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THEORY, STRUCTURES, ELEMENTS

A. Jarodevié, P. Fabo, M. Chandoga, D. W. Begg:
Elatomagnetic method of force measurement in prestres-
sing steel

The DYNAMAG measuring system has been deve-
loped as a means of contactiess, reliable and precise determi-
nation of stress or force in steel. Thus enabling the measure-
ment of the force distribution in the tendons in prestressed
concrete structures during construction period and their service
life. The system uses these steel components as direct meas-
uring elements. The magnetic properties of the steel compo-
nents changes under stress and temperature and may be meas-
ured. This system has curently been operating for more than 10
years, monitoring stress in reinforcement of bridges, prestressed
concrete envelopes of reactors in nuclear power stations, rock
and soil anchors, and many other concrete and steel structures.
A description of the physical principle and its main charactens-
tics is presented and several existing applications of its use in
practice are described.

M. Krizma, T. Nornbergerova, A. PitoAdk, S.
Shawkat: Internal energy of the linear concrete elements
Experimental research of beams under step-by step increasing
loading and high cyclic loading. Cooperation with TH Darmstadt
in Germany. Test elements of T cross-section, reinforced by
prestressed concrete bars and bond anchored prestressed ten-
dons, respectively. The contribution completes the results of the
papers [1], [2]. [7]. The consumed strain energy was evaluated
from the results of these tests. A method determining coeffi-
cients enabling to approximate the degradation of the flexural
and shear stiffness of the tested beams is presented.

B. Blci: Influence of temperature as an important action
on concrete bridges

Standard specifications assign boundary conditions for safety
and reliability of structure and at the same time simplify desig-
ner's work. They solve the model situations for loads and com-
pination of their effects too. In hierarchy of their development
main loads of structure were created by gravitational forces of
material, live load, and other ones. Horizontal load was derived
from the effects of load in vertical direction.

M. Cervedan, J. Kucharik, S. Suster: State of stress
investigation in bridge structures

Application of stress release method for conditions of stress
diagnosis on concrete bridges. This method is based on the
principle of measuring stress changes of concrete in neighbour-
hood of the dnil hole, which causes local release of tension. We
developed our own state of stress diagnosis methology on the
basis of theoretical and experimental research.

MATERIALS, TECHNOLOGY, CONSTRUCTION

V. Janfiga: Bridge over the valley in front of Skalka
village

By-pass highway of Trenéin town was designed as part of the
north-south interconnection of the highway route D61/D1 Po-
land-Slovakia-Hungary. Complicated terrain and urbanistic con-
ditions at the section cca 10.3 km long, as well as the proximity
of the Vih channel, called for several bridge objects with difficult
conditions especially regarding the foundation.

P. Viskup: Bridge over the river SGcanka near Skalka
village

Highway section Chochoina-Skalka which is currently under
construction is part of the North-South Expressway E75. It will

Das Ingenieurbauwesen. Monatliche Fachzeitschrift flir Verfah-
renstechnik und Bauausfihrung im Ingenieurbau. Herausgeber
InZinierske stavby Verlag. Chefredakteur: Milan Chandoga. An-
schrift von Redaktion: Bratislava, Stromova 13, Slowakei. Tele-
phon: 0042-7-371 969
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THEORIE, KONSTRUKTIONEN, ELEMENTE

A. Jarodevié, P. Fabo, M. Chandoga, P. W. Begg:
Elastomagnetische Methode der Kraftmessung in Vorspann-
stahl

Das Messystem DYNAMAG wurde fir kontaktlose, zuverlassige
und genaue Bestimmung der Kraft oder Spannung im Stahl ent-
wickelt. Es ermoglicht das Messen der Kraftdistribution im Vor-
spannstahl der Betonkonstruktionen wahrend des Aufbaues und
wahrend ihrere Ausnutzung. Als Messelement in diesem System
wird direkt der Vorspannstahl benutzt. Es werden die mag-
netische Eigenschaften der Stahlelemente, welche sich mit
Veranderung der mechanischen Spannung und Temperatur an-
dern, gemessen. Dieses System ist seit mehr als zehn Jahre fur
Monitoring von Spannungen der Betonbriickenbewehrung, vor-
gespannter Umhillung der Kernreaktoren, der Gesteinanker und
anderen Beton- und Stahlkonstruktionen ausgenutzt. Im Beitrag
ist das physikalische Prinzip und Grundcharakteristik des
Systems samt einigen Beispielen praktischer Applikation an-
gegeben.

M. Krizma, T. Nornbergerovd, S. Pitofak: Innere
Energie der Betonstahlelemente

Experimentelle Forschung der Balken bei stufenweise wach-
sender kurzfristiger Belastung und bei mehrzyklischer dyna-
mischer Belastung. Zusammenarbeit mit TH Darmstadt. Ver-
suchselemente T-Querschnittes bewehrt mit vorgespannten Be-
tonstaben bzw. vorgespannten Seilen mit Adhasionsverankerung.
Der Beitrag erganzt die Ergebnisse der Arbeiten [1], [2], [7]. Die
erprobte Balken sind aus der Sicht der verbrauchten inneren
Energie ausgewertet. Es wird auch Methodik fir die Bestim-
mung von Koeffizienten, die ermdglichen annahemnd die Degra-
dation der Biege- und Schubsteife der erprobten balken auszu-
driicken, angegeben.

B. Buci: Temperatureinflisse als wichtige Belastung der
Betonbriicken

Normungsvorschriften bestimmen die Randbedingungen far
Sicherheit und Zuverlassigkeit der Konstruktion und gleichzeitig
vereinfachen die Arbeit des Projektanten. Bei Belastungen und
Kombinationen ihrer Auswirkung I6sen sie die Modellsituationen.
In der Hierarchie ihrer Entwicklung bildeten die Hauptbelastung
der Konstruktion die Gravitationskifte eigenes Materials, zufal-
lige Belastung und Verkehrsbelastung. Aus ihrer Einwirkung in
der Vertikalrichtung wurde die horizontale Belastung abgeleitet.

M. Cervefan, J. Kucharik, S. Suster: Ermittlung des
Spannungszustandes der Briickenkonstruktionen
Applikation der Methode der Spannungsaufldsung fir die Bedin-
gungen der Spannungsdiagnostik an Betonbriicken. Die Metho-
de ist auf dem Prinzip der Messungen von Betonverformungen
in der Umgebung einer Bohrung, mit welcher die Spannung lokal
aufgeldst wird, gegrindet. Auf Grund der theoretischen und
experimentellen Forschung wurde eigene Methodik der Span-
nungsdiagnostik entwickelt.

MATERIALEN, TECHNOLOGIE, FERTIGUNG

V. Janéiga: Briicke Gber das Tal bei der Ortschaft Skalka
Umleitung der Stadt Tren&in ist als Bestandteil des nord-sund-
lichen Autobahnzuges D61/D1 Polen-Slowakei-Ungarn konzi-
piert. Kompliziete Geldnde- und stadtebauliche Bedingungen
sowie die Nihe des Vah-Kanals erfordeten auf einer Linien-
fihrung von Ldnger 10,3 km, einige BrOcken mit anspruchs-
volien Grindungsbedingungen.
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be connecting the highway networks of Poland and Hungary.
Through a gradual finishing of the construction of individual
highway sections in Slovakia, the transeuropean expressway is
also under construction on the territory of this country.

301 J. Kodaj: Bridge over the Vah Channel near Dubnica nad
Véhom
The bridge crossing the Vah Channel is situated on an access
road connecting Road 1/61 (E16) with the Highway D1. It serves
simultaneously as an interconnection of the two communities
Nem&ova-Dubnica n/V. which are located just beside the high-
way. The superstructure of the bridge is constructed by a can-
tilever balanced method. It's midspan over the Vah Channel
where the shipping is expected is 78 m long.

306 J. Gregud: Precast segmental bridges on the highway
D61/D1
Technologies of construction of the segmental brid-
ges have been domesticated in Slovakia since 1964. In order to
implement the segmental technology, Doprastav started produc-
tion of segments in cells and provided a launching girder for
erecting the segments with weight up to 60 tons, for spans of
up to 60 m. Two bridges with application of unbonded cables
inside the box girder constructed on the by-pass highway at
Tren&in, on the Highway D61/D1, have been described here.

311 M. Sagdth: Bridge over the Védh River and the Vadh Chan-
nel near Beckov
The section of the D61 highway Nové Mesto-Chocholna, already
under construction, is the part of European highway connection
North-South. The most important object of this highway section
is the Bridge over the River Vah and the Vah Channel near
Beckov. The bridge should be start of large development of
bridge construction on Slovak highways.

315 M. Matad&ik, J. Soltys, A. Petrikova: The Bridge
wPusty hrad" in Zvolen
The road 1/50 is one of the major routes, part of the selected
road network in Slovakia, included into the International road
network (E-571). The road section passing through the Zvolen
city causes serious traffic problems due to the adverse combi-
nation of both urban and transit traffic. The bridge that will be
described briefly further is part of the future four-lane road section
to be built by-passing the city Zvolen. In the first construction
stage, which is being carried out at present, it is proposed to
open to traffic only a half of the road profile - the right bridge.

318 T. Michalka: Rehabilitation of the bridge over the River
Vah in Nové Mesto nad Vahom
The design of the bridge rehabilitation consists of its deck
strengthening, vertical realignment, and extension of its cross-
sectional dimensions is presented in this paper. The deck
strengthening has been designed by the prestressing of external
unbonded tendons combined with cast-in-place reinforced con-
crete deck slab bonded to the continuous bridge box girder thus
forming a composite cross section. Removal of 14 m long cen-
tral part of existing superstructure and subsequent lifting of its
two parts over the intermediate supports will enable vertical
realignment of the bridge level line.

DISKUSION THEMES

327 L. Nad, P. Benko, K. Kundrat, T. Javor: First free
cantilever segmental bridges after 30 years of service
More then 30 years ago the first free cantilever precast segmen-
tal bridges were constructed in former Czechoslovakia. Many
modifications and large development vent through out of this
construction method sing that time. This article presents the first
experiences, results from todays's point of view and the state
of twoo bridges — representatives after 30 years of service.

332 5. Mraz: Bearings and their influence on service life of
bridges
The paper deals with insufficiencies in process of design and
assembly of bridge bearings that have an influence on service
life of bridge structures as well as with difficult rehabilitation of
these insufficiencies.

Subscription: InZinierske stavby, spol. s r. o. Publishers,
Stromovéa 13, 830 07 Bratislava, P. O. BOX 49, Slovakia and
SLOVART - G.T.G. Ltd., Krupinska 4, P. O. BOX 152,
852 99 Bratislava, Slovakia. Sample copies free.

296 P Viskup: Uberbrickung des Flusses Shéanka bel der
Ortschaft Skalka
Der aufgebaute Abschnitt Chocholna-Skalka ist ein Teil der
Autobahnlinie D1 der nordsddlicher Autobahnmagistrale E 75.
Sie verbindet das Autobahnnetz Ungamns und Polens. Mit fort-
schreitenden Erbauen einzelner Abschnitte der Autobahn wird
transeuropdische Magistrale auch auf dem slowakischen Gebiet

realisiert,
301 J. Kodaj: Bricke iiber Kanal des Flusses Vah bei Dubnica
nad Vdhom

Bricke Uber Vah-Kanal liegt auf der Linienflhrung des Zuleiters
aus der Strasse I/61 (E 16) auf der Autobahn D1. Sie dient
gleichzeitig als Verbindung von zwei Ortschaften: Nem-
Sova-Dubnica n/V., welche unmittelbar neben der Autobahn lie-
gen. Die Tragkonstruktion wurde mit Freivorbau-Verfahren mit
der Lange des Mittelfeldes 78 m (Ober den Vah-Kanal, wo mit
Schiffahrt gerechnet wird, erbaut.

306 J. Gregui: Segmentbriicken auf der Autobahn D61/D1

Technologien der Segmentbricken werden in der Slowakei seit
1964 benutzt. Doprastav hat for die Segmenttechnologie die
Herstellung von Segmenten in Zellen erbaut und fOr die Montage
spezielle Vorrichtung fir Segmente mit 60 t — Masse und Span-
nweite des Feldes max. 60 m errichtet. Im Beitrag sind zwei
Bricken an der Umleitung von Trenéin auf der Autobahn D71/
D1 bei Benutzung der Spannaglieder ohne Verbund im Inneren
des Kammerquerschnittes Beschrieben.

311 M. Sagath: Bricke dber den Fluss Vah und Véh—Kanal bei
Beckov
Bestandteil der Autobahnverbindung Nord-Sad ist zur Zeit auf-
gebauter Abschnitt der Autobahn D61 Nové Mesto nad
Vahom-Chocholna. Das bedeutendste Objekt hier ist die Bricke
Ober Vah und Vah-Kanal, mit welchem eine Periode der Ent-
wicklung des Aufbaues von Autobahnbricken beginnen sollte.

315 M. Mata&ik, J. Soltys, A. Petrikova: Briicke Pusty
hrad in Zvolen
Kommunikation 1/50 gehort zu ausgewahiten Strassenzlgen in
der Slowakei und ist in das internationale Strassennetz (E 571)
eingegliedert. Ihre Linienfihrung durch die Stadt Zvolen bildet
eins der grossten Verkehrshindermnisse. Beschriebene Bricke ist
ein Bestandteil dieser neugebauten Linienfhrung welche durch
vierfahrspurige Schnellstrasse gebildet wird. In der 1. Etape des
Aufbaues, welche zur Zeit realisiert wird, wird ein halbes Profil
dieser Kommunikation (rechte Bricke) in Betrieb gestzt.

318 T. Michalka: Reparatur der Bricke Uber Véh in Nové
Mesto nad Vahom
Im Artikel ist ein Entwurf der Brickenreparatur, welche aus der
Verstarkung der Tragkonstruktion und Aufbereitung der Breite-
und Héhenparameter der Bricke beschreiben. Die Verstarkung
ist gesichert durch Nachspannung der freien Kabel und Nach-
betonierung der Eisenbetonverbundplatte. Erzielung der erwin-
schten Nivelette auf der Hauptbricke wurde durch Abreissen
von 14 m des mittleren Teils der Tragkonstruktion und nachfol-
gendes Aufheben Uber zwischenliegenden Statzen ermoglicht.

DISKUSSIONSTHEMEN

327 L. Nad, P. Benko, K. Kundrat, T. Javor: Die erste
freivorbauweise Segmentbricken nach dem dreissigsten
Jahren
Vor mehr als dreissigsten Jahren waren die erste Freivorbau-
weise Segmentbricken in ehemaliger Tschechoslowakei gebaut.
Seit dieser Zeit sind die Segmentbriicken durchgreifenden Ent-
wicklungsanderungen gegangen. Im Artikel sind die erste Er-
fahrungen, die Ergebnisse und der Zustand nach dem 30 Jahren
auf den zwei Reprasentanten der Brucken naher gebracht.

332 &. Mraz: Brickenauflager und ihr Einfluss auf Lebens-
dauer der Bricken
Der Artikel macht aufmerksam auf die Mangel beim Entwurf und
Einbau der Brickenauflager, welche auf die Lebensdauer der
Brucken Einfluss haben sowie auf anspruchsvolle Beseitigung
dieser Mangel.

Bestellungen nimmt Verlag InZinierske stavby, spol. s r. 0.,
Stromova 13, 830 07 Bratislava, P. O. BOX 49, Slowakei und
SLOVART - G.T.G. Ltd., Krupinska 4, P. O. BOX 152,
852 99 Bratislava, Slowakei. Fir Interessenten stehen Probe-
hefte kostenlos zur Verfligung.
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Medzinarodné sympozium FIP v Londyne 1996
Prihovor prezidenta Slovenského komitetu FIP

International FIP Symposium, London 1996
Address of the President of the Slovak FIP Commitiee

Priazniva odozva a zaujem o monotematické Cislo

nasho asopisu INZINIERSKE STAVBY na kongrese

FIP vo Washingtone v r. 1994 povzbudil vydavatelov

Zasopisu a inicioval opatovné vydanie Casopisu s

dominujicou tematikou — predpatym betonom.

Toto &islo &asopisu vychadza pri prileZitosti kona-
nia sympoézia FIP v Londyne v septembri tohto roka.
Ak porovname autorov prispevkov Vv obidvoch
monotematickych &islach, zistime, Ze ide o pomeme
uzky okruh inZinierov. UZ davnejSie som sa presvedCil,
e iba niekolko desiatok odbomnikov na Slovensku sa
zaobera problematikou predpatého beténu, ale prave
oni podstatnym spdsobom ovplyviiuji velkd oblast
stavebnictva. Od nich zavisi vyvoj predpatého betonu
u nas a jeho uplatnenie.

V tejto suvislosti je vhodné pripomenut, Ze mame
bohaty tradiciu najma v mostnom stavitelstve a je na
#om budovaf. Doteraz sme viZdy udrZiavali krok s
vyvojom v predpatom beténe — dokazom su tieto mil-
niky v naSom vyvoji:

— prvy prefabrikovany most z predpétého beténu v
Suéanoch v rokoch 1955 a 1956,

— prvé mosty vyhotovené technolégiou letmej betonaZe
v Novom Meste n/V. a Hiohovci v rokoch 1961 az
1963,

— prvy most z prieéne delenych prvkov s dobeténo-
vanou 3karou cez rieku Ondavu v Simiku v rokoch
1961 az 1963,

- prvé nadjazdy nad dialnicou z prieéne delenych
prvkov s kontaktnou lepenou Skarou v rokoch 1970
az 1974,

— prvé pouZitie volne vedenych kéblov na moste La-
franconi s rozpatim najdihSieho pola 171 m a cel-
kovou dizkou 1 038 m v rokoch 1986 aZ 1989.

Vetky tieto stavby sU svedectvom, Ze povojnova
generacia inZinierov mala invenciu, usilovnost aj
ctiziadost a dosiahla vysledky, na ktoré moZe byt hrda.
Patri im za to podakovanie a lcta. Rovnako v3ak treba

The positive response and the interest raised by the
monothematic issue of our joumnal INZINIERSKE
STAVBY at the 1994 FIP Congress in Washington
encouraged the publishers of the journal to publish
again an issue of the journal devoted predominantly to
the subject of prestressed concrete.

The present issue of the journal is published on the
occasion of the FIP Symposium held in London in
September 1996. The comparison of the lists of au-
thors of contributions in both monothematic issues
indicates that they include a relatively limited group of
engineers. | have concluded already some time ago
that there are not more than a few dozens of special-
ists who deal with the topic of prestressed concrete in
Slovakia; these people, however, exert substantial
influence on this broad area of civil engineering. They
set the trend of development in the area of prestressed
concrete in our country and its application.

In this connection we should mention our extensive
traditions, especially conceming bridge construction.
We have always kept pace with the development in the
prestressed concrete area — as demonstrated by the
following milestones:

— the first bridge built from prefabricated prestressed
concrete in Su€any in 1955-1956,

— the first bridges built with free cantilevering method
in Nové Mesto n/V. and Hlohovec in 1961-1963,
— the first bridge built from precast segments with cast-

in-situ joints across Ondava River in Sirnik in

1961-1963,

—the first motorway overpasses built from precast
segments with glued joints in 1970-1974,

— the first use of external (unbonded) tendons on the
Lafranconi bridge with 171 m span of the longest
field and total length of 1308 m in 1986—1989.

All these structures demonstrate inventiveness, de-
dication and ambition of the postwar generation of
engineers who attained results of which they can be
proud. They deserve our gratitude and respect. We
must, however, also admit that the period in which the
,watchdog function of strict supervision over projects
and, in particular, construction supervision affected the
results of our work. We are rightly reproached insuf-
ficient attention to details of the design, inadequate
and technically unjustified use of prefabricated ele-
ments, use of low-grade materials and many other
insufficiencies.
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pravdivo konstatovaf, Ze doba, v ktorej bola potlatena
strazna funkcia“ dbéslednej kontroly projektov a
predovsetkym kontroly pri realizacii stavieb, pozname-
nala vysledok nasich prac. Opravnene nam vy&itaju
podcefiovanie désledného rieSenia detailov, €asto
nasilnd, technicky neodévodnent prefabrikaciu, pouZitie
nekvalitnych materidlov a mnohé dalSie nedostatky.

Ambiciézny program dobudovania dialni¢nej siete
Slovenskej republiky je v sigasnosti horGcou témou
nielen odbornych stavebno-dodavatelskych, ale i
ekonomickych a bankovych finanénych kruhov na viad-
nej drovni.

Mimoriadnu pozomosf venuju tymto vladnym
zamerom tak domaci, ako aj zahraniéni odbornici, in-
vestori a dodavatelia.

Morfolégia Uzemia - Slovenskej republiky s
pasmovymi karpatskymi pohoriami &asto nati viest trasu
dialnice stiesnenymi (doliami. Pre zachovanie
navrhovych parametrov dialnic je nutné navrhovat tech-
nicky naroéné mosty a viadukty. Napriklad uZ pri obch-
vate mesta Trenéin dialnicou D61 su na dlZzke 15 km
mosty s celkovou dizkou asi 1,6 km, ktoré su vo
vystavbe a niektoré z nich si opisané v tomto Cisle
&asopisu.

Najnarotnejsie Useky dialnice nas este len ¢akaju
— predpoklada sa aj vystavba 15 tunelov dizky od 300
do 6 030 m s celkovou diZzkou 31,924 km.

Je zrejmé, Ze sucasna doba nam praje — rozmach
vystavby dialniénej siete poskytuje nemalo prileZitosti
na prezentaciu schopnosti inZinierov-projektantov aj
realizatorov tychto projektov. Dovolte mi vyslovit Ze-
lanie, aby nastupujica generacia inZinierov vyuZila
otvorené okna do sveta a tvorivo, bez epigonstva
obohatila nasu krajinu o uZitotné, trvacne a krasne,
ekologicky prijatelné inZinierske diela, ktoré budu har-
monicky zapadat do na3ej prirody. Nech prispevky
uverejnené v tomto &isle su dokladom takéhoto nasho
snaZenia.

Ing. Gabriel Tevec
prezident slov. komitétu FIP

Ambitious programme of completion of the motor-
way network in the Slovak Republic is a hotly debated
topic today not only by contractors but also in econom-
ic and banking financial spheres at governmental level.

The intentions of the government in this area raise

considerable attention of domestic as well as foreign
experts, investors and contractors.
. lThe morphology of the terrain in the Slovak Repub-
!uc is characterized by Mountains the Carpathians makes
it often necessary to build motorways in constricted
valleys. In order to observe the designed motorway
parameters, technically demanding bridges and via-
ducts need to be designed. For example, the D61
motorway by-pass of the town of Trenéin of 15 km
includes bridges with total length of approx. 1.6 km;
some of these bridges under construction are de-
scribed in this issue of the journal.

The most difficult sections of the motorway system
are yet to be built — including the envisaged construc-
tion of 15 tunnels ranging in length from 300 m to 6030
m with total length of 31.924 km.

The current situation is clearly favourable to our
profession — the boom of motorway construction offers
plentiful opportunities for the demonstration of skills of
design engineers and builders. Let me express my
wish that the upcoming generation of engineers use
the open windows to the world and enrich our country,
in a creative and original manner, with useful, lasting,
beautiful and environmentally friendly engineering works
that will harmoniously blend with nature. May the
contributions published in the present issue document
those efforts.

Ing. Gabriel Tevec
President of the Slovak FIP Committee

InZinierske stavby, roé. 44, 1996, &. 7

261



TEORIA, KONSTRUKCIE, ELEMENTY

Meranie sily v predpinace] vystuzi

elastomagnetickou metodou
Elatomagnetic method of force measurement in prestressing steel

Andrej JA

Meraci systém DYNAMAG bol vyvinuty na bezkon-
takiné, spolahlivé a presné uréenie sily alebo napa-
tia v oceli. UmoZfiuje meranie rozdelenia sily v pred-
pinacej vystuZi beténovych konstrukeii poéa_s
vystavby a prevadzky. Meracim prvkom systému je
priamo predpinacia vystuZ. Systém meria magne-
tické viastnosti ocelovych prvkov, ktoré sa menia s
mechanickym napdtim a teplotou. Tento systém sa
uZ vyse 10 rokov vyuZiva na monitorovanie napétia
vo vystuZi beténovych mostov, predpétych obé!ok
jadrovych reaktorov, horninovych kotiev a inych
beténovych a ocelovych konstrukcii. V prispevku je
uvedeny fyzikalny princip a zakladné charakteristiky
systému spolu s niekolkymi prikladmi praktickych
aplikacii.

Teoretické zaklady
Fyzikalny princip

Systém DYNAMAG [1], [2] je zaloZeny na elastomagne-
tickom jave, t. j. zmene tvaru hysteréznej slutky fero-
magnetika pri mechanickom napéti — v fahu, tlaku, krateni
a v ohybe. Tento jav, ked sa magnetické vlastnosti ocele
menia pod vplyvom mechanickej zataze [3] aZ (5], je
analogicky elastorezistivnemu javu, ktory vyuZivaju odpo-
rové tenzometre. Magnetické charakteristiky, ako celko-
va permeabilita, vratna permeabilita, diferencialna per-
meabilita a remanentny magnetizmus, su az 100-krat
citlivejsie na mechanické napatie ako zmena elektrického
odporu voditov. Relativna zmena vratnej permeability
ocele je az 10° MPa”, zatial €o relativna zmena odporu
tenzometra je asi 2.10° MPa™. Elastomagneticka metéda
umoZfiuje meranie zmien mechanického napétia pod
1 MPa bez problémov v priemyselnych podmienkach a
v &irokom rozsahu tepldt aj v pripadoch, ked su ostatné
metédy nepouZitelné.

Elastomagneticky snimaé

Vaicovy elastomagneticky snimac ma tvar dutého valca,
ktorého stredom prechadza merany prvok (ty&, drét,
pramenec). Musi byf nasunuty na merany prvok vopred,
pri vystavbe. Tento typ snimata obsahuje primarne,
sekundarne a kompenzaéné vinutia, umiestnené v
ocelovom ochrannom kryte a zaliate izolaénou latkou.

Doc. RNDr. Andrej Jaro3evi&, CSc.; RNDr. Peter Fabo - UK MFF
KRF Bratislava: Doc. Ing. Milan Chandoga, CSc. — KBKM SvF
STU Bratislava: Dr. David Wiliam Begg — PU FE Portsmouth.

ROSEVIC - Peter FABO - Milan CHANDOGA - David Wiliam BEGG

The DYNAMAG measuring system has been deve-
loped as a means of contactless, reliable and precise
determination of stress or force in steel. Thus ena-
bling the measurement of the force distribution in
the tendons in prestressed concrete structures du-
ring construction period and their service life. The
system uses these steel components as direct mea-
suring elements. The magnetic properties of the
steel components changes under stress and tempe-
rature and may be measured. This system has curent-
ly been operating for more than 10 years, monitoring
stress in reinforcement of bridges, prestressed con-
crete envelopes of reactors in nuclear power sta-
tions, rock and soil anchors, and many other con-
crete and steel structures. A description of the phy-
sical principle and its main characteristics is pre-
sented and several existing applications of its use
in practice are described.

Theoretical background
Physical principle

DYNAMAG system [1], [2] is based on the elastomagne-
tic phenomenon, i. e. the modification of the magnetic
hysteresis loop of ferrous material by mechanical stress
— compression, tension, torsion and bending. This phe-
nomenon where the magnetic properties of the steel
change through the influence of mechanical load [3], [4],
[5] is analogous to the electric resistance of conductors
used in resistive strain gauges. The magnetic characte-
ristics of total permeability, reversal permeability, diffe-
rential permeability and remanence are, however, about
100 times more stress sensitive than these electrical
resistance effects. The relative change of stel's magnetic
reversal permeability is up to 10°MPa”, while the relative
change of a strain gauge electric resistance is about
2.10% MPa'. The elastomagnetic method, therefore,
enables measuring of stress changes under 1 MPa with-
out problems in noisy industrial environments and over
a wide temperature range, also in cases, when the use
of other methods are impossible.

Elastomagnetic gauge

Cylindrical elastomagnetic gauge — a cylindrical gauge
takes the form of a hollow cylinder in the middle of which
the measured element (bar, wire, strand) passes through.
It must be slipped into the measured element before-
head, during the construction. This type of gauge con-
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(Gasova zmena magnetického toku v meranom prvku,
spbsobena prietokom striedavého pridu s jednosmernou
zloZkou cez primarne vinutie, indukuje napétie v sekundar-
nom vinuti. Vplyv radidlneho pohybu meraného prvku v
dutine snimaca, ktory nastava hlavne pri merani kablov,
je kompenzovany napatim indukovanym v kompenzag-
nom vinuti. Valcovy elastomagneticky snimac nie je v
mechanickom kontakte s meranym prvkom, preto ho
nemozno prefaZif; je odolny proti vode a mechanickému
poskodeniu, jeho charakteristiky sa nemenia s ¢asom a
jeho Zivotnosf je prakticky neobmedzena (viac ako 50
rokov). Tieto snimage umoZiiuju meraf napétie v pramen-
coch a kabloch chranenych tenkostennou ocelovou alebo
PE rurou bez jej naruSenia. Snima¢ je pripojeny ku
meraciemu systému kablom dizky az 500 m. Parametre
niektorych doteraz pouZitych typov elastomagnetickych
snima&ov na meranie sily alebo mechanického napatia v
ocelovych ty&iach, drétoch a kabloch s prierezom do
10 000 mm?su v tab. 1.

Snimaé navinuty na prvok in-situ umoZfiuje meranie
sily vo volnych kébloch na mostoch, stoZiaroch a pod.
bez potreby instalovaf snima¢ v priebehu vystavby. Jeho
absolutna presnosf je asi trikrat nizSia ako presnost
valcového snimada (ak nepoznadme magneticky stav
nezafazeného prvku).

Diferencidlny snima¢ - bol vyvinuty na dlhodobé
presné merania. Obsahuje merany a kompenzaény
ocelovy prvok, obidva v rovnakom magnetickom poli a pri
rovnakej teplote. Presnost a citlivost tohto snimaca sa
podstatne zvysi, neistota merania je men3ia ako 0,1 MPa a
vplyv teploty je podstatne redukovany (teplotna citlivost
snima¢a je pod 0,02 MPa."C"). Hlavnou nevyhodou su
vacsie rozmery, vaési prikon a nutnost pouzif vzorku
meraného prvku (napr. tyée alebo pramenca).

PriloZny snimaé — tento nedavno vyvinuty priloZny
snimaé ma vinutia umiestnené na ocelovom prstenci.
UmoZfiuje meranie sily a napatia v ty€iach, drétoch a
pramencoch do ¢ 15,5 mm. PriloZny snima¢ sa jednodu-
cho priloZi ku meranému prvku; v pripade zabudovanej

Tabulka 1. Niektoré typy elastomagnetickych snimacov
Table 1. Selected types of elastomagnetic cylindrical gauges
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sists of primary, secondary and compensating windings,
mounted in a protective steel shield and sealed with an
insulating material. The time dependence of magnetic
flux through the measured element, produced by DC and
AC current in the primary winding, induce a voltage in the
secondary winding. The influence of the measured ele-
ment radial displacement which is essential to reduce
error when measurements are made using cables, is
al_lowed for by the voltage induced in a compensating
winding. This cylindrical elastomagnetic gauge has no
mechanical contact with the measured element so there-
fore can not be overloaded, is resistant to water and
rpechanical injury, its characteristics do not change with
time and its lifetime is serviceably unlimited (i. e. more
than 50 years). These elastomagnetic guages enable
stress measurements in strands and cables protected by
steel or PE tube without the need to remove this. The
gauge is connected to the measuring system through a
cable whose length can be up to 500 m. The parameters
of a selection of cylindrical gauges for measuring force
or s}ress in steel rods, wires and cables with cross
section up to 10 000 mm? used to date are shown in
Tab. 1.

Gauge wound on the tendon in-situ — this type of
gauge enables force measurements in external tendons
of bridges, masts etc. without the necessity to install the
gauge during the construction period. Its absolute accu-
racy is, however, limited to about one third of that of
gauges mounted during construction (the zero stress of
the measured element is assumed to be unknown).

Differential gauges — to give higher sensitivity and
long term stability a differential gauge has been deve-
loped. This contains a measured as well as a compen-
sating steel element, both in the same magnetic field and
at the same temperature. The accuracy and sensitivity
are thereby increased to better than £0.1 MPa and the
temperature influence is essentially reduced (tempera-
ture error is less than 0.02 MPA."C"). The main unad-
vantages are greater dimensions, weigh, power con-

Type Typical Aprox. dimensions Inner di
pica : er diameter Aprox. mass Al :
application diam. x Igt. (mm) (mm) (kg) WO:'((W;;OWer
wires. strands up to
HaMm ¢ 7.8 mm ¢ 30 x 75 8.5 0.25 5
strands up to
H16M ¢ 15.5 mm ¢ 38 x 75 16.5 0.35 20
MONOSTRAND ¢ 38 x 90 or 0.4
.45
H21M ¢ 0.6" ¢ 55 x 130 21.8 1 25
strand ¢ 15.5 mm
2H16L differential. precise ¢ 90 x 180 2x 165 3 40
cables up to 9
H79HC strands ¢ 15.5 mm ¢ 160 x 180 79 8 80
cables up to 13
HB9HC strands ¢ 15.5 mm ¢ 170 x 250 89 10 100
cables up to 19
H125HC strands ¢ 15.5 mm ¢ 200 x 250 125 15 200
cables up to 70
H225HC strands ¢ 15.5 mm ¢ 335 x 500 225 100 500
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v odstranit kryciu vrstvu betonu na plgche
:Lstzu;g :resb; mm. Nepresnt'rcos! merania po kalll_:racu na
vzorke meraného prvku je asi +50 MPla. Hlavnym zdro-
jom chyby je vzduchova medzera medzi jarmom snlrmn‘,ai
a meranym prvkom. V mnohych pripadoch'. napr. pr
rekon&trukcii, tento typ snimaca mb!gvby‘t 1ed|n_ym ty-
pom, ktory je schopny odmeral existujuce napatie.

Meracie metédy, presnost a spolahlivost

ii h&i meraci systém vyuZiva na stanovenie
mmu:ho napétia iba jednu z magnetickych charak:
teristik ocele, a to celkovu permeabilitu alebo y'ratm‘a
permeabilitu. DokonalejSie meracie systémy vyuZiyaqu f;elu
siel hysteréznych slutiek ako v Casovej, _tak aj kmito¢-
tovej oblasti. V poslednom tase sa pou_iwa spektralna
analyza napétia indukovaného v snimac_q ciavkg. pomo-
cou ktorej moZno ziskat cennu informaciu 0 rezidualnom
napati. Vyvoj v tejto oblasti prebieha dalej. Hiavné cha-
rakteristiky najjednoduchsich meracich metod:

@ Meranie celkovej permeability (zvatsa sa pouZiva
na meranie drbtov a pramencov):

— ni2&i stredny prikon, mensie rozmery a hmotnost sni-
mca. “apr . -
— ni3%ia citlivost — elastomagneticka citlivost je asi

(Awao)u(-) = -10* MPa”’,

— nelinearna kalibragna krivka, y

- teplotna citlivost asi (AWATYR(0) = 510 G,

— rozliSovacia schopnost lepdia ako 2 MPa,

- teplotna chyba (vplyv teploty na presnosf) Ao/AT =
= -5 MPa.’C".

@ Meranie vratnej permeability (va&Sinou sa pouziva
na meranie kablov):
— 3-krat vy33i stredny prikon,
— vy&sia citlivost — elastomagneticka citlivost je cca
(Awaoyu(-) = 5.10* MPa”,
_ lineama kalibra&na krivka (aZ po medzu pevnosti) obr. 1,
— teplotna citlivost asi (AWAT)/u(0) = 5.10°°C",
— rozli%ovacia schopnost lepsia ako +1 MPa,
- teplotna chyba (vplyv teploty na presnosf) Ao/AT = -10
MPa.’C".

Obr. 1. Vratna permeabllita kabla 9xLp 15,5 mm ako funkcia
mechanického napétia

Fig. 1. Reversal permeability of the tendon 9xLp 15.5 mm 0.6"
as a function of the stress
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sumption and the necessity to use a specimen of cali-
brated steel element (e. g. strand or rod). ‘ :

U - Shaped gauges — a U-shaped gauge, with win-
dings on the U-shaped steel core, has recently been
developed. This enables the measurement of force and
stress in rods, wires and strands up to ¢ 15.5 mm. The
U-shaped gauge can be attached to the‘element to be
measured: in the case of reinforcement it is necessary
to remove a concrete cover over about 2(_)0 X _50 mm.
Accuracy after calibration on this steel specimen is aboql
+50 MPa. The main source of the error beeing the air
gap between the core and measured element. In many
cases, for example reconstruction, this may be the only
type of gauge is able to measure the existing stress.

Measuring methods, accuracy and
reliability

The simplest measuring systems for a stress estimatiqn
measurements is made of only one of steel's magnetic
characteristics; total permeability or permeability rever-
sal. In more sophisticated systems a whole net of hys-
teresis curves is measured in both time and frequency
domain. Most recently spectral analysis of the voltage
induced in the secondary winding has been used to give
valuable information about the in-situ stress and further
developements of this are ongoing. The main characte-
ristics of the simplest measurement methods are listed
below.
® Total permeability measurement (mostly used for
measuring wires and strands):
— lower average power consumption and smaller guage
dimensions and weight, i
— lower sensitivity-approx. elastomagnetic sensitivity
(Ap/Ac)p(-) = -10* MPa’,

- nonlinear calibration curve,

— approx. temperature sensitivity (AWAT)/n(0) = 5.10*
"C

— resolution better than 2 MPa,

— temperature error (influence of temperature on accu-
racy) Ao/AT = -5 MPa.’C".

® Permeability reversal measurement (mostly used

for stress measurement in cables):

— 3 times higher average power consumption, !

— higher sensitivity-approx. elastomagnetic sensitivity
(Aw/Ao)Yu(-) = 5.10* MPa’',

— calibration curve linear up to breaking stress, as shown
on Fig. 1,

- approx. temeperature sensitivity (AWAT)/u(-) = 5.10%
‘G

- resolution better than +1 MPa,

— temperature error (influence of temperature on accu-
racy) Ao/AT = -10 MPa.’C".

Measuring system

The measuring system feeds the primary winding of thp
measuring gauge and processes the voltage induced in
secondary and compensating windings. Values of torf:e.
stress and temperature in the measured cross—secthn
are output directly. It is possible to connect more sophis-
ticated measuring systems to the control computer
through the serial interface RS232 to allow remote con-
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Meraci systém

Meraci systém napaja primarne vinutie snimaca a spracu-
va napétie indukované v sekundarnych a kompenzaénych
vinutiach. Na vystupe systému dostaneme priamo hod-
noty sily, napétia a teploty v danom reze prvku.
Dokonalejsie meracie systémy umoZiuji dialkové ov-
ladanie cez sériové rozhranie RS 232 pomocou riadiace-
ho potitata (takto je realizovany systém na dlhodobé
monitorovanie sily v predpinacich kabloch obalky reakto-
ra, ktory je v ginnosti od maja 1994 v jadrovej elektrarni
Temelin v Ceskej republike).

Presnost a spolahlivost

Presnos! elastomagnetickej metédy je ovplyvnena zme-
nou parametrov meracieho systému s &asom a teplotou,
zmenou teploty meraného prvku, rozptylom jeho
elastomagnetickych charakteristik a ich zmenou v Case.

Zmena parametrov meracieho systému je vyli€ena
jeho autokalibraciou pred kazdym meranim. Vplyv teploty
mozno vyliéit bud pouZitim kompenzacneho, podobne
ako pri odporovych tenzometroch, alebo efektivnejsie
diferencialneho elastomagnetického snimaca, resp.
matematicky pomocou znamej teplotnej zavislosti
elastomagnetickych charakteristik a teploty meraného
prvku zistenej meranim. Rozptyl elastomagnetickych
charakteristik, ktory je maximalne +5 % pre pramence
15,5 mm pri napati va¢som ako 800 MPa, vylugime
kalibraciou snimaca na vzorke skuto€ne pouZitého prvku.
Nepresnosf merania je mensia ako +2 % v prevadzkovych
podmienkach, ak pouZijeme kalibrovany a kompenzaény
(alebo diferencialny) snimac.

Spolahlivost elastomagnetickej metédy zavisi len od
zmien magnetickych charakteristik meraného prvku s
casom. Pri diferencialnom snimaci je tento vplyv &ias-
toéne kompenzovany, pretoZe obidva prvky su v tych
istych podmienkach a elastomagnetické viastnosti vzorky
pouZitej ocele moZno odmeraf v budicnosti na vyluéenie
vplyvu zmien elastomagnetickej citlivosti. Charakteristiky
elastomagnetického snimaga (geometria vinuti) sa neme-
nia s ¢asom. Nevznikaju problémy s izolaénym odporom
(ako pri odporovych tenzometroch).

Aplikacie

Priklady pouZitia elastomagnetickej metédy na
inZinierskych stavbach v priebehu rokov 1986 az 1996:
Predpété beténové konstrukcie — vopred a dodatoéne
predpaté beténové konstrukcie boli prvymi aplikaciami
elastomagnetickej metody na Slovensku. Casovy priebeh
sily v predpinacej vystuZi vopred predpitého mostného
nosnika dizky 22 m je na obr. 2. Merania sa realizovali
v priebehu vyroby nosnika, po uvolneni z formy, po
mesiaci skladovania a po zabudovani do mosta.
Zavesené mosty [1], [2]:

- most cez Labe (Podé&brady, CR) — meranie rozdelenia
sily v 6 z 18 pramencov zavesov snimaémi H16M. Na
dvadsiatich zavesoch mosta bolo in&talovanych 120
snimaCov. Merania sa realizovali v priebehu vystavby
(1987 az 1988) a pri zataZovacej skuske;

— most cez rybnik Jordan (Tabor, CR), [2] — meranie
celkovej sily v 26 zo 104 zavesov mosta snimaémi
H125. Merania sa realizovali v priebehu vystavby
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trol (this has been used in the system for long-term force
monitoring in the prestressed tendons of the nuclear
reactor envelope, operating from May 1994 at nuclear
power plant Temelin in the Czech Republic).

Accuracy and reliability

Accuracy of the elastomagnetic method is influenced by
changes in the measuring system parameters with the
time and temperature, a change of measured element
temperature and its elastomagnetic characteristics scat-
ter and change with the time.

The influence of this change of measuring system
parameters is excluded by autocalibration before every
measurement. The temperature effect may be excluded
either by using a compensating, as in the case of resis-
tive strain gauges, or more effectively using a differential
elastomagnetic gauge. Alternatively, mathematically, using
the known temperature dependence of elastomagnetic
characteristics and measured element temperature. The
scatter of elastomagnetic characteristics, which is a
maximum element temperature. The scatter of elastomag-
netic characteristics, which is a maximum of =5 % for
0.6" dia. strand at stress greater than 800 MPa is obvia-
ted by gauge calibration with a sample of the real ele-
ment used. Uncertainty is lower than £2 % in an indus-
trial environment using the calibrated and compensating
(or differential) gauges.

Reliability of the elastomagnetic method depends only
on changes of the measured steel magnetic characte-
ristics with time. In case of a differential gauge this effect
is partially compensated as both the measured and the
compensating elements are under same conditions and
elastomagnetic characteristics of the used steel speci-
men can be measured after a long time, to exclude the
change of the elastomagnetic sensitivity. The elastomag-
netic gauge characteristics (geometry of windings) are
stable in time. No problems, such as poor insulation
resistance (as in strain gauges) have been observed.

Applications

Selected examples of using the elastomagnetic method
in civil engineering during years 1986-1995:

Obr. 2. Casovy priebeh sily v predpinace] vystuzl mostného
nosnika dizky 22 m - S1-1,5 m od konca, S4-5 v Stvrtine
rozpatia, $6-9 v polovici rozpatia

Fig. 2. Time history of the force in the prestressing reinforce-
ment of 22 m long bridge girder — S1-2 1.5 m from the end,
S4-5 quarter of the span, S6-9 half of the span
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Obr. 3. Most Lafranconl — éasovy priebeh strét predpitia v
15 volnych kabloch 12x MONOSTRAND 15,5 mm

Fig. 3. Lafranconi bridge - time history of stress looses In
15 external tendons 12x MONOSTRAND 15.5 mm

(1989), zataZovacej skosky (1991) a dlhodobé merania
a2 doteraz.

Beténové mosty [2], [6] — most cez Dunaj v Brat.islave
(most Lafranconi) - monitorovanie napatia Vv
zainjektovanych kabloch (12 pramencov ¢ 15,5 rpm) sni-
maémi H89 (celkové napatie) a H16M (rozdelenie napa-
tia medzi pramence), meranie sily vo volnych kablocl'!
(12 pramencov MONOSTRAND 15,5 mm) snimacmi
H125HC. Merania sa realizovali potas vystavby mosta
(1989), zataZovacej skisky a dlihodobé merania (obr. 3).
Na moste bolo osadenych pogas vystavby 104 snimacov
H89, 35 snimatov H125 a viac ako 300 snimagov H16M.

