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Uvodné slovo prezidenta Slovenského komitétu fib

Introductory address of the President of the Slovak fib committee

Slovensky komitét fib, predtym FIP pdsobi na Slovensku od jeho
osamostatnenia v roku 1993. Za 13 rokov ¢innosti sa rozrastol
a dostal do povedomia odbornej betonarskej verejnosti, najma
vdaka obetavej praci Sirokého okruhu dobrovolnych pracovnikov
odbornych, projekénych a realizacnych firiem, vysokoskolskych
pedagdgov a vyskumnikov. Podobne, ako pri ostatnych narodnych
skupinach fib, nasim vrcholnym podujatim je narodna konferencia
fib. Tohto roku sa konferencia ,Beton na Slovensku 2002-
2006“ konala v aprili 2006 v Ziline. Konferencia ako priprava na
celosvetovy kongres fib v Neapole umoZnila zrekapitulovat pracu
Sirokého okruhu betonarov, ktora sa za ostatné roky najvyraznejsie
prejavuje v oblasti vystavby dopravnej infrastruktiry Slovenska.
Beton, to nie sl len mosty a tunely.

Vystavba priemyselnej infrastruktiry, spojena najma
s boomom automobilového priemyslu na Slovensku, umoznila
vyznamny narast vyroby betonovych prefabrikatov. Rastlce
poZiadavky na administrativne a bytové objekty viedli zas
k Sirokému uplatneniu monolitického betonu.

Beton na Slovensku patri dlhodobo medzi najobllbenejSie
konstrukéné stavebné materidly a to najma vdaka bohatym
surovinovym zdrojom a kvalitnému technickému zazemiu. Dostatok
vzdelanych inZinierov a technikov je vysledkom viac ako 60- ro¢nej
prace slovenskych odbornych a vysokych Skol, ktoré okrem toho, Ze
sU nositelmi vedy a pokroku, v Uzkej spolupraci s praxou realizujd aj
dalSiu vychovu odbornikov pre Specifické potreby praxe.

Vzhladom na finanénl naroénost a ¢asovl tiesen, tato
narodna sprava poskytuje len Uzke spektrum problematiky
prezentovanej na narodnej konferencii fib v Ziline.

doc. Ing. Milan Chandoga, PhD, v roku 1972 absolvoval
Stavebnu fakultu SVST (teraz STU) v Bratislave. Po ukong&eni
internej aspirantlry v roku 1975 nastlpil do zamestnania
na katedre Beténovych konstrukcii a mostov, kde pdsobi i
v slcasnosti. V roku 1992 zalozil firmu Projstar - PK spol. s
r.o., ktora sa venuje navrhovaniu a realizacii predpatych
konstrukcii a prvkov. Nosnym programom ¢innosti firmy
je vSak vyroba kotevnych systémov Projstar - CH a EM
monitorovacieho systému predpinacej sily. Je ¢lenom TK9
fib a od roku 2004 z titulu funkcie prezidenta slovenského
komitétu fib, je ¢lenom medzinarodného vyboru fib.

The Slovak fib committee, formerly FIP, has functioned in Slovakia
since its independence in 1993. Over the 13 years of its activity
it has expanded and found its way into the consciousness of the
professional concrete public, thanks in particular to the dedicated
work of a wide circle of volunteer employees of specialist, projecting
and implementation firms, university pedagogues and researchers.
As with other national fib groups, our peak event is the national fib
conference. This year the conference “Concrete in Slovakia 2002-
2006" was held in April in Zilina. The conference -as a preparation
for the world-wide fib congress in Naples - enabled a recapitulation
of the work of a wide circle of concreters, which as in other years
has most expressively shown itself in the area of construction of
Slovakia’s transportation infrastructure. Concrete is not only bridges
and tunnels. Industrial infrastructure construction, mostly relating to
the boom of the automobile industry in Slovakia, has made possible
a significant increase in the manufacture of concrete prefabricates.
Growing demand for administrative and residential buildings has,
again, led to the wide application of monolithic concrete.

For a long time now concrete has featured among Slovakia's
favourite construction building materials, and this chiefly due to its
rich natural resources and quality technical background. The good
supply of educated engineers and technicians is the result of more
than 60 years of work by Slovak specialist and university schools
which, apart from being centres of science and progress, carry out,
in close cooperation with practice, the further training of specialists
for the specific needs of the trade.

In light of financial and time restraints, this national report
provides only a narrow spectrum of the issues presented at the
2006 fib national conference in Zilina.

Doc. Ing. Milan Chandoga, PhD graduated in 1972 from the SVST
(now STU) Civil Engineering Faculty in Bratislava. Afterthe completion
of his internal doctoral study in 1975, he became a staff member
at the Faculty’s Concrete Constructions and Bridges department,
where he isemployed today. In 1992 he founded the firm Projstar-PK
spol. s r.0., which undertakes the projecting and implementation of
pre-stressed constructions and elements. The main program of the
firm’s activity however is the manufacture of Projstar - CHanchoring
systems and of EM monitoring system of pre-stress force. He is a
member of TK9 fib and from 2004, within his office as President of
the Slovak fib committee, is a member of the fib International Board.
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Unosnost a pretvdrne charakteristiky ocelovych zdmkov beténovych
dialni¢nych zvodidiel

Load bearing capacity and deformation characteristics of steel locks
of motorway concrete safety barriers

Martin KriZma - Terezia Niirnbergerova

Experimentalno - teoreticky vyskum deformacnych
vlastnosti a hodn6t (nosnosti zvislych ocelovych zamkov
beténovych zvodidiel vysky 810 a 1200 mm. Skisky zamkov
zvodidiel s vySkou 810 mm sa realizovali na skutoc¢nych
zvodidlach. Pre zvodidla s vySkou 1200 mm sa navrhla metéda
simulacie tahového napatia v samotnych zamkoch - skuska
sa uskutocnila na samostatnych kotviacich segmentoch. Po¢as
zataZovania sa sledoval proces deformacie jednotlivych zloZiek
ocelového zamku.

1. OvoD

Dialnicné zvodidlda sG slcastou zabezpecovacich
zariadeni v cestnej doprave. Zvodidlo svojou deformaciou
musiabsorbovatenergiuvozidlaprinaraze.Prezabezpecenie
spravnej funkcie zvodidiel sa vyZaduje splnenie viacerych
podmienok, napr.:zachovaniecelistvostizvodidla,dodrzanie
hodnoty prie¢nej deformacie, a pod. Betonové zvodidla sa
pouzivaju v pripadoch ked treba dosiahnut vySSiu Groven
zadrzania. Prefabrikované beténové zvodidla pozostavaju
z dielcov spojenych ocelovymi zadmkami. Zadmky zaistuju
celistvost zvodidla a pri havarii slizia ako timiace prvky
deformacnych zén, pricom s namahané prevazne tahom. V
technickych predpisoch [1], okrem poZiadaviek na zvodidla
a ich skusky, st definované aj hodnoty minimalnej tahovej
sily pri poruseni. V spolupracis firmou Doprastav Bratislava,
SR sa navrhla experimentalna metodika simulacie redlneho
tahového posobenia v zamkoch. Pévodné skusky zamkov v
samotnych zvodidlach, uskutoénené v roku 2000 [2], sa
nahradili oddelenymi skiskami zamkov. V prispevku su
uvedené vysledky dosiahnuté pri oboch typoch skusSok.
Experimentalne vysledky tvorili podklady ku globalnemu
hodnoteniu spolahlivosti zdamkov zvodidiel a pre udelenie
certifikacného osvedcenia.

Experimental - theoretical research of the deformation
properties and load bearing capacity of the vertical steel
locks of the concrete safety barriers 810 and 1200 mm high.
The locks of the safety barriers 810 mm high were tested on
real barriers. The method of simulation of the tensile stress
in locks were designed for the barriers 1200 mm high - the
tests were realised on the detached anchoring segments. The
deformation process of the individual components of the steel
locks was observed during loading.

1. INTRODUCTION

The motorway concrete safety barriers are a part of
the safety facilities in road transport. The safety barrier
by its deformation must absorb the energy of the vehicle
at impact. To ensure the proper function of the barriers
several conditions must be fulfilled, e.g. the barrier has
to keep its wholeness as well as the value of the lateral
deformation, etc. The concrete safety barriers are used in
cases where a higher level of restraint is required. Precast
concrete safety barriers consist of units connected with
steel lock. The locks ensure wholeness of the barrier and
at the impact, they react as damping elements of the
deformation areas being stressed mostly in tension. In
technical regulation [1], besides the general requirements
on the safety barriers and their tests, the values of
the minimal tensile force at failure are defined. In co-
operation with the company Doprastav Bratislava, SR an
experimental method simulating the real tensile action in
barrier locks was designed. The previous tests of locks on
the real barriers, carried out in the year 2000 [2], were
replaced by the single tests of the locks. The obtained
experimental results created background for the global
evaluation of the reliability of the safety barriers locks
and for the acquirement of the certification license.

Ing. Martin Krizma, PhD., Ustav stavebnictva a architektlry SAV, Dibravska cesta 9, 845 03 Bratislava, SR
Ing. Terezia Niirnbergerova, PhD, Ustav stavebnictva a architektdry SAV, Dlbravska cesta 9, 845 03 Bratislava, SR
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2. SKUSKY REALNYCH ZVODIDIEL

Deformacné viastnosti a inosnost zamku sa skusali na skutocnom
zvodidle vysokom 810 mm. Zamok zvodidla tvorili ocelové zvarence
- uzavery, pozostavajlce z dvoch U profilov ¢. 50 zabudovanych v
oboch &elach prvku. Spojovacim prvkom susednych uzaverov bol
ocelovy valcovany profil | 80 dizky 600 mm. ZataZovacia sila F sa
vyvodila pomocou dvoch hydraulickych valcov o kapacite F, = 400kN,
umiestnenych po oboch stranach skisanych zvodidiel tak, aby
vyslednica tahovych sil pdsobila v tazisku zvodidla (Obr. 1).

Zamok zvodidiel bol namahanystupnovitesa zvySujlicim zatazenim
az do porusenia. Hodnota zataZovacieho stupna bola AF = 16 kN.
Pocas skusky sa zaznamenavali roztvorenia ocelovych prvkov zamku
a pretvorenia betoénu prilahlej Casti zvodidiel. Registroval sa aj vznik a
rozvoj trhlin [2]. Priemerné hodnoty nameranych roztvoreni ocelového
zamku st vynesené na obr. 2 v zavislosti od tahovej zataZovacej sily F.
Skdmanu zavislost mozno rozélenit na tri charakteristické Casti.

¢ Na zaciatku zataZovania, priblizne do sily F = 80 kN, prebieha
dosadanie prirub spojovacieho | profilu na hrany ocelovych
uzaverov.

e Pruzné spravanie sa materidlu charakterizované lineadrnou
zavislostou sa prejavuje do sily F= 220 kN (stredna Cast krivky).

e V hornej Casti krivky je vidiet akceleraciu deformacie ako
dobsledok pruzno-plastického spravania sa materidlu zamku a
rozvoja trhlin v prilahlej betdénovej Gasti zvodidla.

Proces porusovania zamku zvodidiel Gzko suvisi s tvorbou trhlin.
Najskor boli na povrchu spozorované vodorovné trhliny, ktoré sa
pri zvySovani zataZenia irili smerom dolu. Tahovu silu postupne
preberala kotviaca vystuz, ¢o sa prejavilo na vzniku a rozvoji
dalsich trhlin a uz spominanej akceleracii pretvoreni. Odolnost
ocelového zamku zvodidla sa uréila na zaklade maximalnej

Obr.1 Pohlad zhora na
hydraulické valce, bo¢ny pohlad
na zataZovaciu zostavu

Fig. 1 Top view on hydraulic

jacks, side view on loading
configuration

2. TESTS OF REAL BARRIERS

The deformation properties and the resistance of the lock
were tested on the real barrier 810 mm high. The lock was
created by two steel weldments - closings that consisted of
two steel profiles U 50, built-in in both faces of the barrier.
Two adjacent closings were connected with the steel rolled
profile 1 80, 600 mm long. The loading force F was induced
by means of two hydraulic jacks with capacity of F, = 400 kN
placed on either side of the tested barrier in such a way that
the resultant of the tensile forces acted in the centroid of the
barrier (Fig. 1).

The lock of the barriers was tested under step-by-step
increasing load up to the failure. The value of the loading
step was AF = 16 kN. During the test the opening of the
steel elements of the lock were registered as well as the
deformations of the concrete of the adjacent part of the barriers
and characteristics of cracking [2]. The average values of the
measured openings of the steel lock are plotted in Fig. 2 in
dependence on the tensile loading force F. Three characteristic
parts of the investigated relationship may be recognised.

