami, ktoré s opticky
rozélenené hlbokou zvislou ryhou.

NOSNA KONSTRUKCIA

Nosna konstrukcia je budovana na wsuvnej skruzi. Kable
sl tvorené 13 lanami Ls 15,5 - 1800. Si prevazne styko-
vané v pracovnej $kare, 40 % kablov je kotvenych v nad-
podperovych prienikoch. Ako betonarska wystuz sa vo
velkom rozsahu pouZivaji armokoSe a vopred zvarané
rohoz. Doba vystavby jednej etapy je 14 - 21dni .

Vzhladom na velki dizku mosta, podorysné zakrivenie a
spdsob vystavby mimoriadne naroky boli kladené na loziska.
LoZiska musia umoznit velké dilataéné pohyby, museli pre-
niest velké vodorovné sily vyplyvajiice z excentricity fixovania
mosta pocas vystavby a museli tieZ menit svoje funkcie a
smer dilatovania v jednotlivych tadiach vystavby.

40 32 =i

Obr. 2 Pohlad na rozostavany most
Fig. 2 Bridge under construction

DESIGN CONCEPT

Bridge decks of the bridges are constructed by means of
a movable falsework in a series of longitudinal stages. By
using this method, each expansion joint causes slowing
down of construction process. Besides, an expansion joint is
a weak point of each bridge. For the above reasons the
bridge decks are designed as one construction unit for the
whole length of 902 m.

FOUNDATIONS AND BRIDGE SUBSTRUCTURE

The bridge is located in an area with three types of subgrade:

* Subgrade formed by 2 - 4 m thick layer of gravels situat-
ed close to the terrain sur ace, followed by layers of water-
saturated sand.

* Subgrade formed by weathered claystones and marlites
situated 5 - 8 deep.

* Subgrade formed by sliding down layer of clays and loam,
under which a good quality marlite layers are situated.
With regard to this, two types of foundation have been
proposed:

* Spread footings, shallow under ground, resting on thin
layer of gravels.

* Deep foundation - micropiles.

Landslide area under the bridge has been stabilized by a sys-
tem of drainage holes.

BRIDGE DECK

Bridge deck is constructed on a movable onespan long
falsework. Prestressing tendons are formed by 13 strands
¢ Ls 15.5 - 1800. They are mostly coupled in construction
joints, 40 % of tendons are anchored in over-pier
diaphragms. Steel reinforcement consists mainly of rein-
forcement cages and pre-welded steel fabric. Construction
time of one stage is 14 - 21 days.

Due to the considerable bridge length and the construc-
tion method applied, extraordinary requirements have been
placed on bridge bearings. They have to allow large dilatation
movements, transfer horizontal forces resulting from eccen-
tricity of the bridge fixing during construction. They have to
change their functions and direction of movements during
particular construction stages as well.

InZinierske stavby, roé. 50, 2002, ¢. 3

95



MOSTY, TUNELY, PODZEMNE STAVBY

PRISLUSENSTVO MOSTA

Objekt 217 je sucastou "sumostia” troch po sebe nasle-
dujucich mostov 217, 297 a 220, medzi ktorymi su vysoke
opormné mury. Kazdy z uvedenych objektov ma iny tvar spod:
nej stavby aj nosnej konstrukcie. Zjednocujuci_ml pn_/kam|
tychto objektov su rimsy, odvodnovacie zlaby a zabradlia.

SPOTREBA MATERIALOV

* Beton B 400 0,70 m3/m’
* Predpinacia vystuz 25 kg/ m’

* Betonarska vystuz 92 kg/m*

1S
BRIDGE ACCESSORIES

Structure 217 is part of the system of three consecutive
bridges - structures 217, 297 and 220. Substructure and
bridge deck shape of each of the above structures are differ-
ent. Integrating components of these bridges are cornices,
drainage troughs and steel hand railing.

QUANTITIES OF MATERIALS

» Concrete B 400 0.70 m¥/m?
* Prestressing steel 25 kg/ m?
= Steel reinforcement 92 kg/m’.

"MOSTY NA KRIZOVATKE BELUSA" OBJEKTY 205 L,
205 P, 206, 207, 208

* Typ nosnej konstrukcie - spojité komorové nosniky
z predpatého monolitického betonu

* Rozpatia poli / uZotoéna Sirka
- obj. 205/LM: 41+5x40+31 =272m /1565 m
- 0obj. 205/PM: 31 +5x40+437 =268m /14,40 m
- obj. 206: 39+38+40+6x38+1 =376 m /14,40 m
- obj. 207: 31 +7 x40 +31 =342m /1440 m
- 0bj. 208: 31 +4 x40 +31 =222 m /1440 m

BRIDGES AT INTERCHANGE "BELUSA" STRUCTURES
205L, 205P, 206, 207, 208

* Bridge deck design - continuous single-cell box girders
of prestressed cast-in-situ concrete

* Spans length / width between safety fences

- Struct. 205/left bridge: 41+5x40+30 = 272m /15.65m
- Struct. 205/right bridge: 31+5x40+37 = 268 m /14.40m
- Structure 206: 39+38+40+6 x 38+31 = 376m / 14.40m
- Structure 207: 31+7 x40+31=342m /1440 m
- Structure 208: 31+4 x 40+31 =222 m/ 14.40 m

KONCEPCIA NAVRHU

Mosty s stcastou mimotroviovej dialniénej krizovatky
(obr. 3). Vzhladom na znaéni koncentraciu mostov na
relativne malej ploche Standardny dvojloZiskovy podperny
systém (napr. steny alebo dvojice stipov) by wtvaral husty
zhluk betonovej hmoty. Vzhiadom k tomu, Z v tesnej blizkosti
krizovatky sa nachadza obec Belusa a tie? éasto navitevo-
vany motorest, takéto rieSenie by bolo rusivé a disharmo-
nicke.

Preto bol pre vSetky uvedené mosty zvoleny &tihly a
pohladovo "riedky" podperny systém tvoreny prevazne cen-
tricky umiestnenymi stlpami. Nosné konstrukcie, ktoré su
podopierané prevazne 1 stipom s 1 loziskom, si po 2 az 3
poliach "stabilizované" dvojicou stipov (obr. 1). Takyto pod-
pemy systém je hmotovo velmi dsporny. Stlpy kruhového
prieCneho rezu maji navySe rovnaky vzhlad v kaidom
zornom uhle, Go aj pri relativne velkom poéte podpier (spolu
34 podpier) nepdsobi disharmonicky.

ZAKLADANIE A SPODNA STAVBA

Mostné objekty si zaloZné plosne alebo hibkovo na
mikropilotach. Podpery si tvorené kruhovymi stlpmi s
vyraznym povrchovym zvislym ryhovanim.

NOSNA KONSTRUKCIA

Zvoleny Gsporny podperny systém spésobuje, 7
nosné konstrukcie predmetnych objektov sG namahané
velkymi torznymi momentami, éo si vyZiadalo vy3siu
spotrebu betonarskej vystuz. Navrh nosnej kontrukcie
komplikovalo tiez striedanie 1-loziskového centrického
podopretia s 2-oZiskovym. Nosné konstrukcie vietkych uve-
denych objektov si tvorené 3-tramovymi komorovymi spo-
jitymi nosnikmi z dodatoéne predpatého monolitického
beténu (obr. 1, 2).

DESIGN CONCEPT

The bridges are part of the "Belusa" interchange (Fig.
3). Due to considerable concentration of bridges on rela-
tively small area, a typical two-bearing supporting system
(e.g. pier walls or pairs of columns) would create a dense
bunch of concrete. Considering that the village Belusa
and also frequently visited motorest are located in close
vicinity of the interchange, such solution would be dis-
turbing and disharmonious.

Thus a "slender supporting system", formed mainly by
columns located in the structures centre lines, has been
chosen for all above mentioned bridges. Bridge decks,
which are supported mostly by one column with one bear-
ing, are "stabilized" after two or three spans by a pair of
columns (Fig. 1). From the material point of view, such
supporting system is very economic. The appearance of
circular cross-section piers is the same from all anglejs of
view, which even in case of relatively high number of piers
(34 piers in total) does not cause disharmonious effect.

a 1490 - ‘ 14.90 :
180 11.75 155 1,60, 1178 155

Obr. 1 Prieéne rezy mostoy
Fig. 1 Cross-sections
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Nosné konstrukcie sa buduju na statickej skruZi pos-
tupne po etapach s pracovnymi Skarami vzdialenymi 7,00
m od podpery. Predpinacia vystuzZ v pozdiZznom smere st
kable tvorené 13-timi lanami ¢ Ls 15,5 - 1800. 80 % kablov
je vedenych cez 2 etapy tak, Z st striedavo kotvené v pra-
covnej Skare (v jednej pracovnej Skare je teda kotvenych 40
% kablov), 20 % kablov je kotvenych v nadpodperovych
priecnikoch. Nadpodperové priecniky s predopnuté v

Obr. 2 Pohlad na rozostavané mosty
Fig. 2 View on the bridges under construction

FOUNDATIONS AND BRIDGE SUBSTRUCTURE

The bridges rest on both spread and deep foundations
(micropiles). Bridge piers are formed by circular columns
with marked vertical surface grooving.

BRIDGE DECK

The chosen economic supporting system causes that
the bridge decks are subjected to extensive torsion
moments, which resulted in higher quantity of reinforcing
steel. Bridge deck design was further complicated by
alternating of one-bearing centrally positioned support
with two-bearing ones. Bridge decks of all bridges are
formed by continuous double-cell box girders of post-ten-
tioned cast-in-situ concrete (Fig. 1, 2).

Bridge decks are to be constructed on stationary scaf-
folding in stages (span-by-span basis) by sections with
working joints situated in a distance of 7.00 m from a pier.
Prestressing in longitudinal direction is provided by ten-
dons formed of 13 strands ¢ Ls 15.5 - 1800 each. 80 %
of tendons are carried through 2 spans so that they are
alternately anchored in construction joint (so in one con-
struction joint 40 % of tendons being anchored), 20 % of

Obr. 3 Mosty na krizovatke Belusa
Fig. 3 Bridges on the interchange Belusa

—
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prienom smere kablami 13 ¢ Ls 15,5 - 1800. Priecniky
maju tvar, ktory imituje prienik stlpov s komorou nosnej
konstrukcie (obr.1).

SPOTREBA MATERIALOV

* Beton B 400 0,76 m:‘/r:rl2
Predpinacia vystuz 31kg/ m :
« Betonarska vystuz 133 kg/m°.

tendons are anchored in over-pier cross girders. The cross
girders are prestressed in transverse direction by stay
cables 13 ¢ Ls 15.5 - 1800. Cross girders shape imitates
intersection of columns with the bridge deck cell. (Fig.1),

QUANTITIES OF MATERIALS

» Concrete B 400 0.76 m*/m’
* Prestressing steel 31 kg/ m*
* Steel reinforcement 133 kg/m”.

"MOST NAD MOTOCROSSOVYM AREALOM"
- OBJEKT 220-00

« Typ nosnej konstrukcie - dialniéna estakada, spo_jité
komorové nosniky z predpatého monolitického
beténu

= Rozpatia poli / uzotocna Sirka
- lavy most: 3348 x 46+41,4+37,6 = 480m /15,65m
- pravy most:33+8 x 46+42,4 = 443,4m /16,00m

BRIDGE OVER THE MOTOCROSS AREA
- STRUCTURE 220-00

* Bridge deck design - motorway viaduct, continuous
single-cell box girders of prestressed cast-in-situ con-
crete

« Spans length / width between safety fences
- left bridge: 33+8 x 46+41.4+37.6 = 480m /15.65m
- right bridge: 33+8 x 46+42.4 = 443.4m /16.00m

KONCEPCIA NAVRHU

Koncepcia objektu 220-00 bola ovplyvnena pre-
dovSetkym dvomi faktormi - atraktivnostou tGzemia, ktoré
premostuje a technoldgiou vystavby nosnej konstrukcie.

Uzemie, ktoré objekt premostuje, pIni viacero funkcii.
Nachadza sa tam Sportovy areal, v ktorom sa pravidelne
konaji medzinarodné preteky v motocrosse, vedla je
casto navstevované futbalové ihrisko, v ramci stavby
dialnice sa tam buduje odpocCivadlo a tiez oddychova
zona vedla zregulovaného potoka.

VSetky tieto zariadenia su predpokladom castej kon-
centracie velkeého poctu ludi. Tato skutocnost je zarukou,
2 objekt 220-00, na rozdiel od vacSiny dialniénych
mostov, méze byt vnimany nie iba ako ucelova dopravna
stavba ale aj ako vyrazné stavebné dielo, ktoré vhodne
dotvori spominané funkéne roznorodé Gzemie.

Nosna konstrukcia mosta sa nachadza vo vyske az 25
m nad terénom, jej podorys aj niveleta su v priamke (obr.

DESIGN CONCEPT

Design of the bridge was affected by two factors -
attractiveness of the area and the bridge deck method of
construction.

Area being crossed by the bridge serves the public in
a number of ways:

- sporting motocross area, where the races of interna-
tional importance regularly take place,
frequently visited football field is situated next to it,
motorway rest area under construction now,
recreation zone being built near the regulated brook.

All these facilities are the cause of frequent concen-
tration of large number of people. This fact guarantees
that the bridge, contrary to the majority of motorway
bridges, can be perceived not only as purpose-designed
traffic-related project, but also as a significant engineer-
ing work, which will suitably complement the above men-
tioned functionally heterogeneous area.

e R

Obr. 1 Pédorys a pozdizny rez
Fig. 1 Section Plan and Longitudinal Section
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; ST
Obr. 3 Pohlad na rozostavani podperu
Fig. 3 View on the pier under construction

1). Ako najefektivnejsi sposob vystavby sa za tychto okol-

nosti ukazala byt technologia vysivania nosnej konstruk-
cie.

; Pqpisané atraktivnost prostredia a zvolena technolé-
gla vystavby poli podnetom pre navrh nestandardného
dizajnu a konstrukéného riesenia objektu,

ZAKLADANIE A SPODNA STAVBA

_ V podiozi objektu sa temer v celej dizke nachadza
S|!na vrstva (8 - 10 m) navazok a naplavenin, ktoré su
nahodilo vyplnené balvanmi roznej velkosti. Pod fou je
vrstva zvetralych sliefovcov. To si vynutilo zaloZit objekt
hl.bkvovo tak, aby piléty boli spolahlivo votknuté do vrstvy
silepovcov a preniesli aj velké vodorovné sily poéas vysu-
vania nosnej konstrukcie .

; Pod_pery objektu svojim tvarom zohladfiuji montazne
8] prevadzkové zataZovacie stavy (obr. 2).

NOSNA KONSTRUKCIA

Para[netre a tvar nosnej konstrukcie su prispésobené
technologii jej vystavby (vysuvanie). Nosné "jadro"
Drlere{u tvori iba 5,00 m Siroky a 3,50 m vysoky jednoko-
morovy spojity nosnik. Extrémne vysunuté obojstranné
Mostovkové dosky su podopierané Sikmymi vzperami,
ktoré v Pozdiznom smere vytvaraji priehradovy nosnik.

Zpery su tvorené ocelovymi hranatymi dutymi profilmi
Prierezu 0,30 x 0,30 m.

———

The bridge grade line runs in the height of 25 m above
natura_l ground level. Horizontal and vertical alignment of
the bridge are in a straight (Fig. 1). Under these circum-
stances the most effective method of construction
seemed to be "incremental launching” of the bridge deck.

The above mentioned attractiveness of the area and
chosen construction method were the impulse for pro-

posing this atypical architectural and engineering design
of the structure.

FOUNDATIONS AND BRIDGE SUBSTRUCTURE

‘ Thick layer (8 - 10 m) of landfill and sediments occa-
sionally with boulders of different size can be found in
subgrade nearly along the bridge whole length. A layer of
weathered marlite is situated under it. This required con-
struction of deep foundations, so as to ensure firm and
secure embedding of piles in the layer of marlite. The
piles have also to carry great horizontal forces during
launching of the bridge deck.

. With its s_hape, the bridge piers take into considera-
tion the loading stages during bridge erection and opera-
tion (Fig. 2).

BRIDGE DECK

Bridge deck parameters and cross-section are adjust-
ed to the chosen construction method (incremental
launching). The main (load bearing) "core” of the cross
section is formed by only 5 J0 m wide and 3.50 m deep
continuous singlecell box g rder. On both sides extremely
protruding deck slab brackets are supported by skew
props (struts), which in longitudinal direction form a truss
girder. The struts are formed by angular steel profiles
0.30 x 0.30 m.

The deck will be concreted in stages in 23.0 m long
sections on a working platform situated behind the abut-
ment at the lower bridge end. From there it will be
launched on piers by means of steel launching nose. The
23.0 m long portion of the bridge deck will be launched in

Obr. 2 Priecny rez most
Fig. 2 Cross-section
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Nosné konstrukcie lavého i pravého mosta sa budt}_
betonovat po etapach v dizke 23,00 m na pracovnej
ploSine za krajnou oporou na nizSom konci mosta. Odgial'
sa budu vysuvat po podperach pomocou vysuvného
ocelového nastavca. V jednej etape sa vysunie 23.00'm
nosnej konstrukcie. Cast nosnej konstrukcie za vysuvnym
nastavcom dizky 23,00 m (1. etapa vystavby) bude pocas
vysuvania tvorena iba "jadrom" prierezu. ZvySna cast nos-
nej konstrukcie sa bude vysuvat v skompletizovanom-
priecnom reze. Pocas vysuvania bude mat "jadro"
prierezu konstantny priecny rez po celej dizke mosta. Po
vysunuti nosnej konstrukcie sa dobeténuju priecniky a
cast dolnej dosky po oboch stranach priecnikov.
Domontuju sa ocelové vzpery 1. etapy a vSetky vzpery sa
vyplnia betonom. Popisana skladba nosnej konstrukcie
umoznuje znizenie jej vlastnej tiaZe a zvySenie tuhosti, ¢o
su parametre potrebné pre pouZitd technoldgiu vystavby.