Volné a zainjektované kable napinané lano po la_ne
[2] = v mnohych pripadoch napinanie kablov zloi_enych
zo 6 aZ 18 pramencov ¢ 15,5 mm jednolanovou p|§tol’9u
predstavuje jediné prijatelné technické rie$enie. Merania,
realizované na Styroch mostoch potas vystavby a dvoch
mostoch pri rekonStrukcii potas rokov 1990 aZz 1995 na
Slovensku, potvrdili spofahlivost tejto technolégie predpi-
nania (straty napéatia v dosledku skupinového javu sd
prijatelné). :

Kable bez sudrZnosti — elastomagneticka metéda je
pravdepodobne jedinou metodou, ktora umoZfiuje me-
ranie rozdelenia sily pozdiz lana typu MONOSTRAND
(pramenec povieeny PE rurkou) bez narusenia PE oba-
ju. Na meranie sily v lanach MONOSTRAND 15,5 mm st
vhodné snima&e H21. Merania sily v lanach tohto typu sa
realizovali na stropnych doskéch, predpétych parabolicky
vedenymi kablami bez sudrznosti, prieénych predpinacich
kabloch hornej dosky mostnej konstrukaie, predpinacich
kabloch valcovych beténovych nadrZi (obr. 4) alebo pred-
pinacich kabloch ochrannej obalky jadrového reaktora
napinanych na 10 MN (obr. 5).

Horninové a zemné kotvy — elastomagnetické sni-
maée boli pouZité aj v zemnych a horninovych kotvach
na meranie sily pri predpinani a dihodobé monitorovanie
sily (napr. zaklady komeréného strediska Mysibek v Pra-
he, 1995). Hiavnymi vyhodami st jednoducha intalacia
a vysoka spolahlivost. V lubovolnom Ease mozZno meraf
skuto&nu hodnotu sily v kotve.

Meranie sily v tuhych ocelovych konStrukciach —
systém DYNAMAG moZno pouZif aj na meranie sily v
tuhych ocelovych konstrukcidch (napr. tuhé armobloky

Prestressed councrete constructions (pre-tensioned
and post-tensioned) were the first applications of the
elastomagnetic method in Slovakia. Time hlsto_ry of force
in prestressed reinforcement (three cross_-ssctlons of the
22 m long bridge girder) is shown in Fig. 2. Measure-
ments were made during prestressing, after releasing
from the form, after one month of storage and on the
constructed bridge.

Cable stayed bridges (1], [2]:

_ over the Elbe (Czech Republic) [1] = force distribution
between 6 of the 18 strands of the stay cable were
measured by gauges H16M. 120 gauges H16M were
installed on the 20 stay cables. Measurements were
taken during the construction of the bridge (1987-1988)
and during the loading test, _

— over the Jordan Pond in Tabor (Czech Republic) [2] -
total force in the 26 of 104 stay cables was measured
by gauges H125. Measurements during bridge con-
struction (1989), loading test (1991) and long time
measurements up the present date have been made.

Concrete bridges (2], [6] over the Danube in Bratis-
lava (Lafranconi Bridge) — Stress monitoring in grouted
tendons (12 strands ¢ 15.5 mm) by gauges HB89 (total
stress) and H16M (stress distribution between strands),
force measuring in the external tendons (12 MONO_S-
TRANDs ¢ 15.5 mm) by gauges H125HC. Measuring
during the bridge construction (1989), loading test and
long term measurements (Fig. 3) were made. 104 gaug-
es HB89, 35 gauges H125 and more than 300 gau-
ges H16M were installed during the construction of the
bridge.

External and grouted tendons prestressed strand by
strand [2] — in many cases prestressing tendons contai-
ning from 6 to 18 strands ¢ 15.5 mm tensioqed by mono-
jack represent the only acceptable technical solt_mon.
Measurements on four new bridges and two bridges
under reconstruction in Slovakia during period 1990-1995
confirmed the reliability of that prestressing technolo-
gy (stress losses caused by group effect beeing accep-
table).

Obr. 4. Rozdelenie sily v kruhovom kabll ¢ 15,5 mm bez
stdrznosti — predpinacie stupne 60, 120, 180 a 195 kN zo
strany A, po zakotveni na strane A predpnuté na 195 kN zo
strany P a zakotvené

Fig. 4. Force distribution along cylindrical unbonded tendon
15.5 mm dia. Prestressing force 60, 120, 180 and 195 kN from
side A, after anchoring on side A prestressed to 195 kN from
side P and anchored
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Obr. 5. Casovy priebeh sily v Siestich rezoch predpinacieho
kébla diZzky 200 m ochranne| obalky Jadrového reaktora

Fig. 5. Time history of force in six cross-sections of 200 m
long nuclear reactor envelope tendon

pre ochranni obalku reaktora spajané bud zvaranymi
alebo lisovanymi objimkami), kde nemoZno pouZit odpo-
rové tenzometre kvéli vnatornému napatiu bez axialnej
deformacie. Elastomagnetické snimace, ktoré su citlive
len na napétie, predstavujl v tomto pripade jediné rieSenie.

Meranie malych zmien napétia — vysoka citlivost di-
ferencialnych snimagov umoZfiuje napr. meraf relaxaciu
drétov a pramencov, resp. ak je snimaé nainstalovany na
zabudovanej vystuZi, meraf napatie v beténe, podobne
ako strunové tenzometre.

Zaver

Nasa vySe desafrotna skusenost potvrdzuje, Ze elas-
tomagneticka metdda je spolahliva, presna a vieobecne
pouZitelna na monitorovanie v situaciach, kde su ostatné
metédy na meranie sily v predpinacej vystuZi
nepouzitelné. Vyvoj a zdokonalovanie elastomagnetickych
snimagov a meracich systémov prebieha neustale spolu
s realnymi aplikaciami tejto metédy v stavebnej praxi.
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Obr. 6. Elastomagneticky snimaé
Fig. 6. Cylindrical elastomagnetic gauge

Unbonded tendons — the elastomagnetic method is
probably the only method that enables the measurement
of force distribution along MONOSTRAND (strand coated
with PE tube) tendon without destroying the PE cover.
For force measurements in the ¢ 15.5 mm MONO-
STRANDs H21 gauges are suitable. Such measurements
have been made on deck, prestressed by unbonded
parabolic tendons, unbonded prestressing of the bridge
upper deck, unbonded tendon of the cylindrical concrete
water tank (Fig. 4) or unbonded tendons in the envelope
of the nuclear reactor, prestressed to 10 MN (Fig. 5).

Rock and soil anchors — elastomagnetic gauges have
also been used in soil and rock anchors for force mea-
surements during prestressing and long term force moni-
toring (e. g. foundation of the Commerce Center in Prague,
Czech Republic in 1995). Ease of installation and hight
reliability are the main advantages. It is possible to
measure real force in the anchor at any time.

Force measurement in rigid steel structures — the
Dynamag system can be used for the force measure-
ments in the rigid steel construction (e. g. rigid armoblocks
for nuclear power plant reactor envelope, connected to-
gether by welded or pressed connection), where strain
gauges are inapplicable as inner stress without axial
deformation may occur. Since electromagnetic gauges
are sensitive only to stress but not to strain, they repre-
sent the only choice for this situation.

Small stress changes measuring — the high sensitivity
of the differential gauge, for example, enables the mea-
surement of the relaxation in the wires and strands or
when installed on rebar, embedded in the concrete, the
measurement of stress in the concrete similar to a vibra-
ting wire gauge.

Conclusion

Our experience over the past 10 years confirms that the
elastomagnetic method is reliable, accurate and gene-
rally applicable to many structural monitoring situations,
when other methods of measuring forces in prestressing
steel are inapplicable. Development and innovation of the
elastomagnetic gauges and measuring systems is still in
progress simultaneously with the real application of this
method in the construction industry.
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Vniitorna energia pritovych betonovych prvkov
Internal energy of the linear concrete elements

Martin KRIZMA - Terézia NURNBERGEROVA - Andrej PITONAK -
Sabah SHAWKAT

Experimentalny vyskum nosnikov pri stupnovite
rastucom kritkodobom zafaZeni a mnohocyklovom
zafa?eni. Spoluprdca s TH Darmstadt v SF_IN.
Skusobné prvky T prierezu vystuZené predpatymi
beténovymi tycami, resp. predpétymi 'Iannrnl
kotvenymi sudrZnosfou. Prispevok dopina vysledky
prac [1], [2], [7]- Odskusané nosniky su vyhodnotené
z hladiska spotrebovanej vnutornej energie. Uvédzz!
sa aj metodika stanovenia sucinitelov, ktoré umoZnuju
priblizne vyjadrif degradaciu ohybovej a smykovej
tuhosti odskusanych nosnikov.

Vnitorna energia pratovych beténovych
prvkov

Jednym zo spdsobov vyuZitia vysokokvalitnych beténov
v praxi je i netradi¢ny spdsob vystuZovania doteraz
navrhovanych prvkov. Problematika zahfia aj vyuZitie
predpatych ty&i z vysokokvalitného beténu (high perfor-
mance concrete bars) — HCB. Ich vyuZite je pomerne
&iroké. mo2no ich pouZit ako vystuZ do nosnikov, dosiek,
stien i pri netradiénych kon3trukciach. Prierezy vystuznych
ty&i mozno navrhovat individualne, ich rozmery sa pohy-
buju v hraniciach niekolkych desiatok milimetrov. Nahrada
klasického vystuZovania je efektivna hlavne tam, kde
rozhoduje podmienka spolahlivosti vzhladom na medzny
stav (MS) pouZitelnosti. Oblastami vyuZitia mdZu byt
hrubé zakladové dosky, konstrukcie mostov alebo
kon&trukcie so zvy$enymi poZiadavkami proti presakova-
niu kvapalin. Dizky vystuZnych ty&i zavisia od vyrobnych
a dopravnych podmienok. Pri zabezpedeni zvySenej kva-
lity vyroby napriek velkej Stihlosti mozno vyluéif ucinky
vzperu.

Od roku 1994 USTARCH SAV spolupracuje v oblasti
experimentalneho vyskumu pritovych prvkov vystuZenych
tyéami HCB s kolektivom pracovnikov pri Institut for
Massivbau Technische Hochschule Darmstadt v SRN.

Prispevok sa zaobera nosnikmi T prierezu, ktoré su
vystuzené tycami HCB. Zamerany je na vyhodnotenie
odskuganych nosnikov podla spotrebovanej vnitornej
energie a zaroved pri niektorych nosnikoch stanovuje
sadinitele umoZiiujuce uréenie degradacie ohybovej a
Emykovej tuhosti vplyvom rastu zafaZovacej sily.

Betonové konstrukcie sa spravidla navrhuji na zak-
lade pevnostnych kritérii, ktoré sa aplikuji na materialy
aj na kondtrukéné prvky. Navrhovanie a posudzovanie
konétrukcii podfa MS zavadza aj deformaéné charakte-

Ing. Martin Krizma, CSc.; Ing. Terézia Normbergerova, CSc; Ing.
Andrej Pitofidk, CSc. — USTARCH SAV, Bratislava; Dr. Ing.
Sabah Shawkat — KBKM SvF STU Bratislava.

Experimental research of beams under step-by step
increasing loading and high cyclic loading. Coope-
ration with TH Darmstadt in Germany. Test elements
of T cross-section, reinforced by prestressed con-
crete bars and bond anchored prestressed tendons,
respectively. The contribution completes the results
of the papers [1], [2], [7]- The consumed strain e-
nergy was evaluated from the results of these tests.
A method determining coefficients enabling to ap-
proximate the degradation of the flexural and shear
stiffness of the tested beams is presented.

Strain energy of linear concrete elements

One of the application way of the high strength concrete
in the building practice is also the non traditional method
of reinforcing elements designed at present. The above
mentioned incorporates also the use of the prestressed
bars manufactured from high strength concrete (high
performance concrete bars) — HCB. Their application is
relatively wide, the HCB bars may be used as reinforce-
ment of beams, slabs, walls, and also they may be
applied in non traditional structures. The cross sections
of reinforcing bars may be designed individually, their
dimensions vary in the range of several dezens of mili-
meters. The replacement of the traditional reinforcement
is effective mostly in elements, in which the service
reliability condition is decisive. The fields of the applica-
tion may incorporate thick foundation slabs, bridge struc-
tures or the structures with higher requirements against
seepage of liquids. The lengths of the reinforcing bars
depend on the manufacture and transport conditions.
Despite of the large slenderness of the bars, it is possible
to eliminate the effects of buckling by assuring the higher
quality of production.

Since 1994, The Institute of Construction and Archi-
tecture, has been cooperating with the Institut fir Mas-
sivbau Technische Hochschule Darmstadt in Germany,
in the field of the experimental research of the linear
elements reinforced by the HCB bars.

The article deals with T-beams reinforced with the
HCB bars. From the test results, the consumed strain
energy was evaluated, as well as the coefficients ena-
bling the determination of the degradation of the flexural
and shear stiffness caused by increase of the loading
force.

Concrete structures, as a rule, have been designed
on the basis of strength criteria, applied both to materials
and structural elements. In the design of structures in
accordance with the limit states method, also the defor-
mation characteristics have been introduced, which may
characterise the occurrence of a certain limit state. For
developing a computational model, the whole failure
process, which is generally expressed by the complete
stress-strain diagram has to be known. The developed
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ristiky, ktorymi moZno charakterizovaf dosiahnutie uréitého
medzného stavu. Na zostavenie vypotového modelu
treba poznat priebeh celého procesu porusovania, ktory
je vieobecne vyjadreny Uplnym pracovnym diagramom
beténu. Vypoé&tové modely, ktoré charakterizuju spravanie
sa materialu, pouZivaji ako dalSiu charakteristiku mate-
ridlu mnoZstvo vnutornej energie (napr. [3]).

Stavy konatrukcie, najma pri viaczloZkovych namaha-
niach, by sa viak pomocou vnatornej energie mohli
charakterizovat vhodnejsie ako hodnotami pretvarnych ¢i
statickych Gginkov zataZenia. Vhodnost vyplyva aj z toho,
Je vnutorna energia je skalar, €o by umoZnilo jednotnym
spbsobom vyjadrit aj rezervu konstrukcie, ktora sa na-
chadza v danom stave namahania k medznému stavu.
Vyhodnotenie disipovanej energie by zarovefi umoZnilo
stanovif degraddciu tuhosti pri opakovanom zafaZeni.
Prostrednictvom vnutornej energie moZno obecnejsie
vyjadrit aj podmienku spolahlivosti (napr. [4], [5]). Na
vieobecné uplatnenie takéhoto pristupu vSak doteraz nie
je dostatok udajov. Skisky, ktorych vysledky si predme-
tom prispevku, boli navrhnuté a realizované tak, aby sa
stanovila vnutorna aj vonkajsia energia. Spdsob merania
deformacii umoZiioval separovat deformacie od pootoceni
od deformécii od skoseni [6].

Podla vzfahov zo stavebnej mechaniky velkost vnu-
tornej energie jednotkového dizkového elementu v prie-
reze j od u&inkov ohybového momentu M pri zatazovacom
stupni s moZno vyjadrit

kde M, je moment v priereze j pri stupni zafaZe-
nia k,
Ar' — prirastok krivosti v priereze.
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computational models describing the behaviour of mate-
rial use as a further characteristics of material the amount
of strain energy that can be absorbed by a specimen,
see e. g. [3].

However, the states of a structure, too, especially
under combined stress, might be characterised by means
of strain energy even more efficiently than by the values
of the deformations or the stresses. The soundness of
such an interpretation results also from the strain energy
being a scalar quantity, which would express the reserve
of a structure in a given state of stress with respect to
the ultimate limit state uniformly. The evaluation of the
dissipated energy would also enable to determine the
degradation of the stiffness under repeated load. By
means of the strain energy it would be possible to ex-
press the reliability conditions in a more general way, see
e. g. [4], [5]. However, the general application of this
approach is hampered by the scanty data so far. The
experiments, the results of which are presented in this
paper, were suggested and realised with the aim of
determining the strain energy, as well as the work of
external load. A method of measuring the deformations
was applied, making possible to separate the bending
induced deformations from those induced by the shear
force. More detailed description of the above method
was published e. g. in [6].

In accordance with the formulae of structural me-
chanics, the bending related amount of the strain energy
of the unit longitudinal element in the cross-section j, at
the loading level s may be expressed as follows

5
e *f;ww + MAr! (1)
where M, is the moment in the cross section j, at the
load level k,
Arj" — the increment of the curvature in the cross
section.

Analogicky vnitornd energiu jednotkového dizkového
elementu od Gcinkov posuvajucich sil V v priereze j
mozno vyjadrif

Similarly, the shear force related energy of the unit
longitudinal element, in the cross-section j may be ex-
pressed

S
Uy= 2 (Vo + V, 00 @

kde V|, je posivajica sila v priereze j pri stupni
zafaZenia k,
Ay, — prirastok od skosenia v priereze.

Celkovu vnatornu energiu U, = U, + U, na zafaZova-

nom stupni s po diZke nosnika potom vypoéitame zo
vzfahu

(43

where V, is the shear force in the cross section j, at the
load level k,
Ay, — the increment of the shearing deformation
in the cross section.
The total strain energy U, = U,+ U, at the load level
s along the beam may be then calculated according to
formula

n n
U= A'Z;(U + U, + mza‘,(um», u,) (3)
j= F

kde Al je odmerna zakladiia po dizke nosnika kontant-
nej dizky,
n — podet prierezov.

Skusobné nosniky a ich materialové
viastnosti

Odskagqlo sa 12 nosnikov T prierezu s pracovnym
oznagenim G(i) (i = 1,...12). Nosniky série G1 aZ G8 sa

where Al is the measure base along the beam,
n — the number of the cross sections.

Test specimens and material properties

Two series, consisting of eight and four T-beams, de-
nominated G(i) (i = 1, ..., 12), were tested. The beams
of series G1 to G8 differ from the beams of series G9
to G12 in the concrete class, the first series being made
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ili série nosnikov GO a2 G12 v triede betom_x. Pr!
l;:vmeio:érii bol navrhnuty beton triedy B25, pri druhej sérii
betdn triedy B40. Priemerné hodnoty vlastnqst[ peténu
nosnikov obidvoch sérif sa v tab. 1.V tabulke je sutasne
uvedeny aj spdsob vystuZenia nosnikov hlavnoq !ahogou
vystuou i spbsob zataZovania. PrieCne rezy _sku5obnych
nosnikov su na obr. 1. Predpaté vystuzovacng _tyc‘,e-HCB
dodalo partnerské pracovisko z0 SRN. Vonkajsie pneﬁne_
rozmery mali Stvorcovy tvar s hranou 40_ mm, tyle boh
vyrobené z viaknobeténu s priemernymi vlast_nostaml.
pevnosl v tlaku - 550 MPa, modul pruznosti E, = 40
GPa. bolo pouZité ocelové viakno profilu @, = 0,2 mm,
&tihlostny pomer A = 30, hmotnost viakien predstavovala
3 9% z hmotnosti matrice. Priemerné pracovné charalfle-
ristiky predpinacich lan ¢ 12,5 predpéatych beténovych
ty&i HCB: medza kizu f, .= 1 636 MPa, pevnos{ v fahu
{ = 1 800 MPa, prierezova plocha lana A = 91 .3 mm2.
!giwrch lana bol potlageny. Lana sa predpinali na hodnplu
predpinacej sily F,= 94,8 kN, pred vlo!en_{m yystuinych
ty&i do debnenia nosnikov mala predpinacia sn[a hodnotu
62,5 kN, &o predstavuje straty asi 34 %. K tejto proble-
matike sa vratime dalej. Pri predpatom nosniku G6 sa
poutili rovnaké lana, kotvenie sudrznosfou. Nosniky s
oznatenim G1 a G2 boli vystuZené klasickou betonar-
skou vystuZou s pracovnymi charakteristikami E,'= 2'06,3
GPa, f = 592 MPa, f = 686 MPa. Smykova vystuZ

Obr. 1. Prieéne rezy a bokorys skisobnych nosnikov
Fig. 1. Cross sectlons and side view of test beams

of concrete of the class B25, the second one of the
concrete class B40. The mean values of the concrete
properties of the beams of both series are given in Tab.
1. In addition, in Tab. 1 also the amount of tensile
reinforcement and type of loading are to be found. The
cross sections of the test beams are shown in Fig. 1. The
prestressed reinforcing bars HCB were providgd by the
partner Institute from Gemany. The cross section of the
bars was square shaped, with the dimension of 40 mm,
bars were made of the steel fibre reinforced concrete,
with the mean properties as follows — compressive strength
f = 550 MPa, modulus of elasticity E = 40 GPa. Steel
fibres of the diameter ¢ = 0.2 mm, with the aspect ratio
A = 30, in the weight proportion of 3 % were applied. The
mean characteristics of the prestressing tendons of the
prestressed concrete bars (HCB) were — conventional
yield limit f , = 1636 MPa, tensile strength f, = 1800
MPa, the diameter of the tendon ¢ = 12.5 mm, the area
of the cross section A = 91.3 mm?, the surface of the
tendons was treated. The value of the prestressing force
in tendons was F = 94.8 kN, before putting the reinfor-
cing bars into the form, the value of the prestressing
force was 62.5 kN, which represents the prestress loss
about 34 %. These problems will be discussed later. For
comparison, one beam of the first series, G6 was rein-
forced by the same tendons which were bond anchored.
The beams G1 and G2 were reinforced by the classical
non-prestressing reinforcement of the following proper-

G3, G9, G10, G11, G12

$ Eu
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Tabuflka 1. Spésob zataZenla nosnikov, vystuZovacie charakteristiky, priemerné hodnoty viastnosti beténu
Table 1. Type of loading, amount and type of reinforcement, average values of concrete properties

Nosnlk VystuZenie Druh Vek Kockova Modul Hranolovd | Pevnostv
Specimen Reinforce- zafaZenia (dni) pevnost pruznosti pevnost |prostom fahu
ment Type of Cube Modulus Prismatic Splitting
loading strength of elasticity strength strength
Age A E R, - p it
(days) (MPa) (GPa) (MPa) (MPa) (kN)
G1 2¢16+1¢14 statické 36 35.58 33.850 33.185 1.939 80.2
G2 7616 statické 33 36.94 35.768 32917 1.975 183.2
G3 2 HCB statické 31 34.93 37.045 32.190 1.921 74.9
G4 3 HCB statické 30 36.43 38.323 32.130 1.962 110.2
G5 5 HCB staticke 55 42.63 38.530 30.990 2122 157.7
G6 3¢LA 12.5 statické 29 36.23 37.477 32.440 1.956 109.1
G7 3 HCB mn. Unava 39 38.25 37.228 31.870 2.010 107.0
G8 5 HCB statické 33 39.22 37.975 33.200 2.035 158.7
G9 2 HCB statické 34 54.38 37.268 46.730 2.397 841
G10 2 HCB statické 37 54.14 39.582 51.517 2.391 82.5
G11 2 HCB statické 38 50.15 39.758 42.900 2.302 755
Gi2 2 HCB statické 41 55.68 38.245 46.767 2.425 75.9
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" Hodnota zataZovanej sily pri poruSeni nosnika
The value of the loading force at failure of specimen

vietkych nosnikov tvorili dvojstrizné strmene ¢ 8 mm
kvality materidlu ako klasicka hlavna tahova vystuz.
Vzdialenos! strmefiov bola s, = 100 mm, strmene boli
umiestnené len v &asti nosnikov namahanych postvaju-
cou silou.

Priebeh skusok

Skasobné nosniky, okrem nosnika G7, boli namahané
kratkodobym, stupfiovite rasticim zafaZzenim v tuhom
rezime, t. j. riadené podla priehybu. Teoretické rozpatie
nosnikov | = 4 000 mm. Nosnik G7 bol namahany
mnohocyklovym zataZenim s charakteristikou cyklu p =
= 0,2 (P_, = 25 kN, navrhovany poget cyklov n = 10°),
nasledne sa pokradovalo v stupfiovite rastucom
zafaZovani ako pri ostatnych nosnikoch. Pri sérii nosni-
kov G9 a# G12 sa naviac overovala stykovacia dizka
vystuznych tyéi HCB v strede rozpatia nosnikov, spésob
stykovania presahom premenlivej dizky. Nosniky G11 a
G12 boli navrhované s presahom obidvoch vystuZznych
ty&i dizky 250 mm, nosniky G9 a G10 na dizku 500 mm.
Spbsob zafaZovania nosnikov je zrejmy z obr. 2, na
ktorom su vztahy medzi riadiacim priehybom a, v strede
rozpétia a zodpovedajicou zafaZovacou silou F.

Na kaZdej hladine zataZenia sa zaznamenavali cha-
rakteristiky procesu rozvoja trhlin a deformacie zakladni
fiktivnej priehradovej ststavy pomocou priloznych defor-
mometrov [6]. Na priehradovej sustave v dolnej &asti
obr. 1 st naznagené polohy zataZovacich sil F. Hodnoty
zataZovacich sil F__ pri porueni nosnikov st v tab. 1.
Nosnik G1 bol porudeny dosiahnutim medze prietaznosti
h!avnej fahovej vystuZe, nosnik G2 bol poruseny kombina-
ciou vydrvenia beténu v tlaku pri ohybe a dosiahnutim
medze priefaZnosti vystuZe. Pri ostatnych nosnikoch série
G1 aZz G8 sme zaznamendvali poruovanie vydrvenim
beténu v tlaku pri ohybe horného pasa. Pri nosnikoch
G11 a G12 moZno kon$tatovat, e uvedena dizka pre-
sahu nie je dostatoZna, nakolko sa porudila sudrznost
predpinacieho lana s vlaknobeténom, pri nosnikoch G9 a

ties — E, = 206.3 GPa, f“= 592 MPa, f = 686 MPa. The
shear reinforcement of all the beams consists of the
double shear stirrups of ¢ 8 mm, with the same material
characteristics as the main reinforcement. The distance
between stirrups was s, = 100 mm, and the stirups were
placed only in the parts of the beam with shear stress.

Test procedure

For all specimens, except for the beam G7, short-term,
step-by-step increasing, deflection rate controlled loading
procedure was applied. The theoretical span of the beams
was |,= 4 m. The beam G7 was tested under high cyclic
load with the characteristic of the cycle of p = 0.2 (P, =
= 25 kN, the planed number of cycles n = 10%). After
reaching the planed number of cycles the beams was
subjected to the same loading procedure as the other. In
the second series of the beams G9-G12, in addition, the
splicing length of the reinforcing bars HCB in the middle
of the beams was investigated, splicing being made by
the overlap of the bars. The beams G11 and G12 were
designed with the overlap length of both reinforcing bars
of 250 mm, beams G9 and G10 with the overlap length
of 500 mm. The loading procedure is shown in Fig. 2,
where the relationships of the mid-span deflection a
versus the corresponding loading force F are plotted.
At every loading level, the characteristic of cracking
and the deformations of the basic fictitious truss system
by means of the mechanical strain gauges were regis-
tered. More detailed information were published else-
where, e. g. [6]. The truss system is drawn in the lower
part of Fig. 1, where also the locations of the loading
forces F are shown. The values of the loading forces F__
at failure are given in Tab. 1. The beam G1 fails by
tension, the main tensile reinforcement reached the yield
limit, the beam G2 fails by the combination of concrete
crushing and yielding of the reinforcement. Other beams
of the series G1—G8 fail by crushing of the concrete of
the upper chord. The tests of beams G11 and G12
showed that the above mentioned length of the overlap
was insufficient, because both beams fail in bond of the
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.l 1

612

Force F (kN)

Deflectiona,(mm)

G10 sme zaznamenali poruSovanie v tlaku pri ohybe
horného pasa.

Vysledky zataZovacich skusok z hladiska
vnutornej energie

Na obr. 3 su vztahy medzi vstupnymi veli¢inami a vnu-
tornou energiou U, od pootogenia a vnitornou energiou
U, od skosenia, ktoré su uvedené vzorcami (1) aZ (3) pre
skuSobny nosnik G3. V prvom pripade s vstupnymi
veli¢inami krivosti 1/r, uréené z deformacii pasov horné-
ho a dolného okraja priehradovej sustavy, v druhom
pripade ide o skosenie y uréené z vodorovnych a zvislych
posunov styCnikov pasov priehradovej sustavy. V tab. 2
su komplexne uvedené priehyby a (i = f, v, tot) v strede
rozpatia nosnikov pre vybrané hladiny zafaZeni, stano-
vené na zaklade pretvoreni zakladni priehradovej sustavy.
Priehyby a, zodpovedaju G&inkom od pooto&enia, a,
uginkom skosenia, a_, su vysledné priehyby.

Z pomeru geometrickych parametrov I/ h = 11,4 (/ je
rozpéatie, h vyska) skasobnych nosnikov

Obr. 2. Grafické zévislosti medzl rladiacim priehybom g a
zafaZovacou silou F

Fig. 2. Relationships of mid-span deflection a, versus loading
force F

prestressing tendon with fibre reinforced concrete. Crush-
ing of the concrete of the upper chord was the cause of
the failure of the specimens G9 and G10.

The results of tests considering the
strain energy

Fig. 3 shows the relationships of the input quantities
versus the bending induced strain energy U, and the
shear induced strain energy U, for the beams G3. The
bending induced strain energy and the shear induced
strain energy were calculated according to the formulae
(1) to (3). In case of the bending induced strain energy,
the input quantities are the curvatures 1/r, determined
from the deformations of the upper and lower chord of
the fictitious truss system. In case of the shear induced
strain energy, the input quantities are the shearing de-
formations y determined from the horizontal and vertical
displacements of the nodes of the chords of the truss
system. In Tab. 2, the deflections g, (i = f, v, tot) in the
middle of the span of the beams for the selected load
level are given. The deflections in Tab. 3 were calculated
on the basis of the deformations of the bases of the
fictitious truss system. The deflections g, corresponds to
the effects of the rotation, deflections a,to the effects of
the shearing deformation, and a  are the total deflec-
tions.

From the ratio of the geometrical parameters I’/h =
= 11.4 (where | is the span, h is the depth) of the test
beams it is evident, that the influence of the shearing
deformation on the total deflection will be very small. At
the load level B = 0.5, the relative value a/a  ranges
from 1.1 to 6.4 %, the increment of this value caused by
the high cyclic load in case of the beam G7 is negligible.
The mean portion of the shearing deformation on the

je zrejmé, Ze vplyv skosenia na celkovy
prichyb bude velmi maly. Pre hladinu | G3
zataZenia B ~ 0,5 pomerna hodnota a, /
a_ je v oblasti vyskytu od 1,1 do 6,4 %,
prirastok  vplyvom  mnohocyklového

zataZenia pre nosnik G7 je zanedbatelny.
Priemerny podiel skosenia na celkovej E‘\
vnatornej energii U, je blizky hodnote By

Obr. 3. Grafické zavisiosti medzl vnitornou

energiou a vstupnymi veliéinami
a - vztahy medzi momentom M, krivosfou
1/r a vnatornou energiou U, b - vzfahy Ug(kJ)

medzl poslvajicou sllou V, skosenim y a 3 2 1
vnitornou energlou U,

Fig. 3. Relationships of strain energy versus
input quantities

a - relationships of moment M, curvature
1/r versus strain energy U,, b~ relationships
of shear force V, shearing deformation y
versus strain energy U,

®
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Tabulka 2. Priehyby nosnikov od skosenla a,, od pootoéenia a, vysledné priehyby a,_, hodnoty vnitorne| energle U
Table 2. Deflections of beams due to shearing deformation a due to rotation a, total deflection a,, values of strain energy U,

Nosnlk Hladina Priehyby z experimentov a/a, Vnitorna energia
Specimen zafaZenia Experimental deflections Strain energy
Load level (mm) (%) (kJ)
B av aI Ul Uv Ulu|
0.25 0.07 3.43 3.50 2.0 0.113 0.012 0.125
G1 0.50 0.32 10.40 10.72 3.0 0.899 0.072 0.771
0.87 1.08 20.44 21.52 5.0 2.409 0.253 2.662
0.24 0.22 4.93 5.15 43 0.374 0.039 0.413
G2 0.46 0.62 11.31 11.93 52 1.638 0.173 1.811
0.87 2.68 22.42 25.10 10.7 6.106 0.686 6.792
0.20 0.07 1.02 1.09 6.4 0.026 0.001 0.027
G3 0.46 1.06 16.66 17.72 6.0 0.969 0.052 1.021
0.73 1.75 31.63 33.38 5.2 2.960 0.163 3.123
0.23 0.11 1.89 2.00 55 0.080 0.009 0.089
G4 0.50 0.95 17.04 17.99 5.2 1.597 0.167 1.764
0.86 2.88 42.38 45.26 6.4 6.912 0.737 7.649
0.22 0.38 4.62 5.00 7.6 0.279 0.029 0.308
G5 0.48 1.60 23.44 25.04 6.4 3.011 0.314 3.325
0.96 3.19 44.93 48.12 6.6 9.270 0.977 10.247
0.23 0.06 1.25 1.31 46 0.053 0.006 0.059
G6 0.50 0.13 3.00 3.13 42 0.275 0.029 0.304
0.87 1.12 21.31 22.43 5.0 3.345 0.351 3.696
0.23 0.09 2.48 2.57 35 0.106 0.011 0.117
G7 0.23 0.09 5.39 5.48 1.6 0.228 0.023 0.251
0.51 0.63 20.36 20.99 3.0 1.912 0.197 2.108
0.89 1.81 47.67 49.48 3.7 7.781 0.806 8.587
0.22 0.04 2.94 2.98 1.3 0.173 0.018 0.191
G8 0.47 0.21 17.38 17.58 1.1 219 0.222 2413
0.88 2.31 50.96 53.27 4.3 12.132 1.268 13.400

¥ Hodnota po ukonéeni pottu cyklov n = 10°
The value after 10° cycles

9,5 %, okrem nosnika G3 - 5,1 %. Celkova hodnota
vnutornej energie U,, pre hladinu zafaZenia B = 0,5 je v
rozpati od 0,304 do 3,325 kJ. Dolna hodnota zodpoveda
nosniku G6, horna hodnota nosniku G5. Najva&sie hod-
noty celkovej vnitornej energie U, zodpovedaju pri hia-
dine zafaZenia B =~ 0,85 nosnikom, ktoré s vystuZené
piatimi vystuznymi ty&ami HCB — nosniky G5, G8.

Sucinitele priblizného uréenia degradacie
ohybovej a Smykovej tuhosti

Podla znameho vzorca zo stavebnej mechaniky sa prie-
hyb oby&ajne vypoéita

]
kde M, V sa hodnoty vnutornych sil od jednotkovej sily
v mieste vySetrovania priehybu,
B krivost (ohybova tuhost EJ sa uvaZuje
idealnou hodnotou),
x AT skosenie, pomer postvajlcej sily V k ideal-
nej hodnote §mykovej tuhosti GA.

total strain energy U, is close to the value of 9.5 %,
except the beam G3 - 5.1 %. The total value of the strain
energy U, at the load level B = 0.5 ranges from 0.304
to 3.325 kJ. The lower value belongs to the beam G8,
the upper value to the beam G5. The largest values of
the total strain energy U, at the load level B = 0.85 were
obtained for the beams G5 and G8, which were rein-
forced by five HCB bars.

The coefficients of the degradation of the
flexural and shear stiffness

According to the known formula of the structural me-
chanics, the deflection is to be calculated as follows

MM vV
a=.[_EJ ds+xI—GAds (4)
I

where M, Vare the values of the internal forces resulting
from the unit force in the cross section,
M in which the deflection is calculated,
—— — the curvature (the flexural stiffness EJ
EJ  being taken into calculation is that of the
transformed section),
X —— — the shearing deformation, the ratio of
GA the shear force V to the value of shear
stiffness of the transformed cross sec-
tion GA.
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Sudinitel tvaru x pre uvedeny T prierez skusobnych
nosnikov je x = 1,468, pre obdiZnikovy prierez x = 1.2,
re | prierez la [5] x = 1.86. ‘
f \.Iy':r:nr.»:note:'::(if‘| pretvoreni zakladni fiktivnej priehradovej
sistavy umoZfuje stanovit ohybovu tuho.st (_EJ),
skusobnych nosnikov pre celu oblast zataZovania, pricom
sme vychadzali z pracovnych diagramov mon?ent—krivpst‘.
Na vypodet redukcie Smykovej tuhosti sa pouZil analoglckyl
postup — vychadzalo sa z idedlnej hodnoty Smykovgj
tuhosti a Smykovej tuhosti pre celu oblast zataiovapla
(GA)_. Tuhost po vzniku trhlin sme urdili z praoovnth
magr;mov skusobnych nosnikov posuvajuca sila—skosen!e
[7). Z uvedenych tuhosti sme pri hladinach zataZenia
uréili degradatné sucinitele

EJ

(B,

= AN
Per

Vzorec na vypolet priehybu po vzniku trhlin potom
moZno pisaf v tvare

The shape coefficient x has a value of x = 1.468 for
the T cross section of the test beams, a value of x = 1.2
for the rectangular cross section, and a value of x = 1.86
for the | cross section [5].

The evaluation of the deformations of the bases of
the fictitious truss system enables to determinate the
flexural stiffness (EJ), of the specimens in the whole
range of the loading force, using the diagrams
_moment—curvature" as a basis. A similar method was
applied for the calculation of the reduction of the shear
stiffness — the shear stiffness of the transformed cross
section and the stiffness in the whole range of the loa-
ding force (GA),, were applied. The stiffness after cra-
cking was determined from the diagrams ,shear force —
shearing deformation* obtained from the test results [7].
From the flexural and shear stiffness the coefficients of
the degradation related to the load level were determined

- (GA),

GA
X

(5)

The equation for the calculation of the deflection after
cracking may be written in the following form

MM W
= :"p“_EJ— ds + xe"'G_A ds (4)

V tab. 3 je tymto postupom stanoveny suinitel de-
gradacie ohybovej tuhosti p_ a sucinitel degradacie Smyk-
ovej tuhosti x_ pre skuSobné nosniky vystuZené réznym
spbsobom. Z porovnania uvedenych hodndt suginitefov
degradacie ohybovej tuhosti vyplyva, Ze pri hladine
zataZenie B = 0,5 najmen3i pokles tuhosti je pri predpa-
tom nosniku G6 (p_ = 1.3), pri nosniku G2 vystuZzenom
betonarskou vystuZou je pokles Stvornasobny k povodnym
hodnotam, ale pri nosniku G3 je pokles tuhosti
desafnasobny. Znamena to, Ze pri vystuZnych tygiach
HCB nastava pravdepodobne vyrazny pokles predpinacej
sily. Tento pokles bude najskor ovplyvneny excentrickym
uloZenim predpinacieho lana v priereze ty€e a naslednym
poklesom predpinacej sily od G&inkov dotvarovania pri
skladovani a doprave, &o znamena, Ze efektivne
pouZivanie vystuZnych ty&i bude ovplyvnené
najma technolégiou ich vyroby.

The coefficients of the degradation of the flexural
stiffness p_ and the coefficients of the degradation of the
shear stiffness x_ of the test beams with different rein-
forcement, which were determined by above mentioned
method, are given in Tab. 3. It follows from the compa-
rison of the values of the coefficients of the degradation
of the flexural stiffness that the smallest decrease of the
stiffness at the load level B = 0.5 was observed on the
prestressed beam G6 (p,, = 1.3). The fourfold decrease
of the flexural stiffness occurred on the nonprestressed
beam G2, however, the decrease of the stiffness of the
beam G3 was ten times more. It means that the consi-
derable loss of the prestressing force occurred in the
reinforcing bars HCB. This loss probably results from the
eccentric placing of the prestressing tendon in the cross

Tabufka 3. Suéinitele degradacie ohybove] tuhosti p_, ohybové tuhost

po vzniku trhlin (EJ)_, suéinitele degradacie Smykove| tuhosti x,

Zaver

Table 3. Coefficients of the degradation of the flexural stiffness p,,
flexural stiffness (EJ)

., coefficlents of the degradation of the shear

Na zéklade dosiahnutych vysledkov, uvedenych stiffnes x_,
v prispevku, moZno vyslovil tieto zavery: = : Y

1. Oblastami vyuZitia predpatych ty&i (HCB) |speamen| zntasent | Comvature Broeing
z vysokokvalitného beténu ako vystuZovacich Load level deformation
jednotiek, méZu byf najma konstrukcie, kde roz- B 1r 0., (E),, v 10° L
hoduje podmienka spolahlivosti vzhladom na MS (km") (kNm? (rad)
pouZitelnosti (napr. hrubé zakladové dosky, 025 290 284 | 19 053 0004 | 1227
konStrukcie mostov, konStrukcie so zvy3enymi o - ’ - o | 1512
poZiadavkami proti presakovaniu kvapalin). Ich - 046 650 | 357 | 15660 008 :
efektivne vyuZivanie kladie viak déraz na kvalitu 0.87 12.50 374 | 14 966 0.173 | 16.76 |
ich vyroby (centrické uloZenie lan, homogenita 0.20 0.68 1.69 | 31043 0.004 3.80
viaknobetonu po dizke tyce). G3 0.46 602 |1185| 4435 | 0061 |27.94
vanie v strede rozpatia nosnikov) ma byl mini- 023 071 121 | 42 087 0.009 556
maine | _ = 500 mm. y

3. V’z'fg?‘my medzi vnutornou energiou a uréu- - 50 185 1.32 | 38745 0020 o
jicimi vstupnymi hodnotami - skosenie, 0.87 14.42 552 | 9268 1.530 | 25.05 |
i InZinierske stavby, roé. 44, 1996, &. 7

poototenie su plynulé. PouZitd metéda merania pre-
tvoreni zakladni priehradovej sdstavy je vhodna na zistenie
vstupnych veli&in pre zodpovedajicu energiu. Podiel
vnutomej energie od skosenia na celkovej je priblizne 10 %.
4. Uvedena metodika stanovenia sucinitefov p_, %,
umoz2fuje urgit hodnoty mykovej a ohybovej tuhosti pre
cell oblast zataZzovania. Pokles ohybovej tuhosti nosni-
kov vystuzenych ty¢ami HCB je pri hladine zataZenia
B = 0,5 desafnasobny, pri predpatych nosnikoch 1,5-
nasobny a pri Zelezobeténovych Stvornasobny.
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section of the bar and the subsequent drop of the
presstressing force due to creep during storage and
transport, which means that the effective use of reinfor-
cing bars will depend mostly on the technology of their
manufacture.

Conclusion

On the basis of the obtained results the following con-
clusions may be drawn:

1. The fields of the application of the prestressed bars
HCB of high performance concrete may be especially
structures, in which the reliability condition related to
serviceability limit states is decisive — such as thick foun-
dation slabs, bridge structures, or the structures with
higher requirements against seepage of liquids. It must
be accentuated, however, that their effective use re-
quires high quality of manufacture — centric placing of
tendons, homogenity of the fibre concrete along the bar.

2. The minimal overlap length of splicing of the bars
HCB (splicing in the middle of the span of the beams)
required is [ . = 500 mm.

3. The relationships of the strain energy versus re-
levant input quantities — shearing deformation, rotation —
are continuous. The applied method of measuring the
deformations of the bases of the truss system is suitable
for the determination of the input quantities for calcula-
tion of the strain energy. The portion of the shear in-
duced strain energy of the total energy is about 10 %.

4. The described method of the determination of the
coefficients p_, %, enables to determine the values of the
shear and flexural stiffness for the whole loading pro-
cess. The smallest decrease of the flexural stiffness at
the load level B = 0.5 was observed on the prestressed
beam (1.5 multiple), the fourfold decrease of stiffness
showed the non-prestressed beams, while the decrease
of stiffness of beams reinforced by the HCB bars was ten
times more.
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Uinky teploty ako déleZité zataZenie betonovych
mostov

Influence of temperature as an important action on concrete
bridges

Bohumil BUCI

Normované predpisy uréuju okrajové podmien'k_y pre
bezpeénost a spolahlivost konstrukcie a sucasne
zjednodusuju précu projektanta. Pri zafaZeniach a
kombinécidch ich uéinkov rie§ia modelové situdcie.
V hierarchii ich vyvoja tvorili hlavné zafaZenie
konstrukcie gravitaéné sily vlastného materidlu a
nahodilého, resp. pohyblivého zafaZenia. Z ich uéin-
kov pésobiacich vo vertikdlnom smere sme odvo-
dzovali horizontéine zataZenie.

Uginky teplotnych zmien ako klimatické zafaZenie® boli
zaradené do skupiny vedlajsich zataZzeni. Normové pred-
pisy definovali extrémne rovnomerné zmeny teploty
materialu nosnej konStrukcie v &ase jej Zivotnosti. V
statickych vypo&toch sme ich chapali ako objemové
zmeny. Vyvoj tvarov nosnych kon$trukcii, najma subtil-
nych komérkovych prierezov, vyvolal potrebu doplnit
normové predpisy o U&inky nerovnomerného ohrevu.
Uginky teploty si modelované ako extrémne vykyvy od
rovnomernej zmeny teploty prieéneho rezu v ramci dfia,
ako ohriatie a ochladenie konstrukcie v smere gravitatnych
sil, t. j. vo vertikalnom smere. Zmeny teploty v8ak zavisia
od pohybu sinka (slne¢ného osvitu) a logicky musime
o&akavaf nasledny vyvoj definovania ich Gcinkov. Avizuju
nam to uZ evidované poruchy mostov, najma v miestach
ich uloZenia a usmernenia pohybov.