* At the beginning of loading, approximately up to the force
F = 80 kN, the bearing of the flanges of the connecting
| profile on the edges of the steel closings is taking place.

e The elastic behaviour of material characterised by the
linear dependence manifests itself approximately up to
the force F= 220 kN (the middle part of the curve).

* In the upper part of the curve the acceleration of the
deformation can be seen, resulting from the elastic-plastic
behaviour of the lock material and the cracks development.

The failure process of the lock is closely related to cracking.

450
400
350
300
250
200
150
100
50
0

Zatazovacia sila

|
|
1
0 2 4 6 8 10

Roztvorenie zamku (mm)

450

Force (kN)

Lock opening (mm)

Obr.2 Merané roztvorenia zamku zvodidla v zavislosti
od zataZovacej sily

Fig. 2 Measured openings of the lock in dependence of the
loading force
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Obr. 3 Celkové usporiadanie skisky a detail spojky a uzaverov zamku

Fig. 3 Test configuration and detail of the joint and locks of the lock

tahovej sily dosiahnutej pri poruseni, ktora bola F = 496 kN.
Predpisand hodnota tahovej sily vyplyvajlica z dynamickych
analyz je F,_ = 400 kN, rezerva spolahlivosti vyjadrena

sucinitelom y =F__/F,=1,24.

3. SKUSKY KOTVIACICH SEGMENTOV

V roku 2003 sa nadviazalo na predchadzajlce experimenty.
Skusali sa upravené zamky symetrickych betdénovych
dialniénych zvodidiel typu ,New Jersey“ vySky 1200 mm.
Cielom skusok bolo urenie tak pracovnych diagramov az po
pozadovani hodnotu maximalnej zatazovacejsily F,_ =700 kN,
ako aj skuto€nej Gnosnosti zamkov [3].

Zamok betonového zvodidla ma konsStrukéni  vySku
1000 mm a skladd sa z dvoch valcovanych a dodatoéne
zvaranych uzaverov 2xU50 a z 6smich (zamky BZV1 - BZV3)
alebo deviatich (zdmok BZV4) stuzujlcich prieénych kovovych
platni, na ktoré su privarené prity betonarskej vystuze. Spojenie
dvoch susednych blokov zvodidla je zabezpecené pomocou
ocelového véalcovaného profilu 1100 - zamky BZV1-3, alebo
180 - zamok BzZV4.

Odskusali sa celkove Styri zZamky, Stvrty zamok s modifikovanymi
rozmermi. Zamky boli namahané osovym tahom pomocou
Specidlne navrhnutého uchytavacieho zariadenia. Kazda polovica

First, the horizontal cracks on the surface were observed that
spread downward with increasing load. The tensile force was
gradually taken over by the anchoring reinforcement, which
was expressed by the development of further cracks and the
acceleration of the deformation. The resistance of the steel lock
was determined as the maximal tensile force reached at failure,
which was F, = 496 kN. The prescribed value of the tensile force
resulting from the dynamic analyses is F, = 400 kN, the reserve
of reliability expressed by the coefficienty =F__/F = 1,24.

lim

3. TEST OF THE ANCHORING SEGMENTS

The experiments continued in the year 2003. The adapted
locks of the symmetrical concrete motorway safety barriers of
the type “New Jersey” 1200 mm high were tested. The aim of the
experiments was the determination of the stress-strain curves
up to the required value of the maximal force F,_ =700 kN
and the real load bearing capacity of the locks [3].

The lock of the concrete barrier has structural height
of 1000 mm and consists of two rolled and additionally
welded closings 2x U50 and of eight (locks BZV1 - BZV3) or
of nine (the lock BZV4) stiffening transversal metal plates.
The reinforcing rods are welded to these metal plates. The
connection of two adjacent parts of the barrier is provided by

800 ;
pd BZV 1-3 o
< l BZV 4
@ 6004 g e -
= |
o |
S 400 A !
> |
O |
N |
S 2004 f- e
© |
N |

0 . ; .

0 5 10 15 20
Deformacie (mm)

800 ‘
BzV 1-3 |
T BZV 4

—~ 600 |
Z |
= |
o 400 !
2 |
o |
L 200 1
0 . . ;

0 5 10 15 20
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Obr. 4 Priemerné hodnoty pozdiZznych deformacii zamkov

Fig. 4 Average values of the longitudinal deformations of
the locks
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uchytavacieho zariadenia pozostavala z ocelovej platne hribky
20mm, privarenej k pozdiznemu roznasaciemu nosniku profilu
2L.100. Uzavery zamkov - 2U50 boli privarené k roznasacim
prvkom prostrednictvom betonarskej vystuze (obr. 3).

Celkova pozdizna deformécia zdmku sa sledovala pomocou
Styroch odporovych prietahomerov s citlivostou 0,025 mm. Zamok
s oznacenim 1 sa skusal pri stupnovite rasticom zataZeni, prirastok
zataZenia bol AF = 35 kN. Na kazdom zataZovacom stupni sa
zaznamenavala reélna zataZovacia sila F a pozdizne deformécie
zamku. Tento zataZovaci postup sa aplikoval az do predpisanej
hodnoty zataZovace;j sily F,.= 700 kN. Po dosiahnuti tejto hodnoty
sa merania ukonCili a zamok sa dalej zataZoval az do porusenia
- prudko narastali plastické deformacie a hodnota zataZzovacej Fsily
uzZ nestlipala. Maximalna hodnota sily, ktora reprezentuje Ginosnost
zamku sa odcitala priamo z riadiaceho pocitaca.

Ostatné zamky boli skiSané v tuhom zataZovacom reZime,
riadiacou veliCinou bola draha Celusti zataZzovacieho zariadenia.
Rychlost zatazovania bola v = 0,01 mm.s?, pricom sa kontinualne
zaznamenaval drahovy a silovy vystup zo zataZovacieho zariadenia
a hodnoty merani Styroch odporovych snimacov. Tak ako v pripade
prvého zamku, skiSka sa preruSila pri hodnote sily F=700kN.
Po demontdZi meracich zariadeni skiSka pokraovala az
dozaznamenania poklesu zatazovace;j sily.

Maximéln? hodnota sily F,sa urCila z pracovného diagramu.
Okrem pozdiznych deformacii sa po ukonceni skisky meralo
i roztvorenie drazok spodného a horného uzaveru zamku.

Priemerné hodnoty pozdiZznych deformacii zamkov st zobrazené
na obr. 4. Deformacie zamkov BZV1-3 sa navzajom liSili len malo,
takZe na obr. 4 sl vynesené spriemerované hodnoty pre vSetky tri
zamky. Podobne ako pri skiskach zamkov reélnych zvodidiel aj tu
priebeh deformécii mozno roz€lenit do troch Casti.

* Dosadanie prirub spojok na hrany uzaverov prebieha priblizne
do sily F = 200 kN a prejavuje sa nelinedrnym priebehom
deforméacie.

¢ Strednd, linedrna ¢ast zavislosti odpoveda pruznému spravaniu
sa materidlu medzi silami F= 200 az 500, resp. 600 kN.

« Elasticko-plastické pretvaranie zamkov, t.j. roztvaranie sa drazok
uzaverov a otlacanie prirub spojok charakterizované prudkym
narastom deformacii sa prejavuje v hornej casti krivky.

Uvedené poznatky su v sllade so zavermi skiSok na reélnych
zvodidlach. Naviac sa pri tychto skiskach vyraznejSie prejavuje
sposob zataZovania. Pri skiskach celych zvodidiel mohol zamok
pocas skuSky dosadat. Skusky kotviacich segmentov v osovom
tahu boli prevedené “natvrdo” a nepresnost pri zhotoveni zamku sa
prejavi vyraznejSie. Tento spdsob skisky zamkov poskytuje vysledky,
ktoré su na strane bezpecnosti.

Pozdizne deformécie zamkov pri predpisanej zatazovacej
sile F = 700 kN sa nachadzaju v hornej ¢asti stlpajlcich vetiev
pracovnych diagramov. Vzhladom na skutocnost, Ze ide o
kratkodobo pbsobiace zataZenie, nepredstavujl vyznamny vplyv na
celkové porusenie zamku. Hodnoty deformacii st uvedené v tab. 1.
Celkové pozdizne deformacie zamku BZV4 st ovplyvnené pouZitou
spojkou - 180. Deformécie pri sile F= 700 kN sl cca 1,5 nasobne
vacSie ako deformacie zamkov BZV1 az 3. Takze aj vplyv zosilnenia
uzaveru o pridanu platiu P90/8-180 vyrazne neovplyvni pretvarne
vlastnosti zamku ako celku. Odpoveda tomu i porovnanie krajnych
roztvoreni drazok po ukoncéeni skiSky - roztvorenie kritického
horného uzaveru zamku BZV4 je v porovnani s ostatnymi zamkami
najmensie (Obr.5). Mozno teda konstatovat, Ze proces porusovania
zamkov je wyrazne ovplyvneny veikostou pouzitého | profilu spojky.
Hodnoty vynesené na obr. 5 tieZ signalizuju, Ze najvacsie roztvorenia
drazok su pri okrajoch, zamok tesne pred porusenim ma charakter

means of the steel rolled profile 11200 - locks BZV1-3, or 180
- lock BZV4. Overall four locks were tested, the fourth lock with
modified dimensions. The locks were loaded by axial tension
by means of the special designed gripping device. Each half of
the gripping device consisted of the steel plate 20 mm thick,
welded to the longitudinal spread beam 2L100. The closings of
the lock - 2U50 were welded to the spread elements through
the reinforcing bars (Fig. 3).

The total longitudinal deformation of the lock was registered
by means of four resistance strain gauges with the sensitivity of
0,025 mm. The lock denominated BZV1 was tested under step-
by-step increasing load with the increment of AF = 35 kN. At
each loading step the real loading force F and the longitudinal
deformations of the lock were registered. The described loading
method was applied up to the prescribed value of the force
F,» = 700 kN. After this value was reached, the measurements
were stopped and the lock was further loaded up to the failure
- the plastic deformations grew rapidly and the value of the
loading force ceased to grow. The maximum value of the force,
which represents the load bearing capacity of the lock, was
taken off directly from the controlling computer.

Other locks were tested under stiff loading regime, the
hydraulic jack path being the control value. The loading speed
was v = 0,01 mm.s?, the path and force output from the loading
device and measured values from four resistance strain gauges
were registered continually. Likewise as in the case of the first
lock, the tests were interrupted after the force F= 700 kN was
reached. After removing the measuring equipment the tests
continued until the drop of the loading force was registered.
The maximal value of the force F,was determined from the
stress-strain curve. In addition to the longitudinal deformations
also the openings of the slots of the upper and lower closing of
the lock were measured.

The mean values of the longjtudinal deformations of the
locks are plotted in Fig. 4. The deformations of the locks BZV1-3
differed only little therefore averaged values of all three locks
are plotted in Fig. 4. Analogous to the previous tests, the course
of the load-deformation curves may be sectionalised into three
parts.

* Bearing of the flanges of the connection against the edges
of closings takes place up about the force F=200 kN and is
represented by the non-linear course of the deformation.

e The middle, linear part of the relationship corresponds to
the elastic behaviour of material between forces F = 200
to 500, or 600 kN.

* The elastic-plastic deformation of the locks i.e. the opening
of the closings slots characterised by the intense growth of
the deformations manifests itself in the upper part of the
curve.

These observations are in agreement with results of the
tests on the real barriers. More so, the effect of loading mode
is more expressive. During the tests on the real barriers, the
lock could bear against the concrete. In this case, the tests
of anchoring segments in axial tension were realised as “stiff”
and any inaccuracy in the lock construction shows itself
pronouncedly. The mentioned testing method of the locks gives
results, which are on the safe side.

The longitudinal deformations of the locks at the prescribed
value of the force F = 700 kN are on the upper part of the
ascending branches of the stress-strain curves. Regarding
the fact that it was shortterm load these deformations
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Obr. 5 Roztvorenie drazok tchytov

Obr. 6 Deformacia zamku a spojky
Fig. 6 Deformation of the lock and the joint

“zipsového efektu”. Spdsob deformacii uzaverov a spojok zamku je
ilustrovany na obr. 6.

Okrem zamku BZV1, ktory bol skisany v makkom rezime sa
hodnota sily pri poruseni uréovala zo vztahu zataZovacia sila F vs.
dréha zataZovacieho valca 8. Na obr. 7 su tieto vztahy uvedené
pre vSetky tri ostatné zamky. Celkové hodnoty (nosnosti su
uvedené v tab. 2. Rezerva spolahlivosti vyjadrena sucinitelom
y=F. . /F.= 117, pre zamok BZV4 y = 1,03.