Nosna konstrukcia je predopnutda v pozdiznom aj
priecnom smere. Pozdizne predpatie tvoria tri typy kablov:

+ Standardné dvihané kable v tramoch,
* Priame kable v hornej a dolnej doske,

= "Volneé" kable v komore mosta, ktoré st vedené ako
“inverzné” k dvihanym kablom a ktoré sa po vysunuti
mosta uvolnia.

V priecnom smere je predopnuta horna doska nosnej
konstrukcie 1-lanovymi predpinacimi prvkami typu "mono-
strand".

PRISLUSENSTVO MOSTA

Objekt 220 je stcastou "simostia” tvoreného objekta-
mi 217, 220 a 297. Zjednocujicimi prvkami tychto
mostov budud rimsy, odvodiovacie zlaby a zabradlia. Ako
bezpecnostné prvky budi pouzité po okrajoch mosta
betonove zvodidla. Betonové zvodidla ZvySujd stupen
zadrzania a sUcasne sliZia aj ako protihlukova bariéra.

SPOTREBA MATERIALOV

* Beton B 400 0,68 m*/m?
* Predpinacia vystuz 35 kg/ m?
* Betonarska vystuz 88 kg/m?

* Hranaté ocelové rury 18 kg/m?

Obr. 5 Rozostavana spodna stavba
Fig. 5 Substructure under construction

Obr. 4 "Torzo" mosta
Fig. 4 Fragment of the bridge

one stage. Part of the bridge deck behind 23.0 m long
launching nose (construction Stage 1.) will be formed,
during launching, only by the "core" of the cross-section.
Remaining part of the deck will be launched in completed
cross-section. During launching, the “core" cross-section
will be uniform along the whole bridge length. Cross gird-
ers and part of the bottom slab along both sides of cross
girders will be concreted after launching of the bridge.
Steel struts of the Stage 1. will be erected and all of them
will be filled with concrete. The above described deck
structure allows decreasing of its dead load and increas-
ing of its strength, which are the parameters required for
construction method employed.

The deck is prestressed in both longitudinal and trans-
verse directions. Longitudinal prestressing is provided by
three types of prestressing tendons:

* standard curved tendons in girders,

* straight tendons in a deck slab (upper) and bottom
slab,

* unbonded tendons placed inside the box girder acting
as "inversion" to curved (deviated) tendons which will
be released after launching.

The bridge deck slab is prestressed in transverse
direction by one-strand prestressing elements - "mono-
strands".

BRIDGE ACCESSORIES

The structure 220 is part of the system of bridges
formed by structures 217, 220 and 297. Integrating ele-
ments of these bridges will be cornices, drainage troughs
and bridge parapets.

QUANTITIES OF MATERIALS

* Class B 400 concrete 0.68 m/m’
* Prestressing steel 35 kg/ m*
* Steel reinforcement 88 kg/m’

* Angular steel profiles (struts) 18 kg/m”

B
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"MOST NAD UDOLIM ZAHLBOCSKEHO POTOKA"
- OBJEKT 222-00

» Typ nosnej konstrukcie - diafniéna estakada
- spojité komorové nosniky z predpatého monolitic-
keho betonu
* Rozpatia poli / uzitoéna Sirka
- lavy most: 36,5+58+92+87+36,5 = 310m /14,80m
- pravy most: 37+59+94+88+37 = 315m /14,50m

BRIDGE OVER THE VALLEY OF THE ZAHLBOGSKY
BROOK - STRUCTURE 222-00

* Bridge deck design - motorway viaduct
- continuous single-cell box girders of prestressed
cast-in-situ concrete
* Spans length / width between safety fences
- left bridge: 36.5+58+92+87+36.5 = 310m /14.80m
- right bridge: 37+59+94+88+37 = 315m /14.50m

KONCEPCIA NAVRHU

Objekt prevadza dialnicu D1 vo wyske a7 32 m nad
udolim Zahlbocského potoka a terén pod mostom je
obtiazne pristupny (obr. 1). Uvedené okolnosti boli
dovodom, Ze nosna konstrukcia sa realizuje technolégiou
letmej betonaZe. Podpery objektu boli umiestnené do
poloh, ktoré su pristupné po existujicich polnych ces-
tach.

ZAKLADANIE A SPODNA STAVBA

Podlozie objektu tvoria sliefiovce rézneho stupfia zve-
trania, ktoré v kontakte s vodou sa rychlo menia na hlin-
it hmotu. Bridlicové élenenie sliefovcov sposobuje ich
nachylnost k zosuvom. Uvedené okolnosti si vyziadali
hibkové zakladanie objektu a nutnost na o najkratsiu
dobu obmedzit zemné prace.

_ Podpery objektu si tvorené dvojicami 8-uholnikovych
stipov. Najvyssia podpera je ramovo spojena s nosnou
konstrukciou (obr. 2, 3). UloZnie na ostatné podpery
sprostredkuju hrncové loziska.

DESIGN CONCEPT

The bridge carries the D1 motorway 32 m high over
the "Zahlboésky" brook with difficult access to the bottom
of the valley. (Fig. 1). That is why the bridge deck is being
constructed by free cantilevering method. Bridge piers
have been situated to locations accessible by existing
farm-roads.

FOUNDATIONS AND BRIDGE SUBSTRUCTURE

The bridge subgrade is formed by differently weath-
ered marlite, which in contact with water quickly changes
into loamy substance. Slate structure of marlites causes
their predisposition to landslides. The above conditions
required deep foundations of the bridge structure neces-
sitating to limit the earthworks (particularly excavations
for pile caps) to the shortest possible time.

Bridge piers are forned by pairs of octagonal
columns. The highest pier is fixed into the bridge deck
thus forming a frame structure (Fig. 2, 3). Placing of the
bridge deck on remaining piers will be provided by pot-cir-
cular bearings .

&fﬁ.‘ iy

Obr. 1 Pddorys a pozdiiny rez
Fig. 1 Section Plan and Longitudinal Section
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Obr. 2 Pohlad na rozostavanu podperu
Fig. 2 View on a pier under construction

NOSNA KONSTRUKCIA

Nosné konstrukcie obidvoch mostov st budované 2
parmi beténovacich vozikov. Debnenie vozikov je z 2 typov
materialu, z hladkej preglejky a z hoblovanych dosak.
Rovnako u spodnej stavby bola pouZita tato kombinacia
debneni. Vytvoria sa tym pohladovo rozdielne povrchy
beténu, ¢im sa zvyrazni tvarovanie objektu. Stabilizaciu
vahadiel s loziskami zabezpecuju provizérne veZe z mate-
ridlu PIZMO, stabilizacia "velkého" vahadla je zabez-
pecena ramovym spojenim s podperou.

SPOTREBA MATERIALOV

= Beton B 400 0,74 m*/m*
Predpinacia vystuz 30 kg/ m?

* Betonarska vystuz 130 kg/m?.

Obr. 3 Priecny rez mosta
Fig. 3 Cross-section

BRIDGE DECK

Bridge decks of both structures are built by cantilever
construction method using 2 pairs of concreting car-
riages. Carriage formworks are of two types of material,
smooth plywood and planed boards. This combination of
formwork has also been used in case of construction of
the bridge substructure. In this way a different concrete
surfaces will be created, which will emphasize the struc-
ture shaping. The stability of the deck (cantilevers) conti-
nuous over the piers (with bearings) is provided by tem-
porary towers constructed from material "PIZMQ". The
deck with the largest cantilevers is built locked in with the
pier.

QUANTITIES

* Grade B 400 concrete 0.74 mf‘/m‘
* Prestressing steel 30 kg/ m’
* Steel reinforcement 130 kg/m".

ZAVER

Diafnica D1 Ladce - Sverepec je v siéasnej dobe vo
vystavbe a bude ukonéena v roku 2004.

Investorom stavby je Slovenska sprava ciest, projek-
tantom Dopravoprojekt Bratislava, zhotovitelom
Hydrostav Bratislava a Doprastav Bratislava.

CONCLUSION

D1 Motorway, Section Ladce - Sverepec, is currently
under construction and will be completed in 2004.

The Employer is the Slovak Road Administration, The
Project Designer is Dopravoprojekt Bratislava, the
Contractors are Hydrostav Bratislava and Doprastav
Bratislava.

e
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Betonové konstrukcie vnitorného ostenia
tunela Branisko a portalovych objektov

The Branisko Tunnel Inner Lining and Portal Structures

Juraj Blandr, Jozef Mika

Prispevok sa zaobera betonovymi konstrukciami,
patriacimi do komplexu vnitorného ostenia tunela
Branisko z technického a technologického hladiska.
Popisuje jednotlivé casti vnitorného, resp. definitivneho
ostenia tunela a sposob ich vystavby a technické riese-
nie. Strucéne popisuje i technické riesenie a realiziciu
portalového objektu.

V podzemi su to betonarske prace , ktoré nasledovali po
vyrube pravej tunelovej riry a vystrojeni primarneho
ostenia tunela Novou rakiskou tunelovacou metédou.
Mimo podzemia sa budovali zdruzené portalové objekty -
Vychodny portalovy objekt a Zapadny portéalovy objekt.
Vzhladom na obdobné rieSenie obidvoch portalovych
objektov sa prispevok zaobera len Zapadnym
portalovym objektom.

VNUTORNE OSTENIE TUNELA BRANISKO

Niektoré zakladné udaje o tuneli. Spomedzi plano-
vanych tunelov na dialniénej sieti Slovenska , je tunel
Branisko tretim najdih$im tunelom s dizkou 4822 m.
Juzna tunelova rdra bola prerazena 1. maja 1999.
Severna rira bude vybudovana v budicnosti podla
Whladového vyvoja intenzity dopravy. V pozdiznom
Smere os tunela stipa 1,203 % od zapadného portalu s
dvoma vySkovymi oblikmi pri oboch portaloch. Smerovo
ie os navrhnutd s dvoma protismernymi oblikmi s
medzilahlym priamym tsekom.

Nasa firma Vahostav-SK a.s Zilina sa podielala na vys-
tavbe 2. etapy tunela v ramci Zdruzenie Branisko, ked' zo
Zapadného portalu budovala kompletné definitivne oste-
nie v rozsahu polovice celkovej dizky tunela. Definitivne
ostenie sa sklada zo spodnej klenby, zakladovych pasov,
hornej klenby s hydroizolaciou a medzistropu (obr. 1 -
priecny rez tunela).

Pridova technolégia vystavby bola rozdelena do
nasledovnych, vzajomne navazujucich krokov: spodna
klenba, zakladové pasy, hydroizolacia, horna klenba,
Medzistrop. Nasa firma zadala prace na vystavbe
definitivneho ostenia v decembri roku 1999. Prace na

This article deals with technical and technological
description of concrete structures belonging to the
Branisko Tunnel inner lining complex. It describes the
various parts of the tunnel inner or permanent lining and
construction methods applied and technical solutions. It
gives also a brief description of technical solutions and
construction of the portal section.

As to the underground works, the article deals with
the concrete works executed after the right tunnel tube
had been driven, and the tunnel primary lining instala-
tion using New Austrian tunnelling method. Besides the
underground works, the compound portal structures
were built - the Eastern Portal structure and the Western
Portal structure. Taking the similar solutions of both por-
tal buildings into consideration, the article deals exclu-
sively with the Western Portal one.

THE BRANISKO TUNNEL INNER LINING

Some basic facts concerning the tunnel. The Branisko
Tunnel, 4822 m long, is the third longest tunnel among
the tunnels planned to be constructed within the motor-
way network in Slovakia. The South Tunnel tube was bro-
ken through on 1 May 1999. The North Tube is to be dri-
ven in the future following the long-term transport density
perspectives. The longitudinal tunnel axis inclines 1.203
% from the Western Portal level having two levelling
curves at both portals. The layout axis has been designed
with two counter-curves and an intermediate straight sec-
tion.

Our company, the Vahostav-SK a.s Zilina, a member of
the Branisko Join Venture, participated in the 2nd tunnel
building stage building overall final lining starting from
the Western Portal along a half of the total tunnel length.
The final lining includes the invert, strip foundation, vault
with water proof insulation and intermediate floor (Fig. 1 -
the cross-section of the Tunnel).

A flow method of building technology was applied
taking the following consequential steps: the invert, strip
foundation, water proofing, vault and intermediate floor.

Ing. Juraj Blanar, Ing. Jozef Mika, Vahostav-SK, a. s., Zilina
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nasom useku boli na betonazach _sekundér_r)eho ostenia
ukongené v aprili 2001 a na medzistrope v juni 2001.

SPODNA KLENBA A ZAKLADOVE PASY

Spodna klenba bola navrhnuta v podmienkach
charakterizovanych triedou vystrojenia V. a VL., resp. V.
pre nudzovy zaliv, kde sa otakavali vacsie horninové tiaky.
Cela spodna klenba sa betonovala az na_vyspadovanq
droven cestnej plane do roviny, na ktoru sa ukladali
konstrukéné vrstvy vozovky. Klenba sa b(_etonovala po
poloviciach s pracovnou Skarou so zazubenlr_n’uprostred,
ktoré bolo mozné posunut podla druhu pouzitého debne-
nia. Toto rieSenie zabezpedovalo nepretrzitu jednostrannu
dopravu v profile, potrebnd na dalSie _subeine prace v
tuneli, ako su razenie, profilovanie primarneho ostenia so
strieckaného betonu, Cistenie dna atd.

iS

Qur Company started the inner lining building works in
December 1999. The concrete works related to the inner
lining along our section were completed in April 2001 and
to the intermediate floor in June 2001.

THE INVERT AND STRIP FOUNDATION

The invert inner lining has been designed for condi-
tions typical for the supporting classes V and VI, or IV for
the emergency lay-by where a higher rock pressure is
expected. All the invert was concreted up to the roadbed
graded level creating the surface dedicated for the road
structural layers to be placed. The invert was concreted
half by half creating the construction joint with the middle
shear lock relocable according to the type of the form
used. Such a solution make the continuous one-side
transportation possible in the profile, which was neces-

teoreticky vyrub - planned section

primarne ostenie - striekany beton - primary lining - shotcrete

nosna vrstva pre izolaciu - striekany betén
- insulation bearing course - shotconcrete

geotextilia - geotextile

plosna izolacia - sheet insulation

celkova hribka - total thickness

definitivne ostenie - beton B 30
- final lining - B 30 concrete

plocha kanalu - channel area

TEQRETIXY VIRLE
PRMARE OSTENE - STREXANY BETON 250-300 m
NOSWA VRSTVA PRE ZOLACL) - STREKANY BETON

DEPNTTVIE OSTENE - BETON B %0 fr. 300 m

medzistrop - beton B 30

- intermediate floor - B 30
concrete
niveita - grade line

Strkodrva - crushed run rock
bocné odvodnenie tunela

- side tunnel drainage
kablovy kanal z pref.

- cable duct, precast

components

opora, beton

- support, concrete
odvodnenie vozovky

- roadway drainage
hlavné odvodnenie tunela

-main tunnel drainage
spodna klenba, beton

- invert, concrete

Obr. 1 Priecny rez tunela Branisko s popisom
konstrukénych casti

Fig .1 The Branisko Tunnel cross-section with descrip-
tion of structural components

Beton bol prosty B 20 s poziadavkami na trvanlivost T
50, stupen agresivity prostredia 2b podla STN PENV 206.

Betonaz prebiehala postupne po 10 m dlhych blokoch.
V celom tuneli je 56 blokov so spodnou klenbou. Na
zadebnenie priecnej pracovnej Skary bolo pouzité systé-
mové debnenie, ktoré bolo podopreté a ukotvené do
podlozia.

Zakladové pasy prebiehaji v celej dizke tunela po
oboch stranach. Rozdelené boli do 483 ks, 10 m dlhych
blokov. V miestach, kde nie je spodna klenba, su zak-

sary to provide other collateral works executed in the tun-
nel, such as drilling, profiling of the shotcrete primary
lining, bottom cleaning etc.

The plain concrete B 20 was used with the T_50 dura-
bility requirements, the 2b corrosivity grade in accor
dance with the STN PENV 206 technical standard.

Concrete works were executed gradually in 10 m long
blocks. There are 56 invert blocks concreted along the
tunnel. The cross-wise construction joint was forme
using the system bulkhead braced and anchored into the
sublayer.

Foundation strips lie on both sides along all éhr:
tunnel. They were divided into 483 sections creating 1

long blocks. In the area without any invert, the foundation
—
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ladové pasy beténované na 10 cm hruby vyrovnavaci pod-
kladny beton. Zakladoveé pasy sl zo Zlezobetonu, triedy B
30. Stupen agresivity 2b a minimalne krytie vystuze 45
mm. WstuZ pasov je uzemnena proti bludnym pradom.

HORNA KLENBA

Technoldgia vystavby hornej klenby sa vykona-
vala pomocou technologickych zariadeni - vozov pohybu-
jacich sa po kolajovej drahe s rozchodom 7500 mm,
ulozenej na zakladovych pasoch. Poradie bolo nasle-
dovné - pokladka hydroizolacie, armovacie prace a
betonaz. V predstihu sa vykonavala pokladka konstrukcie
hydroizolacie, ktora je na oboch stranach pri pate klenby
ukoncena zbernou drenazou (pozri obr 1.) obeténovanou
filterbetonom. Tieto prace boli vykonavané zo samohyb-
nej pojazdnej plosiny vlastnej konstrukcie, tiez nazyvanej
izolacny voz.