Na jar, v aprili 1992 po prvom vyraznom otepleni od
rana do predpoludnia, vznikla zavaZna porucha mosta
D215 pri Lafranconi. Zistil sa vzajomny pohyb ocelovych
li&t mostného zaveru (MZ) pri vkladani tesniacich gu-
movych pasov. Na vnutornom, juZnom okraji mosta sa
ocelové listy zdvihli viac ako 2 cm a nasledne sa zistili
aj umerne zdvihnuté vnitorné loZiska na oporach. Nasled-
né merania pohybov deformovanej konstrukcie mali urit
pri¢iny poruchy. Pred ich analyzou povaZujeme za potreb-
né uviest elementarne fyzikaine priklady.

Fyzikéalny princip pohybu zakladnych
konstrukcii od ucinkov teploty

Pritova konstrukcia v tvare uzavretej kruZnice, po ohriati
vo volnom priestore (bez okrajovych podmienok), zmeni
svoje rozmery podla obr. 1a; vzfahy (1). Ak zavesime
ohrievany prstenec na pevny bod A, bude sa deformovat
do ,beznapéafového stavu“ podla obr. 1b. Prierezy (body)

Prof. Ing. Bohumil Buici, CSc. — KBKM SvF STU Bratislava.

Standard specifications assign boundary conditions
for safety and reliability of structure and at the same
time simplify designer’s work. They solve the model
situations for loads and combination of their effects
too. In hierarchy of their development main loads of
structure were created by gravitational forces of
material, live load, and other ones. Horizontal load
was derived from the effects of load in vertical
direction.

The effects of temperature changes as ,natural action”
are classified in the group of secondary loads. The ex-
treme values of uniform changes of temperature of su-
perstructure materials during its service life are defined
in the standards. They were considered in calculations as
changes of volumes. A development of superstructures'
cross section above all slender box girders caused a
need to supplement standards' specifications by effects
of unequal heating. Temperature effects are simulated
as an extreme fluctuation from uniform temperature dis-
tribution in cross section during a day as warming and
cooling of structure in the direction of gravitational for-
ces, it means in a vertical direction. Temperature chan-
ges depend almost upon the sun exposure so from lo-
gical point of view we have to expect a development of
their effects. Existence of bridge defects especially in the
areas of structure bearings and rectification of movement
provides an evidence.

Very serious failure of the Bridge D215 near Lafran-
coni originated from first significant warming one morning
in April 1992. A relative movement of steel parts of
expansion joint was observed during installation of rub-
ber sealing strips. Steel parts of expansion joints were
lifted more than 20 mm at south edge of the bridge and
lifted interior bearings on abutments were observed later.
Consequently a measurement of movement of deformed
structure was carried out to diagnose the reasons of
failure. | would like to mention elementary physical -
xamples before detailed analysis.

Physical principle of movement of basic
structures from temperature influence

A bar structure in the shape of closed circle after war-
ming-up in free space (without any boundary conditions)
changes its dimensions according to Fig. 1a; formula (1).
In case the heated ring is hooked on fixed point A it will
strain to tensionless condition” (Fig. 1b). Cross sections
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Obr. 1. VoIny pohyb ohrievaného pritového prstenca
Fig. 1. Free movement of heated ring

prstenca B sa posund v smere usetky AB do novej
polohy Bi.

Poznédmka: Keby sme ohriali ocelovy prstenec v tvare rovnika
zemegule o 2 ‘C, dal by sa presunuf ponad Eiffelovu vezu.

Rovnomerne ohriata medzikruhova doska sa defor-
muje do ,beznapafového stavu" podlfa obr. 2a. Posobi
ako plocha vytvorena zo spriahnutych pritovych prsten-
cov z obr. 1a. Od stredu linearne prehriata medzikruhova
doska sa deformuje do beznapafového stavu podla obr.
2b. Neohriaty vonkaj$i okraj nemeni svoju polohu a pre-
hriaty vnitorny okraj sa musi zdvihnif do vysky h so
zva&Senym polomerom podfa vzfahu (2). Ak zabranime
vertikalnej deformacii h ,pritlaéenim"” do pévodnej roviny,
vyvolame v doske napatosf Umernd pomernému
prediZeniu e zo vzfahu

=T
AR = eR

Obr. 2. Deformacla ohrlevane| medzikruhove] dosky
Fig. 2. Deformation of heated annular slab

(points) of ring B will be displaced in the direction of line
segment AB to new position B1.

Note: A steel ring in shape of the equator heated for 2 "C should
be moved easily over the Eiffel Tower.

Uniformly heated annular slab deforms into ,tension-
less condition" according to Fig. 2a. It acts as an area
created from coupled rings from Fig. 1a. The annular
slab deforms to tensionless condition when it is heated
from the middle according to Fig. 2b. The unheated
outside edge will keep its position and warmed inside
edge has to elevate up to height h with increased radius
according to the formula (2). If we prevent vertical de-
formation h by pressure" into original plane, it will occur
a state of stress in the slab which will be proportional to
elongation & from the formula

(1)

h=sV(1+i)=—(1 —%e)’ (2)

AR = eR

R

2

° B(1 + 0,5¢)

(3)

% AR
. =an (R, + AR)

If we cut this slab a state of stress
will be released, so it will deform into
tensionless condition according to Fig.
2c to the formula (3).

The load-bearing structure, repre-
sented by the particular cross section,
has to be solved according to Fig. 3. In
final element of load-carrying structure
free deformation of different heated fi-
ber elements is not allowed. In a com-
posite section the fiber elements have
to fulfill Navier's hypothesis of plane
section. This will manifest as a stress

!
|
I Ch
] -
I | |
T S|
I = 5
Nyt ¥ F _{21 ALy
T [oc) 4 ] t
T %
e —

o, that is analogical to ,residual stres-
ses" of welded steel structures. Defor-
mation of structural element assign li-

Obr. 3. Rovinna deformacia prierezu od
uéinkov nerovnomerného ohrevu

5 R WA

Fig. 3. Plane deformation of cross section
due effects of non-uniform heating
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Obr. 4. Geometria a uloZenle mosta D215 pri Lafranconi

Fig. 4. Geometry and bearing of the Bridge D215 near Lafran-
conl

Ak tuto dosku rozrezeme, uvolnime napatost a
doska sa deformuje do beznapafoveho stavu podla obr.
2c¢ podla vzfahov (3).

Nosnu kon&trukciu definovand konkrétnym prie€nym
rezom musime riedif podfa obr. 3. V kone¢nom prvku
nosnej konStrukcie sa nemézu volne deformovat rézne
ohriate vlaknové elementy. V spriahnutom priereze mu-
sia spinif Navierovu podmienku rovinnosti prierezu. Pre-
javi sa to ako napatie o,, ktoré je analogické ,vlastnym
napatiam® zvaranych ocelovych konStrukcii. Deformaciu
prvku v konStrukcii uréuju linearne zmeny e od u&inkov
nerovnomernej zmeny teploty, kioré méZzeme definovat
krivosfou w alebo simuloval nahradnym silovym zataZzenim
M, N,

. Pri‘:astorovy stav ohrevu kone&ného prvku méZeme
zjednodudene nahradif dvojosovym, t. j. poéital s linear-
nym ohrevom konStrukcie aj v horizontadlnom smere.
Prave tento smer ohrevu nie je definovany v normovych
predpisoch a na deformaciu sledovaného mosta mal
rozhodujici vplyv.

Merania pohybov deformovaného mosta
D215 pri Lafranconi

Potrebné (daje na vyhodnotenie merani st uvedené na
obr. 4. Most bol dimenzovany na zafaZenie podfa STN
73 6203 ZafaZenie mostov. Na vertikalne zafaZenie tvori
nosnu konstrukciu spojity nosnik s piatimi poliami. Hori-
zontalne pohyby mosta boli odvodené pre pritovi
konstrukciu z kruhového prstenca na obr. 1b. Podla nich
boli usmernené pohyblivé loZiska a MZ.

Most ma extrémnu polohu v osiach sever—juh a je
vyrazne ohrievany na vnitornom (juZnom) okraji prieéne-
ho rezu. Oc¢akavali sme tieto u€inky a sustredili sme sa
na ich meranie. V dostupnom prie€nom reze sme osadili
18 teplomerov. Z nameranych hodnét sme odvodili
linearne zmeny teploty beténového prierezu podla obr. 3.
Ich hodnoty a priebeh v ¢ase pred sanaciou st uvedené
na obr. 5. Pre struénosf st na obr. 6 demon3trované len

near deformations ¢ caused by effects of non-uniform
temperature changes which can be defined by curvature
® or we can simulate them through substitute loads
M, N,.

Spatial heating of final element can be substituted by
biaxial one, it means to assume linear heating of struc-
ture even in vertical direction. This direction of heating is
missing in standard specifications and it has an important
influence on deformation of above mentioned bridge.

Obr. 5. Linearne zmeny teploty odvodené z merane] teploty
beténu

Fig. 5. Linear changes of temperature derived from measured
concrete temperature
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Obr. 6. Porovnanie meranych a vypoéitanych pohybov
Fig. 6. Comparison of measured and theoretical movements

vertikdine pohyby mosta nad uvolnenym vnitornym
loZiskom z, a naklonenia prieéneho rezu L, nad oporou
Karlova Ves. Nasledny teoreticky vypoget U&inkov me-
ranej teploty beténu na deformovanu kon&trukciu vystizne
sleduje merané pohyby na obr. 6. Merania potvrdili
priestorovy ohrev konStrukcie. ZavaZnost jeho uU&inkov
na napatost a deformaciu musi overif staticky vypocet
konkrétnej konstrukcie.

Obr. 7. Horizontélne pohyby volne ulozeného mosta — porov-
nanle uéinkov rovnomerného a linearneho ohrevu konstrukcie

Fig. 7. Horizontal movements of free supported bridge -
comparison of effects of uniform linear heating of structure
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Obr. 8. Odvodené linearne zmeny teploty beténu
Fig. 8. Derived linear changes of concrete temperature

Measurements of movement of deformed
Bridge D215 near Lafranconi

All required data for evaluation of measurements are
shown in Fig. 4. The bridge was designed for loading
according to code STN 73 6203 Loading of Bridges. Five
span continuous girder creates the superstructure for
vertical load. Horizontal movement of bridge was derived
for bar structure from the ring in Fig. 1b. Expansion
bearings and expansion joints were rectified according to
the derived horizontal movement.

The bridge is situated in the direction North-South
and the inside (south) edge of cross section is heated
significantly. These effects were expected and we con-
centrated on their measurements, so we located 18 ther-
mometers in an accessible cross section. The linear
values of temperature in cross section were derived from
measured data according to Fig. 3. Their values and time
distribution are in Fig. 5. For better ilustration in Fig. 6
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Nazornu predstavu ziskame na priklade extrén‘m.eho
uloZenia mosta podla obr. 7. Na horizontalne uginky
zata¥enia mdzeme most vySetrovat ako konzolu s phy-
bovou tuhosfou prie&neho rezu k vertikalnej osi faziska.
Od rovnomernej zmeny teploty +10 'C mbZeme vypoéﬂat
pohyby volného konca B1na pratovom prstenci pod_ra
obr. 1. Pohyby B2 od horizontalneho ohrevu +_10 C
musime poéital na rozrezanom doskovom prstenci podla
obr. 2.

Na usmernenych loZiskach prutovej konstrukcie podla
obr. 4 vyvolaju G&inky horizontalneho ohrevu hpr_izonlaln'e
sily H, ktoré zafaZuju konStrukciu na excentricite e .kru.-
tiacimi momentami M,. Na deformacii mosta sa prejavil
efekt uzavretého doskového prstenca z obr. 2. Po
opraveni mosta sme e3te merali teploty beténu v éas?
zvySenych vonkajsich teplot. Zaujimavé vysledky su
uvedené na obr. 8.

Zaver

Po analyze G&inkov teploty na deformaciu mosta D215
by sme mohli konkretizoval nazov &lanku na JZavazné
u&inky horizontalneho ohrevu konstrukcie®. Ich zavaZnost
viak bude rozdielna podla geometrického tvaru
konitrukcie a jej polohy v osiach svetovych stran.
O&akavané upravy normovych predpisov nebudu rychle,
ale pre spolahlivy navrh kontrukcii ich musime uvaZovat.

Z dosial ziskanych merani méZeme predpokladaf, Ze
linearne ohriatie kon3trukcie v horizontdlnom smere je
amerné aZ podobné vertikalnemu ohrevu, ktory definuje
STN 73 6203 ZafaZenie mostov.

LITERATURA

[1] Mata3&k, M.: Most Lafranconi — Lavobrezné estakady.
InZinierske stavby, 42, 1994, €. 2-3.

[2] Buci, B. a kol.: Betonstab in unlinearen Temperaturfeld. In:
Annual-Report, 1993.

there are shown just vertical movements of the bridge
over released internal bearing z, as well as inclinations
of cross section L, over abutment in Karlova Ves. Con-
secutive theoretical calculation of effects of measured
concrete temperature on deformed structure is in good
accordance with measured movements (Fig. 6). The
measurements confirmed a spatial heating of structure.
A relevance of its effects on state of stress and defor-
mation has to be verified by structural analysis of con-
crete structure. An illustrative idea can be gained from
an example of extreme bridge bearing according to
Fig. 7. The bridge can be analyzed for horizontal effects
of action as a cantilever with bending resistance of cross
section to vertical axis of center of inertia. Movements of
free end B1 on bar ring due a uniform change of tempe-
rature +10 'C can be analyzed according to Fig. 1.
Movements at point B2 due influence of horizontal hea-
ting +10 "C we have to analyze on cut slab ring according
to Fig. 2.

Effects of horizontal heating induce, on rectified bea-
rings of the superstructure (Fig. 4), the horizontal forces
H which load structure through eccentricity e with tor-
sional moments M. The bridge deformation was influ-
enced by effect of closed desk ring from Fig. 2. After
repair of bridge we measured temperatures of concrete
during increased outside temperature. The results are
shown in Fig. 8.

Conclusion

After analysis of temperature effects on deformation of
the Bridge D215 we should change the title of the paper
for ,Relevant effects of horizontal heating of structure®.
Their relevance will differ according to a geometric form
of structure as well as its position in cardinal points.
Expected adaptations of the standard specifications will
not be so operative but they have to be consider for a
reliable design of structures.

From realized measurement we can presume that
linear heating of structure in horizontal direction is pro-
portional and almost similar to vertical one that is defined
by Slovak Standard STN 73 6203 Loading of Bridges.
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Zistovanie napatosti mostnych konstrukeii
State of stress investigation in bridge structures

Miroslav CERVENAN - Jan KUCHARIK - Stanislav SUSTER

Aplikdcia metédy uvolfiovania napiti pre podmienky
diagnostiky napétia na beténovych mostoch.
Principom metédy je meranie zmien deformécie
peténu v okoli vyvrtu, ktorym sa lokdlne uvolni
napétost. Na zdklade teoretického a experimentéine-
ho vyskumu bola vyvinuta viastna metodika diag-
nostiky napétosti.

Jednou z délezitych otazok pri posudzovani stavebného
stavu Zelezobeténovych a obzvlast predpatych mostov je
zistenie napétosti v konstrukcii a Gc€innosti zavedeného
predpétia. Bez poznania ucinku predpinacej sily v roz-
hodujucich prierezoch nemoZno zodpovedne stanovif
zatazitelnost, resp. navrhnut zosilnenie s poZadovanym
efektom.

V diagnostickej praxi su rozSirené metédy zisfovania
napatosti pomocou merania pomernych deformacii (napr.
zabudovanymi strunovymi tenzometrami). Menej rozsirené
je pouzitie tlakovych snimaov napdtia. V3etky tieto
metédy vyZaduju zabudovanie snimacov pocas stavby a
odmeranie tzv. stavu nulovej napéatosti. Zistenie napétos-
ti v konstrukcii bez zabudovanych snimacov a poznania
stavu nulovej napétosti vyZzaduje pouZit metédu, ktora
stav nulovej napatosti umele vyvola. Ide o metody
zaloZené na efekte uvolnenia napéti.

Metédy zisfovania napatosti v kon&trukcii, zaloZe-
né na vyuZziti efektu uvolfiovania napiti, su pomerne
nové diagnostické postupy. Zakladny princip metod
spotiva v tom, Ze sa v konStrukcii lokalnou destruk-
ciou (zarez, vyrez, vyvrt) zmeni, resp. uvolni lokal-
na napatost v materidli. To sa prejavi zmenou defor-
macie v okoli dedtrukcie materialu. Zmena sa meria na
povrchu beténu a je vychodiskovym udajom na uréenie
napatosti.

Medzi zakladné metédy zisfovania napétosti, zaloZzené
na uvedenom principe patria:

® Metdda plochého lisu

Do konstrukcie sa kotti¢ovou diamantovou pilou vyreZe
predpisany zarez, v okoli ktorého sa meria zmena defor-
maéného stavu. Do zarezu sa vloZi ¥pecialny plochy lis,
ktorym sa obnovi pévodny deformaény stav v okoli za-
rezu. Na zaklade hodnoty tlaku v lise sa uré&i napatost v

smere kolmom na rovinu zarezu v danom mieste
kon&trukcie.

® Metéda jadrového vyvrtu s velkym priemerom

_Tento postup sa prvy raz aplikoval na beténovych
priehradéch [1]. Pri jeho aplikacii sa najprv na povrch
beténu nalepi tenzometricka ruzica a odmeria sa

Ing. Miroslav Cervedan; Ing. Jan Kucharik, CSc.; Ing. Stanislav
uster — VUIS-Mosty, s. r. 0. Bratislava.

Application of stress release method for conditions
of stress diagnosis on concrete bridges. This me-
thod is based on the principle of measuring stress
changes of concrete in neighbourhood of the drill
hole, which causes local release of tension. We deve-
loped our own state of stress diagnosis methology
on the basis of theoretical and experimental research.

One of the serious questions by evaluating conditions of
buildings built of reinforced concrete and especially of
prestressed concrete bridges is the state of stress eva-
luation of the structure and efficiency of applied pre-
stressing force. Without knowledge of an effect of pre-
stressing force in the decisive cross sections it is impos-
sible responsibly determine the load capacity or to design
strenghtening with requested effect.

In the diagnosis practice they are widespread used
methods of stress investigating based on measuring of
relative deformations (e. g. with built in strain gauges).
Less spread is the use of a pressure stress sensors. All
these methods of needte built-in sensors during con-
struction and measuring so called zero stress of state.
To evaluate the state of stress in the structure without
built in sensors and to recognize the state of zero state
of stress call for using a method which is able to create
the state of zero stress artificially. These methods are
based on stress released effect.

Methods of finding out a state of stress in a structure
are based on taking advantage of stress released meth-
od effect are relatively new diagnostic procedures. The
basic principle of these methods is based on changing
respectively releasing the local state of stress of the
structure material through the local destruction (kerf,
slot, core). It is manifested through the deformation
change in the neighbourhood of the material destruction.
The deformation change is measured on the concrete
surface and it is a basic information for the state of stress
determination.

Among the principle methods, estimate of in-place
strength based on above mentioned principle, belong:

® Flat Jack Method

Kerf of prescribed size corresponding the jack size is
carried out in the structure with a diamond circular saw.
Change in the state of deformation is measured in the
neighbourhood of the kerf. Special flat jack is put in the
kerf and with the help of it is restored the initial state of
deformation in the kerf neighbouring. On the basis of the
jack pressure the state of stress is determined in the
direction perpendicular to the kerf plane in specific place
on structure.

® Core Drilling Method with cores of great diameter
This procedure was first applied to find out the state
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vychodiskovy stav. Okolo rudice sa odvita betonové jadro
jadrovou vitatkou s vrtakom velkého priemeru. Tenzo-
metre su po&as vitania dokonale odizolované. Ffo uvolngni
jadra sa odmeria nulovy stav. Z nameranych zmien
pomernej deformacie a Poissonovej kongtanty beténu sa
vypodita napétost. Oproti metéde plochého lisu sa zisti
napétie v obidvoch hlavnych smeroch.

® Metdéda hranolového vyrezu

Pri prvej aplikacii [2] metody uvolnenia napéti vo
VUIS-Mosty sme pouZili tzv. hranolovy variant, t. j. v
doske kon3trukcie mosta sa v mieste buducich
technologickych otvorov vyrezali hranoly pédorysu 30 x
x 30 cm, na ktorych boli na obidva povrchy nalepené
tenzometrické snima&e. Pomocou nich sa zistila zmena
uvolnenej deformacie a po stanoveni modulu pruZnosti i
zmena napatosti. Postupné odrezavanie hran hranolov
umozZnilo oproti metéde jadrového vyvrtu prekladanie
privodnych kablov k tenzometrom a ich kontinualne
meranie. Zistena napétost sa v konstrukcii analyzovala
subezne s konkrétnym teplotnym stavom na konStrukcii.
Hoci sa takymto postupom ziskali dobré vysledky,
nemozno takyto postup, pre zna&ny zasah do konstrukcie
pri vyrezavani hranolov, povaZoval za beZne vhodny pre
mostné stavby.

Aplikacie uvedenych metéd uvolnenia napati v most-
nom stavitelstve prinasaiju nové Specifické problémy oproti
aplikaciam na masivnych beténovych konstrukciach ale-
bo v prirodnom prostredi. SG to najma rozmery
kon&trukcie, vyrazné ovplyviiovanie klimatickymi zmena-
mi potas diia, existencia nosnej makkej alebo pred-
pinacej vystuze a nehomogenita betonu. Dalej je déleZita
skutoénost, Ze samotné poznanie konkrétneho napatost-
ného stavu v urlitom mieste kon3trukcie nemusi byf
dostadujice. Zistené informacie treba daf do suvislosti
najma s celkovymi Géinkami ostatnych zaftaZovacich
vplyvov (najma teploty) na kon3trukciu. Po analyze
publikovanych i viastnych skisenosti sme sa rozhodli
realizoval vyskum vlastnej metédy zaloZenej na efekte
uvolnenia napétia a vypracoval komplexny postup s eli-
minaciou vedlaj§ich Géinkov, ktoré ovplyviiuju vysledni
napatosf.

Obr. 1. Meracia ruzica tenzometrov a, b, ¢ okolo otvoru podfa
metédy firmy HBEM GmgH

Fig. 1. Measuring rosette of strain-gauges a, b, c, around the
hole after HBM GmgH Company

of stress in the concrete dams [1]. First of all the strain-
gauge rosette is stuck on the concrete surface by this
application and it is used for measuring of the basis
state. Around the strain-gauge rosette concrete cores
are drilled with a core drilling machine with a big diameter
borer. The strain-gauges are completely insulated during
the drilling procedure. The zero state is measured after
releasing the core. The state of stress is calculated from
the measured proportional deformation and concrete
Poisson constant. By that comparison of results we
obtained the Core Drilling method, comparing to Flat
Jack method enables to find out state of stress in both
main directions.

® Prism Slot method

We have used, in the VUIS-Mosty Institute, by first
time the application [2] of the Stress Release Method
so-called Prism Variant i. e. prisms of the groud plan of
30 x 30 cm were cut out of the bridge slab in the spots
of future technology openings. Strain-gauges were past-
ed on both surfices of prisms. They enabled to measure
the change of released deformation which, together with
subsequently estimated modulus of elasticity, state of
stress was discovered, too. Gradually cutting off the
prisms lateral edges enabled, comparing with the Core
Drilling method, to transfer the strain-gauge supply ca-
bles and to measure strain-gauges continually. Discov-
ered state of stress in the structure was analysed simul-
taneously with the particular state of temperature on the
structure. It is not possible to consider this procedure as
common one for bridge constructions. We have to must
admitt good results with this method but cutting out the
prisms from the structure is a considerable intervention
which makes the evaluation of results difficult.

Applications of the above mentioned release stress
methods in bridge construction brings new specific prob-
lems towards applications on robust concrete structures
or in natural environment. The problem with evaluation of
state of stress of the structure is not only the size of the
structure, but considerable is an influence of climatic
changes during the day and existence of the reinforce-
ment and prestressing steel and non-homogenity of
concrete, too. Further is more important a fact that the
only knowledge of the particular state of stress in specific
structural place must not be sufficient for the evaluation
of the whole structure. All observed information must be
read in connection, first of all, with all other effects of
load effects (mostly with temperature not only actual one
but also during the period of investigation of the struc-
ture) on the construction. After the analysis of published
papers and our own experiences we decided to realize
research of our own method based on the effect of
Stress Released method and to work out a complex
procedure with elimination of secondary consequences
which influence resulting state of stress.

Ressearch of finding out state of stress
with the Core Drilling method with the
core of little diameter

We decided, on the basis of our experiences with prism
slots and the analysis of extraordinarities of bridge struc-
tures, to focus our research on the new diagnostic pro-
cedures of the Core Drilling method with the core of small
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S
vyskum metédy zistovania napatosti
jadrovym vyvrtom malého priemeru

Na zaklade skusenosti z hranolovych vyrezov a analyz
gpecifik pre mostné kontrukcie sme sa rozhodli zamerat
vyskum novych diagnostickych postupov na metodu
uvolnenia napétia jadrovym vyvrtom malého priemeru.
Tento nazov vystihuje skutonost, Ze priemer vyvriu (50
a? 100 mm) je mensi ako dizka tenzometrickych sni-
macov, potrebnych na spolahlivé meranie pomernej de-
forméacie na nehomogénnom povrchu beténu. Tenzome-
tre su preto umiestnené v tvare ruzice v okoli budiceho
vyvrtu, &im sa docieli minimalizacia zasahu do konstrukcie.
Jadrovym vyvrtom sa okrem toho dnes uZ beZne zistuju
fyzikalno-mechanické viastnosti betonu.

Pri vypotte uvolnenej napétosti sa vychadza z
modifikovanych vzfahov teoretického vyjadrenia rovinnej
napétosti. V experimentélnej analyze napati v oblasti
strojarskych konstrukcii boli zavedené $tandardné meto-
dické postupy merania povrchovej napatosti, ku ktorym
sa dodavaju tenzometrické ruzice. Napriklad metodika
firmy HOTTINGER BALDWIN MESSTECHNIK GmbH
vyhodnocuje merania uvolnenej deformdcie na ruZici troch
tenzometrov (obr. 1) rozmiestnenych okolo otvoru podla
nasledujiceho vzfahu

TEORIA, KONSTRUKCIE, ELEMENTY

diameter. This term gives a true picture namely that the
bore diameter (50 to 100 mm) is less than the strain
gauge length which is needed for the reliable measuring
of relative deformation on the non-homogeneous con-
crete surface. The strain-gauges are therefore placed in
the shape of a rosette in the neighbourhood of the future
bore. Minimizing intervention in the bridge structure is
reached in this way. Physico-mechanical characteristics
of concrete used for evaluation of test results are in
general found out by core drilling.

Calculation of the released state of stress is based on
the modified formulas of theoretical formulation of the
plane state of stress. Using of the strain-gauge rosettes
was introduced in the structures of mechanical enginee-
ring by experimental analysis of the state of stress by
standard methodical procedure of measuring surface state
of stress. Methodic approach of HOTTINGER BALDWIN
MESSTECHNIK GmbH Company e. g. evaluates values
of stress released deformation, measured on a rosette of
three strain gauges (Fig. 1) spaced out in the neighbour-
hood of the hole, according to the following formula

o, 0,= —E/AA (Ae, + Ag)) = E/AB. [(Ae, + Ae, — Ag))* + (Ae— Ae)]®

kde o, g,, su hlfadané hlavne napatia,
Ae,, Ae,, Ae — pomerné deformacie pri uvolneni napa-
tia,

A, B — konstanty zohladfiujice Poissonovu kon-
Stantu, diZku a polohu tenzometrov k
okraju otvoru,

E je modul pruZnosti materialu.

Podla standardnych vzorcov sa uréia i smery hlavnych
napati k polohe snimacov ruzice. Podobny postup uva-
dza a ruZicu dodava aj firma MEASUREMENTS GROUP,
INC.

Experimentalny vyskum

Overenie teoretickych vztahov, vhodného postupu metody,
rozmiestnenia, merania a kompenzacie tenzometrov,
zistenia moZnosti kompenzacie teplotnych zmien na
konStrukciu atd. sa uskutoénilo v laboratériu VUIS-Mosty.

Na zabezpegenie spolahlivého merania bola navrh-
nuta ruZica z 8 tenzometrov. Z nich moZno zostavif 16
kgmbinacii Standardnych trojic snimagov pouZitych na
vypocet uvolnenej napétosti. Takto sa eliminuje neho-
mogenita materialu i zlyhanie niektorych snimacov.

Pre experimenty boli vyrobené konstrukéne vystuZzené
Zelezobet6nové nosniky rozmerov 400 x 40 x 20 cm. Na
povrchu nosnikov boli osadené 2 ruZice snimacov pre
dva otvory (pracovné oznacéenie otvor A, otvor B). Sché-
ma experimentalnych nosnikov a rozmiestnenia snimacov
je na obr. 2.

Kazdy nosnik sa stlacil dvojicou predpinacich tyéi
vedenych pozdiZ nosnikov. Ty&e sa predpinali postupne
Po etapach, aby sa dosiahol rovnomerny stav napatosti
vV nosniku. Na zabezpe&enie takéhoto stavu napatosti
sluzili i dalsie tenzometre na dolnom i hornom povrchu
nosr)lka. tenzometre na predpinacich ty&iach a ociacho-
vany snimac sily pod lisom, ktorym sa predpinali tyce.

where o,, o, are searched principal stresses,
Ae,, Ae,, Ae, — measured proportional deformations by
release stress,

A, B - constants considering the Poisson con-
stant, length and position of the strain-
gauges regard to the hole edge,

E is modulus of elasticity of material.
According to the standard formulas directions of prin-
ciple stresses are determined to the position of the ro-
sette center. Similar procedure e. g. presends and de-
livers the rosettes MEASUREMENTS GROUP, INC., too.

Experimental research

Verification, of theoretical formulas, a suitable process of
this method, layout, measuring and compensation of
strain-gauges, finding out possibilities about compensa-
tion of temperature changes on the structure etc., was
realized in the VUIS-Mosty laboratory.

We designed to use eight strain-gauge rosette to
secure a reliable measuring. They can be set up in 16
combinations of standard triplets of strain-gauges used
for computing released state of stress. It is possible, in

Obr. 2. Schéma rozmlestnenia tenzometrov okolo otvorov na
experimentalnych nosnikoch

Fig. 2. Scheme of layout of strain-gauges around the holes
on experimental beams
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Tabulka 1. Zmeny pomerne] deformécie na ruZici okolo otveru
4A pri odvrtani otvoru ¢ 75 mm

Table 1. Changes of relative deformation around hole 4A by
core drilling with ¢ 75 mm

Schéma Ae(10%) Snimaé Ae(10%)
Scheme Strain-gauge

1 -110 9 -73

a 40 11 41

5 33 13 39

7 45 15 44

Tabulka 2. Porovnanie napétosti vnesene| do nosnikov 4 a
5 pred vyvrtom a zistene] z merani metédou uvolfiovania
napéti

Table 2. Comparison of state of stress on beams No. 4 and
5 bevore core drilling and measured by Core Drilling method

Otvor Napatost (MPa)
Hole Stage of stress
pred vyvrtom namerana
before drilling measured
4A ~75 -7.0
4B -7.7 -7.7
5A -85 -9.0

Vdaka tymto opatreniam sa dosiahlo pomerne rovnomer-
né napétie po celej &irke nosnika, o dokazali i vysledky
merani na ruZiciach tenzometrov. Takymto spésobom sa
zistila skuto€na napatost v miestach buducich otvorov,
ktoré mali spdsobif uvolnenie napétia.

Na odvftanie otvorov sa pouZzila jadrova vitatka HILTI
fixovana na povrch beténu. Merania snimacéov boli kon-
tinualne a zaznamenavali sa na automatizovanej meracej
ustredni. Na kompenzaciu teploty sa pouZili 2 snimace
teploty zabudované v beténe nosnikov. Na ilustraciu
konkrétneho postupu uvadzame priebeh experimentu na
nosniku 4, otvor A.

Pre otvor 4A sa pouZili vodotesne izolované tenzome-
tre typu Mikrotechna H350, dizky 50 mm. Z merania pri
predpinani sa zistilo, Ze do nosnika sa vnieslo priemerné
napatie —7,683 MPa, zisteny modul pruZnosti beténu bol
E = 42 369 MPa. Priemer vyvrtu 4A bol 75 mm. V tab. 1
su uvedené zmeny pomernej deforméacie vzniknuté pri
uvolneni napatia vyvrtom. Pri spracovani merani sa
uvaZoval modul pruznosti E = 42 500 MPa, p = 0,15,
polomer otvoru 38 mm, tenzometre H350 dizky 50 mm
umiestnené 7 mm od okraja otvoru.

Pre tieto parametre sa zistila napatost: o, = 0,72
MPa, o,= 6,96 MPa a o = 44"

V tab. 2 su uvedené niektoré dalSie vysledky expe-
rimentalnych merani dosiahnuté rovnakym postupom na
nosnikoch 4 a 5.

Na zaklade teoretického a experimentalneho vyskumu
boli vypracované smernice pre aplikaciu metédy diagnos-
tikovania napatosti beténovych konStrukcii ,Zisfovanie
napéti jadrovym vyvrtom malého priemeru — metéda VUIS
— Mosty", priCom sa dosiahla presnost ( 0,5 MPa) velmi
prijatelna pre praktické pouZitie.

Aplikacia metédy in situ

Po uspednych skaskach v laboratérnych podmienkach sa
metéda overila i na mostnom objekte, a to na moste
Lafranconi v Bratislave. SkdSobné miesto bolo v dolnej

this way, to eliminate non-homogenity of material and
failure of some strain-gauges, too.

Reinforced concrete beams with minimal reinforce-
ment and with dimensions 400 x 40 x 20 cm were
prepared for experiments. The beams surfaces were
fitted with 2 rosettes of strain-gauges for the two holes
(work indication hole A, hole B). Scheme of experimental
beams and layout of strain-gauge rosettes is shown on
Fig. 2.

Each beam was depressed with one couple of pre-
stressing bars led longitudinally. These bars were pre-
stressed gradually to reach a uniform state of stress in
the beam. The other strain-gauges were used to secure
the demanded state of stress. Some of them were based
on the upper and lower surface of each beam or on the
prestressed bars. A pressure stress sensor was fitted
under the pressing machine. Thanks to this precautions,
we reached relatively uniform stress on the whole beam,
what was proofed by results of measurement on strain-
gauge rosettes. In this way the real state of stress in the
spots of future holes was discovered which would cause
releasing of stress.

A core boring machine HILTI fixed on the concrete
surface was used for drilling of the holes. The strain-
gauge measurement was continuous and registered by
an automatic measuring center. Two gauges built in
concrete of the beam were used for temperature com-
pensation. We illustrate the particular experiment proce-
dure on the No. 4 beam, hole A.

Waterproof insulated strain-gauges of Mikrotechna
H350 type, length 50 mm were used for the 4A hole.
Measuring during prestressing showed that the beam
was prestressed with the average stress of —7.683 MPa
and the modulus of elasticity of concrete was E = 42 369
MPa. Diameter of the No. 4A core was 75 mm. Changes
of relative deformation from stress releasing through core
drilling are in Tab. 1. Modulus of elasticity E = 42 500
MPa was considered for processing of measured data
p = 0,15, and the hole diameter of 38 mm. Strain gauges
H350 of 50 mm length were situated 7 mm from the hole
edge.

It was found out that the state of stress for above
mentioned parameters was as that follows o, = -0,72
MPa, o,= —6,96 MPa, o = 44"

Some results of experimental measurements reached
with the same procedure on the beams No. 4 and No.
5 are in Tab. 2.

Instructions for application of diagnostic method of
state of stress of concrete structures named ,Determina-
tion of state of stress with core drilling of small diameter
— VUIS-Mosty method" [10] was worked out. The instruc-
tions are based on our theoretical and experimental
research.The accuracy of the method is +0,5 MPa which
is very acceptable for practical use.

Application of the method in the field

We decided to verificate this method on two bridge struc-
tures after succesful tests in the laboratory. Lafranconi
Bridge in Bratislava was chosen for this intent. The tes-
ting place was situated in the bottom part of the cross
section near first support on the left bridge structure. The
test was carried out by stress releasing method (Fig. 3)
at December 1994 when weather conditions complied
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gasti prierezu pri prvej bratislavskej podpere na favom
mostnom objekte. Napétie sa uvolnilo (obr. 3) v decembri
1994, v ¢ase predpokladanej ustalenej teploty. Priemery
otvorov boli 86 mm. Ziskané valce z prvého a tretieho
otvoru sa pouZili na zistenie modulu pruznosti.

Na obr. 4 je znazorneny priebeh merania zmeny
deforméacie okolo prvého vyvrtu. Zo zmeny deforméacie a
z modulu pruznosti z vyvrtu sa zistila stredna hodnota
napétosti v mieste vyvrtu —6,4 MPa. Ak predpokladame
presnost metod +0,5 MPa, potom moZno uvaZovat napa-
tost z intervalu =5,9 az —6,9 MPa. Zistena napétosf bola
konfrontovana u projektanta mosta. Podla statického
vypodtu by mala byt v danom mieste napéatosf —8,7 MPa
pri normalnej teplote a pri maximalnom ochladeni asi —6
MPa. Samozrejme, Ze vypolet v projekie sa vykonal
kvéli postideniu konstrukcie a na zistenie skuto&nej napa-
tosti. Preto aj tymto hodnotam moZno pristdif ur&ity in-
terval spolahlivosti vzhlfadom na presnost vstupnych pa-
rametrov vypoétu.

Na zéklade tychto Gvah moZno konstatovat, Ze zistena
napatost je v intervale redlnej napatosti a Ze i na mostnej
konstrukcii sa potvrdila moZnost diagnostikovania napa-
tosti metédou uvolnenia napatia jadrovym vyvrtom.

Druhym mostnym objektom, na ktorom sa metéda
aplikovala, bol dialni€ény most Bela. Ide o viacpolovy
segmentovy most, kde uvedené zistovania boli si€asfou
diagnostickej prehliadky. Ulohou merani bolo overit tla-
kovi rezervu v priereze. Rovnakym postupom ako pri
moste Lafranconi sa zistilo norméalové napétie na
nezafazenom moste v strede pola -5,5 MPa.

Zaver

Vysledok uvedeného vyskumu ma velky vyznam pri di-
agnostike skutoéného stavu napétosti nielen predpétych
mostov, ale i ostatnych beténovych konstrukcii, ¢o

tia jadrovou

Obr. 3. Uvolfiovanie nap# vitackou HILTI na
moste Lafranconi
Fig. 3. Stress releasing with core drilling machine HILTI on

the Lafranconi bridge

with weather forecast that predicted a period with con-
stant temperature. Diameters of holes were 86 mm.
Cylinders obtained from the 1. and 3. hole were used to
find out a modulus of elasticity. Course of measuring the
change of deformation around No. 1 core drilling is shown
on Fig. 4. The mean value of state of stress —6,4 MPa
was found out from the deformation change. The modu-
lus of elasticity measured on the core is estimated with
above mentioned accuracy of used method +0,5 MPa.
On the basis of these assumption we consider the real
state of stress in the interval from -5.9 to 6.9 MPa.
Observed state of stress was compaired with designed
values. Bridge designer's predicted analysis in the mea-
sured spot reached value of state of stress —8.7 MPa by
normal temperature and under the assumption of maxi-
mum drop of temperature is calculated value of stress

—6.0 MPa. Design of the
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doteraj8imi postupmi nebolo moZné. Vyznamna je i sku-
to&nost, e ide o novi metédu aj v medzinarodnom
meradle. Merania in situ potvrdili jej vhodnost z hladiska
presnosti i priaznivych ekonomickych nakladov.

Spolu so stanovenim fyzikalno-mechanickych para-
metrov materidlov konStrukcie a suéasnym meranfr|_1
vplyvu teploty na konstrukciu moZno vykonaf komplexnu
analyzu existujicej napétosti v konStrukcii, ¢o je r-ozhodu-
juca informéacia pre optimalny staticky zasah pri oprave
kon3trukcie.
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one. Therefore the possibility of diagnostic of bridge
structure by means of Release Stress method, using
core drilling, was confirmed.

The Bridge Bela was the second bridge structure
where the method was applied. It is the segmental bridge
on which our investigation was part of a diagnostic in-
spection. The task of the measuring was to find out a
stress reserve in the cross section. The same procedure
as during the investigation on the Lafranconi Bridge was
used and the value —5.5 MPa of normal stress of the
unloaded bridge in the middle of the span was observed.

Conclusion

The result of our research is of great importance by
diagnostics of real state of stress not only of prestressed
bridges but in other concrete structures, too. To cary out
the diagnostic like this with present methods was imposi-
ble. Our method is the nex one even from international
point of view. Measurements carried out by this method
on structures in situ confirmed its suitability from the
point of view of accuracy as well as favourable costs.

Complex analysis of existing state of stress in the
structure is important information for optimum statical
intervention during rehabilitation of the structure. The
complexity of analysis can be carried out when we are
consider physico-mechanical parameters of materials of
the structure with simultaneously measuring effect of
temperature on the structure.
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Mo'sl cez udolie pred obcou Skalka

Bridge over the valley in front of Skalka village

Viadimir JANCIGA

Obchvat Trenéina je koncipovany ako sucasf severo-
juzného prepojenia dialniéného fahu D61/D1
Polsko-Slovensko-Madarsko. Komplikované terénne
i urbanistické podmienky a blizkosf vaZskeho kanéla
si vyZiadali na trase diZky pribliZne 10,3 km niekolko
mostnych objektov ndroénych najmi na zakladanie.

Stavba Chocholnd—Skala (usek 800 m), ktorej stéastou
je most 2410, bola €astou celo3tatneho dialni€éného fahu
D1 Praha-Trenéin—Ko8ice—&tatna hranica CSFR/ZSSR
(4zemné rozhodnutie z decembra 1989).

Zmenou situacie v Statopravnom usporiadani sa
zmenila aj orientacia dialnice. Stavba sa stala sugasfou
dialniéného fahu D61/D1 — severojuZného prepojenia
Polska, Slovenska a Madarska.

Zvlast priaznivou zmenou bolo zlepSenie financovania
vystavby dialnic a zamer urychlif odovzdanie (seku
Chocholna-Nem3ova motoristickej verejnosti. Dialniény
usek odvedie tranzitni dopravu mimo mesto Trenéin a
bude na Statnu cestu 1/61 (E75) napojeny privadzatom
pred Dubnicou nad Vahom (obr. 1). Odstranilo sa tak
uvaZované nezmyselné napojenie Useku dialnice Cho-
cholna-Skala (9,5 km) po-

By-pass highway of Trenéin town was designed as
part of the north-south interconnection of the high-
way route D61/D1 Poland-Slovakia-Hungary. Compli-
cated terrain and urbanistic conditions at the section
cca 10.3 km long, as well as the proximity of the Véh
channel, called for several bridge objects with diffi-
cult conditions especially regarding the foundation.

Construction of the highway Chocholna—Skala (section
800 m long) which includes the Bridge 2410 was part of
the Highway D1 Praha-Trenéin—KoSice—border CSFR/
USSR (territorial resolution from December 1989).

The political changes resulted also in a change of the
highway orientation. The structure became a part of the
Highway D61/D1 - North-South interconnection of Po-
land, Slovakia and Hungary.

Especially positive change was an improvement of
financing of the highway construction in generally, as well
as a plan to speed up construction of the section
Chocholna—Nem3ova. This highway section will divert the
transit traffic from Trenéin town and will be connected to
the State Road 1/61 (E75) through an access road near

mocou objektu 1610 (pri-
vadza¢ na dialnicu Skala)

Obr. 1. Situacla obchvatu Trenéin, Chocholnd-Nemsova
Fig. 1. Layout of by-pass road at Trenéin, Chocholné-Nemsova
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na 8t. c. 507 (obr. 5).

Zmena koncepcie v Use- /'(
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1610 bol v zareze vpravo prosial s ou/o s
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Skalka n/V. s pozemkami . ) L e,
vpravo od dialnice pomocou % %, %
°b19klt§ 1_540 - Ukelova : ///’ \.9‘.. i
';g;ur;k:t:iaa) a jej predizenie TRENCIN XA
. : A %
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Obr. 2. Pédorys pravého a lavého mosta s umiestnenim skusobnych pllét M3-M5, SNV 01
Fig. 2. Plan of the right and left bridge with location of the test piles M3-M5, SNV 01

Most 2410 nahradil nasypové teleso vySky do 11 m,
ktoré si kvoli zaisteniu dostatoénej stability nasypu
vyZadovalo aj velki pritaZovaciu lavicu. Lavica eSte
zvySovala naroky na zaber pody. Dizka lavého i pravého
mosta bola stanovena tak, aby vy8ka nasypov za opo-
rami, pri ktorej je stabilita svahu este vyhovujuca, nepre-
siahla 5 m.