Fig. 5 Opening of the lock slots

do not effect the total failure of the lock. The values of
the deformations are given in Table 1. The total longitudinal
deformations of the lock BZV4 are effected by the applied
connection - steel rolled profile 180. The deformations at
the force F, = 700 kN are circa 1.5 times bigger than the
deformations of locks BZV1 - BZV3. Neither the strengthening
of the closing with the additional plate P90/8-180 influence
significantly the deformation properties of the lock as a whole.
It corresponds with the comparison of the outer openings of
the slots after test - the opening of the critical upper closing
of the lock BZV4 is the smallest compared to the other locks
(Fig. B). It may be stated that the failure process of the locks is
significantly influenced by the size of the employed | profile of
the connection. The values plotted in Fig. 5 also signalised that
the biggest openings of slots were near the ends of the lock,
the lock immediately before the failure gapes zipper like. The
deformations of the closings and connection of the lock are
illustrated in Fig. 6.

Except the lock BZV1 that was tested under soft regime the
value of the loading force at failure was determined from the
relations loading force vs. path of the loading jack 3. These
relationships for all three locks are plotted in Fig. 7. The values
of the load bearing capacity are given in Table 2. The reserve
of reliability expressed by the coefficienty =F__/F = 1,17, for
the lock BZV4 y = 1,03.

1000
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Obr. 7 Zatazovacia sila F vs. draha zatazovacieho valca y

Fig. 7 Loading force F vs. path of loading jack y

8
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4. ZAVERY

Zamkyzvodidieldizky810 mmtvorenézvaranymivalcovanymi
profilmi 2U 50 o dizke 600 mm a spojkou z valcovaného profilu
180 preukazali pri skiske tahom pomerne velkl Gnosnost Foor
= 496 kN, pri malom pretvoreni. Pretvorenie zamku sa zacalo
neimerne zvacSovat aZz v Stadiu poruSovania v dosledku
plastickych deformacii. Rezerva spolahlivosti zamku vyjadrena
globalnym sucinitefom spolahlivostiy = F__ /F = 1,24.

Upravené zamky BZV1 az BZV3 dizky 1000 mm so spojkou
z valcovaného profilu 1100 dosiahli pri skuskach relativne
vysok( priemern( Gnosnost Foor = 823,8 kN. Tejto hodnote
odpoyedé globalny sucinitel spolahlivosti y = F__/F, = 1,17.
Pozdizne deformacie A = 9,0 mm pri sile F,_ = 700 kN sa
nachadzaju v hornej ¢asti pracovného diagramu. Vzhladom
na charakter poésobenia zatazenia neovplyvnia celkovu
Gnosnost zamku. Pri upravenom zdmku BZV4, dizky 1000 mm
so spojkou s valcovanym profilom 180 sa dosiahla Gnosnost
Fop = 7183 kN, zodpovedanci globalny sucinitel spolahlivosti
boly=F_ /F. =103. Pozdlzne deformacie A = 14,0 mm pri
sile F, =700kN sa nachadzaja v hornej Casti pracovného
diagramu a dosahuji 1,5 nasobku deformacii zamkov so
spojkou 1100.

Pouzitd skiSobna metdéda poskytuje spolahlivé vysledky
pri znacnej finanénej a éasovej Uspore. Dosiahnuté vysledky
vytvorili zéklad pre ohodnotenie globalnej spolahlivosti
navrhnutych zamkov zvodidiel.

im
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4. CONCLUSIONS

The locks of the barriers 810 mm high, created by the
welded rolled profiles 2U 50 with the length of 600 mm and
the connecting rolled profile 180 have shown relatively large
load bearing capacity Fu,pr =496 kN at small deformations. The
deformation of the lock started to expand excessively only at
the state of failure following the plastic deformations. Reliability
reserve of the lock expressed by the global coefficient reliability
y=F ./ Fi.= 124

The adapted locks BZV1 to BZV3, 1000 mm long, connected
with the steel rolled profile 1100 exhibited relatively high average load
bearing capacity F,_, = 823.8 kN. Corresponding global reliability
coefficient was y = F /F, = 1.17. The longitudinal deformations
A=9.0 mm at the force F,_ = 700 kN are in the upper part of the
stress-strain curve. Regarding the character of loading they do not
influence the total load bearing capacity of the lock. The load bearing
capacity of the adopted lock BZv4, 1000 mm long, connected
with the steel rolled profile I80 was F, | = 718.3 kN, corresponding
global reliability coefficient was y = F, / F., = 1.03. The longjtudinal
deformations A = 14.0 mm at the force £, = 700 kN achieved 1.5
multiple of the deformations of the locks with the connection 1100.

The applied testing method provides reliable results at the
substantial savings of finance and time. The obtained results
created the basis for the evaluation of the global reliability of the
designed locks of the concrete safety barriers.
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Experimentdlna a numericka analyza vopred predpatého vaznika

Experimental and numerical analysis of the precast prestressed girder

Martin Moravéik - Juraj Bedndrik - Petra Lesdkova

Prefabrikacia predstavuje v stcasnosti vyznamny c¢lanok
stavebnej vyroby v pozemnych aj inZinierskych konstrukciach.
Clanok sa zaobera experimentalnou a numerickou analyzou
vopred predpatého prefabrikovaného nosnika, ur¢eného ako
vaznik pre skeletové slstavy obchodnych centier. Nosnik bol
podrobeny meranim hlavnych pretvarnych veli¢in pri predpinani
ako aj pocas zatazovacej skusky realizovanej az do porusenia
nosnika. Nasledne bola vykonana nelinedarna numericka
analyza ako aj vypocet uvedenych veli¢in podla Eurokédu.

1. UvoD

S rozvojom a zdokonalovanim materialovej zakladne, hlavne
betdnu ako aj konstrukénych systémov, sa rozvijaju viaceré
aplikacie prefabrikovanych systémov do praxe. V si¢asnosti
umoZznuje prefabrikacia realizovat zloZité konstrukéné detaily,
spifiat naroéné poziadavky na povrchové Gpravy konstrukcii
a zvladat narocné terminové poziadavky na realizaciu stavebného
diela. Technoldgia vyroby velkorozponovych predpatych prvkov
bola spustend v PREFA Sucany a.s. roku 2004 a prvymi
konstrukénymi prvkami, ktoré sa zacali vyrabat boli streSné
predpaté vazniky. Jedna sa hlavne o priamopasové prosté
nosniky prierezu obdiznik. T a |, rozpatia do 25 az 30 m.

Vzhladom k skutocnosti, Ze sa jednalo o novd technolégiu,
ktora sa v podniku zacala pouzivat, doslo medzi vedenim podniku
PREFA Sucany, Stavebnou fakultou ZU Zilina a projektovou
kancelariou PRO ARCH Ruzomberok, ako hlavnym projektantom
k rozhodnutiu o vykonani overovacej statickej zatazovace;j
skisky streSného vaznika. Skiska bola vykonana aj v spolupraci
s firmou PROJSTAR-PK, s.r.0 Bratislava, za G¢asti doc. JaroSevica,
ktora zabezpecovala snimanie predpinacej sily po¢as napinania
ako aj poCas zataZovacej skusky.

Precasting is the important component of the building
productionincivilengineering.The experimentaland numerical
analysis of the precast prestressed girder is performed in this
paper. That girder is used as a tie-beam for the large span
skeleton system of shopping centres. The main mechanical
parameters of the girder during prestressing transfer and the
load testing was observed. The nonlinear numerical analysis
and standard approach according to Eurocode of crucial
observed parameters of the girder was realised.

1. INTRODUCTION

Development in precast elements being gone hand to hand
with improvement of material base and structural systems.
Complicated structural details, ambitious demands to quality
of surface arrangements and a strait time schedule of works
can be satisfied using precasting technology at present.
The experimental testing of the new prestressed girder was
performed because of the new prestressing line has been
implemented in the company PREFA Sucany since 2004.
The company have been started to produce various types
of the rod precast prestressed elements for skeleton and
roof systems, mainly for shopping centres. Rectangular, |, TT,
or shapes are common used shapes of girders. Extending
the production required verification of some physical and
mechanical parameters designed and manufactured precast
prestressed elements. Experimental testing were realised with
the cooperation company PREFA Sucany, Inc., University of Zilina,
design company PRO ARCH Ltd. and company PROJSTAR PK, Ltd.
One of distributed precast tie-beams for the big shopping centres
Kaufland has been chosen for experimental and numerical
testing. Original manufactured girder with 24,0 m length was
reduced to 18,0 m for experimental purposes. The general aims
of the experimental test are following:

doc. Ing. Martin Moravéik, PhD., Katedra stavebnych konstrukcii a mostov, Stavebna fakulta, Zilinska univerzita, Komenského 52,
010 26 Zilina, tel. +421-41-5135680, fax. +421-41-5135690, e-mail: martin@fstav.utc.sk.

Ing. Juraj Bednérik, PREFA Sucéany a.s., Podhradska cesta 2, 038 52 Sucany, tel. +421-43-4293385, fax. +421-43-4293050,

e-mail: bednarik@prefa-su.sk.

Ing. Petra Lesakova, Katedra stavebnych konstrukcii a mostov, Stavebné fakulta, Zilinska univerzita, Komenského 52, 010 26

Zilina, tel. +421-41-5135666, e-mail: lesakova@fstav.utc.sk.
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Obr.1 Schéma vySetrovaného vaznika v redlnom
skeletovom systéme

Fig. 1 Scheme of the investigated girder in skeleton system

Hlavné sledované ciele zataZzovacej skisky mozno rozdelit
nasledovne:
¢ overenie vnesenia predpinacich sil a vzopatia nosnika,
* overenie kapacity nosnika pre projektované zataZenie, pricom
sa simulovalo skutocné zatazZenie streSného plasta, obr. 1,
¢ sledovanie chovania nosnika v stave po vzniku trhlin,
¢ dosiahnutie stavu medznej Unosnosti nosnika.

Nosnik bol vyrobeny na novej predpinacej linke vo vyrobnej
hale Prefy pre obchodné centrum Kaufland Zlin. Pévodne
projektovany vaznik dizky 24 m bol redukovany na 18 m vaznik
prispdsobeny pre experiment svojim tvarom aj vystuzenim.

Reélne zatazenie streSného plasta predstavuje nasledovnu

skladbu:

- stéale zatazenie - kotvena félia, tepelna izolacia 80mm
+ 160mm, parozabrana, trapézovy plech (Ranilla Ran
- 1mm),

- obcasné kratkodobé zataZenie tvoria rozvody a vedenia,

- klimatické zatazZenie je tvorené snehom pre IV. snehovi
oblast, podla STN 73 0035.

2. ZAKLADNE PARAMETRE VAZNIKA

Predpaty nosnik bol navrhnuty podla normy [1], ako prvok
spinajlice statické poZiadavky pre prvky Il. kategérie. Pri navrhu
prvkov bol pouzity vypoétovy program ,PresBeam* Specialne
urceny pre komplexny navrh vopred predpatych (VP) prvkov.

Zvolenej 18 m variante nosnika zodpovedala aj znizena
konstrukéna vyska na 1050 mm. Celkova dizka nosnika je

18,30 m. Nosnik bol navrhnuty z beténu B 60, resp. C50/60.

V Case skUsky, teda po 35 droch bola dosiahnuta priemerna
kockova pevnost betdénu 63,9 MPa. Predpinaciu vystuz tvorililana
typu LSA 15,5/1800 MPa v celkovom pocte 14 ks. Usporiadanie
lan bolo v rastri 50 x 50 mm, pricom spodné 3 rady vystuze boli
po 4 lana a horny rad obsahoval 2 lana (lana A). V spodnom
rade boli 2 lana (lana B) separované prostrednictvom maziva
a polyetylénovej rirky na dizke 2,0 m od &ela nosnika. Lana boli
predpinané systémom Paul a vnesena predpinacia sila bola
186,8 kN, obr. 3, tab. 2. Makka betonarska vystuz bola zloZzena

Tab. 1 Vysledné hodnoty zataZovacich sil F a vnitornych sil

* to verify the transferring of prestressing force to concrete
element and prestressing losses,

e to prove sufficient load carrying capacity of the girder
for designed load level that has been simulated by the real
roof coat, see the Fig. 1, and Tab. 1,

* to observe the girder behaviour after crack propagation,

* to achieve the ultimate limit state of the girder.

The proposed skeleton system is manufactured in 12 x 18

m module and 4 roof beam being reacted on the girder in 1/3

of the span. There were proposed values of the load according

to standard [1]:

- permanentload consists from self-weight of the girder, weight
of concrete roof beams with trapezium cross-section with
basics 200 and 300 mm and 700 mm depth, anchored foil,
thermal insulation 80 mm + 160 mm fume-insulation and
trapezoidal plate (Ranilla Ran 1 mm).