Po poloZeni a odskisani tesnosti hydroizolacie nasle-
dovali armovacie prace. Armovali sa postupne za sebou
10 m dIhé bloky, okrem obojstranného zalivu, kde je
dizka 5 m. Z celkového poctu 491 ks blokov hornej klen-
by je celkovo 146 blokov vystuzenych.

WstuZz sa skladala z dvoch vrstiev sietoviny s
doplnkovou pratovou vystuzou. Horna a dolna vystuz je
oddelena distanénymi rebrami vo vzajomnej vzdialenosti
1250 mm. Wstuz po skompletovani je samonosna, odde-
lena od hydroizolacnej folie podlozkami.

Na ukladanie vystuz bol navrhnuty a skonstruovany
nasou firmou samohybny armovaci voz na 10 m dizku
bloku.

Za armovacim vozom pokracovala samotna betonaz
hornej klenby pomocou pojazdného debnenia - debniace-
ho voza, ktory bol vyrobeny na mieru pre betonaz z
oboch stran tunela. Voz je tiez samohybny s hydraulickym
ovladanim debniacich segmentov. Dizka debniacej casti
voza sa rovna blokovej dizke ostenia - 10 m. Hribka
hornej klenby je v zakladnom profile 300 mm a v obojs-
trannych ndadzovych zalivoch 350 mm.

Jeden blok predstavuje samostatne staticky pésobiaci
celok. Beton bol navrhnuty triedy B 30, trvanlivost T 100
a stupen agresivity 2b. BetonaZ spocivala v priprave deb-
nenia: ocistenie, nanesenie odformovacieho pripravku,
nasledne postavenie debnenia do geodeticky zameranej
polohy a zadebnenie volného éela debnenia. Betonova
Zmes bola dopravovana primarne autodomiesavacmi a
sekundarne stacionarnou beténpumpou do debnenia cez
betonovacie okna. Beton sa zhutfioval po vrstvach tak,
aby rozdiel hladin beténu medzi oboma stranami debne-
nia nebol vaési ako 1 m.

Zhuthovanie betonu bolo pomocou priloznych pneu-
matickych vibratorov, ktoré su sucastou debnenia.

Oddebnovaciu pevnost v tlaku, projektant
Terraprojekt, a.s., Bratislava stanovil na min. 3,0 MPa,
pricom rychlost dozrievania pre dosiahnutie tejto pevnos-
ti obmedzil na minimalne 8 hodin. Tuto pevnost sme
overovali semidestruktivnou skiskou pomocou Hilty
testera. Beton sa oSetroval po oddebneni pomocou
osetrujliceho nastreku Curing 103 od Firmy Woerman bez
tepelného osetrovania, ktoré nebolo potrebné.

Na dosiahnutie predpisanych vlastnosti beténu bol
navrhnuty prevzdusneny betén. Na obr. 2 je pohlad na
dokonéené sekundarne ostenie tunela.

strips have been concreted on the 10 cm thick concrete
subfloor. Foundation strips are made of the B 30 rein-
forced concrete with the 2b corrosivity grade and the
minimum 45 mm reinforcement cover thickness.
Reinforcement of the strips is grounded to be protected
against vagabond currents.

THE VAULT FINAL LINING

The vault building technology was implemented using
technological equipment -cars moving along the 7500
mm gauge railroad laid on the strip foundation. The
works were performed in steps as follows - waterproofing
placement, reinforcement and concrete works. The
waterproofing structures, closed by the motorway filter-
concreted drainage tube at both sides of the arch foot,
was placed in advance (see Fig. 1). These works were
done using the self-propelled mobile platform, construc-
ted according to the company's design, called the insula-
tion car.

Having installed and tested tightness of the water-
proofing, we continued with reinforcement works. We
reinforced 10 m long blocks in their turn, with the excep-
tion of the 5 m long double-sided lay-by. There were 146
blocks reinforced of the total number of 491 blocks.

The reinforcement consists of two layers of wiremesh
with the additional rod rebars. The upper and lower rein-
forcement layers are separated by separation ribs
keeping the 1250 mm spacing. The completed reinforce-
ment is self-supporting and separated from the water-
proofing foil by pads.

To place the reinforcement, our company designed
and constructed the self-propelled reinforcing car at the
length of 10 m long blocks.

The vault concrete works followed the reinforcement
work using mobile formwork - the made-to-measure form-
work car constructed to perform concrete works from
both side of tunnel. The car is also self-propelled and
equipped with the form segments hydraulic control. The
length of the car formwork surface is the same as the
length of the lining blocks - 10 m. The vault base section
is 300 mm thick and the double-sided lay-byes are 350
mm thick.

Each single block represents an independent static
unit. We used the B 30 Class concrete of the T 100 dura-
bility and 2b corrosivity grade. The concrete works includ-
ed formwork preparation: cleaning, spreading of the
demoulding agent, the formwork placing to the geodetic
surveyed position and casing the free formwork face. The
concrete mixture was delivered primarily by carmix and
secondarily by the stationary concrete pump through the
form concreting windows. The concrete was compacted in
layers so as to reach the difference of the concrete levels
at both form sides less than 1 m.

The concrete was compacted using surface pneuma-
tic vibrators belonging to the formwork.

A designer, Terraprojekt, a.s., Bratislava, set up
demoulding minimum compression strength of concrete
to 3,0 MPa while the maturing rate necessary to reach
such strength was limited to 8 hours at least. The semi-
destructive testing was applied to check the strength
using the Hilty tester. Having the formwork removed, the
concrete was cured using the curing compound Curing
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Obr. 2 Pohlad do tunela na dokonéené sekundarne oste-
nie (foto: J. Mravec)

Fig. 2 A sight at the completed secondary lining in the
tunnel (photo: J. Mravec)

MEDZISTROP

Medzistrop oddeluje v tuneli dopravny priestor od
vetracieho kandla. Je navrhnuty ako v prieénom'gme_re
vystuzena oblukova doska s jednotnym nadvySenim
130 mm. Hribka medzistropu je 200 mm. Krytie vystuze
je minimalne 35 mm. Trieda betonu B 30. Dlzka 1 bloku
je 10 m, v obojstrannom zalive 5 m. Bloky medzistropu
si totozné s blokmi hornej klenby. Priecna Skara medzi
blokmi je dilataéna s vioZenym pasikom z PE folie hrubky
3 mm. Dosky st na uloznych konzolach v hornej kienbe
kontinualne podopreté na loZiskach z tvrdej gumy.
Na umoznenie pootacania sa dosky, je medzistrop odde-
leny od hronej klenby 15 mm hrubou viozkou z poly-
styrénu na oboch stranach. V jednostrannych a obojstran-
nych zélivoch si dosky este zavesené na ocelovych
tiahlach.

Pre betonaz bolo vyrobené debnenie na mieru.
Debnenie sa sklada zo 4 ks debnacich blokov a jedného
voza. Dizka blokov je totoZna s blokmi hornej klenby - 10
m. Debniace bloky st potas betonaz podopreté stojka-
mi. Oddebnovanie a presivanie debnenia je pomocou
samohybného, hydraulikou vybaveného voza. Debnenie
sa hydraulikou sklopi a spusti dole na voz tak, aby bolo
prejazdné pod dalSimi stojacimi debneniami. Stanovena
oddebriovacia pevnost, minimalne 12 MPa, sa dosaho-
vala podla teplotnych podmienok po 60 az 72 hodinach.
Pri wkone 1 blok / 24h to znamenalo, Z zatial, co tri
zabet6nované bloky dozrievali, jeden sa budoval.

ZDRUZENY PORTALOVY OBJEKT - ZAPADNY PORTAL

Zdruzeny portalovy objekt v km 8,350 - Zapadny portal
je stavebny objekt, ktory bezprostredne konsStrukéne aj
funkéne nadvazuje na razenl Cast tunela Branisko a
umoznuje umiestnenie podstatnej casti prevadzkovo-
technickych zariadeni tunela.

Portalovy objekt je rieSeny ako monoliticky dvojpod-
lazny Zelezobetonovy trojtrakt, pricom stredny trakt je
zasunuty voci dvom krajnym traktom. Stredny trakt tvoria
technicko - prevadzkové priestory tunela. Okrajovy trakt je
tvoreny objektom nasavacieho priestoru ventilatora.
Samotny objekt priestoru ventilatora je hmotovym prepo-
jenim stredného a okrajového traktu. Tretim traktom bude
planovany dopravny priestor a ukoncovaci prvok portalu
severného tunela, ktory sa podla potreby bude realizovat
v neskorSom obdobi.

Dizka zdruzeného portalového objektu je 73,388 m
Sirka zdruzeného portalového objektu je 24,8-23,33m
Zastavana plocha 1309 m*

Pod droviou nivelety vozovky v prieCnom smere na
trojtrakt je umiestneny kabelovy kanal - kolektor , ako
prepojovaci technologicky prvok medzi zdruZzenym
portalovym objektom a tunelom.

V prizemi - 1.N.P. zdruZzeného portalového objektu sa
nachadzaju priestory pre : motorgenerator, 3 trafa,
rozvodnu VN, UPS, manipulaciu pri montazi ventilatora a

103 spray-coating of the Woerman Company without any
thermal treatment since it was not necessary.

Air-entrained concrete was used in order to reach the
required properties of the concrete. The Fig. 2 view at the
completed secondary tunnel lining.

INTERMEDIATE FLOOR

The intermediate floor separates the traffic area in the
tunnel from the ventilation duct. It has been designed in
the form of a transversally reinforced arch slab with the
single 130 mm camber. The intermediate floor is 200 mm
thick. The reinforcement cover thickness is up to 35 mm
at least. Concrete B 30 class was used. A single block is
10 m long, blocks in the double-sided lay-byes are 5 m
long. The intermediate floor blocks are as long as the
vault blocks. There is an expansion transverse joint with
the 3 mm thick PE foil joint filler between particul:_ar
blocks. The slabs are placed on the bedding cantilever in
the final lining continually born by the rubber bearings.
The intermediate floor is separated from the upper arch
by the 15 mm thick polystyrene spacer ply at both sides
to allow the slab to rotate. Moreover, the slabs are hung
up on the steel tension rods in the single-sided and dou-
ble-sided lay-byes.

A made-to-measure form was used doing the concrete
works. The form consists of 4 pieces of form blocks and a
formwork car. The blocks are as long as the vault blocks -
10 m. The form blocks are supported by the props.
Demoulding and relocation of the formwork is done using
a self-propelled carrier equipped by a hydraulic device.
The hydraulic device tilts the form and let it down 10 the
carrier so as to enable it to be carried forward under other
standing formworks. The required demoulding compres-
sion strength minimum 12 MPa was reached after 60 to
72 hours, depending on thermal conditions. It means that
building 1 block per 24 hours allowed to build one block
during the maturing time of the other three blocks.

A COMPOUND PORTAL STRUCTURE - WESTERN
PORTAL

A compound portal structure in the 8.350 km - t.he
Western Portal is a building with a design and functioning
connected directly to the driven section of the Branls_k0
Tunnel and allowing the constituent part of the operating
equipment and technical facilities to be placed in there.

The portal section is designed as a monolithic tWo"

—
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traf, kabelaz skladovanie, horizontalnu a vertikalnu
komunikaciu a WC. V okrajovom trakte priestor pre
samotnd dopravnu komunikaciu (plati aj pre vyhlad
druhého okrajového traktu).

Na poschodi - 2.N.P. zdruzeného portalového objektu
sa nachadzaju priestory pre: rozvodne NN, strojoviiu ven-
tilatora, centralny riadiaci systém, horizontalnu a vertikal-
nu komunikaciu, nasavaci trakt, nabehovy kanal VZT a
rezervu (skladovanie).

REALIZACIA BETONARSKYCH PRAC

Vertikalnu i horizontalnu dopravu materialov - debne-
nia, vystuze, beténu pri betonazi betonovacim kosom sme
robili pomocou veZzového Zeriavu MB 2043 s vylozenim 50
m a nosnosfou pri max. vylozeni 3,1 t. Pri betonaii pre-
chodovej klenby sme beténovi zmes dopravovali a
ukladali ¢erpadlom, v kombinacii s betonazou beténo-
vacim kosom. Beténova zmes sa hutnila pomocou
ponornych vibratorov.

Na debnenie stien , stipov sme pouZivali systémové
debnenie Doka - Framax. Stropy, ¢i uz doskové alebo tra-
mové sme debnili tiez systémovym debnenim Doka -
Dokaflex a Doka d2. Tvarové naroéné na debniace prace
boli zakrivené streSné dosky . Debnenie prechodovej klen-
by medzi ventilatoroviiou a tunelom sme riesili a zreali-
zovali zakruzovacim debnenim ISD NOE. Jedna sa o Zle-
zobeténovi klenbu o polomere R - 5 170 mm, v diZke
19,75 + 3,0 m a premenlivej hribke klenby - vo vrchole
500 mm a nad stenovymi oporami 700 mm. Rozpon
medzi stenami je 10,34 m. Pozdlzny sklon klenby
smerom Kk podzemnej casti tunela je 20,34%. Pre
umoznenie plynulého priebehu prac vo vliastnom tuneli
muselo byt podopretie debnenia klenby rieSené tak, aby
pre technologickli dopravu bol zabezpeceny prejazdny
profil o rozmere 3,5 x 4,0 m.

Realizované betonové konstrukcie - 3 158 m’, trieda
beténu B 30, trvanlivost T 100 a stupen agresivity 2b,
betonarska ocel R 10 505.

Obr. 3 Zdruzeny portalovy objekt v éase realizacie (foto:
J. Mravec)

Fig. 3 The compound portal structure under construction
(photo: J. Mravec)

floor reinforced concrete tri-section structure; the middle
section is inserted between two outer sections. The mid-
dle section includes the tunnel's technical and operating
premises. The outer section includes a fan suction area.
The fan area itself is created by the volume interconnec-
tion of the middle and outer section. The third section will
include a planned traffic area and an end component of
the North Tunnel portal that are to be constructed later at
need.

The length of the compound portal structure is 73.388 m
The width of the compound portal structure is 4.8 -23.33 m
The built-up area 1309 m?

The cable duct - a collector - is placed below the road-
way profile grade cross-wise across the tri-section building
as an interconnecting technological element placed
between the compound portal structure and the tunnel.

The 1.N.P. ground floor of the compound portal struc-
ture includes premises dedicated for a motor generator, 3
transformers, a HY switch room, UPS, material and device
handling in the course of the suction fan and transform-
ers assembly works, cabling, storage, horizontal and ver-
tical communication and lavatories. The outer section
includes the road area (this applies also to the planned
second outer section).

The 2.N.P. floor of the compound portal building
includes premises for LV switch rooms, a fan engine
room, main control system, horizontal and vertical com-
munication, suction section, air-conditioning haunch
channel and stockpile area (storage).

CONCRETE WORKS

Vertical and horizontal transport of materials - form-
work, reinforcement and concrete - in the course of the
concrete works performed using a concrete bucket was
provided by the MB 2043 tower crane with the 50 m long
crane radius and lifting capacity of 3.1 t for the maximum
radius. Concrete mixture was delivered and placed using
a concrete pump combined with concreting using a con-
crete bucket during the passage arch concrete works.
Concrete mixture was compacted by internal vibrators.

The Doka - Framax formwork was used to case walls
and columns. Floors, either the slab or beam ones, were
also cased using the systemic Doka - Dokaflex and Doka
d2 formwork. Curved roofing slabs were especially
demanding as to the casing works. The passage arch
casing between the ventilation room and the tunnel was
designed and done using the ISD NOE coving forms. It is
a reinforced concrete arch with the R -5 170 mm radius,
the length of 19.75 + 3.0 m and variable arch thickness -
500 mm in the peak and 700 mm above the wall sup-
porting. The span between walls is 10.34 m. The longitu-
dinal arch slope downward towards the underground tun-
nel section is 20.34%. To provide continuous running of
works inside the tunnel the supporting of the arch form
had to be solved so as to provide a 3,5 x 4,0 m practica-
ble technological transport clearance.

Built concrete constructions - 3 158 m* , the B 30
concrete class, T 100 durability and 2b corrosivity grade,
the R 10 505 rebar steel.
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ZAVER

Na zaver moézme konstatovat, Ze budovanie
beténovych konstrukcii definitivného ostenia tunela
Branisko bolo firmou Vahostav - SK a.s. Zilina uspesne
ukongené v planovanom termine.

Prace na Zapadnom portalovom objekte boli zrealizo-
vané v pozadovanom termine - marec 2002 . V Case pisa-
nia tohto prispevku - maj 2002 , prebiehaju v tuneli a na
portalovom objekte montazne prace na technologickych
zariadeniach.

Ing. Juraj Blanar. Stavebny inZinier, 1991 absolvent
Stavebnej fakulty Vysokej Skoly dopravy a spojov v Ziline,
odbor rekondtrukcia a udrzba dopravnych stavieb. Od
roku 1994 asistent profesora na katedre Geotechniky v
odbore podzemnych stavieb a tunelov. Od roku 1994
pracuje vo firme Vahostav-SK,a.s. Zilina na oddeleni tech-
nického rozvoja. Bol priamo zodpovedny za technicku a
technologicki  pripravu  vystavby sekundarneho
beténového ostenia tunela Branisko.

Ing. Jozef Mika. Stavebny inZinier, 1965 absolvent
Stavebnej fakulty Technickej univerzity v Bratislave. Od
roku 1965 pracuje vo firme Vahostav-SK,a.s. Zilina.
Pracoval ako projektant statik nasledne od roku 1968
pracoval na roznych stavbach ako stavbyvedici, resp.
hlavny stavbyveduci. V sucasnosti pracuje na odbore
technického rozvoja. Podielal sa na technickej a techno-
logickej priprave vybranych objektov pri vystavbe tunela
Branisko.

CONCLUSION

To summarize, we can say that the Vahostav SK a5
Zilina Company has completed the construction of the
Branisko Tunnel inner lining concrete structures gyc.
cessfully meeting the scheduled dead-lines.

