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J Hajek M.Krizma, S.Hane&ka — Deformations
of Partially Prestressed Concrete Beams under Moving
#::;uf partially prestressed concrete beams under mov-
ing and stationary load. Separation of strains due to bend-
ing from those due to shear forces by methodoi_ trans!u—
cation polygons. The effect of shear strains combined with
the process of formation of cracks upon vertical deforma-
tions.

A.JaroSevié M.Chandoga-Force Measuring of
Prestressing Steel )
Concise description of elastomagnetic method pnnmple_.s
for measuring mechanical stress in prestressing steel is
given andthe possibilities of its use in building prac-
tice are demonstrated. The method was uesed to follow up
state of stress in grouted and external prestressing ten-
dons of prestressed concrete bridges, as well as the
force in the stays of cable-stayed bridges. This method
enables longterm measuring of prestressing force with ac-
cuiacy of = 2 %.

L.Fillo, J.Halvonik —Safety Factor of the Lafran-
coni Bridge Calculation

In connection with determination of the safety factor of
the Lafranconi Bridge, prestressed by internal and exter-
nal cables and constructed by cantilever balance method,
it was necessary to use nonlinear analysis by the compila-
tion of ultimate bending moment and readjust the stand-
ard formula for this special construction.

J.Kucharik, J.Lazar-Investigation of Behaviour
of Prestressed Strands Produced by Drétoviia Hiohovec
for Application in Constructions of Bonded Tendons,
Unbonded Cables and Cable-stays

The results of tests of strands made in Slovakia by Dré-
toviia Hiohovec are described. The research was oriented
to analyse the required thickness of concrete cover and ad-
missible crack widthin the application of strands in pre-
tensioned and post-tensioned concrete elements and to
demonstrate fatigue strenght and tensile strength of deflected
strands. The realised rests have documented from the as-
pect of international codes good quality of Slovak strands.

MATERIALS, TECHNOLOGY, CONSTRUCTION

B.Buci, S.Choma, L.Hrnéiar, T.Seféik
J.Zv ara - The Lafranconi Bridge across the River
Danube in Bratislava

Bratislava is at present an important communication centre
in the Slovak Republic, where the two trunkroads E-15 and
E-16 cross on their way to Vienna and Budapest. The bridge
Lafranconi is the fourth bridge across the river Danube on
the territory of the town Bratislava. In the technical ideas of
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JHajek MKrizma, 8. Hane¢ka- Verformung der
teilweise vorgespannten Balken bei beweglicher Belastung
Priffungen der Balken aus teilweise vorgespannten Beton bei
beweglicher und stationdrer Belastung. Separation der Verfor-
mungen verursacht durch Biegung, von deren, die durch Quer-
krafte verursacht sind, mit der Translokationsmethode. Einfluss
der Schubverformung in Zusammenhang mit dem Process der
Entwicklung von Querrissen auf die Vertikalverformungen.

A.JaroSevié M Chandoga - Kraftmessung im
Vorspannstahl

Prinzip der elastomagnetischen Methode zur Messung der
mechanischen Spannung der Vorspannkabel ist kurz beschrie-
ben. Konkrete Beispiele aus der Baupraxis zeigen die Magli-
chkeiten Ausnitzung. Die Methode wurde bei der Verfolgung des
Spannungszustandes der Spanngliedern ohne Verbund und mit
Vorspannkabel mit Verbund der vorspannten Briickenkonstruk-
tion wie auch beim Messen der Vorspannkraft in der Schrégseil
der Schragseilbriicke ben(itzl. Die Methode erméglicht das lang-
fristige Verfolgen des Spannungszustandes der Spannstdhle mit
2 % Genauigkeit. Die Messdoser haben praktisch unbegrenzte
Lebensdauer, auch wenn sie einbetoniert sind.

L.Fillo, J.Halvonik-Ermittlung des Sicherheitsgrades
der Lafranconi-Briicke

Bei dem Entwurf der Lafranconi-Briicke, die mit Freivorbau-ver-
fahren gebaut und mit klassischen und freien Kabel vorgespannt
wurde, war es unvermeidlich die Grenzbiegetragfahigkeit zu er-
mitteln, bezugsweise die entscheidende Parameter fUr die
Beurteilung des Sicherheitsgrades der Konstruktion laut
CSN 73 1251 analysieren. Die Kompliziertheit des Problems er-
forderte spezielles Berechnungsverfahren,das die entscheidende
Parameter fir die Beurteilung der Konstruktion zu erwerben er-
méglicht.

J.Kucharik, J.Lazar-Erorschung von Verhalten d_er
Vorspannlitzen der Firma Drétoviia Hlohovec fiir die Au_snul—
zung fiir die mit Einpressmértelgeschitzten Kabel, fir ex-
terne Kabel und Schrégseile aus Litzen 3
Die Ergebnisse der Prifungen von Vorspannlitzen erzeugt in
Drétoviia Hlohovec in der Slowakei sind beschrieben. Das Ziel
der Forschung war das Feststellen der nétigen Schutzschich-
tdicke und der zulassigen Rissbreite bei der Applikation der Litzen
als Vorspannstahl fiir vor- und nachgespannte Konstruktionen,
das Uberpriifen der Ermiidungsfestigkeit und der Zugfestigkeit
bei der Einwirkung des Querdruckes. Die Ergebnisse haben be-
statigt, dass die gepriften Litzen den anspruchsvollen !(nlenen
der Fremdenvorschriften entspechen und sind der Qualitét nach
mit den Litzen der renomierten Erzeuger vergleichbar.

MATERIALIEN, TECHNOLOGIE, FERTIGUNG

B.Buci $.Choma, L.Hrn&iar, T.Sefé&ik
J.Zvara-Donaubriicke Lafranconi in Bratislava

Aus der Stadt Bratislava ist ein bedeutender Verkehrsknotenpunkl
geworden, durch den zwei StraBenzlge E-15 und_E-18__ mil
Verbindung nach Wien und Budapest durchlaufen. Die Briicke
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this bridge we can find some peculiarities giving a picture
of the theoretical and practical engineering abilities.

L. B a & a - Two Precast Segmental Bridges In Slovakia
Character of road alignments in slovak geomorphology
makes it very often necessary to use the overhang- concret-
ing or -erection technology. The described examples of
both bridges are characteristic with irregularities due to
the configuration of ground relief.

M.Hru§ka, F. Karab a-Strengthening of the Bridge
over the River Vah-Channel in the Town Turany
Inspection results, bridge structure diagnosis, solution of
the above mentioned bridge strengthening and experiences
based on its implementation.

M.Mataséik~- Lafranconl Bridge - Left Riverbank
Viaducts

From the complex of the bridge Lafranconi are the left and
right riverbank viaducts the interesting parts. We describe
here the left part which claimed a rather exacting operation
during the construction of branches. Especially the branch
No. 215 required monitoring the displacement of bearings
in order to analyse properly the temperature effects.

T.Michalka, E.Sedl|4k-The Motorway Hybica
Bridge

The alignment of the highway D1 in the geomorphologi-
cally complicated territory of Tatras, crosses some valleys.
Ina 13,5 km long section there are four significant bridges
and viadusts of 2,4 km total lenght. The bridge Hybica is
one of them. The structure of bridge was assembled by
means of free cantilevering of precast segments up to the
weight of 80 tons. The structure in its final state of comple-
tion is prestressed by free and bonded (grouted) tendons,
the free tendons being 10 @ Lp 15,5/1 800 strands.

M.Hrudka, M.Cervefian, S.5uster—Repair Work
of the Highway Bridge over River Morava

Repair work of the highway bridge over river Morava is pre-
sented in this paper. It contains the bridge diagnosis,
repair work design problems and technology measure-
ments during the repair work.

L. B U ci- Strengthening of Segment Bridge by Means
of External Tendons

The described bridge was built in the years 1981 to 1984.
Its structure consists of a continous beam with 75 m spans,
assembled from precast segments by using a free cauti-
lever method. Short after the completion there were ob-
served 3 mm cracks. The bridge was repaired withou traffic
interruption by means of additional prestressing of polygo-
nal free tendons consisting of @ 10 Lp 15,5/1 800 MPa
strands protected by PE sheaths. During this in our country
uniqgue the deformation of the structure have been
continuously ovserved and there were measured the actual
friction coefficients and the prestressing force, too.

M.Chandoga, J.Halvonik, M.\Pa&trnak-First
MONOSTRAND Technology Applications in Slovakia
The use post-tensioned Monostrand technology in Slovakia
IS very popular now. A lot of new structures have been
designed and few of them were already built. The ardicle
deals with four different structures; flat slab of Hotel DR
carpark, flat slab and roof of Bratislava RC-Church and flat
fundation slab building estate Pezinok.

Subscriptions: InZinierske stavby, spol. s r. 0., Publishers,
Stromové 13, 830 07 Bratislava, P.O. BOX 49, Slovakia.
Sample copies free.
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Lafranconi ist die vierte Uberbriickung der Donau am Gebiet von
Bratislava. Im Entwurf dieser Uberbriickung bemerkt man einige
interessante Ideen, die die theoretische Stufe und die praktischen
Ingenieurerfahrungen demonstrieren.

L. B a ¢ a - Zwei vorgefertigten Segmentsbriicken in der
Slowakei

Charakter der Linienfiihrung der Verkehrswege in slowakischer
Geomorphologie erfordet oft Beniitzung des Freivorbauverfah-
rens mit monolitischer oder vorgefertigten Bauweise. Die
Beispiele der beiden Briicken sind charakteristisch durch Un-
regelmassigkeiten, welche aus der Konfiguration des Gelande-
reliefs stammen.

M.Hrudka, F.Karab a- Verstirkung der Briicke ber
den Kanal des Flusses Vih in Turany

Die Ergebnisse der Kontrolle, Diagnostik des Briickenobjektes,
die Lésung der Verstarkung der Briicke und die Erfahrungen mit
Realisation der Arbeiten sind beschrieben.

M.Mafa3¢ik- Briicke Lafranconi — die ankniipfende
Estakaden auf dem linken Ufer

Im Komplex der Briicke Lafranconi sind sehr interessant die an-
kniipfende Estakaden auf dem linken und rechten Ufer. Beschrie-
ben ist der Teil der Briickenkonstruktionen auf dem linken Ufer,
der durch anspruchsvolle Bauweise der abzweigender Hoch-
straBen charakteristisch ist. Besonders die HochstraRe (Objekt
215) erforderte das experimentelle Verfolgen der Bewegung der
Auflager und griindliche Analyse der Warmeeinfliisse.

TMichalka, E.Sedl4k- Autobahnbriicke Hybica

Die Trassierung der Autobahn D1 in der geomorphologisch kom-
plizierten Tatragegend durchquert einige Seitentaler. In einem
13,5 km langen Abschnitt befinden sich vier Vorlandbriicken,
deren Gesamtidnge 2,4 km betrégt. Die Briicke Hybica ist eine
von denen. Die Tragkonstruktion dieser Briicke besteht aus frei
vorgebauten Segmenten mit Gewicht bis 80 Tonnen. In dem
Endstadium der Vorspannung ist die Brilcke mittels Spannglieder
mit und ohne Verbund vorgespannt, die externen Kabel beste-
hen dabei aus Kabel 10 @ Lp 15,5/1 800.

M.Hrudka M. Cervefian, S.8uster-Reparatur der
Autobahnbriicke dber den Fluss Morava

Die Arbeiten mit der Rekonstruktion der Autobahnbriicke {iber
den Fluss Morava sind beschrieben. Es handelt sich um die Di-
agnostik der Briicke, um Entwurf der Rekonstruktion und die tech-
nologischen Messungen wéhrend der Reparatur der Briicke.

L.B G ci-Enichtigung einer Segmentbriickenkonstruktion
durch externe Kabel

Die beschriebene Briicke wurde in Jahren 1981 bis 1984 and
der D1 Autobahn gebaut. Die Tragelemente der Briicke beste-
hen aus einem Durchlauftréger von 75 m Stiitzweiten, gebaut
wurde die Briicke in einem Segmentenfreivorbau Verfahren. Kurz
nach Bauende wurden 3 mm breiten Risse entdeckt. Die Briicke
wurde ohne Verkehrsunterbrechung mittels nachtréglich gespan-
nten polygonal geordneten externen Kabel, die aus @ 10 Lp 15,5/
1 800 durch PE Hillrohr gegen Korrosion geschiitzten Seiten
bestanden, ertiichtigt. Wahrend der bei uns seltener Reparatur
wurden die Deformation der Konstruktion {iberwacht und die
aktuellen Reibungsbeiwerte sowie die Spannkréfte gemessen.

M.Chandoga, JHalvonik M.Pa%trnak-
Erste Anwendung der MONOSTRAND-technologie in der
Slowakei

Technologie der nachtréglich vorgespannten Konstruktionen
MONOSTRAND ist zur Zeit sehr populdr in der Slowakei ge-
worden. Es wurde laut mehreren Entwurfen einige interessante
Konstruktionen gebaut. Der Artikel beinhaltet die Lésung der
Deckenplatte einer Garage im Hotel DR, einer Decke und eines
Daches der RK Kirche in Bratislava und einer Fundamentdecke
im Wohnanlagen in Pezinok.

Bestellungen nimmt Verlag InZinierske stavby, spol. s r.o.,
Stromova 13, 830 07 Bratislava, P.O. BOX 49, Slowakia. Fir In-
teressenten stehen kostenlos Probehefte zur Verfiigung.
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Prihovor prezidenta Slovenského komitétu FIP

Address of the President of the Slovak FIP Committe

Ak sa pozriete na mapu, najdete v samom strede Eur6py
novy Sitat — Slovensku republiku, ktord vznikla v roku
1993 rozdelenim byvalého Cesko-Slovenska na dva $ta-
ty. Vznik nového Statu sprevadza potreba konstituovania
celého radu orgdnizécii, aby sa zachovala kontinuita
vzfahov a kontakiov so zahrani¢im. Medzi tieto novous-
tanovené organizacie patri aj Slovensky komitét FIP.
ZdruZuje 16 firiem a organizécii, ktoré sa zaoberaji na
Slovensku predpatym beténom alebo vyrobou komponen-
tov na jeho realizéciu.

Na Slovensku mame za sebou histériu predpatého
betonu, na kiorej sa d4 budovar:

Prvy most z predpétého betonu v roku 1955, prvy letmo
beténovany most v roku 1961, prvé prieéne delené seg-
mentové mosty v roku 1966, velmi rozsirené je dihoro&né
pouZitie predpatého beténu v oblasti prefabrikécie v po-
Zemnom a&j inZinierskom stavitelstve.

Na Siovensku sa vyrdbajii vSetky komponenty potreb-
né pre predpéty betén — kvalitnd predpinacia vystuZ, ko-
tevné zariadenie, cement. Ak k tymto faktom priratame
vela vynikajicich odbornikov, ochotnycha schopnych roz-
vijaf s velkym entuziazmom celé odvetvie predpétého
bet6nu, verim, Ze nas Slovensky komitét FIP bude plno-
hodnotnym &lenom FIP. Sme pripraveni aktivne spolupra-
covaf v jednotlivych odbornych sekcigch.

Nérodny komitét pripravil narodnd spravu o vysled-
koch nasich aktivit v oblasti predpétého beténu za ostatné 4
roky. Difame, Ze spolupréca s velkou rodinou FIP prispe-
Je k daliemu rozvoju predpétého beténu a k vytvoreniu
novych odbornych a aj osobnych kontaktov s kolegami z
celého sveta. Potom budeme s nasou &innosfou spokojni.

Gabriel Tevec, prezident Slovenského komitétu FIP
president of Slovak FIP committee

Ifyou have a look at the map, you will find a new country ly-
ing in the centre of Europe - the Slovak Republic which was
formed in 1993 as a result of deviding the former Czecho-
Slovakia into two states. The origine of a new country is ac-
companied with necessity of establishinga number of or-
ganisations which preserve the continuity of international
relations and contacts. These newly established organisa-
tions include also the Slovak FIP Committee. The Commit-
tee associates 16 companies and organisations which are
active in the area of prestressed concrete in Slovakia.

Slovakia has an impressive history of the use of pre-
stressed concrete:

The first prestressed concrete bridge builtin 1955, the
first free-cantilever bridge built in 1961, the first precast
segmented bridge in 1965, and prestressed concrete had
been used for a number of years in the area of prefabrica-
tion in structural and civil engineering.

All components needed for prestressed concrete —
high quality prestressing steel-wires and strands, an-
choring equipment, cement, etc. - are made in the Slovak
Republic. If we add the number of outstanding specialists
ready to and capable of developing, the entire pre-
stressed concrete industry with enthusiasm, we can be-
lieve that our Slovak FIP committee will be a fully valuable
member of FIF. We are ready to cooperate actively with-
in individual expert sections.

The National Committee prepared the National Re-
port on the results of our activities in the area of prestressed
concrete in the last 4 years. We hope that our cooperation
with the great FIP family will contribute to further promot-
ing the prestressed concrete development and to estab-
lishing new professional and personal contacts with our
colleagus from all over the world. This would make us sat-
isfied with our activities.
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Pretvorenie Ciastocne predpatych nosnikov

pri pohyblivom zatazeni

Deformations of Partially Prestressed
Concrete Beams under Moving Load

Jan Héjek — Martin Krizma - Stefan Hanecka

Skusky nosnikov z ¢iastocne predpétého beténu
pri pohyblivom a staciondrnom zafaZeni. Sepa-
rovanie pretvoreni vyvolanych ohybom od pre-
tvoreni spésobenych priecnymi silami metédou
translokacnych obrazcov. Vplyv skosenia v spo-
Jjeni s procesom rozvoja Sikmych trhlin na zvislé
pretvorenia.

Napriek tomu, Ze vyskyt konstrukcii naméahanych pohy-
blivym zafaZenim nie je zriedkavy, experimentalnemu
skdmaniu ich spravania sa doteraz venovala iba mala po-
zornost. Pravdepodobne prvé skasky nosnikov z pred-
patého beténu boli zamerané predovSetkym na vyskum
vplyvu pohyblivého zataZenia na medzu porugenia [3].S
rozsirovanim pouZivania &iastoéného predpétia sa zabez-
pefenie prevadzkovej spofahlivosti stalo déleZitou
stéasfou vypoétu [2].

Skusky Zelezobeténovych a predpatych nosnikov na
pohyblivé zataZenie sa na Ustave stavebnictva a architek-
tary v Bratislave uskuto&iiuji od roku 1984. V porovnani
§ nosnikmi vystavenymi stacionarnemu opakovanému
zafaZeniu [1], pohyblivé zataZenie méze sposobif rast
priehybov nasledkom Gé&inku prieénych sil v interakcii s
ohybovymi momentmi [5). Skigobné nosniky boli navrh-
nuté tak, aby vynikol najma tento jav. Vysledky skisok
mbZu byt podkladom na overenie teoretickych rieSeni
Spravania sa nosnikov  pri pohyblivom  zataZeni.
RieSenie bude musief reSpektovaf proces rozvoja trhlin a
zmeny vzfahov medzi napétiami a pretvoreniami spdso-
bené interakciou prie€nych sil s ohybovymi momentmi.

e

Prof. Ing. Jan Hajek, DrSc., Ing. Martin Krizma, CSc., Ing. Ste-
fan Haneéka, CSe. - Ustay stavebnictva a architektary SAV, Du-
bravska cesta 9, 842 20 Bratislava

Tests of partially prestressed concrete beams
under moving and stationary load. Separation of
strains due to bending from those due to shear
forces by method of translocation polygons.
The effect of shear strains combined with the
process of formation of cracks upon vertical de-
formations.

In spite of the not very rare occurrence of structures in
whichthe beams are subjected to moving loads ex-
perimental investigations of their behaviour have not been
very extensive up to now. Probably the first tests of pre-
stressed concrete beams under simulated moving load
were carried out by MacGregor at all [3]. The tests were
concentrated mainly to investigation of the influence of
moving load on failure limit of the beams. With extended
application of partial prestressing the serviceability and
working reliability assurance became also an important
part of the design [2].

In 1984, the tests on beams reinforced and prestressed
started at the Institute of Construction and Architecture in
Bratislava. In comparison with the beams under stationary
located repeated load [1] the moving load can cause an in-
crease of deflections due to variations of shear forces in in-
teraction with bending moments in the same point [5]. the
test specimens were designed in order to make this phe-
nomenon more distinct. The results oftest could serve for
verification of theoretical analysis of beams under moving
load. Such an analysis has to take into account the proc-
ess of cracking formation the stress-strain variations
produced by interaction of shearing forces and bending
moments.

Test beams and properties of materials

The cross section and side view of test beams are shown
in Fig. 1. The beams were cast of concrete with a Portland
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lanami nominalneho priemeru @ 12,5 mm. Priemerné
vlastnosti povrchovo upravenych pritov—medza kizu £, =
454 MPa, pevnos! v fahu £, =649 MPa, modul pruZnosti E,
= 213 GPa, plocha prierezu A = 194,2 mm?* a vlastnosti
predpinacej vystuZe f, = 1700 MPa, E =202 GPa, A =
91,3 mm?2. Strmene boli z povrchovo upraveného drétu 8
mm s rozstupom s = 180 mm. Mechanické viastnosti
ocele pouZitej na strmene boli podobné ako viastnosti pru-
tov @ 16 mm. KaZdé lano sa predpinalo silou P =120 kN,
&o zodpovedalo pomeru predpétia k pevnosti 0,67. Stu-
pen predpétia podla Naamana [4] bol 0,614.
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Obr. 1. Prieny rez a boény pohlad skiiSobnych nosnikov

a- Aaz E poloha skiisobnych valcov, 1- sief odmernych zik-
ladni pre deformometre; b — priebeh trhlin na staclonarne
zatazenom nosniku (horna &asf) a na nosniku zatazenom po-

hyblivym zataZenim

Fig. 1. Cross section and side view of test beams

- A...E - location of hydraulic rams, 1 - dial gauges for
measurement of deflections; b- crack pattern on a station-
ary loaded beam (upper part) and that on a beam subjected
to moving load

Spdsob zatazovania

Pohyblivé zafaZenie sa simulovalo postupnym narastanim
a poklesom zafaZovacej sily tak, Ze vyslednica sa pohy-
bovala, ale jej velkost sa nemenila. Aplikovalo sa dvanast
zafaZovacich hladin od 140 do 360 kN s prirastkom po 20
kN. Na kaZdej hladine sa vykonal pohyb zafaZenia z jed-
ného konca na druhy a spaf. vV polohédch A, B atd. sa
odEitavali hodnoty pretvoreni, odmeriavali sa Sirky trhlin a
obrazec trhlin. Jeden nosnik bol stacioname zafaZeny
sustredenou silou umiestnenou uprostred rozpatia.

Meranie pretvoreni

Odmerné zakladne na obr. 1 tvorili “priehradovi sastavu”
zloZenu zo vzpier a fahadiel, & umoZfovalo vypoditat

is
GPa, area of cross section A= 194.2 mm?. The properties
of prestressing steel obtained from tests were: tensjle
strength fp , = 1700 MPa, modulus of elasticity £ = 202
GPa, effective cross section area A = 91.3 mm?, The stir-
rups were made of high-bond wire 8 mm in diameter with 3
spacing of s= 180 mm. The mechanical properties of stee
used for stirrups were similar to those of 16 mm bars, A
prestressing force P =120 kN was appliedto each strang.
It corresponded to a prestress/strength ratio of 0.67. The
partial prestressing ratio computed according to Naaman
at all. [4] substituing average characteristics of pre-
stressing and non-prestressing steel was 0.614.

Loading procedure

The moving load was simulated by succesive increasing
and decreasing of loading force in two adjacent rams so
that the resultant was moving but its value remained con-
stant. Twelve loading levels varying from 140 kN to 360
kN with 20 kN increments were applied. At each level one
run of the load from one end of the beam to the other
and also backward were performed. The readings of the
gauges, crack widths, and crack pattern were registered
when the loading force have reached its full value in one of
the locations A, B, .... One of the beams was subjected to
a stationary loading force acting in the midspan.

Measurements of deformations

Measurement bases shown in Fig. 7 formed a “truss” con-
sisting of “struts” and “ties” enabling calculation not only of
strains butalso of deflections using a method based on
Willot-Mohr translocation polygons. The applied method
of measuring deformations offered the possibility to sepa-
rate the deflections due to shear from those due to
bending. The network of measurement bases shown in
Fig. 1a was decomposed into two truss systems. The
measurements of elongations were then evaluated using
above mentioned method of translocation polygons (in nu-
merical form).

Deformations after transfer of prestressing force

The above described method of elongation measure-
ments enabled also to obtain a detailed information
about deformations immediately after transfer of prestress-
ing force. The results are illustrated in Fig. 2. The presented
displacements are influenced by the dead weight of the
beam. The calculation of losses of prestressing force
could be possible on the basis of the experimentally
obtained horizontal displacements u . It followed from the
evaluation that the total initial prestressing force P=600 kN
was reduced immediatgely after transfer to a value of 563
kN (6.2), and to a value of 539 kN (10.2) after 27 days the
losses in per cent being given in parentheses. The meas-
ured midspan cambers due to prestressing force were -2.19
mm and -2.75 mm immediately after transfer and after 27
days, respectively. the corresponding values computed
on the basis of material properties found by tests were -
2.43 mm and -3.02 mm so that the theoretical values ex-
ceeded about 10 per cent over the experimental ones.

Tabulka 1. Priemerné hodnoty viastnosti beténu
Table 1. Average values of concrete properties

Nosnik Vek Kockova Hranolova Modul Pevnost
pevnosl pevnost pruZnosti v prostom fahu
Beam Age Compressive Compressive Elasticity Unaxial tensile
cube strength prism strenght moduls strength
(dni) (MPa) (MPa) (GPa) (MPa)
14 411 33,1 41,3 2,08

PZP 10 28 47,3 39,6 43,0 2,24

74 54,4 41,4 38,7 2,40

14 424 345 40,2 2,12
PZP 11 28 50,2 423 41,3 2,30

48 52,2 425 40,3 2,35

14 40,8 31,1 41,7 2,08
PZP 12 28 471 40,3 41,8 2,23

58 49,5 413 42,0 2,29

21 45,0 41,6 422 2,18
PZP 13 28 51,1 43,3 40,5 2,32

47 55,6 489 a7 2,42

14 50,4 40,2 40,7 2,31
PZP 14 28 53,8 442 411 2,38

78 57,1 46,7 411 2,46

nielen pomerné podiZne pretvorenia, ale aj priehyby podra
Williot-Mohrovych transloka&nych obrazcov. Na zaklade
pouZitej metédy merania pretvoreni sa mohli oddelif prie-
hyby  spbsobené priegnymi silami od priehybov
zapri¢inenych ohybovymi momentmi. Siet odmernych zak-
ladni na obr. 1a moZno rozdelif na dve priehradové
sustavy. Merania pozdiZnych pretvoreni sa vyhodnotili
pomocou uvedenej metédy transloka&nych obrazcov nu-
mericky.

Pretvorenia po transfere predpinacej sily

Metéda merania pozdiZnych pretvoreni umoZiuje ziskaf in-
forméciu o pretvoreniach hned po transfere predpinacej
sily (obr. 2). Uvedené premiestnenia sl ovplyvneng
vlastnou tiaZou nosnika. Straty predpétia moZno uréif na
zéklade hodnét vypotitanych vodorovnych posunov . Z
vyhodnotenia vyplyva, Ze zadiatoéna predpinacia sila P=
600 kN sa okamZite po transfere zmengi na 563 kN (6,2) a
po 27 difioch na hodnotu 539 kN (10,2) (straty v % stv
zatvorkach). Namerané vzopétia uprostred rozpétia spo-
sobené predpinacou silou boli -2,19mma-2,75 mm (hned
Po transfere a po 27 diioch). Zodpovedajice hodnoty
vypolitané na zaklade vlastnosti materidloy ziskanych
skuskami boli -2,43 mm a -3,02 mm, takZe teoretické hod-
noty st asi o 10 % vy&3ie ako hodnoty zo skasok. Na zak-
lade vysledkov skugok sa zo vSetkych zvislych posunov

On the basis of experimental values of all vertical dis-
placements it was possible to determine the creep coeffi-
cient ®_ during the period from the transfer to the loading
test. It was namely found that the regression between the
initial values of vertical displacements and those in time
tcan be considered as linear along the beam length. The
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Obr. 2. Pretvorenle nosnika spdsobené predpatim (v
neproporclalne| mierke)

1—hned po transfere predpinace] sily, 2—- 27 dni po transfere.
Fig. 2. Deformation of a beam due to prestressing (In a
non-proportional scale)

1 - immediately after transfer of prestressing force; 2 - 27
days after transfer
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vypo&ital suginitel dotvarovania ®, za obdobie odtrans-
feru a2 po zataZovaciu skusku. Zistilo sa toti2, Ze regresiu
medzi zatiato&nymi hodnotami zvislych posunov a hodno-
tami v &ase t moZno povaZovaf za lineamu pozdiZ dizky
nosnika. Suginitel dotvarovania ®, sme urtili z parametra
sklonu regresie. Na obr. 3 piné krizky znazorfiuju sa€initef
dotvarovania ureny zo zvislych posunov doiného povrchu
a kriziky su&initel urdeny zo zvislych posunov horného
povrchu. Vyrovnavacie funkcie boli zvolené v tvare

} §§

creep coefficient ® was determined from the slope pa-
rameter of regression. In Fig. 3 the full points represent the
creep coefficient obtained grom the vertical displacements
of bottom surface of the beam and the crosses represent
the creep coefficient obtained from those of the top sur-
face. Fitting functions were chosen in the following form

0, (0=, [1-exp (V1) ]

kde ®_ je kone¢na hodnota,
t, - retardadny Cas.

Na zéklade nelinedamej regresie sme uréili tieto hod-
noty uvedenych parametrov:®_= 0,260, {, = 28 dni pri dol-
nompovrchua®_, =0,233, {, =28 dni pri hornom povrchu.
Tieto hodnoty m&2u byf zakladom na nepriame stanoven-
ie sucinitela dotvarovania beténu (v tomto pripade sme
dostali kone&nu hodnotu @, = 3,8).

0 ¥ 0 » 0 0
t (days)

Obr. 3. Casovy vyvo] siiéinitera afinity vypocitany z prichybov
Fig. 3. Time variation of the coefficient of affinity calculated

from defiection
Vysledky zafaZovacich skisok

Priebeh trhlin na nosniku vplyvom pohyblivého zataZenia
sa odliSuje od priebehu trhlin pri stacionarnom zafaZeni
(0br. 1). V homej &asti obr. 1 je priebeh trhlin vyvolany
na nosniku stacionarnym zafaZenim avdolnej asti pohy-
blivym zafaZenim. V strednej tretine nosnika skdsaného
pri pohyblivom zafaZeni sa vytvorili krizujice sa trhliny s
roznym sklonom vzhfadom na strednicu, ako ddsledok
meniacich sa hlavnych napati. Je zrejmé, Ze rozdielny
priebeh trhlin ovplyvnil pretvorenia. Proces porugenia
nosnika sa za¢al drvenim tlaéeného beténu, kedze idlo o
silne vystuZené nosniky. Oblasti drvenia beténuy (na obr. 1
bodkované plochy) mali ing polohu pri stacionamom a ing
pri pohyblivom zafaZeni.

Na ilustraciu st na obr. 4 vynesené pozdizne pretvore-
nia Al (mm) a zodpovedajice pomemé pretvorenia
(um.m”) pri pohyblivom zataZeni F = 280 kN a 360 kN.
Hodnoty sustredenych sil zodpovedaji  hladinam
zataZenia 0,79 a 0,9. PreruSované Ciary predstavuju
pozdiZne pretvorenia namerané blizko horného povrchu. K
uvedenym hodnotam treba pridat pozdizne pretvorenie

where @ _ —final value,
{ - retardation time.

The following values of these parameters were deter-
mined by means of non-linear regression: ®,,=0.260, {=
28days, and @ =0.233, t = 28 days for bottom and top
surface, respectively. These values could serve for anin-
direct determination of the creep coefficient of concrete (a
final value of about ® , = 3.8 was found in this case).

Results of loading tests

The crack pattern of a beam subjected to moving load was
distinct from the crack pattern what had been formed un-
der stationary loading, as itis shown in Fig. 1. Inthe up-
per part of this figure the crack pattern of a beam subjected
to a stationary load and in the lower part that of a beam sub-
jected to moving load are drawn. In the central third of the
beam subjected to moving load the crossing cracks with
defferent inclinations were formed as a consequence of
changes of principal stresses. It is obvious that the differ-
ent crack pattern influenced the deformations. The failure
of beaminiciated in concrete because of relatively high per-
centage of steel. Butthe zones of crushing (Fig. 1, dotted
areas) were different depending on the mode of loading.

For illustration, the elongations A/ in mm and corre-
sponding strains in pum.m" under moving loads F = 280
kN and 360 kN are plotted in Fig. 4. The loads correspond-
edtothe load levels 0,79 and 0,9 respectively. The dashed
lines represent the measured longtudinal deformations
near the top surface. The elongation A/ =-0.05mm dueto
prestressing should be added to the presented values. In
spite of this fact the deformations on the top surfaces
near the supports remained tensile ones so that even
cracks could be found there. It confirms that the beamthe-
ory could not be applied to the support regions of beams
with sufficient accuracy [6).

In Fig. 5the midspan deflection w,__, induced by moving
load are compared with those induced by stationary load
W, The values of deflections at the position C at back-
ward moving of the load were taken for comparison. The
total deflections w,, were decomposed into the deflec-
tions due to bending w, and those due to shear w,. Itre-
sultsfrom this comparison that the influence fo shear onthe
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Obr. 4. Priebeh pretvoreni pri hornom
(prerusované ¢lary) a dolnom povrchu pri
zafaZeni menlacom polohu z bodu A do
bodu E

1-F=280 kN, 2- F= 360 kN.

Fig. 4. Strain variation near the upper
(dashed lines) and the lower edges at mov-
ing load changing its position from the
point A to the point E

1-F=280kN, 2— F= 360 kN

Al=-0,05mm vyvolané predpatim. Napriek tomu pretvore-
nia na hornom povrchu blizko podopreti ostavaji fahové,
takZe vtychto miestach sa nasli aj trhliny. To potvrdzuje,
Ze nosnikova tedria nie je vhodna na podrobnej$iu ana-
lyzu napéti a pretvoreni v oblasti podopretia [6].

Na obr. 5 je porovnanie priehybov v strede rozpétia
sposobenych pohyblivym zafaZenim w,__. S priehybmi pri
stacionarnom zafaZeni w, . Ako zéklad porovnania sa
uvaZovali hodnoty priehybov v polohe C pri spitnom po-

K

s

W (mm)

Obr. 5. Porovnanie priehybov uprostred rozpatia w,_ , spdso-
benych pohyblivym zafazenim s priehybmi od stacionarneho
zafaZenia w,,

1- celkové priehyby w,, 2 — priehyby vyvolané ohybovy-
ml momentami w,, 3 - priehyby vyvolané prieénymi silami w,_
Fig. 5. Comparison of midspan deflections due to moving
load w___ with those due to stationary load w

mav stat

1~ total deflections w,_, 2 — deflections due to bending

Mmoments w), 3- deflections due to shear forces w,

increase of deflections due to moving load is greater than
that of bending.