Geologické pomery

Geolégia v lokalite bola overena doplfiujucim IG priesku-
mom (INGEO Zilina april 1992 a Geostatik Zilina marec
1994).

V auguste 1994 bola vypracovana Sprava o
vysledkoch zataZovacich sku3ok velkopriemerovych (VP)
pilét pre zaloZenie mosta 2410 (VUIS). Prieskumné vity
M3-M5 i skidobné piléty SNV 01-03, boli situovane v
mieste buducich VP pilét zakladania (obr. 2).

Vrtmi sa overilo, Ze povrchovi vrstvu tvoria deluvialne
hliny, ktorych hrabka pri jednotlivych podperach je 6 a2
16,5 m. Premenliva je aj ich konzistencia. V hibke 6 a2
9,5 m pri pilieri L3 hliny preruSuje 3o3ovka kamenistej
sute s dlomkami vapenca.

Od piliera L6 preruuje hlinu nasadzujuca vrstva
rozvetranych sliefiovcov hribky 3 m, ktora pri oporach L7

Dubnica nad Vahom (Fig. 1). Thus the planned and
preposterous connection of the highway section
Chocholna—Skala (section 9.5 km long) to the State Road
507 through Object 1610 (approach road over the high-
way Skala) was cancelled (Fig. 5).

Change of the concept at the section 9.5 to 10.3 km
near the Skalka n/V. village also has led to the construc-
tion of several new objects. Apart from canceling the
Obiject 1610, Object 2640 in cutting on the right side was
designed — retaining wall 425 m long. Sonic barrier wall
4.0 m high was replaced by the New Jersey-type guard
rail 1.3 m high.

The most important change was construction of the
Object 2410 which substantially reduced demand for land
and enabled the interconnection of Skalka n/V. with plots
on the right side of the highway through the Object 1540
— access road and its extension (Fig. 5).

Bridge 2410 replaced the 11.0 m high embankment
which called for a big ballasting bench in order to ensuré
the sufficient stability of the embankment. The ballasting
bench was further increasing the need for land. Length
of the left and right bridge was determined so that the
height of embankments behind the abutments at which
the stability of the slope is still satisfactory does not
exceed 5.0 m.

Geological

L3 KM 0513739 P2

conditions

Geological conditions in
the area were verified by
a supplementary geologi-
cal survey (INGEO Zilina,

il * April 1992, and Geostatik
p dowa [T Zilina, March 1994).

8 -%_; gy In August 1994 the

B sut kanewvo- Report on results of the

¥ I prEStITY loading tests of piles for

PREM.

50 foundation of the Bridge
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rtné

g 1-0p . | obr. 3. Sonda M3, V
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Obr. 4. Prieény rez podperou mosta C-C s 3 samostatnyml|
stojkaml (PD august 1993)

Fig. 4. Cross section of the bridge support C-C with 3
separate supports (Project documentation from August 1993)

a P6 dosahuje mocnost 14 m. Vrstva priamo prechadza
do sliefiovcov, ktoré su tektonicky porusené.

Podzemna voda bola v prieskumnych vrtoch nara-
zena v niekolkych drovniach. V zavislosti od hibky sa
sprava ako tlakova a ovplyvriuje konzistenciu zeminy do
znatnej hibky. P6sobi najma na hlinité zeminy méakkej
konzistencie, ktoré zasahujt do hibky 10,5 az 13,5 m. Na
ich styku s podkladovymi vrstvami tuhej aZ pevnej konzis-
tencie, s vyskytom ulomkov vapenca, tvori zakladnu (ak-
tivnu) Smykovii plochu. Viaceré drovne podzemnej vody
(obr. 3) vytvaraju viak aj vo vacsej hibke predpoklad
vzniku daldich potencialnych 3mykovych pléch.

Hlinité vrstvy su naviazané v hibke 13,5 aZz 20 m na
sliefiovcovy masiv s polohami vapenca, ktory je tekto-
nicky porudeny. O tnosnosti a sadani VP pil6t rozhoduje
v tychto podmienkach najma hibka votknutia do pevného
sliefiovca, ktora bola pri skusobnych pilétach min. 0,5 m.

Skusobné piléty

l?iléty boli vitané rota&nou supravou DELMAG RH 155 s
listovym vrtakom. Vtanie bolo malo a&inné, nakolko bolo
treba prechadzat vrstvami zvetranych sliefiovcov a osa-
mele sa vyskytujucimi balvanmi. VP piléty zakladania sa
preto hibili pomocou vibrodrapaka.

Pilsty SNV 01 a SNV 02 boli vybavené vypaZnicou,
SNV 03 bez vypaznice. Po zatiahnuti vypaZnice pri SNV
01 a 02 sa medzi vypaZnicu a rastli zeminu dostavala
posobenim vody uvolnena a ka%ovitda zemina. Pri
odpaZeni medzi betén a rastlli zeminu vnika dalSia
kaSovitd zemina, &o méZe vyrazne ovplyvnit velkost
pladfového trenia piléty.

Pri SNV 03, ktor4 sa vitala bez vypaZnice, nastalo
stlaenie vrtu. Pri tomto vrte sa odsku3ala realizacia
teleskopickych pilét. Horna &ast dizky 12m ¢ 1 270 mm,
ZVy§0_k vrtu po patu piloty 4 m ¢ 940 mm.

Pri v8etkych pilétach bolo prijaté opatrenie, aby sa
tas do uloZenia armoko%a a betonaZe piléty, po ich

MATERIALY, TECHNOLOGIA, REALIZACIA

2410 was elaborated (VUIS). Test drills M3-M5, as well
as the test piles SNV 01-03, were carried out at the place
of the future foundation piles (Fig. 2).

The drills confirmed that the surface layer consists of
deluvial clays with thickness of 6 to 16.5 m at the indi-
vidual supports. Also their consistence is varying. At the
pier L3 in the depth of 6.0 to 9.5 m the clays are
disrupted by a lens-like layer of rocky debris containing
the pieces of limestone.

From the pier L6, the clay is disrupted by a layer of
weathered marlites 3.0 m thick which is at the supports
L7 and P6 up to 14.0 m thick. This layer directly changes
into the marlites which are tectonically damaged.

Underground water was found by surveying drills at
several levels. Depending on depth, it behaves as a
pressure water and influences the consistence of soil up
to a significant depth. It has an effect mainly on clayey
soils of a soft consistence which reach as deep as 10.5
to 13.5 m. At the joint of these soils with base layers of
stiff to solid consistence, with presence of limestone
fractions, it creates a basic (active) sliding surface. Se-
veral levels of underground water (Fig. 3), however, also
create conditions for the possible formation of further
sliding surfaces.

Clayey layers are in the depth of 13.5 to 20.0 m
bonded to the tectonically displaced marlaceous massif
with occurence of limestone. Loading capacity and set-
tlement of piles under these conditions is determined
mainly by the depth of embedment into the solid marlite.
In the case of the test piles this depth was required to
be at least 0.5 m.

Test piles

The piles were bored by the rotary boring machine
DELMAG RH 155 with bladed drill. The boring was little
effective because of the necessity to go through the
layers of weathered marlites and isolated boulders. There-
fore, foundation piles were excavated by means of vibra-
tory grab.

Piles SNV 01 and SNV 02 were fitted with casing,
SNV 03 was not. After the casing was inserted, the freed
and soaked soil got between the casing and the solid soil
by the action of water. After removing of the casing,
further soaked soil penetrates between the concrete and
the solid soil, and the intensity of pile skin friction can
thus be substantially influenced.

In the case of SNV 03 which was bored without
casing, borehole narrowings occured. At this borehole,
the use of telescopic piles was tested. The upper part of
the borehole was ¢ 1270 mm/L 12.0 m, the rest of it to
the pile footing was ¢ 940 mm/L 4.0 m.

In the case of all of the piles the measure was adopt-
ed aimed at reducing as much as possible the period of
time from boring until placing the reinforcement cage and
casting the pile. Reduction of the pile footing resistance
by the water acting upon the marlite before concreting
was thus limited to minimum.

Since a smaller diameter of pile footing resuits in a
faster boring process, shorter period of time of water
acting upon the bottom soil, and in a more reliable fixing
of the footing into the solid marlite, the implementation
of foundation piles footings with diameter 940 mm was
recommended for Object 2410.

InZinierske stavby, ro&. 44, 1996, ¢. 7
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Obr. 5. Sltudcla stavby D61/D1, km 9,5-10,3 (800
m) s prividzaéom 1610

Fig. 5. Layout of project D61/D1, km 9.5-10.3 (800
m) with approach road 1610

vyvitani, o najviac skréatil. ZniZenie odporu
paty piléty, pdsobenim vody na sliefiovec pred
betonaZou, sa tym obmedzilo na minimum.
Ked2e pri mendom priemere paty piloty sa
dosahuje rychlejsi postup vitania, kratSie po-
sobenie vody na zakladovd pbdu a
spolahlivej§ie votknutie paty do pevného
sliefiovca, odport&alo sa realizovaf péty piloty
zakladania obj. 2410 s priemerom 940 mm.

Zmeny v projektovej dokumentécii

Velkopriemerové piloty podla pévodného pro-

jektu (DPP-Dopravoprojekt, a. s. august 1993)
dizky 14 m — ¢ 1250 mm (obr. 4), kde sa Smykova plocha
predpokladala v hibke 8 a2 9 m, nebolo moZné na zak-
lade vysledkov vrtov M2-M5 a skaSobnych pilét realizo-
vaf.

Ukazalo sa, Ze ani uloZenie nosnej kon3trukcie na
podperu, ktoru tvoria 3 samostatné piliere v existujtcich
zloZitych geologickych podmienkach, nie je vhodné.

Z uvedenych dovodov bola projektova dokumentacia
objektu 2410 v oktébri 1994 prepracovana (DPP a
Geoconsult).

V zavilosti od hibky $mykovej plochy a hibky pevnych
sliefiovcov bola upravena diZka pilét. Piléty boli navrh-
nuté ako teleskopické ¢ 1 270 mm/970 mm. Medzilahlé
podpery tvorili dvojice vzajomne neprepojenych pilierov.
Vodorovna nosna konStrukcia bola zo Zelezobet6no-
vej zmenena na predpatd konstrukciu (obr. 6 a 7), betén
C 30/37.

Changes in the design

On the basis of the boreholes M2-M5 and test piles
results, the large diameter piles, ¢ 1250 mm/L 14.0 m
(Fig. 4), which had been proposed under the original
design (DPP-Dopravoprojekt AS August 1993) could not
be implemented where the sliding surface was expected
to be 8 to 9 m deep.

It also turned out that neither placing of superstruc-
ture on the pier consisting of 3 individual pile-columns
was suitable in existing difficult geological conditions.

Therefore, the project documentation concerning the
Object 2410 was redesigned by Geoconsult and DPP in
October 1994.

Length of the piles was adjusted according to the
depth of sliding surface and of solid marlite. Piles were
designed as telescopic, ¢ 1270 mm/L 970 mm. Interme-

Obr. 6. Priecny rez mostom C-C s 2 sto]lkaml (PD oktéber 1994)
Fig. 6. Cross section of the bridge C-C with 2 supports (Project documentation from October 1994)
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Obr. 7. Pozdizne
rezy pravym
mostom B-B a

VP-PILOTY
1270/940mm

favym mostom
A-A

Fig. 7. Longitudi-
nal sections of
the right bridge
B-B and of the
left bridge A-A

Zakladanie a spodna stavba

Velkopriemerové piléty sa v zmysle Spravy o vysledkoch
zafaZovacich ski3ok (august 1994) realizovali v hornej
Zasti v dizke 10 m ¢ 1 270 mm, zvyZok po patu ¢ 940
mm s vypaZnicou pomocou vibrodrapaka aZ do tekto-
nicky neporuenych sliefiovcov (obr. 6).

Piloty sa vftali z vrtnych plodin z Urovne z&kladovej
Skary Zelezobeténovych patiek mosta (obr. 3).

Vrné ploSiny sa museli zriadoval vo vopred dohod-
nutom slede, aby sa mohlo suasne vrtaf, odkladaf vrtné
nadstavce, umoZnif dopravu na stavenisku a betonaz
zékladovych patiek podpier (obr. 2). Jedinou pristupovou
cestou bol obj. 1540 (obsluZna komunikacia).

Ukoncenie vitania kaZdej piloty a dizku jej votknutia
d'o stl:'eﬁovcov posudzoval zodpovedny geolég priamo na
stavbe.

Medzifahlé podpery

Tvoria ich dvojice samostatne stojacich kruhovych pilie-
rov ¢ 1 600 mm zaloZenych na Stvorici teleskopic-
kych VP pilét ¢ 1 270 mm/940 mm. DiZka pilét je 13,5

s

Obr. 8. loZzny prah opory P1 s vybeténovanou 1. etapou NK
Pravého mosta

Fig. 8. Pler cap of the abutment P1 with concreted first stage
of the right bridge

diate piers were made of couples of separate co-
lumns. The superstructure was changed from reinforced-
concrete to prestressed structure (Fig. 6 and 7). Con-
crete C 30/37 was used.

Foundation and substructure

In accordance with Report on loading tests results from
August 1994, the large diameter piles, ¢ 1270 mm/L 10.0
m in the upper part and ¢ 940 mm down to their footings,
were constructed with casings, and excavated by means
of vibratory grab till tectonically intact marlites were
reached (Fig. 6).

Piles were bored from the boring platforms levelled at
the bottom of the bridge piers' reinforced-concrete foo-
tings (Fig. 3).

Process of installation of the boring platforms had to
be agreed on beforehand, so that the boring, removing
of the boring segments, construction traffic, and concre-
ting of the piers' foundation footings could be done simul-
tanously (Fig. 2). The only access to the construction site
was through the Object 1540 — access road.

Completion of the boring of each pile, as well as the
length of its fixing into the marlites was judged by the
geologist directly at the construction site.

Intermediate piers

The intermediate piers consist of the couples of separate
circular columns, ¢ 1600 mm, constructed atop of the
four telescopic piles, ¢ 940 mm/L 1270 mm. The piles are
13.5 to 24.8 m long and are embedded into the founda-
tion footing, 4.5 x 4.5 x 1.4 m. The pier, $1600 mm, is
embedded into the foundation footing. Height of the piers
is varying, ranging from 2.5 to 11.0 m. Shuttering for
the piers was made of circular aluminium shuttering
IS-NOE. Concrete C 30/37 was used for the piers
and foundation footings. Piles were made of C 25/30
(Fig. 6 and 12).

Abutment L1 — before boring it was necessary to fill
up and consolidate the embankment, 3.0 to 3.5 m high,
up to the level of the pile cap's bottom. Telescopic piles

InZinierske stavby, roz. 44, 1996, & 7
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a? 24,8 m. Piléty su zakotvené do zakladovej patky —
ro&tu rozmerov 4,5 x 4,5 x 1,4 m. Do zakladovej patky
je votknuty pilier ¢ 1 600 mm. Vyska pilierov je premen-
liva 2.5 a2 11 m. Debnenie pre piliere tvorilo kruhové
hlinikové debnenie IS-NOE; beton pilierov a zakladovych
patiek C 30/37. Piléty su z C 25/30 (obr. 6 a 12).

Opora L1 - pred vitanim bolo treba do urovne zak-
ladovej 3kary uloZného prahu nasypat a zhutnif nasyp
vySky 3 az 3,5 m. Teleskopické VP pildty (3 kusy) dizky
15 m su zakotvené do dloZného prahu s rozmermi 1 X
2.35 m. Na dloZnom prahu bude na lavej strane zave-
sené kridlo dizky 3,35 m (obr. 7). Pri oporach L1 a P1
je navrhnuté pritaZujuca lavica, ktora stabilizuje nasyp za
oporami L1 a P1. Na kridle bude monolitické zvodidio
typu NEW JERSEY; beton opory C 25/30.

Krajna opora P1 — VP piléty sa mali vitat ako pri L1
z nasypu v Urovni zakladovej $kary uloZného prahu. Vyska
nasypu je 3,5 az 4 m. KedZe siéasne sa realizovala
obsluzna komunikacia — objekt 1540, ako aj komunikacia
— objekt 1540 — vetva 3, ktord bola pristupovou komu-
nikaciou pre realizaciu prieskumnych vrtov opornych
murov 2620, 2610 a 2411, piléty sa vitali z drovne terénu
(obr. 5). Po dloZny prah boli piloty nadbeténované (obr.
8). UloZny prah sa beténoval v debneni ako prieviak. Na
lavej strane za oporou P1 aZ po oporu L1 je vioZeny
gravitaény oporny mur dizky 13,35 m (obr. 2 a 7) a vy3ky
44 m s odstupfiovanou zakladovou 3karou. Mur je
ukon&eny spojovacou Sachtou pre kéble objektu 5510
(TZD). Sachta nie je suéasfou objektu 2410. Na gravi-
taénom mdre je umiestnena rimsa so zvodidlom. V otvo-
roch rimsy su vedené dva kable TZD. Na pravej strane
na oporu P1 nadvézuje gravitaény opomy mir dizky 3,55 m
a vy3ky 4,5 m; beton gravitaénych opér C 25/30. Oporne
mury nahradili pévodne navrhnuté kridla pri oporach P1
i P6.

Opora P6 — piléty (3 ks) sa vitali z ploiny v Grovni
zékladovej $kary GloZného prahu. Su teleskopické, dizky
246 m. Vyska nasypu 3 az 3,5 m. Na lavej strane za
oporou P6 aZ po oporu L8 (objekt 2610) je vloZeny
gravitaény oporny mur s odstupfiovanou zakladovou
&karou. VySka mira 4,6 m a dizka 13,55 m. Mur je
ukon&eny kablovou Sachtou TZD. Na korune mura je
rimsa so zvodidlom ako pri P1. Na pravej strane za P6
je umiestnena odvodriovacia Sachta, do ktorej je zalsteny
odvodfiovaci Zfab pravého mosta (obr. 7).

Opora L8 — je gravitaéna s odstupfiovanou zakladovou
Skarou prispdsobenou prieénemu sklonu terénu. ZaloZena

Obr. 9. Pravy most — vybeténovana 1. etapa pravého mosta
a objekt 1540 — predizenie

Fig. 9. Right bridge - concreted first stage of the right bridge
and Object 1540 - extension

(3 pieces), 15.0 m long, are embedded into the pile cap,
12.0 x 2.35 m. There will be a wing wall, 3.35 m long,
suspended on the left side of the pile cap (Fig. 7). A
ballasting bench was designed near the abutments L1
and P1, in order to stabilize the embankment behind
these abutments. There will be a New Jersey-type cast-
in-situ guard rail constructed atop of the wing. Support
is made of concrete C 25/30.

Abutment P1 — Piles ought to be bored the same way
as in the case of L1, from the embankment at the level
of the pile cap's bottom. The embankment is 3.5 to 4.0
m high. However, since the service road, Object 1540,
as well as the road, Object 1540-ramp 3, serving as an
access road for executing the exploratory drills for retain-
ing walls 2620, 2610, and 2411, were constructed at the
same time, the piles were bored from the level of ground
(Fig. 5). The piles were up to the pile cap extended
(Fig. 8). The pile cap was concreted in a shuttering as
a girder. There was a gravitational retaining wall 13.35
m long (Fig. 2 and 7) and 4.4 m high with graded footing
bottom inserted on the left side behind the abutment P1
up to the abutment L1. The wall is ended with a shaft for
cables TZD — Object 5510. The shaft is not part of the
Object 2410. There is a cornice with guard rail mounted
atop of the gravitational wall. Two cables TZD are being
led through the cornice openings. On its right side, the
abutment P1 is adjoined by the gravitational retaining
wall 3.55 m long and 4.5 m high. These gravitational
retaining walls are made of concrete C 25/30. They
replaced the wings which were originally designed at the
abutments P1 and P6.

Abutment P6 — Piles (3 pieces) were bored from the
platform levelled at the pile cap's footing bottom. They
are telescopic, 24.6 m long. The embankment is 3.0to
3.5 m high. There was a gravitational retaining wall,
13.55 m long, 4.6 m high, with graded footing bottom,
inserted on the left side behind the abutment P6 up to
the abutment L8 (Object 2610). The wall is ended witt_I
a cable shaft TZD. There is a cornice with guard rail
constructed atop of the wall, as in the case of the support
P1. On the right side behind the P6 is a draining shaft
situated into which the right bridge's drainage channel
leads (Fig. 7). _

Abutment L8 — This is a gravitational abutment with
graded footing bottom adjusted to the transversal slope
of the ground. It was constructed atop of the 5 piles 2:4.8
m long excavated into the marlaceous subsoil. Accord!ng
to design, the piles were to be 15.0 m long. The boring
platform was placed cca. 3 m below the ground. On the
right side behind the abutment there is a draining shaft
situated into which the left bridge's drainage channel
leads. The shaft is a part of the support L8 (Fig. 7)-

Superstructure

The superstructure of the bridge consists of two separaté
cast-in-situ prestressed structures, the left and the .ﬂgf?t
bridge. The superstructure was designed with longitudi-
nal slope of 4.3 %. The transversal slope is varying, on
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je na piatich VP pilétach dizky 24,8 m do sliefiovcového
podlozia. Navrh predpokladal piléty dizky 15 m. Plosina
pre vitanie bola asi 3 m pod terénom. Na pravej strane
za oporou je odvodriovacia 3achta, do ktorej usti odvodfio-
vaci #lab favého mosta. Sachta je stuasfou L8 (obr. 7).

Vodorovna nosna konstrukcia

Nosnu sustavu mosta tvoria dve samostatné monolitické
predpidté konstrukcie — lavy a pravy most. Nosna
kon&trukcia je navrhnutd v pozdiZnom sklone 4,3 %.
Prie€ny sklon sa meni na lavom moste od 4,5 do 2 %
na pravom moste od 4,5 do 2,47 %. Os nosnej kon3truk-
cie je v pravosmernom obliku R = 1 000 m a v prechod-
nici R = 450 m. Sirkové usporiadanie na moste zodpo-
vedd D 26,5. Na favom moste je pridavny pruh Sirky
3,5 m pre pomalé vozidla (obr. 6).

Podla projektovej dokumentacie (august 1993) kon-
Strukciu mosta tvoril Zelezobeténovy 5-tramovy prierez
vySky 1,25 m (obr. 4). Tramy boli do vzdialenosti
4 m od osi uloZenia spojené spodnou doskou. Okrem
toho boli v strede rozpétia prieéne prepojené tramovym
stuZovadlom. V krajnych poliach pravého mosta dvoma
stuZovadlami; betén C 30/37.

Kon3trukciu mosta podla realiza&nej projektovej do-
kumentacie (oktober 1994) tvori predpaty monoliticky
4-komdrkovy nosnik vysky 1,35 m (obr. 6 a 7). Prierez
v prie€nom smere nie je predpéty. Hribka tramov v poli
je 0,3 m, v iseku 4 m od prie&nika je premenliva od 0,3
do 0,5 m. Hribka spodnej dosky je konstantna 0,15 m,
meni sa len v nabehoch pri nadpodporovych prienikoch
2 0,15 m na 0,3 m. Horna doska mé& kon&tantnd hribku
0.2 m, hribka konzoly vo votknuti je 0,4 m. Objekt 2410
tvoria dva samostatné mosty.

Pravy most je 5-polovy spojity nosnik s rozpatim poli
2x19,7 + 19,72 + 19,74 + 19,78 m. Dizka premostenia
97 m, dizka mosta 128,8 m (obr. 2 a 7). Sirka nosnej
konStrukcie 13,4 m, &irka vozovky medzi zvodidlami
11,75 m. Na pravej strane prierezu bude Zelezobeténovy
pdvodhovaci Zlab (obr. 6). Kvéli zjednoteniu tvaru sa i
jeho tvar vyrazne zmenil (obr. 6). Vedla Zlabu je sluZobny
chodnik 3irky 0,75 m. VyloZenie konzol 1,7 m.

Nosna konstrukcia bola realizovana na podpernej
skruZi PIZMO s nosnikmi | & 50 a COMBI-NOE 20 v
dvoch etapach, prva etapa dizky 43,5 m a druha dizky
56,74 m (obr. 9). V kaZdej etape sa najskér vybeténovala
Spodna doska a potom tramy s hornou doskou a konzo-
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Obr. 10. Vystuz tramov a osadzovanie strateného debnenia
2. etapy pravého mosta

Flg. 10. Reinforcement of girders and placing of the shutter-
Ing left in structure for the second stage of the left bridge

the left bridge ranging from 4.5 to 2.0 %, on the right one
from 4.5 to 2.47 %. The superstructure has a right-hand
curve radius of R = 1000 m and a transition curve radius
of R = 450 m. The arrangement of widths on the bridge
is corresponding with D = 26.5. There is an additional
lane 3.5 m wide on the left-side bridge for slowly moving
vehicles (Fig. 6).

According to the design from August 1993, the struc-
ture of the bridge consisted of five girders 1.25 m high,
made of reinforced concrete (Fig. 4). Girders were up to
4 m distant from the axis of supporting connected by the
lower slab. Apart from that, they were transversally inter-
connected by a cross beam. In external spans of the
right bridge they were interconnected by two cross beams.
Concrete C 30/37 was used.

According to the detailed design from October 1994,
the structure of the bridge consists of the prestressed
cast-in-situ 4-box girder 1.35 m long (Fig. 6 and 7). The
girder in cross direction is not prestressed. The thickness
of webs in the span is 0.3 m, in the section of 4.0 m
distant from the cross beam it is varying from 0.3 to 0.5
m. The thickness of the lower slab is constant at 0.15 m,
it is varying only in adjacent part of the supporting cross
beams from 0.15 to 0.30 m. The upper slab has a
constant thickness of 0.2 m, thickness of the cantilever
in the embedment is 0.4 m. Object 2410 consists of two
separate bridges.

The right bridge is a five-span continuous beam with
spans 2x19, 7+19, 72+19, 74+19, 78 m. Length of the
bridging is 97 m, length of the bridge is 128.8 m (Fig. 2
and 7). Width of the superstructure is 13.40 m, width of
the road between the guard rails is 11.75 m. There will
be a reinforced-concrete drainage channel constructed
on the right side of the cross section (Fig. 6). In order
to achieve a uniform shape, its shape was also changed
significantly (Fig. 4 and 6). There is a service footpath
0.75 m wide along the drainage channel. The cantilever
overhang is 1.7 m.

The superstructure was constructed on the falsework
PIZMO with beams | 50 and COMBI-NOE 20 in two
stages. The first stage was a section 43.5 m long, the
second one was 56.74 m long (Fig. 9). In each stage the
lower slab was concreted at first, followed by the girders
with upper slab and cantilevers. Steel wound pipes ¢ 80
mm WITZENMANN for prestressing cables were placed
simultaneously with the girder reinforcement (Fig. 10).
The shuttering for concreting the girders was prepared in
advance (Fig. 10) which was to be left in structure, since
the chamber height is ranging from 0.85 to 1.0 m.

Each girder has been prestressed by five cables 9 ¢
Lp 15.5/1620 MPa. After the first stage was concreted,
prestressing cables No. 1 and 2 were symetrically pre-
stressed from both ends. In the second stage, the cables
No. 1 and 2 were connected to the first stage cables and
then prestressed from one end.

Cables No. 3, 4 and 5 are designed as direct cables
(15 pieces). They were threaded in after the second
stage had been concreted. They are as long as the
bridge (105.0 m) and were prestressed at 1280 MPa
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Obr. 11. Opora P6 a beténovaci vozik pre betonaz odvodiio-
vacich Zlabov

Fig. 11. Abutment P6 and the travelling formwork for drai-
nage channel concreting

lami. Spolu s vystuZou tramov sa ukladali i ocelové vinuté
rarky ¢ 80 mm WITZENMANN na vedenie kablov
(obr. 10). Debnenie tramov bolo vopred vyrobené ako
stratené debnenie, nakolko vyska komérky je od 0,85 do
1 m (obr. 10).

Kazdy tram je predpnuty piatimi kablami 9 ¢ Lp 15,5/
1 620 MPa. Kable &. 1 a 2 si momentové. Po zabeténo-
vani 1. etapy boli obojstranne symetricky predpinané od
stredného tramu. V 2. etape boli kable €. 1 a 2 naspoj-
kované na kable 1. etapy a jednostranne predpnuté.

Kable &. 3, 4 a 5 su navrhnuté ako priame (15 ks) a
navliekali sa aZ po zabetonovani 2. etapy. Maju diZzku NK
mosta 105 m a su obojstranne predpnuté na 1 280 MPa;
kotevny systém kablov MONOS 1800.

Po predpnuti 2. etapy bol namontovany betonovaci
vozik pre odvodiovaci 2lab (obr. 11), ktorym sa v jednom
cykle vyhotovi 2fab dizky 25 m. Na Zlabe bude ocelové
zabradlie mestského typu. Betonova rimsa na pravej
strane mosta je monoliticka C 30/37 a bude vybetono-
vana aZ po izolaénej a ochrannej vrstve mostovky.

Lavy most je 7-polovy spojity nosnik s rozpatim poli
14 + 5 x 20 + 14 m. Celkova diZka premostenia je 126,36
m a dizka mosta 134,41 m. Sirka vozovky medzi zvodid-
lami je 13 m. Na pravej strane prierezu bude
vybeténovany monoliticky odvodiiovaci Zlab. Vedla Zlabu
je navrhnuty sluzobny chodnik 3irky 0,75 m. VyloZenie
konzol prierezu je 1,94 a 2,11 m (obr. 6).

V suéasnosti sa realizuje 1. etapa nosnej konstrukcie
lavého mosta (obr. 12). Podpernu skruZ tvori PIZMO s
nosnikmi | €. 50 a COMBI 20 ako pri pravom moste. Lavy
most sa bude realizoval v troch etapach.

Prva etapa bude mat dizku 38,1 m, druha 40 m a
tretia etapa 51,5 m. Pogas budovania 1. etapy, rovnako
ako pri pravom moste, budi zablokované loZiska na
opore L3 (P3). Postup betonaZe je rovnaky ako pri pra-
vom moste.

KaZdy tram je predpnuty piatimi kablami. Momentové
kable &€. 1 a 2 sa 9-lanové 9 ¢ Lp 15,5/1 620 MPa (10
ks). Kotevny systém MONOs 1800 s roznasacimi doska-
mi 285 x 285 mm. Kable €. 3, 4 a 5 su priame (15 ks)
a maju dizku troch etap (cely most), t. j. 130 m. Pocet
lan — 12 ¢ LP 15,5/1620 MPa. Kotevny systém MONOs
2400 s roznasacimi doskami 320 x 320 mm, kotevné
predpétie v3etkych kablov je 1 280 MPa.

br. 12. ﬁohfud na pravvj. most a plliere L3-L8 ravéo mosta

Fig. 12. View of the right bridge and of the piers L3-L8 of
the left bridge

from both ends. Anchorage system MONOs 1800 was
used.

After the first stage had been prestressed, the trav-
elling formwork for drainage channel was mounted
(Fig. 11) which will in a single cycle produce the channel
25 m long. There will be a city-type steel railing mounted
on the channel. Concrete cornice on the right side of the
bridge is cast-in-situ, made of C 30/37. It will be concre-
ted after the insulation and protection layer of the bridge
is laid down.

Left bridge — is a seven-span continuous beam with
spans 14 + 5x20 + 14 m. The overall bridging length is
126.36 m. Length of the bridge is 134.41 m. Width of the
road between the guard rails is 13.0 m. There will be a
cast-in-situ drainage channel concreted on the right side
of the cross section. A service pathway 0.75 m wide was
designed along the channel. The cantilever overhang is
1.94 and 2.11 m (Fig. 6). :

At present, the first stage of the left superstructure is
being constructed (Fig. 12). Falsework consists of PIZMO
with beams | 50 and COMBI-NOE 20, as in the case of
the right bridge. The left bridge will be constructed in
three stages.

The first stage will be a section 38.1 m long, the
second one 40.0 m, and the third one 51.5 m long.
During the construction of the first stage, the L3 (P3)
bearings will be blocked, as was the case of the right
bridge. Process of concreting is the same as in the case
of the right bridge.

Each girder has been prestressed by five cables.
Moment cables No. 1 and 2 are nine-stranded, 9 ¢ Lp
15.5/1620 MPa (10 pieces). Anchorage system MONOs
1800 with anchor plates 285x285 mm. Cables No. 3, 4
and 5 are straight cables (15 pieces), have a length of
all of the three stages (of the whole bridge), i.e. 130 m,
and are 12 ¢ Lp 15.5/1620 MPa. Anchorage system
MONOs 2400 with anchor plates 320x320 mm. Anchor-
age stress of all of the cables is 1280 MPa.

In the first stage, only cables No. 1 and 2 are pré-
stressed from both ends (10 pieces). In the second and
third stage, cables No. 1 and 2 are connected and pre-
stressed from both ends (10 pieces). After the third stage
is completed, cables No. 3, 4 and 5 (15 pieces) will be
threaded in and prestressed from both ends (length of
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V prvej etape sa predpinaju len kable €. 1 a 2 oboj-
stranne (10 ks). V 2. a 3. etape sa kable €. 1 a 2
naspojkuju a jednostranne predpnu (10 ks). Kable &. 3,
4 a5 (15 ks) sa po ukongeni 3. etapy navleti a oboj-
stranne predpnu (diZky 130 m). Kable su vedené v
ocelovych rurkach WITZENMANN ¢ 80 mm.

Po predpnuti bude na pravej strane (v zrkadle)
vybeténovany Zelezobeténovy odvodfiovaci Zfab (obr. 6)
a na lavej strane Zelezobeténové zvodidlo vySky 1,2 m
nad vozovkou.

Bezpecnostné zariadenia

Beténové zvodidlo tvaru NEW JERSEY je navrhnuté na
favej strane lavého mosta. Aby neovplyvnilo staticky
systém, je ¢lenené na dilatatné celky dlZzky 3,03 m a
vysky 1,3 m. Je priamo nadbeténované na konzolu; betén
zvodidla C 30/37 prevzdudneny s povrchovou impregna-
ciou. Pini aj funkciu protihlukovej steny (obr. 6).

Ocelové zvodidla na pravej strane favého i pravého
mosta st zakotvené priamo do nosnej konstrukcie. Stipiky
st osadené do ocelovej riry ¢ 250 mm a zabeténované
beténom C 20/25 a uzatvorené plastmaltou. Zvodidlo na
rimse pravého mosta je kotvené pomocou ocelového
plechu do rimsy. Stipiky st navarené na ocelovy plech.

Zabradlie je umiestnené len na Zfabe pravého mosta.
Stipiky zabradlia si navarené na stavbe, na ocelové
dosky kotvené do odvodiiovacieho Zlabu. Zvary st me-
talizované a v ochrannej vanit¢ke zaliate nezmrastivou
zélievkou.

Zrkadlo medzi odvodfiovacim Zlabom a rimsou (obr. 6)
je prekryté podlahovym ocelovym rostom typu 22 Sirky
694 mm. Prie€ny posun zamedzuji uholniky zakotvené
na hornej ploche Zlabu a rimsy.

Prislusenstvo mosta

Kon&trukcia vozovky hrubky 100 mm ma nasledujucu
skladbu: ABS | — 35 mm, ABS IIl — 30 mm, zaklinenie
AOK 8/16 mm - 5 kg.m?, LAS — 30 mm, izolaéna vrstva
-5 mm.

V sigasnosti SSC Bratislava uvaZuje o moZnosti
nahradit obrusnu vrstvu ABS | asfaltovym kobercom
modifikovanym mastixom. Izola&na vrstva pravého mos-
ta objektu 2410 bude zhotovena nastrekom z polyuretanu.
Pri ostatnych mostoch II. stavby ako aj pri lavom moste
2410 bude izolacia z lepenych izolaénych pasov.

LoZiska krajnych opdr st NGa a NGe 2,5 MN, ostatné
loZiskd si NGe, NGa, N 5 MN. Pevné loZiska si na
opore L5 lavého a P4 pravého mosta.

Dilatatné zariadenia na obidvoch mostoch tvoria
mostné zavery 3W — 80J.
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130 m). The cables are being led in the steel pipes
WITZENMANN ¢ 80 mm.

After prestressing is finished, the reinforced-concrete
drainage channel will be concreted on the right side of
the bridge (Fig. 6) and the reinforced-concrete guard rail
1.2 m high above the pavement will be constructed on
the left side of the bridge.

Security facilities

There was a concrete New Jersey-type guard rail de-
signed on the left side of the left bridge. In order not to
influence the statical system, it was devided into the
dilatation parts 3.03 m long and 1.3 m high. It is directly
overconcreted atop of the cantilever of the bridge. Con-
crete C 30/37 is used, aerated by the surface impregna-
tion. The guard rail also serves as a sonic barrier (Fig. 3).

Steel guard rails on the right side of the left and right
bridge are anchored directly into the superstructure. The
posts are mounted into the steel pipe ¢ 250 mm, concret-
ed by C 20/25 and sealed by a plastic mortar. The guard
rail on the cornice of the right bridge is anchored by
means of a steel sheet. The posts are welded onto the
steel sheet.

Railing is mounted on the drainage channel of the left
bridge only. Railing posts are welded onto the steel
plates anchored into the drainage channel. The welds
are metallized and sealed in a protective tank by an
unshrinkable material.

The mirror between the drainage channel and the
cornice (Fig. 6) is covered by a steel floor grate, type 22
and width 694 mm. Transversal shift is prevented by the
angles anchored onto the upper surface of the channel
and the cornice.

Accessories of the bridge

The pavement is 100 mm thick and has the following
composition: ABS | — 35 mm, ABS Ill — 30 mm, wedging
AOK 8/16 mm — 5 kg.m?, LAS — 30 mm, insulation layer
-5 mm.

At present, SSC Bratislava is considering the possi-
bility of replacing the abrasion layer ABS | by a bitume-
nous layer modified by a mastix. An insulation layer of
the right Bridge 2410 will be produced by spraying the
polyurethane-based substance.

Bearings NGa and NGe 2.5 MN are used for abut-
ment supports, otherwise bearings NGe, NGa, N 5 MN.
Fixed bearings are on the support L5 of the left bridge
and on the support P4 of the right bridge.

Expansion joints on both of the bridges are of type
3W - 80J.
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Premostenie rieky Su¢anka pri obci Skalka
Bridge over the River Sucanka near Skalka village

Pavel VISKUP

Budovany usek Chocholné-Skala je ¢asfou
dialniéného fahu D1 severojuZnej magistraly dialnice
E75. Prepdja dialniénu sief Madarska a Polska.
Postupnym dobudovanim jednotlivych usekov
dialnice sa realizuje transeurépska magistrala aj na
uzemi Slovenska.

Charakteristika uzemia a premostenia

Budovana &asf dialnice D1 v iseku Chocholna-Nem3ova
je rozdelena na dva celky, predstavujuce uplny obchvat
Trenéina. Dobudovanim obchvatu vznikne moZnosf od-
klonu tranzitnej dopravy z centra mesta.

V é&lenitom teréne, ktorym trasa prechadza, su via-
ceré mostné dialniéné objekty. Najvaé&si z nich je dvojica
samostatnych rovnobeZnych mostov s nezavislou spod-
nou stavbou. Z uvaZovanych alternativnych rie3eni nako-
niec dodavatel Doprastav, a. s. Bratislava, po
konzultaciach a rokovani s terajsim projektantom mosta
a. s. Dopravoprojekt Bratislava, odporuéil investorovi SSC
Bratislava v sugasnosti realizovanu koncepciu. lde o
dvojicu mostov budovanych technolégiou letmej betonaze,
ktora minimalizuje zasah do existujuceho terénu. Citlivy
zasah je potrebny vzhladom na geologicky komplikované
zakladové pomery. Letma betonaZ umozfuje bez zasahu
preklenuf exponované miesto stabilizovaného zosuvu,
strmu &asf skalného brala (sklon po spadnici asi 45),
Statnu cestu 11/507 a suéasne riecku Sucanku.

Teleso dialnice spolu s ochrannou hradzou riecky
Suéanky bude vytvarat €ast ochrannej hradze Vahu v
inundaénom uzemi.

Geologické podmienky

Pokryvnu €asf svahu, zvaZujucu sa v smere trasy pod
sklonom priblizne 25°, tvori zvaé8a stabilizovany zosuv
so stupfiom stability 1,03 aZ 1,2. Ide o povrchovy delu-
vialny komplex s hlinitymi a hlinito-kamenitymi sufami.
Jeho mocnost je premenliva 0,2 az 0,4 m, lokalne 7 az
8 m i viac. Eoliticky pokryvny komplex tvoria sprasové
hliny mocnosti az nad 10 m s drobnym vyskytom skal-
nych suti. Deluvialny a eoliticky komplex sa sklada z hliny
tuhej az pevnej konzistencie.

V udoli Su€anky su miestne navaZky mocnosti aZ
7 m, prekryvajuce spociatku hlinito-kamenitu suf s preva-
hou hlinitej zloZky. SpodnejSie vrstvy v hibkach 5 az
10 m predstavuju rozpukany kalovy vapenec.

Skladba podlozia pod krajnymi oporami €. 10 a 20 i
prvym parom podpier pri obidvoch mostoch bola
upresnena vrtmi pre skusobné piloty.

Ing. Pavel Viskup — Doprastav, a. s. Bratislava.

Highway section Chocholné-Skalka which is current-
ly under construction is part of the North-South
Expressway E75. It will be connecting the highway
networks of Poland and Hungary. Through a gradual
finishing of the construction of individual highway
sections in Slovakia, the transeuropean expressway
is also under construction on the territory of this
country.

Description of the territory
and of the bridge

Part of the highway currently under construction in sec-
tion Chocholna-Nem3ova has been devided into two parts
representing complete by-pass highway of Trené&in. After
finishing the by-pass highway, diversion of the transit
traffic from the city center will be enabled.

There are several bridge structures in the hilly ground
which the highway passes through. The biggest of them
is a couple of separate parallel bridges with independant
substructure. From several alternative solutions consid-
ered, the currently implemented concept was finally rec-
ommended to the client SSC Bratislava by the contractor
Doprastav AS Bratislava, after consultations and discus-
sions with current designer of the bridge, Dopravoprojekt
AS Bratislava. This concept represents a couple of brid-
ges constructed by the cantilever balanced method which
minimizes the interference with existing terrain. The in-
terference with ground is necessary to be sensitive with
regard to the geologically complicated foundation condi-
tions. The cantilever balanced method allows without
interference to bridge the exposed area of stabilized
landslide, steep part of the rocky cliff (c. 45-degree slope),
State Road 11/507, as well as the small River St¢anka at
one stroke.

Highway body and protective embankment of the River
Sucanka will be a part of the protective dam of the river
Vah in an inundation area.

Geological conditions

The covering part of the inclination sloped down in direc-
tion of the highway in c. 25 degrees is largely represen-
ted by a stabilized landslide with degree of stability 1.03
to 1.2. It is a surface deluvial complex consisting of
clayey and clay-rocky detrituses. Its thickness is varying
from 0.2 to 0.4 m, locally from 7.0 to 8.0 m or more.
Eolithic covering complex consists of loessed clays with
thickness over 10.0 m, with small occurrence of rocky
detrituses. Deluvial and eolithical complex consists of
clays of stiff to solid consistence.

In the valley of Saéanka, there are local made-up
grounds up to 7.0 m thick, covering the initially clay-rocky
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PORTLANDSKY CEMENT :

triedy 47,5

CEMENTY SPECIALNE A

bitdmenovy tr. 32,5 (PTN - R 72 2102)

cestny cement triedy 7,0 (PTN - R 72 2124)
¥S,

1. 52,5 (PTN - R 72 2123, podia DIN 1164

MLETE VAPENCE o
pre polnohospodarstvo, stavebnictvo
Q na odsirovanie spalin

ESTN 72 1217 a STN 72 1220)

pre chemicky a gumarensky priemysel

STN 72 1217, STN 72 1220)
(PN ZRP 72 1203)
ZIAROBETON .
$ Nizkym obsahom hiinitanového
cementu LCC na wrazne
NAmMahané vymurovky tepelnych
zariadeni (PTN - R 72 6180)
KAMEN LOMOVY & g
friedeny
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H'RUCEM. as.