Works at the Western Portal building were also done
meeting the dead-line required - March 2002. In the time
this article is being written - May 2002, the technological
equipment assembly works are performed in the tunne|
and the portal structure.

Juraj Blanar. Civil engineer, graduated in 1991 Faculty of
Civil engineering, University of Transport and
Communication in Zilina, specialisation Reconstruction
and Maintanence of roads. Since 1994 he was an assis-
tent of professor at the Department of Geotechnics, spe-
cialisation in underground structures and tunnels. Since
1994 he works for building company Vahostav-SK, a.s.
Zilina at the Technical development department. He was
responsible for technical and technological preparation of
concrete secondary lining of tunnel Branisko.

Jozef Mika. Civil engineer, graduated in 1965 Faculty of
Civil engineering, Technical University in Bratislava. Since
1965 he works for Vahostav-SK, a.s Zilina. He worked as
a design engineer. Since 1968 he worked on several dif-
ferent construction as a works foreman or construction
manager. At the present time he works at Technical deve-
lopment department. He was involved in technical and
technological preparation on selected objects of tunnel
Branisko.
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Podzemné parkovacie gardZe na Ursulinskej
ulici v Bratislave

The Underground Parking Garages in the Ursuliska
Street, Bratislava

Peter Kassa

Clanok popisuje technicky narocné stavebné dielo v tes-
nej blizkosti historickych budov v starej casti Bratislavy.
Tuto stavbu projektovala a realizovala firma Vahostav-
SK, a.s Zilina ako vlastnu investiciu.

Autor c¢lanku bol v case projektovania a vystavby
"Podzemnych parkovacich garazi na Ursulinskej ulici v
Bratislave" pracovnikom firmy , projektového strediska v
Ziline a bol zodpovednym projektantom statiky a geo-
techniky.

1. Ovop

Vzhladom na svoju Specificki problematiku, ako aj
mnozstvom réznorodych problémov ktoré tato stavba, Ci
uZ pocas pripravy alebo pocas realizacie priniesla, nie je
mozné oboznamit technickl verejnost v primeranej miere
na tomto vymedzenom priestore. Cielom tohto prispevku
Je preto informovat Siroku technicku verejnost aspon s
niektorymi Zzelezobetonovymi konstrukciami objektu

Obr.1 Situovanie podzemnych garazi
Fig. 1 Situation of the underground garages

This article deals with a technically challenging building
project implemented at close quarters of historical buil-
dings in the historical core of the Bratislava town. The
building project concerned was designed and executed
by the Vahostav-SK, a.s Zilina Company under its own
investments.

The author of this article worked for the Company, for the
Designing Department in Zilina, during the design and
execution stage of the Project of the Underground par-
king garages in the Ursulinska Street, Bratislava being
the designer responsible for statics and geotechnics.

1. INTRODUCTION

Having regard to specific demands and a number of
various problems occurred within this Project either under
its preparation or execution stage, it is not possible to
give the technical public comprehensive information with-
in such a limited space. Hence this article focuses on
provi-ding the technical public with the information on
several reinforced concrete structures of the underground
par-king garages in the UrSulinska Street in Bratislava at
least. At the beginning of construction (1997), the garage
building was really exceptional in the Central and Eastern
Europe. Unconventional building procedures applied,
namely the top down construction, determined the
extraordinary and exceptional character of this Project.
The works started from building outer pile walls and sup-
porting centre elements - pillars. Then the floors were
gradually built on the underlying underground soil and the
earth from the lower underground floor was excavated in
repeated steps under these floors until the foundation
plate level was reached. The floors served as distant
pieces for the outer walls. The construction reached the
maximum rigidity this way. The building works have
proved such building procedures to be a reasonable alter-
native and the only feasible one for construction works
performed in conditions of narrow areas where the exis-
ting floor above O1. PP served as a pile wall distant piece
and the site plant area at the same time.

Ing. Peter Kassa, Vahostav. a.s., Zilina
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Podzemnych parkovacich garazi na Ursulinskej ulici v
Bratislave. Tato stavba v Case zaliatku vystavby
(r.1997), bola ojedinela v celej strednej a vychgdnej
Eurépe. Ojedinelost a svojim sposobom vynimocnqsf
stavby spociva v netradicnom postupe vystavby, a sice
zhora nadol. Postup prace je taky, 2 v prvom rade sa
vybuduji obvodové pilotové steny a stredové podporne
prvky - stipy . Nasledne sa postupne buduju stropy na
upravenej rastlej zemine a pod tymito stropmi sa opako-
vanymi krokmi fazi zemina nizSieho podzemneho
podlazia , aZ po Groven zakladovej dosky . Stropy sluzia
pre obvodové steny ako rozpery. Takymto sposobom bola
dosiahnuta maximalne mozna tuhost objektu. Aj v tomto
pripade samotna realizacia dokazala spravnost a vlastne
jedinG moznu alternativu budovania objektu v sties-
nenych pomeroch, ked uZ vybudovany strop nad O1. PP
slizil zaroven ako rozpera pilotovym stenam a aj ako
plocha pre zariadenie staveniska.

2. MIESTO A STRUCNY POPIS STAVBY

Objekt podzemnych garazi na UrSulinskej ulici v
Bratislave sa nachadza v samotnom historickom centre
starého mesta. Zo severozapadnej strany je ohraniéeny
historickymi objektami FrantiSkanskym kostolom, tzv.
"sanktuariom” z konca 12. storocia a FrantiSkanskym
klastorom, z juhovychodnej strany kostolom a klastorom
UrSulinok zo 17. storocia. Zo severu sa nachadza objekt
hlavnej posty zo zaciatku 20. storofia a z juhu sa
nachadza objekt magistratu Bratislavy autora Arch. E.
Bellusa.

Stavba je navrhnuta z niekolkych objektov, hlavnym je
véak podzemna Stvorpodlazna garaz o podorysnych
rozmeroch cca 43 x 35 m s podorysnou plochou asi
1505 m’. Objekt ma po celej ploche Styri podzemné
podlaZia, ktoré si pozdiznou osou rozdelené do dvoch
vyskovych urovni. Pohyb po garazi je navrhnuty po vlastnej
osi, a tak su obe vySkové drovne navzajom spojené najaz-
dovymi rampami. Vjazd do objektu je orientovany zo
strany od magistratu, z doévodu & najmensieho zasahu
do historického jadra mesta. Vjazd do objektu slizi
zaroven pre prilahlé dvojpodlazné podzemné parkovacie
garaz magistratu. Terén nad objektom garazi je upraveny
na zahradu.

Hlavnym konstrukénym materidlom je vodostavebny
Zelezobeton. Zvislé nosné konstrukcie po obvode si
navrhnuté ako monolitickda podzemna stena z prereza-
vanych pilét, vo vnitri objektu ako monolitické "rampové
steny”. Pocas vystavby jednotlivé podiazia podopierali
docasné ocelové stipy, ktoré sa po zmonolitneni "rampo-
vych stien" demontovali. Vodorovné konstrukcie su
navrhnuté ako monolitické stropy a zakladova pilétodos-
ka. Ako hydroizolacia bol navrhnuty material na baze krys-
talizacie cementu a to Penetréon v kombinacii so
striekanym beténom.

; -Sam_qt_né prace na objekte zacali budovanim prvych
pilot v jali 1997, zakladova doska spolu s krystalickou
hydroizolaciou bola dokonéena v decembri 1999.

3. GEOLOGICKE POMERY STAVENISKA

Geologické pomery stavby su velmi zlozité. Stavenisko
sa nachadza v historickom centre mesta asi 600 m od
rieky Dunaj. Geologicku stavbu zakladovej pody tvoria:

2. A LOCATION AND BRIEF DESCRIPTION OF THE
CONSTRUCTION

The underground garage building in the UrSulinska
Street, Bratislava, is located in the very historical core of
the OId Town. The garage building area is limited by his-
torical buildings of the Francisian Monastery, so called
"sanctuary", built in the end of the 12th century and the
Ursuline Convent built in the 17th century in the north-
east side. There are the Main Post building from the
beginning of the 20th century in the north and the buil-
ding of the Bratislava municipal authorities designed by
the architect E. Bellus in the south..

The garage building consists of several sections. The
most important ones are the underground four-floor
garage with the ground-plan dimensions of app. 43 x 45
m and the ground-plan area of about 1505 m*. The buil-
ding consists of four underground floors covering the
above mentioned area and divided into two floor levels by
the longitudinal axis. Movement in the garage is designed
round its own axis thus both floor levels are interconnec-
ted by the access ramps. The building entrance is situat-
ed at the side of municipal offices to minimize the inter-
ference with the historical core of the town. The building
entrance is also used by the adjacent two-floor parking
garages of the municipal authorities. The grade above the
garages has been converted into the garden.

The impermeable reinforced concrete has been the
main construction material used. External vertical sup-
porting structures have been designed as a cast-in-place
underground wall of louvered piles, internal supporting
structures as cast-in-place "ramp walls". Particular floors
were supported by the interim stauncheons which were
removed as soon as the "ramp walls" had been turned
monolithic. Horizontal constructions have been designed
as monolithic floors and a foundation pile framing plate.
The material based on cement crystallization, namely the
Penetron combined with shotcrete, was used as the water
proofing material.

Building works started from construction of first two
piles in July 1997, the foundation plate with the crys-
talline water proofing was finished in December 1999.

3. GEOLOGICAL CONDITIONS OF THE SITE

Geological conditions of the site are complicated. The
site is situated in the historical core of the town about
600 m far from the river Danube. As to the geological
structure, the foundation bed consists of:

- made-up ground of variable thickness of 2.0 + 40m
including historical layers
- quaternary sand and gravel soil layers

- an interface of quaternary neogene layers lying in the
depth of app. 8.0 + 9.0 m

- continuous pressure saturated sand layers lying in the
depth 16.0 = 18.5 m below the ground

- high plasticity clays from rigid up to solid consisten-
cy lying in the depth up to 24.0 m.

We must say hereat, that properties of the foundation
bed soils varied largely both along the vertical axis and all
over the area. The parties involved in construction works
had to solve the problems arisen so to speak en route.

B
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. navazky premenlivej hribky 2,0 = 4,0 m s obsahom
historickych vrstiev

. kvartérne vrstvy pieskovych a Strkopieskovych zemin

. v hibke cca 80 + 9,0 m sa nachadza rozhranie
kvartérnych neogénnych vrstiev

- v hibke 16,0 + 18,5 m pod terénom sa nachadzaj(
spojité polohy tlakovych saturovanych pieskov

. v hibkach do 24,0 sa nachadzaju ily vysokej plasticity
tuhej aZ pevnej konzistencie.

Na tomto mieste je potrebné uviest, ze viastnosti zak-
ladovych zemin sa vo velkej miere lisili ako po vertikalnej
osi, tak aj po ploche. Uastnici vystavby boli niteni riesit
vzniknuté problémy tak povediac za pochodu.

Hladiny podzemnych vod, ktoré sposobovali tomuto
dielu v koneénom ddsledku najvacSie problémy, sa
nachadzali cca 5,50 = 6,5 m (kvartérna hladina), 16,50 +
18,5 m (neogénna "hladina") pod Uroviou terénu. V pri-
pade neogénnych tlakovych vod asi 11,0 m nad droviou
nizSej zakladovej Skary v casti "A". PoCas vystavby bol kon-
trolovany cez vybudovany monitoring automaticky
registrovany stav a zmeny tlaku podzemnych vod.

4. ZELEZOBETONOVE KONSTRUKCIE - SPECIALNE
ZAKLADANIE

Podzemné steny su navrhnuté ako monolitické z pre-
rezavanych pilot. Primarne piloty priemeru 620 mm z
cementobentonitovej suspenzie a sekundarne priemeru
880 mm resp. 1300 mm Zlezobetonové. Dizky jed-
notlivych pilot si 19,0 az 21,40m. Funkcia primarnych
pilét je tesniaca a paziaca. Funkcia sekundarnych pilot je
tesniaca a paziaca i konstrukéna. Vaetky sekundarne pilo-
ty st navrhnuté z betonu HV4 B25, vystuzené ocelou 10
425V a 10 216-E. Z vystuZe sa viazali dva armokose,
ktoré sa dovazali na stavbu a navzajom sa viazali priamo
nad vrtom. WstuZ je navrhnuta v dvoch sustredenych
kruzniciach, z dovodu zabezpedenia tuhosti prierezu v pri-
pade jeho oslabenia drazkou, pre ukotvenie stropu. Cast
sekundarnych pilét priemeru 1300 mm umiestnenych
pred kostolmi - tieto piléty su extrémne namahané - je
navyde vystuzena tuhou ocelovou viozkou. VSetky piloty
boli realizované vitacou stpravou Bauer BG 15. Pri vitani
pil6t musela byt dodrzana presnost od zvislice na
+0,050%, 6o je Stvornasobne viac ako pripasta prislusna
norma STN. Tato podmienka musela byt spinena z dovo-
du zachovania jeho vnutornych svetlych rozmerov.

Zvislé nosné prvky st rozdelené na docasné a trvalé.
Docasné zvislé nosné prvky su navrhnuté ako atypicke
ocelové stipy z ocelowych rar priemeru 377/18 mm. Po
spineni svojej funkcie sa demontuju. Trvalé zvislé nosné
prvky s navrhnuté rovnako ako atypické. ocelové stipy z
ocelovych rir priemeru 324/9 mm. Po vybudovani sa
trvalé stipy zaleju beténovou zmesou. Tieto prvky sa pos-
tupne podla jednotlivych Stadii vyhotovovania stropov
(smerom zhora nadol) zmonolitnia do stuZujucich, tzv.
rampovych stien. Ukotvenie ocelovych stipov do pilo-
tového zakladu je zabezpedené trnmi, ktoré si navarené
na ocelovej rure. Ukotvenie stropnej Zelezobetonovej
konstrukcie do trvalych ocelovych stipov je zabezpeéene;'
pomocou prirub, ktoré sl rovnako navarené na ocelove
riry v potrebnom rozsahu.

Aj ked' hydroizolacia samozrejme nepatri do Zlezo-
beténovych kondtrukcii, nedd mi tu nespomenut tuto
problematiku. Primarne piléty navrhnuté z cemento-ben-

The underground water levels, representing the most
serious problem in the course of construction, occurred
in the depth of app. 5.50 + 6.5 m (quaternary level), and
16.50 + 18.5 m (neogene level) below the ground. As to
the neogene pressured water it was about 11.0 m above
the lower bottom surface in Part A.

The automatic recorded conditions and any changes
of underground water pressure were supervised through
the existing monitoring system in the course of construc-
tion works.

4. REINFORCED CONCRETE CONSTRUCTIONS
- SPECIAL FOUNDATION WORKS

Underground walls have been designed to be mono-
lithic covering the louvered piles. The primary piles were
of the 620 mm diameter, made of cement-bentonite sus-
pension, and the secondary piles of the 880 mm diame-
ter and the reinforced concrete piles of the 1300 mm
diameter. The length of particular piles was from 19.0 m
to 21.40 m. The primary piles are to seal and sheet. The
secondary piles are to seal and sheet and fulfill the con-
struction functions. All the secondary piles are made of
the impermeable concrete HV4 B25, reinforced by the 10
425V and 10 216-E rebar steel. Two reinforcement
cages, delivered to the site and bonded mutually directly
above the hole, are bonded into the reinforcement struc-
ture. The reinforcement is arranged into two concentric
circles to secure the cross-section rigidity in case it is
weakened by the groove made to anchor the floor. A part
of the 1300 mm diameter s-'condary piles located in front
of the churches - these pile 5 are extremely loaded - were
reinforced additionally using the rigid steel insert pieces.
All the piles were assembled using the Bauer BG 15
drilling set. Drilling the piles, the position accuracy
+0,050% from the plumb line had to be kept, that means
the parameter was four times higher than the parameter
defined in the STN (Slovak Technical Norm) concerned.
This requirement had to be met to keep the internal dia-
meter.

Vertical load-bearing components are divided into the
temporary and permanent ones. Temporary vertical load-
bearing components have been designed as atypical
steel columns made of 377/18 mm steel pipes. They are
to be removed as soon as they fulfill their function.
Permanent vertical load-bearing components are atypical
steel columns made of 324/9 mm steel pipes. The per-
manent columns are to be grouted by concrete mixture
when the construction is completed. These components
are gradually, in the course of particular stages of the
floor construction (downward), involved into a monolithic
structure of reinforcement, so called ramp walls.
Anchoring the steel columns. into the pile foundation bed
is made using tie bars welded on the steel pipe.
Anchoring of the ceiling reinforced concrete components
into the steel columns is made using flanges; a required
number of them is welded on steel pipes.

Even though the waterproofing does not belong to
reinforced structures, we would like to mention them in
here. The primary piles designed to be made of cement-
bentonite suspension disintegrate being affected by the
free environment, we must say. This is why the shotcrete
has been designed to be used to protect them. To provide
the overall watertightness of the structure, the under-
ground pressure water level is approximately 5.50m to
6.50m below the underlying natural ground, it was
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tonitovej suspenzie totiZ v styku s v_olny_m okolim zvetra-
vaju. Preto ako ochrana je navrhnuty.strie_kany beton. Na
zabezpedenie celkovej vodotesngsu objektu poloha
hladiny podzemnej tlakovej vody je cca 5.50vaz 6.50m
pod rastlym terénom , bolo be;pqdmne_necne nutne
vykonat hydroizolaciu. Do uvahy pnc[\adzall len maten@ly
na baze kryStalizacie cementu, kedz sgkund_arpe piloty
plnia aj funkciu konstrukénu a teda nie je mozne z dovo-
du zabezpedenia vykonania styku ['n_edﬂ stropmi a stena-
mi pouZif klasicku izolaciu, napr. foliu.