The shear deformations played also a decisive role as
far as the differences between the deflections on top and
bottom surface are concerned. In Fig. 6the differences of
total deflections under a load of F =280 kN are plotted. The
scales of global vertical tensional strains are given on the
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Obr. 6. Zvislé rozdiely Aw, medzi priehybmi na hornom a
dolnom povrchu skiSaného nosnika a zodpovedajlce
zvislé pomerné pretvorenia (pri F= 280 kN)

a - pri pohyblivom zataZeni; b - pri staclonarnom zafaZeni,?
— celkové, 2 - nasledkom prieénych sil

Fig. 6. Vertical differences w,_, between the deflections of
top and bottom surfaces of a tested beam, and correspond-
Ing mean vertical strains (at F= 280 kN)

a-under moving load, b~ under stationary load, 7 —total, 2-
due to shear forces
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hybe zafaZenia. Celkové priehyby w,, sme rozloZili na prie-
hyby w, spésobené ohybovymi momentmi a priehyby w,
zapritinené prieénymi silami. Z tohto porovnania vidiet, Zze
vplyv prie&nych sil na zva&3enie priehybov nasledkom po-
hyblivého zataZenia je vaési ako vplyv ohybovych momen-
tov.

Skosenia st rozhodujuce aj pokial ide o rozdiely medzi
priehybmi na hormom a dolnom povrchu. Na obr. 6 su
znazornené rozdiely celkovych priehybov pri zafaZeni F =
280 kN. Na pravej strane obr. 6 su stupnice 2zvislych
pomemnych prediZeni, z ktorych vyplyva, Ze 2zvislé pret-
vorenia dosahuijii maximum pribliZne & =0,0014, &o zod-
poveda napétiu na oceli 6, = 300 MPa, kym pri stacionar-
nom zafaZeni je tato hodnota polovigna. Najvacsie rozdie-
ly zvislych posunov nastavaiju pri zafaZeniv polohe B a D.
Z toho moZno odvodif zaver, Ze (inavové charakteristiky
(napr. rozkmit napétia) sa zasadne Iiia od charakteristik
inych &asti vystuZenia, ako aj od charakteristik pri opako-
vanom zafaZeni, ktoré nemeni svoju polohu. Obr. € dalej
ukazuje, Ze zvislé rozdiely priehybov sposobuju prakticky
vyluéne skosenia, minimalne rozdiely su uprostred ro-
zpatia. Vyhodnotenie rozdielov priehybov iba zo skoseni
(preruSovana &iara) potvrdzuje tento zaver.

Z hladiska vplyvu fahaného beténu medzi trhlinami na
tuhost maju vzfahy medzi momentom a krivosfou a takisto
vzfahy medzi prieénou silou a skosenim, zakladny vyznam
pri vypracovani teoretickych postupov. Na obr. 7si zavis-
losti medzi momentom a krivosfou ziskané zo skuSok.

Ak vypotitany moment na medzi vzniku trhlin je M_ =
180 kNm a moment na medzi dekompresie je M, = 158
kNm, potom vplyv pohyblivého zafaZenia na krivost sa
prejavi nad momentom dekompresie. Krivky 1 a 2 sme
urcili na zaklade teoretického modelu vysokého nosnika s
uvaZenim vysledkov ski3ok vlastnosti materialov. Pred-
pokladali sme pracovny diagram beténu v tvare kubickej
paraboly a bilinearny pracovny diagram ocele. Zavislosti
medzi prie€nou silou a skosenim sti na obr. 7, z ktorého vid-
no, Ze na rozdiel od zavislosti medzi momentom a
krivosfou krivky pri stacionarnom 1 aj pri pohyblivom 2
zafaZeni nemaju spolo&nti vetvu. MoZno to vysvetlif tym,
Ze sa nepouiili zakrivené predpinacie jednotky na
zmenSenie hlavnych napati tak, aby sa pri odlahé&eni za-
tvarali Sikmé trhliny.

Zaver

Na zaklade vysledkov uvedenych v tomto prispevku
moZeme vyslovif tieto zavery:

1. Meranie pozdfinych pretvoreni na zdkladniach us-
poriadanych do trojuholnikovej siete a ich vyhodnotenie
metédou translokagnych obrazcov umoZiiuje separovaf
pretvorenia spdsobené ohybovymi momentmi od pret-
voreni spdsobenych prieénymi silami.

2. Medzi obrazcami trhlin pri stacionarnom a pohyb-
livom zafaZenije znaény rozdiel. Na stojinach nosnikov
sa pri pohyblivom zafaZeni objavuju aj navzajom sa
kriZujtce trhliny.

L)
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right hand side of the figure. It can be seen that the vertical
strain reaches a maximum value of about £, =0.0014 what
corresponds to a steel stress approximately o, = 300
MPa while it was only a half under stationary load. The
largest values of vertical displacement differences occured
when the load apeared at the positions Bor D. Hence, a
conclusion can be drawn that the fatigue characteristics
(e. g. the stress range) are essentially different from
those of other parts of reinforcement and, obviously, dif-
ferent from those under repeated load not changing its po-
sition. The Fig. 6 also shows that the vertical differences of
deflections are caused practically exclusively by shear
deformations the minimum of differences being in the mid-
span. The evaluation of deflection differences due to more
shear (Fig. 6, dashed line) confirmed this conclusion.

In order to obtain a better experimental background
forthe theoretical analysis of deformations the moment ver-
sus curvature and shear force versusu shear angle relation-
ships are most significant from the viewpoint of the tension
stiffening comprehension over cracking limit. In Fig. 7the
moment versus curvature relationships are plotted on the
basis of test results. If it is taken into account that the calcu-
lated moment at cracking M _=180kNm and that at decom-
pression limit is M,,_=158 kNm then the conclusion can be
drawn that the influence of moving load on curvatures be-
comesto be distinguishable over the moment of decompre-
sion. the curves 1 and 2 were obtained on the basis of an
analitical deep beam model taking into account the test re-
sults of material properties, supposing cubic parabola for
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Obr. 7. Grafické zavislosti

a - medzl ohybovym momentom a krivosfou; b — medzi
prieénou silou a skosenim, 71— staclondrne zafaZenla upros-
tred rozpétia, 2 — pohyblivé zafaZenle

Fig. 7. Graphic dependence
a- bending moment versus curvature; b- shear force versus

shear angle, 1 - beam subjected to stationary load located in
midspan, 2- beams subjected to moving load

3. Pozorovali sa trhliny, ktoré vznikali na hornom
povrchu nosnika v miestach podopretia. To potvrdzuje,ze
jednoducha nosnikova teéria nemdZe vystihnut spravanie
sa nosnikov v tychto oblastiach.

4. RozloZenie celkovych priehybov na priehyby spdso-
bené ohybom a priehyby zapri€inené prieénymi silami uka-
zalo, Ze vplyv prieénych sil na prirastok priehybov pri pohy-
blivom zataZeni je vyraznejsi ako vplyv ohybovych momen-
tov.

5. Opisana metéda merania umoZnila zistif ajrozdielne
priehyby na hornom a dolnom povrchu nosnika. Na zak-
lade toho moZno vyhodnotit zvislé prediZenia. Zistilo sa,
Ze rozdiely sp6sobujui hlavne skosenia.

6. Zavislosti medzi momentom a krivosfou, ako aj
medzi prienou silou a skosenim moZno vyhodnotif odde-
lene.
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stress - strain diagram of concrete and bilinear stress-strain
diagram for steel. In Fig. 7 the shear force versusu shear
angle relationships are plotted. It can be seen that in com-
parison with the moment versus curvatures relationships
the curve under the moment versus curvatures relation-
ships the curve under stationary load 7 and that under mov-
ing load 2 have not a common branch. This result can be
explained by the fact that no curved prestressing units were
used to reduce the principal stresses able to close the in-
clined cracks after unloading.

Conclusion

Onthe basis of the results presented in this study the follow-
ing conclusions may be made.

1. The measurement of elongations on distance ar-
ranged networks and the evaluation using method of trans-
locations enabled to separate the deformations due to
bending moments from those due to shear forces.

2. Anoticeable difference in crack pattern could be ob-
served between the effects of stationary loading and
those of moving load. The crossing inclined cracks oc-
cured in web of beams subjected to moving load.

3. The cracks on the top surfaces over supports were
observed. It confirms that the simple beam theory cannot
be applied for these regions with sufficient accuracy.

4. The separation of total deflections into those due to
bending moments and those due to shear forces showed
that the latter had relatively larger influence on the increase
of deflections under moving load.

5. The differences between the deflections of top sur-
face and those of the bottom one were evaluated using the
descibed method of measurement. Inthat way, the vertical
tensional strains were obtained. It was found that those dif-
ferences were caused almost exclusively by shear defor-
mations.

6. The moment versus curvature and shear force versus
shear angle relationships could be also separately evalu-
ated. It was found again that the influence of moving load is
more remarkable in the case of shear deformations.

7. The obtained results could also serve for verifica-
tions of analytical models of behaviour of beams subject-
ed to moving loads.
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Meranie sily v predpinacej vystuzi

Force Measuring of Prestressing Steel

Andrej Jarosevi¢ — Milan Chandoga

V ¢lanku je strucne opisany princip elastomag-
netickej metédy na meranie mechanického napé-
tia v ocelovych lanach a na konkrétnych priklado-
ch su ukazané mozZnosti jej vyuZitia v stavebnej
praxi. Metoda bola pouzita pri sledovani napa-
tosti zainjektovanych a volnych kablov letmo
betonovanych a segmentovych mostnych kon-
Strukcii a na meranie sily v zdvesoch zdvese-
nych mostov. Dovoluje dlhodobo sledoval napi-
tosf predpinacej vystuZe s presnosfou + 2 %,
pricom meracie snimace (aj zabeténované)
majd prakticky neohraniéenu Zivotnost.

Viastnosti kontrukcii z predpatého beténu v podstatnej
miere zavisia od skutognej hodnoty predpinacej sily,
vnesenej do konStrukcie prostrednictvom sidrznej a
nestdrZnej predpinacej vystuZe alebo vonkajsieho pred-
patia. Podobne aj vlastnosti zavesenych mostov su
znatne ovplyvnené skutoénou hodnotou sily v zavesoch
mosta.
Privnasani predpatia do predpinacej vystuze méZeme s
dostatoénou presnosfou (1 %) meral silu v okamihu
tesne pred zakotvenim predpinacej jednotky. Hodnotu sily
uréujeme zo znamej plochy piesta predpinacej pistole a
hydraulického tlaku, resp. pri dokonalej&ich predpinacich
pistoliach podlfa zabudovaného dynamomentra (na-
jCastejSie tenzometrického). Pri periodickej kontrole pred-
pinacej techniky moZno zaruéif projektovanu hodnotu sily
posobiacej na predpinaciu jednotku pred zakotvenim.
Zistit skuto€ni hodnotu sily v predpinacej jednotke po
zakotveni, rozdelenie sily po dizke predpinacej jednotky
(Casto viackrat zakrivenej), rozdelenie sily medzi jednotlivé
lana predpinacieho kabla, asové zmeny sily a zmeny sily v
prevadzkovych podmienkach je naro&n4 tloha. Vo va&-

Doc. RNDr. Andrej JaroSevi&, CSc. —KRF MFF UK, Miynsk4 doli-
na, 842 15 Bratislava; Doc. Ing. Milan Chandoga, CSc. — KBKM
SvF STU, Starohorské 2, 81368 Bratislava. PROJSTAR PK,
s. 1. 0., Nad Dunajom 50, 841 04 Bratislava.

Concise description of elastomagnetic method
principles for measuring mechanical stress in
prestressing steel is given and the possibilities
of its use in building practice are demonstrat-
ed. The method was uesed to follow up state of
stress in grouted and external prestressing
tendons of prestressed concrete bridges, as
well as the force in the stays of cable-stayed
bridges. This method enables longterm measur-
ing of prestressing force with accuracy of + 2 %.

Sevice properties of prestressed concrete structure depend
on the real value of prestressing force, which is in substan-
tial extent intruduced through the bonded or unbonded pre-
stressing steel, or external prestressing into the structure.
Cable stay bridges considerably depend on the real force
value in bridge stays alike.

It is possible to measure force with sufficient accura-
cy (£ 1 p.c) while the prestressing steel is prestressed in
the moment just before the prestressing unit is anchored.
We evaluate the force from the known prestressing hy-
draulic jack piston area and hydraulic pressure value or ac-
cording to the built in dynamometer (most frequently strain
gauged). It is possible to guarantee the designed force
value acting on the prestressing unit before anchoring by
periodical check.

Itis a challenging task to find out the accurate force value
= inthe prestressing unit after its anchoring,

— distribution along the prestressing unit length (fre-
quently several time curved),

— distribution among single prestressing unit strands,

— time-depending changes in the service conditions.

These values are determined by calculation in the vast
majority of cases by starting at the average loss values by
anchoring, coefficients of friction, relaxation etc. found out
in laboratory conditions.

The method of measuring the real force value in the
prestressing unit calls for fitting the annular dynamome-
ter under the prestressing unit's anchorage head. This
method can be used inthe case of one strand prestress-

gine pripadov sa tieto hodnoty uréujd vypogtom, pri¢om
sa vychadza z priemernych hodnét stréat pri kotveni, koe-
ficientov trenia, relaxacie a pod., zistenych v labo-
ratérnych podmienkach.

Doteraz najbeZnejsi spdsob merania skuto¢nej hod-
noty sily v predpinacej jednotke vyZaduje osadenie
prstencového dynamometra pod kotevnl objimku pred-
pinacej jednotky. Tento spdsob je vhodny pri jed-
nolanovych predpinacich jednotkach; pre kélbe treba
pouZif kibové ukonZenie prstencového dynamometra
alebo 3Specialne dynamometre, necitlivé na nerovnomer-
né namahanie po obvode prstenca. Takéto rozmerné a
nakladné rieSenie viak umoZiiuje meraf iba silu tesne pod
kotvou predpinacej jednotky.

V siéasnosti jedina prakticky pouZitelna metéda na
bezkontakiné a dostatone presné (lepSie ako 2 %) me-
ranie skutoénej hodnoty sily v [ubovolnom priereze
predpinacej jednotky je elastomagnetickd metéda. Ten-
to prispevok poniika moZnosti uplatnenia tejto metédy pri
merani skuto&nej hodnoty predpinacej sily v stavebnych
konstrukciach.

Fyzikalny princip, meracie snimaée a meracia
aparatura

Zakladom elastomagnetickej metédy je skutoénost, Ze
magnetické vlastnosti ocele sa menia pri jej mechanickom
namahani (podobne ako sa meni elektricky odpor vodica,
¢o je podstatou odporovych tenzometrov). V porovnani s
odporovou tenzometriou je elastomagneticka metéda asi
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Obr. 1. Elastomagnetické snimace
Flg. 1. Elastomagnetic measuring gauges

ing units without problems. Jointed ending of the annu-
lar dynamometer or special dynamometers, which are
insensitive on the uneven stressing around the ring cir-
cumference are needed in the case of cables.

The only method practically applicable till now, which
makes possible contactless and sufficient precision
measurements (better than £ 2 p.c.) of the real force value
in any arbitrary cross-section, is the elastomagnetic meth-
od. We will illustrate in this paper possibilities of applying
this method by measuring the real prestressing force in
building structures.

Physical principle, measuring gauges and
measuring device

Principle of the elastomagnetic method is the reality, that
magnetic properties of the steel change through the influ-
ence of mechanical stressing (like of electric resistance of
conductors which are the substance of strain gauges).
The elastomagnetic method is about 100 times more sen-

Tabulka 1
Table 1
Typ Typické Rozmery: Vnitorny Hmotnost Prikon
snimada | pouZitie diZka x priemer priemer snimaéa snimada
Type of Typical Dimensions: Inner Mass of Power into
the gauge | application | x dia. dia. the gauge the gauge
(mm) (mm) (kg) w)
HaM dréty a lana do
@7,8mm 75x30 8,5 0,25 5
H16HC tyée a lana do
@ 15,5 mm 75x 38 16,5 0,35 20
H21M lana @ 15,5 mm
s PE obalom 90 x 38 21,5 0,45 25
H89HC kable do 13 lan
& 155 mm 250x170 89 10 100
H125HC kable do 19 1an
€ 155mm 250 x 200 125 15 200
H225 kable do 70 lan
@ 15,5mm 500 x 335 225 100 500
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Obr. 2. Meracia aparatura
Fig. 2. Measuring device

100-krat citlivejSia. Zatial Co relativna zmena odporu
tenzometra je pribliZne 10°MPa’, relativna zmena per-
meability ocele je asi 10°MPa’. Elastomagneticka
metdda umozZfiuje bez problémov meraf zmeny mechan-
ického napétia mensie ako 1 MPa.

Meracie snimace maji najéastejSie tvar dutého valca
(obr. 1), ktorého stredom prechadza merany prvok (tyg,
drot, lano alebo kabel). Snima& tvori primarne a
sekundarne vinutie, uloZené v ochrannom ocelovom kryte
a zaliate izolaénym materialom. Snimac¢ nie je v mechan-
ickom kontakie s meranym prvkom, nemoZno ho prefaZif,
je odolny proti vode a mechanickému poskodeniu, jeho
viastnosti sa s ¢asom nemenia a ma prakticky neo-
hranienu Zivotnost. Na meraciu aparatdru je pripojeny
kablom dizky a2 do 500 m. Parametre typickych doteraz
pouzitych snimagov st zhrnuté v fab. 1.
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Obr. 3. Zmena napétosti zavesov pri zafaZovace| skiske
mosta v Tabore

Fig. 3. Stress change as measured at cable-stayes during the
load test of cable-stayed bridge Tabor ’
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Obr. 4. Priebeh napatosti injektovaného kabla pri napinani
Fig. 4. Stress distribution of grouted tendon during prestress-

ing

sitive. Relative change of the steel magnetic permeability is
about 10*/MPa, while the relative change of strain gauge
electric resistance is about 10/MPa. The elastomagnetic
method enables the measuring of mechanical strain
changes less than 1 MPa without problems.

Measuring gauge — mostly hollow cylinder (Fig. 1),
middle of which the measured element (bar, wire, strand
or unit) passes through. Measuring gauge consists of a
primary and secondary winding, mounted in a protective
steel shield and sealed with an insulating substance. The
measuring gauge is no in mechanical contact with the
measured element, can't be overloaded, is water and me-
chanical injury proof, its characteristics are unchanging in
time and its lifetime is serviceably unlimited. The measur-
ing gauge is connected to the measuring equiment with a
cable up to 500 meters long. Parameters of the measuring
gauges used till now are shown in Tab. 1.

Measuring device (Fig. 2) feeds the primary winding
of the measuring gauge and it processes the voltage, in-
duced in the secondary winding. We get directly values
of force and temperature in the measured place on the
measuring device output. It is possible to connect the
measuring device to the control computer through the seri-
al interface RS232.

Accuracy of the elastomagnetic method is influenced by
the change
—measuring device parameters with time,

—measured element temperature,
—its elastomagnetic characteristics scatter.

Influence of the measuring device parameters change
is excluded by its autocalibrating before every measure-
ment. The temperature influence (like in he case of resis-
tive strain gauges) is possible to exclude either using the
compensating measuring gauge or mathematically. We

Obr. 5. Napétie merané na 83 lanach 15 injektovanych kablov

mosta Lafranconi v prechodovom obale kotvy
Fig. 5. Stress distribution as measured at 83 strands of 15

grouted tendons - Lafranconi bridge

Meracia aparatura (obr. 2) napdaja primarne vinutie
snimacga a spracuva napatie indukované v sekundarnom
vinuti. Na vystupe aparatury ziskame priamo hodnotu sily a
teploty v meranom mieste. Aparatiru moZno napojif cez
sériové rozhranie RS232 na riadiaci pocitac.

Presnost merania elastomagnetickou metédou ovply-
viiuje zmena parametrov meracej aparatury s ¢asom,
zmena teploty meraného prvku a rozptyl jeho elastomag-
netickych charakteristik. Vplyv zmien parametrov me-
racej aparatury je vyliceny jejautokalibraciou pred
kazdym meranim. Vplyv teploty moZno (podobne ako pri
odporovych tenzometroch) vylGéit bud pouZitim kom-
penzatného snimaca, alebo matematicky. Rozptyl
elastomagnetickych charakteristik (napr. pre lano Lp 15,5
je maximalne £ 5 % pri mechanickom napéti nad 800 MPa)
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Obr. 6. Priebeh napatosti 220 m dihych kdblov mosta Lafran-
coni

Fig. 6. Stress time behaviour of very long grouted tendons
- Lafranconl bridge

exclude the scatter of elastomagnetic characteristics
(which is e. g. for the strand 15.5 mm dia. max £ 5 p.c. by
the stress more than 800 MPa) through the measuring
gauge calibration with the sample of the really used ele-
ment. Uncertainity is less than £ 2 p.c. in plant conditions
using the calibrated and compensating measuring gauges.
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Obr. 7. Priebeh napétosti volne vedeného kabla
Fig. 7. Stress time behaviour of external tendon

Examples of using the elastomagnetic method in
civil engineering

The elastnomagnetic method was sucessfully used in prax-
is on many engineering structures, mainly on bridges,
during the years 1987-1994. Measuring results, exemplify-
ing typical possibilities of using this method are given in the
following survey.

Cable-stay concrete bridge across Jordan pond in the
town Tabor (Czech Republic)

The force in the bridge stays, made fromt the 18 strands Lp
15.5 mm dia., placed in a steel cover tube, was meas-
ured by elastomagnetic measuring gauges H125, situated
on the stays near pylone. There were estabilished 26
measuring gauges altogether, which were followed during
the whole bridge construction, during the loading test (Fig.
3) and it makes possible to follow the forces during the
bridge traffic. All measuring gauges were functional and
measured stress values corresponded with calculated
limits by the last control measurings, after five years sin-
cethe brigde was given in service.

Prestressed concrete bridge acros the Danube
river in Bratislava-called Lafranconi (Slovak Republic)

The extent in which teh elastomagnetic method was
used in construction of this bridge with the main span
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sa eliminuje kalibraciou meracieho snima¢a so vzorkou
skutoéne pouZitého prvku. Pri pouZiti kalibrovaného
meracieho snimafa akompenza&ného snimaéa je v
prevadzkovych podmienkach neistota merania mensia ako
12 %).

Priklady pouzitia elastomagnetickej metédy
v stavebnictve

V priebehu rokov 1987 aZ 1994 bola elastomagneticka
metéda uspeSne pouZitdA v praxi na viacerych
inZinierskych stavbach, hlavne mostoch. V nasledujicom
prehfade su uvedené vysledky merani, ktoré ilustruju typ-
ické moZnosti pouZitia tejto metédy.

Zaveseny letmo beténovany most cez rybnik Jordsn
v Tébore (CR)

Sila v zavesoch mosta, vytvorenych z 18 lan Lp 15,5v
ochrannej ocelovej rirke bola merana elastomagnetick-
ymi snimami H125, umiestnenymi na zavesoch pri
pylone. Celkove bolo na moste osadenych 26 snimacov,
ktoré boli sledované pri vystavbe mosta, potas
zafaZovacej skudky (obr. 3) a v st&asnosti umozZfiuji
sledovat silu v zavesoch v priebehu prevadzky mosta.
Pri poslednych kontrolnych meraniach po piatich rokoch
od uvedenia mosta do prevadzky boli vietky snimace
funkéné a namerané hodnoty napatosti koreSpondovali

s vypo&tovymi.
Letmo betonovany most cez Dunaj v Bratislave
pri Lafranconi (SR)

Pri vystavbe tohto mosta s rozpatim hlavnych poli172 m
sa elastomagnetickda metéda pouZila v mimoriadne
velkom rozsahu. Ciefom merania bolo sledovat:
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Obr. 9. Geometria volne vedeného kabla typického pola
zo segmentov Doprastav-Fl

Fig. 9. Geometry of typical span made of prefabricated seg-
ments Doprastav-Fi

length 172 m was sporadic in the world [1]. Aim of this

measuring was:

— to follow up the force in the prestressing cement
grouted tendons during prestressing (Fig. 4), to find
out the force distribution between individual strands of
the tendon (Fig. 5) and distribution of the force along
the tendon. The selected grouted tendons were fitted
with 3 measuring gauges H16M (Fig. 1) on both ends of
the tendon in the anchore sleeves, which enabled to
follow distribution of the tendon force between the sin-
gle strands and prestress losses during anchoring in the
anchor zone, and one measuring gauge H89HC meas-
ured the real force value in the middle of the tendon.
Results of measuring confirm the projected assump-
tion,

Obr. 10. Elastomagneticky snima& H125HC
Fig. 10. Elastomagnetic measuring gauges H125HC

€ Obr.8. Zmena napitia injektovaného a volne vedeného kab-

la pri zafaZovace| skiske mosta Lafranconi
Fig. 8. Change of stress of grouted and external tendon dur-
ing load test of Lafranconi bridge
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Obr. 11. Predpinanie volne vedenych kablov segmentového

mosta Chocholna-Skala
Fig. 11. Stress distribution along external tendon - segmen-
tal bridge Chocholna-Skala

a) silu v sudrZnych predpinacich kabloch pri vnasani
predpatia (obr. 4), zistit rozdelenie sily medzi jednotlivé
lana kabla (obr. 5) a rozdelenie sily po diZke kabla. Na vy-
branych sudrZnych kabloch boli osadené po 3 snimace
H16HC (obr. 1) na obidvoch koncoch kabla v prechodovom
obale kotiev na sledovanie rozdelenia sily medzi jednotlivé
lana kabla a strat pri kotven( v oblasti kotvy a jeden snimaé&
HB9HC, ktory meral skuto&ni hodnotu sily v strede kabla.
Vysledky merani potvrdzuiji predpoklady projektu;

b) straty trenim a Easovy priebeh sily vo velmi dlhych
sudrZnych kabloch (obr. 6). Na vybranych sudrZnych kab-
loch dizky 220 m bolo osadenych po 7 snima&ov HBIHC v
oblasti kotiev, v strede kabla a tesne pred a za ohybmi
kabla. Toto meranie umoznilo zistif rozdelenie sily po dizke
tychto kéblov, ako aj &asové zmeny sily v kabloch;

c) rozdelenie a &asovy priebeh sily vo volnych kabloch
(obr. 7). VoIné kable boli osadené troma snima&mi H125 v
oblasti obidvoch kotiev a v strede kabla;

d) zmeny sily v sudrZnych a volnych kabloch pri
zataZovacej skiiske (obr. 8) a dihodobej prevadzke mosta.

Meranie sily v sudrZnych a volnych kébloch
predpinanych jednotlive po landch

Predpinanie volnych kablov po jednotlivych lanach je
beZné pri kabloch zostavenych z nesudrZnych lan MO-
NOSTRAND. V tomto pripade straty z trenia pri predpinani
sd ovplyvnené len konstrukciou I4n MONOSTRAND. V mi-
moriadnych pripadoch sa této technolégia da pouZif i pri
Standardnych typoch volnych kablov (predpinacie lané v
ocefovej, resp. polyetylénovej rare). Pre projektanta je
dolezité poznaf skutoéné rozdelenie predpinace] sily.
Elastomagneticka metéda umoZiiuje meraf prirastky v kab-
li pri jeho postupnom napinani, ako aj straty G&inkom trenia
a skupinového efektu po celej dizke kabla. Skuto&né
Poznanie tychto javov umoznili merania in-situ na viac-
erych segmentovych mostoch v SR. Pre segmentové
mosty typu Doprastav-Fl sa predpinanie po landach stalo
beZnou zalezitostou. Na obr. 9a 10 je znazornené jedno
pole mosta s charakteristickym vedenim volnych kablov.

Obr. 12. Predpinanie volne vedeného kibla po Jednotlivych
lanéach
Fig. 12. Prestressing of external tendon by Monostrand Jack

— tofollow upthe prestress losses and force-time behav-
iour in very long grouted tendons (Fig. 6). There were
fitted selected 220 mlong tendons with seven H89HC
gauges in the anchorage zones, in the middle of the
tendon and close before and behind the tendon bend.
This measuring enables us to find out not only the dis-
tribution of force along these tendons, but also the time
changes of tendon force,

— to follow the distribution and time dependent force
distribution in external tendons (Fig. 7). The unbonded
tendons were fitted with three gauges H125 in both an-
chor zones and in the middle,

— tofollow force changes in grouted and external tendons
during loading test (Fig. 8) and long-lasting bridge service.

Force measuring on external tendons prestressed
from single strand to single strand

Prestressing single strands of external tendons are in gen-
eral use inthe case of units, set up out of unbonded
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Obr. 13. Porovnanie napétosti vypocitane] z prediZenia s
nameranou - estakada V1 v Bratislave

Fig. 13. Comparison of the stress calculated out of meas-
ured elongations with measured values by magnetoelastic
method - V1 Bratislava
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Vysledky merania sily v kabli pri postupnom napinani lan su
na obr. 11a 12.Na obr. 13je porovnanie napatosti vypodi-
tanej z nameranych prediZeni s hodnotami monitorovanymi

elastomagnetickymi snima&mi.
Zaver

Skusenosti pri aplikaciach elastomagnetickej met6dy v
praxi potvrdili, Ze ide o spofahlivi, presnd a prakticky
pouzitelnti metédu, ktori moZno aplikovat aj v pripadoch,
ked ostatné met6dy na meranie sily v predpinacej vystuzi
su nepouZitelné. Zaroved s praktickymi  aplikdciami
metédy prebiehal aj vyvoj azdokonalovanie meracich
snimagov a meracej aparatury. Doteraz vyvinuté valcové
meracie snimage a meracia aparatira umoZfiuji meraf
silu v predpinacej vystuZi od drétov @ 3 mm aZ po kalbe na
predpinanie ochrannych obalok jadrovych elektrami s prie-
rezom 10 000 mm?, napinanych silou 10 MN. V si&asnos-
tiprebieha vyvoj elastomagnetickych snima&ov prilozného
typu na meranie sily v predpinacej vystuZibez nevyhnut-
nosti indtaloval meraci snimaé& vopred pri vystavbe.
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strands ~MONOSTRANDS. The prestress losses are in-
fluenced through the MONOSTRAND structure only in
this occasion. This method ofprestressing may be used i
extraordinary cases for current types of external tendons
too (prestressing strands in steel or polyethylenetuba). It
is important for the designer to know the real state of the
prestressing force distribution. The elastomagnetic
method makes possible to measure the force increment
in the unit during its gradual prestressing as stress losses
arising from the friction and group effect along the whole
unit. The real knowledge of these phenomena made the
in-situ measuring on many segmental bridges in Slovak
Republic possible. The prestressing from single strand to
single strand is an usual matter for segmental bridges DO-
PRASTAV-FREYSSINET type. Typical bridge span with
characteristic external tendons is drawn in Fig. 9and 10,
The results of measuring of the strand force in the gradu-
ally prestressed tendon according [2] are in Fig. 11and 12
Comparison of the stresses calculated out of measured
elongations with values given by elastomagnetic gauges
according [3] is in Fig. 13.

Conclusion

Our experience confirms that the elastomagnetic meth-
od is reliable, precise and practically applicable, which is
useful also in cases, when other methods of measuring
force in prestressing steel are unapplicable. Development
and innovation of the measuring gauges and measuring
device was in progress simultaniously with serviceable
applications of this method. Both cylindric measuring gaug-
es, developed till now, and the measuring device make pos-
sible to measure prestressing steel force in wires from 3 mm
dia. up to units with the total cross sectional area 10 000
mm?, prestressed with 10 MN force, destined for prestress-
ing of nuclear power plant containments. Gauges attach-
able to prestressing units are in development now. They
make the measuring of prestressing steel force possible
without the necessity to install the measuring gauge during
the construction beforehead.
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Vypocet stupina bezpecnosti mosta Lafranconi

Safety Factor of the Lafranconi Bridge Calculation

Ludovit Fillo = Jaroslav Halvonik

Pri navrhovani mosta Lafranconi, predpinaného
kiasickymi aj volnymi kablamia budovaného let-
mou betondzou, bolo nevyhnutné vypodéitat
medznu ohybovi unosnosf, resp. analyzovaf
rozhodujuce parametre na posudenie konstrukcie
podla stupria bezpecnosti [1]. ZloZitost problému
si vyzZiadala vytvorit Specidlny vypoctovy pos-
tup, ktory umoznuje ziskat rozhodujice parame-
tre na postdenie.

Pri posudzovani mosta Lafranconi sa ur&oval aj stuper
bezpetnosti s proti dosiahnutiu medznej Ginosnostiv sulade
s CSN 73 1251. Pre letmo budované mosty a mosty pred-
pinané réznymi typmi kéblov bolo treba vzorec z &l. 69 [1]
prepracovat na tvar

Mu-Mp

In connection with determination of the safety
factor of the Lafranconi Bridge, prestressed by
internal and external cables and constructed by
cantilever balance method, it was necessary to
use nonlinear analysis by the compilation of ulti-
mate bending moment and readjust the stan-
dard formula for this special construction.

Determination of the safety factor s against reaching the
ultimiate bending strenght according the CSN 73 1251 [1]
standard was one of the ways to appreciate the Lafranco-
ni bridge too. It was needed to readjust the standard formu-
la fromthe art. 69 [1] to the form (1) for as the overhung
bridges as that one prestressed with various types of ca-
bles

2 (1)

8=

v

0.9.[Mg+ Mgy + M81+0,9. (M5 + Mpag] +1,1.M,

Vypoget stupfia bezpeénosti v danom pripade pred-
stavoval velmi komplikovana dlohu, ktorej naro&nost vy-
plyva z najsledujtcich skuto&nosti:

— Most, vybudovany metédou letmej betonaze, tvori
staticky neur¢ita kon3trukcia, ktora po&as vyroby viac-
krat zmenila staticky systém. Désledkom je asova za-
vislost prierezovych sil od zafazeni (vlastna tiaZ, sta-
ticky urité kable), ktoré za&ali posobit na iny staticky
systém ako hotova kon&trukcia M, =1(0, M, =£(D).

= Nosna konstrukcia ma premenny prierez s rdznym
stupfiom vystuZenia tvrdou a makkou vystuou. Preto sa
kriticky prierez uréuje beZnymi metédami velmi tazko.

= Na predpinanie kon&trukcie sa pouZil hybridny systém
predpatia. Cast tvrdej vystuZe tvoria staticky uréité a
staticky neurgité kable so stdrznostou, pri¢om druht

Doc. Ing. Ludovit Fillo, CSc. — dekan SvF STU, Radlinského 11,
813 68 Bratislava; Ing. Jaroslav Halvonik, CSc. — KBKM SvF STU,
Starohorska 2, 813 68 Bratislava.

The safety factor computation represented a very com-

plicated task particular about folowing facts:

— The concrete bridge built by the cantilever balanced
method represents a statically indetermined structure
which changed the statical system during construction
many times. Consequence of this is time dependancy
of the cross-sectional forces from the loading (own
weight, cables statically determinated) which began to
act on a different static system represented like the
ready built structure: M, = (1), M_,_ = £,(f).

— Theload bearing structure has a variable cross section
with various reinforcement and prestressing steel ratio.
That makes it very difficult to determine the critical
cross section with common methods.