- variable load constitutes from electricity distributions, air-
condition, etc. Climatic load consists from snow action for
the IV. snow area, according to [1] and the suck action
of the wind.

2. THE BASIC PARAMETERS OF THE GIRDER

Considering spatial and manipulation possibility the girder
with 18 m span was used for testing. Girder was designed
according to standard [2]. It has to satisfy the conditions
of tresses and crack width for element of “second category”.
That means-0,5 MPa compress stress at least in the permanent
tension concrete fibres due to permanent load action.
The computer program “PresBeam” was developed for design
of precast prestressed girders.

Depth of the investigated girder is 1050 mm and the other
geometrical parameters can be seen at the Fig. 2. Designed
concrete quality is C50/60. Self-weight of the girder is
12,45 t. The real average concrete cube strength was 63,9
MPa. Cement type of R was used. That means 35 days after
transferring of prestressing to the concrete. Concrete strength
was 46,8 MPa in the time of prestressing transfer. Elements
consist of 14 tendons LSA 15,5/1800 MPa. Tendons are
arranged to the raster 50 x 50 mm 4 tendons are included
to the bottom 3 rows (tendons A) and the 2 tendons belong to
top row, see the Fig. 2. Two other tendons in bottom row has
been separated using greased polyethylene tube on the 2,0 m
length (tendons B). Prestressing force was designed 186,8 kN
and applied using PAUL system.

For the longitudinal girder reinforcement was used profiles
¢ 10 and 16 mm type (R) 10 505, and for stirrups the profile
¢ 10 mm over 250 mm was used. There was reduced distance
to 100 mm above abutments and manipulate elements
for stirrups.

3. THE TEST ARRANGEMENT

Girder was continually observed from the time of tendons
stressing to the load test performing. These parameters
were scanned - prestressing force (P), vertical deflections (f)

Tab. 1 Designed values of the load and internal forces
for the girder

FIKN] | M[KNm] |V [kN] FIKN] | M[kNm] |V [kN]
charakteristicka hodnota | 239,30 | 1570,48 | 298,19 characteristic value 239,30 | 1570,48 | 298,19
navrhova hodnota 307,44 | 2135,35 | 372,13 design value 307,44 | 2135,35 | 372,13
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Obr.2 Schéma skiisobného nosnika - vystuZenie, priecny rez

Fig. 2 Reinforcement and the cross section of the girder

z profilov ¢ 10 a 16 mm typu (R) 10 505, obr. 2. Strmienky boli
navrhnuté profilu ¢ 20 mm po 250 mm so zhustenim na 100 mm
v mieste podpery a manipulaénych prvkov. Vysledna celkova
hmotnost nosnika predstavuje 12,45 t.

3. POPIS MERANIA

Merané boli veliciny ako predpinacia sila P, zvislé deforméacie f,
pomerné pretvorenia g, teplota t, kontrola poklzu vystuze A,
Sirka trhlin w. Na meranie pomernych pretvoreni (¢ v strednom
priereze - 5 bodov, boli pouZité tenzometre na beton typu,
HBM 50/120LY41 (dizka 10 cm) a tieZ prilozné deformometre,
obr. 4.

Tab. 2 Predpinacie sily a straty predpatia

using resistance sensors Novotechnik TR, concrete strain (g),
temperature (t), crack width (w) and possible tendon slip (A).
Deflection was recorded in 12 points along the girder span.
The concrete strain monitoring in 5 points was realised using
common Hollan mechanical strain gauger and strain gauges
of the type HBM 50/120LY41, see the Fig. 4. Possible settlement
of abutments was geodetically checked. The prestressing force
was recorded using elastomagnetic sensors, Fig. 4, using
PROJSTAR PK system. One was located on top tendon and one
was fixed on bottom tendon. Experimentally and theoretically
achieved results of actual prestressing force are presented in
the Tab. 2.

Tab. 2 Prestressing force measured during prestressing and transferring process

predpatie predpatie transfer transfer okamzité
Sila (kN) teoretic. zaznam pomer (-) teoretic. zaznam pomer (-) straty
Force (kN) prestressing. | prestressing | ratio (-) transferring | transferring | ratio (-) immediate
theoretic. recorded theoretic. recorded. losses
dolné lano
186,8 kN 184,3 kN 0,986 167,5 kN 158,2 kN 0,944 26,1 kN
bottom tendon
horné lano
186,8 kN 186,9 kN 1,001 171,1 kN 161,0 kN 0,941 25,9 kN
top tendon
180 ap
iy
\ i
175 A * Fsp/kN
E\ * Fhor fkN B0
- N )
z v
= i P mp
185 . =
; N
\'--....,.._ _5 g™
10 e = - = a7 w\’\
155 5
145 2004 14.9.2004 14 8.2004 14.9.2004 14.92004 14.92004 14.92004
1030 1095 1100 145 1130 11:45 12:00 ®0

Obr. 3 Priebeh predpinace;j sily a teploty betonu pri transfere
Fig. 3 The course of stressing force in the tendons
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Obr. 4 Meranie deformacii, pomernych pretvoreni a predpinace;j sily

Fig. 4 The deformations, strains and prestressing force recording

Zvislé deformacie (f) boli merané pomocou odporovych
snimacov. Rozmiestnenie snimagov bolo rovnomerne po dizke
nosnika v 12 bodoch ilustruje obr. 4. Na oboch koncoch boli
umiestnené snimace pre sledovanie mozného vodorovného
poklzu predpinacich lan (A po 1 kuse v spodnom aj hornom rade.
Pripadné sadnutie podpery bolo kontrolované priebeZne geodeticky.
Sirky trhlin (w) sa sledovali vizualne pomocou zvacSovacej lupy
s meradlom a tieZ fotometrickym spésobom pomocou digitalnych
fotoaparatov. Pocas predpinania, poc¢as tuhnutia beténu a tiez
v priebehu zataZovania nosnika bola monitorovana velkost
predpinacej sily (P) pomocou magnetoelastickych snimacov
vyvinutych fy. PROJSTAR-PK. 1 snimac¢ bol umiestneny na lane
vspodnom rade vystuZia 1 snima¢ na lane v hornom rade vystuzi,
obr. 4, v strede rozpatia. Teplota betdnu (t) bola zaznamenavana

The crack width was monitored with magnifier with scale
and photometric method using digital cameras was also used
for crack width calibration. The temperature of concrete was
measured 2 cm under concrete cover.

4. THE STRUCTURAL MODEL AND THE LOADING SCHEME

Girder was set on fixed abutments through elastic bearings.
Their deformations were recorded too. The reinforced concrete
panels with dimensions 2,0 x 3,0 x 0,45 m uniformly distributed
were used as loading elements. Their gravity was exactly
determined by suspension weight equipment and exact vertical
reaction was determined according to structural model. The
average one panel gravity oscillated from 2,1 to 2,2 t. Load
steps was realised incrementally without unloading steps. One
load step includes 4 panels equally assembled to 1 row with

18300
18000

2000 2000
s

panely
concrete panels-:

I VP nosnik
% Girder pevna podiozka

fixed ab

I gumoveé loZisko 1
elastic bearing

panely
= concrete panels
pevna podlozka 1
fixed abutment I -
[
VP nosnik

Girder

Obr. 5 Postup zatazovania
Fig. 5 The loading scheme of girder
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podas predpinania aj potas zataZovacej skisky, v hibke 2 cm
pod povrchom beténu.

4. STATICKA SCHEMA A POSTUP ZATAZOVANIA

Pocas skisky bol nosnik ulozeny na pevnej betonovej podpere
prostrednictvom gumovych loZisk, pricom sa snimacmi sledovalo
ich zatlacenie. ZataZovanie bolo vykondvané postupnym spdsobom
po krokoch - prirastkoch, bez odlahcovania. Ako zataZovaci prvok
slizili Zelezobeténové panely rozmerov 3 x 2 x 0,15 m ukladané
po 4 ks v jednej vrstve na dizke 4,0 m, obr. 5. Pri ukladani panelov
sa sledovalo ustalenie zvislych deformacii nosnika po max. rozdiel
medzi jednotlivymi Citaniami do 5 %. VSetky zatazovacie panely
boli presne oznacené a vazené na zavesnej vahe. Reakcia panelov
na nosnik bola presne vypocitana podla schémy ich podopretia.
Panely boli rovnomerne ukladané vzhfadom k stredu aj pozdiznej
osi nosnika tak, aby nesposobovali neziaduce kritiace UcCinky.
Ich priemerna hmotnost sa pohybovala okolo 2,1-+-2,2 tony. Celkovo
bolo uloZenych na nosnik 21 radov panelov.

5. NIEKTORE VYSLEDKY NUMERICKEJ A EXPERIMENTALNE)J
ANALYZY

Nelinedrna numerickd analyza priebehu transferu predpatia
ako aj priebehu zatazovacej skusky bolo vykonané v programovom
systéme ATENA ako 2D (loha. Vo vypocte boli uvazované aspekty
materialovej aj geometrickej nelinearity pricom sl vyuzivané principy
lomovej mechaniky a nelinedrneho chovania beténu s tlakovym
zméakéenim a tahovym spevnenim. V kontakte medzi vystuzou
a beténom je uvazovana dokonald sudrznost. V. modeli je vyuzity
exponencialny priebeh rozvoja trhlin v koncepcii pasu ,fixovanych
rozotrenych trhlin“ podla [5]. Lana si modelované ako diskrétne
prvky a makka vystuz ako ,dvojsmerna vystuz“, pricom je aplikovany
bilinedrny pracovny diagram ocele.

5.1 Faza transferu predpatia

Ako prvé boli merané pociatoné hodnoty vzopati prvku.
Namerané straty predpéatia véitane pruzného pretvorenia betonu
predstavovali asi 12 %. Namerana hodnota max. vzopatia
(po 24 hodinach) v strede vaznika bola 44 mm. Hodnota vzopatia
stanovena podla STN, [2] bola 31 mm. V hornom pase vaznika boli
detekované pravidelne rozdelené trhlinky do 0,2 mm. Pre porovnanie
realizovany aj nelinedrny vypocet pre nosnik z relativne mladého
beténu so zahrnutim efektu rozvoja trhlin, obr. 6. Nosnik bol
po priecnom reze rozdeleny do troch sekcii - horny pas, stena,
dolny pas, obr. 6, tab. 3. Pre jednotlivé sekcie bol stanoveny modul
beténu Ec a pevnostiv laku aj tahu podla [6] reSpektujlc redlny vek
betonu, diskrétny Cas (t) adjustovany teplotou betonu (tT) v danej
Casti prierezu a druhu cementu (s), vyrazy (1) a (2). Pre porovnanie
sU v tab. 3 uvedené hodnoty aj pre dalSie typy cementov.

E;0) =B E S fens]”, (1)
kde B0 =cbemrn] )

4 m length, see the Fig. 5. 21 rows of panels were completely
arranged on the girder that means 15 load steps were
realised.

5. SOME RESULTS OF NUMERICAL AND EXPERIMENTAL
ANALYSIS

The nonlinear FEM computer program ATENA was used
to analyse this problem to compare theoretical and experimental
values of above mentioned mechanical parameters for girder.
ATENA system enables to consider material and geometrical
nonlinearities of concrete structures based on fracture
mechanics and nonlinear solution principles. The constitutive
relations are formulated for the plane stress state. A smeared
approach is used to model the material properties for fixed
cracks and longitudinal and transversal reinforcement. Tendons
are modelled as discrete elements and for all reinforcement
was used bilinear stress-strain relationship In that concept
implemented material model SBETA, [5] was used for concrete
element. Perfect bond between concrete and reinforcement
is assumed within the smeared concept.

5.1 The phase of prestressing transfer

The measurement and numerical analysis of deflection
and prestressing force transferred to concrete had been realised
as first. The short-term losses were about 12 % including elastic
deformation of concrete. Real observed values of the camber
along longitudinal axis gained immediately after transferring
time (around 24 hours) was 44 mm. It was higher value than
designed value according Slovak standard approaches [2],
31 mm. Some cracks 0,1 mm width were detected on upper
flange to third length on both side of girder. Cross section was
divided to 3 sections - upper flange, web and bottom flange
respecting to concrete modulus of elasticity distribution along
the cross section, Tab. 3. Concrete modulus of elasticity was
considered as a standard value [2, 4] and values with respect
to the actual time (t) adjusted to the concrete temperature (tT)
and the cement type (s), [6]. For modulus was used followed
formulation,

E,(0)= B EQ[f o femo]™, A

where B.)= ebo-asiar i)’} 2)

5.2 Phase of the loading test

Experimental results of the vertical deflection due to load
steps action are presented at the Fig. 9. Deflection was analysed
in ATENA system and standard approach according to [4],
relation (3) was used too. Principle of incremental stiffness
reduction based on the average cross section curvature (k) has
been applied. Accurate coincidence between both of theoretical
values have been observed Theoretical values of critical bending
moment is Mcr = 1590,8 kNm. Experimental bending moment
was M = 1701,9 kNm when the first visible bending crack was
detected.