906 38 Rohoinik

tel: 0703/765111

Fax: 0703765239

HIROCEM, a.s. so sidlom v RohozZniku je najviési
vyrobca stavebnych latok v Slovenske| republike
Vyrobky sii testované zahranicnym| skisobnymi
znacku vysokej kvallty. Projektovana kapacita je priblizne 2 miliény
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TYREX, spol. s r.0., Bratislava 07 248167
PRESPOR, spol. s r.0., Bratislava 07/293744

STAVMAT PLUS, spol. s r.0., Malacky 0703

la( 3292

TA pol. s r.o., Myja )80290/2204,4661

AVAN - stavebniny 0801/945057 e
STAVA LUS S 2329
STAVMET )| Trna 30
Sta t | )838/2178(
PK niny, sp 0 00, 9424
KOSMEA Senica 0802/3682
KohdSova Maria, obchod s palivami a stavebnym materidlom

Samorin 078/622464

MANECO, spol. s r.0., Dunajska Streda 0709/922263
Stavebniny QUATRO, spol. s r.o., Sv";” J%UT 922818
HRON stavebniny, Simo Adridn Zeliezovce 0811/711014

SPG, spol. s r.o., Galanta 0707/2478

STAVEBNINY, spol. s r.0., Topoléany 0815/21008, 321008

BAK, spol. s r.0., Nitra 087/34141, 35230

Milan Svajlen - RUKAGALA Solcany 0815/63828

SPOSOB PREPRAVY
volne loZzeny - RAJ voziiami @ autocisternam
baleny - vagonmi, autam, féliovanymi paletam

male balenia

ZAKLAD VASICH ZAKLADOV - BCIL I

HIROCEM, a.s. obchodné centrum
Hviezdoslavovo ndm. 9, 811 02 Bratislava
Tel.: 07/5334913, 5334920

Fax: 07/5334913, 5333884
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Skoda Volkswagen Mlada Boleslav -
Lackiererei

Die zwei riesigen Industriehallen in den
GrundriBmaBen 288 m x 50 m und 288 m x
80 m wurden in den Jahren 1993 - 94 binnen
8 Monaten geliefert und montiert. Die Stahl-
betonkonstruktion entspricht den anspruch-
svollen Anforderungen der Technologie.
Besonders beim Objekt M 11 B - Lackiererei
far oberen Lack - wurde das Lackierverfahren
durch zwei bis drei Stockwerke gefihrt. Fur
die Deckenkonstruktion wurden deshalb
vorgespannte Trager mit Elementplatten
angewandt. Gesamt wurde fir diesen Bau
10.070 m® Fertigteile in DIN - Qualitat
geliefert.

Skoda Volkswagen Mlada Boleslav -
paint shop

Two huge industry halls with ground plan 288 x 50 m
and 288 x 80 m were in the years 1993-1994 within
8 months delivered and erected. Reinforced con-
crete construction is in accordance with pretentious
specifications of the technology. Especially in
the case of object M11B — paint shop for top varnish,
the technology is situated in two till three floors. For
the floor construction were therefore used pre-
stressed girders with element slabs. As a whole we-
re for this construction delivered 10 070 m® precast
elements in Quality according DIN.
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Skoda VW Miada Boleslav - objekty
lakovni

M 11 A Spodny lak

JednopodlaZzna dvojlodova prefabrikovana
konStrukcia haly M11A pédorysnych roz-
merov 50 x 288 m bola dodana a zmonto-
vana v priebehu troch mesiacov v r. 1993

M 11 B Vrchny lak:

Dodavka a montaz trojpodlaznej z Zasti aj
ivoj a StvorpodlaZnej haly M11B pédorys-
nych rozmerov 288 x 80 m. Rozpon troch lodi
je 20 m, dvoch lodi 10 m. Stipy do vySky 25 m
su priebezne, stipy do vySky 30 m boli vyra
bané z dvoch 19 a 11 m &asti. Stropy su di-
menzované na zafazenie 10 kN/m2. Zdvojené
nosniky o rozpati 20 m su predpaté, nesu
poloprefabrikované Zelezobeténové nosniky
a dosky, dimenzované na zmonolitnenie bez
podopretia. Stre3né vazniky a vaznice su
z predpéateho betonu. Stredny plast je lahky
Z trapezovych plechov

Na stavbu M 11 B bolo dodanych a zmon-
tovanych v obdobi cca 7 mesiacov: 206 ks
stlpov, 1274 ks tramov a nosnikov, 127 ks
vaznikov, 632 ks vaznic, 28830 m? dosiek pre
poloprefabrikované stropy, spolu 10070 m?®
prefabrikatov a 985 m? sendvi¢ovych parapet-
nych dosiek

DIN Qualitat

DIN Kvalita

;!‘PP.Bcat_yslava Sedlye

251 362, 5251 004

251105, 5251 356



- {/‘an odstepny zavod Bratislava

Mlynské Nivy

MILETICOVA 7q, 827 99 BRATISLAVA,
P. O. BOX 38, TEL. 07/526 60 43,
FAX 07/526 1373

Nemocnica PetrZalka
Dodato¢ne predpité dosky viacliroviiového
parkoviska pocas vystavby

| S i
| S i

Hospital Petrzalka

Post-tensioned slabs of multi-storey car park
during construction

PROJSTAR, ;}

Nad Dunajom 50
841 04 Bratislava
Tel./Fax: 07/722 432
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Kompletny tehlovy

i SR IR , systém vhodny pre kazda
KUPON stavbu.
Ano, chcem vedief viac o systéme |
b0 SRR T : Firma WIENERBERGER Vam predstavuje
St mzaéﬁte AU vynikajuci revoluény systém pozostavajuci zo

na adresu: =

spoflahlivych komponentov tehal POROTHERM®
PERO+DRAZKA. Tie patria k sebe. Svojou neza-
menitefnou konstrukciou pomahaju Setrif Vas ¢as
a naklady. Ponukaju idealne rieSenie pre pokro-
kové planovanie a vystavbu. Rovnako ako

I\ aj nasa sief obchodnych zastupcov, ktori
b pokrokovy systém POROTHERM® ponkait

po celom Slovensku. A ti patria k nam,
ale k Vam tiez. Takze, PATRIME K SEBE.

Kupon nalepte na koredpondenény listok a zaslite na nasu adresu

K OMPLETNY

| TEHLY]
STROPY LI

pektiva
tavania

Obchodnika, ponikajiceho systém POROTHERM, najdete vo Vasej blizkosti:

BANOVCE N/BEBR.: STAVMAT. MONT SPOL. S R.O: BANSKA BYSTRICA: JULIUS RONCAK, MR STAV S.R.O., OBCIAN iyl \quu%
STAVIVO IBV, STAVOCOMP S.R.0., STREDOSTAVIVA, A S.. BARDEJOV: FK STAVEENINY; BRATISLAVA: Al POL. 8 R.0., ING. OTO STRATEMFCES
MIROSLAV PISKLA, JOPA SPOL S RO., JOZEF VALEK-JOVAK, JUKA SPOL. S R.O., KOSMEA SPOL. S RO ROL DR, MATEP SP( J\_. SR.O ‘HEM‘
PRODOM-STAV SPOL. S R.O., SPECTRUM TRADE S.R.0., STAVEBNINY, STAVIVA BRATISLAVA A.S., STA POL. S R.O;B ]

L MIKLOS & CO SPOL
KEZMAROK: ING. JAROSLAY

IT. KOMJATICE: PIPO SPOL
TAVOTERMSERVIS

P L AS.; LUCENEC:

GRUNSTAV SPOL. S R.0.; CADCA: INGOLD SPOL_ S R.O.; DOLNY KUBIN: STRING S.R.0.; DUNAJSKA STREDA
S RO, MUZSLAY SPOL. S R.O., SERMAN S R.0.; GALANTA: SPG SPOL. S R.O.; HLINIK NAD HRONOM: STAVMAT SPOL
KONTROS; KOLAROVO: MARKSTAV. KOMARNO: ING. JURAJ PINTER, POLYCONST SPOL. S R.O., KOMARNO-NOVASTRAZ
S A.O.; KOSICE: AL PAN, ATYPSTAV 8P, ENTE SPOL 5 R.O., FERONA A S., ING.ARCH.BRZAC BORIS, MB GROUP S.A.C
SR.0.. STREK, JAN ONDIC; LADCE: LAHOZ SPOL. S R.O. LEOPOLDOV: SKAKALOVA JULIA; LEVICE: RATUFA STAVEROX STEFAN
STAVOUNIA AS.; MALACKY: STAVMAG-MAGLEN CTIMIR, STAVMAT PLUS S.R.0.; MALA IDA: FERROSTBAU A S, MARTIN | p{AﬂTINm_ DR
PAVLIK, MICHALOVCE: STAVOSERVIS-ERBE, MOCENOK: TOVAR-TOTH; MODRA: STAVEBNO-OBCH. ZDRUZ; NAMESTOVO: MG MARIAN GRIGEL; NIT Fee
BAK SPOL S A.O. DYNAMIK, RUDOLF LIGAS; NITRA-DRAZOVCE: JANA VARGOVA. NITRIANSKE PRAVNO: KREMEL, NOVE MESTO N.VAHOM: R
BUBLAVY-ROPSPOL; NOVE ZAMKY: FRIDRICH DEUTSCH, STAVEKO S.R.0., STAVIM
PEX SPOL S RO, HEGEDUS SR.O.. OPATOVCE NAD NITROU: ING. EDUARD
GOMBARCIK: PIESTANY: 1B STAMIX SPOL. S R.O., POPRAD: B S V. STAV. SR.O., IDOS SPOL. S R.O., STAVBAR A 5 . POVAZSKA
BYSTRICA: RAVEN A S ; POVINA: STAVEBNINY; PRESOV: DUKER SPOL. S RO, LESOSTAV PRESOV $.P., VARGAS SPOL. S
R.O.; PRIEVIDZA: INCON SPOL. 5 R.O ; PUCHOV-STARE NOSICE: CIBENKA VLADIMIR.; RADOSINA: LUDOVIT FRTALA; RIMAV-
SKA SOBOTA: STAVAIS A S_; ROZNAVA: KOVSTAV-AV SPOL. S R.O.. RUZOMBEROK: JANOS SPOL. 5 R.0.; SENEC: STAV - MAX
SERED: STAVEBNINY QUATRO 5.R.0., ING.CACANY EMANUEL; SKALICA: STAVAN SPOL. S R.O.; SLADKOVIEOVO: SAVING S A
SNINA: TICHOMIR GALANDA: SPISSKA NOVA VES: CYRIL BOBAK, STAVCENTRUM-FEKETE; SPISSKA STARA VES: FRANTISEK E R
FURCON; SPI VLACHY: JAN KANTOR; STARA LUBOVRA: JURAJ SULIK—SOLIDST;\V Jozsg REPKA, TATRACOR SPOL. § w I E N E R BE R G
R.O.. STAVMONT 5.R.0.; STUPAVA: CEVASERVIS A.S.. STAVMIX PLUS 5 R 0. SAMORIN: KOHUSOVA MARIA: SBALA: ADASTAV - E
STUROVO: STAVEBNINY-SZABO: SURANY: JAN NAGY-MURENA: TESEDIKOVO: BRIMAK V.O.S.; TOPOLEANY: STAV-CEM SPOL s L ov EN s KET E H E L N
S R.O., STAVEBNINY SPOL. S R.O.. TOPOLNIKY: GABOR FRUHVALD; TREBISOV: MONIKA HROPKOVA; TRENCIARSKE TEPLICE:
KRUKER S.R 0. TRENCIN: ING. PAVOL ELLINGER, STAVEBNINY S A T; TRNAVA: FEVA - CAR; TRSTENA: STAVPO SPOL. S R.O., O.

: B,E.A, BARANEK JOZ; TURCIANSKE TEPLICE: JEDNOTA SD MARTIN, VELKY MEDER: MANECO SPOL. 5 R.O.; VELK; 3
KRTIS: J-STAV SPOL S R.O.. VRABLE: MAPEX 5.R.O., STAVBA REAL SPOL S R.O ; VRUTKY: ING. BOHUMIL KURHAJEC: ZLAT , s 4
uovace: FORNAX SPOL. S RO, ING. VLADIMIR RACEK, KANVOD, STAVEX-PANIK: ZVOLEN: ING. MILAN MRAZ, SLOVSTAV 953 01 Zlaté Moravce. Tehelna 5 5

Tel.: 0814/ 232 44, Fax: 0814/ 235 4

04 SPOL. S R.O.. STAVING SPOL. § RO ; ZVOLEN-RAKOS: ANDREJ FEJKA; ZELIEZOVCE: ADRIAN 5IMO; ZIAR NAD HRONOM:
JEDNOTA SD, STAVMAT; ZJILINA: BCI SPOL S RO, BRICK SYSTEM VOS, EKOSTAV SRO
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Obr. 1. Pozdizny profil mostov, objekty 2412
a 2413

Flg. 1 - Longitudinal section of the bridges,
Objects 2412 and 2413

detritus, with clayey component prevail-
ing. The lower layers in depth of 5.0 to

10.0 m consist of fissured limestone.

Composition of the subsoil under the
abutments No. 10 and 20, as well as

under the first couple of the piers of both
of the bridges was exactly determined

Pozdizny profil mostov

Z hladiska staniCenia lavy 6-polovy mostny objekt &.
2412 ma celkovu dizku 364 m. Rozpatia poli st zrejmé
z pozdizneho rezu na obr. 1. Krajna opora &. 10 tohto

“mosta sa nachadza na svahu nad obcou. Ramova stojka

€. 11 je na Upéti svahu bezprostredne vedla &tatnej
cesty. Opora €. 12 je z hladiska staniéenia medzi &tatnou
cestou a korytom Suéanky. Ostatné medzilahlé piliere a
krajna opora €. 16 sa nachadzaju v inunda&nom Gzemi
Vahu za Su€ankou. V smere stanitenia ma pravy 6-
polovy mostny objekt & 2413 celkovi diZku 323 m s
rozpatiami poli podfa obr. 1. Umiestnenia rAmovej stojky
€. 21 a medzilahlych pilierov ako aj krajnej opory &. 26
sl podobné ako pri moste 2412.

Svetla vySka premostenia nad 3tatnou cestou je asi
13,5 m. Na konci, kde je krajnd opora umiestnena na
nasype zemného telesa dialnice, je premostenie 8,5 m
nad terénom.

Zakladanie

Na stanovenie poé&tu pilét ¢ 940 mm, &i mikropilét ¢ 135
mm bolo treba vykonat zataZovacie skusky, ktorych vrty
zaroved sluZili ako doplfujici geologicky prieskum.

Krajna opora lavého mosta (obekt. 2412) je sucasfou
oporneho mura objekt 2411, ktorym po doplfiujicom ge-
ologickom prieskume bola nahradena pévodne uvaZovana
estakada. Estakada mala v mieste stabilizovaného zosu-
VU priamu vézbu na mostny objekt. ZaloZenie jej pilierov
bolo zna¢ne komplikované a kvéli velkému rozsahu
zemnych prac bola aj estakdda nahradend opornym
mirom, zaloZzenym na mikropilétach. Kotvené oporné
mury (€. 2610 a 2620), nachadzajuce sa pred mostami
Spolu s ich krajnymi oporami, tvoria stabilizujuci prvok
pre potencialne nestabilny svah.

Ramova stojka &. 11, ako aj nasledujtci pilier budu
ZaloZené na mikropilotach. Pilier & 13 je zaloZzeny na
velkopriemerovych pilétach, ktorych dizka sa upravila
Podfa skuto&nej navitanej rovne skalného podlozia. Na
Zabezpetenie stability votknutia vitanych pilét do skalného
podloZia sa v urovni ich paty vykonala injektaZ.

Ostatné piliere su plogne zaloZené. Krajna opora ¢.
16 je zalozena opat na velkopriemerovych piltach,
realizovanych z urovne nasypu zemného telesa dialnice.

Problém zakladania pravého mosta — objekt 2413 ma
Nepatrné odlisnosti od favého mosta. Krajna opora €. 20
Ie sutasfou stredového oporného mira — objekt 2620,
havrhnutého so zalozenim na mikropilétach a prikotvenim
ku svahu zemnymi kotvami. Obidva oporné mury s

through test piles' boreholes.
Longitudinal profile of the bridges

The left six-span Bridge 2412 has a total length of 364.0
m. Length of the individual spans can be seen in the
longitudinal section. Abutment No. 10 of the bridge is
situated on the slope above the village. Frame column
No. 11 is situated at the foot of the slope, just beside the
state road. Support No. 12 is from the viewpoint of
stationing situated between the state road and the River
Sucanka. Rest of the intermediate piers, as well as the
abutment No. 16 are situated in an inundation area of the
Vah, behind Sdéanka. The right six-span Bridge 2413
has a total length of 323.0 m. Its spans can be seen in
the Fig. 1. Location of the pier No. 21 and of the inter-
mediate piers, as well as of the abutment No. 26 is
similar as in the case of the Bridge 2412.

Clear height of the bridging over the state road is
about 13.5 m. At the end, where the abutment is situated
on the highway's earth body embankment, the bridge is
8.5 m above the ground.

Foundation

In order to determine the number of piles ¢ 940 mm or
micropiles ¢ 135 mm, it was necessary to execute the
piles' loading tests the boreholes of which served as
wells for an additional geological survey.

The abutment of the left bridge (Object 2412) is part
of the retaining wall, Object 2411, which after executing
the additional geological investigation replaced an initially
planned viaduct. The viaduct had at the place of the
stabilized landslide direct connection onto the bridge.
Foundation of its piers was considerably complicated and
it was replaced by the retaining wall constructed on
micropiles also because of the large extent of the nec-
essary earth-moving work. Anchored retaining walls (Ob-
jects 2610 and 2620) situated in front of the bridges,
together with their abutments, represent a stabilizing
element of the potentially unstable slope.

The frame support No. 11, as well as the next pier,
will be founded on micropiles. The pier No. 13 is erected
on large diameter piles, with their length adjusted to the
actual level of the rocky subsurface. In view of uncertain-
ty about the quality of the bored piles' embedment into
the rocky subsurface, there was a grouting executed at
the level of their footing.

The rest of piers was founded with spread footings.
The abutment No. 16 was again founded on large dia-
meter piles which were executed from the level of the
highway's embankment.

InZinierske stavby, roé. 44, 1996, &. 7
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krajnymi oporami mostov pbsobia geometricky ako jeden
celogémova stojka & 21 sa nachadza na rpzhrani zvetra-
Iého skalného vybezku a deluvialneho hlinitého komplexu
a je zaloZena na mikropilétach. Prec!pata‘!‘ za‘ktadov’a'n doska
je vysunuta nad terén kvoli minimalizécii vykopovych prac
v extrémnom teréne, resp. minimalizacii zasahu do grahu.

Spésob zaloZenia ostatnych pilierov a kralne! opory
pravého mosta koreSponduje s rovnako situaéne
umiestnenymi podperami susedného lavého r_nosta. .

Unosnost mikropilét a velkopriemerovych pllét‘ sa zis-
tila zataZovacimi skuskami, z vysledkov ktorych bol
stanoveny ich celkovy poZet.

Spodna stavba a zemné prace

Pri objekte 2413 zatina krajna opora v zareze svahu.
Vykop bude z vat3ej Casti spolotny s vykopom stredového
oporného mura. Zo strany svahu bude nevyhnutna_ sta_-_
bilizacia zarezu proti erozii. RENO matrace v kombinacii
s tenkou vrstvou humusu stabilizovanou hydroo_sevqm
zabrania er6zii a povrchova voda bude zvedena prifahlym
#labom do daZdovej kanalizacie dialnice.

Ramova stojka sa nachadza pod patou svahu bez-
prostredne vedla komunikacie Statnej ce_sty. Tento
stiesneny priestor si z hladiska zakladania \{yila!dal
&iastoény zasah do strmého svahu nad komunikaciou.
ObnaZena &ast svahu je proti er6zii zabezpetena torkré-
tom, vystuZenym siefovinou s priklincovanim na §vah.
Tato uprava konéi bezprostredne nad uroviiou &asti zak-
ladovej patky. # )

Susedny pilier je zaloZeny v zékladovej jame chranenej
zabaranenymi Stetovnicami, ktoré sa po betonaZi zak-
ladu vytiahnu. Vykop pre zaklad dalSieho piliera je _hez-
prostredne vedla lavostrannej hradze Sucanky, kde je na
styku s hradzou chraneny kréatkou $tetovnicovou stenou.
Stetovnice sa po zaloZeni piliera takisto vytiahnu.

Vykopové jamy pre zvy3né piliere si svahové. Krajna
opora bude beténovana na zriadenom nasype zemného
telesa dialnice.

Pri plodnom zakladani pilierov v inundacii Vahu boli
problémy s extrémnym pritokom spodnej vody do zak-
ladovej jamy. Na obnaZenom skalnom podloZi sa z betonu
vytvorili ,ohradzky odraZajuce prenikajicu vodu do
zachytnych studni, odkial sa voda pre€erpavala do
Sacéanky.

Krajna opora je zaloZena z drovne upraveného nasy-
pu zemného telesa dialnice, vySkovo zhodnej so spod-
nou hranou dloZného prahu.

Pri zakladani krajnej opory €. 10 objektu 2412 sa
neoéakavaju komplikacie. Vykop na jej zaloZenie je viak
podmieneny stabilizovanim budiceho vykopu pre stojku
€. 11. V otvorenom vykope opory bude po zrealizovani
mikropilét zaloZzeny spolusivisiaci objekt — oporny mur.

Ramova stojka sa nachadza v stiesnenych pomeroch
ako stojka susedného mosta. Svah vykopu pre tento
pilier vdak bude stabilizovany prefabrikovanymi panelmi
so zvislymi rebrami, kotvenymi na sklany masiv
zeminovymi kotvami. Toto rieSenie sa sklada z troch
stupfiov realizovanych zhora nadol, priom vykop pre
oporu &. 10 a stojku €. 11 moZno zagaf aZ po zakotveni
zeminovych kotiev. V zapaZenom vykope pre stojku sa
na stanovenie po&tu mikropilét najskér vykona zataZovacia
skuska dvojice mikropil6t.

'8

Foundations of the right bridge, Object 2413, are
slightly different from those of the left one. The abutment
Nr. 20 is part of the central retaining wall, Object 2620,
designed with foundation on micropiles and with anchor-
age into the slope by means of earth anchors. Geomet-
rically, both of the mentioned retaining walls act together
with supports of the bridges as a single unit.

The frame support No. 21 is situated at the interface
of the weathered rocky run-out and deluvial clayey com-
plex. It was founded on micropiles. Prestressed founda-
tion slab was shifted out above the ground in order to
minimize the necessary earth work in an extremely dif-
ficult terrain, resp. in order to minimize the interferrence
with slope. ; .

The way of foundation of the other piers of t_he right
bridge, as well as of its abutment, is corresponding with
the equally situated piers of the adjacent left bridge.

Loading capacity of the micropiles and of the large
diameter piles was determined by loading tests the re-
sults of which were used for determination of the total
number of them.

Substructure and earth work

As for the Object 2413, the abutment is located in the
slope cutting. Its excavation will be largely done together
with an excavation for the centre supporting wall. From
the side of slope, the cutting will have to be stabilized
against erosion. Erosion will be prevented by RENO
mattresses in combination with a thin layer of humus
stabilized by hydroseed. The surface water will be drained
by an adjacent channel into the rainfall water sewage of
the highway.

The frame support is situated at the bottom of the
slope, just beside the state road. From the viewpoint of
foundation, the very straitened conditions called for a
partial interference with the steep slope beside the rqad.
Uncovered part of the slope has been secured against
erosion by gunite, reinforced mesh nailed to the slope.
This adjustment ends up just above the level of part of
the foundation footing.

The adjacent pier is founded in a foundation pit pro-
tected by hammered sheet piles which will be removgd
after the foundation is concreted. Trench for the next pier
is situated just beside the left-hand embankment of Sucan-
ka and at the joint with this embankment it is protected
by a short sheet-pile wall. After the pier is constructed,
the sheet piles will be removed.

Trench for the rest of the piers are sloped. The abut-
ment will be concreted on the highway's embankment.

In the process of spread foundation of piers in an
inundation area of Vah, difficulties with extreme inflow of
underground water into the trench occured. There were
.walls“ concreted on an uncovered rocky subsun:fa_ce
in order to divert the infiltrating water into the retaining
wells from where it was pumped over into the river
Suéanka.

The abutment is constructed from the level of ad-
justed highway's earth body embankment. This level
is corresponding with the lower edge of the abutment
cap- ey

As for the Object 2412, there are no extraordinarities
expected during the foundation of the abutment suppo_rl
No. 10. However, the excavation of the trench for this
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Obr. 2. Priecny rez mostov nad podperou a v poli

Fig. 2. Cross section of the bridge above the support and In
the span

ZaloZenie ostatnych pilierov je podobné, ako pri pi-
lieroch mosta 2 413. Rozdielnym rie$enim bude iba
ponechanie kratkej Stetovnicovej steny, paZiacej vykopovi
jamu v Casti odkopu lavostrannej hradze Sudanky.

Nosna konstrukcia

Nosni konS$trukciu obidvoch mostov tvori staticky
Sesfpolovy spojity nosnik s jednou ramovou stojkou. Na
ostatnych podperach je nosna konstrukcia uloZena na
kiznych loZiskach. Priegny rez je navrhnuty ako
jednokomorovy nosnik s premenlivou vyskou v 1. a 2.
poli (obr. 2). V ostatnych poliach je vyska prierezu
kon3tantna.

V monolitickej predpatej kon&trukcii sa pouZije be-
tonarska vystuz 10 425 (V) a na predpitie predpinacie
kotvy 13 ¢ Lp 15,5/1800. Kon&trukcia z beténu B 400 e
v pozdiZnom smere navrhnuta ako plne predpéata, v
prienom smere &iastoéne — nad prieénikmi. Prie&ne
predpdtie sa bude realizovat tyovymi predpinacimi jed-
notkami CPS 32 (mat. 13 180 mod.). PouZije sa kotevny
systém trinasflanovych kotiev CH-13/ZRP v kombincii
S0 spojkami MONOs 2400. Kablové drahy tvoria rurky
WITZENMANN. V nosnej konstrukcii su upravy pre
moZnost dodatoéného osadenia volne vedenych kablov
typu max. 18 ¢ Lp 15,5/1800. Deviétory pre tieto kable
sg Pripnd na spodnu dosku a tramom predpinacimi tyca-
Mi prostrednictvom zabeténovanych kotevnych dosiek v
Predpisanej polohe.

Na realizaciu nosnej konétrukcie sa pouZiju tri tech-
nolégie. V &asti premenlivého prierezu je to betonovaci
qufk BRIDGEBUILDER pre letma betonaz. Kontantny
Prierez sa realizuje ako dvojetapova letma betonaz
beténovacim vozikom alebo na podpernej skruzi PIZMO.
Letmo vybeténované vahadia nad jednotlivymi piliermi
pudu_ az do zmonolitnenia podopreté a stabilizované sto-
lkami PIZMO. Betonazou na skruzi sa vybuduje 6. pole
obidvoch mostov.

Na mostoch bude vozovka s modifikovanou loZnou i

MATERIALY, TECHNOLOGIA, REALIZACIA

abutment is conditioned by stabilizing the future excava-
tion pit for the pier No. 11. After the micropiles are
constructed, foundations will be made in an open exca-
vation pit for abutment as well as for an adjacent object
- retaining wall.

The frame column is situated under the similarly strai-
tened circumstances as in the case of the one of the
adjacent bridge. However, the slope of excavation pit for
this pier will be stabilized by precast panels with vertical
ribs anchored into the rocky massif by means of soil
anchors. This solution consists of three stages being
carried out from above downwards. Thereby, the founda-
tion pit for the abutment No. 10 and for the frame support
No. 11 can only begin, after the soil anchors are an-
chored. In order to determine the number of micropiles,
the loading test of a couple of micropiles will be at first
carried out in the braced cofferdam for the frame sup-
port.

Foundation of the rest of piles is similar as in the case
of the corresponding piers of the Bridge 2413. Different
solution will only be applied for a short sheet-pile wall
bracing the trench which will not be removed in a section
of the excavation of the left-hand bank of Su&anka.

Superstructure

The superstructure of both of the bridges is statically a
six-span continuous beam with one frame support. On
the rest of supports, the superstructure is supported by
sliding bearings. The structure is designed as a box-
girder with varying depth in the first and second span
(Fig. 2). In other spans the depth is constant.

For the cast-in-situ prestressed structure, concrete
reinforcement 10 425 (V) and prestressing cables 13 [\
Lp 15.5/1800 will be used. The structure will be made of
concrete C 40, in longitudinal direction it was designed
as fully prestressed, in transversal direction as partially
prestressed structure — above the cross girders. The
transversal prestressing will be carried out by means of
prestressing units CPS 32 (mat. 13 180 mod.). Anchor-
age system consisting of 13-cable anchors CH-13/ZRP is
used in combination with connections MONOs 2400. The
cable ducts are of type WITZENMANN. There were
adjustments made in the superstructure for additional
mounting of unbonded tendons max. 18 ¢ Lp 15.5/1800.
Deviators for these cables will be attached to the lower
slab and to the beams through prestressing bars, by
means of anchoring plates in a specified position.

Three technologies will be implemented in the proc-
ess of construction of the superstructure. In the case of
the part of superstructure with varying depth, travelling
formwork BRIDGEBUILDER for cantilever balanced
method of concreting will be used. The constant cross
section will be constructed by a two-stage cantilever
balanced method, using the travelling formwork or the
falsework PIZMO. The balanced girders above the jndi-
vidual piers concreted by the cantilever method will be
supported and stabilized by the falsework PIZMO. The
sixth span of both of the bridges will be concreted on the
false work.

The pavement on the bridges will be made of mod-
ified ground and abrasion layer of bituminous concrete.
Polyurethane insulation will be protected by mastic as-
phalt.
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obrusnou vrstvou asfaltového beténu. Ochranu poly-
uretanovej izolacie tvori liaty asfalt.

Odvodnenie a bezpeénostné zariadenia

Odvedenie povrchovych vod zabezpe&uje pozdizny
ocelovy odvodfiovaci #lab s viacnasobnou upravou_ po-
vrchu metalizaciou a naterom. Zlab vyustuje za krajnou
oporou do daZdovej kanalizacie dialnice a bude
umiestneny na lavej konzole obidvoch mostov v smere
stani¢enia. _

Bezpe&nostnymi zariadeniami na moste 2412 su pra-
vostranné ocelové zvodidio a favostranné monolitické
3elezobeténové zvodidio typu New Jersey®, tvoriace
zaroved protihlukovi bariéru zo strany blizkej obce.
Upravy v bariére umoZ2iiuji nerudeny odtok vody do Zfabu.
Na moste 2413 je na pravej strane umiestnené oce_lové
zvodidiové zabradlie a na lavej strane zvodidlo, kde stipiky
zvodidla nie su prekaZkou pre odtok vody.

Ochrana proti bludnym prudom

Na mostnych objektoch boli navrhnuté priamo v projekte
konstruk&éné Gpravy na zabranenie vodivému prepojeniu
prvkov, tvoriacich viastnd ochranu proti vplyvu bludnych
prudov.

LoZiska su od podpier oddelené 20 mm hrubou vrst-
vou plastbeténu. Mostné zavery 3W maju konstrukénu
Upravu na obmedzenie prechodu bludnych pridov.
Zvodidla su nad krajnymi oporami odizolované vioZ-
kami MAMR. Pri ramovych stojkach & 11 a 21 bude
spatny zasyp zakladovej jamy zriadeny pérovitym mate-
ridlom a zakladova $kara oddrendZovana do daZdovej
kanalizacie.

i
Drainage and security facilities

The surface water is drained into the longitudinal steel
drainage channel with multiple surface treatment, by
metallizing and painting. The channel will lead behind the
abutment into the rainfall water sewage of the highway,
and it will be mounted onto the left cantilever of both of-
the bridges, in direction of stationing.

Security facilities at the Bridge 2412 include right-
hand steel guard rail and left-hand cast-in-situ reinforced-
concrete New Jersey-type guard rail which, on the side
of the close village, represents a sonic barrier at the
same time. Adjustments made into the barrier allow the
water to flow off undisturbed into the drainage channel.
On the Bridge 2413, there is a steel guard railing mount-
ed on the right side of the bridge and a guard rail on the
left side of the bridge so that the posts of the guard rail
do not hinder the water to flow off.

Protection against the stray currents

The structural adjustments on the bridges were designed
directly in a plan, aimed at hindering the conductive
connection of elements which represent the actual pro-
tection against the stray currents.

For example, the bearings are separated from sup-
ports by a 20 mm thick layer of plastic conrete. Expan-
sion joints 3W have a structural adjustment limiting the
passage of the stray currents. Guard rails above the
abutment supports are insulated by MAMR inserts. As for
the frame supports No. 11 and 21, the back fill of their
foundation pits will be made by porous material and the
footing bottom will be drained into the raifall water sew-
age.

I
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Most cez vazsky kanal
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pri Dubnici nad Vahom

Bridge over the Vah Channel near Dubnica nad Vihom

Jan KODAJ

Most krizujuci vaZsky kandl leZi na trase privddzaéa
z cesty I/61 (E16) na dialnicu D1. SluZi siéasne na
prepojenie dvoch sidelnych celkov Nem$ové-Dubnica
n/V., leZiacich bezprostredne vedla dialnice. Nosn4
konstrukcia je letmo beténovana s dizkou stredného
pola 78 m ponad vaZsky kanél, v kiorom sa predpok-
ladd vodna doprava.

V .kilometri 7,423 Gseku Skala-Nem$ova km 0,8-7,5
dialnice D1 je navrhnuty privadzaé na cestu 1/61, znamu
dopravnli spojnicu miest Bratislava a Zilina E75 a ako
st¢asf medzinarodnej cestnej tepny E16 do Polska.
Privadzat Nem3ova, ako projektovd dokumentacia
oznaduje trasu dizky 1 742 m, prechddza z4ujmovym
Gzemim sidelnych utvarov Nem$ova a Dubnica nad
Véahom. Désledkom toho je skutoZnost, Ze trasa priva-
dzaca kriZuje viaceré energetické i dopravné vedenia. Na
relativne kratkom Useku trasy su vyprojektované a v
tomto &ase uZ rozostavané aj tri mostné objekty. Most v
stani€eni privadzata km 0,518, prevadza komunikéciu
ponad vazZsky kanal 400 m od vodnej elektrarne Dubnica
(v smere toku) a je z trojice mostov najva&si.

Projektované parametre

Most cez vaZsky kanal (oznateny ako objekt &islo 2450)
ie navrhnuty ako trojpolovy spojity nosnik z predpatého
beténu budovany technolégiou letmej betonaze. Projekt
z roku 1990 vo vtedajom stupni UP (autor SUDOP
Praha) riedil premostenie vaZskeho kanéla s rozpatiami
poli 63 m + 106 m + 53 m v suvislosti s vyhfadovym
rozSirovanim kanala. DiZka stredného pola stvisela s
urpiestnenim podpier mimo rozsireného koryta kanala.
Vysledkom optimalizacie mostnych objektov stavby (au-
tor Dopravoprojekt, Bratislava 1993), ktoru investor stavby
Zatlenil do poziadaviek na vypracovanie dokumentacie
Pre stavebné povolenie a zhotovovacie prace stavby, je
kone&né usporiadanie rozpati poli 47 m+ 78 m + 44 m
S tym, Ze podpera €. 2 svojim technickym rie§enim
umoZiiuje v buducnosti zrealizovat rekonstrukciu kanala
(rozSirenie kanala s umoZnenim plavby). Bude vyhladovo
V toku, ale dizka premostenia je skratena z pévodnych
232 m na 169 m. DalSie zakladné parametre kon&trukcie
mosl:a moZno vidief z pozdiZneho rezu mosta (obr. 1)
a prieneho rezu nosnej konstrukcie (obr. 2). Most

ie navrhnuty v zmysle STN 73 6203 pre zafaZovaciu
triedu ,A“,

Realizacia konstrukcie mosta

K dominantdm kaZdého mostného diela urdite patri i
Stupefi naro&nosti jeho zrealizovania. Pri ur&ovani kritérif

Ing. Jén Kodaj — Doprastav, a. s. Bratislava.

The bridge crossing the Véh Channel is situated on
an access road connecting Road 1/61 (E16) with the
Highway D1. It serves simultaneously as an inter-
connection of the two communities Nem&ov&-Dubni-
ca n/V. which are located just beside the highway.
The superstructure of the bridge is constructed by
a cantilever balanced method. It's midspan over the
Vah Channel where the shipping is expected is 78 m
long.

In kilometer 7.423 of the Highway D1 section Skala-
NemSova, there is an access road designed to the Road
1/61, well-known traffic connection E75 between the cities
Bratislava and Zilina, as well as part of the international
route E16 leading into Poland. Access road Nem3ov4, as
is the 1742 m long road called in the design, is passing
through territories around the communities Nem&ova and
Dubnica nad Vahom. As a result of that, it crosses sev-
eral power and traffic lines. Thus, there were three bridg-
es designed, and are currently under construction on a
relatively short section of this route. Bridge at the sta-
tioning of this approach road, in kilometer 0.518,
takes the road across the Vah Channel, 400 m away
from the hydro-electric power plant Dubnica (in direction
of the river flow), and is the biggest of all of the three
bridges.

Characteristics of the bridge

The bridge over the Vah Channel, designated as Object
2450, was designed as a three-span continuous beam
built from prestressed concrete and constructed by a
cantilever balanced method. Under the original design
from 1990 (author SUDOP Praha), the bridging of the
Vah Channel with spans 63.0 + 106.0 + 63.0 m was
planned, taking into account the potential future widening
of the canal. The length of midspan was a result of
supports' location outside the widened canal. Optimiza-
tion of the bridges (author DOPRAVOPROJEKT, Bratis-
lava 1993), which was included by the client into the
requirements for elaboration of documents necessary for
acquiring the building permission and for executing the
construction work, resulted in final arrangement of spans
47.0 + 78.0 + 44.0 m, so that the pier No. 2 will tech-
nically enable in the future to carry out the reconstruction
of the canal (widening of the canal and enabling the
shipping). Length of the bridging was thus shortened
from 232 to 169 m. Further basic characteristics of the
bridge structure can be found in the longitudinal section
of the bridge (Fig. 1) and in its cross section of the
superstructure (Fig. 2). The bridge was designed in
accordance with STN 73 6203 for loading class ,A".

InZinierske stavby, ro&. 44, 1996, &. 7

301



MATERIALY, TECHNOLOGIA, REALIZACIA

Obr. 1. PozdiZny rez mostom
Fig. 1. Longitudinal section of the bridge

naro&nosti realizacie mosta cez vazsky kanal treba vyzd-
vihnut jeho rychlu pripravenost k vystavbe. Sved¢i o tom
skuto&nost, Ze od datumu oznamenia rozhodnutia o pride-
leni stavby po zadatie prac na objekte uplynul len me-
siac. Kratke obdobie bolo vynutené objektivnou nutnosfou
Jozbehnuf* prdce na 2. stavbe dialnice D1 naplno v &o
najkratom &ase, pretoZe jej spojazdnenie (aj ked Zias-
to&né) ma rozhodujuci vyznam pre dovtedy budovanu 1.
stavbu v useku Chocholnd—Skala z hfadiska jej funk&nos-
ti ako obchvatu Trenéina. Stratégia vystavby kladla znaéné
naroky na rychlu a preciznu sacinnost prace vyrobnej
pripravy (Doprastav, a. s. zavod 5, Bratislava) a
spracovatela realizatnej dokumentacie stavby (Geocon-
sult, s. r. 0. Bratislava). V mimoriadne kratkom &ase bolo
treba zohfadnif v RDS 3pecifika slvisiace s technologic-
kou vybavenosfou dodavatela, ktoré samozrejme nemo-
hol obsahoval predchadzajuci stuperi projektu a zaroven
urtif postup zadiatoénych prac na kon3trukcii mosta v
suvislosti s kolidujacimi inZinierskymi siefami.

Priprava staveniska
Prace na moste sa zagali koncom oktébra 1994. Prvo-

radou ulohou bolo zabezpe€if preloZky inZinierskych sieti:
tri vzdudné vedenia VN, vzdudné vedenie VVN a kablové

Construction of the bridge

Dominants of each bridge certainly include a degree of
difficulty of its construction. In determining the criteria of
difficulty of construction of the bridge over the Vah
Channel, it is necessary to highlight the fast preparation
of its construction. The evidence of that is a fact that
from the date of winning the contract until starting the
work passed - only one month. This short period of time
resulted from the need to start the work at the second
part of the Highway D1 as soon as possible since putting
it into operation is of a great importance for the first part
of the highway in section Chocholna-Skala, from the
viewpoint of its functioning as a by-pass of Trencin. The
planned strategy of construction desired a fast and ac-
curate co-operation between the construction work pre-
paration (Doprastav AS, establishment No. 5, Bratislava)
and the elaboration of detailed design (Geoconsult SRO
Bratislava). In an extraordinary short period of time, it
was necessary in the detailed design to take into account
the specifics regarding the technological equipment of
the contractor which were not possible to be included in
the previous stage of the project. Also it was necessary
to determine the procedure of initial work at the bridge
structure with regard to the colliding infrastructures.
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Obr. 2. Prieény rez nosnou konstrukciou v mieste pod-
pery a v strede pola

Fig. 2. Cross sectlon of the superstructure at the support
and In the middle of span

InZinierske stavby, roé. 44, 1996, €. 7

MATERIALY, TECHNOLOGIA, REALIZACIA

2.ETAPA

_se0e . sooo 2200

43 e [
1.ETAPA [ 13000

2000 5800
e

3.ETAPA

5800 5000

500¢ 5841

sy 0y

00 |, SevRO/m.

LeZont

BRIDGEBUILDER

200 L 0320

Obr. 3. Nedtandardné nasadenle technolégle

Fig. 3. Unconventional way of using the
technology , BRIDGEBUILDER" '

=l 4

e R

signalizaéne vedenia. Su¢asne prebiehala priprava Gzemia
a zriadenie Zeriavovych drah. Pripojku elektrickej ener-
gie, v&itane in3talacie trafostanice sa podarilo zabezpeéit
od vypracovania projektu, stavebného povolenia cez
zriadenie aZ po kolauddciu za dva mesiace.

ZaloZenie stavby

Sutasne s pripravnymi prdcami sa zakladali podpery v
miestach, kde nedochadzalo ku kolizii s existujucimi
inZinierskymi siefami. Geologické podmienky uzemia boli
vyhodnotené ako velmi dobré pre zakladanie na vrstvach
Strku, ktoré podfa STN 73 1001 moZno zaradif do triedy
G-1, G-2. ZaloZenie opér 1 a 4 bolo ploné v otvorenej
stavebnej jame hibky asi 2 m so ,suchou* zakladovou
Skarou $tandardnym spdésobom. Kompletné vybudovanie
Zelezobeténového zakladu rozmerov 9.2 m x 7 m x 1,75
m trvalo 5 pracovnych dni. Znaéne naro&nejie sa uka-
zalo plo3né zaloZenie podpery 3, kiora je situovana v
lavostrannom svahu kanala (obr. 1). Tu sa nepotvrdili
predpoklady ,konkurzného" projektu o dosiahnuti ,suchej*
zakladovej Skary znizenim hladiny vody v kanali. Stetovni-
cové stena dizky 22 m pinila len funkciu zabezpe&enia
stability svahu po¢as vystavby podpery. Prevadzka vod-
nej elektrarne Dubnica nielenZe nedovolovala poZadované
ZniZzenie hladiny vody v suvislosti s potrebami prevadzky
elektrarne v Trenéine, ale v zimnom obdobi, kedy sa
2akladala podpera 3, v suvislosti s mozZnosfou tvorby
ladochodov, hladina znaéne kolisala. Realizovany postup
ZaloZenia podpery 3 umoznil minimalizovaf zvy&enie prac
naviac s dopadom na cenu. Vykop na pdvodnt lrovef
zayladovej Skary pod ochranou stabilizujlicej $tetovnico-
vej steny sa pddorysne minimalizoval na rozmery za-
kladu. Potom sa vybeténoval pod vodou podklad z beténu
C 24/30 hrabky asi 1 m. Hribka zakladu vznikla z potreby
dodrzaf jeho pévodné rozmery a od Urovne, aby sa
zabezpetilo minimalne krytie zakladu nadloZim, a to 400
mm. Zarovef tato hribka postatovala, aby sa &erpanim
vody spristupnil povrch podkladného beténu. Na tento
Povreh sa po déslednom ogisteni umiestnili vyrovnavacie
Pasy na uloZenie spodného radu vystuZe zakladu a
boZného debnenia. Nerovnosti povrchu betonaZe pod
Voc!_ou zvysili spolupdsobenie dvoch beténovych celkov v
horizontalnom smere. Vyssia poloha zakladu spdsobila

Preparation of the construction site

The work at the bridge started at the end of October
1994. The first priority task was to relay the infrastructure
networks — three aerial high voltage lines, one aerial
extra high voltage line, and cable signalling lines. At the
same time, the ground was being prepared and the crane
rails were being laid. Installation of the electrical connec-
tion including transformer — from elaboration of the de-
sign and getting the constructional permission until the
actual installation and acquiring an approval from author-
ities to put it into operation — was all ensured within two
months.