— The hybrid prestressing system was used on struc-
ture prestressing. One prestressing part make the
grouted statically determinate together with statically
undeterminate prestressing steel cables the second
one make ungrouted so called unbonded cables. The
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Cast predpatia predstavuju volné kable bez sudrZnosti,
pri ktorychv désledku chybajticej stdrznosti neexistu
je kompatibilita pomemého pretvorenia tejto vystuZe a
beténového prierezu Agp=le(U,W,®) >ME=fy, (uw ).

Preto bolo treba mostnu kon&trukciu vySetrovaf ako celok.

— Vypolet medznej uUnosnosti vychadza z metédy
medznych pretvoreni, kde zohladfiujeme aj ne-
linedrme oblasti pracovnym diagramov ¢ — vystuZe a
beténu (materialova nelinearita).

Na vypoget medznej ohybovej unosnosti mosta Lafran-
coni sa pouzil vypo&tovy program spracovany na Katedre
beténovych konstrukcii a mostov STU v Bratislave. Pro-
gram umoznil podrobnu analyzu kontrukcie ako celku aZ
do ohybového porudenia. Pri zvolenych spdsoboch
zafaovania urdil kritické prierezy konStrukcie so st&as-
nym vypoltom momentu na medzi unosnosti M, a
vysledného udinku volnych kablov M2, v ktorom je
zohladneny aj prirastok napdtia v nesudrZnej vystuzi od
deformécii mosta.

Pogram poéita medznu ohybovi unosnost prirastko-
vou metédou pristupom zdola. Pre kaZdy prirastok
zafaZenia AP; resp. pre kaZdé iteraéné pribliZzenie sa uréu-
ja prierezové sily ( AM, AN, Aa)a deformacie ( Ay, Aw,
A®;) vo zvolenych uzlovych bodoch nosnika. V tychto bo-
doch s su&asne definované prierezy, ktoré rozdefuju
konStrukciu na nosnikové elementy. Tuhost kaZdého
nosnikového elementu je vypoiitana ako priemer tuhosti
prierezov.

Vrstvitkovy model prierezu (obr.1) umozfiuje pri vy-
pocte tuhosti zohradnit meniace sa fyzikalno-mechanické
vlastnosti materizlov (bet6n, ocer) v zavislosti od hladiny
ich namahania Vvyjadrenej e . Za predpokiadu platnosti Ber-
noulliho a Navierovej hypotézy moZno vyjadrit

is

compatibility of the relative unbonded cables strajn with
concrete section does not exist:

Aey=Fe(uw®) =M g=fM (Lwd).

For this reason we needed to investigate the bridge

structure as a unit,

— Limit load capacity calculation is based on the [imit
strain method where we take account of the materia|
nonlinearity i. e. the nonlinear zone of stress-strain g
agrams of steel and concrete.

Computer program processed on the Department of
concrete structures and bridges, STU Bratislava was used on
the Lafranconi bridge flexural strenght analysis. The compu-
ter program made possible the detail analysis of the whole
structure as far as the flexural failure. |t determinedthe critical
cross sections of the structure for the chosen loading
schemes and computed the ultimiate bending moment M as
well together with the resulting influence of the unbondaduca-
bles effect M which takes account on an unbonded steel
stress increment resulting the bridge strains too.

The ultimiate flexural strenght is analysed by the com-
puter program with the increment method from below. The
cross sectional forces (aM, AN, AQ) and deformations (Au
' Aw, AD, )inthe chosen beam nodular points are calculat-
ed for every load increment AP, and for every iterative ap-
proach respectively. Cross sections which divide the struc-
ture on beam elements are defined in those points as well,
Every beam element stiffness is computed as an average
cross sectional stiffness. Cross sectionl model in layers Fig. 1
enables by the stiffness analysis to make possible to
change the physico-mechanical material characteristics
(concrete, steel) depending on their stress-level characteris-
tics expressed as ¢. It is Possible to express it if we assume
that the Bernouli and Navier hypothesis is true

€ =€+ Ae+ (1 + AY,).(2-2) = E(e) = _C:?) "
{e, )7 = (K51 (N, MyT 5
{AEO. AXJT=[K']-‘.{AN, AMT "
.h
4?- .J..zo A.pl
|
: ' Ay

WeMoe Mo M, Myu ey o Nty

Moo= Ne.z,o Mlpl-!’i + AN,

!
»2-€p7

Obr. 1. Model a parametre pomemého sretvorenia
prieéneho rezu » R <

Fig. 1. Model and strain parameters of cross-section
Obr. 2. Sllova interpretéacia Vypoétu momentu tinosnosti
1-volné kéble, 2— staticky uréité vniitorné kéble, 3 - stat-
Icky neuréité vnitorné kable

Fig. 2. Force Interpretation of ultimate bending mo-
ment calculation

1 - external tendons, 2 — staticaly determinate internal
tendons, 3 - staticaly indeterminate internal tendons
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Vypoéitanym prierezovym silam (AM, AN;) zod-
poveda urtité rozdelenie napétiv priereze (betén, vystuz),
ktorého vyslednice (vnitorné sily) sd v rovnovahe s prie-
rezovymi silami. Toto rozdelenie napéti je vZdy spojené s
urtitou deformaciou prierezu, ktora vyplyva z funkénej
zavislosti o —e materialov.

Uginky volnych kéblov sa uvaZuji v miestach ukot-
venia a v deviatoroch ako reaktivne sily, ktoré sa menia v
zavislosti od deformacie konstrukcie.

Vypotet prebieha iteraéne dovtedy, kym sa v niektorom
z prierezov nedosiahne medzné pomerné pretvorenie
beténu vtlaku €_, resp. vystuZe so sidrZnosfou v fahu [
pripadne £,

Vysledny moment tinosnosti kritického prierezu (obr. 2)
moZno vyjadrif takto

Definite stress distribution in the cross section (con-
crete, reinforcement) correspond to the calculated cross
sectional forces (AM, AM). Its resultans i. e. the inner forc-
es are with the cross sectional forces in equlibrium. This
stress distribution is always in connection with the determi-
nated cross sectional deformation which follows from the
functional dependence given by the stress-strain diagram-
mes of materials. Unbonded cables effects are considered
as reactive forces in anchorage points and in deviators.
They change in dependence on structure deformation.

The computation is iterative in progress until it is rea-
ched the ultimite compressive strain of concrete e orul-
timite tensile strain of bonded steel e, if need be A

The ultimite bending moment of the critical Cross sec
tion can be expressed as follows.

n
M,=M,+M, + M,+M:, +I=51.‘ (AM + AM?) (5)

Uginok vofnych kablov

Unbonded cables influence

n
M:=M: + X AM, (6)

kde M, su ucinky stalych zloZiek zataZenia (vozovka,
zvodidla, chodniky atd.)
M, — primarne G¢inky sudrZnej predpinacej vystu-
Ze.

Pri_posideni mosta sa uvaZovali tieto materidlo-
vé charakteristiky:
—pre betén £, = 36,5 MPa, €., =-0,0025,
—pre tvrdii vystuz f =1 800 MPa, €y = 0,015.

Pre zaujl'mavosi pri zvolenom prirastku rovnomerného
zafaZenia v druhom poli (/ = 174 m) bol v kritickom prie-
reze dosiahnuty moment M,=324MNma M; = -36 MNm.

where M, — dead load components effect (road sur
face, crash-barriers, pavements...),
M, - primary bonded prestressing steel effects.

They were considered following material characteris-
tics by the bridge evaluating:
—concrete f =36,5MPa, £ =-0,0025,
— prestressign steel f =1 800 MPa, £, =0,015.

It is of interest that they were reached moments
M, =324 MNm and M = -36 MNm in the critical cross-
section by selecting an uniform load v in the second span

(I=174 m).

324-(-77)

=23622

0,9.(33 +69,6 - 36) +0,9.45,2 - "3,6+1,1.646
2

*) Pozndmka: Ak mé sekunddamy moment opaéné znamienko ako

moment od pohyblivého zataZenia, redukujeme ho na 50 %.
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Vyskum spravania sa predpinacich lan firmy
Drotoviia Hlohovec pre pouZitie v konStrukciach
stidrznych kablov, volnych kablov a zavesov

Investigation of Behaviour of Prestressed Strands
Produced by Drdtoviia Hlohovec for Application
in Constructions of Bonded Tendons, Unbonded

Cables and Cable-stays

Jén Kucharik — Josef Lazar

V élanku su opisané vysledky skusok pred-
pinacich lan vyrobenych na Slovensku vyrobcom
Drétovna Hlohovec. Vyskum bol zamerany na
z_lstovanle potrebnej krycej hribky a pripustnej
Sirky trhlin pri aplikacii lan ako vopred a doda-
tjoc"ne predpétej vystuZe, na overenie unavovej
unosnosti lan a pevnosti v fahu pri prieénom
da-ku. Vysledky potvrdili, Ze lana vyhovuju naroé-
nym kritéridm zahranicnych predpisov a su
kvalitativne porovnatelné s lanami renomovanych
vyrobcov.

Spolahliva funkcia predpatej beténovej kon&trukcie v roz-
hodujlcej miere zavisi od trvalého bezporuchového péso-
benia predpinacej sily. Jednym z predpokladov tohto pdso-
benia je zachovanie kvality predpinacej vystuZe pocas
prevadzkovania konstrukcie. Je to predovietkym vyli&enie
vzniku kor6zie, na ktord je predpinacia vystuZ nachylina.
Na rozdiel od betonarskej vystuZe je predpinacia vystuz
.napnuta na vysoku hodnotu. Vplyv korézie sa neprejavu-
je len zmenSenim plochy vystuZe, ale predov&etkym stratou
predpatia, a tym zniZenim Unosnosti kon&trukcie.

PouZitie predpinacich Ian, najma v kon3trukciach s
volne vedenymi kablami alebo v zavesoch zavesenych
mostov, kladie na ich viastnosti zvy3ené poZiadavky.

Ing. Jan Kucharik, CSc.; Ing. Jozef Lazar - VUIS—M
Lamaéska 8, 817 14 Bratislava. osty, s.ro.,

The results of tests of strands made in Slovakia
by Drétovna Hlohovec are described. The re-
search was oriented to analyse the required
thickness of concrete cover and admissible crack
widthin the application of strands in pre-ten-
sioned and post-tensioned concrete elements
and to demonstrate fatigue strenght and tensile
strength of deflected strands. The realised rests
have documented from the aspect of internation-
al codes good quality of Slovak strands.

Reliable performance of a prestressed structure depends
to a remarkable extent on permanent non-failure action of
prestressed force. One of the conditions of this action is
protection of quality of prestressed reinforcement during
the performance of the structure. It is of utmost impor-
tance to exclude the occurance of corrosion, which is lia-
ble to attack the prestressed steel. Unlike the mild rein-
forcement prestressed steell is tensioned to a high val-
ue. The influence of corrosion is demonstrated not only
by decreeseing the steelarea, but mainly by the loss of pre-
stressing and thus decreasing the load capacity of the
structure.

Application of prestressed strands in structures with
unbonded tendons or in cable-stays impose high re-
quirements on their properties. Apart from their basic
properties (strength, ductility) it is necessary to demon-

66

i$ B

Okrem zékladnych viastnosti (pevnost, faZnost atd.) treba
preukazaf aj Gnavovu tnosnosf a pevnost v fahu pri
stitasnom pdsobeni prie€neho tlaku. V ramci rieSenia vys-
kumnych dloh sa vo vUIS-Mosty tieto viastnosti sledovali
a analyzovali, pritom sme sa zamerali predovetkym na
popusfané a stabilizované lana @ Lp1 5,5 z drotov paten-
tovanych v olove pevnosti 1 800 a 1 900 MPa, vyrabanych
v Drétovni Hlohovec. Zistené parametre lan sa konfron-
tovali so zahraniénymi predpismi a s vysledkami skisok lan
renomovanych zahraniénych vyrobcov.

Vyskum pdsobenia agresivneho prostredia na
peténové prvky predpnuté lanami

VystuZ v beténovej konstrukcii je prirodzene chranena
proti kor6zii i&inkom vysokej alkality prostredia. Aby sa
pasivagny Gginok prostredia nenarusil, musi mat krycia
vrstva beténu okolo vystuZe urgitd hrabku a nepriepust-
nost. Pasiva&ny G&inok nepriepustnej vrstvy zabezpetu-
jici protikor6znu ochranu vystuZe je ovplyvneny celym ra-
dom faktorov:

— kon&truk&né riedenie,

— zloZenie beténovej zmesi a technol6gia vyroby,

- priebeh zafaZenia konstrukcie,

— chemické vplyvy,

— klimatické vplyvy.

Zrychlené skusky pdsobenia agresivnych ldtok na
vopred a dodatoéne predpété prvky s trhlinami

Ako podkiad pre analyzu potrebnej hrabky krycej vrstvy
apripustnej Sirky trhlin garantujicich poZadovani Zivot-
nosf kon&trukcie, sa uskuto&nili zrychlené skisky. Na
skisky sa pripravilo 6 vopred predpétych a6 dodatoéne
predpéatych nosnikov z beténu B 400. Predpinacie jed-
notky v dodato&ne predpatych nosnikoch boli umiestnené
v kdblovych kandlikoch vytvorenych ako dutiny v beténe,
ako aj v kanalikoch z krepovanych a bez3vovych
ocelovych rirok. Nosniky boli osadené v spinacich ramoch,
ktoré v nosnikoch iniciovali trhliny irky od 0,04 do 0,25 mm.

Horny povrch nosnikov s predpinacou vystuZou s
hribkou krycej vrstvy 20 mm (pri vopred predpétych) a 30
mm (pri dodato&ne predpatych) bol opatreny vodotesnymi
ohradzkami. V oblasti s trhlinami sa vytvorili oddelené
sekcie, v ktorych pdsobili agresivne latky (obr. 7). Latky
savolili podra prostredia, v ktorom sa nachadzaju most-
né predpaté beténové konstrukcie. Agresivne prostredie
bolo simulované pésobenim tychto latok:
— chloridy reprezentoval 3 % roztok NaCl,
— dusi&nany reprezentoval 3 % roztok KNO,,
— sirany reprezentoval 3 % roztok CaSO,,
= gga reprezentoval vodny roztok nasycovany plynnym

e

Skusky prebiehali 24 mesiacov. Pogas tohto obdobia
sa z nosnikov priebeZne odoberali vzorky a zisfoval sa
pokles pH v krycej vrstve beténu. Laboratérne stanoveny
obsah l4tok preniknutych v beténe bol na konci experi-
mentu vo vaetkych pripadoch va&3i ako koncentracie
zistené na beZne prevadzkovanych konStrukciach s ap-
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strate fatigue strength and tensile strength of deflected
strands too. These properties were at VUIS - Bridges Ltd.
tested and analysed. The tests were oriented above all at
relieved (NR) and low relaxation (LR) strands 15,5 dia
made from lead patented wires of strength 1800 and 1 900
MPa, produced in Drétoviia Hohovec. Assured parameters
of strands were reviewed with international prescriptions
and with results of strands tests of prestigious foreign
manufacturer.

Investigation of the influence of agresive
enviroment on concrete elements prestressed by
strands

In the concrete structure the reinforcement is protected nat-

uraly against corrosion due to high alcality of the enviro-

ment. To be able to preserve the passivation effect of the

enviroment the covering concrete layer arround the rein-

forcement must have certain thickness and waterproof-

ness. Passivation effect ofthe covering layer causing cor-

rosion protection of reinforcement steel is influenced by

several factors:

— structure design,

— composition of concrete mixture and production, tech-
nology,

— load history acting on the structure,

— chemical influence acting on the structure,

— climatic conditions influencing the structure.

Accelerated tests of aggresive substances action on
pretensioned and post-tensioned elements with cracks

To analyse of the required thickness of concrete cover
and admissible crack width securing the required durra-
bility of structure accelerated tests were realised. Six pre-
-tensioned girders and six post-tensioned girders made of
concrete B 400 were prepared for this tests. Pre-
stressed tendons in post-tensioned girders were placed in
cable ducts created in two ways:

— as hollows in concrete,

— as chanels from crepe or seamles steel tubes.

The girders were situated in climping frames. Thus the
cracks with the width 0,05 - 0,25 mm were created. The
surface of the girders with prestressed steel (the cover
thickness of pretensioned steel was 20 mm and of post-
tehnsioned steel was 30 mm) were provided by waterproof
barriers. In the area with cracks isolated section emerged
in which aggresive substances acted (Fig. 1). The sub-
stances were chosen according to the enviroment sur-
rounding the concrete bridge structures. Agg ressive enviro-
ment was simulated by four types of substances:

— chloride action was represented by 3 % NaCl solution,

— nitrid action was represented by 3 % KNO, solution,

— sulfur action was represented by 3 % CASQ, solution,

- CO, action was represented by aquatic solution satu-
rated with gaseous CO,,.

The tests lasted 24 month. During this period speci-
ments were continuously taken from the girders and thus
decreasing pH value in concrete cover layer was detect-
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Obr. 1. Predpété nosniky vystavené pésobeniu agresivnych
latok
Fig. 1. Prestressed girders with acting agresive substances

likaciou posypovych soli. Po ukon&eni skiSok sa v sek-
ciach, kde pdsobil roztok NaCl, uskuto¢nila podrobna
analyza obsahu chloridov v trhlindch réznej Sirky a v réz-
nych hibkach od povrchu pomocou stpravy RCT (Rapid
Chilorid Test). Vysledky analyzy st na obr. 2a 3. V grafoch
je znazornena koncentracia chloridov v % z hmotnosti
beténu v zavislosti od vzdialenosti od povrchu. Vysled-
ky ukazali, #e Sirka trhliny je faktor, ktory vyrazne vplyva
na rychlosf prenikania agresivnej latky cez kryciu vrstvu a
uZ Sirka trhliny 0,05 nie je pri intenzivnom pdsobeni
agresivnej latky obsahujicej chloridy zanedbatelna.
Smerom do hibky koncentrécia i6nov klesa v zavislosti od
tvaru trhliny. Pri kratkej trhline (obr. 3) je klesanie koncen-
trécie rychlejSie ako pri dih3ej (obr. 2). Na obr. 4 je koncen-
tréacia siranovych iénov po vyske trhliny stanovena labo-
ratérnou analyzou. ZniZovanie koncentracie iGnov s rasti-
cou hibkou nie je také evidentné ako pri chloridoch.

Z hladiska trvanlivosti kon&trukcie bolo ddleZité, ako
sa prejavilo pésobenie agresivnych latok na zabudovanej
vystuZi. Ak trhlina vznikla v mieste strmienkovej vystuze,
prejavila sa na nej korézia pdsobenim chloridov pri Sirke
trhliny 0,15 velmi mierne, pri 0,2 vyraznejsie, ale iba ako
tenky film na povrchu. Co sa tyka vopred predpatej

N 1S

ed. At the end of the experiment the content of the di-
fused substances in concrete was in all types of action
higher then the concentration detected at the actual stryc.
tures exposed to de-freezing salts.

After finishing the tests in the sections exposed to
NaCl solution was made a detailed analysis of chloride con-
tents in the cracks of varied width and in differed depth yn-
der the surface by the set RCT (Rapid chlorid test). The
results of analyses are described in Fig. 2and 3. In the dia-
grams we can see the chlorid percantage of concrete mass
in depencence of distance from the surface. The results
revealed, that the crack width is a factorthat has a remar-
cable influence in the rate of progress of agresive sub-
stances penelrating the cover layer and yet the width crack
0,05 mmis not negligible at the intensity of action of ag-
gressive substances witdh chloride content. With the in-
creasing depth decreases the concentration of ions in de-
pendence from the crack shape. In case of short crack
(Fig. 3) the decrease in concentration is higher than in the
case of alonger one (Fig. 2). In Fig. 4 the concentration of
sulphur ions along the heigth of the crack has been asigned
by laboratory analyses. Reduction of concentration of ions
with increasing depth is not so evident as with chloride.

From the point of view of durability of structure should
be emphasised the influence of agressive substances on
builtin steel. Whenthe cracks emerged inthe area of stir-
rups steel, corosion occured moderately at the crack width

of 0,15 mm. At the cracks width it was reasonably higher,
but still only a thin film on the surface. In pretensioned steel
(strands Lp 15,5dia.) atthe crack width of 0,1 mm corro-
sion appeared at any aggresive medium. At chloride ac-
tion spots of corrosion appeared at the width of 0,15 mm
and local surface corrosion at the width of 0,2 mm, which is
negligible with mild steel. At the action of other substances
corrosion of prestressed steel at the crack width of 0,05 -
0,2 mmdid not occur. In the post-tensioned girders the ex-
periment showed that through the steel tube forming the
cable chanels the aggressive substances did not pen-
etrate and jeopardize the prestressed steel. In cement in-
jection mortar in cable hollow without steel tube cracks oc-
cured, but unlike the cracks in concrete cover they were
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Flg. 2. Concentration of CL" In cracks of  Fig. 3. Concentration of CL" In cracks of Flig. 4. Concentration of SO, In cracks of
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vystuZe (lano Lp @ 15,5), pri Sirke trhliny 0,1 mm nebola
na skuafobnych nosnikoch zaznamenana ani najmensia
stopa po kor6zii pri Ziadnom type agresivneho média. Pri
posobeni chloridov sa objavili stopy korézie pri Sirke 0,15
mm alokalna povrchova korézia pri Sirke 0,2 mm. Pri p6-
sobeni ostatnych latok sa korézia predpinacej vystuze pri
&irke trhlin 0,05 aZ 0,2 mm nevyskytla. Pri dodatoéne
predpétych nosnikoch experiment preukazal, Ze cez kre-
povand a ocefovti rirku kéblového kanalika agresivne
latky neprenikli a predpinaciu vystuz neohrozili. V ce-
mentovej injektaZnej malte v kablovej dutine bez ocelovej
rarky vznikli trhliny, ale na rozdiel od trhlin v krycej vrstve
boli potetnejsie a menej Sirky. Maximalina zistena kon-
centracia chloridovych iénov bola 0,025 %, takZe
nevznikli podmienky pre vznik korézie.

Zévery experimentdineho vyskumu

Viacro&ny experimentalny vyskum poskytol obraz o vplyve
trhlin na rychlost prenikania kvapalnych agresivnych latok
a podmienkach vzniku kor6zie. Nakolko premenlivymi pa-
rametrami bola iba Sirka trhliny a druh agresivnej latky,
nie je moZné formulovaf vieobecné zavery. Pre konStruk-
cie z beténu obdobnej kvality v prostredi, ktorého u&inky
st slab8ie alebo porovnatelné s experimentalnymi, viak
platia nasledujuce skuto&nosti:

— trvala trhlinav krycejbeténovej vrstve uZ prisirke 0,05
mm spdsobuje rychlejSie prenikanie agresfvnej latky,

— so zvatujicou sa Sirkou trhliny sa rychlost prenika-
nia zvy$uje, zmena koncentracie s rasticou hibkou
zévisi od dizky a tvaru trhliny,

— pri Sirke trhliny do 0,1 mm pri dodrZani podmienok
krytia nenastava korézia vystuZe ani pri jednejz bez-
ne posobiacich agresivnych latok,

— priSirke trhliny 0,2 mm je moZny vyskyt lokalnej korézie
pri vopred predpatej vystuZi, ktory je zanedbatelny v
pripade mékkej vystuZe.

Unavova anosnost lan

Unavova tnosnost lan a kablov z tychto lan je vysledkom
posobenia viacerych vplyvov, ktoré treba pri navrhu re-
Spektovat.

Vplyv technolégie vyroby na tinavovi tnosnost

Unavova tinosnost Ian od roznych vyrobcov sali§i a2o
30 %. V Zeleziarfiach ju ovplyviiuje technolégia vyroby
Polotovarov a délezity je stav povrchu polotovarov. Opti-
malny stav predstavuje povrch beztrhlin, virisenin a seg-
regacifvo vaetkych fazach vyroby. Prifahani sa existujlice
trhliny zva&Suja a viraseniny su zdrojom dalich trhlin. V
drétovni zaleZi na tepelnom spracovani pred fahanim. Kva-
litu povrchu ovplyvriuje aj manipulacia s lanami a ich
skladovanie. Kor6zia zvySuje drsnost povrchu a zniZuje
Unavovi Zivotnost. Zatial &o statické charakteristiky (hod-
noty A, Ryy) st koréziou minimaine ovplyvnené, Gnavova
Zivotnost je jej citlivym indikatorom.

more numerous and of less width. The maximum concen-
tration of chloride ions was 0,025 % and therefore no condi-
tions for corrosion emerged.

Conclusions of experimental research

Long lasting experimental research offers an image of
how the crack influence the rate of infilatration of fluid ag-
gressive substances, and of the conditions of corrosion. As
the variable parameters were only the crack width an the
type of aggressive substance itis not possible to draw
general conclusions, but only those valid for concrete
structures of simmilar quality in the enviroment whose ef-
fects are lower or comparable to the experimental ones:

— permanent crack in cover concrete layer already at the
width of 0,05 mm causes higher infilatration of aggres-
sive substances,

— with the increasing crack width the rate of infilatration
increases and the change of concentration with the in-
creasing depth depends on the lenght and shape of the
crack,

— atthe crack width less than 0,1 mm there is no corro-
sion in steel if the criteria minimum concrete cover
thickness have been foolfilled at neither of current ag-
gressive substances,

— at the crack width of 0,2 mm eventual occurence of lo-
cal steel corrosion is possible, but it is negligible
in mild reinforcement.

Fatigue ultimate load of strands

The resulting fatigue ultimate load of strands and of
strands assembled in tendons depends on many factors
which must be respected by the designer.

Strand production technology influence on fatigue
ultimate load

Fatigue ultimate load of strands coming from various pro-
ducers differs upto 30 %. The billet surface roughness
dueto the technology in steel mills is of main influence. The
optimum state represents crackless surface, lack of in-
clusion slags or segregations inall phases of production.
The wire cracks are widening during drawing and are
sources of other cracks together with inclusion slags. It de-
pends on the thermal procedure befor drawing in the wire-
mill too. The strands handling and storaging is another in-
fluence. Atmospheric corrosion increases surface rough-
ness and decreases the fatigue ultimate load. As far as the
statical values (tensile strength £, tensile strength by the
0,2 % proof stress f_) are influenced by corrosion mini-
mally. The fatigue life is its sensitive indicator.

Loading way influence

The loading way influence of fatigue ultimate load is verified
by testing the safety efficiency of the total range of pulsa-
tion (double amplitude) Af(N = const.) or by the fatigue life
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Vplyv zataZenia

Vplyv zataZenia na Unavovl unosnosf sa overuje stano-
venim stupiia bezpe&nosti rozkmitu 2, (N=konét.) alebo
Zivotnosfou N (2c , =konét.) vzhfadom na Smithov diagram
(N = konit.), resp. Wé&hlerovu krivku (20 a = konit)
zaruené vyrobcom a overené preukaznymi skiskami.

Napriklad DIN 4227 T2 v pripade Eiasto&ne predpétych
beténovych konStrukcii poZaduje pre kdbel v oblasti ko-
tiev a spojok preukazaf vypo&tom rozkmit 2¢,, mensi ako
0,7-nasobok Unavovej inosnosti kotveného kabla, stano-
venej preukaznymi skiSkami. Pre oblasti mimo kotiev je
stanovena poZiadavka preukazaf rozkmit 20, mensi ako
0,4-nasobok rozkmitu stanoveného preukaznymi skigka-
mi vzoriek predpinacich vystuZi, ktoré kabel tvoria, max-
imaine 20, =140 MPa.

Vplyv stavebnej vyroby

Pri zabudovani predpinacich lan do kon&trukcie sa zni-

Zuje unosnost, a to:

= trenim I&n o injektdZnu maltu, kablovi rirku a susedné
lana,

— prie€nymi tlakmi pdsobiacimi v miestach ohybu,
pogkodenim pri doprave a ukladani do debnenia,

= koréziou pred alebo po injektaZi.

Vplyv kotvenia

Nezainjektovany kabel namahany na Gnavu sa va&&inou
porusi v kotveni. Specidine systémy na kotvenie I&n na
zavesy beténovych mostov prakticky Zivotnost neznizuji.
Klinové kotvy na zavesy maijli osobitné zibkovanie a ko-
nicitu. Ohyby lan v kotevnej oblasti sa mézu zmen&it
pouzitim niekofkych kotevnych objimok za sebou, pricomv
kaZdej je kotvena iba Zasf lan.

Obr. 5. ZataZovaci
makroblok

Flig. 5. Loading
macroblock

Hodnotenie inavovej inosnosti Idn

Unavova anosnost I4n sa hodnoti na zaklade vysledkov
skisok harmonickym zataZenim. Priebeh skuto&ného
zafaZenia je n&hodily. MoZno ho zaznamenaf a vzorky
skasat makroblokmi stochastického, alebo Statisticky zjed-
nf)duieného stiboru harmonického zatazenia (obr. 5), kto-
ry mdZe byl vstupnym Udajom na vypog&et podra Palm-
grenovej-Minerovej hypotézy.
Vypo&tom podfa Palmgrenovej-Minerovej h té

stanovime Gnavové poskodenie, ktorého prev:ilezzo hofjy
nota je olakdvany po&et opakovania makrobloku do po-

N(Af =const.) with regard to Smith diagram (N= const.) or
Wohler curve (Af = const.) which are guaranteed by the
producer and checkproofed by the decisive test.

The total range of pulsation A fis specifid e. g.inthe
German specification DIN 42277 T2 namely for the anchor
and coupling zone of the partial prestressed concrete struc-
tures. It must be proved by calculation and not less than 70
% of the total fatigue ultimate load the anchored cable
which is check proofed by the decisive test. The value of
the total range of pulsation A fout of the reach of the an-
chorage zone must be i-not greater than 40 % of that ob-
tained by the decisive tests of the high tensile specimens
which are composing tha cable, ii-maximum A f=140 MPa.

Influence of the civil engineering production effect

Decreasing the fatigue ultimate load of strands is influ-

enced by building them into a structure too. It is due to:

— strand friction on grouting mortar and cable conduit
and neighbouring strands,

— ftransversal stresses in the places of local bending,

— injury during the transport and deposition into a shuter-
ing (formwork),

— corrosion before or after grouting.

Influence of the anchorage

Ungrouted tendon stressed by fatigue load fails mostly
in anchorage. Special anchorage on strand stays sys-
tems used in concrete bridges does not decrease the fa-
tigue life practically. Wedge anchorage used for stays
have special as fine teeth as wedge shape. The strand
deflection angle in the anchorage zone can be reduced
using some ofthe anchorage sleeves one after another at
that every sleeve anchor one part of strands only.

Evaluation of the fatigue ultimate load of strands

Evalution of the fatigue ultimate load of strands is based
ontest results of sinusoidal variation of force between the
two limits. The real stress course in a structure is acciden-
tal. Itis possible to record it and the strand samples test
by the stored stress blocks of either stochastic of statis-
tically simplified block of harmonic loading which can be an
input data for stress analysis by the Palmgren-Miner
hypothesis. Paimgren-Miner analysis results on a value
nasmed fatigue injury the inverse number of which is the
awaited number of repeatings of the block until the struc-
ture fails. This method is analogous to the safety efficien-
Cy against failure. Injuries are independent and additive
on individual levels of harmonic stress (f, = const., Af=
const.) according to this hypothesis.

Fatigue mean life or life for demanded reliability due
to a requested total range of pulsation and mean stress
results in Wohler curve. This is made fromthe fatigue test
results for given steel mill strands chosen for the vgalid
structure. Number of cycles for the given structure divided
by the fatigue life of the strand derived from a Wéhler curve
both from the same as mean stress as total range of pulsa-
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rugenia konatrukcie. Tento pocet je analogicky so stupfiom
bezpe&nosti proti poru3eniu. Podla uvedenej hypotézy st
poskodenia na jednotlivych hladinach (o = konst., 20, =
kon&t.) harmonického namahania nezavislé a aditivne.
Pri praktickej aplikécii zistime skuskami pre dané stredné
napétie Wéhlerovu krivku. Potom méZeme stanovit Zivot-
nost (bud priemernd, alebo pre Ziadanu spolahlivosf) pre
pozadovany rozkmit. Z Wéhlerovej krivky vypoéitame
podiel po&tu kmitov zataZenia asti bloku (daného roz-
kmitu a stredného napétia) k zodpovedajicim Zivotnos-
tiam. Spotitané podiely v percentach predstavuji stuper
poskodenia, jeho obratena hodnota poet opakovani na

dosiahnutie poruenia.

Unavové dnosnosf lan vyrdbanych v Drétovni
Hlohovec

V nasom laboratoriu sme sav suvislostis vyskumom za-
vesenych mostov zaoberali Unavovou unosnosfou lan @
Lp 15,5 urgenych na zavesy. Skimané popusfané a stabi-
lizované lana boli vyrobené z drétov patentovanych v olove
v Drétovni Hiohovec. Vzorky v pulzatore sa kotvili zo za-
Siatku zalievanymi kotvami, neskér klinovymi kotvami.
Stredné napatie o sa zvolilo vzhfadom na potrebu zave-
sov zavesenych mostov v pomerne nizkej arovni 0,45 R

Vysledky skiSok lan @ Lp 15,5/1 800 a @ Ls 15,5/1 800
st na obr. 6. Pri skiZkach sa nezistil rozdiel medzi
popusfanymi a stabilizovanymi lanami, o je v sulade s
vysledkami v SRN. Hodnoteny bol priebeh (20, , N) pre
P=0,5a0,9. Pomer extrémneho pottu cyklov N /N, .
pri ktorom dochadza k deStrukcii vzoriek pri rovnakom
napéti, je pomerne maly1:2,7 (pre 20 A = 450 MPa) a
1:3,5(pre20, =340 MPa). Smithov diagram (zavislost
20,, N, 0, )jenaobr. 7pre N =0,1.105 N=2.10° a
pravdepodobnosf P=0,5.

Skasky unosnosti lomenych lan
Metodika fahovych skisok lomenych ldn

Predpinacia vystu je priestorovo namahana fahom pri
sttasnom prie&nom tlaku v ohyboch kablov v klinovych
kotvach, v deviatoroch vofnych kablov a sedlach zavesov
zavesenych mostov. Na lana neusporiadanych kéblov pé-
sobia bodové prie&ne tlaky vplyvom &lenitosti ich povrchu
viac ako v pripade kablov z hladkych drétov. V klinovych
kotvach sa prejavuje navyZe vrubovy Géinok, ovplyviujici
viac dynamicku ako staticku G&innost.

Prislusné predpisy (FIP, PT) Ziadaju posudif znizenie
Unosnosti lana ohybaného v fahu Fra V POrovnani s

Obr. 6. Vysledky skisok unavove] inosnosti 1an @ Lp 15,5 z drétovne Hio-

hovec (Regresné priamky si v logaritmicke] mierke)
—pP= 05, ------ P=09

Fig. 6. Fatigue strenght test results of NR strands 15,5 mm dia. (regresion

straight lines are in logarithmic scale)
=——— P05 -ceuesa P=0,9

tion results in a quotient which is calculated for every part of
the loading block. Integrating all the quotients in % gives
us an injury efficiency. The reverse value of this injury effi-
ciency represents a number of repeatings of the given load-
ing block needed for the fracture of strands.