Obr. 6 Nosnik po predopnuti
Fig. 6 Deflection, crack

1. 706E+01

pattern and normal stresses
in middle section of the girder
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Tab. 3 Modul pruznosti betonu jednotlivych casti v zavislosti na teplote a ¢ase
Tab. 3 Concrete modulus of elasticity depending to temperature and cement type

Cement RS (52,5) CementN, R (32,5, 42,5)
Poloha
T(At) [ | f,,(®) [MPa] | E (1) [GPa] | T(At) [] |f,. (t) [MPa] | E(t) [GPa]
Location
horny pas
27,0 31,63 21,37 27,0 26,53 18,56
upper flange
stena
29,5 33,20 22,21 29,5 28,18 19,49
web
spodny pas
37,7 38,63 24,78 37,7 33,44 22,34
bottom flange
o experiment 0,120 - & measured
jz % 5 heoret-sandard- E 0.100 | © 0100 X calculMC90-RS
N 5 +2‘;§’:‘o““ffei?NR % X calculMC90-N,R
© —— theoret.-MC90-RS § 0’080 l <> 0,080
20 52,5 -nonlinear %
& 0,060 0,050
10 S 0,050 <& 0,050 o>
o . . . . . . . . — 0,040 - 0,038
0o 1 2 3 4 5 6 7 8 9 10 1 X 0,026 X 8'83‘21 X € 0,025 0,028
recorded point 0,020 7 0:015 X 0, X 0,021 & 0:018 025
Obr. 7 Deformacie a Sirky trhlin na nosniku vo faze 0.000 ‘ ‘ __no. of cracks
po transfere predpatia ' 1 > 3 4 5
Fig. 7 Deflection and crack pattern at upper flange of girder
' ' 3086
L4 =
’ { 3 E 2866 MRd=1,7TM
s : ' ' & 2666 —e—exp.sen 15,13
.l'. E A ; '3 % 2466 —=— exp.-sen 16,14
: ' ' ' g E s Mw02=138M  ——EC2
E : : N En 2066 —x— ATENA
i ' ' ' ' ' ' £ 1866
- : : " . . ‘ 2 Mer=1,02M
H % H H : - - O 1666
L] : .l : L] Ll ! L] L} L] Ll M| M
. . H 3 . : % ‘ 3 - 1466
0 + . - . . H . . L
L L 1 $ g g ) . 4 L] ' 1266
; . . : ] - ¥, : " : |
'! = H : : : . : X S : 1066
(ST R - - I 4 E r Zzz deflection (mm)
Obr. 8 Vzorka trhlin, model vs. realny stav, priebeh Obr. 8%5 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
deformacie v strednom priereze r. 0 90 120 150 180 210 240 270 300 330

Fig. 8 Vertical deflection vs. bending moments and crack
pattern in the middle cross section

5.2 Faza zataZovacej skisSky

Experimentalne zistené hodnoty deformacii, pretvoreni a Sirky
trhlin boli porovnavané s vysledkami nelinearneho numerického
modelu. Na obr. 8 je zobrazena vzorka trhlin pri zataZeni
na drovni Sirky trhliny 0,2 mm. Pre porovnanie uvedenych
pretvarnych velic¢in bol vypocet doplneny aj pristupom podla
[4] vyuzivajuc pritom vztahy zaloZené na priemernej krivosti
prierezu (k) vo faze po vzniku prvej trhliny. Aplikovany bol pritom
princip postupnej redukcie tuhosti. Teoreticka hodnota momentu
pri vzniku prvej trhliny bola 1590,8 kNm. Prva pozorovana trhlina
sa objavila na Grovni 1701,9 kNm, obr. 8.
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6. ZAVER

Zaznam vnesenej predpinace;j sily ako aj vysledky zataZovacej
skUsky typového vaznika potvrdili spinenie vysSie uvedenych
poZiadaviek na konstrukénl spolahlivost novovyrabanych
predpatych prvkov. Nelinearny materidlovy model SBETA
s fixovanymi trhlinami ako aj pristup podla [4] vhodne simuluji
dany problém. VysSie pociatoCné vzopétia je mozné popisat
viacvrstvovym numerickym modelom s premenlivym Ec.
Negativne s tym ovplyvnené okamzité straty predpatia asi o 6 %.
Vysledna Unosnost prvku vSak bola vyhovujica a ku kolapsu
nedoslo ani po prekroceni medze Gnosnosti (3273,6 KNm).
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doc. Ing. Martin Moravcéik, PhD., pracuje v oblasti experimentalno-
teoretickych pristupov k navrhovaniu a modelovaniu
Zelezobeténovych a predpatych konStrukcii s orientaciou
na nelinearne a pravdepodobnostné vypocty. Venuje sa hodnoteniu
a zvySovaniu spolahlivosti existujicich beténovych konstrukcii.

Ing. Juraj Bednarik je technickym riaditelom firmy PREFA
Sucany realizujucej Siroky sortiment prefabrikovanych
beténovych prvkov pozemnych a inZinierskych stavieb.

Ing. Petra Lesakova je v sicasnosti doktorandom na Stavebnej
fakulte ZU a pracuje na problematike modelovania predpéatych
mostnych konstrukcii.

6. CONCLUSION

Theoretical assumption of prestressing force transferring
was fulfilled. The sufficient load carrying capacity of the girder
was approved for designed load and manufactured girders
can be reliable useful in practice. The material model SBETA
with fixed crack model can be convenient useful for numerical
modelling of such problems. Starting camber was higher than
theoretical one but negative influence on resultant load carrying
capacity and serviceability of girder in service hasn’'t been
observed. About 6 % higher immediate prestressing losses in
comparison to theoretical ones can be observed. Theoretical
value of bending moment in ultimate limit state was exceed
(M = 3273,6 kNm) but the girder did not reached a failure.
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Monitorovanie nosnej konstrukcie
letmo betébnovaného mosta pri Fricovciach

Monitoring of the load-bearing structure of free cantilever
cast in-situ concrete bridge near Fricovce

Konstantin Kundrat

V prispevku su prezentované vysledky sledovania nosnej
konstrukcie pocas vystavby a pri zataZovacich skiskach
letmo beténovaného mosta. Ziskané ldaje sa konfrontuji
s poziadavkami noriem a predpokladmi projektanta.

1. OvoD

Nosnéa konstrukcia mosta D 214 pri FriGovciach (obr. 1) sa
budovala technolégiou letmej betonaze s pouzitim beténovacich
vozikov francuizskeho typu. ISlo o vobec prvé uplatnenie tohto
technologického zariadenia na Slovensku [1].

Dokumentaciu pre vykonanie prac mosta vypracoval
Dopravoprojekt, a. s. Bratislava, stredisko PreSov. Investorom

This paper presents the results of the monitoring of the
load-bearing structure of a free cantilever cast in-situ concrete
bridge during its construction and loading tests. The data
obtained are confronted with the standard requirements and
the assumptions of the designer.

1. INTRODUCTION

The load-bearing structure of the bridge D 214 near FriCovce
(Fig. 1) was constructed by the application of the free cantilever
cast in-situ concreting technology using travelling forms
of a French type. It is the first time ever this technological
equipment has been used in the Slovak Republic [1].

Obr.1 Most D 214 pri obci Fricovce
Fig. 1 The bridge D 214 near the village of Fricovce

Ing. KonsStantin Kundrat, PhD., Katedra beténovych konsStrukcii a mostov, Technicka univerzita v KoSiciach, Stavebna fakulta,
Vysokoskolska 4, 042 01 Kosice, tel. +421-55-6024255, fax. +421-55-6221661, e-mail: konstantin.kundrat@tuke.sk
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diela bola Slovenska sprava ciest Bratislava a realizovala
ho stavebna firma InZinierske stavby, a. s. KoSice.

2. SLEDOVANIE NOSNEJ KONSTRUKCIE A DOSIAHNUTE
VYSLEDKY

Pocas vystavby mosta a tesne pred jeho sprejazdnenim
sa okrem inych experimentalnych prac vykonali nasledujice
merania a sklUsky nosnej konstrukcie:

- geodetické merania

- napatost predpinacich kablov
- teplota nosnej konstrukcie

- zataZovacie skisky mosta.

2.1 Geodetické merania
Jednou z najdélezitejsich dloh pri vystavbe letmo beténovanych

mostov je smerova a vySkova rektifikacia beténovacich vozikov.

0Od spravneho nastavenia vozikov do projektovanej trasy pre

betonaz prislusnej lamely podstatne zavisi kvalita celého diela.

Vacsie, aj niekolkocentimetrové rozdiely v smerovom alebo
vySkovom vedeni je mozné postupne eliminovat a na konci
vahadla tak ziskat projektovanu niveletu. Lokalne disproporcie
vSak v konsStrukcii zostanu.

Po kazdom merani sa ziskané hodnoty konfrontovali
s predpokladmi vypocétu a rozhodovalo sa, ¢i voziky budd pre
dalSiu fazu vystavby nastavované podla povodného projektu
nadvyseni, alebo budu potrebné urcité korekcie a novy prepocet
vySkového vedenia. Z vyhodnotenia nameranych priehybov
vyplyva, Ze takéto zasahy do vedenia nivelety neboli potrebné.

Sucasne s geodetickymi meraniami nosnej konstrukcie sa
zistovalo sadanie a natacanie pilierov. Merania ukéazali, Ze sa
na spodnej stavby podstatné anomalie v priebehu vystavby
nosnej konstrukcie nevyskytli.

2.2 Napatost predpinacich kablov

Vlastnosti a trvanlivost kazdej predpéatej konstrukcie
zavisia od velkosti a spolahlivosti vnesenej predpinacej
sily. Pri predpinani kablov sa hodnota sily urcuje z plochy

piesta predpinacej piStole a vyvodeného tlaku na manometri.

Vel'kost vneseného predpétia sa pritom kontroluje porovnanim
teoretickych a nameranych predizeni napinaného kabla, ktoré
sa navzajom nesmu liSit o viac ako 5 %. Poznanie velkosti
sily po zakotveni kabla alebo v roznych Stadiach namahania

konstrukcie nie je mozné bez spolahlivého spdsobu jej merania.

V opacnom pripade sa projektant musi uspokojit s teoretickym
vypoctom strat predpatia, ktory je pomerne zdihavy a je zalozeny
na zjednodusujlcich predpokladoch.

Na meranie skuto¢nej hodnoty predpinacej sily sa osadilo
pred betonazZou vybratych lamiel pravého mosta objektu
D 214 spolu 8 elastomagnetickych (EM) snimacov typu
H80-HC. Rozmiestnenie snimacov sa volilo tak, aby bolo mozné
sledovat:

- silu v predpinacich kabloch pri vnasani predpatia

- rozdelenie sily po dizke kébla

- z nameranych hodnét sily a zo znamej geometrie kabla
vypocitat hodnoty koeficientov trenia v priamom a zakrivenom

Gseku
- velkost sil pod kotvami
- najma pri kratkych kabloch zarodku konfrontovat hodnoty sily

pri vneseni predpatia a vypocitaného predizenia
- zmenu sily v kabloch pri zataZzovacej skiiSke mosta
- sily v kadbloch dihodobo.

The contract documents for the construction works on the
bridge have been prepared by Dopravoprojekt, a. s. Bratislava,
a public limited company, the division in PreSov. The employer
of the construction works was the Slovak Road Administration
Company in Bratislava and the works have been carried out by
a building contractor, the company of InZinierske stavby a. s.,
a public limited company, KoSice.

2. MONITORING OF THE LOAD-BEARING STRUCTURE AND
THE RESULTS OBTAINED

During the construction of the bridge and immediately before
its putting into operation, besides some other experiments, the
following measurements and load-bearing structure tests were
performed:

- geodetic surveys,

- pre-stressing cable stress measurements,

- temperature measurements of the load-bearing structure,
- loading tests of the bridge.

2.1 Geodetic surveys

One of the most important tasks in the construction
of free cantilever concreted bridges is the rectification
of alignment of concreting carriages. The correct longitudinal
and vertical section alignment of carriages in the designed
line for concreting a particular segment is essential for the
good quality of the entire works. It is possible to eliminate
gradually greater several-centimetre differences in the
alignment of the line and thus obtain the designed profile
grade at the end of the balance beam. Nevertheless, some
local disproportions will still remain in the structure.