Foundation of the bridge

Simultaneously with preparation of the construction site,
foundation of the piers begun at which no collision with
existing infrastructure networks occured. Geological con-
ditions of the area were evaluated as very positive for
foundation on the layers of gravel which according to
STN 73 1001 can be classified as G-1 or G-2. Founda-
tion of the abutments No. 1 and 4 was spread, in an open
constructional pit ¢. 2 meters deep with .dry" footing
bottom, carried out by a standard method. Complete
construction of the reinforced-concrete foundation with
dimensions 9.2 x 7.0 x 1.75 m took five work days.
Spread foundation of the abutment No. 3 situated on the
left-hand slope of the canal has shown to be substantially
more difficult. Here, the assumptions in the ,tender” design
that the .dry" footing bottom would be achieved by low-
ering the level of water in the canal were not confirmed.
The only function of the sheet-pile wall 22 m long was
to stabilize the slope during construction of the pier.
Operation of the hydro-electric power plant Dubnica not
only did not allow to lower the water level with regard to
the necessity of operation of the power plant in Trenéin,
but the level of water in the winter, when foundation of
the abutment No. 3 was being carried out, also fluctuated
significantly. Procedure applied for foundation of the
support No. 3 allowed under the current constructional
conditions to minimize the necessity of additional work
which would have an influence on price. The excavation
to the depth of the original level of footing bottom, under
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Fig. 4. Loading curves of the piles

zniZenie drieku podpery a tym zmané‘.en‘ie mnoZstva
vystuze v fiom. Prace na zaloZeni opory trvali s prestavka-
mi od decembra 1994 do februara 1995. ;i

Spbsob zaloZenia podpery 2 sa v prpjekta volil v
suvislosti s jej budicim situovanim v rozsirenom P(aﬂéil
Vahu. Na hibinné zaloZenie podpery 2 sa pouzilo 17
velkopriemerovych Zelezobetonovych pilét ¢ 1 ’200 mm,
dizky 20,5 m, ktoré sa vyhotovili pilétovacou supravou s
vibraénym drapakom a vypaZnicou (3_ plIQty_ za'5
pracovnych dni). Hlavy pilét sa previazali obdlZnikovym
3elezobeténovym blokom rozmerov 11,8 x 55 x 2 m.
PoZet navrhnutych pilét a ich Gnosnosf sa overili
zafa?ovacou skiZkou (v predstihu) na troch pilétach,
ktoré su suasfou zakladu podpery 2.

Poget skuZok si vyndtila skutoénost, Ze hodnoty
zataovacej krivky druhej v poradi skisanej piléty boli v
porovnani s prvou nepriaznivé. Z vysledkov skusok sa
stanovila zvisla unosnost pilét dizky 10 m, ktora rep-
rezentuje skuto&ni G&innd diZzku nosnych pilét zakladu
podpery 2 po rekonstrukcii kanala. Statické skasky pil6t
vykonal VUIS-Zakladanie, s. r. o. Bratislava mgtédop
vzopretia hornej Easti delenych pilét proti ich dolnej Castl
Na obr. 4 je znazorneny priebeh zataZovacich kriviek
pilét pinej dizky a sGétové zafaZovacie krivky reprezen-
tujice Gnosnost pilot dizky 10 m.

Opory a podpery

Krajné opory mosta boli navrhnuté ako presypané ste-
nové prvky lichobeZnikového tvaru a hribky 1,2 m. Steny
sa odebnili systémovym debnenim IS-NOE. Priestor medzi
stenami svojou &irkou (3,8 m) umozZnil dokonalé strojové
hutnenie nasypu najazdovej rampy.

Drieky pilierov obdiZnikového prierezu 8 x 2,2 m boli
pozdiZnou osou orientované v smere toku kanala. Napro-
ti tomu dloZné prahy zabezpeili kolmé uloZenie nosnej
kon&trukcie. Tymto vzajomnym pootoéenim osi drieku a
Glozného prahu ziskali piliere zaujimavy vzhlad.

Nosna konstrukcia

Nosna konstrukcia sa budovala technolégiou letmej
betonaZe. Takio sa nad piliermi 2 a 3 zriadili symetrické

protection of stabilizing sheet-piles, was from the view-
point of a ground plan minimized to the measures of
foundation. Then, the base was concreted, under the
water ¢. 1.0 m thick, from concrete C 25/30. Thickness
of the foundation was determined to be 400 mm,
with taking into account the necessity to preserve its
original measures, as well as to achieve lh‘e due level in
order to ensure the least necessary back fill of the foun-
dation. _

This thickness was sufficient at the same l:rne for
making the surface of the base concrete accessible by
pumping off the water. After thorough cleaqlng, the sur-
face was fitted with levelling stripes for plaplng the onver
layer of foundation reinforcement and the side shuttering.
Unevenness of the surface of concreting under the water
multiplied an interaction of the two concrete pans_ in
horizontal direction. Higher position of the fount_jatlon
resulted in the lower shaft of the pier, and thus in t_he
lesser amount of reinforcement in it. Work at the pier
foundation was conducted with interruptions from De-
cember 1994 to February 1995.

Method of foundation of the abutment No. 2 was
chosen in the design with taking into account its f'uture
location in the widened canal of Vah. Deep foundation of
the abutment No. 2 was made through 17 large diame_ter
reinforced-concrete piles, ¢ 1200 mm/L 20.5 m, which
were built by means of piling equipment inc!udmg the
vibratory grab and casing. Rate of construction 9! the
piles three pieces per five work days was achieved.
Heads of piles were interconnected by a rectangular
reinforced concrete block with measures 11.8 x 5.5 x 2.0 m.
Number of piles designed and their loading capacity was
verified (in advance) by loading tests of three piles of the
support No. 2.

Number of tests resulted from the fact that values t_:f
loading curve regarding the second pile tested were in
comparison with the first one unfavourable. Hesults_ of
the tests were used for determining the vertical loading
capacity of piles 10 m long. This capacity represqnts
the actual effective length of the load-bearing piles
of the abutment No. 2 after reconstruction of the canal.
Statical tests of the piles were carried out by VU.IS-
Zakladanie SRO Bratislava by the method of strutting
the upper part of devided piles against theif lower
part. The loading curves of the full length pn!as. as
well as the cumulative loading curves representing the
loading capacity of the 10 m long piles can be seen on
Fig. 4.

Abutments and piers

The abutments of the bridge were designed as wall
trapezoid-shaped elements 1.2 m thick. The systemic IS-
NOE shuttering was used for constructing the walls.
Space between the walls (3.8 m) allowed a thorough
machine compaction of the embankment. :

Shafts of the piers with rectangular cross section
8.0 x 2.2 m were oriented in direction of the canal flow.
On the other hand, the abutment caps providec_i the
perpendicular supporting of the superstructure. This re-
lative angular displacement of the shaft and abutment
cap axes has given to the piers an interesting appear
ance.

e —
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Obr. 5. Betonaz segmentu vahadla nad pillerom 3
Fig. 5. Erektion of cantilever No. 3

vahadla s konzolovym vyloZenim 36,5 m, ktoré sa vza-
jomne spojili dobeténovanim uzatvaracieho dielu dizky
5 m. Nad krajnymi podperami sa &ast nosnej kon&trukcie
dokonéila na pevnej skruzi PIZMO. Na letmu betona? sa
pouzilo zariadenie BRIDGEBUILDER s upravenou
konstrukciou debnenia, ako pri vystavbe mosta cez Dunayj
pri Lafranconi v Bratislave. Nosna konstrukcia ma vysku
prierezu nad piliermi 2 a 3 — 4,2 m, ktor4 sa plynule
ZniZuje az na 2,3 m.

Priestor navodnej strany piliera 3 by len s tazkostami
dovoloval ,Start" letmej betonaZe obvyklym spésobom.
Preto v ramci vyrobnej pripravy objektu bolo prijaté ne-
typicke rieSenie, ktoré sa nasledne Uspesne realizovalo
(obr. 3 a 5).

Na podpernej skruzi sa vybudoval zarodok pre letmu
betonaZ s nerovnakou diZkou od osi piliera. Dizka zarod-
ku z navodnej strany umoznila ,lsporne” riedif zriadenie
stabilizatnych podpier a osadenie jedného vozika pre
letmd betonaZ. Pomocou vozika sa zriadila &ast nosnej
konstrukcie, zabezpe&ujica jednak jeho symetriu, jednak
potrebni dizku na osadenie aj druhého vozika. Vznikol
symetricky stav na realizaciu letmej betonaze obvyklym
spdsobom. Takto sa vyhotovili vahadla so Siestimi dvo-
jicami segmentov diZok 5 m nad pilierom 2 a 3. Prie-
merna rychlost vystavby dvojice segmentov dizky 5 m
bola 10 dni, pritom rekord predstavoval vyhotovenie
dvojice za 6 dni. Zmonolitiiovacia &ast medzi vahadlami
mala dizku 5 m, takze pri jej vyhotoveni sa s vyhodou
uplatnilo zariadenie pre letmu betonaz (vozik). Debnenie
nesené kon$trukciou vozika sa pripevnilo cez vopred
zriadené stavebné upravy na koncoch protifahlych seg-
mentov. Pred betonazou uzatvaracej Zasti musel vozik
(bez debniacich dielcov) zo statickych dévodov cuvnut
Smerom k pilieru. Po zmonolitneni stredného pola, pred-
ppuh’ kablov v spodnej doske, presiel vozik nasadeny nad
pilierom 3 z navodnej strany po konstrukcii k pilieru 2.
Tam sa totiz mohol vozik zdemontovat jednoduchym spd-
sobom. Price na nosnej konstrukcii pokracovali jej dobu-
dovanim nad oporu 1 a 4 pouZitim pevnej podpemnej skruze.

Materialy nosnych &asti mosta:
= betén kvality C 25/30 na zaklady a drieky podpier a C

30/37 na (lozné prahy podpier, nosnu konstrukciu;
= betonarska vystuz kvality 10 425 — zelezobeton spod-
nej stavby komplet, priena nosnd a pozdizna
konstrukéna, vystuz nosnej konstrukcie;
~ Predpinacia vystuz - predpinacie jednotky nosnej
konstrukcie z 12 ¢ Ls 15,5/1800 s paralelnym usporia-
danim v kotve typu PROJSTAR CH-12/ZRP.

MATERIALY, TECHNOLOGIA, REALIZACIA

Superstructure

Cantilever balanced method was used as a technology
of construction of the superstructure. Thus, symmetrical
balance girders with cantilever of 36.5 m were construc-
ted above the piers No. 2 and 3. These were intercon-
nected by the closing element 5 m long. Part of the
superstructure in the direction of the abutment supports
was finished on the falsework ,PIZMO". The equipment
~BRIDGEBUILDER" with adjusted shuttering was used
for cantilever balanced method of concreting, as in the
case of Lafranconi Bridge over the river Danube in Bra-
tislava. Above the piers No. 2 and 3, the superstructure
has a cross section depth of 4.2 m which is gradually

decreasing to 2.3 m.

The space on the guide side of the pier No. 3 would
only with difficulties allow to ,start" concreting by the
cantilever balanced method in conventional way. There-
fore, a special solution was adopted during the construc-
tional preparation which was subsequently implemented
successfully (Fig. 3 and 5).

The ,starting part* necessary for concreting by the
cantilever balanced method with unequal length from the
pier's axis was constructed on the falsework. Length of
this ,starting part“ on the guide side of the pier allowed
an ,economical” solution to be implemented for the con-
struction of stabilizing supports and for mounting of one
of the travelling formworks for the cantilever balanced
method of concreting. By means of this travelling form-
work, a part of the superstructure was constructed which
ensured its symmetry on one hand, and the necessary
length for mounting of the second travelling formwork on
the other hand. Symmetrical conditions were thus creat-
ed for implementation of the cantilever balanced method
in a conventional way. The balance girders with six cou-
ples of segments 5 m long above the piers No. 2 and 3
were constructed. The average rate of construction of
the couple of segments 5 m long was 10 days, the record
was 6 days. Closing element between the cantilevers
was designed to be 5 m long. Thus, the equipment for
the cantilever balanced method (travelling formwork) was
convenient to be implemented for its construction. Car-
ried by the structure of the travelling formwork, the shut-
tering was fully gripped at the ends of the opposite
segments through constructional adjustments prepared
in andvance. Before concreting of the closing element
started, the travelling formwork had to be reversed, be-
cause of statical reasons, back to the pier. After concret-
ing of the closing element and prestressing the cables in
the lower slab, the travelling formwork mounted above
the pier No. 3 passed on the structure from the guide
side to the pier No. 2. At this place, its dismantling could
be done in an easy way. Finally, the part of the super-
structure above the supports No. 1 and 4 was construct-
ed using the falsework.

Materials of the structural parts of the bridge:

— concrete C 25/30 — foundations and shafts of the piers,
C 30/37 — pier and abutment caps, superstructure;

— concrete reinforcement 10 425 — all reinforced concrete of
the substructure, transversal load-bearing and longitu-
dinal structural reinforcement of the superstructure;

— prestressing steel — prestressing units in the super-
structure 12 ¢ Ls 15.5/1800 with parallel arrangement
in an anchor of type PROJSTAR CH-12/ZRP.
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Segmentové mosty na dialnici D61/D1
Precast segmental bridges on the highway D61/D1

Jan GREGUS

segmentovych mostov su na Slovensku
:ﬁ:ﬂﬁﬂ ueig od r. 1964. Doprastav vybudoval pre
segmentovu technolégiu vyrobu segmer!:fm; v:
bunkich a pre montaZ zabezpecil jednou :o s
zavéZacie montaZne zariadenie pre segment;! mok
nosti 60 t, s rozpatim pola max. 60 m. Pnspev:ni
opisuje dva mosty na obchvate Trencina na fﬂan:‘ c
D61/D1 s pouiitim volnych kablov vo vnutri ko-

morového nosnika.

Technolégia vystavby nosnych kon3trukcii mostov 4;
prieéne delenych prvkov je vo svete znama .uz vyse :
rokov. Prvé mosty stavané touto techng!ég:ou na Slo-
vensku pochadzaju zo 60-tych rokov a su len o 1_0 rokov
miad&ie ako znamy most Choisy le Roi v PariZi. .

Najva&si rozmach dosiahla seqmentové technologia
letmej montaZe nosnych konStrukca[ mostqv na prelomg
70-tych a 80-tych rokov, kedy boli pouzité dﬁrpyseln
montaZne a zavaiacie jednoucelové mechanlzn_ry a
vyuZivanie externého predpatia. Zaroven sa' viak opjayu-
ju aj niektoré poruchy vyplyvajlce z chypnych_ slattckycﬁ
a konstruk&nych riedeni, napr. vplyv .rqzdtelnel teploty pri
vyrobe segmentov a ich montaZi a jej vplyv na konta!:t.l—
nos{ stykovej $kary. Vyvojom presla sggmentova tech-
nolégia aj na Slovensku. V prispevku je 'opisana tech.-'
nolégia vyroby segmentov a montaz nosnych koni-‘.trulfcu
a jej aplikacia na dvoch dialni&nych mqstopr}. ktoré su v
sGéasnosti (r. 1996) vo vystavbe na dialnici D61/D1 pri
Trenéine.

Vyroba segmentov

menty sa vyrabaju vo vyrobni v Komarne vo dvpch
ﬁreui?reaémych ‘l?:mkovych formach. Univer_zalnost lk\{ne v
moZnosti vyrabaf segmenty v troch vySkovych velkostiach
230, 265 a 300 cm pri Sirke hornej dosky 1 07_’7 az
1 602 cm. Segmenty su jednokomdrkové s 'hrubkou
stien 38,2 a 50 cm, dolnd doska mdZe matf hribku 20,
25, 30 a 35 cm. Dizka segmentov je konstantna 220 cm
a je limitovana zdvihacim zariadenim vo vyrobni ana
montaZi max. hmotnosfou segmentu 60 t. Obmedzulucup
prvkom vyroby je aj pddorysné zakrivenie nosnej
kon&trukcie mosta, ktoré nesmie klesnuf pod R = 350 m.
Atypickymi segmentami si nadpodperové a oporove
segmenty, ktorych hmotnosf pri dizke 220 cm by pre-
siahla limit 60 t. RieSenim bolo rozdelif nadpodperovy
segment na dve Casti zvislou rovinou v osi uloiepia:

Tieto segmenty sa potom vyrabaju v tych istych
formach, ale v dizke 150 cm. Désledok rozdelenia nad-
podperového prieénika bolo treba staticky analyzovaf,

Ing. Jan Gregu$ — Doprastav, a. s. Bratislava-Petrzalka.

ogies of construction of the segmental brid-
;::h:::egbeon domesticated in Slovakia since 1964.
In order to implement the segmental technology,
Doprastav started production of segments in cells
and provided a launching girder for erecting the
segments with weight up to 60 tons, for spans of up
to 60 m. Two bridges with application of unbonded
cables inside the box girder constructed on the by-
pass highway at Trenéin, on the Highway D61/D1,
have been described here.

hnology of construction of the bridges' superstruc-
Ler:s fro%y transversally devided segments'has _been
known in the world for more than 40 years. First bridges
constructed in Slovakia using this technology date back
to 1960s and are only 10 yearspyopnger than the well

isy le Roi Bridge in Paris.

km‘l“yr?eCsl:amgmyental cantilever ba!anch mgthod of erect-
ing the bridges' superstructures hadllts.buggest boom at
the end of the 1970s and at the beginning of' the 19.805.
At that time, ingenious erecting and Iaum_;hmg devuc;es
were being used and an external prestressnn_g was being
implemented. However, some defects resulting from !he
faulty statical and structural solutions have bepn occuring
at the same time, caused for example by an influence of
temperature differences during the production and erec-
tion of the segments and by the influe'nce of these tem-
perature differences on tightness of joints. Tha segmen-
tal technology was developing also in Slovakla.. The lec:-
nology of producing the segments and erecting off tlhiz
superstructures, as well as the 1mplementat|on 0 -
technology at the two highway bridges currently (19 : )
under construction on the Highway D61/D1 near Trenéin,
has been described here.

Production of segments

The segments have been produced at the produc.:tlor]
plant in Komarno, in two universal cell forms. The umver-
sality is based upon the possibility to produce the ser?
ments of three heights, 230, 265 and 300 cm, at t’g
upper slab width of 1077-1602 cm. The segments am
box segments with thickness of webs 38.2 and 50 % ;
and with thickness of the lower slab 20, 25, 30 and ;
cm. Length of the segments is constant a} 220 cm annt
is limited by loading capacity of an elevating equmeith
in the production plant which can carry segments ‘:{on
maximum weight of 60 t. Limiting factor in tﬁe pfoduc ler-
is also a ground plan curvature of the bridge’s sup 4
structure which cannot fall below R 350. m. Atyplsts
segments are located over pier and suppo'mpg segg‘lﬁi .
the weight of which would exceed the_ limit of 6t it
length of 220 cm. Therefore, the over pier segmen
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dalej vyriesit prechod externych predpinacich jednotiek
cez kontaktnu Skaru (ich plynulost a spojitosf) a zabez-
petit kontaktnost stykov Skary pri montazi,

Optimalnym vyrobnym cyklom je pat beZnych seg-
mentov za pracovny tyZdei vo dvoch forméch, t. |. jeden
segment denne. S prihliadnutim na realne vyrobné tole-
rancie bunkovych foriem sa jedno mostné pole vyraba v
tej istej forme, CiZe kazda konzola montovaného vahadia
v inej forme. Pri niZSich teplotdch sa mézu formy vy-
hrieval parou s tlakom 1 MPa a teplotou 120 'C.

Segmenty sa vyrabaji z beténu pevnosti 50 MPa,
ocelova vystuZ hornej dosky, stien a dolnej dosky z ocele
10 425, kablové kandliky st z krepovanych rirok ¢ 80
mm, ktoré su polas betonaZe a tvrdnutia beténu
vystuzené nafukovacimi hadicami. Geometria segmentu
sa sleduje a kontroluje v dvoch fazach. v prvej faze sa
hotovy segment, sliZiaci ako kontaktné &elo pre vyrabany
segment, nastavi smerovo a vyikovo podla pokynov
geodeta na zaklade teoreticky vypoéitanych hodnét. Po
vybetonovani a odformovani segmentu sa znova zame-
raju pevne osadené znalky v segmente, odchylky sa
zapiSu do protokolu a sliZia na tpravu a korekciu na-
stavenia daldieho segmenta a na korekciu hodnét pri
montazi.

Hotové segmenty sa z vyrobnej haly vyvazaju na
skladku, kde dozrievaji minimalne 28 dni. Na miesto
montaZze sa segmenty dopravuju kombinovanou dopra-
vou po Zeleznici a pozemnych komunikaciach.

Montaz segmentov

Segmentova nosna konitrukcia mostov sa na stavenisku
montuje jednou&elovym zavazacim zariadenim ocelovej
konstrukcie MS-1 DPS. Celkova hmotnost zariadenia je
145t a zahfiia hlavny priehradovy nosnik dizky 94 m, tri
podpery (nohy) a montazny vozik (macka). Stredna pod-
pera s hlavnym nosnikom tvori pevny celok, ostatné
Podpery su vzhladom na hlavny nosnik pohyblivé a
umoZfiuju ,kréanie" celého montazneho zariadenia. Montas
Segmentov nezavisi od terénu; zariadenie sa pohybuje
Po pilieroch a uz zmontovanej nosnej konatrukcii. Spésob
montaZe je tzv. vahadlovy, segmenty sa montuju ako
symetrické konzoly od piliera na obidve strany. Nadpod-
porove segmenty a 1. par beZnych segmentov sa osadia
montaZnym zariadenim na podpornu skruZz a vzajomne
Sa predpnu. Potom sa tato éast nosnej konstrukcie, tzv.
zarodok, nastavi smerovo aj vyskovo do projektom pred-

Obr. 1. Vysuvny zavazaci most MS-1 DPS
Flg. 1. Launching girder MS-1, DPS

MATERIALY, TECHNOLOGIA, REALIZACIA

devided by a vertical plane in an axis of supporting into
Iwo parts. These segments have been produced in the
same forms, however, in length of 150 cm. The conse-
quences of such a division of the over pier cross beam
had to be statically analyzed. Furthermore, crossing of
the external prestressing units through the joint had to be
designed, and tightness of the joint had to be ensured
during the erection.

Optimal production cycle is five current segments per
working week in two forms, i.e. one segment a day.
Taking into account the real production tolerance of the
cell forms, the rule is that one span is produced in the
same form, i.e. each cantilever of the erected balance
beam in different form. At lower temperatures, the forms
can be heated by the steam of 1 MPa pressure and
120 "C temperature.

The segments have been produced from concrete
C 50. Steel reinforcement of the upper slab, of the webs,
and of the lower slab is of the quality 10 425. Cable ducts
have been made of pipes ¢ 80 mm which are during the
concreting and hardening of the concrete reinforced by
inflatable hoses. Geometry of the segments has been
observed and checked in two stages. In the first stage,
the height and direction of the finished segment serving
as a contact face for the segment under production is
adjusted according to instructions of surveyor, on the
basis of theoretically calculated values. After the seg-
ment is concreted and the form removed, the fixed signs
on the segment are measured again and deviations are
recorde. They serve for the adjustment and correction of
setting up the further segment as well as for correction
of values during erection of the segments.

Finished segments have been transported from the
production hall to the storage site where they mature at
least 28 days. To the site of assembly, they have been

transported by a combined transport, by railway and
road.

Erection of the segments

The segmental superstructure is erected by means of a
single-purposed launching girder MS-1 DPS at construc-
tion site. Total weight of the facility is 145 t. It consists
of the main truss beam 94 m long, three supports, and
an erecting crab. The mid-support and the main girder
represent a fixed unit, other supports are movable in
relation to the main girder and they enable moving of the
whole erecting equipment. Erection of
the segments is independent of
ground, the equipment moves on piers

and on an already erected superstruc-

ture. A so-called balanced way of

, s | erecting has been implemented at

ATO0O + A7
9.000
3o 16000 15000 12000 ®00m ¢ 1600

which the segments are erected as

symmetrical cantilevers into the both
directions of the pier. The over pier
segments and the first pair of current
segments are erected on the false-
work by means of launching erection
girder, and then they are mutually pre-

stressed. Afterwards, this part of the
superstructure, also referred to as a

L___m_ £2000 L A7000

} germ, is adjusted to the position re-

quired by design. Further segments
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®

are assembled by the cantilever balanced
method. They are transported to the erect-
ing equipment on the finished superstruc-
ture, or under suitable conditions it is also

.,

—_® © © ©

T [ ronan it o possible to elevate them from ground.
- w2 =2 %2 12 Before attaching the segment, polymer
s PR T g bond is applied to the joint, and the seg-

ment is temporarily attached to the fin-

Obr. 2. Most cez cestu /61 a Zelezniénu traf — pozdiZny rez

Fig. 2. Bridge over the Road /61 and over the railway line - longitudinal section

pisanej polohy. Nasledujuce segmenty sa uz montuiﬂ_
letmo. PrivaZaju sa k montaznemu zariadeniu po hotovej
nosnej kontrukcii; pri vhodnych podmienkach ich moZno
dvihat aj z terénu. Pred pripnutim segmentu sa na kon-
takinu Zkaru nanesie epoxidovy tmel a segment sa k
hotovej tasti doasne pripne predpinacimi ty¢ami CPS-
32 kvoli vytvoreniu potrebného rovnomerného tlaku v
celej $kare potas vytvrdzovania epoxidového tmglu.
Nasleduje navieGenie predpinacej vystuZe do kablovych
kanalikov a definitivne predpétie kablami 1. fazy. Sudrzné
predpinacie kable tejto fazy sa skladaju z 12 lan
Lp ¢ 15,5 mm/1800 MPa, kotevny systém je MONOs -
2 400 kN. Po zmontovani celého vahadla sa vybeténuje
uzatvaracia vystuZena $kara a celé vahadlo sa pripne k
predtym zmontovanej &asti kablami 2. fazy, vedenyr.ni‘v
dolnej doske segmentov. Systém predpatia a kotvenia je
totoZzny s kablami 1. fazy. Obidve skupiny kablov sa
potom injektuji cementovou maltou a preberaju uginky
staleho zataZenia. Na prenos pohyblivého zafaZenia,
Ginkov dotvarovania, zmrasfovania a teplotnych zmien
si uréené kable 3. fazy. Prechadzaju vo vnutri ko-
morového prierezu cez deviatory a su zakotvené v
prieénikoch nadpodperovych segmentov. Toto externé
predpétie ako volne vedené kable tvori 18 holych lan
Lp ¢ 155 mm/1800 MPa uloZenych v polyetylénovej
rirke ¢ 125 mm. Kotevny systém sa sklada z kotiev
SOLO -3 800 kN s dvojstupfiovymi roznasacimi doska-
mi. Lana sa napinaji jednotlivo napinacim zariadenim
PAUL. Na overenie vhodnosti tohto spbésobu napinania
boli na niektorych kabloch v troch miestach nain3talované
magnetoelastické snimace typu H 125 HC, na meranie
zmeny napatosti v kabli so zakladnou presnosfou +5 %.

Obr. 3. Most cez cestu /61 a Zelezniénu traf — prieény rez

Fig. 3. Bridge over the Road 1/61 and over the raliway line - cross

ished part of the superstructure by pre-
stressing bars CPS-32 in order to provide
the uniform pressure necessary all along
the joint during the hardening of the polymer bond. Setting
up of the prestressing steel into the tubes and final
prestressing of the first stage cables follows. Bonded
prestressing cables of the first stage consist of 12 strands
Lp ¢ 15.5 mm/1800 MPa. Anchoring system MONOs-
2400 kN is used. After assembly of the entire balance
girder, closing reinforced joint is concreted and the entire
balance girder is attached to the part of the superstruc-
ture erected before by cables of the second stage which
are being led in the lower slab of the segments. Pre-
stressing and anchoring system is identical with that of
the first stage. Both groups of cables are then grouted
by cement mortar and they take over the effects of
permanent load. The third stage cables are designed to
carry a live load and effects of creeping, shrinking and
changing temperature. They are being led through the
deviators inside the chamber cross section and are an-
chored into the over pier segments' cross beams. This
external prestress (unbonded external prestressed ca-
bles) is provided by 18 strands Lp ¢ 15.5 mm/1800 MPa,
embedded in polyethylene pipe ¢ 125 mm. Anchoring
system consists of anchors SOLO-3600 kN with two-
stage anchor plates. The strands are prestressed individ-
ually by prestressing device PAUL. In order to verify
sufficiency of this way of prestressing, magnetoelastic
sensors H 125 HC were installed at three positions on
some cables capable of measuring the changes of cable
stress with basic uncertainty of +5 %. The strands were
prestressed in three stages (10, 50, and 100 % of pre-
stress). Results of the experiment confirmed the reliabil-
ity of prestressing of the unbonded cables, by each
strand prestressed individually. After tensioning of the
cable, inner space of the polyethylene pipe was
grouted with cement mortar. Optimal speed of
erection of each balance beam including germ
rectification, concreting the closing joint, and pre-

stressing the first and second stage cables is

one month by one shift a day.
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Bridge over the Road 1/61 and over
a railway

This bridge is the first of two segmental bridges
at the Tren&in section of the Highway D61/D1
which is a part of European Highway Line E 75.
The highway at this area is crossing the Road
I/61 and the railway line Bratislava-Zilina under
an angle of 25 degrees. The highway bridge was

designed as two separate bridges, having mutu-
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ally shifted position, with spans 34.20 + 3 X
56.20 + 34.20 m and with clear width atop of the
bridge 2 x 11.75 m. Total length of the bridge
is 257 m. The bridge has a horizontal radius of
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Obr. 4. Most cez Vih - pozdizny rez

MATERIALY, TECHNOLOGIA, REALIZACIA

Fig. 4. Bridge over the River Véh - longitu-
dinal section

Lana sa predpinali v troch etapéch (10, 50 T
a 100 % predpatia). Vysledky experimen- LA

1
LS

c
1
I I I
5

! |
+ 314 p S0

tu preukazali spolahlivost predpinania
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volne vedenych kablov po jednotlivych
lanach. Po napnuti kabla sa vnatorny pries-

tor polyetylénovej rurky zainjektoval cementovou maltou.
Optimalna rychlost montaZe jedného vahadla véitane rek-
tifikécie zarodku, vybeténovania uzatvaracej $kary a pred-
patia kablov 1. a 2. fazy je jeden mesiac v jednej pra-
covnej smene.

Most cez cestu 1/61 a Zelezniénd traf

Je to prvy z dvoch mostov s nosnou kon&trukciou mon-
tovanou zo segmentov v dialniénom Gseku D61/D1 pri
Trenéine, kiory je suéasfou eurépskeho cestného fahu
E75. Trasa dialnice v tomto mieste kriZuje cestu 1/61 a
Zelezniénu traf Bratislava—Zilina pod uhlom 25", Dialniény
most je rieSeny ako dva navzajom posunuté samostatné
mosty s rozpatiami poli 34,2 + 3 x 56,2 + 34,2 m a volnou
Sirkou na moste 2 x 11,75 m. Celkové dizka mosta je 257
m. Most je smerovo situovany v obliku s polomerom
R =1 600 m, niveleta na moste je v zakruZovacom
obliku A = 15 000 m. Spodnu stavbu tvoria gravitaéné
krajné opory a medzilahlé podpery kruhového prierezu
¢ 2 m s dloZnym prahom. ZaloZenie mosta je plo&né v
Strkopieskovom horizonte. Segmentova nosn4 konétrukcia
konstantnej vysky je zo segmentov vySky 300 cm s
Sirkou hornej dosky 1 327 cm a dolnej dosky 550 cm.
Dosiahnutd vysok& presnost zmontovanej nosnej
konstrukcie umozZnila vylaéit pévodne navrhovany vy-
rovnavaci betén a izolacia mostovky je poloZena priamo
na nosnu konstrukciu. Most bol dokon&eny v r. 1995.

Most cez Vah

Dialni¢né premostenie rieky Vah a prilahlej inundéacie
tvori dvojica sibeznych kolmych mostov, navzajom
posunutych priblizne o 1/4 pola. Celkova dizka mosta je
500,8 m, rozpatia poli su 28,4 + 43,2 + 49,8

R = 1600 m and a vertical curve radius of A = 15000 m.
Its substructure consists of gravitational abutments and
of intermediate piers with circular cross section ¢ 2.0 m
and with a pier cap. Foundation of the bridge was built
by means of spread footing in a gravel-sand level. Seg-
mental superstructure of constant depth was assembled
from the segments 300 cm high with upper slab width of
1327 cm and lower slab width of 550 cm. High accuracy
of the erected superstructure allowed to cancel the ini-
tially designed levelling concrete and the insulation of the
bridge was laid directly onto the superstructure. The
bridge was finished in 1995.

Bridge over the River Vah

Highway bridge over the River Vah and its inundation
area was designed as a couple of parallel bridges with
mutually shifted position by c. 1/4 of a span. Total length
of the bridge is 500.8 m, spans are 28.40 + 43.20 +
49.80 + 4 x 57.40 + 52.00 + 49.80 + 32.80 m. At the
place of crossing the river Vah, the highway line has
been led in two conventional curves with R = 2000 m and
R = 3500 m, with inflection point at the 7-th span. Vertical
alignment on the whole length of the bridge is 5 %.
Intermediate supports were designed as circular ones
¢ 3.0 m, with pier caps. Atop of the supports, the super-
structure is supported by a couple of pot bearings. Part
of the substructure has been constructed on the spread
footings, another part on the large diameter piles ¢ 1.22
m. Superstructure segments are 300 cm high with upper
slab width of 1365 cm and with lower slab width of 600
cm. At present, the bridge is in an advanced stage of
construction, first half of it is expected to be put into
operation at the end of 1996.

55 X 574 + 52 + 498 + 32,8 m. Trasa
dialnice v mieste krizovania rieky Vah vedie vo

nrs o "5

dvoch protismernych oblikoch s R =2 000 m
aR =3 500 m s prechodnicami s inflexnym
bodom v 7. poli, niveleta v celej dizke mosta
stipa +0,5 %. Medzilahlé podpery su navrh-
nuté ako kruhové stipy priemeru ¢ 3 m s

UloZnym prahom a krajné opory ako &lenené
Presypané. Nosna kontrukcia je na podperach
uloZena na dvojici hrncovych lozisk. Cast spod-
€] stavby je zaloZena plodne, &ast na
vefkopriemerovych pilétach ¢ 1,22 m. Seg-

menty nosnej konstrukcie maiji vy&ku 300 cm,
Sika hornej dosky je 1 364 cm a dolnej dosky

600 cm. v §06asnosti je most v Stadiu rozpra-
C_O\_fama, pri¢om s premavkou po jednej polo-
Vici sa uvaZuje koncom roka 1996.

Obr. 5. Most cez Vah — prieény rez
Flg. 5. Bridge over the River Vih - cross section

———
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O. 6. ontﬁ mosta ceu 1/61 a Zelezniénu traf
Fig. 6. Erection of the bridge over the Road I/61 and over the
rallway

Zaver

Napriek vyhradam urgitych skupin odbornikov v niektorych
&tatoch ma segmentova technologia svoje opodstalneme
a ekonomicky konkuruje pri dihych mostoch aj inym tech-
nolégiam najma velkou rychlostou vystavby. Prezentovana
technolégia umoZiuje vystavbu priamych i zakrivenych
mostov s polomerom va&3im ako 350 m, pri sklone nive-
lety do 4 % a max. dizke pola 60 m. Segmentova tech-
nolégia je na Slovensku zviadnutd na dobrej teoretickej
i realizaénej drovni a pri predpokladanej intenzivnej
vystavbe dialniénej siete sa bude pri vystavbe mostov
vyuZival.

Zagastnené organizacie:
- investor: Slovenska sprava ciest, Bratislava,
- projekt: Geoconsult, s. r. o. Bratislava,
- realizacia: Doprastav, a. s. Bratislava.

Obr. 7. Montaz mosta cez Vah
Fig. 7. Erection of the bridge over the River Vah

Conclusion

Despite objections of certain groups of experts in some
countries, the segmental technology has been well-es-
tablished and in the case of the long bridges it is from
the economical viewpoint competitive with other technol-
ogies, particularly with regard to the speed of construc-
tion. The above presented technology allows construc-
tion of the straight and curved bridges with radius greater
than A = 350 m, with vertical alignment of up to 4 % and
with span length of up to 60 m. Segmental technology in
Slovakia has been theoretically and practically well-mas-
tered and in the case of expected intensive construction
of the highway network it will certainly be used at con-
struction of the bridges.

Partnership:
— Investor: Slovenska sprava ciest, Bratislava,
— Design: Geoconsult SRO, Bratislava,
— Contractor: Doprastav AS, Bratislava.
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Most cez Vah a elektrarensky kanal pri Beckove
Bridge over the Vah River and the Vah Channel near Beckov

Miroslav SAGATH

Sucasfou dialniéného prepojenia sever-juh je v
sucasnosti budovany usek dialnice D61 Nové Mesto
nad Vdhom-Chocholnd. Jeho najvyznamnej$im ob-
Jektom je most cez Vah a elektrdrensky kanél pri
Beckove, ktorym by sa malo za¢af obdobie vyrazného
rozvoja vystavby dialniénych mostov.

The section of the D61 highway Nové Mesto-Cho-
cholné, already under construction, is the part of
European highway connection North-South. The most
important object of this highway section is the
Bridge over the River Véh and the Vdh Channel near
Beckov. The bridge should be start of large devel-

FR opment of bridge constructio Slovak :
Diafnica D61 Bratislava—Trenéin je stasfou medzinarod- < 19N O ERNK highweys

ného fahu E75 a Transeuropskej magistraly sever-juh.
Jej dobudovanim sa prepoji dialnica na D1 na me-
dzinarodnu dialni¢nd sief aj v smere zapad-vychod.
Usek Nové Mesto nad Vahom—Chocholnd spaja dve
najvacsie sidla oblasti, a to Nové Mesto nad Vahom a
Tren&in (obr. 1).

Highway D61 Bratislava — Trené&in is the part of the
international motorway E75 and TEM — Trans European
Motorway North-South. The connection of both commu-
nications will be finished by its construction and conse-
quently it will be connection of Slovakia to the internatio-
nal traffic network East-West. The location of the high-
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Qbr. 1. Trasa dialnice D61 a D1

m Diafniéné fahy
% Fig. 1. Routing of highway D61 and D1

Tunely na trase dialnice
2 @ Tuney

Program rozvoja dialnic, ktory sa zagal realizovaf od
roku 1995, znamenal ne&akany narast potrieb stavebnych
kapacit, v prvej etape hlavne projektovych. V siéasnosti
sa kladie doraz na vyuZivanie existujlcich technolégii
vystavby. Snahou projektantov bolo zaviest do
csvedéanych postupov vystavby nové prvky, ktoré vytvo-
ria predpoklady na zniZenie pracnosti a zvySenie kvality
realizovaného diela. Daldim délezitym kritériom bol &as
vystavby a spotreba materialov pri realizAcii.

way D61 is in the area with the busiest traffic in Slovak
Republic. The section Nové Mesto nad Vahom—Chocholna
connects two largest towns located in the area; Trenéin
and Nové Mesto nad Vahom. The area is one of the most
settled and economically developed in Slovakia with
possibility of its further development (Fig. 1).

The implementation of highway development pro-
gramme started in 1995 and brought an unexpected
increased demand for construction capacity, at first stage
for consultant's and design's work. A comeback of con-
struction companies that were heavily restructuralized
during last few years is not so fast. There is a universal
Zakladanie mosta je navrhnuté plodne, pri brehovych effort in Slovakia to exploit existing technology. Desig-
Podperdch pod ochranou &tetovnicovych stien, pri  ner's endeavour was to introduce a new approach and
ostatnych v otvorenych stavebnych jamach. elements to the previous and verified methods of bridge
construction. Further, there is a demand for decreasing
of labour consumption and in the same time for increas-
ing of construction speed and quality of workmanship.

Spodna stavba

Ing. Miroslav Sagéth — MOSTA, s. r. 0. Bratislava.

e
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A wl W ml Em MR AN | an I s e l ne L] l L | e l Obr. 2. Most cez

10 Vah a elektrarensky

r I l I ‘ I '\ Z kanal Vahu pri
= A Beckove

a - pozdizny rez,
b - prieény rez
inundaéne| castl,

c - prieény rez let-
mo beténovanym
mostom

Fig. 2. The bridge
over river Vah and
the channel near
Beckov

a - longitudinal sec-
tion, b - cross sec-
tion of Inundation
part, ¢ — cross sec-
tion of free canti-
lever bridge

Krajné opory su navrhnuté ako presypané, vytvorené
dvojicou stien. BetonaZ uloZného prahu prebieha na pra-
covnej plodine, ktora vznikne po dosypani nasypu do
urovne spodnej hrany prahu.

Medzilahlé podpery sa skladaju z drieku kruhového
prierezu priemeru 4 m a z ulozného prahu. UloZné prahy
su pooto&ené pod réznymi uhlami tak, aby boli navzajom
rovnobeZné i napriek vedeniu trasy v obliku. Priegny
skion prahov je premenlivy v zavislosti od pootogenia
podpery. PodloZie pod zakladmi podpier na brehu rieky
Vah je spevnené cementovou injektazou do urovne
55 m pod spodnu hranu zékladovej dosky. Injektaz
zmenduje sadanie podpier a chrani podzakladie pred
pripadnym erozivnym G&inkom pridiacej vody v rieke.

Nosna konstrukcia

Celkova dizka mosta je 702 m, z toho 9 inundagnych poli
tvori 366 m (ich rozpéatia su premenlivé 40,1 az 416 m)
a letmo beténované 4 polia tvoria 336 m konstrukcie (71
+ 1025 + 102,5 + 60 m), obr. 2.

Prie&ny rez inunda&nej casti je rieSeny ako spriahnuty
vyky 2 m. Tvoria ho atypické prefabrikované nosniky z
beténu B500, vydky 1 800 mm a spriahajica doska z
B450 priemernej hribky 200 mm. Osova vzdialenost
nosnikov je 1 450 mm. Predpatie prefabrikovanych
nosnikov tvori &esf kablov 7 ¢ Ls 15,5/1800, napnutych
na kotevné napéatie 1 430 MPa. Zmonolitnenie jednotli-
vych poli inunda&ného mosta je realizované len mostov-
kovou doskou. Nadpodperové momenty su zachytené
makkou vystuZou v doske.

V pozdiznom smere sa doteraz pouZivané bezdi-
lataéné spojenie poli prostrednictvom fahadla v hornej
doske nahradilo tuhym prieénikom a fahovou vystuZou
spriahajucej dosky nad nim. Aby sa zachovala jednodu-
chéa technolégia montaZe nosnikov, v statickom vypocte bolo
zohladnené uloZenie kaZdého nosnika na dvojici loZisk.

Prie&ny rez letmo beténovanej €asti ma tvar uzavretej
kombrky. Jej vyéka sa meni od 3 m nad krajnymi oporami
do 6 m nad medzifahlymi podperami. Predpatie nosnej
kon&trukcie zabezpeéuiju tri druhy kablov s predpinacim
napatim 1 430 MPa:

Substructure

Foundation of bridge is designed as shallow. The sup-
ports close to the bank will be built under protection of
sheet pilling and the rest in open construction pits. Abut-
ments are designed as overfill, created by couple of
walls. Concreting of bearing beams was done on plat-
form built on an embankment under the beams. Piers are
created by a circle column with diameter four meters and
bearing beams from reinforced concrete. The bearing
beams are revolved to be always parallel when the align-
ment of highway is in a curve. Slope of bearing beams
varries depending on support rotation. Subsoil will be
consolidated by cement grouting under the supports close
to the bank of the River Vah on the level 5.5 m below
foundation. The grouting should decrease settlement of
the supports and protect eventual erosion effects of the
river.

Superstructure

Total length of the bridge is 702 m; nine fields of flood
bridge have the length 366 m together (spans vary from
40.1 to 41.6 m) and four span bridge built by free can-
tilever method has length 336 m (71 + 102.5 + 102.5 +
60 m) see Fig. 2. Cross section of flood bridge is de-
signed as a composite structure with two meters depth.
It is created by atypical precast girders of prestressed
concrete B50, with depth 1800 mm and composite slab
with thickness 200 mm. The spacing of precast girders
is 1450 mm. They are prestressed by six tendons 7 ¢_L5
15/5/1800 to anchorage stress 1430 MPa. Precast gird-
ers are connected through slab and the support mo-
ments are covered by reinforcement steel. The useé 9'
integral bridges that do not require expansion joints 1
improved by rigid cross beam and tension steel in com-
posite slab over supports. Due to simplification of girder
erection designer decided to place each girder on couple
of bearings. '

Cross section of part built by cantilever method 5
designed as a box girder. Its depth varies from ﬂ_"99
meters over abutments to six meters over the piers:
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— interné kable v hornej a dolnej doske prieéneho rezu
sa skladaju z kablov zloZenych z 12 l4n ¢ Ls 15,5/
1800;

— externé kable vedené v komérke si zloZené z 18
bezadhéznych lan ¢ Ls 15,5/1800;

- prie&ne predpatie hornej dosky zabezpetujl jednotlivé
bezadhézne lana ¢ Ls 15,5/1800.

Technolégia vystavby

Pri vystavbe mosta boli navrhnuté dve technoldgie:

® Prefabrikované nosniky tvaru | st zakladnym prvkom
inundaénych predpoli mosta. Tento typ nosnikov sa
uspesne pouzival na Slovensku od roku 1963. Pdvodne
bol zakladnym prvkom ortotropnej mostnej dosky, neskér
sa nosniky zmonolitiovali len dodatoéne beténovanou
hornou doskou.