Fatigue ultimate load of strands produced in the
wire-mill Drétovria Hlohovec

We were ealing with the fatigue ultimate load of stress re-
lieved (NR) and low relaxation (LR) strands Lp 15,5 mm dia
and Ls 15,5 mm dia in our laboratory. Our research was
destined on using these lead patented strands produced
in the wire-mill Drétoviia Hlohovec for stays of concrete
cable stay bridges. The samples were anchored in a pul-
sator first of all with a filling-up anchors, later with special
wedge anchors.

The main tensile stress £ was an relatively low level
namely 0,45 £, which is prescribed for our stays of concrete
stay cable bridges. Test results of the strands i-NR (stress
relieved) Lp 15,5 mm dia- 1 800 MPa quaranteed f,ii-LR
(low relaxation) Ls 15,5 mmdia - 1 800 MPa quaranteed L
are in Fig. 6. There was no difference found between the
NRand LR strands whichis in conformity with test results
from Federal Republic of Germany institutes.

We evaluted the (Af,, N) course for the probability P=
= 0,5 and 0,9. The ratio of the maximim and minimum
number of cycles which results in failure of samples by
the same mean stress is relatively little, namely 2,7 : 1 (for
Af=450 MPa) and 3,5 : 1 (for Af= 340 MPa). Smith dia-
gram (Af, N, f_relationship) is in Fig. 7foras N=0,1x 108
as N =2 x 10° and probability P=0,5.

Ultimate load tests of deflected strands
Method for a deflected tensile test for strands

Prestressing steel is especialy stressed through the ten-
sion combined with transversal compression either in
strand beddings in wedge anchorages or in deviators of
unbonded tendons or in cable-stays saddled of cable-stay
concrete bridges. Additional transversal spot stresses are
applied to concurrent cable strands. They are of greater
magnitude in strands due to theri broken surface in com-
parison with plain wires cables. Additional stress is in the
wedge anchor zone due to the notch-effects the dynamic
ultimate load more than static one.

Various international regulations (e. g. FIP, PTIl) ask
for testing and guaranteeing the value of deflected tensile
test efficienty TE. It enables us a comparison of the actual

W 15 20 N
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Gnosnosfou F_, vyjadrené koeficientom k(%)
F

ma
k=(1-—)100
FHI

Skuska je predpisana iba pre sedemdrétové lana @
12,5a @ 15,5. Usporiadanie skisky je zrejmé z obr. 8.Vzor-
ka lana sa ohyba okolo &apu s klinovou drazkou pod uhlom
160". V priebehu skusky sa vzorka posuva po tape a meni
sa jej poloha v drazke.

Podra odport&ani PTllano na zavesy zavesenych mos-
tov aj volne vedené kable vyhovuje, ak je zniZenie
Gnosnosti k < 20 %. Podfa komisie FIP pre predpinacie
vystuZe a systémy moZno pouZivaf s hodnotou koeficienta
k 2 30 % iba na predpinanie jednotlivych priamych lan
(nezdruzovanych do kébla a nekotvenych v kablovych ko-
tvach), t. j. iba pre vopred predpéty beton.
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Obr. 7. Medialny Smithov diagram pre @ Lp 15,5/1800a@Ls
15,5/ 1 800 z Drétovne Hlohovec

------- N=0,1.10%, N=210*

Fig. 7. Medial Smith diagram for the normal relaxation (NR)
and low relaxation (LR) 15,5 dia. 1 800 MPa strand

........ N=0,1.10°, —— N=2.10*
Tabulka 1
Lano F F F k Vyrobca
Strand : s —100 Producer
i 5t | g 0.4

Stat)
(MPa) | (MPa) | (%) (%) {Shle)

gms,snsoo 1979 | 1616 | 82>80(18 DH (SVK
Ls 15,5/1 800
Ls15,2/1800 I

1857 | 1535 | 83>80(17 DH (SVK
1932 | 1618 |B84>80(16 AD (AVT)

Vy'sledky skisok stabilizovanych a popistanych lén

Vo VUIS bolo vyrobené skisobné zariadenie, ktoré tvo-
ril ram s €apom a dvojicou lisov 200 kN. Skusali sa vzorky
lan @ Lp 15,5/1 800, @ Ls 15,5/1 800-DH z Drétovne Hio-
hovec a @ 15,2/1 800-AD vyrobcu AUSTRIA DRAHT
z Rakiska. Porovnanie priemernych hodn6t skiigok uvad-
za tab1.

Skusky preukazali z hfadiska medzinarodnych predpis-
ov vyhovuijicu kvalitu slovenskych 1an. Lana boli s tspe-
chom pouZité pri vystavbe zavesenych mostov v Pod&bra-
doch a Tabore, ako aj na dalSich objektoch, kde sa apliko-
vali ako nesudrZné kable chranené jednotlivo, alebo skupi-
novo.

The test is determined for the 12,5 mm and 15,5 mm
dia. 7-wire strands only. Details of the deflected tensile test
devide are shown in Fig. 8. The strand sample is deflect-
ed around the tapered slot pin with an angle of 160", The
specimen advances around the pin and changes his posi-
tion in the slot during the test.

Thetest efficiency TE for strands used in stays of cable-
stay concrete bridges as in unbonded tendons should not be
less than 80 % due to the PTI and FIP regulations, too. If the
test efficiency TE is less than 70 %, according to the FIP
Comission regulation it can be used for one strand cable
only (not for the multistrand cables) neither for wedge an-
chored, that is, for pretensioned concrete only.

Obr. 8. Schéma usporiadania fahove] skisky lomeného lana
Fig. 8. Scheme of test of tenskon strength of deflected strand
a-anchor, b- dynamometer, ¢ — press, d—pin

Test results of the low relaxation and stress-relieved
strands

The test devise was built in our VUIS Institute laboratory. It
is realized of a beam with a pin and a pair of 200 kN presses.
The strand samples 15,5 mm dia. are NR (stress-relieved)
Lp15,5mmdia.- 1800 DHand LR (low relaxation)Ls 15,5
mm dia. - 1 800 DH producer Drbtoviia Hlohovec. Other
samples were LR 15,2 mm dia - 1 800 AD producer AUS-
TRIA DRAHT Austria. Comparsion of the average test re-
sults is in the Table 1.

The realised tests have documented from the as-
pect of international codes conveniet quality of Slovak
strands. The strands were successfully applied in construc-
tion of cable stay bridges in Podebrady and Tabor and also
in many objects, where they were applied as unbonded
tendons of monostrand of monogroup type.
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Most Lafranconi cez Dunaj v Bratislave

The Lafranconi Bridge across the River Danube

in Bratislava

Bohumil Bici — Stefan Choma — Lubomir Hrnéiar - Tibor Sefeik — Jozef Zvara

Bratislava sa stala vyznamnym dopravnym uz-
lom v Slovenskej republike, ktorym prechadza-
ji dva cestné fahy E-15 a E-16 s prepojenim do
Viedne a Budapesti. Most Lafranconi je stvriym
premostenim na uzemi Bratislavy a v jeho kon-
cepcii sa objavuju niektoré zaujimavosti prezen-
tujice teoreticku uroven aj praktické inZinierske
schopnosti.

Bratislava je vyznamnym dopravnym uzlom v Slovenskej

republike. Jej izemim prechadzaijl dva cestné fahy eurdp-

skeho vyznamu:

— E - 15, ktorého &asfou je diafnica D2 Brno—Bratisla-
va —hranica Madarskej republiky,

- E- 16, zahffiajica dialnicu D61 Trencin—Bratislava —
hranica Rakuska.

Obidva tieto cestné fahy kriZzuju Dunaj v Bratislave mos-
tami:

— dialnica D2 mostom “Lafranconi”, ktory bol vybudova-

ny v rokoch 1986 aZ 1991,

— diafnica D61 mostom “Pristavny” postavenym rokoch

1977 aZ 1983.

Most Lafranconi je stvrtym premostenim Dunaja v Brati-
slave a prvym z predpéatého beténu. Priprava mosta zacala uZ
v roku 1975 vypisanim sufaZze na rieSenie hlavného most-
ného objektu. Po vyhodnoteni 6smich predloZenych
stfaznych navrhov sa prijalo definitivne rieSenie, ato sedem-
polovy spojity nosnik s jednou ramovou stojkou v koryte
Dunaja s rozpatiami 83 + 174 + 172 + 4 x 83 m a celkovou
dizkou v osi diafnice 761 m v jednom dilatagnom celku (obr. 1,
2a 3). Na spolo&nej spodnej stavbe su vybudované dve

Prof. Bohumil Biei, CSc., Ing. Stefan Choma - Riaditelstvo
dialnic, Tovarenska 7, 813 44 Bratislava; Ing. Tibor Seféik — Do-
Pravoprojekt, a. s., Kominarska 4, 832 03 Bratislava; Ing.
Lubomir Hréiar — Doprastav, Miynské nivy 70, 824 96 Bratislava;
Doc. Ing. Jozef Zvara — SZS|, Mytna 2, 811 07 Bratislava.

Bratislava is at present an important communica-
tion centre in the Slovak Republic, where the two
trunkroads E-15 and E-16 cross on their way to
Vienna and Budapest. The bridge Lafranconi is
the fourth bridge across the river Danube on the
territory of the town Bratislava. In the technical
ideas of this bridge we can find some peculiari-
ties giving a picture of the theoretical and practi-
cal engineering abilities.

Bratislava is an important communication centre in the

Slovak republic. Two significant trunkroad lines of Europe

pass trough this territory:

— E-15, of which apart isthe highway D2 Brno-Bratis-
lava - Hungarian border,

— E-16, comprising the highway D61 Tren&in-Bratislava-
Austrian border.

Both these trunkroad lines cross the river Danube in
Bratislava by the bridges:

— highway D2 by the bridge Lafranconi built in the year

1986 to 1991,

— highway D61 by the bridge Pristavny (harbour bridge)

bulit in the years 1977 to 1983.

Bridge Lafranconi is the fourthone across the Danube in
Bratislava and the first on incede of prestressed concrete.
The preparation of this development begun in the year
1975 by publishing a competition to design the principal
part of the bridge. The evaluation of eight designs showed
that the best option would be a seven span continuous
girder with one frame support in the riverbed of Danube,
the spans being 83 + 174 + 172 + 4 x 83 metres and the
total length in the highway axis of 761 metres in one expan-
sion unit (Fig. 1, 2and 3). On a joint understructure there
would be constructed two separated structural units made
of prestressed concrete and going to be the longest
span in Slovakia.
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samostatné konstrukcie z predpatého beténu s najvacsim
rozpétim pofa na Slovensku [1].

Obr. 1. Most cez Dunaj pri Lafranconi
Fig. 1. Bridge across the Danube near Lafranconi
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Koncepcia navrhu nosnej konstrukcie

Rozhodnutie pre ststavu spojitého nosnika s maximalnym
rozpatim pola 174 m wvyplynulo z predo$lych dobrych
skusenosti s letmou betonaZou. Napriek tomu to bola pre
naSe podmienky z hfadiska realizicie mimoriadne naroéna
dloha.

The general features of the designed
superstructure

The decision to plan a continuous girder with maximum
span of 174 metres was made because of good experi-
ence with the free cantilever method. In spite of that, the
task, fromthe point of view of our not very favourable condi-
tions in building industry, was very hard.

g ST - XTI i i
| e

r |
Obr. 2. Priecne rezy -l ;
mosta |[
Fig. 2. Cross section TYPICAL CROSS-SECTION A-
of the bridge ER o S -"
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Obr. 3. Pohlad na most z favého brehu Dunaja
Flg. 3. View of the bridge from the left bank of Danube

Odrahéenim kon3trukcie sa mohli minimalizoval roz-
mery prie¢neho rezu tak, Ze hrabka stien pri dihych poliach
nad podperou je 0,80 mav poli0,30 m, prikratkych po-
liach nad vnutornymi podperami je 0,50 mav poli 0,30 m.
Tym sa dosiahlo podstatné zniZenie vlastnej tiaZze ako ro-
zhodujiceho zafaZenia. V prie€nom smere je konStrukcia
vystuZena len makkou vystuZou bez prie¢neho predpatia.

V pozdiZnom smere je kon3trukcia pine predpéta
predpinacimi kablami z 1an 12 @ 15,5 mm / 1 800. Umiest-
nenie zakrivenych kablov na piné predpétie do subtilnych
stien by velmi negativne ovplyvnilo vhodnost usporiada-
nia prie¢nej vystuZe (strmienkov) aj betonaz a zhutfiovanie
stien. Prejavilo by sa to zniZenim homogenity beténu
stien komorového prierezu.

Kable sme potom rozdelili do troch skupin:

1. Kéble staticky ur€itych konzol, umiestnenév hornej
doske komorového prierezu, sa postupne napinali v prie-
behu letmej betonaZe konzol. Land su vedené v
ocelovych rurkach a su zainjektované cementovou mal-
tou. Maximalna dizka tychto kablov je aZ do 245 mm.

2. Zmonolitfiujice kable staticky neuréitej kon-
Strukcie su umiestnené a kotvené v spodnej doske. Maju
rovnake parametre ako konzolové kable, nachéadzaju sa
v ocefovych rirkach a s zainjektované cementovou
injektaZnou maltou. Obidve tieto skupiny kablov su ako
vnitorné zainjektované kable a preberaju G&inky od celého
staleho zataZenia.

3. Volné kable umiestnené vo vnutri komorového
prierezu prechadzaijt deviatormi a su kotvené v blokoch pri
prie¢nikoch nad podperami. Lana st v polyetylénovom
obale chranené mazivom [2]. Preberaju celé pohyblivé
ZafaZenie a eliminuju vplyv dotvarovania a zmrasfovania
betonu ststavy. Napinaju sa az po zmonolitneni konzol,
ked uZ nosna konstrukcia pésobf v definitivnej statickej
slstave,

Vyhodou volnych kablov je, 2e sa daiti fahko kontrolo-
val av pripade potreby dopifial aj fahko vymenit.
Pf_lpravené volné (rezervné) otvory v nadpodperovych
Dr'leénikoch a deviatoroch pre dalSie kable su uréené v bu-
duc.nosti na upravenie predpétia celej sustavy. Takéto us-
Poriadanie zdvihanych kéblov neovplyvni homogénnost

The reduction of the dead-weight of the structure
made the minimalisation of the dimensions of the cross
section possible, so thatthe thickness of walls in the long
spans above the supportis 0,8 metre and 0,3 metre in the
mid-span and inthe short spans above the inner supports
0,5 metre and in mid-span 0,3 metre. Thus it has been
achieved a substancial reduction of dead-weight, which is
the determinig load. In the cross direction the structure is
reinforced by mild steel without cross prestressing.

The structure is in the longitudinal direction fully pre-
stressed by tendons consisting of strands 12 @ 15,5 mm/
/1 800. The placing of curved fully prestressed tendons
into the relatively subtile walls would have a very negative
influence on feasebility of the arrangement of shear rein-
forcement (stirrups), concreting and compacting as well.
All this could result in reduction of homogenity of concrete
in walls of the box cross-section.

We then devided the tendons into three groups:

1. Tendons of statically determinate cantilevers placed
in the upper flange of the box section. They have been
gradually prestressed during the concreting of free canti-
levering. The strands are in steel tubes and grouted with
cement mortar. The maximum length of these is up to 245
metres.

2. Monolithicizing tendons of the statically indetermi-
nate structure are placed and anchored in the lowe flange.
They have the same parameters as the cantilever tendons,
they are inside of steel tubes and grouted with cement mor-
tar. Both those groups of tendons are internal grouted
(bonded) tendons and they sustain the total effects of dead
load.:

3. Free tendons placed inside the box section pass
trough the deviators and are anchored to the crossbeams
above the supports. the strands are protected by a PE
sheath and grease [2]. they sustain the whole effect of
moving load and they eliminate the effects of shrinkage
and creep of the concrete system. They are being pre-
stressed after the monolithicization of cantilevers, i. e.
when the system acts in the definite static scheme.

. The advantage of free tendons is in the easy monitor-
ing and they can be changed if necessary. The arranged
free (reserve) openings in crossbeams and deviators for
other tendons are determined for prospective additional re-
prestressing of the system. Such arrangement of sup-

Obr. 4. Plavenie Stetovnicove] ohradzky do priestoru mosta
Fig. 4. Floating in of the sheet wall to the right position
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tenkych stien hribky 0,30 m komorového prierezu.
Zérovei umoZni jednoduché usporiadanie a uloZenie
strmienkovej vystuze a podstatne zlepSi podmienky
betonaZe vysokych stien. KedZe v stenach nie su zain-
jektované kable aak privzniku trhlin v stenach nehrozi
korézia predpinacej vystuZe, mdZeme pri posudzovani
povaZovaf steny za Zelezobetonové [2].

Kvéli posudeniu medzného stavu unosnosti takeijto
komplikovanej ststavy, predpdtej sicasne adhéznym a
volnym predpétim, bolo potrebné problém aj teoreticky
analyzovat [8].

Zakladanie mosta

Ramova podpera (pilier &. 3 v koryte Dunaja) je zaloZena
plo$ne v skalnom podloZi. Naro&né zakladanie sa vyriesilo
pomocou dvojitej Stetovnicovej ohradzky, zostavenej v
priestoroch bazénu bratislavského pristavu. Odtial sa
ohradzka plavila proti pridu Dunaja na miesto zabudova-
nia (obr. 4). Priestor dvojitej ohradzky medzi Stetovnicami
bol vyplneny zeminou a Strkovité dno rieky sa utesnilo
injktaZou.

Ostatné podpery st hibkovo zaloZzené na podzem-
nych stenach. Podpery maju obdiZnikovy tvar, pricom
podpery &. 5 aZ 8 si z hydraulickych prigin (smer toku
Dunaja) orientované 3ikmo na os mosta.

Technolégia vystavby nosnej konstrukcie

Nosna kon3trukcia mosta sa budovala technoldgiou letmej
betonaZe. Polovice diZok krajnych polia zarodky nosnej
kon3trukcie nad podperami boli vybeténované na pevnej
skruZi a predstavuji 28 % z celkovej dizky mosta.

Komorkovy prieény rez priamopasovej &asti mosta ma
kon$tantnt vySku 4,7 m. V hiavnych poliach na diZke 2 x
100 m od piliera €. 3sa vy3ka parabolicky zva&3uje na 11
m. Vzhladom na vy3ku prierezu sa pouZili dva typy beténo-
vacich vozikov.

Velké konzoly premenného prierezu, dizky 120 m, sa
vybetdénovali symetricky z piliera & 3 na beténovacich
vozikoch osvedZenej konstrukcie nérskej firmy Ostlandske
Spennbetong A-S. Beténovaci vozik vyhotovil slovensky-
dodavatel Montostroj podla dokumentacie firmy A. AS
Jacobsen (obr. 5). Hmotnost beténovacieho zariadenia je

Obr. 5. Betonaz 120 m konzoly z pillera &. 3
Fig. 5. Concreting the 120 m cantilever from the pier No. 3

Obr. 6. Betonaz
priamopéasove|
casti - konzola
z plliera €. 2

Fig. 6. Concreting
the constant
depth part - canti-
lever from the
pler No. 3

ported tendons has no influence on the homogenity of
this walls (0,3 metres) ofthe box section. Along with those
advantages it enables a simple arrangement of stirrups and
substancially improves concreting of the tall walls. We can
consider the walls being made of reinforced concrete, be-
cause the are no grouted tendons in the walls and thereis
no threat of corossion when cracking occurs [2]. In order
to estimate the bearing capacity of this complicated sys-
tem, simultaneously prestressed by free and bonded ele-
ments, it was necessary to analyse this question theoreti-
cally [8].

Foundation of the bridge

The frame support (pier No. 3 in riverbed of Danube) is
constructed on spread footing. The exacting problem
of construction were solved by using a double sheet-wall,
assambled in a dosk of the harbour of Bratislava. The com-
pleted structure has been ploated up the stream of the river
to its right position (Fig. 4). The space between the two
sheetwalls has been filled with soil, the gravel of the footing
bottom has been sealed by cement grout.

The other supports are deep constructed on dia-
phragm walls. The supports have a rectangular cross-sec-
tion, the supports No. 5 to 8 are because of hydraulic rea-
sons in an oblique position related to the axis of the bridge.

The technology of construction of the
superstructure

The superstructure was made by the free cantilever meth-
od. Halves of the two outer spans and the initial part of the
superstructure above supports were concreted on a sup-
porting falsework and these parts represent 28 % of the to-
tal bridge length.

The box girder has a constant depth of 4,7 metres.
In the principal spans rises this dimension parabolicaly up
to 11 metres on a length 100 metres to both sides. Because
of the depth of the cross-section there were used two types
of travelling formwork.

Great cantilevers with rising depth, 120 metres long,
were concreting from the pier No. 3 by means of the
travelling formwork of a proved construction of the nor-
vegian firm Ostlandske Spennbetong A-S. On the base of
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100 t. Zariadenie je schopné preniest komgaklny seg-
ment hmotnosfi 330t pridizke 3,5m a290 tpri dizke 5 m.
Toto zariadenie umoZfuje beténovat ajspodné chodniko-
vé konzoly, &o predstavuje 30 aZ 35 % uZitoCnej tiaZe seg-
mentu. 5

Segmenty priamopasovych konzol konstantnej vysky
sa budovali v dvoch etapach na novom beténovacom
voziku, ktory vyvinul Doprastav. Jeho zakladny nosny
systém hmotnosti 16 ttvori vzperadlova sistava, ktora
prenasa tiaZ beténu spodnej dosky atramu (obr. 6). Po
vybeténovani spodnej dosky atramov a po dosiahnuti
pevnosti beténu B 25 sa vyhotovena €ast prierezu seg-
mentu predpne dvoma predpinacimi tyéami k predchad-
zajlicej dasti nosnej konstrukcie. Tym sa prva Cast seg-
mentu stane samonosna a je schopna preniest zataZenie
od debnenia a tiaZe beténu vrchnej dosky. V druhej etape
sa dobeténuje kompletny segment a definitivne sa
predpne. Pri maximéainej hmotnosti segmentu 225t tvori
hmotnosf zariadenia 7,1 %.

Staticky systém nosnej kon3trukcie sa niekolkokrat
menil. Staticky urité obojstranné konzoly sa postupne
zmonolitfiovali od podpery &. 7 smerom k podpere &.2. Tym
sa postupne vytvaral rad staticky neur€itych sistav — od
zakladného systému prostého nosnika s konzolou aZ po
spojittl konstrukciu so siedmimi pofami. Spojenie vyrazne
nesymetrickych konzol dihych 120 a 50 m v druhom a
trefom poli znamenalo naroény technicky problém.
Treba pripomentif, Ze symetrické rieSenie konzol by vied-
lo k rozpatiu 243 m, ktoré by predstavovalo suéasné
maximum v Eurépe. Realizované nesymetrické konzoly
vyplynuli z prijatej architektonickej koncpecie rieSenia a
podstatne skomplikovali projekciu a realizaciu mosta.

Navrh pracovnej nivelety a sledovanie
vyskového vedenia konzol pri letmej betonazi

Na vedenie nivelety bol pre tento pripad zostaveny vy-
pottovy program, ktory vyhovoval poZiadavkdm vykona-
vacieho projektu a dohodnutému stavebnému postupu.
Vypoltovy program umoZfioval operativne zmeny &as-
oveho harmonogramu vystavby a priebeZnu kontrolu sku-
toéného stavu nivelety [3].

the documentation from the firm A. AS Jacobsen the trav-
elling formwork was constructed by the Slovak contractor
Montostroj (Fig. 5). the weight of this equipment is 100 tons
and itis capable of shifting segments up to their weight 330
tons and 3,5 metres length or 290 tons the length being 5
metres. The equipment makes possible the concreting
even the lower cantilever for the pedestrian communi-
cation.

The segments of the constant depth cantilever were
constructed in two stages by means of a new travelling
equipment developed by Doprastav. Its basic structure
weighing 16 ton consists of a strutted frame sustaining the
weight of the lower flange concrete and of the girder (Fig. 6).
After concreting of the lower flange and girders and after
the strength of concrete B25 gets its proper value there
willbe the finished part of the segment prestressed by two
tendons and jointed to the foregoing part of the superstruc-
ture. Thus the first part of the segment becomes to be self -
supporting and is ready to sustain the load of the formwork
and the weight of the upper flange. In the second stage the
complete segment will be concreted and finally pre-
stressed. The maximum weight of the segment is 225 tons,
the weight of the equipment amounts to 7,1 % of it.

The static system of the superstructure has been se-
veraltimes changed. Statically determinnate cantilevers on
both sides were gradually monolithicized from the support
No. 7 in the direction to the support No. 2. In that way it
gradually arose a sequence of statically indeterminate sys-
tem — from a basic system of a simple cantilever girder to
a continuous 7 span structure. The connection of expres-
sively asymetric cantilevers 120 and 50 metres long in
the second and third span involved an exacting technical
problem. It is worth mantioning, that an option of symetric
cantilevers would lead to a span of 243 metres what
would be a maximum value in Europe at present. The fi-
nally accepted asymetric cantilevers resulted from the ar-
chitectural point of view of the design and made the
planning and constructing substancially more inconven-
ient.

Obr. 7. Priebeh deformacli hlavného pola po spojeni konzol
Flg. 7. Principal span deformation after cantilever jointing
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Na overenie vstupnych udajov teoretického vypoé-
tu sa nacharakteristickych miestach mosta vyhodno-
covali teplotné a vihkostné pomery ovzdusia, teplota kon-
Strukcie v prieénom reze, skuto&ny priebeh dotvarovania a
zmra&fovania vzoriek identickych s nosnou konStrukciou,
moduly pruZnosti beténu a ocele, vnasana predpinacia
sila, napéatost v beténe, sadanie a stlagenie pilierov, od-
chylky tvaru kon&trukcie a pod. Takto ziskané hodnoty sa
archivovali v databanke u spracovatela deformaéného vy-
po&tu a nahradzali sa nimi pdvodné teoretické vstupy [4].

Ukézalo sa, Ze zvladnutie problematiky tepelnych de-
formécii bolo zakladom k ispednému vyskovému vedeniu
beténovacich vozikov letmej betondZe. Pri maximalnej
dizke konzoly 120 m boli denné zvislé odchylky konca
konzoly aZ 85 mm a v priebehu niekolkych dni aZz 120
mm. Pri nastavovani vySkovej polohy beténovacich vozik-
ov sa musel zohladnif aj vplyv teploty. Na tento ucel bol
zostaveny vypoétovy program, pomocou ktorého sa na
zaklade aktualnej teploty meranej v troch rezoch nosnej
konstrukcie mohol vykonal deformaény vypocet [5]. Jed-
notlivé snimace teplot bolicez meraciu ustredfiu napojené
na pocitat PC-AT-286, umiestneny priamo na moste, ktory
poskytoval okamzité vysledky deformaéného vypoétu v
grafickej alebo numerickej forme.

Samostatnym a velmi naro€nym technologickym
problémom bolo spojenie (zmonolitnenie) nesymetrickych
konzol diZky 120 a 50 m. KaZda konzola vykazovala roz-
dielne hodnoty deformacii iéinkom dennych zmien teploty,
pri€om rozdiel tychto hodnét bol aZ 45 mm. Tomu bolo
breba zabranif, aby sa tuhnici betén zmonolitiujiceho
segmentu nepo3kodil. Zmonolitiované konce konzol boli
fixované ocelovou kon3trukciou a horny povrch konzol
sa ochladzoval postrekovanim vodou z Dunaja.

Ako vidno z obr. 7, vySkové vedenie konzola ich spo-
jenie sa dosiahlo len s malymi odchylkami od teoretickych
hodnét. Preto sa mohla pdvodne navrhovana suvisla vy-
rovnavacia vrstva nahradif len lokalnymi Gpravami povrchu
betonu.

Testovanie kratkodobych Géinkov zatazenia

Pri postupnom zmonolitiovani vybudovanych konzol do
spojitej kon3trukcie sa overovali normové predpoklady v
statickom vypoéte. PriebeZne sa sledovali G&inky predpi-
nania zmonolitfiujicich kablov v spodnej doske na napa-
tost a deformaciu kon3trukcie [6].

ZataZovacie skusky dobudovanych mostov poskytli
komplexny subor vysledkov na overenie predpokiadov
teoretického vypoctu. Rozhodujlice zafaZovacie polohy
statickej skisky sa organizovali zhodne na obidvoch mos-
toch. Na pravom moste sa ski&ka uskuto&nila 20. septem-
bra 1990 a na lfavom 18. septembra 1991. SkiZobné
zafaZenie neparnych poli tvorilo 60 vozidiel s priemer-
nou hmotnosfou 23 t. V 2. a 3. poli bola dosiahnuta G&in-
nosf ohybovych momentov 104 aZ 105 % [7].

Vozidla boli navadzané do zafaZovacich pol6h v Sies-
tich etapach. Postupné narastanie meranych deformacif
umoZnilo vybudovat graficky zaznam v tvare pracovného
diagramu. Na obr. 8s pracovné diagramy rozhodujlice-
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Design of vertical alignment during the concre-
ting and design of monitoring the vertical beha-
viour of cantilevers during the free cantilevering

It was necessary to prepare a computer programme for
computing the vertical alignment of the axis which would
meet the requirement of the contractors drawings and
the determined schedule of construction. The computer
programme enabled to perform operative changes of the
time schedule and monitoring of the actual state of align-
ment [3]. There were evaluated the temperature and hy-
midity parameters of the air, temperature in the cross-sec-
tion, the actual course of creep and shrinkage of samples,
Young's moduli of concrete and steel, the input pre-
stressing force, stresses in concrete, settlement and strain
of piers, deviations of the shape of superstructure a. s. n.

The gained values have been stored in a databank
and the computing centre replaced the initial estimated
inputs by the actual ones.

The results showed, that the mastering of the problems
caused by thermal strains heads to the successful vertical
shifting of the travelling formwork during the free cantilever-
ing. Ata maximal lenght 120 metres of the cantilever
there were the daily vertical deviations at the end of the can-
tilever not less than 85 milimetres and in course of several
days even 120 milimetres. By the vertical adjusting of the
shifting equipment the influence of temperature had to be
respected. For that purpose there was assembled a com-
puter programme, by means of which and using the actual
values of temperature measured in three cross-section
points of the superstructure, can the computing of deforma-
tion be carried out [3]. The separate pick-ups of temper-
ature are conneted through a measuring exchange to the
computer PC-AT-286 placed directly on the bridge. The
computer gives immediately the results of the deformation
computing in graphical or numerical form.

A separate and very exacting problem was the con-
necting of the asymetric 120 and 50 metres long cantilev-
ers. Each cantilever showed different values of deforma-
tions due to changes of temperature, the difference be-
ing up to 45 milimetres. It was important to prevent the
demolition of the segment just under the setting and hard
ening process of compacted concrete. The compacted
end of cantilevers were fixed by a steel structure and the
upper surface of cantilevers were cooled by sprinkling wa-
ter from the river over it.

As the Fig. 7shows the vertical alignment of cantilev-
ers and their convection was achieved with small devia-
tions related to theoretical assumptions. Because of
these facts it was not necessary to lay a continuous le-
velling coat on the surface according to the original design,
it was possible to substitute it by local concrete comple-
ments.

Testing the short-term effects of loading
During the successive monolithicization of the construc-

ted cantilevers to a continuous structure the presump-
tions of standards in the static calculation were tested.

78

ho priehybu 3. pofa. Uvedepa sm.emica' pracov‘ného
diagramu definuje mieru v?stlin?sll teoretického vypoé-
tu. Na favom moste sa prejavila zvySena tuhost a spolup6-
sobenie dokon&enych mostov.

Zatazovanie vozidlami trvalo 3 dni a na vyhodnotenie
nameranych deformacii bolo treba separoval Gginky
teplotnych zmien. Teoreticky vypoget deforméacie z
priebezne meranych tepl6t beténu sa overoval na mera-
nych deformaciach nezataZzeného mosta. Prvy defi skisky
sa merali vietky sledované veli¢iny v 4 hodinovych inter-
valoch od klimatického zafaZenia. V druhom poli favého
mosta bol namerany maximalny priehyb pri ohriati kon-
&rukcie +6,6 mm a pri ochladeni -8,6 mm. VystiZznost teore-
tického vypo&tu dosahovala 85 %.

V priamej nadvaznosti na statické zafaZovacie skasky
sa vykonali na  obidvoch  mostoch  dynamicke
zataZovacie skusky. Okrem zakladnych dynamickych pa-
rametrov (dynamicky stginitel, vlastna frekvencia a loga-
ritmicky dekrement Gtimu) sa nalavom moste sledoval aj
vodorovny pohyb konstrukcie nad pilierom €. 3, kmitanie
zvizku volnych kablov a dynamicka odozva pravého mos-

ta pri skike lavého.
Pri dynamickej skuSke sa ziskali tieto hodnoty:
PM LM
- dynamicky suginitel
pre max.
rozpétie 174 m 1,027 1,014

pre rozpatia 83 m 1,045az 1,082 1,053aZ 1,099
(v statickom vypoéte 1,1)
- vlastné frekvencie
namerané hodnoty 0,875az 2,775 0,850az 2,200
vypoéitané hodnoty 0,865a% 2,606 0,876aZ 2,101
~ logaritmicky dekrement 0,024 aZ 0,049 0,032aZ 0,070

Vy38ia namerana hodnota logaritmického dekrementu
timu na favom moste poukazuje na vzajomné spolupdso-
benie dokon&enych mostov.

Dlhodobé sledovanie mosta

Merania po ukon&eni zafaZovacej skusky tvoria zakladné
udaje na dihodobé sledovanie kon&trukcie. V moste zostali
zabudované:

~ Mmeracie body na meranie sadania podpier mosta a

3 E Y g - LEBN T et B ;1 2L Rl 7R
HALT, ICLURANULUGIE, BCRLILA

There were continuously monitored the effects of pre-
stressing the jointing tendons in the lower flange on
stress and strains in the construction.

The load testing of completed bridges gave athrough
set of results to test the presumptions of theoretical calcula-
tions. The decisive position of the static loading test were
organised correspondingly. On the right bridge the test was
carried out on 20th september 1990, onthe left one on 18th
september 1991. The testing load of uneven spans was
represented by 60 vehicles of 23 tons average weight each.
In the 2nd and 3th spans the 104 to 105 % efficiency of
bending moments was achieved [7].

The vehicles were directed to the right positions in six
stages. The gradual rise of measured deformation ena-
bled to plot the graph ina form of working schedule. On
Fig. 8they arethe working diagrams of the decisive sag
of the 3rd span. The presented instruction of the working
diagram defines the measure of fittnes of the theoretic cal-
culation. On the left bridge a higher rigidity can be seen,
additional effect of finished bridges, too.

The loading by vehicles lasted for 3 days and for the
evaluating of the measured deformations it was necessary
to separate the effects of temperature changes. The theo-
retical calculation of deformations from the continuously
measured temperatures of concrete was testified by com-
parison with the measurements on the non loaded bridge.
On the first day of testing the monitored quantities were
measured in intervals of 4 hours from the climatic load-
ing. In the second span of the left bridge there was a +6,6
milimetres maximum sag measured after the heating of the
structure and -8,6 milimetres after cooling the structure.
The fittnes of the theoretical calculation reached up to 85 %.

Immediately after the static load testing the dynamic
load tests on both bridges were carried out. Except of the
basic dynamic parameters (dynamic coefficient, natural
frequency, logarithimc decrement of damping) there was
measured on the left bridge the horizontal monement
above the support No. 3, tow. Further there was observed
the vibration of the free strand bundles and the dynamic
resonance of the right-hand bridge during the testing of the
left-hand one.