5. ZELEZOBETONOVE KONSTRUKCIE - STROPY, STENY,
ZAKLADOVA DOSKA

5.1 Nosné konstrukcie - stropy

Predmetom technického navrhu casti "bqténovg
kon&rukcie® horeuvedeného objektu su ako hlavne nosne
prvky navrhnuté monolitické ielezobet_ér)oye obojsmerne
vystuzené stropné dosky nad jednotlivymi podzemnymi
podlaziami. Stropna doska nad prvym podzemnym
podiazim je hrabky 450 mm. Stropné ’dosky naq druhym,
tretim a stvrtym podzemnym podiazim su hribky 35?
mm. Predmetom navrhu je aj tzv. "vjazdové podiazie”,
ktoré priamo nadvazuje na strop nad O1. godzemnyrr]
podlaZim v casti "A". VSetky stropné dosky su navrhnute
bez nabehov, tj. s rovnym podhladom. Pre zabezpecenie
Smykovych sil su v ocelovych stlpoch navrhnute .skryte
ocelové hlavice. Stropné dosky posobia okrem SVOJ€) kla-
sickej funkcie aj ako rozpery, a to tak pocas vystavby ako
aj pocas $tadia uZivania celého objektu.

Stropné dosky su navrhnuté zo 7elezobetonu HV4
B30, vystuzné ocelou 10 425V a 10 216-E a K.?.Ri
ROHOZOU Q188, a sii a postudené podia Il. medzného
stavu. - na dovolené deformacie.

absolutely necessary to carry out waterproofing works,
Materials based on the cement crystallisation processes
could be used exclusively since the secondary piles fulfill
also the construction function and thus the standard
water proofing materials, for example some foil, were not
possible to be used because of the contact that was to be
provided between the floors and walls.

5. REINFORCED CONCRETE STRUCTURES - FLOORS,
WALLS AND A FOUNDATION SLAB

5.1 Load-bearing structures - slab

A technical design of the load-bearing structures deals
with monolithic bi-directionally reinforced concrete floor
slabs above particular floors of the building mentioned
above. The floor slab above the first underground floor is
450 mm thick. Floor slabs above the second, third and
fourth underground floors are 350 mm thick. The design
deals also with the so called "entrance floor" linked direct-
ly to the O1st underground floor in Part A. Al floor slabs
are designed to be haunchless, i.e. with straight ceilings.
Flush steel caps are designed to be in the steel columns
to provide shear force protection. Except of their standard
function, the floor slabs serve also as distance pieces
during the construction stage and also when the whole
building is in usage.

Floor slabs are designed to be made of impermeable
reinforced concrete HV4 B30, reinforced by the 10 425-V
and 10 216-E steel and KARI WIREMASH Q188, and
qualified in accordance with the limit state Il - for allo-
wable deformation.

The floor slabs were built mostly on the natural soil
having the subbase adapted, while particular layers were
ordered as follows: natural soil, geotextile, 50 - 100 mm
thick level course of compacted gravel sand bed, shutte-
ring /20 mm thick veneer/.

Along the perimeter, the floor slab is a_nchored into the
pile wall cutting the slot into particular piles and bonding
the reinforcement.

Assembly hoies 0! 5.8m x 8.0m, and the ones of
3.89m x 3.8m have been designed to be opened in floor
slabs to provide the vertical transportation of excavated
and other material (shuttering, reinforcement and con-
crete mixtures) and movement of workers.

5.2 Load bearing structure - walls

Having excavated the earth under particular floo:
slabs, the supporting components - i.e. permanent stee
columns, are cast into the 400mm thick reinforced con-
crete walls. Such procedure is equally applied down t0 the
footing bottom and the overall rigidity of the structure du-
ring excavation stages is secured this way. The walls ?{6‘
reinforced using steel components, the rolled steel profilé
L- section 100%100x10 wind bracing and standard
WIRWMASH KY-14 and 10 425~V steel rebar. The SUbC‘
cession of the wall construction works was determined hg
the progress of the excavation material haulage and t
access to particular structures.

Obr.2 Pohlad na rozpracovani stavbu (foto: J. Mravec)

Fig. 2 Sight at the garages under construction
(photo: J. Mravec)
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Budovanie stropnych dosiek sa vykonalo z vacsej casti
na rastlej zemine s Gpravou podlozia, s poradim jed-
notlivych vrstiev: rastla zemina, geotextilia, vyrovnavacia
vrstva Strkopieskového zhutneného podsypu hr. 50 - 100
mm, debnenie /preglejka hr. 20 mmy/.

Stropna doska je po obvode ukotvena do pil6tovej
steny zasekanim drazky do jednotlivych pilot a vzajom-
nym previazanim vystuZze.

Pre vertikdlnu dopravu vykopku a materidlu (t.j. deb-
nenia, vystuze a beténovej zmesi. ), ako aj pohyb pracov-
nikov su v stropnych doskach navrhnuté montazne otvory
o rozmeroch 5,8 x 8,0m, a 3,89m x 3,8m.

5.2 Nosné konstrukcie - steny

Po vykonani odkopu pod jednotlivymi stropnymi
doskami, sa podporné prvky - t.j. trvalé ocelové stipy
zmonolitnia do Zelezobetonovych stien hr. 400mm. Takyto
postup je rovnaky aZ na zakladovi Skaru a zabezpeci
celkovu tuhost objektu pri jednotlivych etapach odkopov.
Steny su vystuZené jednak ocelovymi prvkami , zavetrenie
valcovanymi profilmi L 100x100x10 , ako aj klasickou
vystuzou z KARI ROHOZE KY-14 a vystuZou z ocele 10
425-V. Poradie budovania jednotlivych stien bolo dané
jednak postupom taZenia vykopku, ako aj moznostou pris-
tupu ku jednotlivym konstrukciam.

Pocas vykopovych prac prebiehal neustaly monitoring,
tak okolo stojacich objektov - automaticka nivelacia , ako
aj pilétovych stien - inklinometrické rdrky zabudované v
sekundarnych pilétach. Monitoring vykonavala firma
GeoExperts s.r.o., a vysledky boli priebezne dorucované
zodpovednému statikovi. Deformacie na okolitej zastavbe
sa pocitaju radove na milimetre, takZ mozno konstatovat,
Ze poruchy sposobené vystavbou maju len kozme-ticky
charakter.

5.3 Nosné konstrukcie - zakladova doska

Zakladova konstrukcia je navrhnuta z dvoch casti -
pilotové zaklady a doska, ktoré si vynatil samotny postup
vystavby.

V prvom montaznom $tadiu (pri odkope na zakladovu
Skaru), je cela Zelbeténova konstrukcia garazi - jed-
notlivych stropov, zaloZena na pilétovych zakladoch
priemeru 1300 mm. Aby bolo vébec mozné realizovat
odkop na zakladovu Skaru , bez rizika prelomenia dna
vykopu , musela byt neustale zniZovana vztlakova hladina
neogénnych podzemnych vod. Tato sa vyznacovala nie
svojou vydatnostou, ale velkym vztlakom. Monitoring
neogénnej vrstvy sa vykonaval sustavne pomocou piezo-
metrickych vrtov, na tento tcel zviast vybudovanych.

V uZivacom §tadiu , po ukonéeni znizovania vztlaku
neogénnych vrstiev , je zakladova doska postupne
namahana vztlakovymi silami, ktorym bude cela konstruk-
cia garazi vzdorovat viastnou hmotnostou az na koeficient
miery bezpecnosti 1,20. Na zaklade vysledkov moni-
toringu sa neogénna hladina , po vypnuti cerpania , dosta-
la na pévodna Groven po cca 4 mesiacoch.

Vzhladom na charakter konstrukcie a jej sposob
namahania je zakladova doska dimenzovana podia Il
medzného stavu na dovolenu Sirku trhlin. Jej zakladné
hribky s 550, resp. 600 mm, v miestach extrémnych
Smykovych sil , ktoré st ststredené najma na rohoch
"rampovych stien" , sG navrhnuté okrem roznasacich
hlavic aj nabehy hrdbky 1000 az 1700 mm.

Running monitoring was held in the course of excava-
tion works focused on both the surrounding buildings -
automatic leveling and pile walls - inclinometric pipes
imbeded into the secondary pipes. The monitoring was
held by the GeoExperts s.r.o. Company and the results
were continuously reported to the structural engineer
responsible. Deformations that occurred on the surroun-
ding buildings can be measured in millimetres, so we can
say the damages caused due to the construction works
are of minimum importance.

5.3 Load-bearing structure - foundation slab

A foundation structure consists of two parts - pile foun-

dation and a plate required by the construction proce-
dure.

During the first construction stage (excavation down
to the footing bottom) is all the reinforced concrete struc-
ture of the garages - particular floors - based on pile foun-
dation of the 1300 mm diameter. The neogene under-
ground water lift level had to be continuously lowered to
enable the excavation down to the footing bottom
avoiding the risk of the excavation bottom break. The
neogene underground water lift level has been character-
ized not by its abundance, but by a high lift pressure.
Neogene level monitoring was held continuously using
piezometric holes drilled especially for this purpose.

During the usage stage, having the lifting pressure of
neogene layers lowered, the foundation plate is gradually
stressed by lifting forces that the direct mass of the
garage construction will resist up to the 1.20 safety fac-
tor. Based on the monitorir g results the neogene level,
after turning the pumping « ff, reached the initial level in
app. 4 months..

Having regard to the structure's nature and the stres-
sing mode, the foundation slab is dimensioned in accor-
dance with the limit state Ill for the allowed crack width.
Its basic depth is 550mm or 600mm; besides of head of
columns, in the extreme shear force points, concentrated
mainly in the corners of "ramp walls", there are 1000mm
to 1700 mm thick launches.

Obr. 3 Pohlad na vjazd do podzemnych garazi po ukon-
ceni vystavby (foto: J. Mravec)

Fig. 3 A sight at the underground garages' entrance when
the construction has been finished (photo: J. Mravec)

InZinierske stavby, roé. 50, 2002, ¢. 3

113



MOSTY, TUNELY, PODZEMNE STAVBY

6. ZAVER

Zaverom mi dovolte skonStatovat, Z tato sta\{ba aj
napriek vSetkym objektivnym i su?jel_(tivnym problémom
je svojim spdésobom vystavby a narocnostou Qodrmenbk
vynimoéna a ojedinela, ¢im sa znova raz dokazali um a
schopnosti slovenskych stavbarov.

e AR S - -
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6. SUMMARY

In conclusion, this construction, notwithstanding all
the objective and subjective difficulties, is considereqd to
be exceptional and extraordinary as to the construction
methods applied and due to highly demanding condition:
thus it has proved again wisdom and capability of Sioyak
builders.

€KO-BETON, s.ro. » Kotankova 1+ 852 98 Bratislava 5 o Slovenska republika

Tel.: +421 (0)2 / 6225 0093-

5 * Fax: +421(0)2 / 6225 0150
€-mail: ekobeton@ekobeton.sk » http://www.ekobeton.sk
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Zazubenie nosnikov nosnych konstrukcii mostov
Stepped Bridge Deck Connection

Ladislav Buci - Vladimir Pukancéik

Poutzitie zazubenia nosnikov je jednou z moznosti rozde-
lenia dihych mostnych konstrukcii estakadneho typu na
mensie dilatacné celky. V élanku si zhrnuté skisenosti s
pouzitim tohto konstrukéného riesenia ziskané pri
oprave ozubov na estakadach Pristavného mosta cez
Dunaj v Bratislave.

1. UvoD

DIhé mostné konstrukcie estakadneho typu treba
spravidla delit na kratsie dilatacéné celky, limitované
okrem iného aj moznosfou mostnych prechodovych
konstrukceii (MPK). Pre tento lcel sa casto vyuZiva zazube-
nie nosnikov, ktoré toto rozdelenie umoznuje bez
negativneho dopadu na vzhlad nosnej konstrukcie - obr. 1.

Obr. 1 Pohlad na ozub estakady Pristavneho mosta

Fig. 1 View of the Riverport bridge flyover stepped
connection

Zazubenie nosnikov je moiné vhodne pouZit aj pri
nosnych konstrukciach mostov zmontovanych z tydovych
prefabrikatov, rovnako z estetickych dovodov. Ulozné
Prahy v tomto pripade su skryté vo vyske prefabrikatu a
vznikaju tak esteticky velmi posobivé premostenia.

Stepped bridge deck connection is one of the possibili-
ties to divide long bridge structures (mainly flyovers) into
shorter construction units. Experience with this structur-
al element acquired during reconstruction of stepped
connections on the approach flyovers of the Riverport
bridge over the Danube in Bratislava is summarized in
this article.

1. INTRODUCTION

Long bridge structures of flyover design usually have
to be divided into shorter construction units, limited
between others, also by the possibility of available bridge
movement joints (BMJ). Stepped connections, which
enable this division without negative impact on the bridge
deck appearance, are often used for this purpose - Fig. 1.

From the above aesthetic reasons the stepped bridge
deck can be successfully used also in the case of super-
structures composed of precast girders. In such case the
pier cross-heads are "hidden" within the depth of the pre-
cast girder, forming aesthetically very eye-appealing
bridges.

However design of stepped structural elements is
accompanied with certain problems. Of them four basic
ones should be mentioned here:

* Complicated three-dimensional state of stress in the
step and consequently possible occurrence of cracks.

* Not parallel upper and lower parts of bearing due to
different deflection and inclination of both adjacent
parts of the deck.

* Possible "thumping" of BMJ when vehicle crosses it in
case of wrong bearings inclination.

* Bad access to bearings in the need of their replace-
ment.

All above shortcomings with their negative impact on
the bridge deck can be minimized by correct design.

Ing. Ladislav Buci, CSc., Ing. Vladimir Pukangéik, Dopravoprojekt, a. s., Bratislava
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Zazubené konstrukéné prvky ne;.a so sebou aj r}iek-
toré problémy. Je potrebné spomendt 4 zakladné z nich:

« zlozita napatost v ozuboch a v désledku mozny vznik
trhlin

« vznik nesdbeznosti hornej aj dolngj Casti I92iska_ z
dovodov natoceni oboch prilahlych casti konstrukcie,
ktoré nie su rovnakeé

« moiné "blchanie” na MPK pri prechode vozidla cez
dilataciu pri nevhodnom natodeni lozisk

« zly pristup k loziskam v pripade ich vymeny.

Vsetky uvedené nedostatky s ich negatiynym
dopadom na nosnd konstrukciu mozno minimalizovat
spravnym navrhom v dokumentacii.

2. ZATAZENIE V OZUBOCH

Spravny navrh ozubov vyZaduje respektovat vsetky
druhy zafazeni, ktoré na ozub pdsobia. Ide o 4 silové
Gcinky:

Bod A je z hladiska porusenia najcitlivejSim miestom
na vznik trhlin. Silové Gginky od predpatia P sposobuju v
fiom tlak (N,), alebo fah (N,). Sily N3 a N4 vyvolavaju v
rohu A jednoznaéne tahové napatia.

3. POZOROVANE PROBLEMY A ICH RIESENIE

3.1 Porusenie ozubov trhlinami

Trhliny moZu vznikat tak na hornom ozube (obr. 5), ako
aj na ozube dolnom, ktory tvori jeho podperu. Spravidla
omnoho éastejSie ich pozorujeme na ozuboch zo zlezo-
beténu ako na ozuboch pozdizne predpatych kablami
nosnej kondtrukcie. Ak v pripade horného ozuba uspori-
adaji sa kable tak, Z zvacSujlce sa rameno ich Uginnos-
ti "r" sleduje narast ohybového momentu od zataZnia,
vznik trhlin pobliz bodu A mozno podstatne zredukovat -
obr. 2.

Priebeh trhlin od prieénej sily je v zasade vZdy velmi
podobny. NajéastejSie sa objavuje horizontalna trhlina
vychadzajica z bodu A, doplnena systémom Sikmych
trhlin - obr. 3. Horizontalna trhlina naznacuje tendenciu
odtrhndf ozub od nosnej konstrukcie (NK) pinej vysky. Da
sa wyluéit len dostatoénou zvislou vystuzou zo strmenov,
umiestnenych v plnom priereze za bodom A. Ostatné
siefové trhliny su désledkom Smykovych a tahovych
napati.

V prieénom smere, kolmo na os mosta, pozorované
trhliny zasahujd do prierezu len do hibky 25 - 35 cm. Je to
v zhode s polohou lozisk, ktoré s umiestnené v priecnom
smere na bokoch ozubov.

3.2 Vznik nestibezZnosti hornej a dolnej ¢asti loZiska

Problém je zapricineny rozdielnym natocenim
podopieranej a podoperajicej konstrukcie. TyCnice k ich

Obr. 2 Silové Géinky posobiace na horny ozub
Fig. 2 Forces affecting the upper step

2. LOADS ON STEPPED DECK CONNECTION

Correct design of stepped connection requires the
observance of four different loads acting on the steps:

From the failure point of view, the corner A is the most
sensitive place for the occurrence of cracks. In this point
the forces from prestressing P generate either compres-
sion (N,) or tension (Ny). In the corner of A forces N5 and
N, definitely invoke tensile stresses.

3. PROBLEMS OBSERVED AND SOLUTIONS

3.1 Cracking of Steps

Flexure-shear cracks can be formed on both the upper
(Fig. 5), and the lower steps; the latter forming the sup-
port. They have been observed much more frequently on
the R.C. step connections than on the steps longitudinal-
ly prestressed by bridge deck tendons. If in the case of an
upper step the tendons are arranged in such a way that
their increased arm of force "r* follows the growth of the
bending moment from loading, the occurrence of cracks
near point A could be considerably reduced - Fig. 2.