After each geodetic survey the results obtained
were confronted with the calculation assumptions and
a decision was made whether the carriages in the next
phase of construction should be aligned according to
the originally designed hogs or some corrections and
new calculations of the vertical line should be made. The
evaluation of the measured deflections led to the conclusion
that such interventions into the profile grade line were not
necessary.

Along with the geodetic surveys of the load-bearing structure,
the settlement and rotation of the piers was monitored.
The measurements showed that no severe anomalies in the
substructure occurred during the construction of the load-
bearing structure.

2.2 Pre-stressing cable stress

The properties and durability of every pre-stressed
structure depend to a great degree on the magnitude and
reliability of the applied pre-stressing force. In pre-stressing
cables, pre-stressing force can be specified from the area
of the pre-stressing pistol piston and the compression
applied in the manometer. At the same time, the applied
pre-stress is controlled by the comparison of theoretical
and measured elongations of the pre-stressed cable, which
must not differ more than by 5 per cent. It is impossible
to specify the magnitude of pre-stressing force after the
anchorage of the tendon or in various stages of pre-stressing
without a reliable method of its measurement. Otherwise,
the structural designer must make do with only a theoretical
calculation of losses of pre-stress, which is relatively a long
and time-consuming process and is based on oversimplified
assumptions.
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Obr.2 Objekt D 214 Friovce, pravy most - ¢asovy priebeh
sily v kabloch

Fig. 2 Element D 214 Fricovce, right-hand bridge -
distribution of cable forces

Priebeh zmeny sily v kdbloch od okamihu vnesenia
predpinacej sily do beténu az do ukoncenia zataZovacich skiSok
mosta je uvedeny v tab. 1 a znazorneny na obr. 2.

Merania napatosti predpinacich kablov vykonala firma
PROJSTAR, s. r. 0. Bratislava.

Z dosiahnutych vysledkov vyplyva [2]:

- vnesena predpinacia sila je v medziach povolenych normou
a je blizka projektovanej sile

- pokiz vystuze v kuZelikoch kratkeho priameho kabla zarodku

(kébel B8) je asi 4 mm, kym projekt uvazuje s hodnotou 6 mm.

Straty predpatia s mensie, ako teoretické
- koeficient trenia kratkeho zakriveného kabla zarodku (kabel

F)je asi 0,24. Je to mensia hodnota, ako uvazuje projekt (0,3).

Tu je vysvetlenie rozdielov medzi nameranymi a vypocitanymi

Tab. 1 Casovy priebeh sily v kabloch
Tab. 1 Distribution of cable forces

In order to measure the real pre-stressing force in the structure,
as many as 8 elastic-magnetic (EM) H80-HC sensors were embedded
in the structure before the concreting of selected segments of the
right-hand bridge cantilever D 214. The positioning of the sensors
was chosen in a way that enabled:

- the monitoring of pre-stress in pre-stressing cables during
the pre-stress application;

- the monitoring of the distribution of pre-stressing force along
the length of the cable;

- the calculation of friction coefficients in straight and curved
elements on the basis of the measured pre-stress values and
the known cable geometry;

- the specification of forces under the anchors;

- the confrontation of pre-stressing forces during the pre-stress
application and the calculated elongations, especially in the
short cables of the starter segment;

- the monitoring of changes in cable force during the loading
test of the bridge; and

- the monitoring of the cable force in a long run.

The distribution of force changes in cables from the moment
of pre-stress application in concrete until the completion of the
loading tests of the bridge is shown in Tab. 1 and displayed in
Fig. 2.

Stress measurements in pre-stressing cables were carried
out by PROJSTAR, s. r. 0., a limited company, Bratislava.

Based on the results obtained, it can be concluded that [2]:

- theapplied pre-stressing force falls within the standard-specified
limits and it approaches the designed value;

- the reinforcement slip in the anchor cones of the short straight
cable of the starter segment (B8 cable) is approximately 4 mm,
while the design assumes 6 mm; the losses of pre-stress are
lower than those in theory;

- the friction coefficient of the short curved cable of the starter
segment (F cable) is approximately 0.24, which is smaller than
the assumed design value (0.3) and provides an explanation
for the differences between the measured and calculated

Sila v kébli [ kN ]

Cable force [ kN |
Kabel / Cable A4- A4- A4- F- H5P- A4- H1iL- B8-
Miesto / Position Z4 La47P La47L Z1 La47L Z1 La47L Z1
EM Snimac
EM Sensor SN1 SN2 SN3 SN4 SN5 SN6 SN7 SN8
27.04.2000 2066 2221
22.07.2000 2010 2097 2116
25.10.2000 1905 1972 1935 2248
17.04.2001 1879 1921 1940 1829 2020 2 100 2006
31.07.2001 1728 1925 1818 1815 1884 2061 1970
18.06.2002 1678 1795 1634 1704 2389 1756 1743 1809
26.05.2003 1675 1793 1624 1700 2290 1742 1745 1789
28.05.2003 1675 1794 1629 1695 2288 1739 1743 1786
Straty [ % ]
Losses [ % ] 16,7 14,5 23,0 18,0 4,2 13,9 22,5 19,6
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prediZeniami. Namerané hodnoty predizenia kablov s velkym
zakrivenim sU vacsie ako uvedené v projekte

- este nizsie hodnoty sUcinitelov trenia (0,21 aZ 0,22)
vychadzaju v staticky uréitom kabli A4 na vahadle ¢. 4 -

- v kabli H1L (EM snimac osadeny v zmonolitiujicej lamele
D34 pola ¢. 4) sa nameral pri plnom zatazeni poli¢. 4a ¢. 6 -
pocas statickej zataZzovacej skusky najvacsi prirastok sily 40
kN (asi 23,5 MPa)

- v rovnakom kabli sa zistil pri pinom zatazeni poli¢.5a¢. 7
Gbytok sily 10 kN, ¢o je na hranici rozliSenia pouZitého -
meracieho systému

- stav namerany po ukonceni zataZovacej skisky je
vychodiskovym stavom pre dlhodobé monitorovanie zmien -
sily v predpinacej vystuZi poc¢as Zivotnosti konstrukcie.

2.3 Teplota nosnej konstrukcie

elongations, and the measured cable elongations in the cables
with a sharp curvature are greater than those specified in the
design;

the friction coefficients in both the statically determinate cable A4
and the balanced beam No. 4 are even lower (0.21 to 0.22);
the greatest force increment of 40 kN (about 23.5 MPa)
was measured in the H1L cable (an EM sensor situated
in a monolithic segment D34 in the span No. 4) under the full
load in No. 4 and No. 6 spans during the static loading test;

a force decrement of 10 kN was recorded in the same cable
under the full load of No. 5 and No. 7 spans, which is on the
limits of recognition of the used measurement system;

the values measured upon the completion of the loading test
shall serve as a basis for long-term monitoring of changes in pre-
stressing force during the service life of he structure.

Teplota konStrukcie zavisi od mnohych faktorov a v priebehu 2.3 Temperature of the load-bearing structure

dna sa ustavicne meni. Pre zohladnenie skutocnych klimatickych

The structure temperature depends on a number of factors

podmienok v statickom vypocte je potrebné poznat aktualne and is changing constantly during the day. When taking into
rozdelenie teploty v priereze. account real climatic conditions in the structural design,

Na meranie teploty nosnej konstrukcie mosta sa pouzili

it is necessary to become acquainted with the actual

systémové teplotné monitory STM 255 pre 5 teplomerov. Spolu je temperature distribution in the cross-section.

v betone lamely ¢. 46l a zarodku ¢. 3 zabudovanych 20 teplomerov.

System temperature monitors STM 255 for 5 thermometers

SubeZne sa zaznamenava aj teplota ovzdusia a teplota vo vndtri were used to measure the temperature of the load-bearing
komory mosta. Meranie teploty sa uskutocnuje automaticky v structure. As many as 20 thermometers were embedded in the
dvojhodinovych intervaloch. Namerané (idaje sa ukladaju do paméate concrete of the left-hand segment No. 46l and the starter
monitora a po nacitani do pocitaca je ich mozné dalej spracovat segment No. 3. Temperatures of the ambient air and inside
a analyzovat. the bridge chamber are being recorded simultaneously and

Z doteraz uskutocneného sledovania teploty betonu lamely automgtically at .two-hour intervals. The -data measyreq are
&. 461 (obr. 3) a zarodku &. 3 v lokalite FriGovce je mozné vyslovit stored in the monitor memory and after their downloading in the

tieto zavery:
- najvySSia namerana teplota beténu dosiahla asi +32 °C,

computer it is possible to process and analyse them.

Based on the recent temperature monitoring in the concrete

najnizSia teplota beténu sa pohybovala okolo - 12 °C of the left-hand segment No. 46 (Fig. 3) and the starter segment
- rovnomerné oteplenie beténu nosnej konStrukcie mozno No. 3 in the location of FriCovce, it is possible to draw the
uvazovat hodnotou +25 °C following conclusions:
13 500 v
T7 Ti
L L
TS ~
™
o
i T10
]

6 400

Obr. 3 Schéma rozmiestnenia teplomerov v lamele ¢. 461

Fig. 3 A diagram of positioning of thermometers in the left-hand segment No. 461
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- zistené rovhomerné ochladenie beténu mosta je asi - 8 °C

- nerovnomerné oteplenie (ochladenie) pri hornom okraji
prierezu je v zhode s predpokladmi noriem [3 a 4]

- nerovnomerné oteplenie pri dolnom okraji prekracuje
hodnoty noriem [3 a 4], kym ochladenie je v stlade s normami
[3a4].

2.4 Zatazovacie skiisky mosta

Zatazovacie skUSky mosta sa uskutocnili pod dohladom
Technického a skiSobného UGstavu stavebného, n. o.,
akreditované skisobné laboratorium, pobocka PreSov v stlade
s normou [5].

2.4.1 Staticka skiska

Pre zakladnu statickl( zataZovaciu skisku sa pouZilo
32 nakladnych aut s priemernou hmotnostou 26,2 t.
Vozidla sa umiestnili v mostnych poliach v najicinnejsej
polohe. Pri zistovani priehybu uprostred prislusného pola
zataZenie narastalo postupne v troch fazach. Polia sa
odlahcovali v jednej faze. Polovicné zataZenie sa nechalo
pdsobit 30 mindt, plné zataZenie a odlahéenie 60 mindat.
Uginnost tiaZze zataZenia predstavujica pomer skutoéného
skisobného k normovému zataZeniu sa pohybovala od 0,87
do 0,94. Analogicky sa vyjadrili ohybova Gc¢innost, ktora
dosahovala hodnoty od 0,84 do 0,99 a priehybova ucinnost
s hodnotami od 0,96 do 1,03. Uginnost statickych veligin
(tiaze a ohybového momentu) je vacéSia ako hodnota 0,8
doporucovana normou [5].

Priehyby v strede rozpatia kazdého mostného pola
sa merali Styrmi elektrickymi oto¢nymi inkrementalnymi
snimacémi, z ktorych dva sa osadili do spodnej dosky a dva
na konzolu prierezu. V pozdiinom smere sa z kazdej strany
medzilahlych podpier inStalovali na spodni dosku v smere
Sirky prierezu po dva elektrické odporové snimace na
meranie deformacie konstrukcie pri podperach. Meranie
poklesu a stlacenia pilierov, ako aj sadanie opdr sa vykonalo
nivelaénymi pristrojmi. PoCas sklsky sa automatickym
registratorom priebezne zaznamenavala teplota a vlihkost
vzduchu.

V sprave zo zakladnej statickej zataZovacej skisky [6] sa

uvadza:

- pomer zistenych pruznych zloZiek k teoreticky stanovenym
hodnotam pretvarnych veli¢in je pre pravy most 0,72 az 0,98
a pre lavy most 0,78 az 0,90

- pomer zistenych trvalych zlozZiek k celkovym nameranym
hodnotam deformacii je pre pravy most 0,01 az 0,11 a pre
lavy most 0,01 az 0,13

- pri zataZovacej skiske sa nezistili trhliny ani na jednom
moste

- zistené sadanie opdr (maximalne 0,60 mm) sa zohladnilo pri
vyhodnoteni priehybov

- pravy aj lavy most pri zakladnej zataZovacej skiske vyhovel
poziadavkam normy [5] pre zataZovaciu triedu A.