Obr. 8. Pracovné diagramy priehybu pri zafaZovace| skuske
a - lavy most — 3. pole (r. 1990), b — pravy most — 3. pole
(r. 1991)

Fig. 8. Curve of the sag during the loading test

a- the left bridge — 3. fleld (1990), b-the right bridge (1991)
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priehybov nosnej konstrukcie, : g:;-;' :;':::::"' :;':;ﬂﬁcte namerané geodeticky pri diho-
— snimace tepldt v betdéne nosnej konStrukcie a meracia s (zékiadné meranle 20.1.1990), b~ favy most
aparatura, . 1 : (19.9.1991)
— snimace napatosti volnych kablov a zabudovanych Fig. 9. Vertical deformation — geometric measuring In the
predpétych kablov, long—-term monitoring

— snimafe na meranie napati v beténe nosnej kon-
Strukcie,

— vzorky na sledovanie priebehu zmrastovania a do-
tvarovania beténu umiestnené v komorovom priestore
mosta.

UmoZiiuji realizoval potrebné merania a priich vy-
hodnocovani vyuZif aj merania vykonané poéas vystavby
mosta.

Na obr. 9 su vykreslené vysledky geodetickych me-
rani priehybov nosnej konstrukcie pravého a lfavého mosta
od zakladného merania po zafaZovacej skidke. Tvary
priehybovych kriviek a dosiahnuté hodnoty priehybov
koreSponduji s tvarom a hodnotami projektovaného
prevySenia konstrukcie (pre pole s rozpatim 172 m zna-
zorneneho na obr. 4).

Stéasfou dihodobého sledovania mosta je aj pravidel-
ny monitoring dynamickych parametrov mostnej kon-
Strukcie od prevadzkového zafaZenia. Ako hlavné para-
metre sa sleduji nosné frekvencie prevadzkového kmita-
nia mostnej konstrukcie a efektivne hodnoty amplitad vy-
chylky kmitania. Zistené hodnody uvedenych parametrov
poukazuju na stabilni tuhost mostnej konstrukcie pre pra-
vy aj lavy most.

Zaver

Premostenie 300 m Sirokého Dunaja bolo mimoriadnou
prileZitosfou na napinenie aspiracii inZinierov, ktori sa za-
oberajd mostnym stavitefstvom na Slovensku.

UZ od zagiatku projektovania mosta sa uskuto&iioval
rozsiahly program vyskumu, vjvoja a merani. Vysledky
merani v priebehu vystavby a zafa¥ovacich ska3ok, ako
aj vysledky merani poZas prevadzky mosta, preukazali
dostatoénd zhodu s vysledkami teoretickych vypoétov.
Potvrdzuje to spravnost navrhu mosta a kvalitu vykona-
nych prac na moste. Tym su spinené zakladné predpok-
lady na zabezpe&enie funkénosti, bezpeénosti a poZa-
dovanej Zivotnosti mosta.

a - the right bridge (fundamental measurement 20.11.1 990),
b - the left bridge (19.9.1991)

Values obtained in the dynamic test:

RB LB
- dynamic coefficient for
max. span of 174 m 1,027 1,014
forthe span83m 1,045t0 1,082 1,053t0 1,099
(equals 1,1 in static
calculation)
— natural frequency
measured values 0,875t0 2,775 0,850t0 2,200
calculated values 0,865tc 2,606 0,876to 2,101

— logarithmic decrement 0,024to 0,049 0,032to0 0,070

The higher value of the logarithmic decrement of the left
bridge shows the additional effects of the jointed finished
bridges.

Long-term Monitoring of the Bridge

Measuring after the load testing gives the basic reading for

the long-term monitoring of the structure. In the bridge

there remained the following devices:

— measuring points for measuring of settlement of the
bridge supports and deflection of the superstructure,

= pick-ups of temperature in the bridge structure and
the measuring equipment,

— pick-ups for stress measuring of free strands and
grouted tendons,

— pick-ups for stress measuring in the superstructure con-
crete,

— samples for observing the course of shrinkage and
creep of the concrete in the box space of bridge.

This enables to perform the necesssary measurements
and in course of their evaluations to use also the measure-
ments done during the construction of the bridge.

Onthe Fig. 9are drawn the results of geometric meas-
urement of the deflection after the load test of the right and
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left bridge related to the initial measurement. The courses
of deflection curves and the actual values of sags corre-
spond with the courses and values of analysed camber of
the structure (for the span of 172 metres shown in the Fig. 7).

A part of the long-term observation of the bridge is as
well the regular monitoring of dynamic parametres of super-
structure due to moving load. As the principal paramters
are observed the bearing frequencies of the traffic vibration
of the bridge structure and the effective values of ampli-
tudes of vibration. The stated values of mentioned param-
eters confirm the stable stiffnes of the bridge superstructure
for the right- and left-hand bridge.

Conclusion

Building the bridge across the 300 metres broad Danube
was a quite extraordinary challenge for engineers, who are
involved in the bridgebuilding in Slovakia. From the very
beginning of the bridge planning has been realised a wide
research, development and measurement programme.
The results of measurement during construction and load
testing as well as the results during the traffic, proved a
sufficient agreement of measured and analysed resuits.
This confirm the corret design and construcion of the
bridge itself. Thus are proved the basic presumptions for
good functioning, safety and required durability.
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Dva segmentové mosty na Slovensku

Two Precast Segmental Bridges in Slovakia

Ladislav Baéa

Charakter trasy komunikécii v slovenskej geo-
morfoldgii velmi casto vyZaduje technolégie let-
mej betonaZe alebo montaZe. Priklady obid-
voch mostov su charakteristické nepravidel-
nosfami vyplyvajiucimi z konfigurdcie terénneho
rel;

Vystavba dialni&nej siete v pomerne komplikovanej geo-
morfolégii Slovenska si vyZaduje naro&né rie$enie pre-
mosteni prekaZok (rieky, Zelezniéné a cestné trasy v (z-
kych tdoliach, terénny reliéf a pod.). V mnohych pripado-
ch sa pri budovani nosnych kontrukcii vyhodne uplatfiuje
technolégia letmej montaZe. Ide o technolégiu, ktori s
uspechom vyuZivaju nase stavebné podniky v ostatnych
30 rokoch pri estakadnych objektoch, mostoch s celkovou
dizkounad 180 ma pri prekonavani prekaZok so sfazenym
pristupom z terénu.

Segmentové estakddne mosty sa aj u nas postupne
vyvijali. Segmenty sa vyrabali (1966) na dlhych linkach, s
predpinacou vystuZou s adhéziou umiestnenou v
prieénom reze a montaZou na pevnej skruZi. Nade sitasné
segmentové mosty 3. generécie (1985) spifiaji celosve-
tovy trend. Segmenty sa vyrabaju v bufikach kontakt-
nym spésobom. Optimalizaciou geometrie segmentu sa
vyuZiva prieény rez v maximalnej pripustnej hladine napa-
tosti. PouZitie volne vedenych predpinacich jednotiek a2
do vefkosti 3 600 kN vyrazne zjednodusilo aj technolégiu
vyroby segmentov. Specidlne montaZne zariadenia
umoZiuji rychlu montaZ nezavisli od konfiguracie
terénu pod mostom.

V prispevku si opisané dva mosty, ktoré sa projek-
tovali & vybudovali v rokoch 1990 aZ 94, a to most V-1
nad diafnicou D2 v Bratislave a most v Su¢anoch.

Ing. Ladislav Ba¢a, CSc. — Geoconsult, s. r. 0., Driefiova 27, 826 56
Bratislava.

Character of road alignments in slovak geo-
morphology makes it very often necessary to
use the overhang- concreting or -erection tech-
nology. The described examples of both
bridges are characteristic with irregularities
due to the configuration of ground relief.

The complex highway network systemin Slovakia requires
in many circumstances challenging solutions to the prob-
lems of bridging obstacles such as rivers, deep valleys,
and unusual terrain projections. In such cases the best
framework for bridge construction has been the cantilever
method, assembling precast segments into one super-
structure. Slovak construction companies have been suc-
cessfully practicing this technology for thirty years in
which span more than 180 meters, extending over ob-
stacles which would otherwise make access from the
ground difficult.

Precast segmental bridges were gradually developed
in Slovakia. Production of segments began in 1966, in long
precasting beds with bonded prestressed steel placed in
the cross sectional area. The segments were aseembled
using stationary scaffolding. The modern third generation
bridges (1985) follow present day worldwide trends be-
cause the segments are produced in high- tech moulds by
the contact method. The cross sectional area’s maxi-
mum safe tension level is determined by optimizing the seg-
mental geometry. The application of the unbonded external
prestressed strand units up to the capacity of 3 660 kN
extremely simplified segment production. Special assem-
bly equipment allowed for quick erection of the segments
independent of the ground configuration beneath the
bridge.

A despcription of two cantilever precast segmental
bridges designed and built form 1990 to 1994 are presen-
ted in this paper.
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Most V-1 nad dialnicou D2 v Bratislave

Most je sudasfou dialniéného systému premostenia Duna-
ja a dotvéara dopravno-komunikacny systém v mestskej
&asti Petrzalka.

Navrhnuty je ako 10 polovy spojity nosnik s rozpatim
poli 26,4 + 48,40 + 50,75+ 4855+ 440+41,8+440 +
48,4 + 50,6 + 30,8 pri celkovej dizke mosta 433,7 m. Tra-
samosta vedie v smerovom kruZnicovom oblidku R = 350
m a v zakruZovacom vrcholovom obliku A =4 500 mv

strede mosta (obr. 1a 2).

BAATEDG 1AL Y TECLLEIMI SO A YSCARLI 1T
WMIRTERIALY, eI LIGIA REALIZAL
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The V-1 Bridge crossing the D2 highway in
Bratislava

The V-1 Bridge is a part of the D2 highway system which
crosses the Danube river and connects to the road system
of PetrZalka, a suburb of Bratislava.

The design is a continuous girder of 10 spans with
26.4+484 + 50.75+48.55+44.0 +41,8 +44,0 +48.4 +
+50.6 + 30.8 m span lengths and a total bridge lenght of
433,7 m. The bridge line has a horizontal circular radius of
R=350m, and avertical curve radius of R=4500m in
the center of the bridge (Fig. 7and 2).

LONGITUDIAL SECTION
POZDLZNY REZ

OVERAL LENGTH 433700 DLZKA MOSTA

SINGLE _~"
COLUMN POINT BEARING
BODOVE PODOPRETIE

| 26400 48400 50750 48550 4000 41800 44000 48400 50 600 30800
MOTORWAY ]7 [ ROAD
JALNICA D2 DVIDED ON PIER SEGMENT CAST IN SITl CONCRETE VETVA E
“ [DELENY NADPODP SEGMENT MONOLIT DL 2,2m
T i
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ATYPICAL SEGMENT ASSEMBLY
ATYPICKA SKLADBA NOSNEJ KONST

Spodn4 stavba

Vzhladem na zvia&tnosti podloZia zvolilo sa zakladanie
na velkopriemerovych pilétach @ 127 m, dizky 12m s pre-
injektovanou patou.

Statické zataZovacie skisky VP pilét sa uskuto&nili
systémom VUIS-P. Postidenie Ginosnosti predpokladé roz-
delenie piléty na dve nezavislé deformaéné Easti; na ¢ast
Paty a &ast drieku piléty (pl4&f). ZataZovacie bremeno sa
Vyvodzovalo v uzavretom systéme skiSobnej piloty.
Vysledky skigky piléty umoznili nezévisla kvantifikaciu
odporu péaty a priemerného plastového naméahania piloty.
Skusobné piléty boli siastou zakladania spodnej stavby.

ZafaZovacie skusky pozitivne potvrdili spravnost u-
Praveného zakladania. Preukazalo sa zvySenie Gnosnosti
upravenej VP pilty pri rovnakej deforma&nej praci o 190 %.

The substructure

Due to poor soil conditions, a pile foundation 12 m high and
1,27 m diameter was used. The area around the pile toes
was later grounded.

A statical load bearing test on the piles was performed
using the VUIS-P system which separates the piles’' effect
on the subsoil into two independent parts, the pile toe
and the pile-skin respectively. Thetest loadis inducedin a
closed test pile system. The results of such a pile test al-
lowed for independently quantifying the resistance param-
eters of the pile toe and the average pile skin stress. The
piles were tested after being placed in situ. The results of
the load bearing tests confirmed the accuracy of the foun-
dation method. The results showed an increased load
bearing capacity of the pileto be 190 % after grouting.
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Nosna konstrukcia

Premostenie prekazky — trasy diafnice — si vyZiadalo
nerovnomemné rozdelenie jednotlivych poli mosta a aty-
pické bodové podopretie segmentovej konstrukcie. Nosna
kondtrukcia vedie v extrémne malom smerovom
kruZnicovom obliku A = 350 m, ma atypicku zostavu
segmentov, Eiastotne je monoliticka a bodovo podopretav
mieste kriZzenia dialnice.

Hmotnost nadpodperovych segmentov prekrotila
maximalnu tnosnost montazneho suboru. Obmedzenie
hmotnosti nadpodperovych prefabrikovanych segmentov
na maximalne 60 t si vyZiadalo rozdelenie nadpodpero-
vého segmentu na dve Zasti zvislou deliacou rovinou
prechauzajicou osou UloZnej priamky. PouZitie volne
vedenych predpinacich jednotiek si vynutilo nové kon-
Struk&né rieSenie prvkov predpdtia, ich ochrany z hladiska
Fivotnosti a vymenitefnosti predpinacich jednotiek.

Tomuto rieSeniu predchadzala podrobna staticka analyza
napétosti deleného prieénika s urtenim korektnych uloZnych
a zataZovacich podmienok a stavov. V dalSom kroku sme
riedili problém technologie ich vyroby vzhfadom na vedenie
externych predpinacich jednotiek, ich kotvenia dvojstup-
flovymi kotvami typu SOLO, zabezpecenia kontaktnosti
pldch deleného prieénika, najma viak sposob dosiahnutia
plynulosti a spojitosti drah predpinacich jednotiek.

Samostatnych problémom je navrh montaZe delenych
prie&nikov. Na ich osadzovanie bola potrebna zvy3ena
pozornos! tak z hladiska poZzadovanej geometrie celej
kon&trukcie, ako aj jej spravneho statického pdsobenia.
Technologicky postup si vyZiadal vela poznatkov 2z ob-
lasti strojarstva (zabezpe&enie minimalnych tolerancii,
presnosti spojovacich tffiov a pod.).

Stiesnené podmienky kriZenia dialnice s mostom dovo-
lili iba jeden stip, podopierajici nosni kon3trukciu v jed-
nom bode. Takéto atypické podopretie  vyluovalo
vyuZitie prefabrikovaného Standardného prieénika. Prob-
lém sa vyrieSil nasledovne:

Na pevn(i skruZ pri podpere sa uloZili segmenty, ktoré
nasleduji po $tandardnom nadpodperovom prieniku. Po
ich starostlivej rektifikacii sa v priestore medzi tymito
“tartujlicimi segmentami” vybeténoval atypicky monoli-
ticky Zelezobetonovy prieénik a dalej sa pokraovalo
beZnym montaZnym postupom (obr. 3).

Zaujimavy je aj navrh a realizécia externych kablov.
V polyetylénovej rirke @ 125 mm je 18 nechranenych lan
@ Ls 15,5, ktoré sl napinané jednotlivo a nakoniec je
vnitorny priestor zainjektovany cementovou maltou.

Extrémne zafaZenie nadpodperového segmentu v
prieénom reze si vynutilo ndvrh predpinacich tyéi CPS
@ 32 vo viacerych radoch. Preto sme riesili jeho igelné
vystuZenie, betonaZ, adjustaciu predpinacich drah a mini-
malne imperfekcie.

Konstrukcia volne vedenych kéblov — experimentélne
overovanie

Volne vedené kable stz 18 1an @ 15,5 Ls bez obalu €i
ochrannej vrstvy a st uloZené v polyetylénovej rirke

The superstructure

The V-1 Bridge spans over an operating highway route and
thus its construction necessitated an uneven distribution of
piers. When the bridge crosses the highway itis supported
inthe center by only one column. The superstructure has
an extremely small horizontal curve radius of R = 350 m.
The atypical segment assembly required that the monolith
be casted in situ above the area where the single column
was placed. The mass of the on-pier segments exceeded
the maximum load — bearing capacity of the assembly
equipment. The use of unbonded prestressed units ne-
cessitated a new structural solution with special attention to
protection during the entire service life and exchangeabili-
ty of the prestressed units. It was necessary to limit the
maximum mass of the on-pier segment to 60 tons. This
limit was maintained because the on-pier segments were
divided vertically into two parts above the mounting line
access. This solution was decided upon after a detailed
stress analysis of divided cross beam was performed with
regard to determining particular conditions and stages of
mounting and loading the prestressed units. The next step
was to solve the problem of producing the on-pier seg-
ments with regard to the placement of external pre-
stressed units, anchoring with SOLO-type anchors, and
with securing precise contact during assembly.

Design of the divided cross beam assembly was a se-
parate problem. It was necessary to concentrate on the
required structural geometry and its static behavior. We
relied on the field of mechanical engineering to solve
these problems, using data about securing minimum tole-
rances, precision of joint elements, etc.

The situation of the bridge above the highway called for
the use of one column which supports the superstructure in
only one spot. This atypical supporting excluded the use of
a commom on pier segment. This problem was solved in
the following steps. First, the starting segments which join

CROSS SECTION Obr. 2
PRIECNY REZ
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Obr. 3

@ 125 mm. Lana sa napinali postupne jednotlivo pistolou
PAUL hmotnosti 30 kg. Vzhladom na to, Ze sme nemali
skusenosti s tymto postupom napinania a boli obavy
z velkosti trenia medzi jednotlivymi lanami, realizoval sa ex-
periment s ciefom zistit hladinu napétia od predpatia po dizke
kabla v rozlignych €asovych tisekoch. Napatost v kabloch sa
zisfovala magnetoelastickymi snimaémi v troch vytypovanych
miestach po dizke kéblov. Organizacia ski3ky umozZnila
odseparoval sekundame vplyvy na vysledky skisok. Lana sa
predpinali v troch etapach (10 %, 50 %, 100 % predpétia) v
stanovenom poradi orientacie lan s vystriedanim miesta
predpinania. Vysledok experimentu preukazal spofahli-
vost postupného predpinania jednotlivych lan s nameranym
Ubytkom predpédtia 10aZ 12 %. Po predpnuti v3etkych lan v
kabli sa priestorv rirke medzi lanami zainjektoval. Uvedena
kontrukcia volne vedeného kabla sa Uspedne uplatnila aj
na dalsich autostradnych objektoch .

Most v Suéanoch

Dalsfr_n segmentovym mostom budovanym technolégiou
letmej betonaZe je most cez rieku Vah v Suganoch (obr. 4).

to the on-pier segment were mounted on stationary scaf-
folding. Then an atypical monolithic reinforced concrete
cross beam was concreted in the space between these
starting segments after careful rectification of alignment
was performed. From this point the standard assembly
process could proceed (Fig. 3).

The design and use of external cables was another
unique application. Eighteen strands which are generally
used without an outer protection were in this instance
mounted in a 125 mm diameter polyethylene tube. These
strand were individually prestressed and the space inside
the tube was grouted with cement mortar.

The extreme weight of the on-pier segments required
the use of prestressed bars 32 mmin diameter, placed in
rows. Alot of effort was expended in finding the optimal
reinforcement, concreting space, and in adjusting minimal
imperfections.

Experimental verification of external cable structures

The external cables are composed of eighteen uncov-
ered low relaxation strands with 15.5 mm diameters, and
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Obr. 5

Most sa navrhol ako 10 polovy spojity nosnik s rozpatim
poli32,6 + 8x50,2 + 32,6 =466,8 m. Na stavbu nosnej
kon&trukcie sa pouZilisegmenty DPS-FlvySky 3 m a Sirky
14,02 m (obr. 5). Nadpodperovy prieénik je takisto deleny v
osi iloZnej priamky v dizke 2 x 1,5 m tak, aby hmotnost jed-
notlivych dielcov neprekrogila maximalne 60 t.

Nosnu konstrukciu tvoria segmenty s premennym
prie&nym rezom. Most je vedeny v kruZnicovom smerovom
obliku R = 500 m s jednotnym prie€nym sklonom 3 %
(obr. 6a 7). Pri realizécii objektu sa pouzili obdobné tech-
nické a technologické postupy, ako pri estakadnom ob-
jekte V-1 v Bratislave.

Obr. 6

—_—

mounted ina 125 mm diameter polyethylene tube. The
strands were individually prestressed with a 30 kg PAUL
prestressing jack. Then an experiment was conducted to
determine the stress 1 evels of single cables due to the
prestressing along the cable during several prestressing
intervals. The results of this experiment solved our con-
cerns about the friction magnitude between the single
cables. The cable stress was determined by using mag-
netic-elastic measuring devices in three selected spots
along the cables. This testing procedure eliminated sec-
ondary effects on the results. The cable were prestressed in
three stages (10 %, 50 % and 100 % of stress) inthe giv-
en orientation of strand sequence and prestressing posi-
tion. The results proved the reliability of the gradually pre-
stressed cables with a measured prestressing loss of 10to
12 percent. The space between the cable strands was
grouted after all cables were prestressed. This external ca-
ble structure was also successfully applied in other high-
way projects.

Obr. 7

The Sucany Bridge

The Su&any Bridge crossing the Vah river is another exam-
ple of a cantilever precast segmental bridge (Fig. 4). It was
built with a continuous girder of 10 spans with 32.6 +8 X
50.2 +32.6 = 466.8 m span lenghts. The DPS-Fl seg-
ments were 3 m high and 14.02 m wide (Fig. 5). The on-
pier segments were vertically divided along the mounting
straight line axis in 2 x 1.5 m parts that did not exceed the
60 ton weight of the individual segments.

The superstructure was designed from variable cross
section segments. It has a horizontal curve diameter of
500 m with a uniform cross slope of 3 % (Fig. 6 and 7).
Technical methods and technology similar to the V-1 Bridge
in Bratislava were used.

Again, the stress level of the external cables were ob-
tained through observational experiments. The results
of such experiments in both cases result in the possibility
for a broader application of this procedure because pre-
stressing the single strands of external cables is technical-
ly a simple method.

Opétovne sa pozitivne potvrdili vysledky experi-
mentéalneho sledovania hladiny napatosti volne vedenych
kablov. Preto moZno predpokladat SirSie uplatnenie tech-
nicky nenaroéného predpinania volne vedenych kablov
postupne po jednotlivych lanach. V sugasnosti sa tento
spbsob predpinania overuje ajna dalsich podobnych ob-
jektoch s moZnosfou inych kontruk&nych Gprav kotvenia
a konétrukcie kabla.

Navrh aj realizacia obidvoch mostov su potvrdenim
zvladnutia  segmentovych  technolégii  mostného
stavitelstva na Slovensku.

Closing

The design and construction of both bridges confirm the
high quality level of bridge engineering in Slovakia.
Designer of the V-1 Bridge in Bratislava: Ladislay Baca,
Geoconsult, inc.

Designer of the Su€any Bridge: Miroslav Sagath, Geocon-
sult, inc.

The contractor for both bridges was Doprastayv, co.

Projektant mosta V-1 v Bratislave: Ing. Ladislav Baéa,
CSc., GEOCONSULT, s. 1. 0.

Projektant mosta v Suéanoch: Ing. Miroslav Sagath, GEO-
CONSULT, s.r. 0.

Dodavatelom obidvoch mostov bol DOPRASTAV, a. s.,
Bratislava.

Investor: Cestny investorsky utvar, &. p., Ban. Bystrica

enos

Mileti¢ova 7a, 827 99 Bratislava, Slovak Republic, Tel.: 00427 / 626 47, Fax: 00427 / 641 63
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Zosilnenie mosta cez kanal Vahu v Turanoch

Strengthening of the Bridge over the River

=R

Milos Hruska - Frantisek Karaba

Clénok opisuje vysledky prehliadok, dlagnos!iky
mostného objektu, rieSenie zosilnenia a skuse-
nosti z realizacie.

Opis konstrukcie pred zosilnenim

Ide o Sikmy spojity trojpolovy most (28,5—-57-28,5 m),
ktory v prieénom reze tvori ro3tova sdstava z piatich
hlavnych Zelezobeténovych nepredpatych nosnikov pre-
menného prierezu (obr. 1a 2). Sikmost je prava 51°30'.
Vyska nosnikov uprostred stredného pola a nad krajnymi
oporami je 210 cm. Parabolickymi nabehmi sa vy3ka
smerom k strednym podporam zvySuje na 340 cm. Mos-
tovkova Zelezobeténova doska ma v strednom poli hriibku
20 cmav krajnych poliach 30 cm. Spodna &ast nosnikov je
kolmo na ich pozdiZnu os spojena prie&nikmi rozmerov 30/
100 cm.

Zhrnutie vysledkov prehliadok a diagnostiky

Pred zapogatim projektovych prac VSDS Zilina spracovala
vysledky dihodobého sledovania mosta a VUIS Bratislava
vykonal diagnostiku si¢asného stavu mosta s tymito zaver-
mi:

= hilavné nosniky, najmé obidva krajné nosniky maju
trhliny statického pdvodu, a tov homejtahanej oblas-
ti nad piliermi (zdporného momentu) a v dolnej fahanej
oblasti (kladného momentu) v strede rozpatia hlavného
pofa Sirky aZz do 2 mm,

— izolacia na moste je poru$end, voda preteka cez trh-
liny v hornej doske a zapri€ifiuje vyluhovanie beténu.
Vznikli rozsiahle a poetné vykvety vépnika na homej
doske a nosnikoch, s naslednou hibkovou koréziou

Ing. Milo Hruska, Ing. FrantiSek Karaba — VUIS-Mosty, s. r. o.,
Lamagska4 cesta 8, 817 14 Bratislava.

Vah-Channel in the Town Turany

Inspection resuits, bridge structure diagnosis, so-
lution of the above mentioned bridge strengthen-
ing and experiences based on its implementation.

Structure descprition before its strengthening

It is a skew three-span bridge (28,5 + 57 + 28,5 m) com-
posed from the five main reinforced concrete unpre-
stressed beams of variable cross-section (Fig. 7 and 2).
The obliquity is genuin 50° 30'. The beam heightis 210cm
as in span middle as above the outside supports. The
beam height increases through the parabolic haunches
to the middle supports up to 340 cm. Cooperating rein-
forced concrete slab is 20 cm thick in the middle span and
30 cminthe end spans. Lower part of the beams is perpen-
dicular to its longitudinal axis braced with the cross girders
dimensions of which are 30/100 cm.

Summary of inspection and diagnosis results

VSDS Zilina elaborated the long-term observing results be-

fore the desing work started and VUIS Bratislava realized

the recent state of bridge diagnosis with following results:

— maingirders first of all the both (flank front) outside one
show cracks of static origin namely in the upper ten-
sioned zone above the piers (in the negative moment
area) and in the middle span of the main field as far as
the 2 mm width

— bridge insulation is damaged so that water passes
trough the static cracs in the upper slab and it causefi
the leaching out of concrete which is proved by evi-
dence of widespread' and various calcium scums on
the upper slab and following reinforcing honeycomF'
corrosion. Corrosion isin many spots sot thick, Iha_t it
causes the concrete cover layer spalling trough the in-
creased volume of the corrosion product. Water fre_elv
flows down the beam in the middle spanof the outside

vystuZe. Na mnohych miestach je korézia taka silna,
Ze spbsobuje odlupovanie krycej vrstvy beténu. V
strede rozpétia hlavného pola krajného navodného
nosnika volne stekajuca voda spésobila koréziu
vystuZe a odtrhnutie spodnej asti beténu v hribke do
15¢cm, €imsa hlavna fahova vystuZ obnaZila (obr. 3),

- statické trhliny su pri€inou viditeného priehybu v
strede hlavného pofla (asi 12 cm),

- podra vysledkov diagnostiky kvalita beténu tramov je B
170,

- most jev havarijnom stave a je nevyhnutna okamzita
oprava vozovky a nasledne nosnej kon&trukcie.
Sugasny stav mosta je velmi zly s povolenou
zafaZitefnosfou 18 t a vyhradnou zafaZitelnostou 30t
podra 73 6220.

i

water-side main field. It constitutes suitable conditions
forthe reinforcement corrosion which caused spalling
of the lower part of concrete untill the 15 cm thickness
(Fig. 3). The main tensile reinforcement exposure was
caused in this way,

= thevisible deflexion (about 12 cm) was caused by the
visible statical cracs in the middle of the main field,

— concrete quality of girders is B 170 afterthe diagno-
sis results,

— the bridge is in a crash state and an immediate road
surfice and following load bearing structure repair
work is needed because the recent state of this bridge
is very bad with it's permitted loading capacity of 180
kN and reserved loading capacity of 300 kN after the
ON 73 6220 standard.

Obr. 1. PozdiZny rez a pédorys mosta (1 = kotevny blok, 2 - deviétor, 3 — protivandalové oplechovanie)

Fig. 1. Longitudinal cross section and ground plan of the bridge (1

against vandals)

= anchorage block, 2- deviator, 3 — steel sheet covering

1. etapa sanicie - oprava mostného zvrsku
a prieéne zopnutie nosnej konstrukcie

Zlgpﬁenie priestorového spolupdsobenia mosta nastalo po
prie€nom zopnuti pri kazdom druhom prie¢niku dvojicou
Predpinacich ty&i CPS 32/37, ktoré sa uskutoénilo v roku

1991. Celoplodnu izol4ciu na moste vykonal v roku 1992
Doprastav zavod 03.

Navrh zosilnenia

Kgn&lrukcia mosta je zosilnena predpatim volnymi kabla-
mi (obr. 1). Kazdy tram mosta je po obidvoch stranach
Predpéty dvojicou zdvihanych  siedmich  lanovych
D_riebeinych kablov (celkovo 10 kablov, v kazdom kabli je
sila 1 158 kN). Vedenie kablov v strednom poli sa navrh-
lo tak, ze vnasaju opaé&né napitia do kon3trukcie, t. j. v
tlat‘.gnich oblastiach vnasaju fah avtahanychtlak. Ide o
Staticky zasah do konstrukcie mosta, ktory viastnym péso-
be!'nfm Vykryva vietky kombinacie zataZeni, vratane zvlast-
Nej sipravy triedy A podra GSN 73 6203,

1.Rescue stage - bridge superstructure repair and
load bearing structure transversal prestressing

Improvement of the bridge spatial cooperation followed after:

— the transversal prestressing of every second cross
beam by the means of the CPS 32/37 prestressing
bars couple which was realized in the year 1991,

— putting the full-surface insulation on the bridge by the
Doprastav 03 plant in the year 1992 which prevented
another cement wash-out of the bridge structure.

Bridge strengthening design

Bridge strengthening was designed trough the prestress-
ing of External Unbonded Tendons - EUT (Fig. 1). Every
bridge girder is prestressed with one couple of the seven
strand tendon which is elevated and continuous. There are
10 tendons alltogether with the force of 1 158 kN in every
one of them. The tendon line is designed in this way that
they are putting the contrary stress into the structure i. e.
they introduce tension in the stressed zones and stress in




Obr. 2. Pohlad na tramy stredného pola pred rekonstrukciou
Fig. 2. General view on the middle field girders before

reconstruction

KaZdy kabel sa sklada zo siedmich samostatne
chranenych lan @ Ls 15,5/1 800 MPa (& 18 mm MPE)
firmy Kablo Bratislava, ktoré si vioZené v obale z
linearneho  polyetylénu a su separované pomocou
injektaZe cementovou maltou. Kotvené su do ko-
tevnych Zelezobeténovych blokov (betén B 400) pomocou
kotiev SOLO pre sedem lan (firma NAPKO, s. r. 0. Olo-
mouc). Kable st fixované proti chveniu uchytenimv ko-
tevnych a deviaénych blokoch, priom v krajnych poliach
su uchytené v ocefovych nastavovatelnych konzolach K.
V strednom poli vo 3tvrtinich rozpéatia ocelovymi
nastavitelnymi stabilizatnymi stojkami a v strede rozpa-
tia ocelovymi pruznymi vzperadlami (obr. 4). V mieste za-
lomenia kabla sa tym do kaZdého z piatich tramov vnasa
vertikalna sila 240 kN. Zo spojitého trojpolového mosta
vznika vzperadlova staticka sustava.

Kotevné bloky rozmerov 1 400 x 550 x 550 mm a devia-
tory rozmerov 900 x 1 050 x 550 mm su symetricky pri-
beténovaneé na trdm a prikotvené predpinacimi ty&ami (obr.
5). Kvoli lepSiemu prenosu sily do tramu st cez Skary osa-
dene ocefové tfne, ktoré sd viepené do starého beténu spo-
jovacou hmotu na baze epoxy.

Obr. 3. Koréziou poskodené tri vrstvy hlavne] fahove]
vystuZe stredného pola

Fig. 3. Three main layers of the tension reinforcement
were injured with corrosin in the middle field

the tensioned one. Itrepresents such a statical influence
into the bridge structure that incorporates all the load com-
binations including the special loading set of the A class
CSN 73 6203 standard.

Every tendon consists of seven individually protect-
ed low relaxation strands Ls 15,5dia. - 1 800 MPa (18 mm
dia. cover) produced by the Kablo Bratislava company.
Strands are mounted in a high density polyethylene cover
and separated through the cement mortar grouting. These
tendons incresse the moment loading structure capacity on
an asked level and they serve pick up the shear forces.
They are anchored into the reinforced concrete anchor
blocks (B 400 concrete) through the SOLO anchors for sev-
enstrands tendon (NAPKO company Olomouc). Tendons
are fixed to prevent vibration not only in anchorage blocks
but also in steel adjustable cantilevers “K”, adjustable sta-
bilizaing columns and steel elastic strut frames (Fig. 4) on
which the tendons bend and in this way is the five girders,
they are situated in the quarter of the span in the middle
field and in this way change the continuous three span
bridge into the statically strut frame one.

Obr. 4. Pohlad na zmontované pruzné vzperadla bez zavelrc_a-
vacich tyéi (na zabere vidiet stopy po injektovani trhlin v tra-
moch)

Flg. 4. View on the assembled elastic strut frames without
wind bracing bars up to now. Grouting traces after girder

grouting are seen In the picture

Dimensions of anchor blocks are 1 400 x 550 x 550 mm
and those of deviators are 900 x 1 050 x 550 mm. They are
both symmetrically affixed with concrete and fixed with an-
chored prestressing bars (Fig. 5). Steel mandrels are put
and pasted with the special epoxy glue into the girder joints
of the old concrete to improve the force transfer into the
girders.

The shuttering cover EUT is with the 95/3,5 dia. 1 120
mm long steel tube constituted. This tube is bent on the 2
500 mm radius precisely. The EUT cover is on both ends
on the 200 mm length slit longitudinally. The 145/95 mm
dia. 200 mm long rubber rings of the 55 Shore hardness
were slipped trought the EUT cover. The steel tube pro-
trudes over the both sides of the deviator in the 109 m
length and follows the prestressing unitin the axial direc-
tion. It was very important to secure during reinforcing and

Obr. 5. Prikotvovanie kotevnych blokov predpinacimi tycami
Fig. 5. Supplementary anchor block anchorage with pre-
stressing bars

VonkajSie volne vedené predpinacie kdble su vedené
v kotevnejoblasti av oblasti deviatora v ochrannom obale
z IPE, ktory prechadza cez otvor v kotevnom bloku (de-
viaénom bloku). Tento blok tvori debniaci obal (pri vystupe
z bloku ocelovou rirou).