Novy typ prefabrikovanych mostnych nosnikov vy-
chadza z osvedZenych principov, ale vyuZiva su&asné
materidly a zasady v navrhovani. Zachovalo sa pévodné
rozdelenie materialov tak, aby sa neutrdlna os nosnika
nachadzala priblizne v strede vy3ky. Novému spésobu
zmonolitnenia sa prispdsobili obidve priruby. Vedenie
predpinacej vystuZe sa prispdsobilo pédsobeniu nosnika v
spriahnutych konstrukciach a kable sa kotvia zasadne v
gelach nosnikov. Zmeny spolu s novym pohladom na
kor6znu ochranu, realizaciu predpétia a s novym spo-
sobom zmonolitnenia mostnych poli z tychto nosnikov by
mali vytvorif systém vhodny na realizaciu estakad a
mostnych objektov s rozpatim do 40 m.

Tabulka 1

MATERIALY, TECHNOLOGIA, REALIZACIA

Prestressing of the bridge is done by three types of

tepdons with prestressing stress 1430 MPa:

— internal tendons situated in upper and bottom slab from
12 tendons ¢ Ls 15.5/1800;

— external unbonded tendons situated in box girder from
18 tendons ¢ Ls 15.5/1800;

— prestressing in cross section is realized by separated

nloTJadhesive tendons ¢ Ls 15/5/1800 situated in upper
slab.

Construction technology

There were designed two technologies for construction of
bridge over the River Vah and its canal:

® Precast |-shape girders are basic elements of the
flood bridge. These girders have been successfully used
in Slovakia since 1963. At the beginning it was basic
element of orthotropic slab bridge, later girders have
been connected through additional concrete slab only.

The new type of precast bridge girders was designed
on the basis of verified principles with an application of
new material and design approach. Former material dis-
tribution was kept to have the neutral axis approximately
in the middle of the section. Both flanges were adapted
to_new shape for better connection with composite slab.
Alignment of prestressed steel is adapted for structure in
composite action and tendons are anchored in front of
the girder. New girders, with above mentioned changes
and by new approach to corrosion protection, way of
prestressing and providing of integral bridge structure,
should create a system with span up to 40 m.

Table 1
Spotreba zakladnych materidlov Plocha
r t Betén QOcel
Economy of basic materials Area Concrete St(;eel TeL::;l:ns
(m?) (m?) (kg) (kg)
Most cez V4h pri Beckove (LB) 9 327 8
: 572 1244
Bridge over the Vah River near Beckov (LB) o e
Most Lafranconi 10 873 91
5
R 9 1 947 000 1 126 550
Most cez vaisky kanal 2 300
: 1 835
Bridge over the Vah Channel B i
Most cez Suganku 9 512 8 290
_ 1 418 000
Bridge over the Suganka River et
Tabulka 2 Table 2
Spo:reba zakladnych materialov na Max. rozpétie Betén Ocel Lana
1 m? plochy nosnej konatrukcie Max. field span Concrete Steel Tendons
Economy of basic materials per
1 m? area of superstructure (m) (m*.m?) (kg.m?) (kg.m?)
Mgst cez Véh pri Beckove (LB) 102,4 0,92 133,5 EoX
Bridge over the Vah River near Beckov (FCM) .
Most Lafranconi 174,0 0,84 %1791 103,6
|__Lafranconi Bridge .
Mgst cez vazsky kandl 78,0 0,80 147 .4 40,0
Bridge over the Vah Channel '
Mt}st cez Suéanku 92,0 0,87 149,1 456
| Bridge over the Suganka River I

ZvySené mnostvo makkej vystuZe mosta Lafranconi je ovplyvnené velkou Stihlosfou prierezu a z toho vyplyvajicou potrebou vystuZenia tlagenych

E’;‘:ﬁ' nadpodporovych prierezov. Potrebu predpinacej vystuze ovplyvnilo aj zafazenie vodovodnym potrubim.
je su prevzaté z projektovej dokumentacie a ,Zavereéného vyhodnotenia experimentainej stavby mosta Lafranconi v Bratislave®.

ncrease of mild steel quantity of Lafranconi Bridge is due to high slendemness of cross section and which caused requirement of reinforcement

In the area of pressure in support cross section.

Inf i . : : )
Ormation are taken from project documentation and ,Final evaluation of experimental Lafranconi Bridge construction”.
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Obr. 3. PozdiZne rezy

a - mosta Lafranconl, b — mosta na dialnici D61 cez Suéanku, ¢ — mosta cez Vah a elektrarensky kanal pri Beckove

Fig. 3. Longitudinal sections

a- Lafranconi Bridge, b - bridge over the River Su¢anka — highway D61, ¢ - bridge over the River Vah and the Vah Channel

near Beckov

® Letm4 betona? je druhou technolégiou pouZitou na
tomto objekte. Dodnes sa touto uspesnou technolégiou
realizovalo u nas 7 velkych objektov, najvagsich s kon-
zolou dlhou aZ 120 m (most Lafranconi v Bratislave).
Rozbor spotreby materidlov na tieto objekty vSak ukazal
velké rozdiely. | ked spotreba materidlov na m? nie je
najspolahlivej§i ukazovatel pre porovnanie dvoch
konétrukcii, predsa poskytne lepsi pohlad na objekty. Vv
riefenom pripade umoZnil zakladnu orientaciu pri na-
vrhovani konstrukcie.

Porovnanie spotreby zakladnych materidlov s
niektorymi realizovanymi objektami je v tab. 1 a 2.

Doterajsie skusenosti potvrdili niekolko zakladnych
principov zavedenych do letmej betonaZe uZ pri moste
Lafranconi:

— tvar nabehovej hrany vyrazne ovplyviiuje priebeh napati.
PouZitie nabehu v tvare paraboly 2° zniZuje pomernu
anosnosf prierezov v polovici konzoly. Pre kaZdy rieSeny
pripad je vhodné vytvorif tvar nabehovej hrany v zavis-
losti od priebehu hlavnych napati;

— vedenie kablov od horného okraja prierezu k dolnému
mimo prierez a vyli&enie vedenia internych kablov zo
stien tramov umoZfuje pripustif v tramoch Sirku trhlin
ako v nepredpatom beténe (Zelezobetone);

— zvy&ené mnoZstvo makkej vystuZe v tlatenych oblas-
tiach tramov podstatne napomaha redukovaf dihodobé
deforméacie kon3trukcie spbsobené reologickymi zme-
nami beténu.

V snahe optimalizovat spotrebu materialov a zniZit
pracnost na moste cez Vah a elektrarensky kanal Vahu
pri Beckove sme porovnavali rézne spbsoby zachytenia
napéti v tramoch a hornej doske:

- zvislé predpétie, riefené v spolupraci s Katedrou
beténovych konstrukcii a mostov STU, sice umozZnilo
znizif hribku tramu zo 60 na 50 cm, neprinieslo viak
otakavané zjednodu$enie vystavby ani celkovy Gsporu
nakladov;

— nahradou ¢asti makkej vystuZze mostovkovej dosky
predpatymi lanami sa zjednodusilo jej armovanie a
prinieslo asi 10% usporu makkej vystuZe. Okrem toho
sa zniZila Sirka trhlin mostovkovej dosky v oblasti mini-
malnych momentov, €im sa podstatne ovplyvnila kvali-
ta konstrukcie.

Technol6gia letmej betondZe bude mat i v budicnosti
uplatnenie na mnohych objektoch slovenskych dialnic.
Predovietkym v horskych oblastiach, kam smeruje
suéasna vystavba, je nevyhnutné maf overeny a spolahlivy
spbsob vystavby mostov rozpati 90 az 220 m.

@ Free cantilever method is second construction tech-
nology used for bridge construction. Seven large struc-
tures were built by this technology in Slovakia up till now.
The Lafranconi Bridge is the biggest one with cantilever
120 m long. An analysis of material usage on these
bridges showed big differences among them, see Table
1 and 2. Although the material usage per square meter
is not the most reliable indication to compare structures
built by different technology, it enables us to make the ana-
lysis from other point of view. In our case it served as
a basic orientation to make decision about design of structure.

Our experiences have already confirmed some basic
principles implemented during construction of the Lafran-
coni Bridge by free cantilever method:

— a shape of haunched edge has a big influence on
stress distribution. An application of the haunch with
parabolic shape of 2" decreases relative loading capa-
city of cross sections in the middle of cantilever. The
shape of haunched edge should be formed according
to the principal stress distribution for each structure,

— alignment of unbonded tendons from upper section to
bottom one and elimination of tendon location in girder
walls enabled designer to allow the width of cracks like
in reinforced concrete,

— increased amount of reinforcement in compression ar-
eas of beam helps to reduce long-term deformations
caused by rheological changes of concrete.

Different ways of interception of stresses in beams as
well as in upper slab were analyzed to optimize material
usage and decrease of labour consumption:

— alignment of vertical prestressing which was analyzed
in cooperation with the Department of Concrete Struc-
tures of STU in Bratislava allowed to decrease the
depth of beam from 600 to 500 mm. However it did not
bring expected construction simplification as well as
any significant cost saving,

— replacing part of reinforcement of upper slab by pre-
stressed tendons allowed us to save 10 % of reinforce-
ment and to simplify reinforcing of slab. This arrange-
ment decreased the crack width of the slab in the area
of minimal moments and it had a great influence on the
quality of structure.

The technology of free cantilever method will be
applied on many Slovakian highway bridge structures in
future. It is very important to have verified and reliable
construction method of bridges with spans among 90 t0
220 m for mainly mountain areas where future highway
construction will be performed.
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Most Pusty hrad vo Zvolene
The Bridge ,,Pusty hrad“ in Zvolen

Miroslav MATASCIK - Jan SOLTYS - Anna PETRIKOVA

Komunikédcia I/50 patri k vybranym cestnym fahom
na Slovensku a je zaradena do medzinarodnej ces-
tnej siete (E-571). Jej priefah mestom Zvolen vytvara
jednu z najvdésich dopravnych prekdzok. Opisovany
most je stiéasfou novobudovaného priefahu mestom
Zvolen, ktory bude tvorif Stvorpruhova rychlostné
komunikécia. V 1. etape vystavby, ktora sa realizuje
v stéasnosti, sa dd do prevddzky poloviény profil
tejto komunikécie (pravy most).

Koncepcia mosta

Néazory na koncepciu mosta predli zaujimavym vyvojom.
Most preklenie rieku Hron, systém kolaji pri Zeleznitnej
stanici Zvolen, miestnu komunikaciu, rieku Slatina, lavku
ponad rieku Slatinu. UmozZni zaroveri viest trasu v Gzkom
koridore medzi riekou Slatinou a strmym svahom vrchu
Pusty hrad. Naro&né bolo najma krizenie s velmi frekven-
tovanou Zelezniénou trafou, ktora musi byf pogas celej
vystavby mosta v prevadzke. Hlavne tato prekazka spé-
sobila, Ze v 1. etape projektovych prac projektant navrhol
nosnu konstrukciu z prefabrikovanych prieéne delenych
prvkov (segmentov), ktoré sa mali montoval pomocou
montaZzneho mosta ,zhora".

Toto, na prvy pohlad logické rieSenie, bolo v dalsom
Stadiu projektovych prac podrobené nasledujicej opo-
nenture.

Komunikacia zhodou okolnosti vedie tak, Ze most
mimo uZ uvedenych prekaZok premosfuje aj stavebny
dvor firmy Doprastav. Na tejto ploche bola uz v tom Case
vybudovana betonarka a hala na ohybanie betonarskej
vystuze. Aj ked v ¢ase projektovych prac nebola ete
znama firma, ktora bude stavbu realizovaf, existujuce
stavebné kapacity priamo pod mostom projektanta
indpirovali k zmene koncepcie vystavby nosnej konstrukcie
mosta. Preto bola nosna konstrukcia definitivne navrh-
nutd z monolitického dodato&ne predpatého beténu.
Stiesnené priestorové pomery nad Zelezni¢nou trafou
neumoznili pouZit niektoru progresivnej$iu technologiu
vystavby monolitickych mostov, napr. vysuvnu skruz. Most
bol vybudovany na podpernej skruZi PEINER. Napriek
pouZitiu tejto, dnes uZ nie najmodernejSej technoldgie,
vysledné ekonomické parametre monolitického variantu
zasluhou uZ spominanych skuto&nosti su priaznivejsie,
ako boli ekonomické parametre pdvodného prefabriko-
vaného variantu.

Vyvojom nazorov prediel aj Usek trasy pod kopcom
Pusty hrad. V 1. etape projektovych prac viedla komu-

Ing. !Vliroslav Mata&é&ik — Dopravoprojekt, a. s. Bratislava, Ing. Jan
oltys, Ing. Anna Petrikova — Doprastav, a. s. zavod Zvolen.

The road I/50 is one of the major routes, part of the
selected road network in Slovakia, included into the
International road network (E-571). The road section
passing through the Zvolen city causes serious traf-
fic problems due to the adverse combination of both
urban and transit traffic. The bridge that will be
described briefly further is part of the future four-lane
road section to be built by-passing the city Zvolen.
In the first construction stage, which is being car-
ried out at present, it is proposed to open to traffic
only a half of the road profile — the right bridge.

Conception of design

Conceptions regarding the design of the bridge have
been developed in the course of a rather interesting
process.

The bridge crosses the River Hron, the system of
railway lines near Zvolen railway station, the Slatina river
and a foot bridge over it. The bridge enables running the
route within a narrow corridor between the River Slatina
and the steep slope of the hill ,Pusty hrad“. Crossing a
busy railway line which should be in operation throughout
the construction period, proved to be the major very
difficult precondition in stage of bridge design. Due to this
obstacle the bridge designer at the beginning of desing
works decided to construct the bridge deck as a system
of precast, transversally separated elements — segments,
which that will be erected by means of launching girder
from ,above”. Such, at the first sight reasonable solution,
was in the next design stage subject to the following
discussion.

The Zvolen bypass alignment has been, by a coinci-
dence, designed in a such way that the bridge crosses,
apart from the above mentioned obstacles, also the buil-
ding yard of Doprastav, one of the biggest civil enginee-
ring company in Slovakia. A new concrete mixing plant
as well as a production hall for shaping/bending of rein-
forcing steel bars had been built up in the yard before
the design works started. Althought in the course of
design works the contractor of the bridge was not known,
the existing equipment and facilities, situated directly
under the future structure, inspired the designer to mo-
dify conception of the bridge superstructure design. Ta-
king into accout all together, the superstructure was
designed as cast-in-place, post tensioned, prestressed,
concrete structure. Limited space above the railway track
did not allow to use more progressive technologies such
as a mobile false work or incremental launching. The
bridge has been built on the false work of PEINER type.
Despite of using it, from the contemporary point of view
not very modern and sophisticated technology, the re-
sulting economic parameters, owing to already mentioned
facts, are more favourable than economic parame-
ters of the original proposal i. e. precast segmental struc-
ture.

Various conceptions concerning the section under the

" Pusty hrad" hill were considered in the design stage. At

InZinierske stavby, roé. 44, 1996, €. 7

315



MATERIALY, TECHNOLOGIA, REALIZACIA

<AR

.

.

YO 0 ® 0 ©

- s AWA
T L T =
MM " ganwey STOTN

W=

Obr. 1. Pozdizny profil mostov
Fig. 1. Longitudinal section of the bridges

nikacia v tomto Gseku na systéme opornych a zarubnych
marov. Toto riedenie si viak vyZadovalo znané mnoZstvo
zemnych prac a velmi nedetrny zasah do svahu kopca
Pusty hrad. Preto bola koncepcia navrhu trasy aj
kon&truk&ného riegenia prehodnotena a vysledné rieSenie
je takéto: Niveleta v tomto dseku vedie v dvoch urov-
niach — samostatne pre pravy a lavy most. V Useku, kde
je koridor medzi riekou Slatinou a svahom kopca Pusty
hrad najuzsi, je lavy most podsunuty pod mostovkovu
konzolu pravého mosta. Tymto rieSenim sa vedenie trasy

Obr. 2. Prieény rez
Fig. 2. Cross section

first, the road in this section was assumed to be suppor-
ted by the system of retaining walls. Such proposal,
however, required extensive earthworks and an consi-
derable impact into the slope of the ,Pusty hrad” hill.
Therefore the proposal had to be revised, and the follo-
wing technical measures to be adopted: Different align-
ment of the left and right bridge. In the section of the
narrowest corridor between the River Slatina and the
slope of the hill the grade line as well as the centre line
of the left bridge would be lowered and situated under
the right bridge deck slab cantilever. By this t_echmcal
solution the bridge meets much better the requirements
resulting from an actual terrain configuration and protec-
tion of beautiful natural environment surrounding the site.
Moreover, the two-level design of the bridge optimizes
the quantities of structural materials as well as those of
earthworks. Besides that, such solution has not required
higher costs in comparison to the original design - the
system of retaining walls. :
The result of this conceptual design is the bridge,
which basic parameters/data will be described further.
Principal parameters of the bridge:
- lenght of the bridge 726 m,
— number of spans 17,
- length of spans 31.547 m,
— width of the bridge 12.745 m,
— height of the bridge above ground level 4-13 m.

Foundation of the bridge

Spread footings have been proposed for all piers. Foun-
dation of the bridge, however, was in all cases rather
demanding.

The footing bases of the piers near the River Hron
rest on layers of weathered rock. The foundation works
were quite complicated due to the presence of pressure,
agressive groundwater. (The region is well known for
many mineral water springs.)

The bases of the piers between the rivers Hron and
Slatina are placed on the layers of quicksand under l_he
the groundwater table. Dry conditions during foundation
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ovela lepsie prispdsobuje konfiguracii terénu a vedenie
trasy na mostoch nenarisa natolko okolitd krasnu kra-
jinu. Dvojuroviiové rieSenie mostov navySe optimalizuje
spotrebu materidlov aj objem zemnych prac, takZe si
nevyZiadal zvySenie finanénych nakladov oproti povod-
nému rieSeniu (oporné mury).

Zéakladné udaje o moste:
— dizka mosta: 726 m,
- potet poli: 17,
- dizka poli: 31,5 aZ 47 m,
— &jrka mosta: 12,745 m,
- vydka nad terénom: 4 aZ 13 m.

Zakladanie

V&etky medzilahlé podpery boli zaloZené plosne. Zakla-
danie v8ak bolo vo v3etkych pripadoch velmi narogné.

Podpery pri rieke Hron boli zaloZzené na vrstve zve-
tranej horniny. Prace velmi komplikovala tlakova agresiv-
na spodna voda (Uzemie je zname bohatym vyskytom
mineralnych prameriov).

Podpery medzi riekou Hron a riekou Slatinou boli
zaloZené na vrstve tekutych pieskov. Zakladova Skara
bola pod hladinou spodnej vody. Sucha zakladova Skara
sa zabezpecila zhotovenim vodotesnej ,krabice". ,Krabicu"
tvorila po obvode Stetovnicova stena larssen a zo spodu
doska z monolitického prostého beténu. Pogas betonaze
dosky sa kratkodobo zniZila hladina spodnej vody.

Podpery pod svahom vrchu Pusty hrad boli zaloZené
na vrstve suti. Stabilita sute sa zvySila pritazenim paty
potencialnej 3mykovej plochy. PritaZenie tvori opevnenie
brehu Slatiny a novovytvorena polna cesta.

Spodna stavba

Podpery mosta st v spodnej &asti stipy
a v hornej ¢asti su to stenové prvky
votknuté do stlpa. Tento tvar podpier
umozriuje kolmé podopretie nosnej
konstrukcie napriek tomu, Ze kriZenie
mosta so vietkymi prekaZkami je
Sikmé s réznym uhlom kriZenia.

Nosna konstrukcia

Nosnt konstrukciu tvori spojity nosnik
jednokomorového prieéneho rezu. Je
rozdelena na dva dilataéné celky dizky
471,5 m a 240,5 m. Budovana je po
poliach, od opory 1 k podpere 12 a
sl¢asne od podpery 12 k opore 18.
80 percent predpinacej vystuZe je
stykovanej v pracovnych Skarach me-
dzi etapami a 20 % predpinacej
vystuZe vedie od prie&nika po priegnik.
LoZiska su hrncové a pocas
vystavby su niektoré posuvné loZiska
zablokované a funguju ako pevné (fi-
xované).
Spotreba materialov:
= piléty: 143 m?,
- Stetovnice Larssen: 376 t,

MATERIALY, TECHNOLOGIA, REALIZACIA

works were secured by creating a watertight ,box". The
sides of the box were formed by the Larssen type sheet
piles, while its bottom by a cast in-situ concrete slab.
During concreting of the slab the groundwater table was
temporarily lowered.

The piers below the hill of the ,Pusty hrad” rest on the
layers of debris. The stability of debris will be increased
by additional loading of the hill-toe.

Substructure

The piers of the bridge are of hammerhead type formed
of circular columns and upper parts made of wall ele-
ments embedded into the column. Such shape of a pier
enables perpendicular supporting of the superstructure
despite different angles crossing the obstacles.

Superstructure

The bridge superstructure represents a continuous sin-
gle-cell box beam. It consists of two expansion units/
parts, the lengths of which are 471.5 and 240.5 m re-
spectively. It is assumed that entire beam will be con-
structed gradually span by span from the abutment No.
1 to the pier No. 12 and at the same time from the pier
No. 12 to the abutment No. 18.

80 % of prestressing cables will be coupled in working
joints between individual working stages, while 20 % will
pass from one cross beam to the next one.

Movable and fixed bridge neopot bearings have been
designed to support the superstructure. In the course of
construction, however, some of movable bearings will be
temporarily blocked thus acting as the fixed ones.

Structural materials:

— piles 143 m?®,
— sheet pile walls Larsen 376 t,
— concrete 11 028 m?,

InZinierske stavby, roé. 44, 1996, €. 7
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— betén: 11 028 m?,
— betonarska vystuZ: 1 253 1,
- prepinacia vystuZ: 321 t.

Uastnici vystavby: . ;
— obstaravatel: Slovenska sprava ciest, Bratislava,

i j islava

_ proiektant: Dopravoprojekt, a. S. Bratis s
- :holtovitel‘: Doprastav, a. s. Bratislava, zavod Zvolen.

Zaver

V si&asnom obdobi stavebné prace na _pravom moste
vrcholia. Vystavba mosta si nevynmilavﬂac‘jfle zéasadneé
zmeny oproti projektu, takZe prace prebiehaju plynule (1.
apa — 21 dni).
» F;:avtm financuje Europska banka pre otfnoyu ?'rt:_z-
voj, a tak je pod prisnym dozorom experm\_ar tejto indtitdcie.
Fakt, 3e z ich strany neboli zatial ﬂadne_ zasadné
pripomienky k realizacii je dokladom, Ze d?ﬂnnfvna Zvo-
lena koncepcia mosta bola spravna a projektova do!(u-
mentacia ma &tandard dosahovany Vv inych vyspelych

krajinach.

- steel reinforcement 1 253 t,
— prestressing steel 321 t.
Participants: . :
— Client: Slovenska spréava ciest B_ratlslaval,
— Designer/consultant: Dopravoprojekt Bratislava,
— Contractor: Doprastav Bratislava

Conclusion

sent, the construction works on the right bridge are
ﬁ;::ls c::npleted. The construction of the bridge has not
required any substantial variations and modifications so
far. The works are carried out in accordance with the
approved schedule, smt:’olhly with the average speed of

king stage in 21 days.
: w?rr\e pgroiecg is partly financed by the European Bank
for Reconstruction and Development. So itis under thor-
ough supervision of the experts from this financial insti-
tution. The fact, that up to now they have had no objec-
tions to the way of construction, can also be taken as an
evidence of the right and sound design. It means that
final alternative of bridge design was choosen properly
and design documentation has a level wich is usual in
other developed countries.

% MATERIALY, TECHNOLOGIA, REALIZACIA

Obr. 1. Most cez Vah v Novom Meste nad Vahom
Fig. 1. Bridge over River Véh In Nové Mesto nad Vahom

Inundaény most tvoria volne uloZzené prefabrikované
predpété nosniky tvaru T. Nosniky su navzajom v prie€nom
smere spojené piatimi prieénikmi, ktoré su takisto doda-

toéne predpaté.

The main bridge is from prestressed concrete with a
hinge in the middle of the 70 m central span built by free-
cantilever method. Side spans of the main bridge were
built on the stationary scaffolding.

The bridge over flood area is composed in each span
of five single supported precast T-beams of prestressed
concrete. T-beams are connected by five post tensioned
cross beams laterally. Insufficient experience with free
cantilever method of construction and poor workmanship
resulted in the main bridge horizontal and vertical devi-
ations which occured already during the construction
period. This affected mostly the 70 m central span with
a hinge. Deviations have been corrected by increased
thickness of lean slag concrete (maximum 24.7 cm).

Soon after completing the bridge unfavourable devi-
ations in prestressing forces and in quality of concrete
have been found. Also effect of concrete creeping has
been neglected in structural analysis (the two cantilevers
forming the central span were of a different age of concrete).

The problems mentioned above caused, that an ac-
tual deflection in the middle of the central span (with a
hinge) was of higher value than expected, raising gra-
dually in the time. At present the total deflection, together

Oprava mosta cez Vah v Novom Meste nad Vahom
Rehabilitation of the bridge over the River Vah

Nedostato&né skusenosti s predpatym beténom a
nedostatoéna disciplina pri letmej betonazi spdsobili, Ze
uz potas vystavby vznikli smerové a vyskové odchylky
tvaru nosnej konitrukcie najma v strednej kibovej &asti
hlavného 70 m pola. Odchylky boli korigované zvysenou
hribkou vyrovnavacieho Skvarobeténu (max. 24,7 cm).

Po dokonéeni mosta boli diagnosticky zistené ne-
priaznivé odchylky v predpati a v kvalite beténu. Tieto
nedostatky spolu so zanedbanim vplyvu dotvarovania
(susedné konzoly vytvarajuce hlavné pole mali navzajom
vyrazne odli$ny vek beténu) sposobili, Ze skutoény prie-
hyb v strede hlavného pola s kibom bol vaési ako sa

with the incorrections in the shape of the deck, is 43 cm.

Cross-sectional dimensions of the bridge as well as
its vertical alignment does not suit the future traffic con-
ditions of the road which will connect the town Nové
Mesto nad Vahom with the planned motorway and exist-
ing recreation area "Zelena Voda" where a considerable
movement of pedestrians and cyclists can be expected
during the summer season.

Design of the bridge rehabilitation

The overall condition of the bridge, taking into account

in Nové Mesto nad Vahom

Tibor MICHALKA

V éldnku je opisany névrh opravy mosta, kt?ri sa
sklad4 zo zosilnenia nosnej konstrukcie a z upravy
Sirkovych a vy$kovych parametrov mosta. Zosilnenie
je zabezpeéené dopnutim volnych kéblov a dobe’rdno-
vanim spriahujicej Zelezobeténovej dosky. Vybdranie
14 m strednej éasti nosnej konstrukcie a nésledné
nadvihnutie nad medzifahlymi podperami umoZnilo
dosiahnuf poZadovanu niveletu na hlavhom moste.

Most cez Vah v Novom Meste nad Vahom (obr. 1) bol
postaveny ako prvy letmo beténovany most na Sloven-
sku v r. 1962 (projekt v r. 1960).

Most (obr. 2) ma dve Zasti, a to hlavny trojpolovy
most s rozpatim poli 42,8 + 70 + 428 m a Stvorpolovy
inunda&ny most s rozpatim poli 25,53 + 25,28 + 25,53 +
+ 25,53 m. Hlavny most je z monolitického predpatého
beténu s kibom v strede 70 m pola. Krajné polia mosta
boli beténované na podpernom leeni a stredné pole (70
m) sa beténovalo letmo.

Ing. Tibor Michalka, CSc. — Dopravoprojekt, a. s. Bratislava.

The design of the bridge rehabilitation consists of its
deck strengthening, vertical realignment, and exten-
sion of its cross-sectional dimensions is presented
in this paper. The deck strengthening has been
designed by the prestressing of external unbonded
tendons combined with cast-in-place reinforced con-
crete deck slab bonded to the continuous bridge box
girder thus forming a composite cross section.
Removal of 14 m long central part of existing super-
structure and subsequent lifting of its two paris over
the intermediate supports will enable vertical rea-
lignment of the bridge level line.

The bridge over the River Véh in Nové Mesto nad Vahprf:
(Fig. 1) was built in 1962 (designed in 1960) as the firs
free-cantilever bridge in Slovakia.
The bridge (Fig. 2) consists of two parts:
— main tre-span bridge with 42.8 + 70 + 42.8 m span
lengths and
- bridgge over flood area with spans of 25.53 + 25.28 +
+ 2553 + 25.53 m.
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teoreticky predpokladalo a vykazoval
dihodoby narast. V suéasnosti spolu
S nepresnosfami v tvare nosnej
kondtrukcie od projektovanej polohy
je 43 cm.

Most popri tychto statickych ne-
dostatkoch nevyhovuje ani z hfadiska
Sirkového a vyskového usporiadania,
nakolko lezi na trase budiceho
dialniéného privadzata do Nového
Mesta nad Vahom a na spojnici
mesta s blizkym rekrea&nym area-
lom Zelen4 voda, kde je najmi v
letnych mesiacoch vela chodcov a
cyklistov.

Obr. 2. Pozdizny a prieéne rezy mosta
1-lava East nosne] konstrukcle (NK),
2 - vybirana a znova vybeténovana
14 m &ast NK, 3 - prava éasf nosne]
konstrukcie, 4 - spriahnuta Zelezo-
beténova doska, 5 - volné kéble

Fig. 2. Longitudinal and cross section
of the bridge

1 - left part of superstructure, 2 -
removed and subsequently cast 14 m
long part of superstructure, 3 - right
Part of superstructure, 4 - cast-in-place

reinforced concrete deck slab, 5 — ten-
dons
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results of two load tests, major inspections
and surveys long term observation has been
classified as a very poor (close to its col-
lapse). Two studies were performed in 1987
and in 1993. First of them studied both the
possibility of bridge repair as well as sub-

< vk tast ux
LEFT pART OF

“RTE o Sarers e

T STATE :
= = stitution of the existing superstructure for a
y = s =7 ~—— new one.
@ o In 1993 client prompted the elaboration

of the second study which alternatively dealt
with only the possibility of the bridge reha-
bilitation. The recommended alternative of

D

[
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® the study has been chosen for final design.
Required structural and shape parame-

Obr. 3. Schéma postupu opravy hlavného mosta

ters with minimalization of demolishing works

1 — vyburanie 14 m asti NK, 2 - nadvihnutle fave] a prave] €astl NK, 3~ have been taken into consideration.

dobeténovanie 14 m castl a zmonolitnenie NK
Fig. 3. Scheme of rehabllitation procedure of main bridge

Bridge rehabilitation (main and bridge
over flood area) consists of vertical realign-

- d right ment and extension of cross-sectional di-
1 — removal of 14 m long part of superstructure, 2 - lifting of left an : .
part of superstructure, 3 - casting of 14 m long new part of superstructure onsions. Strengthening of the bridge deck

Navrh opravy mosta

Na zéklade vyhodnotenia zafaZovacich skudok, hlavnych
prehliadok a merani bol stav mosta vyhodnoteny ako
havarijny. Boli vypracované dve studie v r. 1987 a v r.
1993. Prva z nich variantne riesila moZnost rekonstrukcie
mosta ako aj vymenu nosnej konStrukcie mosta za novfz.
Na podnet investora v r. 1993 bola vypracovana dalsia
&udia, ktora uZ variantne riedila len moZnost
rekon&trukcie mosta. Jeden z variantov rekonStrukcie
mosta tejto 3tudie bol vybrany a rozpracovany v realizag-
nej dokumentacii. Rozpracovany navrh riesi rekonStrukciu
mosta s cielom zabezpeéit poZzadované statické a tvaro-
vé parametre pri minimalizacii buracich prac na nosnej
konstrukcii mosta.

Oprava mosta (hlavného a inunda&ného) zahffia
upravu Sirkového a vy3kového usporiadania na moste,
jeho zosilnenie spriahnutou #elezobeténovou doskou a
dopnutie volnymi kablami. St¢asfou tohto projektu je aj
navrh samostatnej lavky pre pedich a cyklistov, u-
miestnenej paralelne s mostom cez Vah. Lavka v zaCia-
to&nom &tadiu po&as opravy mosta cez Vah plini funkciu
obchadzkového mosta pre odklonend dopravu.

Hlavny most cez Vah

Oprava mosta (obr. 3) sa tyka hlavne jeho nosnej
kontrukcie a uloZenia. Rekonstrukcia nosnej kon&trukcie
sa sklada z vybdrania strednej kibovej &asti hlavného
70 m pola v dizke 14 m (obr. 2). Vyburanim vznikni dve
tasti (staticky uréité) — lava, nad podperou €. 1 a €. 2
a prava nad podperou €. 3 a & 4, aby sa dosiahol
poZadovany tvar nivelety. Kazda z tychto €asti sa nad
medzilahlymi podperami nadvihne; lava ¢ast nad podpe-
rou & 2 o 60 cm a prava nad podperou €. 3 0 45 cm,
Dvihanie &asti nosnej konstrukcie, ktora predstavuje
najnaro&nejdiu operaciu pri oprave mosta, sa bude rea-
lizoval v etapach pomocou synchronizovanych lisov a
postupnym dobeténovanim blokov uloZného prahu
(obr. 4). V poslednej etape sa nosna kon3trukcia osadi
na nové loZiska. Lava &asf nosnej konstrukcie sa uZ pred
baranim stredovej 14 m &asti bude pri opore €. 1 fixovat
proti vodorovnému pohybu, nakolko po odbirani stredovej

is a part of the entire rehabilitation. It com-
prises both cast-in-place reinforced concrete deck slab
bonded to the continuous box girder and prestressing of
external unbonded tendons.

Proposed foot bridge which is parallelly situated to
the repaired bridge also belongs to this design. Diversion
of the traffic during the rehabilitation works on the bridge
will be mantained using the foot bridge.

The main bridge over the River Vah

Rehabilitation of the bridge structure concerns mianly its
superstructure and the setting on the bearings.

Rehabilitation of the superstructure (Fig. 3) start by
removing of 14 m long part with hinge (Fig. 2) of the
70 m central span.

Two parts (statically determined) of the bridge, left
one over the supports No 1, 2 and right one over sup-
ports No 3, 4 originated due to removing of 14 m Ipng
part of superstructure. To achieve required vertical align-
ment both two parts will be lifted over the supports No
2 and No 3, the left one of 60 cm and the right one of
45 cm. The liting of the left and right parts of the
superstructure will be the most ambitions operation of
rehabilitation and will be done step by step by sync.hro-
nizing the jacks and by gradual casting the bearings
blocks (Fig. 4). The left part of the superstructure will be
horizontally fixed to the abutment No 1 just before 14 m
long part is removed. The horizontal fixing of the left part
is necessary because this part of the superstructure ‘over
the supports No 1, 2 is placed on the movable beanpg&
The right part of superstructure is supported by fixed
bearings over the support No 3. The fixing of the left part
of superstructure may be released soon after the joining
left and right part of the superstructure.

After the lifting the both parts of superstructure the.14
m long part will be cast on the stationary scaﬂo_ldlng
without the hinge. Than the left and right parts will be
connected by prestressing the continuity tendons.

Since it was impossible to determine the level of
prestressing force decrease, additional unbonded pre-
stressing cables have been designed on the assumption.
that decreased prestressing force is in the range from
to 30-%. There will be added 42 tendons in the bridge

el
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gasti je lava Cast nosnej kon3trukcie nad oporou €. 1 a
podperou &. 2 uloZena len na pohyblivych loZiskach.
Prava &ast sa nemusi fixovat, lebo je nad podperou &. 3
uloZzena na pevnych loZiskach. Fixovanie na lavej &asti
nosnej konatrukcie sa uvolni aZ po zmonolitneni lavej a
pravej &asti nosnej konstrukcie.

Po nadvihnuti obidvoch ¢asti sa na podpernej skruzi
znova vybeténuje vyblrana éast 14 m, ale uZ bez kiba.
Nasledne sa doplnia volné kable, ktoré zmonolitnia lavu
a pravl ¢asf nosnej konstrukcie.

Pri navrhu volnych predpinacich kablov sa vychadza-
lo z predpokladu, Ze ubytok pdvodného predpétia v moste
sa pohybuje v rozmedzi 0 aZ 30 %. Celkovo sa do nosnej
konstrukcie mosta uloZi a napne 42 volnych kablov
zostavenych z 12 ¢ Lp 15,5/1800. Kable sa budu ohybat
v deviatoroch a kotvit v dodatoéne vybeténovanych
blokoch a s nosnou konstrukciou sa zopnul prostred-
nictvom predpinacich ty&i. Kable budi uloZené v PE
rurkach a zainjektované cementovou maltou. Volné dfiky
kdblov medzi kotevnymi blokmi a deviatormi su proti
chveniu po¢as premavky na moste zabezpe&ené fixator-
mi.

Pred dvihanim lavej a pravej asti nosnej kontrukcie
sa zainjektuju vSetky trhliny na moste a zosilnia sa
prie&niky poskodené trhlinami nad medzilahlymi podpera-
mi & 2 a & 3. Zosilnenie prie¢nikov sa sklada z doda-
to&ného obojstranného obeténovania prieénika hribky 30
cm a nasledného zopnutia novovybeténovanych &asti s
prie€nikom pomocou predpinacich ty¢i ako aj z dvoch
kusov predpinacich kablov 6 ¢ Lp 15,5/1800 umiestnenych
pozdiZ prieénika (obr. 5).

Po napnuti volnych kablov a zmonolitneni nosnej
konstrukcie mosta sa vybetdonuje na nosnu konstrukciu
spriahujica doska. Spriahnutie dosky s nosnou
konStrukciou sa zabezpeéi pomocou tffiov umiestnenych
do vyvitanych otvorov v hornej doske mosta a zaliatych
epoxidom.

Spriahujica doska sa beténuje po sekciach dizky
20 m, kvéli zmierneniu G&inkov zmrasfovania. Nakoniec
sa zhotovi novy zvrSok mosta.

MATERIALY, TECHNOLOGIA, REALIZACIA

together. Every tendon will consist of 12 strands ¢ 15.5
mm/1800 MPa. The longest 10 tendons (running through
three spans) will be altogether bent near the supports in
the deviators and anchored in the anchor blocks. The
reinforced concrete deviators and blocks will be cast and
anchored to existing deck by prestressing bars.

Strands are housed in polyethylene sheats and pro-
tected against corrosion with cement mortar. Between
deviators and anchor blocks the tendons are fixed by the
fixators to prevent vibration of tendons.

Before lifting procedure all cracks will be groted and
the cross beams over supports No 2 and No 3 with
cracks will be strengthened by their widening of 30 cm
on each side and connected to the original cross beam
by six prestressing bars ¢ 15.5 mm/1800 MPa (Fig. 5).

After prestressing of continuity tendons a concreting
of reinforced concrete deck slab coupled to the contin-
uous box girder will be carried out. Coupling of the deck
slab to the box girder will be done by vertical steel dowel
bars placed into the girder. The shear bars are placed
into drilled holes filled by epoxy mortar.

The cast-in-place reinforced concrete deck slab is
performed in steps (length of each step is 20 m) to
dicrease the impact of shrinkage effects. The pavement
on the bridge will be laid at the end.

The bridge over the flood area

The strengthening of this bridge by tendons and cast-in-
place reinforced concrete deck slab is similar to main
bridge. Two tendons of 3 strands ¢ 15.5 mm/1800 MPa
are used along the each internal girders and 6 strands
along the external girders. Tendons are bent in the steel
deviators (Fig. 6). Deviators are situated in one fourth of
the span on the cross beams of bridge. Tendons are
anchored at the end of each span in the reinforced
concrete deck slab. The strands of tendons are housed
in a polyethylene sheats and protected against corrosion
with cement mortar.

Inunda¢ény most

Rovnako ako hlavny most, aj
inundaény most je zosilneny volnymi
kéblami a spriahnutou Zelezobetd-
novou doskou. Pri kazZdom medzi-
fahlom nosniku mosta st vedené dva

3
s

ZDVIHANIE NOSNEJ KONSTRUKCIE

1. I0VIH 60ca-PODPERA (2 LIFTING Ghcn-SUPPORT a2
4S5ca-PODPERA 3 A5ca-SUPPORT ia

%0 1% .

kéble zostavené z 3 ¢ Lp 15,5/1800,
pri krajnych nosnikoch je jeden ka-
bel zo 6 ¢ Lp 15,5/1800. Kable sa
ohybaji v ocelovych deviatoroch
(obr. 6) umiestnenych na prieénikoch
mosta a ukotvenych na koncoch
prisludného pofa vo vybeténovanej
spriahnutej doske. Kable su vioZzené
do PE rarok a zainjektované cemen- 1
tovou maltou. Dokompletovanie

—a
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zvisku je rovnaké ako na hlavnom
moste cez Vah.

Obr. 4. Zdvihanie NK - hlavny most

Flg. 4. Lifting of superstructure — the
main bridge
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Obr. 5. Rekonstrukcia prieénika — hlavny most
Fig. 5. Repair of cross-beam - the main bridge

Zaver

Pred naro€nym rozhodovanim &i nosnu kon&trukciu mosta
vymenif za novd, alebo ju rekonStruovaf, sa zvaZovali
vietky rozhodujuce funk&né, statické a ekonomické okol-
nosti. Svoju dlohu popri Uspore 40 % investiénych nak-
ladov v prospech opravy nosnej kon3trukcie mosta zo-
hrala aj skutoZnosf, Ze s buranim predpatého beténu v
takom velkom rozsahu nie sU u nas dostato&né skise-
nosti.

MoZno ofakavaf, Ze po Uspednej realizacii opravy
podfa tohto navrhu, jeden z prvych letmo beténovanych
mostov na Slovensku bude nadalej sliZif svojmu G&elu
v poZadovanych parametroch.

Zucastnené organizacie:

— projektant: Dopravoprojekt, a. s. Bratislava,

- investor: Slovenska sprava ciest — Investorsky dtvar,
Bratislava,

— dodavatel: Doprastav, a. s. Bratislava.

Obr. 6. Ocelovy deviator — Inundaény most
Fig. 6. Steel deviator - the bridge over flood area

Conclusion

Future exploitation of the bridge as well as structural
and economic points of view have to be taken into ac-
count before the crucial decision has been made: either
to repair and strengthen the existing bridge superstructu-
re or to demolish it and construct a completely new one.

Savings of up to 40 % in investment costs and lack
of sufficient experience in removal of prestressed con-
crete bridge structures in such a large scale have been
in favour of the bridge rehabilitation.

It is expected that after the successful rehabilitation
of the bridge over the River Vah in Nové Mesto nad
Vahom, one of the first free-cantilever bridge structures
in Slovakia, it will serve its purpose in the future.

Partnership:

— Client: Slovenska sprava ciest — IU Bratislava,
— Designer: Dopravoprojekt, a. s. Bratislava,
— Contractor: Doprastav, a. s. Bratislava.
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5 = Pretlaéanie zelezobeténovych
" podchodov a chraniciek

’JD

THE PRECAST CONCRETE PEDESTRIAN UNDERPASSED AND PROTECTIVE
TUBES PIPEJACKING

Pri krizovoni podzemnych inginierskych sieti so Zelezniénymi trafami, kemunikéciomi, vod-
nymi tokmi, i stavebnymi objektomi od r. 1939 sa oj na Slovensku Uspeine pouivaji bezvy-
kopove technolgie.

V siosnosh s lo v najmodernejiie technolégie, ako nopr. FLOW-MOLE, FLOWTEX,
TRUNK MOLE, KAWA SYSTEM, ROTAMOLE, AM-LINER, RELINING, BERSTLINING, SWAGE-
UINING, CRUNCHINGMOLE, ONKEL MOLE, SLURY SYSTEM, cle aj INSITUFORM, SEAL-
TRYN o pod. Pri rozeni so poukivaji klosické zoriodenio i moderné lunelovacie siroje.
1 hlodiska Zivomosti, ekologie, ole hlavne ekonomického, véina preﬂocunych potrubi je zo
selezobeténu kruhového oj obdiznikového prierezu. V éénku si opisoné niekloré skisenosti
s preflaZanim Zelezobeténovych chraniciek o podchodov z nojzaujimavejiich o technicky naj:
narocnejiich stavieb.