2.4.2 Dynamicka skuiska

Ako skiSobné zataZenie sa pouZilo vozidlo nalozené na celkovl
hmotnost 25,0 t. Kvazistaticky priehyb konstrukcie sa stanovil
z hladkych jazd rychlostou do 5 km/h. Dynamické zatazenie
sa vyvolalo hladkymi jazdami a jazdami cez normov( prekazku
rychlostami 5, 10, 15, 20, 30, 40, 50 a 60 km/h v oboch smeroch.
Skutocna rychlost skiiSobného vozidla sa vypocitala znameraného
gasu prejazdu vozidla na Useku dizky 396,0 m.

- the highest measured temperature in the concrete reached
approximately +32 °C, while the lowest temperature
fluctuated around - 12 °C;

- auniform increase in the concrete temperature of the load-
bearing structure can be estimated at +25 °C;

- auniform decrease in the concrete temperature in the bridge
was found out to be approximately - 8 °C;

- anon-uniform increase (decrease) in the temperature at the
upper section edge corresponds to the standard assumptions
[3 and 4];

- a non-uniform increase in the temperature at the lower
section edge exceeds the standard values [3 and 4], while
the decrease corresponds with the standard assumptions
[3and 4].

2.4 Loading tests of the bridge

The loading tests of the bridge were performed under the
supervision of the Building Testing and Research Institute
(Technicky a skGSobny Gstav stavebny), a non-governmental
organization, an accredited testing laboratory, a branch in PreSov
in accordance with all standard specifications [5].

2.4.1 Static test

For a basic static loading test 32 lorries were used with
an average weight of 26.2 tonnes. The vehicles were positioned
most effectively in the bridge spans. In the determination
of deflections in a particular mid-span, the loads increased
gradually in three phases. All spans were unloaded in a single
phase. Half loading was applied for 30 minutes, full loading
and unloading for 60 minutes. Loading weight efficiency,
representing the ratio between of the actual testing and standard
loads, varied from 0.87 to 0.94. Analogically, bending efficiency
was specified and varied between 0.84 and 0.99, as well as
deflection efficiency with the values between 0.96 and 1.03.
The efficiency of static quantities (weight and bending moment)
is greater than 0.8 - a standard recommended value [5].

Deflections in the mid-span of each bridge segment were
measured with four electric rotating incremental sensors,
two of which were embedded in the lower slab and two in
the section cantilever. In a longitudinal direction from each
side of the intermediate piers, two resistance-strain gauges
were installed onto each of the lower slabs in the section
width direction to measure structural deformations near the
piers. The measurement of the downward movement and
compression of the piers, as well as their settlement was carried
out with levelling instruments. An automatic registration device
continuously recorded the air temperature and humidity during
the test.

The basic static loading test report [6] presented that:

- the ratio between the recorded elastic components
and theoretically specified values of deformations for the
right-hand bridge is 0.72 to 0.98, and for the left-hand bridge
0.78 up to 0.90;

- theratio between the recorded permanent components and
the measured total deformations for the right-hand bridge is
0.01 to 0.11, and for the left-hand bridge 0.01 to 0.13;

- there were no cracks found out in either of the bridges;

- the settlement of the piers (with a maximum of 0.60 mm) was
taken into consideration in the evaluation of deflections;

- in the loading test, both the right-hand and the left-hand
bridges met the standard requirements [5] for the loading
class A.
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Pri dynamickej zataZovacej skiske sa zistoval Casovy priebeh
zvislych priehybov v strede rozpati poli. Na tento Gcel sa pouzili
relativne inkrementalne snimace s rozliSenim 0,005 mm.
Pre jednotlivé polia sa zistila dynamicka Gcinnost zataZenia pri
skiskach 0,096 aZz 0,111. Pri dynamickej zataZovacej skiske
pravého a lavého mosta sa merali, pripadne z nameranych hodnot
vypocitali: hodnoty kvazistatického priehybu, smer a rychlost jazdy
skiSobného vozidla, hodnoty maximalneho dynamického priehybu,
hodnoty nameraného dynamického stgcinitela, vyhodnotenie kazdej
skusobnej jazdy podla poZiadaviek normy[5], zavislost dynamického
sUcinitela od rychlosti skiiSobného vozidla, Gasové priebehy zvislého
priehybu a vlastné frekvencie kmitania jednotlivych poli.

V zaveroch sprav [7] sa konStatuje, Ze na zaklade splnenia
rozhodujucich kritérii normy [5] pri vSetkych skidsobnych jazdach
vo vSetkych sledovanych poliach obidva mosty pri dynamickej
zataZovacej skiiSke vyhoveli.

3. ZAVER

S vysledkami merani pocas vystavby boli priebezne oboznamovani
zastupcovia projektanta a investora. Ukazalo sa, Ze Zivotnost
zabudovanych teplomerov je nizka a niektoré prestali fungovat asi
dva roky od osadenia. Naopak, kedZe Zivotnost EM snimacov sa
predpoklada niekolko desiatok rokov, aj nadalej sa odporica zber
a vyhodnocovanie nameranych Gdajov. Ziskané tidaje m6zu byt pre
budiceho spravcu mosta déleZitym prvkom diagnostiky konstrukcie,
pre projektanta a realizatora prostriedkom na overenie teoretickych
predpokladov vypodtu, i kvality hotového diela.
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2.4.2 Dynamic test

A vehicle loaded up to the overall weight of 25.0 tonnes
was used as a testing load. A quasi-static deflection of the
structure was specified from smooth vehicle rides at the
speed of 5 km/h. Dynamic loading was applied by smooth
rides and rides over a standard obstacle at the speeds
of 5, 10, 15, 20, 30, 40, 50 and 60 km/h respectively in
both directions. The real speed of the testing vehicle was
calculated from the measured passage time of the vehicle
over a distance of 396.0 m.

In the dynamic loading test a distribution of vertical
deflections in time was monitored in the mid-span of the bridge
segments. Relative incremental sensors with the precision
of 0.005 mm were used for this purpose. Dynamic load efficiency
was specified for individual spans between 0.096 and 0.111.
In the dynamic loading test of the right-hand and left-hand
bridges, the values of quasi-static deflections, direction and
the speed of the testing vehicle, maximum dynamic deflection,
and dynamic coefficients were either measured or calculated
from the measured values. Equally, each testing passage/ride
was evaluated in accordance with the standard requirements
[B], the relationship between the dynamic coefficient and the
speed of the testing vehicle analysed and the distribution
of ertical deflections and self-excited frequencies of individual
spans were specified.

In conclusion, the reports [7] had it that after the fulfilment
of the essential standard criteria [5] in all testing rides and
all monitored spans, both bridges met the requirements
in the dynamic loading test.

3. CONCLUSION

During construction all measurement results were continually
reported to the staff representing both the designer and the
employer. It has been proven that the durability of embedded
thermometers is very low and some of them stopped working about
two years after their placement in the concrete. On the contrary,
as the service life of EM sensors is supposedly several decades, it
has been recommended that the collection and evaluation of the
measured data should continue in the future. The data measured
can serve as a valuable source of information for the prospective
bridge administrator in the structure diagnosis and as a means to
verify the theoretical calculation assumptions and/or the quality
of the performed work for both the structural designer and the
employer.
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podielal na zavadzani novych technoldgii vystavby mostov - letmej
betonaze, mostov z pozdizne delenych prefabrikatov a spriahnutych
ocelo-beténovych mostov. V sléasnosti je vedecko-vyskumnym
zamestnancom na Katedre beténovych konstrukcii a mostov
Stavebnej fakulty TU v KoSiciach. Odborne sa venuje problematike
navrhovania a experimentalneho overovania beténovych konstrukcii
a mostov.
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Structures and Bridges, the Civil Engineering Faculty, Technical
University at KoSice, and later as a research assistant in InZinierske
stavby, a. s., a public limited company in KoSice. He participated
in the introduction of new technologies in bridge construction
- free cantilever cast in-situ concreting, construction of bridges
from longjtudinally segmented pre-cast elements and composite
reinforced concrete bridges. At present, he works as a research
assistant at the Department of Concrete Structures and Bridges,
the Civil Engineering Faculty, Technical University at KoSice, where
he professionally concentrates on the structural design and
experimental verification of concrete structures and bridges.

[5] STN 73 6209 Bridge Loading Tests, 1979.

[6] Report No. M - 1/2003 on the basic static loading test
of a seven-span continuous double-bridge 214-00, Bridge
D1 over the valley at km 2,481 10, D1 FRICOVCE BY-PASS,
Building Testing and Research Institute, a non-governmental
organization, an accredited testing laboratory, a branch in
PreSov, 2003.

[7] Final Reports No. 12030073/P (L) on the Results
of a Dynamic Loading Test of the Bridge 214-00 on the
motorway D1 - FriCovce By-Pass, the right-hand (left-
hand) Bridge, Building Testing and Research Institute,
a non-governmental organization, an accredited testing
laboratory, a branch in PreSov, 2003.

TECHNICKA UNIVERZITA V KOSICIACH
TECHNICAL UNIVERSITY OF KOSICE

The Faculty of Civil Engineering of the Technical University
of KoSice was founded in 1976 and it started to function on
20" February in 1977.

The most important function of the faculty
is to participate in the progressive growth
of technical, scientific and economic level | |
of society by educating highly qualified civil [
engineers and by scientific and research
work.

Prior intent of the faculty is permanent
achieving of generaly accepted results in
the prior fields of creative activities —
educational and research — home as well
as abroad.

Permanent development of the faculty on
the threshold of 21st century is
characterised by continuing raising of
quality, by which we mean not only quality
of pedagogical and research employees
and of study and research programmes,
but also quality of students, ifrastructure
and faculty premises.

STAVEBNA FAKULTA

FACULTY OF CIVIL ENGINEERING
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Homogenizac¢nd hala Holcim a.s. Rohoznik

Homogenization hall Holcim a.s. (Corp.) Rohoznik

Jozef Pavldsek - Jozef Meli$ - Miroslav Hanu$

Spolo¢nost Holcim (Slovensko) a.s. vyrobca cementu,
kameniva a transportného betonu v ramci modernizacie zavodu
RohoZnik sa rozhodla pristavat novi halu na skladovanie
a homogenizaciu surovin s kapacitou 22 000 t surovin.

1. UvoD

Néaklady natakytotyp halys pomerne rozsiahlou konstrukciou
nie s zanedbatelné. Preto investor uvazoval dve alternativy
konstrukéného rieSenia novej haly predhomogenizacného
skladu surovin :

- ocelovl konstrukciu

- Zelezobetonovu konstrukciu

Obe predloZené alternativy splnili poZadované technické
a Casové ukazovatele. Pre Zelezobetdnovu variantu sa investor
rozhodol z ekonomickych dévodov - nizSich investi¢nych
a prevadzkovych nakladov.

Monolitické prace boli minimalizované a predstavovali len:

- podkladné betény pre prefabrikované Zelezobeténové patky
s kalichom

- Gast stuzujucich stien medzi prefabrikovanymi patkami
- dratkobetonovi podlahu

Prefabrikované boli :

- zakladové patky s kalichom celkovej hmotnosti 22 ton
- obvodové steny

- zakladové nosniky

- odvodnovacie Zlaby

-oblikové ramy 30 m hmotnosti 25 ton

Holcim (Slovensko) a.s. (corp.) company, cement producer,
aggregate and transport concrete has decided to build-by a new
hall within modernization of Rohoznik plant for storage and
homogenization of raw materials with capacity 22 thousand tons.

1. INTRODUCTION

Costs of such hall architecture with rather extensive
construction are not negligible. Therefore, investor considered
two alternatives of this new hall construction aimed
for prehomogenization of raw-materials warehouse:

- steel construction
- iron-concrete construction

Both submitted alternatives have met required technical
and timely indicators. Investor has decided for iron-concrete
alternative for economic reasons - lower investment
and operational costs.

Monolithic Works were minimalized and included only:

- screeding for prefabricated iron-concrete foots with tambour
- part of hardening walls between prefabricated foots

- wire-concrete flooring

Prefabricated were the following:

- base foots with tambour with total weight 22 tons
- circumferential walls

- base girders

- drainage channels

- arched frames 30 m, 25 tons

Ing. Pavlasek Jozef, ZIPP BRATISLAVA s.r.o0., Stara Vajnorska 16, 832 44 Bratislava, e-mail: jozef.pavlasek@bauholding.sk
Ing. Meli$ Jozef, ZIPP BRATISLAVA s.r.o0., Stara Vajnorska 16, 832 44 Bratislava, e-mail: jozef.melis@bauholding.sk
Ing. Hanus$ Miroslav, ZIPP BRATISLAVA s.r.0., Stara Vajnorska 16, 832 44 Bratislava, e-mail: miroslav.hanus@bauholding.sk
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2. POPIS KONSTRUKCIE

Konstrukcia haly je staticky rieSena systémom trojkibovych
obldkovych ramov o rozpati 38,5 m a vysky vo vrchole 20,4 m
radenych za sebou v module 6 m.