In principle, the crack distribution from shear forces is
always very similar. Horizontal crack starting from point A,
accompanied by a system of inclined cracks, appears
most frequently - Fig. 3. Horizontal crack indicates the
tendency to tear off (separate) the step from the full-
depth bridge deck (BD). It can be eliminated only by ade-
quate vertical shear reinforcement formed by stirrups
placed within the full cross-section behind point A. Other

Obr. 3 Trhliny na dolnom ozube estakady Pristavneho
mosta - pohlad na ozub, trhliny a nerovnaké natocenie
hornej a dolnej ¢asti ozuba

Fig. 3 Cracks on the lower step of the Riverport bridge
flyover - view of the step, cracks and unevenly inclined
upper and lower parts of stepped bridge deck.
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Obr. 4 Vplyv rozdielnych pootoceni NK na spravnu funkciu loziska
a - rozdielne natocenia NK, b - nespravne dosadnutie hornéj a dolnej casti lozisk
Fig. 4 Impact of different inclination of the bearing upper and lower part on its corr Iﬁtaf i
a - different inclination of bridge deck, b - wrong position of bearing upper anzclo:::t::g:t

ohybovym Ciaram su roéznobezné. Ma to neZiadiici dopad
na spravnu funkénost loZiska - obr. 4 a 3.

RieSenie je mozné minimalizovanim trvaly i
s ne minima ych priehy-
?_ov oboch konstrukénych casti zvacsenim ich predopntz-
ia.

3.3 "Buchanie"” na mostnej prechodovej konstrukcii

! Objavjy sa len v pripadoch, ak nosna konstrukcia (NK)
Je v pozdiznom sklone "a" a vSetky loZiska su ulozené hor-
izontalne - obr. 5.

If‘ri ohriati a naslednom roztiahnuti NK sa bod B pre-
sunie do B a povrch dilatacie sa dostava do sklonu
B'>‘ a, ktory je pricinou "blchania". Riesenim je natocenie
Ioz[sk v ozq_be a pripadne na prilahlom pilieri viavo do
roviny pozdizneho sklonu a tak, aby sklon B nevznikol.

3.4 Zly pristup k loziskam pri ich vymene

: Lo;iskg umiestnené medzi hornym a dolnym ozubom
su pri vymene dostupné len z boku komérkového
prierezu. f’rlstup Kk nim je mozné zlepsit vynechanim
strednej Casti dolného ozuba, ktora pri 2 lozZiskach

umiestnenych na jeho boénych okrajoch je aj statick
menej vyuzita. ; e o

cracks occur due to shear stress and tension.

In a direction perpendicular to the bridge i
| centre line,
th_e observed horizontal cracks reach 25 —g35 cm only. It
Is in accordance with the transverse position of bearings,
which are located on the stepped bridge deck edges.

3.2 Bearing Upper and Lower Parts not Parallel

The problem is caused by different rotation
’ of su
ported and supportmg structure (upper and lower stepT
Tangents to their deflection curves are not parallel. This

has a negative impact on co rect functi i i
st ction of bearing - Fig.

The possible solution is to minimize the permanent

deflections of both structural parts by increasing their
prestressing.

3.3 "Thumping" of Bridge Movement joint

; ‘It appears always in cases when the bridge deck (BD)
is in a longitudinal gradient "a" and all bearings are
placed horizontally - Fig. 5.

‘At warming-up and subsequent expansion of BD, the
point B shifts to B” and the movement joint surface gets

—

AL-f—?— -

i

Obr. 5 Zmena nivelety na konstrukcii v polohe ozuba, a - horny ozub, neseny, b - konzola, dolny ozub

Fig. 5 Transition of the structure grade-line at the stepped connection,

a - upper step, supported, b - cantilever - lower step
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4. ZOSILNENIE PORUSENYCH, NEPREDPATYCH
0ZUBOV

Na estakadach Pristavneho mosta cez Du_naj v
Bratislave postavenom v roku 1985 bolo vnavrhnutych a
vyhotovenych 8 ozubov. 7 z nich bolo zo Zlezobetonu a
mali pozorované trhliny Sirky do 4 mm. 1 ozub z r_Jred_-
patého beténu trhlinky pozorované_ r]emal. Porusené
ozuby boli dodatoéne zosilnené predpatim.

Pre zosilnenie boli pouZité tyde HPT ¢ 38 mm s
max. Ngo, = 887 kN, viozné v otvoroch ¢ 50 mm a zain-
jektované. Rozmiestnenie a pocty tyCi odpovedali drurj_uia
velkosti zatazenia. Charakteristické rozmiestnenie tyci je

na obr. 6.

to gradient B > o, which is the cause of the "thumping",
The possible solution is to place the bearings of the
stepped connection into the longitudinal gradient o sg
that the gradient B would not incur.

3.4 Bad Access to the Bearings while Replacing Them

At replacement the bearings placed between the
upper and lower deck steps are accessible only from the
side of the box section. In the case of two bearings placed
on the stepped deck external edges, the access to bear-
ings is possible from the middle part of the lower step too,
Therefore, the lower step should be shortened by cutting
a slot in its middle part.

a
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Obr. 6 Zosilnenie ozubov - schéma, a - pozdiZny rez mosta, b - navrh zosilnenia a pocty tyci
Fig. 6 Steps strengthening - layout, a - longitudinal section of the bridge, b - proposed strengthening and number of rods

Cely priebeh zosilovania ozubov bola realizacne
narocna cinnost. Otvory bolo treba vitat v stazenych pod-
mienkach, v presne uréenych polohach, umiestnit v nich
tyce a zakotvit ich pomocou roznych pomocnych

ocelovych pripravkov - obr. 7.

Obr. 7 Pohlad na zakotvenie Sikmych tyci a hotovy ozub
Fig. 7 View of completed strengthening

4. STRENGTHENING OF FAILED, UNPRESTRESSED
STEPPED DECK CONNECTIONS

There were 8 stepped deck connections constructed
on flyovers of the Riverport bridge over the Danube in
Bratislava built in 1985. Seven of them were from rein-
forced concrete and cracks up to 4 mm wide have been
observed on them. No cracks have been observed on the
only step carried out from prestressed concrete. The
failed steps have been additionally strengthened by pre-
stressing.

Rods HPT ¢ 38 mm with max. N, = 887 kN, placed in
openings ¢ 50 mm and grouted, have been used for the
strengthening. Number of rods and their spacing corré:
sponded to the type and intensity of loading. Typical spac-
ing of rods is shown on Fig. 6.

The whole process of strengthening of stepped bridge
deck was considerably complicated. Boreholes had tplbe
drilled in unfavourable conditions at exactly specified
points. The rods inserted in these openings had to be
anchored by means of different auxiliary steel fixtures -
Fig. 7.

—
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5. ZAVER - DOPORUCENIE

Zazubené nosniky mozno pouiit v pripade prefab-
rikovanych prostych nosnikov a aj v pripade spojitych
nosnych konstrukcii. Ak s ozuby dobre navrhnuté a
spravne vystuzené, nemusia byt slabym miestom nosnej
konstrukcie. Vzhladom na uvedené nedostatky nemozno
ich vak pokladat za optimalne rieSenie a treba ich
navrhovat len v nevyhnutnych pripadoch.

Z hladiska kvality a Zivotnosti ozubov je doporuéené
navrhovat ozuby predpaté. Predpatim mozno wytvorit v
prierezoch ozubu dostatoéna tlakovi rezervu. Zatazova-
cie ucinky stale a pohyblivé, ¢asto s vysokym dynamickym
sucinitelom si z nej odéerpaju len ¢ast a zostavajlce
trvalé tlakové napatie vyluéuje moZnost ich poruenia
trhlinami.
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5. CONCLUSIONS - RECOMMENDATIONS

Stepped bridge deck connections can be used in case
of precast simply supported beams and also in case of
continuous bridge decks. If the steps are well designed,
remforced and prestressed, they need not be the weak
point of the bridge deck. However, considering the above-
mentioned shortcomings, they cannot be considered as

an ideal solution and should be proposed in necessary
cases only.

From the quality and service life point of view, pre-
stressed stepped bridge deck connections are recom-
mended. Sufficient pressure reserve can be achieved in
the steps by prestressing. Permanent and imposed load
effects, often with high impact factor, will reduce the
reserve (withdrawing only a part of it). The remaining per-

manent pressure eliminates the possibility of their failure
(cracking).
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Zvys$ovanie tinosnosti mostov predpinanymi
ocelovymi pasnicami

Increasing the Load Bearing Capacity of Bridges
by Prestressed Steel Plates

Jan Kucharik

Prispevok sa zaobera navrhom a post'upom _zhotovema
zosilnenia betonovych mostnych ftonstrukph pomocou
lepenych a kotvenych ocelovych pasnic. Opisane su zak-
ladné vychodiska a predpoklady navrhu, pouzité mater-
ialy a prvky a ich viastnosti. Zdoyc_:dgeny Je vyznam pre-
dopnutia - aktivacie pasnice priinstalacii . U‘vec_!ene su
priklady aspesnej aplikacie zosilnenia ocelovymi aktivo-
vanymi pasnicami.

1. UvoD

Zosilfiovanie Zelezobetonovych nosnych prvkov je
casto sa vyskytujucou dlohou pri opravach a rgkonstruk-
ciach. V pripadoch, ked je potrebné nahr_adlf B alebo
doplnit betonarsku vystuz pri prvkoch namahanych ohy-
bom a Smykom je vhodné pouZitie ocel’oyych pasnic.
Uspesnost takéhoto zosilnenia zavisi od trvalého spolpg&
sobenia povodného Zlezobetonového prierezu so zosilfu-
jacou pasnicou . Experimentalny vyskum na prvkoch v
laboratériach a in situ ako aj prvé realizacie poukgzall na
nutnost vyrieSit okrem teoretickych postupov navrhu a
posudenia i konstrukéné detaily a technologické postupy
, zabezpecujuce funkénost spolupdsobenia pasnice a jej
Gnosnost.

2. ZAKLADNE PREDPOKLADY A VYCHODISKA
NAVRHU ZOSILNENIA OCELOVYMI PASNICAMI PRI
TRAMOVYCH A DOSKOVYCH PRVKOCH.

Pri navrhovani a posudzovani prierezov s pridanoq
pasnicou tato povaZujeme za spolu_pﬁsobiac’u externd
vystuz. Pri aplikacii teérie dovolenych namaham_pos-
tupujeme pri posudzovani prierezu rovnako ako pri kla-
sickom Zelezobetonovom priereze (obr.1). Zatazenie poso-
biace na konstrukciu rozdelujeme na dva Gcinky, posobi-
ace na dva rozdielne prierezy a to zataZenie posobiace na
nezosilneny prierez a na zatazenie pésobiace na zosilneny

This paper deals with the design and technology of
strengthening of concrete bridge structures py externally
bonded and anchored steel plates. The basics and prin-
ciples of the design and construction materia!g as well
as the elements and their properties, are described . The
importance of pre-stressing - activation o_f plates .dur!ng
installation is justified. Examples of practical application
of strengthening by steel activated plates are described.

1. INTRODUCTION

Strengthening of reinforced concrete members is a
problem, which often arises in rehabilitation of structures.
In the cases that require replacing or completing of rein-
forcement in members subjected to bending and shear,
the application of steel plates is recommended. The pos-
itive effect of this type of strengthening depends on per-
manent composed action of the originally remforc_ed con-
crete member and additional steel plate. E;penmerytal
tests on samples and in situ, as well as the first applica-
tion of this type of strengthening, has der'_nonstrateq that
besides the theoretical procedures of design, there is the
need for research of structure details and appllcatlog
techniques. This will guarantee the function of plate bon
and the increase in load-bearing capacity.

2. BASIC PRINCIPLES OF DESIGN OF
STRENGTHE-NING BY STEEL PLATES IN BEAM AND
SLAB MEMBERS.

In the design of reinforced concrete cross section, th:
additional steel plate is accepted as external bond_ed re;]
forcement. When allowable stress method is applied, ti:-
design procedure is the same as in case of current rg i
forced concrete cross sections (Fig.1). Actual total loa ?
divided into two actions, which act in different cross St?\i
tions -the load acting in the original cross section and

Ing. Jan Kucharik, CSc., VUIS Mosty s.r.0. , Kaukazska 2 , 851 01 Bratislava,
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prierez. Pri kontrole napéti sa uplatiuje princip super-

pozicie.

Spolupdsobenie pasnice s nosnym prvkom v kazdom
jeho priereze sa dosahuje jej prilepenim po celom
povrchu pasnice a ukotvenim kotviacimi prvkami. Pre
spolahlivu a dlhodobd funkeiu pasnice musi byt lepenie a
kotvenie spravne riesené konstrukéne | technologicky.
Beton, ku ktorému sa pasnica pripeviiuje musi byt pevny,
rovny , bez korozie, €isty a suchy. Ak je betén poruseny a
betonarska vystuz koroduje, je nutné najskor vykonat
sanaciu krycej vrstvy vratane oéistenia a pasivacie
vystuze. Spojenie kotviacich prvkov jednak s beténom jed-
nak s pasnicou musi byt tuhe, t.j. pri zatazeni a deformacii
prvku musi byt namahanie prenasané do pasnice cez
kotevné prvky od samého pociatku. V ramci vykonaného
experimentalneho vyskumu sa preukazalo, 7e pre
zabezpecenie uvedenej funkcie pasnice je vhodné tuto
pred viastnym lepenim a kotvenim napnut, éim sa aktivu-
je cely systém zosilnenia.

Aktivaciou sa rozumie vnesenie napatosti do pasnice
pri jej montazi, ¢im sa dosiahnu tieto efekty:

* pasnica sa pred prilepenim vyrovna,

* aktivacia zabezpeci po prilepeni a ukotveni okamzité
spolupdsobenie pasnice s beténom.

Vlastné rieSenie zosilnenia tvori navrh zosilnenia a jeho
posudenie. Pri navrhu zosilnenia sa stanovuje:

* prierezova plocha zosilfujlcej pasnice,

* dizka pasnice a jej poloha na zosilfiovanom prvku,
* velkost, podet a rozmiestnenie kotviacich prvkov,
* velkost aktivacnej sily.

Pri postdeni zosilneného prvku sa kontrolujua:

* napatia v beténe a betonarskej vystuzi,

* tahové napétia v pasnici,

* Smykové napéatia v lepenom spojeni pasnice a
konstrukéného prvku,

* Smykové a tahové sily v kotevnych prvkov,

* velkost a rozloZenie pritlaénych sil pésobiacich na pas-
nicu.

3. MATERIALY

Pre vyrobu zosilfiujicich pasnic st vhodné ocele, ktoré
maju medzu klzu min.200 MPa a zaru-éen(i zvaritelnost.
Ocel musi byt vhodna pre pouzitie na dynamicky
namahané konstrukcie, nachadzajice sa v exteriéri.
Tymto poziadavkam vyhovuju ocele 11 375,11 378 a
11 523.

Pre lepenie pasnic je vhodné pouzit lepidla, ktoré si
vhodné na lepenie ocele i betonu a schopné vytvrdzovat
Pri normainej teplote. Takymi st napr. dvojzlozkové epoxi-
dové lepidla. Pouzité lepidlo musi byt odolné voéi vode ,
ropnym latkam, NaCl a nesmie sposobovat koréziu ocele.

Pre kotvenie pasnic sa pouZivaju ocelové svorniky,
Prechadzajlice celym prierezom, alebo ocelové skrutky,
ktoré su kotvené v beténe. Kotvenie ocelovych kotiev
moZe byl mechanické, vyuzivajice klinovy efekt , alebo
chemické pomocou lepidla na baze epoxidovych Zivic.

N" <N 1 L L
._'___ . a'q" 7
Fa Np x [
‘ |
________________ ¥ et i 2 H|
/ i
s/ /
Fa a/h / N, [ }
—— ,‘—r—t a -+‘ |
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Obr. 1 Vnatorné sily v priereze zosilnenom pasnicou

Fig. 1 Internal forces in cross section strengthened by
external plate

load acting in the strengthened cross section. In stress
evaluation, the principle of superposition is used.

The bond effect of steel plate with reinforced concrete
member in every cross section is achieved by their gluing
in complete length and anchoring by anchor members.
The reliable and durable function of strengthening is
guaranteed by regular structure design and technology.
The ground concrete cover must be strong, flat, non-cor-
roded, clean and dry. If the concrete cover is damaged
and reinforcement is corroded, rehabilitation of concrete
cover, including cleaning and passivating of reinforce-
ment, is required. The joint of anchor members with con-
crete and plate must be tight. Transfer of stresses due to
load and deformation, by means of anchor members,
must be active from the beginning of the action.
Experiments have confirmed that this effect can be
achieved by pre-stressing the steel plate before gluing
and anchoring, thus activating the complete system of
strengthening.

Activation of steel plates means initiation of tensile
stress in plate during the assembly to achieve the follow-
ing effects:

* plate is flushed

* the activation guarantees immediate bond between
concrete and plate

The design of strengthening consists of the proposal and
evaluation. The proposal includes:

* cross sectional area of the steel plate

* length of plate and its position in concrete member
* type, number and placement of anchor members

* intensity of activation force

In the evaluation process the following parameters are
checked:

* stresses in concrete and reinforcement

* tensile stresses in the plate

* shear stresses in the joint of plate and concrete cover
* shear and tensile forces in anchor members

* intensity and placement of thrust forces initiated by
anchor members

3. MATERIALS

For manufacturing of plates steel with yield point min.
290 MPa and guaranteed weldability is required. Steel

2,83
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i ikoroznej asnic sa na ne
Pre vytvorenie protikor6znej ochrany pasnic |
nanasaju ochranné natery. Ich viastnosti musia splqaf
poziadavky na ochranu ocelovych mostnych konstrukcil.