Debniaci obal VVK je v oblasti deviatora (ocelovou
rirou @ 95/3,5 dizky 1 120 mm presne ohnutou na polo-
mer 2 500 mm). Na obidvoch koncoch je debniaci obal VVK
pozdiZne rozrezany v dizke 200 mm a ma nasadené gu-
mové prstence @ 145/95-200 tvrdosti 55° Shore tak, 7e z
deviatora vy&nieva na obidve strany v smere kabla osovo
100 mm ocelovej riry. Na zaru&enie zvislosti roviny ob-
lika pri armovacich a debniacich pracach si v strednej
Casti debniaceho obalu znacky roviny oblika. VVK moZno
dopinaf, a preto oblast kotvy a za kotvou (priestor pod
krytom kotvy kabla) je zainjektovana za tepla mazivom
INJEKT-HKL firmy Slovnaft Bratislava. VV zvy3nej oblasti
ie kabel zainjektovany cementovou maltou.

Pbvodny staticky vypo&et konstrukcie nebol k dis-
pozicii. Novy staticky vypo&et zosilnenia nosnej kon-
Strukcie vychadzal z vypoctu Gginkov pohyblivého
zafaZenia na kon&trukciu a ich vykrytia predpinacimi ka-
blami. Predpokladalisme, Ze existujica nosna konstrukcia
Prenasa Gginky vlastnej tiaze a ostatnych stalych zafa-
Zeni a predpinacie kable sa nadimenzuji na uginky
Pohyblivého zataZenia triedy A. Kvéli vypoétu udinkov
Predpatia na nosnu kon&trukeiu sa konStrukcia modelovala
ako rovinny ram so zohfadnenim premenlivosti jednotlivych
prierezov. Vplyv Sikmosti nosnej konstrukcie sa overoval
vypoétom ako ro&t. Rozdiel ohybovych momentov od
Predpatia v désledku Sikmosti konstrukcie bol pre jednotli-
Vé nosniky Zanedbatelny. Kvéli vypoé&tu uéinkov pohyblivé-
ho zatazenia sme konstrukciu takisto modelovali ako ro&t.

Kotevné bloky a deviatory sa staticky posudili po-
mocou priehradovej analogie. Lokdlne uginky kotevnych
blokov na tramy boli overované pomocou metady
koneénych prvkov.

Realizacia zosilnenia

Pred zagiatkom statickych zasahov do kon&trukcie mos-
i““ ———— -

shuttering the vertical plain in which the deviator steel tube
must to be. We marked the vertical plane position on the
middle part of the formwork cover to make it possible.
The EUT represtressing is possible. The anchorage
zone and the zone behind it (the area under the cover of
the tendon anchorage) is grouted with the warm grease
INJEKT-HKL. The grease is made in the Slovnaft Bratisla-
va company. The tendon is grouted with the cement mortar
in other zones of the tendon.

The statical analysis of the strengthened load bearing
structure was based on the life load test results on the
structure which was prestressed with tendons covering the
life load effects. It was needed because the original analy-
sis of the structure was not avaible and the concequence
of which is that we presumed the recent load bearing
structure transferes the dead load of its own weight effects
and rest of the dead loads and prestressing tendons are
dimensioned on the life load class “A” results. The strucu-
ture was simulated as a plane frame considering variability
of as the centroid axis as the single cross sections. The
obliquity effect of the load bearing structure was verified
analyzing the structure simulated as a grating. Bending
moments difference from the prestressing due to the struc-
ture obliquity was negligible for the single beams. The
structure was simulated as a grating.

Anchor blocks and deviators were designed by the
means of framework analogy and after the method pub-
lished in [2]. Local effects on the girders were verified by
the help of the finite element method.

Realization of strengthening

It was needed to realize following operations:

— grouting of all cracks on the bridge structure,

= the bottom beam surfice cleaning,

— the released concrete particles removal by the means
of the pressure water (by WOMA equipment),

= reinforecement trearment,

Obr. 6. Celkovy pohlad na most poéas rekonitrukcie
(Gasf konStrukcle je uZ opravena a nastriekana koneénou
povrchovou upravou)

Fig. 6. General view on the bridge during reconstruction.
One part of the structure is mended already and sprayed
with the finite surface arrangment




MATERIALY, TECHNOI

ta sa vykonali nasledujuce prace: zainjektovanie
v&etkych trhlin na mostnej kon&trukcii, ogistenie spod-
ného povrchu nosnikov a odstranenie uvolnenych &asti
beténu tlakovou vodou (WOMOU), oSetrenie betonarskej
vystuze a upravenie povrchu beténu plastmaltou.

Na betona? kotevnych a devia&nych blokov sa navrhla
a odskuZala receptira beténovej zmesi (vyhovuje velkej
hustote vystuZenia, triede beténu B 400 a poZiadavke
spracovatelnosti do 2 hodin od vyroby).

Vzhfadom na pomerne vysoké ceny zahraniénych
opravnych a finalnych ochrannych nastrekovych mate-
ridlov bol v spolupraci s firmou VUIS Stavebna chémia, s.
r. 0., vyvinuty (1993) VUIS-M systém na opravu a ochranu
beténu nosnych kon3trukcii a mostov (obr. 6).

Tento systém zahffia:

— podkladovy beton a ocelovi vystuZ oistenu tiakovou
vodou,

— odstranenie hrdze,

— nanesenie ochranného poviaku na vystuz VUIS-M-POZ

a VUIS-M-PS,

— penetraciu betonového podkladu polymérom,
— spojovaci mostik VUIS-M-SM,
— opravni maltu VUIS-M-VMP a VUIS-M-VMC do hrubky

vrstvy 5 mm, resp. 5 aZ 50 mm,

— finalnu Gpravu polymércementovym nastrekom VUIS-

M-ON.

Obr. 7. Pohlad na stredné pole s koneénym nastrekom a osa-
denymi kablami (mobilné lavicky a pevné zivesné leenie).
Fig. 7. General view on the middle with the finit spray and
with the fitted tendons. Mobile berms and suspended sta-
tionary scaffold is in the picture

Pri realizacii VVk sa potitalo s uréitou nepresnosfou vy-
tyéenia a osadenia. Povolené tolerancie vrcholov poly-
gbénu (absolitne chyby) vedenia kablov boli v tomto pri-
pade (podfa odporiéani SETRY PariZ) pozdizne 35 mm,
vyskovo 30 mm a prieéne 30 mm, pri€om maximalna re-
lativna chyba, t. j. v ramci jedného deviatora, je vySkovo 9
mm, prieéne takisto 9 mma chyba z nespravneho osade-
nia-naklonenia devia&ného obalu, t. j. maximalny Sikmy
uhol 5/100 rad. Navrhované rieSenie vystupov z deviatorov
a kotevnych blokov tieto podmienky pine spinilo.

Po skonéeni statickych tprav sa na spodny povrch
mostnej kon&trukcie naniesol polymércementovy ochran-

— concrete surface mending with polymercement mortar.
Concrete mixture recipe for the anchorage and devi

ator block concrete was designed and tested. It respected

— the great reinforcement block density,

— the conditions called for the B 400 class on concrete
cube strenght,

— a needed workability to two hours from the start of
manufacture.

It was developed a VUIS-M system on the concrete
load bearing and bridge repair work and protection (in
the year 1993) in cooperation with the VUIS Building
chemistry company (Fig. 6). This was with respecton the
relatively high price of foreign mend and final protective
spray materials.

The VUIS-M system includes following operations:

— concrete bed and steel reinforcement cleaning with
pressure water,

— rust removal,

— the VUIS-M-POZ and VUIS-M-PS reinforcement pro-
tective coating application,

— concrete bed penetration with polymer,

— VUIS-M-SM joint substance,

— VUIS-M-VMP and VUIS-M-VMC mending mortar to the
5 mm or from 5 mm to 50 mm layer thickness,

—  VUIS-M-ON final polymercement spray finishing.

We took in account certain layout and fitting unaccura-
cy of the tendons during the EUT implementation. They
were permitted tolerances (allowable absolute error) ofthe
tendon line polygon apex (after the SETRA Paris recom-
mendation) the value of which is 35 mm for the length, 30
mm for the heigth and 30 mm for the transverse length.

But the maximum relative error is 9 mm only consid-
ering the elevation and transverse lenght too in the one
area deviator. The maximum deviator cover skew angle
value is 5/100 rad. . e. the error caused by the fault devi-
ation cover fitting or its inclination. Designed deviator
and anchorage block outlets solution fulfilled the request-
ed conditions completely.

Polymercement protective spray was applyed on the
bottom surface of the bridge structure after the static fin-
ishing was ended. Operations connected with  crack
grouting, surface mending, plaster spraying, stabilization
tendon supports fixing and strut frames, that is elastic ten-
don supports fitting, were realized from the suspended
berm (Fig. 7 ). Other operations were executed from the
scaffold and suspended scaffold. All the permanent steel
parts exceptthe concreted one are corrosion protected by
the means of metallizing with 100 um zinc coat, S 2003
priming coat protection and S 2003 two-fold top coat.

Loading test was executed according to the CSN 73
6209 standard. Deflexion (temperature effects were count-
ed off) was 12,93 mm in the middle of the middle field's
middle girder by the maximum loading in the middle of the
middle field the 0,9978 efficiency. Transverse restoration
measuring confirmed the cross stiffness restoration of the
bridge after the transverse prestressing.

ny nastrek. Prace spojené s injektaZou trhlin, opravou pov-
rchu, nastrekom omietky, upevnenim stabilizanych pod-
pier kéblov a osadenim pruZnych podpier kablov sa re-
alizoval zo zavesnej lavitky (obr. 7). Ostatné prace sa
vykonali z leSeni a zavesnych leSeni. V3etky trvalé oce-
fové Easti (okrem zabeténovanych Zasti) sd chranené
proti korézii metalizaciou —zinkovou vrstvou 100 um, zak-
ladnym naterom S 2003 a dvojnasobnym vrchnym naterom
$2029.

Poéas predpinania prebiehalo technologické meranie.
Na strednom trame v strede rozpatia stredného pofa sa do-
siahlo vzopétie 12,95 mm (ocistené od ucinkov teploty).

Na zaver sa uskuto&nila zataZovacia skiska podra CSN
73 6209. Pri maximalnom zafaZeni s Gginkom na stred
stredného pofa pri momentovej i€innosti 0,9978 bol prie-
hyb stredného tramu v strede rozpétia stredného pola
12,93 mm (o&istené od u&inkov teploty). Meranie prie¢ne-
ho roznosu potvrdilo obnovenie prie¢nejtuhosti mosta po
prieénom zopnuti.

Udaje o stavbe:

Nazov: I-18 Turany —rekon3trukcia mosta,

Miesto stavby: Turany, okres Martin,

Investor: CIU Banskéa Bystrica,

Hlavny dodavatel: Doprastav Z 03, Zilina,

Poddévatel: VUIS-MOSTY, s. r. 0., Bratislava.
ZafaZitelnost pdvod.: na zaklade zafaZ. skisky z r. 1983
bola vyhradna zafaZitelnost 30 t

beZna zafazitelnost 18 t

po oprave: je vyhradna zataZitelnosf 80 t

beZna zafaZitelnost 32 t

Informations about the structurs:

Name: 1/18 Turany — bridge reconstruction

Site locality: Turany, district Martin

Investor: CIU Banska Bystrica

Main contractor: Doprastav 03 plant, Zilina

Subcontractor: VUIS-MOSTY Ltd., Bratislava

Initial load capacity was: 30 t exeptional load capacity 18tin
general use load capacity both based on the test load ca-
pacity fromm the y. 1983

Load capacity after repairing: 80 t exeptional load capacity
32tin general use
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Most Lafranconi — lavobrezné estakady

Lafranconi Bridge — Left Riverbank Viaducts

Miroslav Mafaséik

V komplexe mosta Lafranconi su zagﬂma_lv.e
pravobreiné a lavobreZné estakédj_/. Opisana je
lavobrezna casf a pomerne naroénym postupom
vystavby odbocujucich vetiev. Najma vetva
(objekt 215) si vyZiadala expeﬂmentélne sje-
dovanie pohybu loZisk na podrobnu analyzu

ucinkov teploty.

Most cez Dunaj v Bratislave pri Lafranconi je na rﬁvorp
brehu napojeny na sustavu estakad, ktoré umoZfiuju mi-
mouroviiové kriZenie diafnice D2 s velmi frekven-
tovanou nabreZnou mestskou komunikaciou a s trasou
elektriky, premostuju rie¢ku Vydrica a zabezpetuju pripo-

From the complex of the bridge Lafranconi are
the left and right riverbank viaducts the
interesting parts. We describe here the left part
which claimed a rather exacting operation during
the construction of branches. Especially the
branch No. 215 required monitoring the
displacement of bearings in order to analyse
properly the temperature effects.

The bridge across the Danube in Bratislava, near by La-
franconi area, is connected on the left bank with a sys-
tem of the overpasses and the slip roads, which froman
interchange, crossing the Motorway D2, an quay urban
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Ing. Miroslav Mafa3éik — Dopravoprojekt, a. s., Kominarska 2-4,
832 03 Bratislava.

Obr. 1.Most Lafranconi — lavobrezné estakady
Fig. 1. Lafranconi bridge — approach overpass system
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jenie diafnice na mestsky komunikagny systém. Ststavu
tvori 5 estakad —obj. 211L, 211P, 212, 213 a 215 (obr. 1),
ktoré sii na seba bezprostredne napojené a tak ich tvaro-
vanie aj technolégia vystavby museli byt izko koordino-

vané.
Zakladanie a spodna stavba

PodloZie, vhodné na zakladanie, tvorl popri &trku pre-
vazne zvetrala Zula. Urovefi Zuly sa nachadza vo velmi pre-
menlivej hibke pod terénom (1 aZ 14 m) a jej povrch sa
prudko zvaZuje smerom k Vydrici (niekde v sklone aZ
45°). Preto boli zvolené rézne spdsoby zakladania —pod-
zemné steny, vibrodrapakové piloty a ploné zakladanie.
Hibka plo&ného zakladania sa uréila operativne poZas
hibenia vykopu.

Spodna stavba estakad sa sklada zo systému &tih-
lych kruhovych stipov, ktory umoZfiuje krizenie s
nabreZnou komunikaciou pod velmi ostrym uhlom (35°),
dalej umiestnenie podpier v ploSne velmi striesnenych
pomeroch pod estakadami a dovoluje prechod a podopre-
tie pouZitého technologického zariadenia.

Nosna konstrukcia

Nosné konStrukcie estakad tvoria 5 aZ 12 polové spojité
nosniky (rozpatia poli 16 aZ40 m)z monolitického beténu.
Odbotujiice vetvy (obj. 212, 213) si monoliticky spojené
s diafniénymi estakadami (obj. 211L, 211P).

Prieény rez nosnej konstrukcie diafni&nych estakad je
premenny (obr. 1).

Viseku B-Bje prie¢ny rez dvojkomorovy podoprety
iba jednym stipom. Takyto priezer najlepsie zabezpetuje
roznos zafaZenia a prenos extrémnych torznych G&inkov.

V tUseku C-C je prie¢ny rez jednokomorovy bez prie&-
nikov nad podperami. Tento tvar si vynitilo pouZitie posu-
vného vnitorného debnenia. Aby bol moZny presun vni-
torného debnenia z jedného pofa do druhého, nosna kon-
Strukcia v $tadiu vystavby nema prie€niky nad podperami.
Po presune debnenia boli nadpodperové prierezy zosil-
nené dodatoéne dobeténovanymi subtilnymi rebrami.

Viseku D-D je k jadru prierezu budovanému obdobne
ako v iseku C-C dodatoéne dobeténovana &ast prierezu
Vytvérajica dalsiu komoru.

Prie¢ny rez estakad (useky A-A) je jednokomorovy
vzhladom na Sirku nosnej kon&trukcie a spésob podopretia.

Podopretie nosnych kon&trukeif zabezped&uji hm-
cové loZiska. Vzhfadom na problémy s jednozna&nym de-
finovanim smeru dilatovania estakad sa pouZil maximalne
moZny podet v8esmernych kiznych loZisk. Niektoré
loZiskd potas vystavby menili svoju funkeiu (napr. kizné
loZiska boli dodasne zablokované).

Technolégia vystavby nosnej konstrukcie

Technolégia vystavby nosnych konstrukeif vyplyvala z po-
Ziadavky rychleho tempa vystavby a zo snahy doda-

::":: stavby vyuZit vietky technolégie, ktoré mal k dis-
Zicii,

MATERIALY, TECHNOLOGIA, REALIZACIA

road with heavy traffic, and the Vydrica creek. The left-
bank approach system also provides a connection of the
Motorway D2 with an Urban traffic system. There are 5 the
bridge structures in all system, denominated as the parts
211L, 211P, 212, 213 and 215 (Fig. 1), which are tied up
together, so that their shaping and a technology of con-
struction had to be closely coordinated.

Foundations and substructure

A foundation soil has been formed prevailingly from a gra-
vel and a weathered granite, the levels of which have
occured at the variable depth under the ground level (from
110 14 m). A surface of these layers was in a steep slope
towards the Vydrica creek (in certain spots with inclina-
tion of 45%). Owning to above mentioned, the different me-
tods of foundation had to be used — the underground
walls, the piles with the large diameters excavated by a vi-
bratory grab, and the spread footings. The depth of the
spread footings had to be changed operatively during
construction (excavation). The substructure of all bridges
has been designed as a system of the slender columns
with a circular cross section. Due to spacing of the piers
(relatively small distances between them) the circular
section was required because such a shape has been vis-
ually constant under different angles of view from the adja-
cent roads. Besides, the design of the circular shape of
cross section allows:

— crossing the quay urban road at an acute angle of 35",

= location ofthe piersin very straitened circumstances
in a space below the bridges,

— horizontal shifting as well as supporting of an used
technological equipment.

Superstructure

The superstructures of the individual viaducts consist of
the contihuous beams over the spans with variable number
and lenght, from 5to 12 spans, from 16to 40 mlong, made
of the concrete cast in-situ in a sliping formwork. The over-
pass and slip road bridges, the parts 212 and 213, have
been monolithically connected with the both Motorway
bridges - the parts 211L and 211P.

A cross section of the both parallel parts, right and left,
of the Motorway bridge varies as it is shown in Fig. 1.

In section B-B, a closed double-cell (naturally, with three
webs) box cross section was designed. This shape of
cross section provides the best possible way of the load
distribution and an appropriate transmision of the torsional
moments, at the parts of the superstructure which are sup-
ported by one column only.

Insection C-C, the cross section has been proposed as
a closed single-cell box beam without the transverse dia-
phragms above the piers. Such shape was dictated by us-
ing of a choosen construction (technological) technique —
the inside stepping formwork. In orderto shift this sliding
device, there were not possible to build any transverse
diaphragms above the piers, during construction process.
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Dialni&né estakady sa prevaZne budovali pomocou vy-
suvnej skruZe. Niektoré tseky boli vybudované kombina-
ciou dvoch technolégii. “Jadro” prierezu sa vybudovalo vy-
suvnou skruZou, zvySok prierezu na debneni zavesenom 2z
boku na “jadre”. Zvy3na &ast estakad bola vybudovana na
stabilnej skruzi.

V3etky estakady sa beténovali v etapach po jednom poli
s konzolou (pracovna 3kara pribliZne v patine rozpatia).

V priestore estakad pogas ich vystavby prebiehali
st&asne prace na mnohych dalsich objektoch. Cela vys-
tavba estakad na komunikécidch sa realizovala bez pre-
rufenia velmi intenzivnej automobilovej a elektriCkovej
dopravy. Tieto okolnosti si vynutili postup vystavby, ktory
zo statického hfadiska bol &asto zdanlivo nelogicky. Naj-
méa postup vystavby obj. 215 bol neStandardny, jednot-
livé etapy neboli budované postupne, ale podfa postupu
vystavby objektov pod mostom (obr. 7). Tento postup
zna&ne skomplikoval predovietkym vedenie predpinacej
vystuZe.

() meeoeimaca. T - P
PR STRESSSNS [THREAD) - VERTICAL

Obr. 2. Prieéne predpitie
Fig. 2. Transverse prestressing

Predpatie

Vedenie kéblov v pozdiZznom smere je standardné. Kable
sU spajané spojkami v pracovnej Skdre. Len asi20 % ka-
blov je vedenych cez pracovnl Skaru bez spojok (kotvenie
v prieénikoch).

Predpinacie prvky réznej velkosti vytvaraji kable 12 @
Lp15,5,9@ Lp 15,5a predpinacie tye @32 mm. Kable
roznej velkosti umoZnili rovnomerné rozmiestnenie kotiev

i i

Only after shifting of the formwork, the parts of the
superstructure above the piers could be stiffened addition-
aly by the slender transverse diaphragms (walls), cast in-
situ.

In section D-D, similarly as it was in section C-C, the rest

part of the cross section, forming the additional part of cell
box section, has been built.
In section A-A, the cross section of the bridge has been de-
signed as a closed single-cell box beam, what is, with re-
gardto the width and a way of supporting ot the super-
structure, the reasonable shape.

All superstructures have been supported on the “NEO-
POT” bearings. Some problems, due to defining of the
bridge expansion movements directions, arose. Therefore
the maximum possible quantity of the multi-directional
movable bearings has been used. However, some of them
had changed their function during construction (for exam-
ple the movable bearing were temporarily fixed).

Superstructure - technology of construction

A construction technique was determined by the follow-

ing requirements:

— ahigh speed (pace) of the construction process,

— a choice of “technologies”, what is the technological
equipment at the conctractor's disposal.

Major part of the bridges carrying the Motorway D2,
the parts 211L and 211P, has been erected by means of
the stepping formwork equipment (Fig. 1 ).The other parts,
however, have been built up by combination of two diffe-
rent technological procedures; acentral portion so-called
“a core” of the cross section has been built by using of the
stepping formwork and the rest part of the section has been
additionally cast in-situ in a formwork, suspended on the
lateral sides ofthe core. The rest part of bridges has been
erected by means an on-the-ground nontraveling center-
ing- the falsework.

All bridges had been erected in the stages, one span
after the another, with the construction joints in one fifths of
the span lenghts.

During construction of the bridges, the parallel works
on many other structures had been carried out. In addition
to that, the roads below constructed overpasses, mainly the
urban road below the Motorway, were with extremely heavy
traffic at the same time. Such circumstances considerably
affected the construction progress, which was some-
times, from a statical point of view, rather non-logical.
Mainly the construction procedure of the part 215 was non-
standard, the individual spans had not been erected §e-
quantially, but in an order depending on the construction
pace on the structures below the bridges (Fig. 1). Due to
a such procedure, the statical behaviour of the bridge, and
the statics as a whole, especially the design of a prestress-
ing steel became considerably complicated.

Prestressing

The longitudinal prestressing has been standard. The ten-
dons have been in a construction joint connected by the
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po prie¢nom reze nosnej konstrukcie. Vzhladom na to, Ze
predpétie sa vnasalo do konstrukcie uZ po 3 dfioch od
betonaZe, takéto rozloZenie kotiev zabezpeéilo rovnomer-
ny roznos predpétia v kotevnej oblasti, a tym vylagilo kon-
centraciu predpétia v mladom beténe.

VaéSina prieénikov je sicasne predpnutd kablami aj
predpinacimi tyéami (obr. 2).

Priegniky typu A nad centricky umiestnenym jednym
stlpom s vzhfadom na ich extrémne naméhanie predpnuté
vodorovne aj zvislo. Mostovkové konzoly na Sirku prie¢nika
sa dobeténovali dodatoéne v dvoch etapach. Dévodom
bola nevyhnutnost ukotvit mohutné kotvy vodorovnych ka-
blov do bo&nych stien komory prierezu a ukotvenie pred-
pinacich ty&l v mostovkovej konzole.

Prie€niky typu B tvoria dodatoéne dobeténované steny.
Dodato&nu betonaZ si vyZiadala potreba ponechaf nad
podperou vnitorny obrys prie¢neho rezu umoZfiujici pre-
sun posuvného vnutorného debnenia. Prie&niky su predp-
nuté vodorovnymi predpinacimi ty&ami.

Prie€niky typu C sa budovaliv dvoch etapach. V prvej
etape bola vybudovana ¢asf prierezu na vysuvnej skruZis
prie€nikom typu B. V druhej etape sa dobudoval piny
prie€nik ako si¢ast dodato&ne pribeténovaného prierezu
odbotujicej vetvy. Dodatogne dobeténovana &ast prieé-
nika sa pripla vodorovnymi kablami predpinanymi z vnu-
tra komory ako aj spojkovanymi predpinacimi ty&ami.
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Fig. 3. Measured results of the effects due to different-
ly distributed temperature in structural elements
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couplers. Although a certain amount of the tendons (cca
20 %) has been connected through the joints without the
couplers, as it was in case of the anchorage in the cross-
beams. The prestressing steel inthe bridges is composed
of the following elements with different dimensions:

— tendons 12 @ Lp 15,5 mm,
— tendons 9@ Lp 15,5 mm,
— prestressing (thread) bars of 32 mm diameter.

Inorder to secure of the uniform distribution of the an-
chors at the cross section of the superstructure, the ten-
dons with the different diameters have been used. Con-
sidering the fact that the superstructure had been pre-
stressed only 3 days after concreting, the required lay-out
of the anchors had to provide the uniform distribution of
the prestressing in an anchorage zone and consequential-
ly to eliminate the concentration of the stresses from a

-“young” concrete.

Most of the diaphragms have been prestressed by
means of the tendons and the prestressing (thread) bars
(Fig. 2).

The transverse diaphragms of type A have been, inthe
sections where the bridge is supported only by one cen-
tric column, vertically and horizontally prestressed, for
their exposing tothe extreme loads, the internal force-
sand the stresses respectively. The deck slab cantilevers
have been attached to the lateral parts of the diaphragms
by an additional concreting in two phases. Such the solu-
tion was dictated by a necessity of the placing of rather
hulky anchors of the horizontal tendons in the sectional
webs (lateral walls of the cells) as well as the anchorage
of the thread bars in the cantilever.

The transverse diaphragms of type B have been built
as the additionally concreted thin walls. The procedure re-
sulted from the requirement of a such shaping of the interi-
our part of the cross section above the pier, which would
permit the shifting of the slipping formwork. The dia-
phragms have been prestressed by the prestressing
(thread) bars.

The diaphragms of type C have been built up in the two
phases. Inthe first phase, the part of the cross section with
diaphragms of type B was constructed on the stepping
formwork. In the second phase, the full diaphragm was
completed as a part of the additionally concreted cross sec-
tion of the slip road. This part of the diaphragm has been
fixed tothe webs by the horizontal tendons that have been
prestressed from the interiour space of the cell, and by the
thread bars with the couplers.

The diaphragms of type D have been built analogically
tothose ofthetype C. A part ofthe diaphragm, additional-
ly concreted in the suspended formwork, has been at-
tached to a concrete block, also additionally concreted
inside the sectional cell after shifting of the stepping form-
work, by the prestressing (thread) bars. The interiour con-
crete block was cast in-situ through the holes ina upper
slab and fixed to “the core” of the cross section by means
of the thread bars. The horizontal tendons have been pre-
stressed from the inner space of the cell.
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Prie&niky typu D sa budovali analogicky ako typ C. Cast
prieénika dodatoéne dobeténovaného na zavesenom deb-
neni sa pripla kdblami kotvenymi do beténového bloku vo
vnutri komory, ktory sa dobeténoval takisto dodatogne po
presune vnitorného debnenia. Blok bol dobeténovany otvor-
mi v hornej doske a pripnuty na “jadro” prierezu zvislymi ty&a-
mi. Vodorovné kable boli predpnuté z vnutra komory.

Ostatné &asti nosnej konStrukcie, ktoré sa dodatogne
dobetdniovali k prierezu budovanému na vysuvnej skruZi,
boli s tymto “jadrom” prierezu zmonolitnené pomocou vo-
dorovnych predpinacich ty¢iv hornej doske (obr. 2).

Staticka analyza, dlhodobé sledovanie mostov

Dialniéné estakady nie st svojimi parametrami mimoriadne,
ale komplikovany postup vystavby spdsobil, Ze ich staticka
analyza bola pracna a obfaZna. Obzvlast podrobne sa ana-
lyzovali vplyvy zmradfovania a dotvarovania beténu v
pozdiZnej pracovnej &kare medzi “jadrom” prierezu bu-
dovanom na vysuvnejskruZi a z boku dobeténovanou &asfou
prierezu pri dialniénych estakadach. Viysledok analyzy viak
potvrdil, Ze vyrazny rozdiel vo veku beténu spominanych
dvoch &asti prierezu zasadne nevplyvana statické pdsobenie
konStrukcie. Tato Easf kontrukcie sa bude dlhodobo sledo-
val, aby sa overili vysledky statickej analyzy.

Pri objekte 215 je neStandardny maly polomer p6do-
rysného oblika (R = 80 m). Preto sa dbsledne ana-
lyzoval vplyv predpétia a nerovnomernej zmeny teploty vo
vertikalnom aj horizontalnom smere a spésob dilatovania
konstrukcie. Predpoklady statického vypo&tu sa overovali
nielen pogas vystavby, ale aj po uvedeni mosta do
prevadzky meraniami napatosti nosnej kon&trukcie,
nerovnomernej zmeny teploty a dilatovania.

Vplyvu nerovnomernej teploty na mostné kon&trukcie
sa v nasej odbornej verejnosti v minulosti nevenovala
dostato&na pozornost.

AZ do roku 1986 normové predpisy poZadovali posu-
dzovaf mostné konStrukcie z hfadiska nerovnomernej
teploty, ale iba vo vertikalnej rovine.

Merania vplyvu nerovnomernej teploty na nosnu kon-
Strukciu obj. 215-00 vykonali pracovnici Katedry beténo-
vych kon3trukcil Slovenskej technickej univerzity [1].

Vysledky merani boli prekvapujiuce najméa tym, Ze ro-
zdiely teplét v horizontalnom smere boli va&&ie ako vo ver-
tikalnom smere (obr. 3). Pri nevhodnom spésobe podopre-
tia nosnej kon3trukcie a najma pri mostoch, ktoré st pédo-
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The corresponding parts of the superstructure be-
tween the diaphragms have also been concreted (cast in-
situ) additionally and attached to “the core” by means of
the horizontal prestressing bars in the upper slab.

Static analysis and long-term observations
(on bridges)

The Motorway bridges — the overpass structures — have
not been an extraordinary complicated structures with
their technical parameters, and a static analysis was
not very demanding. However, the creep and shrinkage
effects, in a longitudinal construction joint between “the
core” and the lateral, additionally constructed parts of the
cross section, have been analysed in more detail. The
results of the analysis have proved that a considerable
difference between the concrete age of the above men-
tioned parts had no substantial influence on a statical
behaviour of the structure as a whole. In order to verify
and confirm the results of statical analysis this sensitive
part of the superstructure will be under a long-term obser-
vation and all changes will be monitored. Some difficul-
ties, from a statical point of view, were caused by a rela-
tively small radius (R = 80 m) of the bridge curved in plan -
the part 215. Therefore the non-linear temperature
changes in the vertical and horizontal directions as well
as the expansion effects have been analysed thorough-
ly. The assumptions of statical analysis were verified not
only during construction, but after opening the bridge to
traffic as well. The measurement of a strain-stress state of
the bridge superstructures had been carried out, taking
the non-linear temperature changes and the expansion
effects into account. A technical and professional com-
munity did not pay a sufficient deal of attention to the anal-
ysis of the above mentioned effects on the bridge super-
structures in the past. Only since 1986 the Standards and
the technical rules and provisions have required to judge
the bridge structures about the non-linear temperature
changes, though in a vertical plane only.

The measurements of the temperature effects on the
superstructure of the part 215-00 were carried out by
the members of the Department of Concrete Structures
of the Slovak Technical University [1]. The obtained re-
sults of the measurements were surprising in particular,
since the temperature differences were greater in a hori-
zontal direction than in the vertical one (Fig. 3). From this
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rysne v obliku s malym polomerom, méZe maf nerovno-
merna teplota v horizontalnom smere nie zanedbatelny
vplyv na statické posobenie konstrukcie. Preto bude
vhodné venovaf tomuto javu patriénd pozornost pri sta-
tickej analyze mostnych objektov a pri ich dlhodobom sle-
dovani, s perspektivou zohfadnif vplyv nerovnomerného
ohriatia kon3trukcie v horizontalnejrovine ajv normovych
predpisoch.

V zavere s uspokojenim konstatujem, Ze v su&asnos-
ti vSetky opisované mostné objekty su uz v prevadzke a
bezproblémovo sliZia svojmu Géelu.
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fact results that in a case of the bridge superstructures
curved in plan, especially with the small radius as well as
with an unsuitable type of supporting, the non-linear tem-
perature changes can have a non-negligible influence on
the statical behaviour of the bridge superstructure. Thus it
points out that it will be necessary to pay a greater part of
attention to the above mentioned effects in statical anal-
ysis as it was previously. Besides, it appears to be rea-
sonable to introduce some of the results, obtained from
the long-term observations on the bridges, into the stand-
ards.

Finally it should be stated with a satisfaction, that the
allabove describe bridge structures have been opened to
traffic lately and are reliably serving their purpose at
present.

DOSTAV INKO, §.p.
Kocankova ul.

852 28 Bratislava
Slovak Republic
Tel.: 00427 / 850 056
Fax: 00427 / 850 150
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Dialnicny most Hybica

The Motorway Hybica Bridge

Trasa dialnice D1 v podtatranskej, geomor-
fologicky komplikovanej, oblasti kriZuje niekolko
udoli. Na 13,5 km useku su Styri velké estakadne
mosty celkovej dizky 2,438 km. Most Hybica je
jednym z nich. Nosna konstrukcia mosta je
zZmontovana letmo zo segmentov hmotnosti
do 80 t. Predpatie je v definitivnom Stadiu tak
zainjektovanymi, ako aj volnymi kablami z lan 10
@ Lp 15,5/1 800.

Diafniény tsek D-1 Liptovsky Jan — Hybe, ktory je v
stasnosti uZ v prevadzke, prebieha v élenitom dzemi v
oblasti Vysokych Tatier. Na 13,5 km dlhom tseku dialnice
su Styri va&Sie mostné objekty celkovej dizky 2 438 m.
Most Hybica, ktory zabezpecuje Sikmé krizenie dialnice s
udolim rovnomenného potoka, je jednym z nich (obr. 1).
Most je dihy 562 m, medzi licami vonkaj$ich rims ma
Sirku 29,74 m a je v smerovom obliku R =2 300 m. Nive-
leta je v idolnicovom obliku A= 20 000 m, pri€om stdpa v
celej dizke mosta od 0,6 do 3,14 %. Maximalna vy&ka mos-
ta nad terénom je 30 m. Most tvoria v definitivnom  3tadiu
dva sibeZné segmentové predpaté jednokomorkové
spojité nosniky konStrukénej vySky 3,8 m (obr. 2a 3) s roz-
patiamipoli36 + 7x 70+ 36 m.