Pretlocanie prefobrikétov P-4 200 sa vyviiva pri vystovbe podchodov pre chodcov ped
cesty, dialnice o Zeleznice. Pri svetlom priereze 4 200 x 2 900 mm so tym umoZhi priechod
ai 4 000 oséb zo hodinu. Vystavba so realizuje technolégiou pretlécanio zehzobaionuvych
prdobﬂlulav 4 800 x 3 620 mm, horehn axidlna dizko je len 750 mm, éo umoZiuje reali-
zéciu podchodu zo itorfovacej ainej jomy so svetlym pédorysnym rozmerom len 5,5 x
4.5 m. Redlna preflééocio dizko je bez flaénych medzistanic 100 m. Vodotesnosf tunelovej ri-
ry pre flok 0,5 MPo zabezpeZuje ocelové izoldcia z plechu hribky 5 mm, kiorou je prefabri-
két vystrojeny ui pri vyrobe, oko siratené debnenie. Zvor jednotlivych prefobrikétov sa kon-
troluje vakuovou pumpou. Kaidy spoj prefabrikdtu mé obojstrannd ontikoréznu ochranu.
Ocelovy pléif umozivje lakmer neobmedzené moZnosti vystroja tunelovej riry od nojlacnejiej
metolizy, ai po nojdrahii obklod mromorom, hlinikom a sviefidlomi. Dosiol sa touto technolé-
giou na Slovensku vyhotovilo 26 podchodov, z kforych prvy a nojdlhii (104 m), z r. 1974 ve-
die pod 10 kolojomi Zeleznicnej stanice v Humennom. Autor technolégie pretlacanio podcho-
dov PP-420 zo ziskonych skisenosti z vystavby o prevadzky podchodov, odporiéa maxi-
mélnu dizky liniového podchodu 4,2 x 2,9 m len do 120 m. V dlhiom podchode vzniké u chod-
ca sliesneny pocit. Pre osomelého chodca 56 prijotelné len siosové schodiitia resp. eskalatory.
Je redlny predpoklad, Ze v désledk tajicej hustoty dopravy v mestach v blizkej budic-
nosfi vyrazne vzrastie vystavba liniovych i velkoploinych podchodov pre chodcov.
Hydrosoning mé vz ukoneny vyvoj technoldgie pretléanych podchodov pre chodcov
PP & 050/4 500 so svetlym prierezom 5 050 x 3 100 mm s ambuloninou vyrobou prefabri-
kcmw v sloﬂmcq monlaZnej jome, 5 moznosfou pretlécania velkoprofilového podchodu do
zokrivenio R,=400 m pri redlnej dizke segmentového pretlé-
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0 10 mm.
Najdlhii podchod, z 96 h
vr. 1992 pod dve budovy, ml‘uu
vani prepravu gulikovych lozisk. U
12 cm pod mohutnym y
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THE PROTECTIVE TUBE PIPE-JACKING U

Preflaganie 54 ks rir 1ZX 21/10 DN 2 000/1 70 '
dizky 174,5 m v Hlohovei.

! Vysohi pri Morave sa nachddza v chmmnq krajinnej oblasti, preto so méze

- n v obdobi vegetaéného kludu. Vo februdri 1994 sa vyhetovilo ilartovacia mon-
; u;ﬂn prefldcanie Zelezobeténovej chrénicky DN 2 000/1 650 mm sa uskutoéni oz

v 1996. Preflak je zaujimavy tym, Ze Zelezobetonové chrénicka bude prefloéend cez
y na vzdialenost 153 m vo vemhulnom obliku R,=300 m. Pre takyto ndroény pre-
ula firma Hydrosaning Bojnice ipecidlnu klinovi viscvrsivavi lenexovi vlozku, ako af
; mMG |00% tesnost do pretlaku vodného stlpca oz 0,6 MPa qj pri axiélnom
3 b ych rir v spoji © 22 mm pri dizke mry 3 m. Tesnosf spoja zobezpecu-
iZzok 0 26 mm. Projekt pretloku je zaujimavy aj tym, ze plnomechanizovany tu-
phopmﬁlww frézou 0 2 010 mm ukonéi preflak vychodom na terén bez cie-
aznej jomy. Kedze pretlok bude uhoncnﬂy v rokiskom krajinne chranenom
nu pravom | brehu rieky Moravy, ma uvedené fechnické riesenie znoéné organi-

Preflok realizovala firma Hydrosaning Bojnic
tekutjch neogénnych pieskov len 2,2 m pod najni
1y 1ZX 21/10 preniesli axiglne zofaZenie az 2 1

Pri pretlacani z lavého brehu nostola dromatie
red rieky Véh, narazil tunelovaci stroj na ocelovi
prekdzku zvnitra tunelovej riry beli nedspeine.
prového brehu protismernym pretlakom, kiory po
kitku. Medzi strojmi ostala medzera len 4,8 m.
ocelovi prekazku 700 mm | profil deformovane|
ocelového mosta, bagrom a v spolupréci s po
dollaéil provy tunelovaci siroj a pomocou poldj
v riry sa prepoiili a utesnili originélnou konil
1y boli namontované vodovodné potrubia DN
nvestorovi ZsVAK Brofislova v auguste 1996

e

P

‘Okrem uvedenych rir vyraba ZIPP Brafislava na preflacanie zelezobetonové mry
! BM!MO]HOO DN 1 400/1 205, DN 1 260/1 000, DN 1 000/780 mm. ;

Ing. Marign K r & i k, generalny ricditel
HYDROSANING, spel. s r.o. Bejnice 4
Mojmirova 14, P.O.Box &, 972 01 Bojnice

VYSOKA PRI MORAVE




Ing. Mariégn Kréik, general director
HYDROSANING, Lt.d. BOJNICE
Mojmirova 14, P.O.Box 06, 972 01 Bojnice

THE PRECAST CONCRETE PEDESTRIAN UNDERPASSED
AND PROTECTIVE TUBES PIPE-JACKING
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The Trenchless Technologies have been successfully used in Slovakia,
when crossing underground civil engineering networks with railway li-
nes, roads, rivers and even buildings, since 1939.

Recently, the most advanced technologies, such as FLOW-MOLE,
FLOWTEX, TRUNK MOLE, KAWA SYSTEM, ROTAMOLE, AM-LINER,
RELINING, BERSTLINING, SWAGELINING, CRUNCHINGMOLE, ON-
KEL MOLE, SLURRY SYSTEM, but even INSITUFORM, SEAL-TRYN etc.
are used. Excavation is performed by means of iraditional equipment
but also modern tunnel boring machines. Environmental, serviceife,
but mainly economic requirements have caused that the most of pipes
for pipejacking are made from reinforced concrete; their cross-sections
are not only circular but rectangular as well. | would like to present so-
me experience of the most interesting and technically challenging con-
siructions.

Rectangular prefabricated components PP-4200 are pipe-jacked for
consiructing pedesirian underpasses which cross the roads, highways
ond railway lines. Their inside cross-section dimensions, 4200 x 2900
mm, enable 4000 person per hour frequency. The outside cross-sec-
tion dimensions of prefabricate - 4800 x 3620 mm - and the length in
axial direction - 750 mm - enable to use starting pit as narrow as 5,5
x 4,5 m for underpass construction. The factual possible length (without
thrusting intermediate stations) is 100 m. The underpass impermeabili-
ty, up to 0.5 MPa, is ensured by welding 5 mm steel sheets (lost ca-
sing, used when manufacturing elements), creating the internal surface
of prefabricates, together. The welding quality is tested with vacuum
pump. Each joint between the prefabricates is bilaterally protected
against corrosion. The steel coaling of the inside underpass surface
provides almost unlimited possibilities of fastening equipment, illumina-
tion and wide range of finishing from economical metal platfing to the
most expensive marble facing. So far, 26 underpasses have been built,
using the described technology, in Slovakia since 1974. The first and
longest of them, 104 m long underpass, was built in Humennf under
10 tracks of the railway station. As an author of PP-4200 technology,
after 26 consiruction experience, | recommend to limit maximum length
of underpass to 120 m, because of the distressed feeling of a loneso-
me pedesirian. The same reasons requires that staircases or escalators
are straight in the underpass direction. Increasing traffic in our towns
will probably require many pedestrian underpass constructions in the
not too distant future. HYDROSANING, Ltd. BOJNICE has finished de-
velopment of the PP 6500/4500 underpass technology. The internal
cross-section 5050 x 3100 m, constructing site prefabricates manufac-
turing, 400 m minimum radius horizontal curve driving option, up to
700 m length underpass by means of segmental pipejacking are the
features of this new technology.
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JACKING OF THE SHORT, LARGE-DIAMETER PIPES
1ZX 122/110 DN 3000/2480 MM

The 3,5 x 3,5 m starting pit dimensions are sufficient when the pipe-jac-
king of 1 m long pipes is carried outl The maximum factual possible
length with thrusting intermediate stations is 1500 m and 120 m wit.
hout them. The impermeability of lining, made from prefabricates equi.
pped with integrated 10 mm thick steel rings, is ensured by means of
10 mm diameter rubber sealing ring.

The longest underpass, consisting of 96 pieces 1ZX 122/110 pipes,
was built by HYDROSANING BOJNICE for ZVL Kysucké Nové Mesto
in 1992. The underpass, serving for automated product fransportation,
was driven under two buildings, @ road and factory yard. Driving un-
derpass only 12 cm under bulky 5 x 5 m foundation ef a 0,8 x 1,2
m reinforced concrete pillar, carrying 217 t loading of twe gantry cro-
ne rails and two roof structures, is the unique feature of this construc-
tion. The measures used against overburden settlement were extreme-
ly efficient; maximum defor-mation after 3 years was less than 0.8 mm|
The overburden was grouted-in and reinforced with micro piles, the pil-
lar was temporary suspended on prestressed anchors. In addition
a bold solution was made. The pillar was perforated and a | 400 beam
was inserted to the hole, cemented there and supported with a steel
structure, rectified by means of hydraulic cylinders in order to relieve
the foundation load. The effect was checked by exact levelling becau-
se the maximum allowed defermation of crane rail was enly 10 mm.

THE PROTECTIVE TUBE PIPEJACKING UNDER VAH RIVER
IN HLOHOVEC

Jacking of the 174.5 m long protective tube for a water main, under Vih
river in Hlohovec using 54 pieces IZX 21/10 DN 2000/1700 pipes.

The pipe jacking was carried out by HYDROSANING BOJNICE in ve-
ry difficult geological conditions in the Neogene floating sand, only
2.2 m under the lowest place of the botiom of the river. The reinforced
concrete pipes I1ZX 21/10 had to bear 2150 t axial load.

The pipejacking began from the left bank. After 94,6 m a very dra-
matic event occurred. The cutting head of the machine struck a steel
obstacle in the route of the protective tube line. Any attempts to remo-
ve the obstacle from inside of the funnel failed. Therefore an other tun-
nel boring machine was introduced from the right bank of the river. The
other machine struck the same obstacle after 76 m jacking. The gap
between the machines was only 4.8 m. The enclosing sheet pile walls
were built in the gap and the divers removed o 5.5 m long and 853 kg
weighing piece of deformed | 700 steel beam originated in a destro-
yed steel bridge. Then the right side TBM was driven to contact the left
side one and then was drown out with help of divers. Bath parts of tun-
nel were 100% sealed using a special connecting pipe. Two HOBAS
water pipelines DN 500 and DN 400 were assembled in the tunnel.
The construction is going to be finished and brought into service for
ZsVAK Bratislava in August 1996.

PROTECTIVE TUBE PIPE-JACKING UNDER MORAVA RIVER

Jacking of 52 pieces IZX 21/10 DN 2000/1700 pipes for a DN 500
gas main protective tube under Morava river near Vysoka pri Morave
is situated in @ nature reservation and therefore the works may be car-
ried out only during the pause of vegetation. A : pit was sank in
February 1996 and pipe-jacking of a DN 2000 ) reinforced con-
crete protective tube is going to start in October 1996. ]
The 153 m long pipejacking routes through quick sands in o vertical
curve with a 300 m radius. For this challengi M,,HYDROSANING
BOJNICE has developed a special mulfi layer lenex wedge cushion
and special sealing using a 26 mm diameter rubber ring enabling
100% impermeability up fo 0.6 MPa water pressure in spite of 22 mm
declination of pipe end surfaces in joints of 3 m long pipes. The ending
is interesting as well. The fully automated TBM with 2010 mm dl?“‘“‘
ter is going to get out without any target pit. Since the target is situo
ted in the Ausirian Baumgarten reservation on the right bank of
Morava river there are many managing and economic problems to be
solved.

Besides of the mentioned types of pipes, ZIPP Bratislava produces
DN 2000/1600, DN 1400/1205, DN 1260/1000 and DN 1000/780 mm
reinforced concrete pipes for pipe-jacking.
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Prve letmo montované segmentové mosty

po 30 rokoch
First free cantilever segmental bridges after 30 years of service

Ludovit NAD - Peter BENKO - Konstantin KUNDRAT - Tibor JAVOR

Uz pred vyse 30 rokmi sa v byvalom Ceskoslovensku
budovali letmo montované segmentové mosty. Poéas
tohto obdobia presia tato konstrukénd metdda
vyvojovymi zmenami. V prispevku su zhrnuté
poznatky a skusenosti i sucasny technicky stav po
30 rokoch prevadzky na dvoch mostoch ako rep-
rezentantoch.

Segmentové mosty v spoloénom &eskoslovenskom &tate
sa sice stavali uZz davnejSie, ale technolégiu letmej
montaZe si ako prva osvojila, rozvinula a prvykrat aj
uplatnila firma InZinierske stavby KoSice. V rokoch 1964
az 1966 postavila 4 cestné mosty v celkovej dizke 719
m a dva Zelezniéné mosty v celkovej dizke 232 m, potom
v rokoch 1969 az 1971 eSte dalSie dva ramové cestné
mosty v diZke spolu 167,5 m.

Prvym letmo montovanym segmentovym mostom v
Ceskoslovensku bol .experimentalny” most cez rieku
Ondava v Sirniku asi 60 km juhovychodne od Kosic.
Dalsie prvenstvo prinaleZi Zelezni€nému mostu cez udo-
lie budicej vodnej nadrZe RuZin v Margecanoch, ktory
bol prvym letmo montovanym predpatym segmentovym
mostom pre Zeleznicu na svete.

Ako vSetky primaty, aj tieto mosty si vyZadovali po-
chopenie pre uplatnenie novych trendov v mostnych
technolégiach, predovSetkym vSak velky entuziazmus,
mnoho Uusilia, ale aj odvahy ludi oddanych vyskumu a
technickému vyvoju z vlastnej stavebnej firmy. Dalej to
boli nepochybne projektanti a mnohi pracovnici
vyskumnych dstavov a vysokych $kél, ktori tzko spolu-
pracovali pri navrhu a realizacii.

O tom, Ze to nebola marna praca sveddia nielen
uvedené vybudované mosty, ale aj skutoénosft, Ze firma
InZinierske stavby za uplynulych 30 rokov postavila tech-
nolégiou letmej montaze viac ako 6,7 km cestnych a
diafniénych segmentovych mostov. Letma montaZ sa
potom uplatnila aj v inych stavebnych podnikoch na Slo-
vensku a v Cechach.

Priklad dvoch ,prvych* mostov — v Sirniku a v Mar-
gecanoch poukazuje na 30-roénu skusenost s ich
nepretrzitym pouzivanim.

Cestny most v Sirniku

Most preklefiuje rieku a jej inundaéné zemie. Sklada sa
Z hlavného trojpolového mostného objektu a inundaéného

Doc. Ing. Ludovit Nad, CSc. — InZinierske stavby, a. s. Kosice,
Stavebn4 fakulta TU Kosice; Ing. Peter Benko, Ing. Konstantin
Kundrét — InZinierske stavby, a. s. Kosice; prof. Ing. Tibor Javor,
DrSc. - Stavebna fakulta TU Kosice.

More then 30 years ago the first free cantilever
precast segmental bridges were constructed in former
Czechoslovakia. Many modifications and large de-
velopment vent through out of this construction
method sing that time. This article presents the first
experiences, results from todays’s point of view and
the state of twoo bridges — representatives after 30
years of service.

Segmental bridges in the common Czechoslovak state
had been built earlier, but the free cantilever assembly
method was adopted, developed and for the first time
used by company InZinierske stavby KoZice. Between
1964 and 1966 the company built 4 road bridges of the
total length 719 m and two railway birdges of the total
length 232 m, then between 1969 and 1971 another two
framed road bridges of the total length 167.5 m.

The first segment bridge built by free cantilever as-
sembly method was the bridge over the Ondava River in
Sirnik, some 60 km to the south-east from Ko3ice. An-
other primacy belongs to a railway bridge over the valley
of the water reservoir ,Ruzin“ in Margecany, which was
the first segmental bridge in the world built by free can-
tilever assembly method for railway.

As all pioneer primacies, also these bridges required
not only understanding for assertion of the new trends in
bridge technologies, above all they required a great deal
of enthusiasm, effort and braveness of the people who
devoted themselves to research and technical develop-
ment within the company. It was undoubtedly also de-
signers and other people of the research and develop-
ment institutes and universities, who worked in a close
co-operation on both design and construction.

The conviction that this work had not been wasted,
can be well approved not only by above mentioned eight
bridges, but also by the fact that the company InZinierske
stavby built by the free cantilever assembly method over
6.7 km of segmental bridges on both roads and motor-
ways during last 30 years. The free cantilever assemby
method then started to be broadly used also by other
companies in the Slovak and Czech Repubiics.

We would like to use the example of the two first*
bridges — in Sirnik and in Margecany to show the 30-year
experience of their continuous exploitation.

Road Bridge in Sirnik

The bridge arches the river and its inundation territory.
The bridge consists of the main three-span bridge super-
structure and inundation four-span bridge (the horizontal
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tvorpolového mosta (svetlost poli 18 m). Predmetorq
na&ho zaujmu je hlavny mostny objekt s polami rozpati
30.15 + 60 + 30,15 m (obr. 1). Staticky pdsobi ako
zdruzeny ram s kibom umoZilujucim len vodorovny po-
hyb uprostred stredného pola a dvoma ramovymi stojka-
mi — navodnymi piliermi. Koncové polia su uloZzené na
pohyblivych loZiskach, prispdsobenych aj na prenesenie
tahovych reakcii. Ram je zaloZeny pruZne, na plavajucich
pilétach. V prie¢nom reze nosnd kon3trukciu tvoria dvz_a
komorové tramy s vonkaj§imi jednostrannymi konzolamu._
Priestor medzi tramami je prekryty Zelezobetonovymi
prefabrikovanymi rebrovymi doskami, &im vznika nosna
koné&trukcia Sirky 10,8 m. Jej vySka sa meni od 3,05 m
pri ramovych stojkach do 1,4 m uprostred stredného pola
a na koncoch krajnych poli. Hrabky stien, spodnej a
hornej dosky, ako aj ostatné rozmery konStrukcie v
prietnom reze vyplyvaji z obr. 2. Spolupdsobenie tra-
mov v prieénom smere zabezpe&uji monolitické priecniky
nad v&etkymi podperami, v mieste stredného kibu, ako
aj v poli (17,5 m od ramovych stojok) a prefabrikovana
rebrova doska (obr. 3).

Predpétie zabezpefuju kable zostavené z 24
patentovanych drétov ¢ 7 mm, &o predstavuje 1 000 kN
predpinacie jednotky. Nad strednymi piliermi jedného
tramu prechadza 34 kablov.

Nosna kondtrukcia zo 72 segmentov diZky 2,97 m,
resp. 1,97 m (segmenty susediace so zarodkami) sa
montovala letmo v symetrickej konzole od monolitického
zarodku dihého 5 m. Skary medzi segmentami maju
hrubku 30 mm a su vypinené cementovou maltou. Seg-
menty hmotnosti 14 aZ 18,5 t sa vyrabali z beténu B50
vo vyrobni prefabrikatov v Kysaku, asi 100 km vzdialenej
od staveniska. Beténovali sa vo zvislo usporiadanych
bunkovych formach a pred transportom sa pomocou
Epecialnej kolisky preklapali o 90" do normalnej polohy.
Montovali sa univerzalnym montaZnym vozom s nosnosfou
350 kN, ktory bol na tejto stavbe vybaveny Zeriavovou
mackou nosnosti 200 kN. Priestorova Skara hrabky 30
mm medzi segmentami sa vypl'r\ala modifikovanou
rychlotvrdnicou cementovou maltou. Predpatie sa vnies-
lo uZ po 16 aZ 18 hodinach. Predpinacie kable vahadla
boli vedené v otvorenom predpinacom Zlabe v hornej
doske a poéas celej montaze boli vystavené
poveternostnym vplyvom. Po overovani viacerych
ochrannych naterov sa napokon pouZil nater z epoxi-
dovej Zivice Epoxy 1200 a plniva portlandského cementu

Obr. 1. Most v Sirniku ~ pohfad na hlavny mostny objekt
Fig. 1. Bridge In Sirnik — general view of the main structure

I 00 %

Obr. 2. Most v Sirniku — priecny rez
Fig. 2. Bridge In Sirnik — cross section

clearness of the spans is 18 m). We will talk about the
main bridge superstructure with the following spans: 30.15
+ 60 + 30.15 m respectively (Fig. 1). From the static
aspect in functions as an associated frame with a joint
enabling only horizontal movement in the middle of the
central span, two frame legs — river piers. The endings
of the deck are laid on movable bearings, adapted also
for transfer of tensile reactions. The frame is founded
elastically, on floating piles. The cross-section of the
superstructure consists of two hollow boxes with one-
sided external cantilevers. The space between beams is
covered by steel-concrete prefabricated ribbed slabs. Thus
a superstructure 10.8 m wide is created. The height
varies from 3.05 at the frame legs to 1.4 in the middle
of the central span and at the end of the side spans. The
thickness of the bottom and top slab as well as other
dimensions of the structure in cross-section can be seen
in the Fig. 2. The effect of co-working in the transversal
direction is provided by cast transverse beams above all
supports, in the position of joint as well as in the field
(17.5 m from frame legs) and the prefabricated ribbed
slab (Fig. 3).

The prestressing was applied by cables set up of 24
patented steel wires of diameter ¢ 7 mm what introduced
1000 kN prestressing units. Over the internal piers of one
beam there are 34 cables.

The bearing structure consisting of 72 segments 2.97
and 1.97 m long (the latter length for segments neigh-
bouring with germs) was built by free cantilever method
in a symmetrical cantilever from a cast germ 5 m long.
The slots between segments are 30 mm wide and are

Obr. 3. Most v Sirniku - pohfad zdola na nosn konstrukclu
Fig. 3. Bridge In Sirnik — underview of the structure
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Obr. 4. Most v Sirniku — priehyb v
strede hlavného pofa.

Fig. 4. Bridge in Sirnik — deflec-
tion In the middle of the main
span

filled with cement mortar. Seg-
ments weighing 14.0 to 18.5 t
made from concrete B50 were
produced in the prefabrication
plant in Kysak, more than 80
km from the construction site.
Segments were concreted in a
vertically arranged cellular
moulds and before transporting
to the site they were turned (by

SEP- 65 MAR-T1 AUG -76 FEB- 82
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90°) to its normal position by
means of a special cradle. They

v pomere 4 : 1. Tento nater zabezpecéoval dobri sudrZnost
s beténom a ochranu vystuZze proti korézii. Mimoriadna
pozornost sa venovala uzatvoreniu Zlabu. Pod kable sa
navliekli strmene, prepojené s dvoma vrstvami ocelového
pletiva. Zfab hiboky 150 mm sa beténoval v troch vrstvach
(80 + 20 + 50 mm), priom nova vrstva sa ukladala na
este nezatuhnutl predchadzajucu. Cela operacia nesme-
la v danom Useku trvat viac ako jednu hodinu. Zabeto-
novany Zlab sa potom zaizoloval dvojnasobnym asfalto-
vym naterom a jednou vrstvou asfaltovej lepenky. Vyrovna-
vaci, resp. spadovy betén sa takisto vystuzil ocelovym
pletivom, na ktoré sa naniesla hydroizolacia z trojnasob-
ného asfaltového nateru a dvoch vrstiev asfaltovej lepenky.

V moste sa uz v Case vystavby zabetonovali do
charakteristickych segmentov strunové tenzometre na
zabezpecenie kontroly pretvorenia poéas vystavby aj
dihodobo. Kompenzaéné vzorky uloZzené v komore mosta
umozZiovali zaroven presnejSie uréovanie reologickych
uéinkov betébnu na napéatost a pretvorenia nosnej kon-
Strukcie mosta. Most sa po cely &as sleduje geodeticky.

Vysledky geodetickych merani predstavuju sihrnné
trvalé deforméacie (obr. 4) — priehyby mosta v kibe v
strede rozpétia stredného pola po cely ¢as sledovania.
Z obr. 4 vyplyva, Ze priehyby este mierne asymptoticky
narastaju, maju vSak tendenciu sa ustalif. Najvacsi prie-
hyb 130 mm predstavuje asi 1/460 rozpatia, ¢o je akcep-
tovatelna hodnota (obr. 4).

Prva vadésia oprava mosta sa vykonala v roku 1996
a i8lo o vymenu mostného zvrsku. Pri vietkych doterajsich

were launched by a multi-used
assembly vehicle of bearing
capacity 350 kN, fitted at the construction site by a crane
crab of bearing capacity 200 kN. The slot between seg-
ments were filled with a special rapid cure mortar. The
prestressing thus could be applied already even after
16-18 hours. The prestressing cables of the lever were
laid in a open cable channel in the deck slab and they
were exposed to weather conditions during the whole
time of assembling. After testing of several protective
paintings a painting agent created by mixing of the epoxy
resin agent Epoxy 1200 and the filling from Portland
cement in a ratio 4 : 1 was used. This painting provided
a good bond with concrete and protection of the rein-
forcement against corrosion. Particular attention was paid
to the capsulation of the channel. Stirrups were put under
the cables and they were connected with two layers of
a steel mesh. The channel being 150 mm deep was cast
in three layers (80 + 20 + 50 mm respectively) and new
layer was cast over preceding before it cured. The whole
operation in a particular section was to be done within
one hour. The channel overcast in such way was then
insulated by doubled bitumen painting and one layer of
bitumen cardboard. Levelling or inclination layer of
concrete was also reinforced by a steel mesh. On
this layer a damp-proofing consisting of three bitumen
paintings and two layers of a bitumen cardboard was
laid.

The bridge was during the construction fitted with
string tensiometers concreted in characteristic segments
for the purpose of deformation control during construc-
tion and also for the future reference. Compensa-
tion samples, put in the chamber of the bridge
made possible also more precise determination of rheo-
logical effects of the concrete to the tension and defor-
mation of the bearing structure of the bridge. The bridge
has been also observed all the time by geodetic mea-
surement.

The results of geodetic measurement embodying the
summary of permanent deformation — bends in the po-
sition of the bing in the middle of the central span during
the time of observation are given in the Fig. 4. It is

Obr. 5. Most v Margecanoch tesne po dokonéeni
Fig. 5. Bridge In Margecany immediately after completion
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prehliadkach sa konStatoval velmi dobry stav nosne
kon&trukcie. Ani v minulosti vzniknuté miestne m.jalé prie-
saky, svedtiace o lokalnom podkodeni hydroizolacie,
nespdsobili degradaciu konstrukcie.

Zelezniény most v Margecanoch

Most preklefuje udolie rieky Hornad v mieste: ktoré bolo
neskdr zatopené pri budovani vodného diela qufn:
Jednokolajny Zelezni¢ny most ma 3 polia s rozpatlam_n
30.5 + 55 + 30,5 m (obr. 5). Staticky posobi ako zdruz.eny
ram s nosnou kontrukciou premenlivého prierezu, vysky
3.94 m nad piliermi a 2,17 m uprostred stredného pola
a nad krajnymi oporami. Most bol zostaveny zo segmen-
tov komorového prierezu &irky 3,4 m (obr. 6), vyrobenych
z beténu B500. Na segmenty boli dodato¢ne pripevnené
prefabrikované konzply. -

Segmenty mali dizku 2, resp. 3 m a spajali sa pros-
trednictvom priestorovej 180 mm $irokej vystuzenej SKéq.
Vyplinenie Skary rychlotvrdnucim beténom (B50) umoznilo
pripnuf segment 3 aZ 4 kablami na uZ hotovu &asf mosta
po 36 az 40 h.

Predpatie sa zabezpetilo opat kablami 24¢P7 mm
vedenymi mimo prierez. Na vykrytie zapornych ohybovych
momentov sa navrhlo 46 kablov umiestnenych v ot-
vorenom #labe hornej dosky. Kotvené boli podobne ako
v Simiku v nabehoch pod hornou doskou. Predpinacia
vystuZ na kladné momenty, v polte 16 kablov v krajnych
poliach a 35 kablov v strednom poli, bola vedena takisto
v ¥abe spodnej dosky a kotvena vo vynechanych zare-
zoch v spodnej doske. Vietky 2laby s kablami a zarezy
s kotvami sa po predpnuti zabeténovali.

U2 v ase vystavby mosta odzneli zo strany Zeleznic
a ministerstva dopravy pripomienky k realizacii projektu
a stavbe mosta. Autorovi vykondvacieho projektu vyéitali,
Fe na ministerstve dopravy neodsuhlasil niektoré zmenené
podrobnosti. Vykonévaci projekt bol schvaleny a2 po zagati
stavby. Realizatorovi diela sa vytykala lokalna nekvalita
beténu zarodku, &o si vynuitilo plodnd injektaZ. Beton
Skar medzi segmentami mal oproti projektu niZz3iu pev-
nost, na niektorych miestach boli zistené dutiny a ne-
dostatoéné krytie vystuZe. Vyskytli sa nedostatky vo
vedeni kablovych kanalikov, éo spdsobovalo neprijem-
nosti pri predpinani. Zastupcovia Zeleznic nadobudli

obvious that these deformations are still growing, but
they tend to be stabe.

The maximum deflection of 130 mm is approximately
1/460 of the length span, which can be accepted.

The first important rehabilitation of the bridge was
carried out in 1996 and it comprised the exchange of the
top of the bridge. All inspections carried out to date have
declared a very good state of the bearing structure. Even
in the past when some small local seepage has occurred
proving local damage to damp-proofing, they did not
cause any degradation of the construction.

Railway bridge in Margecany

The bridge arches the Hornad River at the place later
flooded later on by the water reservoir ,RuZin”. One track
railway bridge has three spans of 30.5 + 55 + 30.5 m
respectively (Fig. 5). From the static aspect it functions
as an associated frame with a bearing structure having
varying height of the cross-section, 3.94 m high above
the piers and 2.17 m high in the middle of the central
span and above abutments. The bridge was assembled
from segments of box cross-section 3.4 m wide (Fig. 6)
prefabricated from concrete B50. The segments were
additionally fitted with prefabricated cantilevers.

Segments were 2 m respectively 3 m long, they were
bonded together by means of a reinforced space slot 180
mm wide. The filling of the slot by rapid cure conrete
(B50), enabled fastening of a segment by 3 or 4 calbes
to already constructed part of the bridge within 36-40
hours.

The prestressing was again applied by cables made
up of 24 patented steel wires of diameter ¢ 7 mm which
were lead out of cross-section. 46 cables placed in the
open channel of the deck slab were meant to stand for
the negative bending moments. They were anchored in
the same way as in Sirik in the vertically extended parts
under the deck slab. The prestressing reinforcement 1o
stand the positive bending moments consisting of 16
cables in the outer spans and 35 cables in the central
span was also placed in the channel of the bottom slab
and anchored in the cuts of the bottom slab. All channels
and cuts with the anchors were cast concreted after
applying of the prestressing.
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Obr. 6. Most v Margecanoch
a - prieény rez, b - pozdizny rez
Fig. 6. Bridge in Margecany

a — cross sectlon, b - longitudinal section
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dojem, Ze predpatie bolo niekedy vna3ané viac podla
.citu" ako podfa projektu. Nedostatkom realizacie bolo
pouZitie predpinacej vystuZe — patentovaného drétu s
povrchovou kordziou. Obavy z tohto ,prehredku” sa véak
nepotvrdili, pretoze v nahodnych sondach po dvadsia-
tichpiatich rokoch predpinacia vystuz nebola skorodovana.
Realizatorovi okrem toho vyéitali, Ze niektoré Zlaby sa
zabetonovali bez pritomnosti stavebného dozora, prip.
daldich zainteresovanych.

Vzhladom na uvedené, resp. niektoré daldie ne-
dostatky sa v zapise z prvej hlavnej prehliadky mosta [6]
uvadza, Zze ministerstvo dopravy v budlcnosti nebude
davat suhlas na vystavbu mostov z predpitého beténu
takychto velkych rozpéati (most mal pole s rozpatim 55
m). Spochybnena bola aj diZka Zivotnosti mosta. Naria-
dena bola dlhodoba kontrola stavu mosta, zahffajica
okrem iného geodetické sledovanie meracich bodov
zabudovanych v nosnej kon&trukcii a pravidelné vyhod-
nocovanie napatosti, resp. stavu pretvorenia mosta sle-
dovaného pomocou strunovej tenzometrie.

Kvalitu realizovanej stavby mali preverif nasledné
zafaZovacie skusky. Staticka skuska sa realizovala s
uéinnosfou 0,68 (vy3Siu uginnost nebolo redlne dosiah-
nuf!). V sprave [8] sa uvadza, Ze absolutna vaé&sina
sledovanych parametrov sa zhoduje s teoretickymi hod-
notami. V sprave o dynamickej zafaZovacej skuske [9] je
uvedené upozornenie na vy3Siu citlivost tohto typu
konstrukcie na dynamické acinky.

Potas zafaZovacich skiSok sa zistilo presakovanie
vody do komory nosnej konStrukcie. Reakciou na uvedené
skutogénosti bolo trvalé zniZenie prejazdovej rychlosti
vlakovych sdprav na moste.

Most svojmu tcelu sluzil v obmedzenej miere do roku
1977, kedy sa vykonala prva vacésia oprava. Zahrfiala
Ciasto&nu vymenu mostného zvriku vratane hydroizolacie.
Problémy s nespolahlivou hydroizolaciou viak pretrvavali
aj potom. K rozsiahlej rekonstrukcii sa napokon pristupilo
v roku 1985. Zacala uplnou a ddkladnou obnovou most-
ného zvriku a vyvrcholila statickou sanaciou v roku 1991.
Volnymi kablami 12¢Lp15,5 vedenymi v komore, sa do nosnej
kon3trukcie vnieslo pridavné, priblizne centrické predpatie [10].

Po rekonstrukcii bola na moste povolena normalna
Zeleznitna prevadzka — normalnou trafovou rychlosfou.

Zaver

V prispevku opisané priklady dvoch tridsafroénych mos-
tov st dplne odligné. Prvy — cestny most v Sirniku bol a
je vzorovym prikladom mosta — sliZi bez problémov svoj-
mu Géelu. Druhy — Zelezniény most v Margecanoch bol
pravym opakom. Nasfastie len bol. Pri¢in na takéto prisne
ohodnotenie, ako z prispevku vyplyva, bolo viac. Pod-
statna &ast nedostatkov mosta vznikla nedodrZanim tech-
nologickych postupov a oneskorenou projektovou pripra-
vou. Stavbe mostu nevenoval dostatoéni pozornost zrej-
me ani stavebny dozor. Medzi jednotlivymi kontrolami —
kontrolnymi diiami boli dihé intervaly. Odborné poradné
komisie Easto menili svoje zloZenie a neboli tak dosta-
to&nou zarukou spravnej realizacie stavby. Nedostatky
rozhodne nespodivali v principoch, v podstate kontrukcie
alebo v neschopnosti stavebnej firmy. Takmer verna képia
tohto mosta, postavena o rok neskér na tej istej trati len
o dva km dalej (most pri Jaklovciach), je toho najlepsim
dékazom. Bez problémov sluzi dodnes svojmu ucelu.

DISKUSNE TEMY

Already during the construction of the bridge there
were some comments raised by railway authorities and
the Ministry of Transport on the design and construction
of the bridge. There was a reproach to the author of the
final design, that some details were changed without
approval of the Ministry of Transport. The final design
was approved after the construction had begun. The
contractor was reproached for the local insufficient qua-
lity of the concrete of the germ, which caused need for
additional areal injection. The concrete between segment
was showing lower strength than required by the design,
some cavities and lack of the coverage of the reinforce-
ment were detected in some places. The representatives
of the railway authorities came to an impression that the
prestressing was sometimes applied more by feeling"
than according to the design. There was also one prob-
lem in the process of the construction, that for prestres-
sing steel a patented wire with a surface corrosion was
used. The fear of this ,mistake" was not confirmed,
because after 25 years in random probes there was not
detected any corrosion in the reinforcement. Another
reproach to the contractor complained that some chan-
nels were cast concreted without presence of the super-
visor or some other involved parties.

According to above mentioned and some other prob-
lems in the report from the first main inspection of the
bridge [7] there is a statement that in the future the
Ministry of Transport will not be approving the construc-
tion of bridges from prestressed concrete of such large
spans (the bridge had one span of 55 m). There was also
a doubt of the life expactancy of the bridge. The long
term observation of the condition of the bridge, including
besides some other requirements also geodetic observa-
tion of the measurement points built into the super-
structure and regular evaluation of the tension, the con-
dition of the deformation of the bridge respectively ob-
served by string tensometry were ordered.

The quality of the construction were then to be con-
firmed by loading tests in the due course. Static test was
carried out with the efficiency of 0.68 (higher efficiency
could not have been in fact achieved!). The report [9]
says that the absolute majority of the observed para-
meters is in good accordance with the theoretical values.
In the report on the dynamic charging test [10] there is
pointed out the higher sensitiveness of such a type of the
structure to dynamic effects.

During charging tests the seepage of the water into
the chamber of the bearing construction was detected.

As a reaction to the above mentioned facts the per-
manent lowered speed limit of the trains on the bridge
was accepted.

The bridge had been serving to its purpose until 1977
when the first important rehabilitation was carried out.
The rehabilitation comprised a partial exchange of the
top of the bridge and of the insulation. The problems with
seepage however remained. Then a complex rehabilita-
tion was commenced in 1985. It started with total and
detailed restoration of the top of the bridge and ended
in static rehabilitation in 1991. Additional approximately
centric prestressing was applied to the superstructure by
means of free cables 12¢Lp15.5 placed in the camber
[11].

After the rehabilitation the normal traffic of the trains
— at normal speed without limit-was allowed.
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Z uvedeného moZno zaroved zdéraznil pozitivnu
skusenost, ziskani pouZitim epoxidovej ochrany pred-
pinacej vystuZe na moste v Sirniku. V niektorych tech-
nicky a priemyselne vyspelych krajinach sa akoby znovu-
objavila vo forme primarnych epoxidovych poviakov be-
tonarskej aj predpinacej vystuze. ;

Dal&im pozitivnym javom bola postupne dosiahnuta
vysoka rychlost vystavby. Kym na prvych vahadlach to
bolo len asi 6 m za tyded, pri opakovanych mostoch
vzrastia na 12,5 m zmontovanej nosnej konstrukcie za tyZden.
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Conclusion

The examples of the two 30-years old bridges used in the
article are completely different. The first one - road
bridge in Sirnik was and is an example of such a bridge,
which we would like to have, it serves without any prob-
lems to its purpose. The second one — the railway bridge
in Margecany was, as we might say, the complete con-
trary. Fortunately only was. There were several reasons
for such a strict evaluation as implied by above men-
tioned facts. The essential part of problems with the
bridge was caused by violation of the technology and the
delay of the design preparation works. Insufficient atten-
tion was probably paid to the construction of the bridge
by supervisor. There were long intervals between partic-
ular inspections — so called ,control days". The members
of the expert consulting commissions were often ex-
changed and so they could not have been a sufficient
guarantee for the correct construction procedure. The
problems were indeed not in principals, in the essence
of the structure or in the incapability of the contractor.
Almost identical copy of the bridge built one year later on
the same railway only two km apart (the bridge in Jak-
lovce), is the best evidence of that fact. It serves to its
purpose without any problem even today.

The presented facts enable us to point out the posi-
tive experience of the use of reinforcement protection by
epoxide resin at the bridge in Sirnik. In some technically
and industrially developed countries seems to reappear
in the form of primary epoxy paintings of the construction
and prestressing reinforcement steel.

Another positive fact is that of gradually achieved the
high speed of the construction. While the first levers were
built at the speed of 6 m per week, the other levers were
built at the speed of 12.5 m of the assembled structure
per week.

Mostné loZiska a ich vplyv na Zivotnost mostov
Bearings and their influence on service life of bridges

Stefan MRAZ

Clanok upozoriiuje na nedostatky pri navrhovani a
montéazi mostnych loZisk, ktoré maju vplyv na Zivot-
nosf mostov, ako aj na ndro¢né odstrafiovanie tychto
nedostatkov.

Mostné objekty mdZeme povaZovat za umelecko-architek-
tonické diela, medzi ktorymi zaujimaju vyznamné
postavenie, pretoZe s symbiozou technického umu a
umeleckého citu. Radi obdivujeme dnes uZ historické

Ing. Stefan Mraz — CEDRON Bratislava.

The paper deals with insufficiencies in process of
design and assembly of bridge bearings that have an
influence on service life of bridge structures as well
as with difficult rehabilitation of these insufficiencies.

The bridge structures can be considered as works of art
and architecture and among them bridges occupy Vvery
special position because of symbiosis of technical intel-
lect and artistic feeling. Also today we love to admire old
bridges which are already part of the history matching
surrounding nature. There is a duty of our generation 10
continue in this trend and to use theoretical knowledge
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Obr. 1 Udaje o nastaveni loZiska
Fig. 1. Data for bearing installation

mosty za&lenené s velkym citom do prirody. Je povinnos-
fou suZasnej generacie pokracoval v tomto trende a
vyuzivat teoretické poznatky vedy a techniky i skisenosti
odbornikov v oblasti mostného stavitelstva.

Most je komplex réznych konstrukénych prvkov,
materialov a technicko-stavebnych &innosti. Patria medzi
ne i mostné loziska a ich montaz. Z celej Skaly vyraba-
nych mostnych loZisk sa v sugasnosti najviac pouzivaju
Jhrncové loziska". Je na &ase, aby sme sa zbavili zas-
taraného nazoru na mostné loZiska a uvedomili si sku-
toénost, Ze loZiska su na moste dbleZitym prvkom s
podstatnym dopadom na Zivotnost mosta. Most moze byt
navrhnuty optiméalne s pouZitim najdokonalejsej techno-
légie a materidlov a ak navrhneme i dobré loZisko, ale
je zle osadené, most je vopred znehodnoteny.

Dovolujem si uviest jedno prirovnanie: ak ma Clovek
na vrchole fyzickych sil v dobrej zdravotnej pohode prob-
1ém &o i len s jednym stavcom svojej chrbtice, je vyra-
deny na dih&i &as z pracovnej &innosti, ba Casto i natr-
valo. Analégiu mbéZeme aplikovaf i na most. Kazdeé loZis-
ko na moste reprezentuje stavec fudskej chrbtice a susta-
va loZisk mosta je chrbtica mosta.

Z tohto pohladu je taZko pochopitelné, Ze sa loZiskam
pri stavbe mosta velmi gasto venuje minimalna pozor-
nost, ktora stvisi niekedy aZ s lahostajnostou. Tuto lahos-
tajnost moZno pozoroval uZ pri spracovani projektovej
dokumentacie. Projektanti sa &asto uspokojuji s po-
vrchnym navrhom loZisk, a to stanovenim reakcii, ktoré
maiju loZiska prenadaf. Prekvapujuce je, Ze vela dodava-
telov mosta sa snaZi Zetrif finanéné prostriedky prave na
loziskach. Pritom z celkového rozpoé&tu mosta tvoria lo-
%iska len velmi mald polozku v rozsahu 0,2 aZ 0,8 %. V
&tadiu navrhovania a e&te pred zagatim vyroby loZisk je
nevyhnutna konzultacia s odbornikmi, pri ktorej sa od-
strania v&etky konstruk&né nedostatky, aby zadanie bolo
jednozna&né a technicky odévodnené, a tym i ekono-
mické.

Na ilustraciu jeden priklad z praxe: V snahe usetri
finanéné prostriedky i napriek upozorneniam odberatel
znizil pohyb loZiska o 60 mm, &im sa zniZila cena loZiska
0 12 %. Po zabudovani a dvojroénej prevadzke mosta sa
ukazalo, e loZisku chyba potrebna kizna draha. Klzny

DISKUSNE TEMY

of science as well as experiences of experts in the field
of bridge engineering.

The bridge is a complex of various structural ele-
ments, materials and construction activities. The bridge
bearings and their assembly belong to them too. From
a whole scale of produced bridge bearings, the pot bea-
rings are used the most at present time. It is the time to
abandon obsolescent opinions about bridge bearings and
to realize the fact that bearings are very special part of
bridge which have an important influence on bridge ser-
vice life. The bridge can be designed in optimal way by
using the most advanced technology and materials and
even if we would project a good bearing which is not
properly installed, the bridge structure is depreciated
beforehand.

Let me quote a comparison: If a human being on the
top of his physical condition has a problem just with one
vertebra of his spin, he is prevented from physical acti-
vities for a longer period but very often even permanent-
ly. An analogy can be applied to bridge structure. Each
bearing on the bridge represents a vertebra of man's
spin and the system of bridge bearings creates a bridge
spin.

From this point of view it is not understandable that
during construction of bridge a minimum attention is
given to bearings which sometime is connected with an
indifference. This indifference can be seen already du-
ring a preparation of design sketching. Consultants are
very often satisfied just with basic design of bearings for
example with calculation of support reactions that should
be transferred by bearings. It is very surprising that many

Obr. 2. Lozisko pred betonazou vyrovnavacieho beténu dloz-
ného prvku

Fig. 2. Bearing before placing of leveling concrete to bridge seat
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Cennik inzercie Formaty inzerétov
v éasopise InZinierske stavby
na rok 1996
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= nzinierska geoldgia @ statika @ kotvy
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