4. KOTVENIE A AKTIVACIA PASNIC

Medzi pasnicou a nosnou konstrukciou vznikaju
Smykové napatia pre ktoré plati:

1, =Q.S4/(bsy.J;) (1)

kderA je Smykové napatie medzi pasnicou a konstrukciou
Q posuvajuca sila o
Sy, staticky moment prierezu pasnice k neutralnej osi
J.  moment zotrvacnosti zosilneného prierezu
b, Sirka pasnice

Ak ma byt spojenie pasnice zabezpedené iba lepenim,
musi byt spinena podmienka

Ta <( Tiadov+ ko' ) (2)

tj. toto napatie musi byt mensie ako dovolene
namahanie lepeného spoja Tj 4, alebo dovolene
namahanie prilahlej beténovej vrstvy v hlavnom tahu k.
Ak je povrch konstrukéného prvku reprofilovany sanacnou
maltou, dovolené namahanie v hlavnom fahu odporu-
game uvazovaf maximalne hodnotou 0,5 MPa.

Potrebna dizka pasnice v tomto pripade sa stanovi
podla Giary materialového krytia a tq_tak. aby dizka pre-
sahujiceho Useku bola min Iy, pricom sa Iy, stanovi
podla vztahu

= L3.8,. Opgo/ Ko 3)

kde
Iy«  Je dizka presahu pasnice
t, hrubka pasnice
Op g0, dovolené namahanie ocele pasnice v tahu

Ak podmienka (2) nie je spinena , potom je nutpé pas-
nicu kotvit. Potrebny pocet kotviacich prvkov n na Useku L
sa stanovi z priebehu posivajicej sily T, podla vztahu

n=Sy/(NeJ) Jif Tedx )

kde

T, je priebeh posivajicej sily na dizke L

N, Smykova Gnosnost 1 kotevného prvku

Velkost sily aktivacie sa navrhuje podla pozadovaného
ucinku aktivacie (odlahcéenie konstrukcie), pricom trgba
vziat do Gvahy skutoCnost, e o velkost tzv. aktivatného
napatia sa zniZi dovolené namahanie ocele pésni_qe. V pri-
pade, Ze lcelom aktivacie je splnenie pozsadavky
okamZitého spolupdsobenia, navrhuje sa velkost akti-
vacnej sily Ny, =0,2 0y goy -t D

Aktivacia sa vykonava zariadenim, schopnym vyvinut
pozadovani aktivacni silu a to bud jednostranne , alebo
z oboch stran sicasne. Aktivacna sila sa moz vnasaf
pomocou rovnobeznych, alebo Sikmych tyg€i, ktoré sa napi-
naju a kotvia beznym postupom. Na koncoch péasnice su
tyce upevnené pomocou privarenych prieénikov. Toto
rieSenie je vhodné pri zosilfovani tramovych prvkov, kde
je mozné Sikmé tiahla napinat a kotvit pri hornon]
povrchu konStrukcie. Pri doskovych prvkov je vhodné

must be available for use in dynamically stressed stryc-
tures and outdoors conditions. Steel classes 11375,
11 378 and 11523 are recommended.

For adhesive bonding of plates, the special materials
for gluing steel and concrete are used. They are capable
to harden at normal temperature, such as two-compo-

nents epoxy resins.

The adhesives must be resistant to water, oil and salt
solutions. The materials must not initiate steel corrosion,
For anchoring the plates, bolts running across the whole
cross section or screws anchored in concrete are used,
Anchoring can be either mechanical, by means of wedge
effect, or chemical, using epoxy resins.

For anti-corrosion protection of stge} plates the pro-
tective coats are applied. Their propertles must meet the
requirements of protection of steel bridge structures.

4. ANCHORING AND ACTIVATION OF PLATES

The shear stress exist between concrete cover and
steel plate

TA=Q.SM/(bA.Jj) (1)
in which
r, shear stress between concrete cover and steel
plate

Q shear force

S, Static moment of plate cross section

J;  moment of inertia of strengthened cross section
b, plate width

When the composed action of plate is 're_alised only by
bond, the following condition must be satisfied

Ty < ( TiA,dov » kb+ ) (2)

This stress must be less than the allowable bond
stress 7, 4., @nd the allowable tensile stress of concrete
cover ky+. In case of rehabilitated concrete cover by
repair mortar the value of tensile stress 0,5 MPa is rec-
ommended.

The length of plate is determined by the moment
curve and thus the minimal exceeding length of plate is

li = LB B/ Mt 3)
in which

Lag length of overhang of plate

t thickness of plate

P
04 400 allowable tensile stress of steel

If the condition (2) is not satisfied , the anchoring ?r]:
plate is necessary. The required number ‘of_anc_horsnd
length L is determined by shear force T, distribution @
is given by

n =S8/ Ne.Jy) JiF T.dx 4)
in which

T, is shear force distribution in the length L

N, shear capacity of anchor member

The intensity of activation force is design«_ad ath:Osfgt‘E
to the required effect of activation (unloading O
ture). We must take into account that the allow:
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pouZit mechanické aktivaéné zariadenie | kotvené na

povrchu dosky a na zachytenie a napnutie pasnice pouzif
jej upraveny koniec .

5. REALIZOVANE ZOSILNENIA MOSTOV POMOCOU
OCELOVYCH PASNIC

i
Obr. 2 Tram mosta poSkodeny rozpadom beténu a

koroziou vystuze

Fig. 2 The bridge girder damaged by concrete and rein-
forcement corrosion

Zosilnenie tramového mosta

Na moste cez potok Vydrna v Likach sa pomocou pas-
nic zosiloval poddimenzovany a navy3e rozruSovanim
beténu a koréziou vystuze poskodeny krajny tram Zlezo-
betonovej mostnej konstrukcie (obr.2). Po reprofilacii
povrchu sa vykonalo zosilnenie, na ktoré sa pouzila pas-
nica z ocelového plechu hrabky 5 mm, Sirky 300 mm a
dizky 10,6 m. Pasnica sa aktivovala aktivacnym zari-
adenim obopinajicim tram a pripevnenym kotvenim z
bokov (obr.3). Pohlad na instalovanu pasnicu s protikoroz-
nou ochranou je na obr.4,

Zosilnenie viacpolovej doskovej nosnej konstrukcie

V pripade Zlezniéného nadjazdu v Pichove sa pri
hladani pri¢iny porach zistilo, 7 jednou z rozhodujtcich
bola nevhodné vystuzenie trojpolovej Zelezobetonovej
konstrukciev oblasti krajnych opér na Ucinky zapornych
ohybovych momentov. Pri navrhu rekonstrukcie boli do
tejto oblasti pri hornom povrchu navrhnuté ako pridavna

s, ol R
Obr. 5 Zosilnenie mosta pasnicami pri hornom povrchu

Fig. 5 Strengthening of bridge by plates installed on the
top surface

)

of the plate steel is decreased by activation stress. In
case where only the immediate composed action is
required, the intensity of activation force
Ny =0,2 Oa,dov -ty <Dy IS recommended.

The activation is performed by means of equipment
capable to induce the necessary force from one side or
from two sides at the same time. The activation force can
be induced onto the plate by parallel or oblique bars ,
w_hich are tensioned and anchored by standard tech-
niques. The connection of the plate with the bars is made
of welded cross beam. This solution is useful in strength-
ening of girder members, where the oblique bars can be
tensioned and anchored in the upper part of the struc-
ture_. In slab members the special mechanical activation
equipment is necessary. The equipment is anchored on
the concrete surface and the end of the plate is adapted
to fixing and tensioning.

Obr. 3 Kotvenie pasnice po aktivacii
Fig. 3 Anchoring the plate after activation

Obr. 4 Instalovana pasnica s finalnou povrchovou upravou
Fig. 4 Finished plate with final cover treatment

5. EXAMPLES OF BRIDGES STRENGTHENED BY
STEEL PLATES

Strengthening the girder bridge

In Vydrna Cicek Bridge the edge girder has been
strengthened It was insufficiently reinforced and dam-
aged by concrete and reinforcement corrosion (Fig.2).
After concrete cover rehabilitation the strengthening by
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vystuz lepené a kotvené ocelove pasnice prqfilu BO'x 6
mm. Kotvenie bolo rieSené pomocou vlepenych kotiev .
Montaz pasnic je dokumentovana obr.5.

6. ZAVER

DoterajSie skusenosti potvrdili, ie.pouiitie_lepeny_ch a
kotvenych pasnic predstavuje vy'hod_ny a gfgktwn_y gposob
zosilnenia so Sirokymi moznostami vyuZitia pri réznych
druhoch stavieb. Prednosfou tohto sposo!:{u je pouzitie
standartnych, cenovo pristupnych matgrlaloy a nevy-
7aduje sa Specialne strojné vybavenie. Vyhoc!gu Je
zachovanie povodnej vysky prierezu. V!astn_a [non}az pas-
nic vyzaduje starostliva pripravu a dostatocne skusenosti
montaznikov .
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steel plate with thickness 5 mm, width 300 mm and
length 10,6 m was manufactured. The plate was activa-
ted by the equipment fixed round the cross section of the
girder (Fig.3). The finished plate with cover protection is
depicted in Fig.4.

Strengthening the multispan slab superstructure

The analysis of damages in railway overbridge in
Puchov has shown that one of the reasons was the defec-
tive bending reinforcement of three span slab structure in
the area under the edge supports . In rehabilitation
design, additional reinforcement - bonded and anchored
steel plates with the cross-section of 80 x 6 mm, was pro-
posed. Anchoring of plates was performed by glued
anchors. The plate assembly is illustrated in Fig. 5.

6. CONCLUSION

The experience and knowledge from practice demon-
strate that the use of bonded and anchored pre-stressed
steel plates is an efficient technology of strengthening
with wide range of application in various types of struc-
tures. The advantage of this technology is the use of stan-
dard, economic price materials, which requires no special
machine equipment . Another advantage is keeping the
original height of cross section. The installation of plates
requires competent preparation and sufficient expe-
rience of the stuff.

Ing. Jan Kucharik,CSc. Born in 1952. He received his
master's and doctoral degrees in civil engineering from
the Slovak Technical University in Bratislava. He is a
research worker and director of VUIS-Bridges Ltd'. in
Bratislava . His activities include diagnostics of pndge
damages, design and realisation of bridge repair and
strengthening.
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Rekonstrukcia mosta cez Vah v Liptovskom Mikul4si

Reconstruction of Bridge over the River Vih
in Liptovsky Mikulads

Ivan Karafa

Casom, zatekanim, koréziou a trvalou deforméciou poz-
namenana nosna konstrukcia mosta vyzadovala désled-
nu opravu. Vhodnym statickym rieSenim podarilo sa
most posilnit na poZadovanu zatazitelnost a vytvorit z
neho pekné inzZinierske dielo.

TYP KONSTRUKCIE:
ROZPATIE POLI V m:
UZITOCNA SIRKA V m:

spojity nosnik o 3 poliach
18,20 + 25,50 + 18,20
11,50 + 2x2,00 = 15,50

uvob

Na rusnej mestskej komunikacii v meste Liptovsky
Mikulas bol v roku 1950 postaveny most cez rieku Vah.
Zelezobetonova doska s nabehmi mala celkovi dizku
62 m - obr. 2.

Zatekanie cez odvodnovace a cez rimsu po konzolach
a bocnych stenach nosnej konstrukcie sposobilo znaénd
koréziu beténu a vystuze - obr. 1. Trvala deformacia jednej
z chodnikovych konzol dosahovala az 18 c¢cm. Voda sa
dostavala aj do trhlin nosnej konstrukcie, pozorovanych v
hornom viakne nad piliermi a uprostred vsetkych 3 poli.

UloZenie nosnej konstrukcie bolo na Zlezobeténovych
kyvnych stojkdch okrem pevného uloZenia na pilieri 2.
Kyvné stojky mali pozorované zvislé trhliny a ich vwmena
bola nevyhnutna. Spodna stavba opravu nevyzadovala.

KONCEPCIA NAVRHU OPRAVY

Vychadzala zo zasady minimalizovat stavebné naklady:

* obmedzit rozsah buracich prac na moste. Odstranena
bola len vozovka s rimsami a kyvne stojky na krajnych
oporach.

* wldéit trhliny v dolnych viaknach uprostred 3 poli
dodatoénym vynatenym pretvorenim celej nosnej
konstrukcie tak, 7z nad krajnymi podperami bude
konsStrukcia znizena o 2 cm - obr.3

* dodatocne dopnut volné kable po strandch nosnej
konstrukcie len pre vytvorenie tlakovych rezerv v dol-
nom vlakne krajnych poli.

Thorough reconstruction of the bridge superstructure
impaired by time, rainwater, corrosion and permanent
deformation, was required. Successful strengthening of
the bridge to required loading capacity was carried out
by proper structural design.

Design: Three-span continuous slab
Spans length: 18.20 + 25.50 + 18.20 m
Width between safety fences: 11.50 +2 x 2.00 = 15.50 m

INTRODUCTION

The bridge over the river Vah situated on a busy street
in the town of Liptovsky Mikulas was completed in 1950.
Its 62 m long superstructure represents a continuous
R.C. slab of variable depth - Fig. 2.

Rainwater leaking through and around the bridge gul-
lies and cornices on the soffits of cantilevers and side
walls of the bridge deck caused considerable corrosion of
concrete and bridge structural reinforcement - Fig. 1.
Permanent deformation of one of the footway cantilevers
reached as much as 18 cm. Water penetrated also into
the cracks of the bridge deck, which were observed in the
deck upper (above the piers) and bottom fibres (in the
middle of all three spans) along the whole bridge length.

The bridge deck was placed on RC rockers except
fixed bearing on pier No.2. Vertical cracks were observed
on rocker posts and their replacement was necessary.
The bridge substructure did not involve any remedial
works.

RECONSTRUCTION DESIGN CONCEPT

The concept was based on the principle to minimize
the construction costs by means of:

* Limiting the scope of demolitions on the bridge struc-
ture. Only the bridge pavement with cornices and roc-
ker posts on bridge abutments were removed.

* Eliminating cracks in the deck bottom fibres in the
middle of three spans by means of additional pur-

Ing. Ivan Karafa, Dopravoprojekt, a.s. Bratislava
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Obr. 1 Pohlad na most pred opravou '
Fig. 1 View of the bridge before reconstruction

£3,90m
a) 25,50m 18,20m +11,00m
1,00m 18,20m : 1 T
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Obr. 2 Prehladna schéma mosta, a - pozdizny rez, b - priecny rez
Fig. 2 General layout of the bridge, a - longitudinal section, b - cross-section

Obr. 3 Koncepcia opravy - pozdizny rez i .
a - vynitené pretvorenie nosnej kgnstrukae a)
b - poloha volného kabla na stenach prierezu
Fig. 3 Reconstruction concept - longitudinal section
a - Purposeful deformation of the bridge deck

b - The unbonded tendons run outside the slab

b)

* injektovat trhliny v hornom vléknf—: nad pilie'rmi a
zachytif vSetky tahové napatia v tejto polohe Zlezo-
betonovou spriahujucou doskou.

: i ch
poseful deformation of the whole bridge deck in SU

ve
a way that the superstructure was lowered abo
abutments by 2 cm- Fig.3

ide the

* Posttensioning of unbonded tendons Ou\rtglsd; the
bridge deck to achieve the pressure reser

end spans bottom fibers only. e -

. e. 3
InZinierske stavby, roc. 50, 2002, ¢

KONSTRUKCNE RIESENIE A SPOSOB VYSTAVBY

Opravné prace boli vykonavané v takom postupe, ako
to predpokladali statické poziadavky:
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* Grouting of cracks in the deck
upper fibers above piers. The ten-
sile stresses here are covered by
reinforcing steel of the RC Ccompos-
ite deck slab.

STRUCTURAL DESIGN AND CON-
STRUCTION METHOD

Reconstruction works were car-
ried out in such sequence as antic-
ipated by the bridge structural
analysis:

Removal of bridge pavement
and grouting of bottom fibre
cracks,

Obr. 4 Pohlad na most po oprave
Fig. 4 View of the bridge after reconstruction

- odstranenie vozovky a injektaz trhlin na dolnom okraji

vynutené pretvorenie konstrukcie a injektaz hornych
trhlin

- betonaz spriahujicej dosky
dopnutie volnych kablov

Vynutené pretvorenie konstrukcie vyZzadovalo len
vymenu kyvnych stojok na krajnych oporach za loZiska
typu GHH 1250 kN pri Znizeni jej koncov o 2 cm.

Spriahujuca doska je zo Zlezobeténu druhu B 330
premennej hrabky 12<18 cm prikotvena trnami z
betonarskej vystuze.

VoIné kable z lan Lp 15,5 - 1800 si uchytené v
kotevnych blokoch umiestnenych na koncoch konstruk-
cie. Pohlad na most po jeho zosileni a oprave je zrejmy z
obr. 4.

ZATAZOVACIA SKUSKA

ZataZovacia skuSka potvrdila dosiahnutie Gnosnosti
mosta podla teoretickych vypoctov a poziadaviek noriem
STN pre zatazovaciu triedu "A". Je dékazom spravneho
navrhu rieSenia zosilenia kon&trukcie mosta
za minimalnych nakladov.

* Investor: Slovenska spréva ciest, Investorsky utvar
Banska Bystrica

* Projektant: Dopravoprojekt a.s., Bratislava
* Zhotovitel: Cestné stavby s.r.0., Liptovsky Mikulas

ZAVERY

Mostné konstrukcie si investiéne velmi naroéné
inZinierske stavby. Toto hladisko treba reSpektovat aj pri
zvazovani, ¢i stary objekt odstranit a vybudovat novy,
alebo premostenie zosilit. V mnohych pripadoch zosilnena
konstrukcia méze splinit tak dobre svoju funkciu ako novy
most, ale pri podstatne nizSich stavebnych nakladoch.

Purposeful deformation of the
bridge superstructure and grouting of upper fibre
cracks,

Concreting of composite deck slab,
Prestressing of unbonded tendons.