ZaloZenie a spodna stavba mosta

Nepriaznivé geologické pomery si vyZiadali zaloZenie
mosta na velkopriemerovych vitanych pilétach priemeru

Obr. 1. Pohlad na dokonéeny most Hybica
Fig. 1. Overall view of the completed Hybica Bridge

Ing. Tibor Michalka — DOPRAVOPROJEKT, a.s., Kominarska 2-4,
832 03 Bratislava; Ing. Eduard Sedlék —InZinierske stavby, a. s.,
DZ 06 PreSov, Lubochnianska 7, 080 06 PreSov.

Tibor Michalka - Eduard Sedlék

The alignment of the highway D1 in the geo-
morphologically complicated territory of Tatras,
crosses some valleys. In a 13,5 km long section
there are four significant bridges and viadusts of
2,4 km total lenght. The bridge Hybica is one of
them. The structure of bridge was assembled by
means of free cantilevering of precast segments
up to the weight of 80 tons. The structure in its fi-
nal state of completion is prestressed by free
and bonded (grouted) tendons, the free tendons
being 10 @ Lp 15,5/1 800 strands.

The Motorway D1 passes the High Tatras region of Middle
Slovakia. The Motorway section between Liptovsky Jan
and Hybe has been opened to traffic lately. There are four
large bridges of 2 438 m total lenght within this 13,5 km long
section. The Hybica Bridge, one of them crosses the valley
with the creek of the same name (Fig. 7).

The Hybica Bridge is 562 m long structure with the total
width of 29,74 m. The superstructure of the bridge is curved
in plan with a radius A= 2 300 m. A profile is formed froma
vertical curve with the radius A =20 000 m, over the whole
bridge length and an ascent from 0,6 to 3,14 %. The maxi-
mum height of a roadway above bottom of the valley is
about 30 m. In definitive phase, the bridge consists of two
parallel continuous beams made of prestressed concrete,
with the single cell box cross sections. The constant depth
of the box beam is 3,8 m (Fig. 2 and 3). The individual
bridges are over spans of 36 + 7 x 70 + 36 m.

Foundations and Substructure

Owing to the unfavourable subsoil conditions, the
bridge substructure has been founded on the bored piles
with diameter of 92 cm. The piles are of variable lengths
from 9,8 to 10,8 m at the piers, and from 17 to 20 mat the
abutments. The piles have been embedded properly into a
claystone layer.

A standard pier is composed of two vertical thin walls,
founded on the common concrete footing. The walls are
hinged to the superstructure at the top by an atypical aloy
bearings. The walls are fixed into the footings at the bottom
or, ina case of short piers, hinged at the both ends. Longi-
tudinal stability of the bridge has been secured by a special
shaping of the fixed pier No. V; in which the walls are mu-
tually connected by a stiffening diaphragm. During con-
struction phase the bottom hinges of the short piers were
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Obr. 2. Charakteristické prieéne rezy lavého a pravého mosta Hyblica
Fig. 2. Characteristic (typical) cross section of the Hybica Bridge

92cm adizky 9,8 a2 10,8 mpri medzifahlycha 17 a2 20
m pri krajnych podperach, dostato&ne votknutych do flov-
ca. Podpery boli navrhnuté ako dvojice &tihlych stien na
spolofnom zéklade, ktoré s s nosnou kon&trukciou
kibovo spojené prostrednictvom atypickych liatinovych
pevnych vahadlovych loZisk.

Do zakladovej patky su steny podpier //laz Vilvotknuté
anizke podpery /I, VIll a IX su kibovo pripojené pros-
trednictvom vrubového kibu, &im staticky vytvéraji kyvné
stojky. Funkeiu fixu, resp. pevného loZiska v ststave za-
bezpetuje podpera V, v kiorej je dvojica stien navzajom
spojena stuZuijlicou stenou. Portaly s kyvnymi stojkami su
v montaZnom Stadiu do&asne fixované spojenim stojky so
zakladom, prostrednictvom betonarskej vystuZe precha-
dzajlicej zo stojky do zakladovej patky. Nosna konstrukcia
le uloZzena na podperach / a X pomocou ocelovych val-
Cekovych loZisk.

Nosna konstrukcia

I\_Josna konstrukcia (dfalej len NK) je zmontovana z prefab-
rikovanych jednokomérkovych segmentov hmotnosti do
80 t. Z beténu B 50. Vonkajsi tvar prie&neho rezu segmen-
tov je staly, vnutorny tvar je premenny v zavislosti od
Zmeny hribky tramov (0,45 aZ 0,6 m) a spodnej dosky
((_3.2§ a2 0,55 m). Zakladnym prvkom NK v montaZnom &t4-
diu je portal s obojstrannymi konzolami 2 x 34 s vioZenymi
prefabrikovanymi prie&nikmi nad medzifahlymi podperami.

temporarily fixed; the piers of small lenghts together with a
corresponding part of the deck, so-called a portal, were
stabilised by the temporary steel reinforcing bars, passing
the bottom hinge from the walls to the footing block. The su-
perstructure of the bridge has been supported at the abut-
ments by the steel rolling bearings.

Superstructure

The bridge superstructure has been assembled of the
precast single box segments with weight of 80 tons and of
concrete Class of B 500. An exteriour shape of segmental
cross section has been designed constant along the
whole lenght of the bridge. The thickness of the precast
unit webs varies from 0,45 to 0,6 m and the bottom slab
thickness varies from 0,55 to 0,25 m.

During construction phase, the basic part of the super-
structure was the portal, otherwise known as a cantilever
balance beam, with the length of 2 x 34 m and with the
inserted precast reinforced concrete cross beams above
the intermediale supports (piers). For reason of the portal
stability, the portals were temporary fixed to the superstruc-
ture by the TIS 50 prestressing bars during construction
phase. Then, the subsequently completed portals have
been connected together by a keying joint with concrete
Class of B 500. A continuity of the whole structure was se-
cured by the prestressing cables (the integration ten-
dons) which were tensioned after hardening of the con-
crete in the keying joint.
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Postupne zmontované portaly su nasledne spojené monol-
itickou dobetonavkou diZky 2 m z beténu B 50 a predpnuté
staticky neurg&itymi kablami. Potas montaZe, aZ do zmo-
nolitnenia, su portaly provizérne pripojené k spodnej
stavbe a navzajom su spojené montaZnym stuZenim p'o—
mocou predpinacich ty&i TIS 50. Postupnymk spa'}ianlm
portalov sa v priebehu vystavby meni aj staticka suslaya_i
NK od staticky uréitej (portal) aZ po staticky neurcitu
(spojity nosnik) v definitivnom Stadiu.

Nosna kon3trukcia bola montovana letmo, pomocou
montaZneho mosta uZ predtym pouZitého na viadukte Pod-
turefi. MontaZny most dizky 107 m a hmotnosti 250 t vy-
hovoval pre montaZ segmentov do hmotnosti 80 t a Qre
rozpatia poli do 80 m. MontaZ mosta postupovala jednym

smerom od podpery / k podpere X.
Montazne a definitivne predpinanie

Montované segmenty sa do&asne zopli predpinacimi tyc‘,g-
mi TIS 50 pomocou predpinacich lisov “VUMAT-600". Vy-
hodou tychto ty&i je ich vysoka unosnosf a kratky Cas
navliekania, predpinania a kotvenia. Zabezpe&uju spo-
lahlivé kotvenie, sti lahko rozoberatelné a mozZno ich viac-
nasobne pouZif.

PRIECNY REZ MOSTA HYBICA

B 330

4

9

. @
HOST) §—

12,5

ol
-

Obr. 3. Pozdizny rez mosta Hybica a schéma vedenia volnych

kablov
Fig. 3. Hybica Bridge — longitudinal section and scheme of

the external prestressing tendons

Obr. 4. Pohlad na vyrobnu linku segmentov
Fig. 4. View of the production line

A cantilever construction method, very convenientin the
case, by assembling of the precast concrete units - seg-
ments together, was used. The superstructure has been
built up with the same launching girder as it was on the Pod-
turefi Viaduct. The launching girder was 107 m long, with
the weight of 250t, and allowed to lift up the segments of
weight up to 80 tons in the bridges with the maximum span
length of 80 m. A process of the segment assembly was
headed from abutment No. /towards the abutment No. X.

Prestressing — Temporary and Definitive

During assembling procedure, the segments were fas-
tend temporarily to the superstructure by means of the
prestressing bars. The bars had been tensioned by the
“YUMAT-600" prestressing jacks. The main advantages of
using of these bars are as follows:

— considerably high load-bearing capacity,

— relatively high speed of threading, tensioning and an-

choring.

Both prestressing elements, the prestressing tendons
of acantilever beam as well as the integral tendons, con-
sist of 10 strands of 15,5 mm diameter. The strength stress
of these tendons is 1 620 MPa. The K-5x2 @ Lp 15,5 mm
anchorage system was used. This system has been pro-
posed and developed at the Research Institute of Civil
Engineering in Bratislava. The anchorage systemas well
asthe prestressing strands and wires have been produced
in Czechoslovakia. The prestressing of tendons_was car-
ried out by means of a special prestressing equipment —
a modified jack of fy PROCEQ.

Manufacturing and Transportation of Segments

A special long production line had to be establisﬁed for
manufacturing of the segments. This production line had
been utilized parallely forthe Podturefi Viaduct and for tlhe
Hybica Bridge at the same time (Fig. 4). The production
line was capable of producing the segments no only fgr
vertically curved structure, but for the bridge curved in
plane as well. The segments were cast continually, one next
to the other (stepwise), per a portal length.

A required shape of each individual segment has been
determined by the spatial coordinates in which a precamber
of the superstructure was included.
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Na predpinanie NK sa pouZili kadble zostavené z 10
lan @ Lp 15,5/1 620 (nizkotepelne popusfané predpina-
cie lang) kotveneé kotvami K-5x2 @ Lp 15,5 mm, vyvinuty-
mivo VUIS Bratislava. Lana sa predpinali upravenym pred-
pinacim zariadenim firmy PROCEQ.

Vyroba a doprava prefabrikatov

Vyroba segmentov si vyZiadala vybudovanie osobitnej
stavenistnej vyrobnej linky, spoloénej pre mosty Podturef
a Hybica (obr. 4). Tato linka umoZnila vyrobu segmentov
smerovo a vyskovo zakrivenej nosnej konstrukcie. Seg-
menty NK sa vyrabali kontaktnym spésobom na vyrobnej
linke pre celt diZku jedného portalu. Tvar segmentov pre
kaZdy portal bol uréeny sdradnicami v priestore, ktoré
zahffiali aj potrebné nadvy3enie NK.

Segmenty z vyrobne sa na medziskladku na predpoli
mosta Hybica dopravovali na podvalniku s taha&om po ho-
tovej plani diafni€ného telesa. Z medziskladky sa seg-
menty prepravovali Specialnym vozikom sfaha&om Tatra
po vybudovanejéasti NK k montaZnemu mostu. Manipu-
laciu so segmentmi vo vyrobnia na medziskladke zabez-
pecovali portalové Zeriavy.

Zmeny projektovej dokumentécie v priebehu
vystavby

Na zaklade poznatkov a skisenosti ziskanych z vystavby
predtym realizovanych segmentov letmo beténovanych mos-
tov na liptovskom useku dialnice D1 sa uskuto&nili niektoré
zmeny oproti rieSeniu v pévodnom projekte. Vyznaénejsie z
nich sa dotykali zmeny tvaru navadzacich ozubov v &elach
segmentov a zmeny usporiadania pozdiZnych kablov. Pod-
netom na najzavaznejdiu Upravu pévodného riefenia v pro-
Jekte mosta bola zmena normy CSN 73 6203 (Zm&na a/1976)
naCSN 736203 a Zmény b11/1989. ZvySenie pohyblivého
zafaZenia podfa poZiadaviek novej normy bez zmeny roz-
merov prie€neho rezu si vyZiadalo dodato&né predpatie
volnymi kablami. Pri predpinani nosnej kon3trukcie boli
potrebné tri druhy predpétia:
— montaZne pripinanie segmentov na konzoly NK pred-
pinacimi ty&ami TIS 50. Predpinacie tyée boli kotvené

Vv dolnej doske do Zelezobeténovych kozlikov vy-

beténovanych siasne so segmentmi a v hornej doske

do demontovatelnych ocelovych kozlikov;
= definivitne predpatie NK kablami z 10 lan @Lp 15,5

mm zainjektovanymi v ocefovych rurkach @ 73/1,5

mm (kdble so sudrZnostou);
= definitivne predpétie volné vedenymi kablami. Volné

kable (bez sudrZnosti) z 10 1an @ 15,5 mm boli uloZené

do PE rurky @ 90/5,5 mm a po napnuti zainjektované
ctemantovou maltou,

Kotevné bloky a deviatory, pokial to §tadium vyroby
Sggmentov umoZiiovalo, sa beténovali spolu so segment-
mi. Kotevné bloky pre &ast mosta s u3 vyrobenymi seg-
mentmi sa kotvili do NK pomocou predpinacich ty&i TIS.
U§poriadania volnych kablov bolo ovplyvnené stavom vo
vyrobni Segmentov. V lfavom moste a v prvom a druhom
portali pravého mosta sa nemohlo zvySoval mnoZstvo
makkej vystuze v segmentoch, potrebnej na zachytenie
2vySeného namahania v hlavnom fahu pri zataZeni na
Medzi unosnosti. Preto sa navrhli polygonalne volné kable,

The completed segments were transported from a place
of the production line to a stockyard on the finished em-
bankment surface of Motorway D1 by means of special
transport equipment. The stockyard for the completed seg-
ments was situated near by the Hybica Bridge. The ma-
nipulation with the segments at a precasting factory as
well as at the stockyard had been provided by the portal
cranes.

Design Changes during the Construction Stage

During construction, the original design had to be
changed, in some respects, on the basis of new knowledge
and experience which had been obtained from the con-
struction process of similar segmental bridges (on the Mo-
torway D1) in the Liptov region. The substantial changes
dealt with a shape of the segment keys and with an align-
ment of the longitudinal prestressing tendons. The most
important changes of the original proposal of the bridge
were caused by the amendment of the Czechoslovak
Standards: CSN 73 6203 (Amendment a/1976) to the new
Standard CSN 73 6203/86 (Amendment B11/1989). Due
above mentioned amendments, the Hybica Bridge had to
be “strengthened” by increasing its load-bearing capacity.
The main features of a new arrangement of the prestress-
ing tendons are as follows:

— temporary fastening ofthe segments at the superstruc-
ture by the TIS-50 prestressing bars. The prestress-
ing bars were anchored to the reinforced concrete
blocks which were cast together with the segments at
the bottom slab level, and to a removable steel device
at the upper slab level.

— definitive prestressing of the bridge by the internal ten-
dons. Thetendons consist of 10 strands Lp of 15,5 mm
diameter. They have been inserted into the steels
heaths of 73/1,5 mm dia and grouted with a cement
mortar,

- definitive prestressing of the bridge by the external ten-
dons. The tendons consist of 10 strand Lp of 15,5 mm
diameter either. These tendons, however, have been
inserted into the polyethylene pipes of 90/5,5 mm di-
ameter and are also grouted with a cement mortar.

The strengthening of the bridge, asa whole, has been
carried out, in accordance with the Standard GSN, by an
additional external prestressing procedure.

The anchor blocks and deviators forthe external ten-
dons have been cast together with the segments, or, in the
case when the segments had been produced before the
decision of “strengthening” of the structure was stated,
they were bonded to the superstructure by the TIS-50
prestressing bars.

Fig. 3shows the external tendons in first the two spans
of the left bridge.

In the statical analysis were taken into account not only
all significant stages of bridge construction of the bridge
curving in plan, an elastic shortening of the pier walls due
to loads, but an elastic deformation of the pile foundation
due to live load as well.
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Kktoré namahanie kontrukcie v hlavnom tahu zniZovali na
pozadovanu hodnotu. Pri zvySnych portaloch pravého
mosta, pre ktoré v &ase navrhu zmeny predpétia neboli ete
vyrobené segmenty, statilo navrhnuf len priame volné
kable a zvySené namahanie v hlavnom fahu na medzi
unosnosti v exponovanych prierezoch vykryl mékkou
vystuZou. Na obr. 3je schéma volnych kablov v prvom a
druhom poli favého mosta.

Zaver

Vystavba favej a pravej konstrukcie mosta z dévodu finan-
covania bola rozdelena na dve &asové obdobia. Vystavba
favého mosta sa zatala vo februari 1987 pripravnymi pra-
cami a bola ukon&ena a dana do pouzivania v oktobri
1990. Nasledne sa zaali prace na pravom moste, ktory
bol dokon&eny v oktébri 1993. Maximaine tempo montaZe
sa dosiahlo 100 m za mesiac, priemerné vykony su viak
niZ&ie, ato kvdli nepriaznivym klimatickym podmienkam
v podtatranskej oblasti.

Investorom diafni&éného mosta Hybica je Riaditelstvo
diafnic Bratislava, vy3&im dodavatefom InZinierske stavby,
a.s., KoSice, odStepny zavod 06 PreSov a general-
nym projektantom Dopravoprojekt, a.s., Bratislava.

Conclusion

Both parallel bridges, left and right, had been erected gra-
dually, and the whole construction process was separated
into two stages. The construction ofthe left bridge started
in February 1987. The bridge was completed and opened
to traffic in October 1990 while the right bridge was com-
pleted in October 1993. The maximum pace of the erection
process was approximately 100 m of the superstructure
length per a month, but the average values, naturally,
had been lower. This fact was also influenced by an unfa-
vourable climatic conditions as well as by the changes of
the original proposal due to the Amendments of the
Czechoslovak Standards.

All decisive technological equipment and techniques
used in the construction process on the Hybica Bridge
had been designed, produced and made in Slovakia (for-
merly Czechoslovakia).

Client: Direction of Motorways, Bratislava

Contractor: InZinierske stavby, a. s., KoSice - Division 06
PreSov

Design: Dopravoprojekt, a. s., Bratislava
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Vystavbu ropovadov a plynovodov rznyeh izkov
onstruction of oil pipe lines and gas lines of various

 Vystavbu inZinierskychsieti -
Construction of engineering structures
~ Vystavbu Eistiarni odpadovych vdd a vodojemov

TSN e SRR R e

~2NERSKE % OTAVBY

KOSICE

Kontakt: InZinierske stavby, a.s., KoSice
sprava spolo&nosti — marketing,
Priemyselna 7, 042 45 KoSice

Tel.: +42/95/39455, 34811-15
Fax: +42/95/37831,30147

Construction of various types of water treatment
plants, water reservoirs :

Vodohospodarsku a priemyselni vystavhu
Water system and industrial construction

V rémei mostného programu ponikame vystavhu
mostov malych a velkych rozpati technoldgiou
~* predpétého monolitu na pevnej skruZi
~ * [etmej montaZe s dizkami polido 75 m
* 2 nosnikov typu 1-90 dizky 21 2230 m
Within the frame of our bridges construction pro-
gramme we offer the construction of small and long
span bridges using the following technologies
* prestressed monolitic concrete ‘with fixed
- form work - e
- *cantilever method with baysupto 75 m
- *beams |-90, lenght 21 -30m
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Oprava dialnicného mosta cez rieku Morava

.

Milog Hrutka — Miroslav Cerverian — Stanislav Suster

Clénok opisuje rekonstrukciu dialnicného mosta
cez rieku Moravu, diagnostiku, problematiku
ndvrhu rekonstrukcie a technologické merania
pocas opravy.

Dialni&ny most cez rieku Moravu pri obci Brodské bol
postaveny a odovzdany do prevadzky v roku 1980. Tvoria
ho dva samostatné mosty oddelené zrkadlom Sirky 1 m.
KaZdy most je vytvoreny ako Zelezobeténovy predpaty
trojpofovy trdm jednokomorového prierezu premenne;
vy3ky s rozpatim 40 + 80 + 49,12 m (obr. 1).

Oprava mosta uZ v roku 1987 bola nevyhnutna preto, Ze
v stredovom poli narastal trvaly priehyb, ktory v roku 1987
dosiahol hodnotu 100 mm.

Diagnostika

Diagnostiku a navrh opravy vykonal Vyskumny dstav
inZinierskych stavieb Bratislava, stredisko Mosty v roku
1987 v ramci Statnej vyskumnej tlohy.
Stav nosnych kon3trukcii sa diagnostikoval od decem-
bra 1987 do juna 1988:
— nedestruktivne sa zisfovala kvalita beténu nosnej kon-
Strukcie, pevnost beténu Schmidtovym kladivkom,

Repair Work of the Highway Bridge over River Morava

Repair work of the highway bridge over river
Morava is presented in this paper. It contains the
bridge diagnosis, repair work design problems
and technology measurements during the repair
work.

The highway bridge over river Morava near the village
Brodské was built and opened to traffic in the year 1980. It
is made by two independent bridges separated by a 1 m
broad mirror. Every bridge is created as a prestressed rein-
forced concrete threespan one box beam with variable
thickness and 40 + 80 + 49,12 m span lenghts (Fig. 1).

The bridge repair work necessity initiated its manager
namenly Highway headquarter Praha, branch establish-
ment Brno in the year 1987. The reason of it was increase
of middle field permanent deflection which reached to 100
mm value in the year 1987.

Diagnosis

Bridge centre of the Research institute of engineering struc-
tures Bratislava was charged with diagnosis and design of
repair work and this problems were included in a state re-
search project.

3930 o el 4757

nove predpinacie kable
new prestressing tendons
UL

Ing. Milo§ Hruska, Ing. Miroslav Cervedan, Ing. Stanislav Suster—
VUIS-Mosty, s. r. 0., Lamagska cesta 8, 817 14 Bratislava.

Obr. 1. Pozdizny rez mosta cez rieku Moravu pri Brodskom
Fig. 1.Bridge over river Morava by Brodské
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moduly pruZnosti ultrazvukom aparatirou Pundit.
Kvalita beténu zodpoveda projektovanej triede B 40,

— podrobnymi prehliadkami sa urcil rozsah poékodepia
nosnej konstrukcie. Zistilo sa porudenie kotevnych
vystupkov kablov spodnej dosky vo vnutri komory mos-
ta a vznik prieénych trhlin po celej &jrke spodnej dosky
uprostred rozpatia stredného pofa,

— radiograficky sa overila poloha a pocet predpinacich
kablov v spodnej doske stredného pofa,

— polas prepravy nadrozmernych &asti chemického
reaktora hydrokraku hmotnosti od 404 do 457 t z
Bma do Slovnaftu Bratislava sa skamali G&inky mimo-
riadneho zataZenia. Merali sa zvislé deformacie nosnej
konétrukcie uprostred stredného pofa pri plynulej jazde
stpravy a priehyb celej konitrukcie pri statickom
zataZeni. Jedna preprava mimoriadneho bremena sa
vyuZila na zataZovaciu sku&ku mosta, pri ktorej ﬂéinbfy
bremena zodpovedali zafaZeniu pre prisnejsiu
zatajovaciu skudku (Gginnosti 1,07). Zistilo sa, Ze
nosné kon&trukcie nevyhovuji CSN 73 6209 velkosfou
priebyhu a pozorovalo sa roztvaranie prieénych trhlin
v spodnej doske stredného pola.

Navrh rekonstrukcie mosta

Z diagnostiky vyplynulo, Ze porudenim kotevnych blokov
nastal pokles predpétia v spodnej doske komorového prie-
rezu a stratila sa &ast projektovanej tlakovej rezervy v
spodnej &asti prierezu. Pri zafaZeni vznikal v priereze fah,
Zo signalizovalo otvaranie trhlin a tram staticky prestal
posobif ako spojity nosnik, nasledkom &oho sa zvysili prie-
hyby. ;

Pri statickom vy3etrovani mosta sa uvaZovala aj sku-
toénost, Ze pri letmej betonazi stredného pola z obidvoch
stran nenastala pri obidvoch konzolach vyskova zhoda.
Preto bola jedna konzola zafaZena bremenom 150t a
po zabeténovani stredu sa bremeno odstrénilo, ¢im sa do
kon&trukcie zaviedli trvalé pridavné napatia.

Pri navrhu sanacie sa vychadzalo ztoho, Ze chyba-
jlice tlakové napatie v priereze treba vniesf volnymi kabla-
mi. Pritom sa musela dodrZaf podmienka, Ze v Ziadnej &as-
ti prierezu nesmie vzniknuf fahové napatie a tlakové napa-
tie nesmie prekroéit hodnotu 15 MPa, a to pri zataZzenom aj
nezafaZenom moste. Problém bol viak v tom, Ze sa neda-
lo presne uréif, nakolko poklesla predpinacia sila v spod-
nej doske vplyvom poru$enia kotevnych blokov. Preto sa
pri postdeni pridavnych acinkov navrhovenej opravy
uvaZovali obidva krajné predpoklady, t. j., Z2e predpétie v
spodnej doske pdsobi pinou projektovanou hodnotou a
nasledne, Ze predpétie kleslo na nulu. Navrhovana uprava
sa zvolila tak, Ze nosna kon&trukcia pre vietky zataZovacie
stavy vyhovela.

Navrhovana rekon3trukcia spoéivala v predpati stred-
ného pofa tyrmi volnymi kablami vo vnutri komory tak, Ze
v strede su pri jej spodnom povrchu a su zakotvené do
prieénikov nad vnatornymi podperami. KaZdy kabel sa
sklada z devatnastich lan Lp 15,5/1 800. Na ochranu pred-
pinacich lan proti kor6zii sa pouZili obalové rary 110/6,5

State of the superstructure was found out from decem-
ber 1987 to june 1988. They were carried out following diag-
nostic operations:

— concrete quality of the superstructure was taken down
by means of non-destructive tests of concrete namely
compression strength by Schmidt hardness drop test-
er and Young's modulus by Pundit ultrasonic equip-
ment. It was determined that the concrete quality con-
firms to a designed B 40 standard class conditions,

_ extent of superstructure damage was found out with
detailed inspections. It was discovered the bottom slab
cables anchorage blocs cracking inside the bridge box
and cross cracks beginning in the middle span of mid-
dle field along the whole bottom slab breadth,

— prestressing cables number and location inthe middle
field bottom slab with radiographic method,

— extreme load reactor effects were discovered during
the chemical hydrocrack reactor parts transport from
Brno to Slovnaft Bratislava. The mass of those parts
was from 404 to 457 t. They were measured vertical
deformations of superstructure in the middle of the
middle field during the continuous set running. The
whole structure deflexion by statical loading was
measured too. One extreme load transport was used for
bridge load test the load effect of which corresponded
to a scharp load bearing test (1,07 efficiency). It was
found that the superstructures do not confirm standard
deflexion magnitude according CSN 73 6209. It was
observed the above mentioned cross cracs opening
in the middle field bottom slab.

Design of the bridge repair

It followed from the diagnosis works results that the ancho-
range blocks cracking initiated prestress force loss in the
bottom slab of the box girder. It was lost the designed pre-
stressing stress reserve inthe cross section bottom part in
this way. Tension arose in the cross section during loading.
This was signaled with the cracks opening and the girder
stopped functioning as a continuous beam which resulted
in deflexions raising.

The fact was taken in account during the statical bridge
inquiry that it did not originate in correspondence with
cantilever elevation by the over - hung from both sides of
the middle field concreting. One cantilever was loaded with
150t load for this reason and it was removed after the
centre joint part between both cantilevers was concreted.
The operation introduced supplementary permanent
stresses in the structure.

We started by the bridge repair work design from the
idea to supply the stress strains lacking with additional un-
bonded cables prestressing. They hadto be fulfilled follow-
ing conditions at the same time:

— it cannot arise tension stress from prestressing :
— itis forbidden to exceed the 15 MPa stress value as In
the loaded as the unloaded bridge.

There was point as issue that it was impossible to sel-
tle the precise prestressing force decrease value inthe
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mm z linedrneho polyetylénu IPE a injektaZna latka IN-
JEKT- HKL, ktorou sa vyplnili dutiny medzi lanami, s
moZnostou v budiicnosti land dopinaf. Dva spodné kable
st v blizkosti podpier zalomené, aby rovnomerne
prenasali predpinaciu silu na prie€nikoch. V miestach
deviatorov a kotevnych priecnikov sa polyetylénovy obal
kablov nahradil ocefovou rirou 108/5 mm. Navrhnuté
napatie v lanach je 906 MPa, napétie pri prevadzke 862
MPa s amplitidou 9,1 MPa od dynamickych Gé&inkov
zataZenia. Proti vibracii si kable zabezpefené vo
vzialenostiach asi 6 mm ocefovymi stojkami.

PretoZe staré prietniky by nepreniesli kotevnu silu od
kablov 9,7 MN, vybetdnovalisa za nimi nové priecniky, do
ktorych sa kable zakotvili.

Predpatim vznikol v strednom poli zaporny moment,
ktory vniesol do spodnej dosky potrebnu tlakovd rezervu.
Zaroven viak vyvola v krajnych poliach kladné momenty,
ktoré pdsobili nepriaznivo na napétosf konstrukcie. Preto
ako druhy staticky zasah do konStrukcie sa navrhlo
zniZenie konstrukcie na obidvoch koncovych podperach, a
to 0 65 mm v kratdom poli a o0 85 mm v dihSom poli.

Tymv celom trojpofovom nosniku vznikol zaporny mo-
ment. Hodnoty poklesu sa zvolili tak, aby zaporny moment
od poklesu eliminoval kladné momenty od predpatia v kraj-
nych poliach a zaroveri zvySoval ucinok predpatia v stred-
nom poli.

Konétrukcia sa zniZila vyburanim vrchnej €asti krajnych
podpier a vymenou hrncovych loZisk, pretoZe staré loZiska
uZ neboli plne funk&né. Pocas tejto fazy bola kon&trukcia
podopreta na prvkoch ledenia PIZMO.

Podla statického vypo&tu sa kombinaciou doda-
to&ného predpétia a zniZzenim loZisk na krajnych pod-
perach dosiahol trvaly tlak v beténe nosnej konstrukcie, a
to pri hlavnom zataZeni v hornych vlaknach prierezu v
rozpéti od -2,4 do -6,7 MPa a v dolnych vlaknach od -14,2
do -7,5 MPa. Zarover sa zastavilo narastanie priehybu a
trvaly priehyb sa zniZil o 53 mm.

Lavy most sa rekon&truoval v roku 1990 a pravy most v
roku 1991,
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Obr. 2. Gradienty teploty v hornej doske
Flg. 2. Temperature gradient in the upper slab

bottom slab which was initiated by prestressing block inju-
ry. That was why were both extreme valuesd taken in ac-
count by additional effects appreciation. The result of this
is that the bottom slab prestressing force is applited with
full designed value and subsequently that the prestressing
force decreased to zero. The designed arrangment was
chosen so that the superstructure conformed to all load
stages.

The designed repair work was based on the middle
field prestressing by the means of four unbonded cables.
They run inside the box and are situated in the middle by
its bottom surface and anchored in cross beams above the
inside supports. Every cable consists of nineteen stress
relieved strands Lp 15,5 mmdia. - 1 800 MPa. Linear poly-
ethylene LPR cover tubes 110 mm dia./6,5 mm were used
as a strand anticorrosive protection together with INJEKT/
HKL grout substance which filled the space between
strands. This cable solution makes strands represtressing
possible in future. The two bottom strands are bent near
the suports to secure a uniform prestressing force distribu-
tion in the cross beams. The steel tube 108 mm dia./5 mm
substitutes the LPE polyethylene cable coverin deviators
and anchorage cross beams spots. Designed initial strand
prestressing is 906 MPa, operational strand tension is 862
MPa with 9,1 MPa amplitude caused by dynamic load.
The vibration effects are intercepted with steel columns sit-
uated in circa 6 m distances.

The cables were anchored in the new cross beams
which were concreted behind the old one because they
were unable to transfer the anchored 9,7 MN cable force.

Negative moment originated in the middle field
from the prestressing force. It took a necessary stress
reserve into the bottom slab but it caused positive mo-
ments in the side fields too and acted unfavourably on
structure's stress condition. That is why there was de-
signed another steps namely to lower the structure
on both side supports namely by 65 mm in the shorter
field and by 85 mm in the longer one as a second step.
Negative moment arose subsequently in the whole
three-span girder. The values of support lowering were
chosenin this way that the negative moment caused by
structure lowering has to eliminate the positive mo-
ments from prestressing forces in side spans and in-
crease prestressing effect in the middle span as well.

The structure lowering was carried out by demolition
and removing of the upper part of side supports and than
exchanging the pot bearings because the old one were
not fully functional. The structure was supported on the
PIZMO scaffold during this repair work stage.

It was reached constant stress in concrete of the super-
structure namely by hte principal load from 2,.4 up to 6,7
MPA in upper fibres and from -14,2 to -7,5 MPa in the bot-
tom one. This was the final result of post tensioning oper-
ation in combination with lowering the side bearings both
results were in complice with the static design calculation.
Deflexion growth was stopped as well and the permanent
deflexion decreased by 53 mm.

The repair work of the left bridge was carried out in the
year 1990 and that of the right one in the year 1991.
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Obr. 3. Teplota beténu v réznych hibkach d od povrchu v éase
i-d=0cm,2-d=10cm, 3- d=20cm, 4-d=30cm,
5-d=40cm, 6-d=50cm

Fig. 3. Time dependance of concrete temperatures In vari-
ous depths from bridge surface
1-d=0cm,2-d=100m,3-d=20cm,4—d=30cm,
5-d=40cm,6-d=50cm

Technologické merania pocas rekonstrukcie

Opisany pomerne komplikovany spdsob opravy mosta si
vyziadal mimoriadne rozsiahle merania pocas celej rekon-
Etrukcie. Konkrétne sa sledovali tieto statické zasahy do
nosného systéemu:

— zdvihanie podpier &islo /a /Vo 10 mm na vybranie
starych loZisk,

- spu3tanie podpery &islo /celkovo 075 mm, v troch
etapéach priblizne po 25 mm, kv6li kontrole napativ roz-
hodujdcich rezoch,

— spustanie podpery na strane smerom na Breclav celk-
ovo 0 95 mm, v §tyroch etapach priblizne po 25 mm,
na kontrolu napéti v rozhodujucich rezoch,

— predpinanie volne vedenych kablov v $tyroch etapach
vZdy po predpnuti jedného kabla.

Spofahlivost vyhodnotenia merani bola podmienena
spravnou kompenzaciu vplyvu teploty na konStrukciu.
Preto sa do dvoch charakteristickych prierezov (maximal-
nej a minimalnej vy3ky) osadiliv réznych Grovniach sni-
madce teploty. Po&as asi 40 hodin sa uskutognili sibeZné
geodetické a teplotné merania, prifom automatizované
meranie umoZfiovalo meranie teploty kaZdych 30 mindt.

Pre dva charakteristické prierezy osadené snimaémi
teploty sa potom pre dolny aj horny povrch vypocitali
&asové priebehy teploty pre jednotlivé vzdialenosti 0, 5,
10, ..., 50 cm od povrchu prierezu (obr. 2). Z priebehov
teplét sa v jednotlivych Easoch ziskali priebehy teploty po
vySke prierezu (obr. 3).