Purposeful deformation of the bridge superstructure
required only the rocker posts replacement on abutments
by GHH 1250 kN type bearings while lowering its ends by
2 cm.

Composite deck slab is of Class B 330 reinforced con-
crete of variable thickness 12+18 c¢m, anchored by dow-
els made from reinforcing steel.

Unbonded tendons Lp 15.5 - 1800 are anchored in
concrete anchoring blocks situated on the structure ends.
View of the bridge after strengthening and reconstruction
is shown on Fig. 4.

LOADING TEST

Loading test confirmed that the bridge loading capac-
ity is in accordance with the design and requirements of
STN for Class "A" loading. Loading test was the proof of
proper Project design and strengthening of the bridge at
minimum cost.

* Employer: Slovak Road Administration,
Investment Organisation Banska

Bystrica
* Project designer: Dopravoprojekt a.s., Bratislava

« Contractor: Cestné stavby s.r.o. (Road

Structures Ltd.),Liptovsky Mikulas

CONCLUSION

From the economic cost point of view bridges are very
costly engineering structures. This aspect must be
respected when considering whether to remove the old
bridge and construct a new one or strengthen it. In many
cases the strengthened bridge can meet traffic require-
ments as well as a new bridge but at considerably lower
construction costs.

InZinierske stavby, roé. 50, 2002, &. 3
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Most Kosickd - nové premostenie Dunaja v Bratislave

Bridge "Kosickd"- New Bridging of the River Danube
in Bratislava

Miroslav Matascéik

§ i jita 2-tra 3 lova
* Typ nosnej konstrukcie - spojita 2-tramova oce
k?nétfu:ceija s ortotropnou mostovkou, Vv useku
hlavného pola su tramy zavesené na dva k sebe
naklonené ocelové obluky.
+ Rozpatia poli:
5250 +61+61+63+231+49= 517,50 m

* Uzitocna Sirka: 26,77 - 30,00 m

» Type of superstructure - continuous two-girder steel

* Bridge spans:

= Bridge width: 26.77 - 30.00 m

: : d in the
structure with orthotropic deck slab. lee g_lrders int
main span are hanging on two inward-inclined arches.

5250+61+61+63+231+49=517.50m

icasnej dobe prebieha vystavba uZ piateho mosta cez
::r‘:ipsky {feﬂok ﬂeku Dunaj v hfavnofn meste Slovenska
Bratislave. Prispevok dokumentuje vyvoj nazorov na kon-
cepciu tohto premostenia.

the construction of the fifth bridge over the
#ggag:rﬁbe - one of the Europe's iargqst rivers - is com-
mencing in Bratislava. This contribution presents the
evolution (development) of the approaches to conceptu-
al design of this bridging.

iS
uvob

Hlavné mesto Slovenska Bratislava Je svojou polohou
v blizkosti hranic troch &tatoy vyznamnym dopravnym
uzlom eurdpskej délezitosti. SGcasna Bratislava sa
rozprestiera na oboch brehoch Dunaja. Vzhladom k sku-
tocnosti, Ze v mestskej éasti Petrzalka leziacej na pravom
brehu Dunaja nie je dostatok pracovnych prileZitosti pre
jej obyvatelov, vaésina z nich musi denne na ceste za pra-
cou viackrat prekroéit Dunaj. V sii¢asnosti sa cez 4 exijs-
tujuce mosty prepravi denne 170 000 aut a predpoklada
sa, z tento pocet do roku 2030 vzrastie na 220 000.
Nakolko existujice mosty uz onedlho nebudd schopné
zabezpetit bezpeéni a plynuld dopravu , urychlena vys-
tavba nového mosta cez Dunaj je pre hlavné mesto
Slovenska nevyhnutnostou.

KONCEPCIA MOSTA

Premostenie Dunaja v predizeni Kosickej ulice sa
objavovalo v urbanistickych Stadiach mesta Bratislavy uz
vySe 30 rokov. Boli vypracované studie viacerych typov
tohto premostenia, v ramci ktorych sa uvazovalo s kombi-
novanym mostom pre automobilovi dopravu a pre metro.
V januari 1998 magistrat mesta Bratislavy rozhodol, 7
nové premostenie Dunaja na Kosickej ulici bude iba pre
automobilovi dopravu, chodcov, cyklistov a rézne
inZinierske siete.

Konstrukéné riesenie hlavného mostného objektu je
viac ako u inych mostov limitované réznymi objektivnymi
obmedzeniami, z ktorych najpodstatnejsie su nasledovné:

Trasa premostenia je podorysne aj vyskovo pevne defi-
novana uz existujucimi krizovatkami.

Konstrukcia mosta musi zohladnovat plavebny gabarit
Vv toku Dunaja nad$tandardne; Sirky 210 m a vysky

NEW PROJECT

INTRODUCTION

Bratislava - the capital of the Slovak Republic - by its
location near the borders of three countries, is being an
important traffic intersection of European importance.
Bratislava of today is spreading on both banks of the
Danube. Nevertheless job opportunities are mostly con-
centrated on the left bank in commercial and industrial
districts. Due to this fact the most inhabitants of populat-
ed residential city district "Petrzalka" have to repeatedly
cross over the Danube daily. Currently 170,000 vehicles
crosses over the existing 4 bridges daily, and it is envis-
aged this number will increase by 2030 to 220,000 vehi-
cles. It is anticipated that existing bridges will soon no
longer be able to carry out traffic flow fluently and safely,
the construction of a new bridging is an imperative task
for the capital of the Slovakia.

CONCEPTUAL DESIGN

Since more than 30 years bridging of the Danube in
extension of the "Kosicka" Street has been appearing in
urban-planning studies of the city Bratislava. In January
1998 the City Council of Bratislava decided that new
bridging of Danube at "Kosicka" Street would be for vehi-
cle traffic, pedestrians, cyclists and public utilities as well.

The structural design of the main bridge is restraint by
various objective limitations. The most important are stat-
ed below:

The bridge horizontal and vertical alignment has
already been predetermined by the existing intersection.

Bridge design must take into account navigational
clearance of a width of 210 m and height of 10 m above
the max. navigational water level.

MAN BRIDGE PART  517.50m

FLYOVER "BRATISLAVA"  195.00m

Ing. Miroslav Mata&cik, Dopravoprojekt, a. s. Bratislava

Obr. 1 Most Kosicka - pddorys a pozdizny rez _ e
Fig. 1 Bridge "KoSicka" - Section Plan and Longitudinal Sec
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10 m nad max. plavebnou hladinou. Tieto vySkove
obmedzenia spasobili, 7 potencialna tramova konstruk-

Obr. 2 Most Kosicka - prieény rez
Fig. 2 Bridge "KoSicka" - Cross-section

InZinierske stavby, roé. 50, 2002,¢.3
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cia, ktora by musela mat max. vySku tré.mu az 13,00 m,
by “zdvih|a"yniveletu v useku prer_nqst_ema tak vygok_o. 039
pozdizne sklony prilahlych komunikacii by dosiahli az 6%.
Takéto vyskové rieSenie by vSak qebolo vhodne p{ﬁ
dovSetkym z dovodu dlhodobo vysokych dopravnych nak-

ladov.

edené skutoénosti si vynutili upreg:inos'gnovat_pn
na’vlrjtru konstrukéné systémy s nizkou konstrukcnou vySk-
ou mostovky, ktoré umoznuju west’nwele:tu te;-;_ne nag
plavebnym gabaritom. Z premosten! s_polom <_jlzk¥ na
200 m prichadzali do uvahy zavesene s_ustqu. visuté sus-
tavy, systémy s tuhymi stenami nad urovnou vozovky a
oblikove mosty.

Autori urbanistickych Stadii zon prilahlych k mostu boli
zasadne proti tomu, aby na bra'gislavst;om brehu mal
most vySkovo alebo plosne vyrazny nosny prvok, ktory by
narGsal vofny priehlad nabrezim. Uzemie pozdiz Dunaja
medzi Starym mostom a Zimnym pristavom bude totiz
siéastou budiceho nového centra Bratislavy a ngbreg:e
Dunaja bude atraktivnou pronjenédop. A’kceptovarnle tejto
poZiadavky znemoznilo pouiit_ vis';ute ’sustavy. szus‘tavy S
tuhymi nosnymi stenami a dvojpylonove zavesene sustavy.

Trasa premostenia je takmer v celej g!like v pf_)dorys-
nych oblikoch, iba Usek nad plavebnym ga)barutc_nm’ v
dizke 248 m je priamy. Pri zavesenej jednopylonovej sus-
tave by jedna polovica zavesenej sustavy pola v priamej a
druha v obliku, co by bolo pohladovo disharmonické a
staticky velmi narocne.

Moznym rieSenim bolo eSte pouZitie oblukove]
konstrukcie. Hlavné pole s oblikom dizky 231,0 m
osadené do priameho Useku trasy nebolo v rozpore so
Ziadnym z uz spominanych obmedzeni. V prospech tvo_hq
to rieSenia hovorili aj stanoviska zainteresovanych institu-
cii a odbornej i laickej verejnosti. Tvar mosta v tvare oblq—
ka vhodne zapadne aj do rytmu EX‘IStUj‘uCICh pratu-)
slavskych mostov, kedz sa budu harmonicky striedat
mosty tvarovo striedme s mostami tvarovo atraktivnymi.

Wraznym prvkom premostenia bude mostovkové_éasf
objektu. Po oboch stranach hlavného pola s oblukom

is

The above-mentioned limitation has caused rising of
alternative girder bridge deck (superstr_uctqre) of max.
depth up to 13m to such extend that longitudinal gradient
of adjacent approaches (ramps) would be almost 6%,
However, such longitudinal profile would not be very
advisable mainly because of excessive longterm traffic

costs.

These facts have compelled the authors to prefere
structural systems with low deck depth. From among the
superstructure types with main span over 200 m the suit-
able bridge structural systems were cable-stayed bridges,
suspension bridges and arched bridges.

The architects, planning urban studies of adjacent
zones, have principally opposed any solution having dom-
inant vertical/space structural element on right bank
interfering with free view alongside the quay. The area on
the right bank between the Old Bridge and the Winter
Harbour shall become a part of the Bratislava city centre
with the Danube quay as an attractive walki_n_g area.
Acceptation of above requirement has disqualified sys-
tems with pylons - suspension and cable-stayed bridges.

The other limitation factor is given by horizontal align-
ment which is formed by curves with only 248 m long sec-
tion above the shipping headroom which is straight. In the
case of a cable-stayed bridge with one pylon, a half of the
hanged structure would be in a straight and the second
half to be curved, which might create a rather disharmo-
nious appearance. From the statical point of view such
structure is quite demanding as well.

Another possible solution was an arched bridge sys-
tem. The main bridge span with 231.0 m long arch situ-
ated in the straight section of the alignment would not be
in contradiction with any mentioned limitations. Arch-
shaped bridge shall also be in harmony with existing
Bratislava bridges. Bridges of rather moderate shapes
shall alternate with shape-attractive bridges.

A significant element of the bridge will be the bfidge
decks. Bridge superstructures of constant depth mll be
situated at both sides of the main span. Together with the

Obr. 3 Pohlad z petrzalskej strany Dunaja
Fig. 3 View from the "Petrzalka" side of the Danube

e e e S P R
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budu priamopasové ¢asti, ktoré budd spolu s mostovkou
a tramami hlavného pola tvorif jeden spojity nosnik a
budd zjednocujicim prvkom ~celého premostenia.
V_mostovke sU vytvorené samostatné koridory po celej
dlzke mosta, v ktorych budu oddelene umiestnené vsetky
druhy inZinierskych sieti.

Tvar tramov v Gseku hlavného pola s hornou éastou VO
forme parapetu je vyhodny z viacerych hladisk. Je staticky
velmi ucinny a ohybovo tuhy, co umoznuje potencialnu
vymenu jedného zavesu bez prerusenia premavky na
moste. Vacsia vySka trdmov umozniuje taktie? ich relativne
pohodint priechodnost poéas montaZz mosta a ties
pocas prevadzky.

V Useku hlavného pola si tramy s mostovkou
zavesene na dvoch k sebe naklonenych oblikoch.
Zavesenie tramov na obliky sprostredkuje radialny sys-
tém zavesov. Parapet tramu slizi tiez ako bezpecnostny
prvok zabranujlci prieniku vozidiel do priestoru chod-
nikov a do rovin zavesov. Vysunutie ¢asti tramov nad
vozovkovu Cast taktiez opticky zmensuje vy&ku tramov pri
pohladoch z boku mosta, o umochuje &tihlu liniu
mostovkovej casti premostenia.

V podhlade mosta budi dominujicim pohladovym
prvkom tvarovo netradicéné priecniky. Ich tvar nie je iba
dizajnérsky zaujimavy ale je tiez staticky velmi acinny.
Priecniky su tiez nosnym prvkom pozdiZneho tubusu. v
ktorom su vedené potrubné siete. Povrch hlavnych nos-
nych prvkov bude vo farebnej kombinacii strieborna -
tmavomodra. Vo veéernych hodinach budi obrysy mosta
Zvyraznené iluminaciou.

ZAVER

Investorom stavby je METRO Bratislava, projektantom
mosta je DOPRAVOPROJEKT Bratislava. Zhotovitel stavby
bol vybrany medzinarodnym tendrom, na ktorom sa
ZGcastnilo 13 firiem a konzorcii z celého sveta. Vitazom
tendra sa stalo konzorcium firiem Doprastav Bratislava
(Slovensko) a VATECH VOEST MCE (Rakusko). Most
Kosicka bude ukonéeny v roku 2005. V blizkej buducnos-
ti teda vyrastie v hlavnom meste Slovenska dielo, ktoré
pomoZe zlepsSit dopravni situaciu mesta a tiez svojim
vzhladom vhodne doplni panoramu modernej Bratislavy.

NEW PROJECT

Obr. 4 Most Kosicka - pohlfad z bratislavskej strany Dunaja
Fig. 4 Bridge "KoSicka" - View from the "Bratislava" side

bridge deck of the main span they will form one continu-
ous girder integrating the whole bridge structure. The
bridge deck contains separate corridors which will sepa-
rately house all types of public utilities.

The shape of the girders in the main span with the
upper part having the form of parapet is quite convenient
from multiple viewpoints. The parapet girder is statically
very effective and stiff in bending, which enables eventu-
al replacement of individual hanger (stay) without inter-
ruption of traffic. Higher girders allow relatively comfort-
able accessibility (passage-through) during construction
as well as the bridge operation.

The girders and the bridge deck in the main span sec-
tion are hung on two inward-inclined arches through radi-
al system of hangers - stay cables. The girder parapet
serves also as safety element separating carriageway
from sidewalks and protecting the hangers. Girders pro-
jection above carriageway optically reduces the height of
girder for observer from the outside the bridge, which
emphasizes slenderness of the deck part of the bridge
superstructure.

The cross girders of artfull design are the dominant
elements of the bridge deck soffit. Their shape is not only
interesting from designer's viewpoint but statically effi-
cient as well. Cross girders form also bearing structure for
longitudinal corridor carrying the pipe lines.

CONCLUSION

The Project Investor (the Employer) is METRO
Bratislava, bridge designer is DOPRAVOPROJEKT
Bratislava.

The Contractor has been selected by means of an
international tender, with 13 companies and joint ven-
tures from all over the world taking part in it. The winner
bacame a joint venture of Doprastav Bratislava (Slovakia)
and VATECH VOEST MCE (Austria)

Currently the bridge "Kosicka" is under construction
and will be completed in the year 2005.

InZinierske stavby, roé. 50, 2002, &. 3
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Devinska Nova Ves

Investor: VOLKSWAGEN SLOVAKIA, a.s. Bratislava
Realizaény projekt: COPROJECT, spol. s r. o. Bratislava
Generalny dodavatel: ZIPP BRATISLAVA, spol.sr. 0.

Objemove udaje:

zastavana plocha 36 357 m?
plocha stropov 55 000m?
objem betonu konstrukcie 40 610 m*
plocha oplastenia 23 000 m?

Doba vystavby hrubej stavby 6 mesiacov
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PROJSTAR PK s.r.o., Nad Dunajom 50
P ROJ STA R 841 04 Bratislavg.rscl'ovai Regﬂgii?:m

Tel./Fax: 00421 2 654 22 432,
PK S.r.o. e-mail: projstar@nextra.sk

VIADUCT ON HIGHWAY D61
MIEROVA-SENECKA, BRATISLAVA
PROJSTAR CH anchorages

PROJSTAR CH
Anchorages for external
and internal prestressing

PROJSTAR EM
Elastomagnetic stress
monitoring systems for:
stay cables, external and |
internal tendons, unbonded &
tendons, strands, wires
and ground anchors

ASHIDAGAWA
BRIDGE JAPAN
Monitoring of
stresses in stay
cables

Contractor:
Keisoku Research
Consultant, Ltd.

Prestressing job

subcontracting il
Design and on-situ ~ Subcontractor:
p Projstar PK Ltd.

assistance
Prestressing equipments

GEOstatik s.r.o., Bytéicka 32, 012 27 Zilina
STATi( | tel: 041/7246 163, 7632 835 fax: 041/7246 219
e-mail: geostatik@za.sknet.sk

® zakladanie stavieb @ paZenie stavebnych jam @ mikropil6ty
® horninové kotvy @ inZinierska geolégia @ projekéna &innost



Vystavba poduroviovej dial'nice pri mestecku Steinhaus
v Rakusku vo forme dvojkomorového tunela dizky 2 400 m
pomocou 2 debniacich strojov, ktoré umoznuju vyhotovenie
48 m dlhého useku za tyzden. Vd'aka tu pouzite] monolitickej
konstrukcii a samocinnému hydraulickému premiestnovaniu
debnenia sa podstatne redukuje pracnost’ a mzdove naklady.
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