Z tychto teplét sa vidy v polhodinovych intervaloch vy-
potitali primarne momenty M; a normalové sily N, pre
vietky typy prierezov. Tymito dvojicami M,a N, sa zafaZili
konce vypo&tovych prvkov, t. j. pritov vo vypoé&tovom mo-
deli spracovanom v programe DEFOR na vypotet rekon-
Strukcie mosta.

Technologic measurement during the repair work

Described relatively complicated bridge repair work meth-
od asked for extraordinary widespread measuring during
the whole work. They were observed in particular following
static inerventions in the load bearing structure system:

— No. I bearing lifting by 10 mm to make the old bearings
removal possible,

— No. /Vbearing lifting by 10 mm to make the old bear-
ings removal possible,

— No. /bearing lowering by 75 mm overall in three stag-
es about by 25 mm to make the stress checking in deci-
sive cross sections,

— the indirection Bfeclav side bearing lowering by 95
mm as whole gradualy in four stages circa 25 mm each
reason of which is tension inspection in decisive cross
section during the bearings lowering,

— unbonded cables prestressing in four stages always af-
ter one cable prestressing.

Reliability of the measuring evalution is conditioned
on a temperature effect compensation on the structure.
The two characteristic cross section (in the minimal and
maximal structure heigth) were fitted with temperature
measuring indicators in various levels. During circa 40
hour simultaneous geodetic and temperature measuring
was carried out and at the same time the automatic tem-
perature measuring made possible to measure every 30
minuts.

The temperature course inthose cross sections where
there are installated no thermometers was computed with
the well known physical equations on transmission of heat
in the solid body.

Both characteristic cross sections were fitted with tem-
perature measuring indicators. The temperature time
courses for the upper and bottom surface were calculated
for individual 0, 5, 10, ..., 50 cm distances from the cross
sectional surface (Fig. 2). They were gained temperature-
time-depth in the structures courses (Fig. 3).

Primary moments Mi and normal forces Ni for all cross
sectional types were computed from these temperatures
in one half hour intervals. Computational elements ends
were loaded with those Mi, Ni pairs. These elements are
bars in the calculation model worked up in DEFOR program
which was created for bridge repair work.

Mathematical calculation model based on temperature
measurement was created. It simulated the temperature
change effect on the bridge structure. The model cor-
rectness was verified by comparison of geodetically
measured bridge deflexion with computed one by tem-
perature changes. It was intervened in the structure not
only with static means but also with temperature influence
elimination which is illustrated in Fig. 4.

Tension finding in three spots of the upper slab by re-
lease tension method was the basic measuring for struc-
ture tension application in our bridge engineering at all.
Willingness of the investor namely Highway managment
Praha branch establishment Brno contributed to its imple-
mentation. They understood that new approches in briqge
diagnosi and measuring are needed to cope with the diffi-
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Na zaklade teplotnych merani sa vytvoril vypoétovy
matematicky model, ktory simuloval vplyv teplotnych
zmien na konstrukciu mosta. Spravnost modelu bola ove-
rena porovnanim geodeticky nameranych priehybov
mosta cd zmien teploty s teoreticky vypoé&itanymi prie-
hybmi od zmien teploty. Eliminacia vplyvu teploty pri sta-
tickych zasahoch je znazornena na obr. 4.

Na ur&enie napatosti konStrukcie na pravom moste
bolo treba najprv zistif napatia v troch miestach hornej
dosky konstrukcie metédou uvolfiovania napéti. Bolo to
prvé pouzitie metédy uvolfiovania napati v naSom most-
nom stavitelstve.

Metéda uvolfiovania napéatia tkvie v tom, Ze z
namahaného prvku konStrukcie sa urobi vyrez, na
ktorom nastane uvolnenie vnutorného napdtia. Tento
efekt sa prejavi zmenou pomernejdeformacie na vyreze,
na ktorom sa pod lisom zisti modul pruZnosti a stanovisa
uvolnené napatie.

Na moste boli vyrezané tri hranoly pédorysnych roz-
merov 450 x 450 mm (obr. 5).

Takdto zakladnu jednoduchi  predstavu v3ak
komplikovala skuto&nost, Ze cela konstrukcia sa nacha-
dzala v ur€itom meniacom sa teplotnom stave a Ze vo vy-
reze sa uvolfiovala nielen staticka napatost, ale aj napa-
tostod zmien teploty. Uvolneny vyrez sa takisto volne de-
formoval G&inkom teploty.

Zakladny vzfah na uvofnenie napéti sme uvaZovali
vtvare

Mﬂ
g = E'[(Eﬁ- 'J—

kde je velkost uvolneného napitia,

— modul pruZnosti beténu konStrukcie,

vzdialenost od neutralnej osi

moment zotrva&nosti prierezu,

¢as zadatia uvolfiovania napéti,

— €as po uvolneni napati,

— odmerana pomerna deformacie v éase 1,

— odmerana pomerna deformacia v ¢ase t,,

— momentv &ase t, v priereze v mieste vyrezu
od rozdielu teploty nameranej proti nulové-
mu teplotnému stavu,

— koeficient teplotnej roztaznosti beténu,

= teplota beténu vyrezu v ¢ase L,

R =2

gMeoyc~Coma
-3

pi-R

Obr. 4. Teplotnd kompenzécla merani

+ - namerany priehyb, —- priehyb od teploty, + - vysledny prie-
hyb

Fig. 4. Temperature compensations of measured deflexions
+ - measured deflexion, — - deflexion of temperature, ¢ - to-
tal deflexion

Obr. 5. Vyrez na uvolfiovanie napati v konstrukcii
Flg. 5. The cut-out sample used on releasing structure tension

cult statical repair work. They were used spots with al-
ready made holes necessary for other technological pur-
puses in the slab for the release tension method.

Release tension mezhod is based in the fact that taking
a cut-out in the stressed structure element is followed by
inner tension release. This effect is displayed by the real-
tive deformation change measured on the cut-out. The
Young#s modulus on the cut-out samples is found out by
the laboratory load test on result of which it is determined
to released tension value.

The three quadrangular prisms were cut out definitely
with 450 x 450 mm ground plan dimensions (Fig. 5).

This simple principle idea was complicated by the fact
that the structure is in a definite temperature state and
therefore it was released not only static tension but temper-
ature changes tension too. The released cut-out deformed
freely from temperature too.

The above mentioned facts considering is the principal
formula for the tension release as follows

e
?) - o=, Tl

where ¢ - released tension intensity,
E - Young's modulus of structure concrete,
e - distance fromthe neutral axis,
J - cross sectional moment of inertia,
t, — time of starting tension releasing,
t, — time after tension releasing,
e, — relative deformation measured off int, time,
e, — relative deformation measured off in t, time,
M, — moment in the t, time measured off with re
spect to the zero temperature state,
a, — concrete thermal expansivity coefficient,
T, — cut-outconcrete sample temperature intime t,.
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Zo vzfahu vyplyva, e uvedena metoda uvornepia
napétia na mostnej konStrukcii sa mbZe aplikovatl iba
vdaka vytvorenému matematickému modelu, ktorym sa

kompenzoval vplyv teploty.
Zaver

Ziskané hodnody z uvolfiovania napéti, ako aj z ostat-
nych technologickych merani sa pouZili na analyzu zmeny
napatosti. Ich porovnanim s projektovanymi hodnotam!
zmeny napétia sa potvrdila spravnosta aéinnost navrhnutej
koncepcie opravy mosta. Dokazujd to nakoniec aj statické
a dynamické zataZovacie skusky obidvoch mostov. Mo-
mentova G&innost pri maximalnom zataZeni hlavného pofa
bola pri obidvoch mostnych objektoch vadsia ako 1, ¢o
zodpoveda prisnej§im zataZovacim skuSkam. V rozhodu-
jucich rezoch boli napétiav homych vlaknach v rozsahu
od 37 do 67 % a v dolnych vidknach od 63 do 84 % teore-
tickych hodnét. Vypoé&itany priehyb uprostred rozpatia
stredného polaod skiSobného zafaZenia mal hodnotu 45
mm a namerany 41 mm. Kontrukcie obidvoch mostov sa
spravali pruzne. Uspe&nost rekonstrukcie potvrdila aj sku-
to&nosf, Ze nevznikli Ziadne trhliny a zainjektované trh-
liny sa neotvorili.

We can make deduction from this equation that it was
only possible to apply the above mentioned released tension
method on the repair work thanks the mathematical model
creation which counterbalances the temperature effect.

Conclusion

The values gained as from released tensions as from other
above mentioned technological measurements were used on
the tension changes analysis and were compared with de-
signed tension changes values. It was confirmed correctness
and efficiency of designed bridge repair work concept. This
was also verified at last by the both bridges static and dynam-
ic load tests. The tests were “sharpened” what follows from
the greater than 1 moment effectiveness by main field max-
imum loading. Discovered tensions in decisive cross sec-
tions fluctuated in comparison with theoretical values some-
where between 37 p.c. and 67 p.c. in upper fibres and between
63 p.c. and 84 p.c. in bottom fibres. Computed deflexion from
the testload was in the middle ofthe middle field 45 mm and
the measured one 41 mm only. The both bridges structure be-
haved elastically. The repair work succes confirmed also an-
other facts during the load test namely no crack arose and
grouted cracks did not open.
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Zosilnenie segmentovej konStrukcie mosta volnymi

kablami

Strengthening of Segment Bridge by Means of External

Tendons

Ladislav Buci

Opisovany most sa na dialnici D1 vybudoval v
rokoch 1981 aZ 1984. Nosnu konstrukciu mosta
tvori spojity nosnik s polami do 75 m, vybudova-
ny letmou montaZou zo segmentov. Kratko po
vystavbe sa objavili trhliny Sirky az 3 mm. Most
sa opravoval bez prerusenia premavky dodatoé-
nym predpétim volnymi polygonalnymi kdblami z
lan 102 Lp 15,5/1 800 MPa, chranenymi PE oba-
lom. Pocas u nas ojedinelej opravy sa konstruk-
cia deformacne sledovala a merali sa skutoéné
hodnoty koeficientov trenia aj predpinacej sily.

Most Dovalovec je jednym z va&Sich mostov na dialnici
D1 nasevernom Slovensku. Postaveny bolv rokoch 1981
aZ 1984. Jeho celkova diZzka je 528 m a maximalna vy&ka
nad terénom 25 m.

POLE
gRpcEsen. 1 £ 3. 8 5 B T 8
Mcortaturs: W)
Obr. 1. Pozdizny rez mosta (schéma)
Fig. 1. Longitudinal section of bridge (scheme)
Obr. 2. Pozdizny rez mostného pola >

a-schéma trhlin a pdvodné predpatie 0, 1 — otvorené Skary
a §ikmé trhliny; b - dodatoéné predpatie | a ll,

2 -deviator, 3- prie&nik

Flg. 2. Longitudinal section of bridge span

a- cracks and primary prestressing 0, 1 - open joints and
Inclined cracks; b - addition prestressign | and II, 2- de-
viator, 3 - cross beam

Ing. Ladislav Buci, CSc. — Dopravoprojekt, a.s., Kominarska 2 - 4,
832 03 Bratislava.

The described bridge was built in the years 1981
to 1984. Its structure consists of a continous
beam with 75 m spans, assembled from precast
segments by using a free cautilever method.
Short after the completion there were observed 3
mm cracks. The bridge was repaired withou traf-
fic interruption by means of additional prestress-
ing of polygonal free tendons consisting of @
10 Lp 15,5/1 800 MPa strands protected by PE
sheaths. During this in our country unique the
deformation of the structure have been contin-
uously ovserved and there were measured the
actual friction coefficients and the prestressing
force, too.

Bridge “Dovalovec” is on of the major bridges on the Motor-
way D1 in the north mountainous part of Slovakia. It was
constructed in years 1981-84. Total length of the bridge is
528 m, maximum height above the ground level is 25 m.

The bridge superstructure consists of eight continuous
spans upto 75m long (Fig. 7). Two parallel box girders of
constant height of 3,50 m form the bridge deck built up by
cantilever method of erection using precast segments with
glued contacts.
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zdvihova sila velkosti 2 700 kN na mostné pole maxi-
malne redukovala viastni tiaZ “uvolnene]’ Easti nosnej kon-
Strukcie dizky 42 m.

Deviatory na spodnej doske si na koncoch tejto Casti, v
blizkosti vyraznych &ikmych trhlin. Spojené su ocelovymi
prie&nikmi umiestnenymi pod nosnou konstrukciou (obr. 5, 7a
8). Takymto kon&truk&nym usporiadanim vertikaine zlozky
predpinacich sil pdsobia priamo ako vertikalne vonkajsie
predpétie stien, ktoré Sikmé trhliny uzatvara.

ey
100 %
)

v
»
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Obr. 9. Koeficlent trenia fv deviatoroch
Fig. 9. Coefficient of friction fin deviators

Ziskané skasenosti a ucinnost vykonanej opravy

Pogas celej opravy sanosna konstrukcia starostlivo sle-
dovala, pritom sa merali koeficienty trenia v deviatoroch
kablov a overovala sa uginnost predpatia.

Meranim magneto-elastickymi snimami boli zistené
skuto&né hodnoty koeficientov trenia v rozsahu 0,131 a2
0,154 pri pinom predpéti [2]. V Stadiu predpinania sa
namerali hodnoty fso zna&énym rozptylom, v zavislosti od
stupfia predpatia (obr. 9). Ukazuje to na rbznu droven
predpétia v usekoch kablov medzi deviatormi. MoZno
predpokladaf, Ze pofas premavky na moste sa tieto roz-
diely vyrovnaju prekizom kablov v deviatoroch. Hodnoty f
sa budd preto nadalej sledoval. Spomenuty rozptyl je
zdévodneny vzajomnym nerovnakym pritlaéanim sa
jednotlivych lan v deviatoroch.

Uginnost  vykonanej opravy sa sledovala po-
rovnavanim priehybov, spravanim sa sledovanej trhliny a
zafaZovacou skiskou. Vysledky pozorovani su:

SRKA TRHLINY
(o) & WIDTH OF THE CRACK

02 T

29 e =

Obr. 10. Priebeh pretvarania Sikme]j trhliny v éase (dodatoéné
predpétie stavby | a Il v rokoch 1987 a 1991)

Fig. 10. Change of the crack width in time (additional pre-
stressing | and Il in 1987 and 1991)

In respect the second requirement the number of ten-
dons and their lay-out were designed with the aim of lifting
the central part of span of 42 m the dead load of which is
approximately 270 tons.

Deviators are located atthe both ends of the above
mentioned central part of span close to inclined shear
cracks. They are bolted together with the steel cross beams
placed under bottom of box girders (Fig. 5, 7, 8). The
vertical components of prestressed forces then act direct-
ly as the vertical external prestressing of the girder webs
thus closing inclined shear cracks.

Experience gained and effectiveness of stiffening

Inthe course of stiffening the superstructure was monitored
very carefully. Coefficients of friction f in the deviators
were measured and the effectiveness of prestressing was
verified.

*To know the correct values of f several measurements
had to be taken by special elastic-magneto gauges. The
measured values were f=0,131- 0,154 at full prestress-
ing [2]. Inthe course of prestressing a great dispersion of
fwas observed depending onthe level of prestressign (Fig.
9). It showed that different forces were in the different
sections of tendons between deviators. The differences
were likely to be reduced when bridge under traffic be-
cause of tendons slipping in the deviators. Therefore the
values fwill be observed in future as well. The dispersion
may be explained by mutual radial pressure of tendons in
the deviators.

-
SO AND

PO PREDPATI Il -0592
Y BEFORE PRESTRESSING || AFTER PRESTRESSING I

(mm)  0491-PRED PREDPATIM Il

Obr. 11. Histéria priehybu nosnej konstrukcie
Fig. 11. History of superstructure deflection

Effectiveness of prestressing was checked by compari-
son of girder deflections, by behaviour of the observed
crack in span No. 6 and during the loading test. The results
are given below:

1. Closing of maximal inclined crack. Diagram ofa
long-term crack development in section VIl of span No. 6
shows the process of a gradual change of the crack width.
The original crack width was max. 3,0 mm, after its grout-
ing and prestressing of superstructure the width of it was
reduced (Fig. 10).

2. Superstructure deflection. Deflection of superstruc-
ture have been measured since 1987 [3]. History of deflec-
tion is shown on the Fig. 11. Lifting of superstructure in the
middle of the spans No. 6 and 3 after an additional pre-
stressing is considerable.

114

1. Stlaganie najvacsej Sikmej trhliny. Dlhodoby dia-
gram vyvoja trhliny v reze Vilv poli 6 dokumentuje pro-
ces jej postupnej zmeny. Pévodna trhlina bola maximalne
3 mm; po jej zainjektovani a predpéti nosnej konstrukcie sa
&irka trhliny zmen3ila (obr. 10).

2. Priehyby nosnej kon3trukcie. Nosna kon3trukcia sa
sleduje dihodobo od roku 1987 [3]. Histéria pretvorenia je zna-
zomena na obr. 11. Nadvihnutie konStrukcie v poliach6a 3
po predpati je vyrazné.

3. Vysledok zafaZovacej skisky. Teoreticky priehyb
uprostred rozpatia pofa 6 pri zafaZeni s (cinnosfou mo-
mentomn ,,= 1,11 a priehybomn y= 0,98 bol y=16,7 mm.
Skutoéne namerany priehyb je y = 10,3 mm < 16,7 mm.
Vetky tieto Einitele svedCia o vysokej Géinnosti doda-
toéného predpétia volnymi kablami.

Zaver

PouZitie volnych kablov pri oprave mosta Dovalovec sa
ukézalo ako velmi Gu€inné z hlfadiska zafaZitelnosti mosta.
Okrem toho, oprava sa mohla realizovaf iba v priebehu
piatich zimnych mesiacov v tvrdych horskych podmien-
kach. Spotreba predpinacej vystuZe dosiahla 13 kg.m?
spotreba ostatnych materialov je zanedbatelna.

Zucastnené organizacies

Projektant: Dopravoprojekt, a. s., Bratislava,
Investor: Riaditelstvo dialnic, Bratislava,
Dodavatel: InZinierske stavby, a. s., Ko$ice.

il Mi 1A

3. Loading test results. Theoretical deflection in the
middle of span No. 6 under loading test with moment effec-
tiveness n = 1,11 and deflection effectiveness n=0,98was
y= 16,7 mm. The real measured value y=10,3mm < 16,7
mm. All previously mentioned facts confirm the effective-
ness and reliability of accitional external prestressing.

Conclusion

Application of external prestressing in case of the Dova-
lec bridge stiffening improved substantially a bearing ca-
pacity of existing structure. Beside this the stiffening could
be carried out during five winter month in the sevdere
mountainous conditions.Prestressing tendons consump-

tion was 13 kg.m?, other materials consumption is nebligi-
ble.

Participating partners

Designer: Dopravoprojekt, a.s., Bratislava
Client: Riaditelstvo dialnic, Bratislava
Contractor: InZinierske stavby, a.s., Kogice
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Prvé aplikacie technoldgie MONOSTRAND

na Slovensku

First MONOSTRAND Technology Applications

in Slovakia

Technolégia dodatoéne predpétych konstrukcii
MONOSTRAND je v sucasnosti na Slovensku
velmi populdrna. Podla viacerych projektovych
rieseni bolo vybudovanych niekolko Zzauji-
mavych konstrukcii. V €lanku su uvedené riese-
nia stropnej dosky gardZe hotela DR, stropu a
strechy RK kostola v Bratislave a zékladovej
dosky obytného suboru v Pezinku.

Na sklonku roku 1992 sa Slovensko zaradilo do skupiny
Statov, ktoré uspedne vyuZivaju technolégiu dodatoéne
predpéatych dosiek vystuZzou MONOSTRAND.

Milan Chandoga — Jaroslav Halvonik — Miloslav Pastrnék

The use post-tensioned Monostrand technology
in Slovakia is very popular now. A lot of new
structures have been designed and few of them
were already built. The ardicle deals with four dif-
ferent structures; flat slab of Hotel DR carpark,
flat slab and roof of Bratislava RC-Church and
flat fundation slab building estate Pezinok.

Slovakia joined the group of states which managed
the post-tensioning slab technology with Monostrand rein-
forcing close towards the end of year 1992.
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Obr. 2. Geometria lan MONOSTRAND
Fig. 2. Plan of MONOSTRANDS

V ovela zloZitejSich ekonomickych podmienkach boli
v praxi potvrdené viaceré z technickych a ekonomickych
prednosti tejto vysoko progresivnej technologie. Podstat-
né je, Ze Slovensko ma vo vyrobnom programe vietky
dblezité komponenty technolégie, ako st lana MONOS-
TRAND a kompaktné kotvy PROJSTAR na kotvenie jed-
ného, resp. dvoch lan. Statické parametre obidvoch vy-
robkov st v sulade s FIP odport&aniami [1]. Prinévrhu
tychto kon&trukcii sa uplatnili CSN a chybaijtice ustanove-
nia sa doplnili odpora&aniami FIP. Tento prispevok sa za-
obera niektorymi z realizovanych kon&trukceii, ktoré pro-
jektovali autori €lanku pre firmu PROJSTAR PK, s. 1. 0.

Stropna doska garazi domu DV v Bratislave-
-Petrzalke [2]

Ide o prvi konstrukciu s pouzitim technolégie MONOS-
TRAND na Slovensku (r. 1992). Stropna konstrukcia
(obr. 1) sliZi ako otvorena parkovacia plocha osobnych
a nakladnych automobilov a autobusov. Pédorysny roz-
mer stropu je 101,3 x 35,0 m a tvoria ho tri navzajom od-
dilatované dosky. Podperny systém ma modulovi sief 8,6
X 7,2m. UZitoéné zafaZenie stropu dosahuje maximalne
hodnoty az 16 kN.m?2. Stropna konstrukcia je navrh-
nuta ako ortotropna doska s hribkou v stipovom pase
0,30 m a vostatnych ¢iastiach stropu 0,22 m. Medzilahlé
podopretie vytvaraj stipy rozmerov 0,90 x 0,30 m.
Charakteristické vedenie predpétia dosky je na obr. 2.
Vyrazne bol posilneny tramovy pas va&sieho rozpétia, v

There were confirmed technical and economical at-
tractions of this highly progressive technology in practice
even in much more complicated economic conditions. It is
of greatimportance that Slovakia has all important tech-
nology components like unbonded strands and compact
anchors Projstar for one or two strands anchorage. Stat-
ical parameters of the both products are in compliance
with FIP Recommendation [1]. CSN Standards were ap-
plied and missing regulations were supplied with FIP Re-
commendations. We present some of realized structure
designed and built by Projstar PK Ltd.

Post-Tensioned Flat Slab of Carpark of DR-Hotel
in Bratislava [2]

This is the first structure using Monostrand technology
in Slovakia (y. 1992.). The slab structure (Fig. 1) serves
as a passenger car, track and bus open parking area.
Ground plan size is 101,3 x 35 m and it is constituted by
three mutually separated slabs. The support system has a
8,6 x 7,2 m modular grid. The ceiling service load reaches
16 kN.m? value. The slab structure is designed as an or-
thotropic plate which is 0,30 m thick in the column chord
and 0,22 min the remaining parts. The columns of 0,90 x

Obr. 3. Typické vystuZenie nad podperou
Fig. 3. Typical reinforcement above column

Doc. Ing. Milan Chandoga, CSc.; Ing. Jaroslav Halvonik, CSc. -
KBKM SvF STU, Starohorské 2, 813 68 Bratislava; Ing. Miloslav
Pastrmak — Renos, a. s., MiletiCova 7a, 827 99 Bratislava.

Obr. 1. Dodatoéne predpdta stropna doska garazi domu
DR v Bratislave
Fig. 1. Post-tensioned slab of Carpark DR in Bratislava
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Obr. 5. Elasto-magneticky snimaé osadeny na predpinacom
lane MONOSTRAND

Fig. 5. Assembly of elasto-magnetic measuring gauge at
MONOSTRAND

ktorom sa nachadza 18 lan MONOSTRAND (obr. 3). Nad
podperami predpétie pokryva viac ako 60 % hodnoty ohy-
bového momentu od maximalneho zafaZenia. V polije
namahanie dosky na hranici vzniku trhlin a makka vystuz
spifia len poziadavku minimalneho vystuZenia.

PretoZe iSlo o prvi aplikaciu technologie, podrobne sa
sledovala napéatost a deformacia dosky aj predpinacej sily,
ato privneseni predpatia a v Easovom odstupe 1 mesiaca.
Na obr. 4 je znazorneny priebeh predpinacej sily v lane
pri jednostrannom predpinani lana kratSieho smeru, resp.
obojstrannom predpinani lana dihSieho smeru. Merania
sa uskutoénili pomocou 20 zabudovanych magneto-
elastickych dynamometrov H26-HC [3] na 8 lanach
MO-NOSTRAND (obr. 5).

Stropna a stresna doska RK — kostola v Bratis-
lave [4]

V poradi druha aplikacia technolégie MONOSTRAND sa
realizovala pri vystavbe RK - kostola v Bratislave. Pred-

Obr. 6. Geometria lan MONOSTRAND stropne] dosky RK -
kostola v Bratislave

Fig. 6. Plan of MONOSTRANDS for post-tensioned slab of
Roman Catholic-Church

0,30 m cross-section size make an intermediate support.
Typical prestressing cable line is in Fig. 2. The greater
span beam band where it is 18 Monostrand units was
considerably strengthened (Fig. 3). It covers more than 60
p. ¢. bending moment value of the maximum load above
the support. The Monostrand prestressing force is de-
signed to cover the slab stress on the cracking limit and
other reinforcement fulfills the minimum steel ratio condition
only.

Avery detailed slab observation was taken introduc-
ing the prestressing force during a one month time period,
because it was the first application of this technology. Uni-
lateral prestressing force behaviour is depicted in Fig. 4
namely of the strand situated in the shorter direction con-
ceivably of the two-sided prestressing in the longer direc-
tion. Measurement was carried out with the help of 20 piec-
es of H26-HC [3] magneto elastic dynamo meters on 8 Mon-
ostrand units (Fig. 5).
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Obr. 7. Geometria lan MONOSTRAND stresnej dosky
RK - kostola v Bratislave

Fig. 7. Plan of MONOSTRAND for post tensioned roof
of RC—Church In Bratislava

Ceiling and Roof Slab of a Roman Catholic
Church in Bratislava

The second in sequence Monostrand technology appli-
cation was realized by a Roman Catholic (RC) church
construction in Bratislava. The prestressing slab situated
above the columbarium (Fig. 6) enable upto 40 p. c.ver-
tical elements reduction i comparison with classical rein-
forced concrete solution and simplified the foundation
work substantially. The Monostrand units are situated in
column stripes. The slab has 0,20 m constant thickness.
It is strengthended with a couple of continuous 0,40 X
0,40 m size post-tensioned girders in those spots where
are the main assembly area walls.

The 32,5 x 22 m ground plane size roof slab (Fig. 7) is
without intermediate supports. The spatially broken gable
roof shape enables also to get over the 22 m span with rel-
atively little prestressing force. The slabis 0,20 until 0,30
m and it is reinforced in both surfaces.
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pata stropna doska nad kolumbariom (obr. 6) v porovnani
s klasickym Zelezobeténovym rieSenim umoZnila vyrazne
zredukovaf poéet zvislych podpernych prvkov a pod-
statne zjednodusila zakladanie. Lana si umiestnené iba
v stipovych pasoch. Doska ma konstantnu hribku 0,2 m,
pricom v miestach, kde su mudry hlavného zhro-
maZdovacieho priestoru, je zosilnena dvojicou doda-
toéne predpétych spojitych tramov s rozmermi 0,40 x
0,40 m.

Stredna doska —lomenica rozmerov 32,5x21,7 m (obr. 7)
je bez medzilahlého podopretia. Priestorovo ¢lenity lomeni-
covy tvar strechy dovoluje aj pri relativne malom predpati
preklenuf rozpétie priblizne 22 m. Doska ma hrubku 0,2 aZ
0,3m aje vystuZena pri obidvoch povrchoch.

Zakladova doska obytného siiboru Ganok
v Pezinku [5]

Prva velkorozmerna zakladova doska (obr. 8) s aplika-
ciou technolégie MONOSTRAND sa pouzila pri zaloZeni
patpodlaZzného obytného slboru Ganok. Podvodné
rieSenie (Zelezobeténova doska hribky 0,6 m) bolo nah-
radené predpétou doskou hribky 0,37 m. Predpétie dvoj-
lanovym systémom MONOSTRAND (obr. 9a 10) vytvara
sief s okami 1 m. V pozdiznom smere maju kable para-
bolicky tvar, ktory je v sulade s prie€énym nosnym systé-
mom objektu. PoZadovana napatost v prie€nom smere sa
docielila sluékovym vedenim priamych kablov. Zvaésenim
hrdbky maziva MONOSTRAND sa mohla sluéka predpi-
nat iba z jednej strany.

Na zakladné vystuZenie boli pouZité zvarané siete
KARI. Siete su pri obidvoch povrchoch dosky a v kritic-
kych miestach ich dopiiia pritova vystuz @ V 14 mm.

Velmi déleZitym technologickym opatrenim je dklad-
na antikor6zna ochrana kotvenia. Okrem klasickych
prvkov ochrany (konektor, Eiapka, mazivo) sa na cemen-
tovii maltu vyplifiajicu kotevni kapsu aplikoval nater

Foundation-Slab of a Residential Ensemble
Ganok in Pezinok

The first large-scale foundation-siab (Fig. 8) with Monos-
trand technology application was implemented by the
five floor residential ensemble Ganok foundation. The in-
itial solution namely the reinforced concrete 0,60 m thick
slab was substituted by prestressed 0,37 m thick one. The
two-strand prestressing system Monostrand (Fig. 9, 10)
creates a modular grid with one meter broad gaps. The
cables have a parabolic form in the longitudinal direction
which is in compliance with the transversal load bearing
system of this building. The asked state of stress value in
the cross direction is carried out with looping the straight
cable line. The unilateral cable loops prestressing was pos-
sible with enlarging the monostrand grease thickness.

The welded Kari nets were used on the basic reinfore-
ing. The Kari nets are situated on both slab surfaces and

Obr. 9. Priprava vystuZe dosky D 1
Fig. 9. Slab D 1 - assembly of MONOSTRANDS




MATERIALY, TECHNOLOGIA. REA
XYPEX, ktory je vodonepriepustny.

Projektantom a dodavatefom predpatia dosiek bol
PROJSTAR PK, s.r.o., Bratislava. Realizaciu predpatia
vykonali pracovnici firmy PROJSTAR v spolupraci s
RENOS, a.s., Bratislava (garaZe domu DR, RK - kostol) a
TYKO, s.r.0., Pezinok (zékladové dosky obytného suboru
Ganok).

LITERATURA

[1] Priechodsky, V.: Statické a tinavové skusky kotiev PROJ-
STAR. (Static and fatique Projstar anchorage tests).
[Zavere&na sprava]. Bratislava, Stavebna fakulta Slovenskej
technickej univerzity 1992.

[2] Chandoga, M.: Projekt a realizacia dodatoéne predpatého
stropu DDR v Bratislave-Petrzalke. (Design and realization of
the post-tensioned ceiling slab of hotel-DR in Bratislava-
PetrZalka). InZinierske stavby, 41,1993, €. 12, s. 404-408.

[3] JaroZevig, A.: Napatost lan bez sddrznosti MONOSTRAND

they are supplied with rod reinforcement @V 14 mm di-
ameter in critical spots. Consistent anticorrosive anchor-
age protection was a very important technological pre-
caution. The anchorage pocket was always protected with
the top coat Xypex applied on the concrete mortar which
fulfilled the anchorage pocket except for classicall protec-
tion components (connector, cap, grease). The men-
tioned coat makes concrete waterproof.

The design and prestressing all structures PROJSTAR
PK, s.r.0., Bratislava. The contractor for Carpark DR and
RC - Church was RENOS, a.s., Bratislava. The contractor
for foundation slabs of Ganok residential ensemble is
TYKO, s.r.o., Pezinok.

Obr. 10. Priprava vystuZe dosky D 3
Fig. 10. Slab D 3 - assembly of MONOSTRANDS

merand MG metédou. (Stress Change of MONOSTRAND
measured with MG method. Passing through report UTR
*Technology MONOSTRAND application on ceiling slabs®).
[Priebezna sprava UTR “Aplikdcia technolégie MONO-
STRAND pre stropné dosky"]. Bratislava 1992

[4) RK - kostol DIhé Diely - Bratislava. Projekt predpatych
dosiek. PROJSTAR 1993.

[5] Obytny stbor Ganok — Pezinok. Projekt predpétych zakladov
a stropnej dosky. (Residential ensamble Génok-Pezinok. Pre-
stressed foundations and ceiling slab design). PROJSTAR
1994.

» kompaktné kotvy pre technologiu MONOSTRAND,
navrh predpatych konstrukcii, predpinacie prace

e compact anchorages for MONOSTRAND system,
design of prestressed structures, site prestressing

operations
PROJSTAR PK, s.r.o.

> PROJ STAR' 841 04 Brtitava

Tel. / Fax: 00427 / 722 432
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DRéTovﬁA, a.s.

920 28 Hlohovec _

_;§Mierovéz 2317
Slovenskd republika
Tel.: 0804/22241- 9, 2225
Feox: 0804/22742, 22146 .
Telex: 93803, 93804
- 'Markeﬁng tel.: {}804/51 2525

VYROBNY PROGRAM

OCELOVE DROTY S NiZKYM OBSAHOM UHLIKA holé, tvidé, 7hamé,
pozinkované rebrovemeé rovnomé

ZVARANE SIETE z hladkich a rebrovanjch drétov

PRIESTOROVA VYSTUZ DO BETONU

KLINCE holé a pozinkované

OSTNATY DROT

OCEL'OVE DROTY S VYSSIM OBSAHOM UHLIKA lamové, holé,
pozinkované, pneu, pruzinové, do predpdtého betonu

OCELOVE LANA holé a pozinkovoné

VIAZACIE PROSTRIEDKY Z OCELOVYCH LAN

OCELOVE LANA PRE ELEKTRICKE VEDENIA

OCELOVE LANA DO PREDPATEHO BETONU s normdinou a nizkou
reloxdciou

OCELOVE KORDY do pneumatik a dopravnych pdsov

ODUCTION PROGRAM :

AWN. NON - PATENTED WIRE
-CTROWELDED MESH FOR CONCRETE REINFORCEMENT :
: ICE GIRDERS FOR REINFORCEMENT OF CONCRETE CE!L!NGS

WN, PATENTED STEEL WIRE
L ROPES
STRANDS FOR ELEKTRIC LINES

WiFtE‘. STEEL STRANDS FOF\ PRESTHESSED CONCHETE '




Doprastav a.s.
Drienova 27

826 57 Bratislava
Tel. 00427/ 234 319
J  fax: 00427/ 233 342

Dodavatel inZinierskych stavieb vsetkych druhov

DOPRASTAV
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Your contractor in:
M roads

Bl motorways bridges
W watertanks

and pipelines

M sewerage systems

B sewerage treatment
plants

M irrigation projects

M buildings

Viaduct, V-1 Bratislava - Segmental bridge superstructure with External Tendons

Front Cover: Lafranconi Bridge — Bratislava

The biggest post-tensioned bridge built by cantilever method in Slovakia.

The first world application of very long External Tendons.
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