Ramy su Zelezobetonové prierezu 400 x 800 mm. Na rdmoch
st uloZené vaznice z ocelovych valcovanych profilov so streSnym
plastom. Celkova dizka haly 139 m je rozdelena na dva dilataéné
Useky. Kazdy dilatadny Usek je v pozdiznom smere zavetreny
priehradovou ocelovou konstrukciou v rovine vaznic.

Spodné Kkiby Zelezobeténovych ramov si riesené vloZenim
paty ramu do prefabrikovanej zakladovej patky, pricom styc¢né
plochy su v tvare Gasti valca o priemere 890 mm. Valcova
styna Spara umoznujlca pootocenie je vyplnena injektovanou
silikdtovou zmesou. Horné kiby Zel.bet. ramov su rieSené
vloZzenim konvexnej Casti valcovej plochy priemeru 400 mm
na jednej polovici rAmu do konkavnej Casti valcovej plochy na
druhej polovici ramu. Kontaktna valcova plocha umoznujica
pootocenie je vyplnena olovenym plechom hribky 5 mm.

Hala je okrem vlastnej tiaZze konStrukcie, tiaze streSného
plasta a tiaze snehu zataZend technologickym zariadenim
zavesenym pod vrcholom ramu. Toto zariadenie sl(Zi na dopravu
a zhadzovanie drvenej horniny na podlahu haly, kde sa zmieSavaju
(homogenizujd) komponenty na vyrobu cementu. Samozrejme sa
pri statickom vypoéte uvazovalo i s pdsobenim vetra a seizmicity.

Nakolko je strednica ramu v tvare blizkom kvadratickej
parabole,ramposobiakoklenba,tedaprierezyramusiinamahané
takmer centrickym tlakom. NajnepriaznivejSie ohybové
momenty boli pri montaZi, pretoZe rozvinuta dizka polovice
ramu je cca 30 m uz pri spomenutom priereze 400 x 800 mm.

2. CONSTRUCTION DESCRIPTION

Hall construction is statically designed by system of three-
joint arched frames with span of 38,5 m and height in peak
20,4 m integrated one after another in 6m module.

Frames are reinforced concrete with intersection
400 x 800 mm. Tie-beams made of steel sheet profiles with
roof coat are placed on the frames. Total hall length is 139m,
divided into two dilatation sections. Each dilatation section is
in lengthwise direction reinforced by steel trussed construction
in level of ties. Lower joints of concrete frames are
designed by placing frame foot into prefabricated base foot,
while connection areas are cylindrical with diameter 890 mm.
Cylindrical connection joint allowing rotation is filled with
injected silicate mixture. Upper joints of iron-concrete frames
are designed by placement of convex part of cylindrical area
with diameter 400 mm in one half of frame into concave part
of cylindrical area in the other frame half. Contact cylindrical
area allowing rotation is filled with lead sheet 5mm thick.

Apart from own construction weight, roof coat and snow
weight, loaded by technological equipment suspended under
the frame top. This equipment serves for transporting and
casting of crushed rock onto the hall floor, where components for
cement production are being mixed (homogenised). Of course,
static calculation has included wind and seismological activity.
As frame central line in shape of quadratic parabola, the frame
serves as a vault and frame sections are forced by almost
centric pressure. Most unfavourable bending moments were
during assembling as the expanded length of the frame half is
approximately 30 m at intersection 400 x 800 mm.

InZinierske stavby, ro¢. 54, 2006, ¢. 2
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NajvacsSim problémom bola doprava a montaz. Z doévodu
naroéného pristupu na stavenisko v areali cementarne bolo
nemoznédopravit cely 30 mdlhy zakriveny polorams prevysenim
cca 4 m az ku Zeriavom na montaz. Preto bol kazdy poloram
vyrobeny v zavode ZIPP z dvoch kusov, ktoré sa zmonolithovali
priamo na ploche staveniska pod Zeriavmi. Pri montazi boli tri
Zeriavy. Dvomi Zeriavmi - jednym vaésSim a druhym mensim
sa namontoval do patky jeden poloram, potom ho vacsi Zeriav
drzal vo vztyCenej polohe. Vzapati dalSi vacsi Zeriav a mensi
Zeriav po odopnuti prvého poloramu namontovali do patky
druhy poloram a oba velké Zeriavy koordinovane spustali
vztycené poloramy ku sebe, kde ich montaznici po vlozeni
spomenutého oloveného plechu do horného valcového kibu
stabilizovali a zaistili jednou ocelovou tyGou priemeru 30 mm
vlozenou do otvoru v strede kibu. Montaz kazdého dilataéného
celku zacinala od modulu so stuzenim, ku ktorému sa postupne
pridavali dalSie ramy stabilizované ocelovymi vaznicami.

Hala je oplastenda nezateplenym plechom TR 39/333
a presvetlena pasmi sklolaminatu. Rovnaké oplastenie je aj na
Stitovych prieceliach. Planovany termin 4 mesiace bol skrateny o 9 dni.

Montaz prebehla plynule a bez problémov. Ako uz bolo
spomenuté, naroénost montaze sposobovali najma velmi
stiesnené pomery na stavenisku a bolo priam umenim
skoordinovat tito montaz v ¢ase a priestore, aky bol k dispozicii.
V Zelezobetdne boli realizované i vSetky dalSie ¢asti konstrukcie,
napriklad obvodové Zlaby a steny.

Celkovy dojem i po architektonickej stranke vyznel velmi
dobre, ¢o ukazuje na velky potencial pouzitia prefabrikovaného
Zelezobeténu.

3. ZAVER

Vyrobna hala je dlhd 139 m, Siroka 38,5 m a vyska 20,4 m.
Investiéné naklady dosiahli 155,35 mil. Sk. Investor dosiahol
Gsporu 15% v porovnani s ocelovou konstrukciou. Objekt ma
za sebou 2 roky bezproblémovej prevadzky a investor zaradil
technické rieSenie ako typovy podklad koncernu. Stavba ziskala
ocenenie ,Stavba roku 2005“ od Technického a skiSobného
Gstavu stavebného za mimoriadny ¢as vyroby a vystavby,
vysok( kvalitu, presnost montaZe a vysoko kvalitni realizaciu
celého objektu.

Podakovanie

Stavba mohla byt realizovana vdaka dobrej spoluprace s
investorom Holcim (Slovensko) a.s. a hlavnhému projektantovi
IDO Hutny projekt a.s. Bratislava.

BUILDING

Biggest problem was transport and assembly. As a result
of bad site accessibility, it was impossible to transport the
entire 30m long curved halfframe with 4 m camber to cranes
for assembly. Therefore, each half-frame was produced in
ZIPP plant from two pieces which were monolithised directly
at site using cranes. Three cranes assisted with assembly. Two
cranes - one taller and one shorter, assembled halfframe
into prepared foot and than the taller crane held it in upright
position. Subsequently, the taller and shorter crane assembled
second halfframe into the foot and both tall cranes initiated
approaching the halfframes to be joint together. Once they
were joint by placing lead sheet into the upper cylindrical joint,
the frames were secured by one steel pole 30 mm thick that
was placed into opening in the centre of joint. Assembly of each
dilatation section begins with reinforced module, which was
gradually added by another frames stabilized by steel ties.

The Hall is coated by non-isolated sheet TR 39/333 and
lightened by fiberglass laminate sheets. The same coating is done
at gable facades. Planned deadline 4 months was 9 days shorter.

Assembly was performed continuously and without
any problems. The only drawback and impediment during
construction was caused by limited site accessibility and
it became fine art to coordinate and manage the assembly
in available time and space. Iron-concrete were also all other
construction parts such as peripheral gutters and walls.

The entire impression resulted as very positive which shows
great potential of prefabricated iron-concrete use.

3. CONCLUSION

Production hall is 139 m long, 38,5 m wide and 20,4 m high.
Investment costs reached 155,35 mil SKK. Investor ended
up with 15% saving in comparison with steel construction. This
object has performed 2 years operation without any technical
problems and investor ranked this technical solution as a concern
type foundation. Construction was awarded ,Construction of the
year 2005 by Technical and experimental building department
(Technicky a skusobny Ustav stavebny) for outstanding time
of production and construction Works, high quality, assembly
precision and high quality realization of the entire object.

Acknowledgement

This construction was successfully performed thanks
to a professional cooperation with the investor Holcim
(Slovensko) a.s. and chief project engineer IDO Hutny projekt
a.s. Bratislava.
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Mosty s nizkym pylénom na Slovensku
Bridges with low tower in the Slovak republic

Ladislav Biici - Jaroslav Guoth - Adridn Chalupec - Adridn Sedldk

Neustala snaha o elegantnejsie, Stihle a krajSie mosty vedie
ich autorov k navrhovaniu novych konstrukénych systémov
a vtipnejSich rieSeni s vySSim zhodnotenim zakladnych
materialov. Do tejto skupiny treba zaradit aj mosty predpaté
vol'nymi kablami systému ,extradosed”, alebo ,mosty s nizkym
pylonom*.

1. MYSLIENKA ,EXTRADOSED PREDPATIA“, ALEBO ,MOSTY
S NiZKYM PYLONOM“

ZvySenie Gcinnosti  volnych kablov umiestiovanych
v mostnych komorkovych prierezoch v ramci vySky prierezu
vedie k ich vyzdvihnutiu nad nosnu konstrukciu (NK) mosta.
Vedenim volnych kablov cez deviator nad pilierom mosta
zvySuje sa ich zdvihova Gcinnost, ¢o umoziuje podstatne znizit
vySku prierezu - obr. 1. Tento typ predpéatia a kablov bol nazvany
Lextradosed” (ED) podla [1].

Obmedzenie vysky deviatora na L/15 znamena obmedzenie
sklonu volnych kablov. Tieto potom posobia len ako volné

The incessant endeavour to build more elegant, slender
and attractive bridges leads their authors to propose new
construction systems and more resourceful designs including
the higher value added to basic materials. The bridges
prestressed by external tendons of the “extradosed” system or
the “bridges with low tower” shall be included in this category.

1. THEIDEAOF “EXTRADOSED PRESTRESSING”,OR “BRIDGES
WITH LOW TOWER”

To increase effectiveness of external tendons of box girders
leads to raising them above deck. Increased uplift effectiveness
of external tendons passing through a deviator above the bridge
pier enables to reduce substantially the section depth - Fig. 1.
This type of prestressing and tendons is called “extradosed”
(ED) according to [1].

Limiting a deviator depth to L/15 means to limit an angle
of external tendons. External tendons raised this way can
be designed for allowable stress of 0.60 fpu instead of 0.40 fpu

S

/\
L L

l =L
15
=L _L
30 35

1

Obr. 1 Zakladna schéma pre ,extradosed“ predpatie podla [1]

Fig. 1 Extradosed prestressing according to [1]
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BRIDGES, TUNNELS, UNDERGROUND STRUCTURES
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Obr.2 Pozdizny rez mosta
Fig. 2 Bridge elevation

kable s pripustnym napatim 0,60 f . Vv nich a nie ako zavesy,
kde z dévodov velkého rozptylu napati je potrebné napétie
redukovat na hodnotu 0,40 fpu.

Novsie sklsenosti z Japonska, kde sa postavilo niekolko
desiatok mostov tejto koncepcie, viedli k Gprave spomenutého
kritéria.Hodnotu 0,60 fpu mozno pouZit aj pri zvySenej vysSke
pylénu aZz na L/10 ale len v pripade, Ze vopred vypocitany
rozptyl napati v ED kabli neprekro¢i hodnotu 50 MPa. Ak tento
narasta, je potrebna redukcia pripustného napatia v kabloch.

2. PRVY REALIZOVANY MOST S DEVIATOROM NAD
MOSTOVKOU NA SLOVENSKU

ReSpektovanim uvedenych kritérii bol v Dopravoprojekte
navrhnuty a v rokoch 2000 - 2001 vybudovany cez Hron
v Banskej Bystrici prvy most tejto koncepcie na Slovensku.
Znizenim vysSky prierezu nosnej konstrukcie bol zvacSeny
prietocny profil pod mostom o 28 %. Pri Sirke mosta 21,60
m a 2 rovinach vol'nych kablov prechadzajlcich cez deviatory
vySka NK dosiahla len h = 0,85/34 = 1/40 rozpatia - obr. 2.
Napatie 0,60 fpu v ED vol'nych kabloch nebolo prekrocené.

3. NOVE MOSTY S NiZKYM PYLONOM NA DIALNICI D1
Vyhody tohto konstrukéného systému boli vyuzité aj pri

projektovani 2 velkych mostnych objektov na 9,7 km dlhom

Gseku dialnice D1, prechadzajicom mestom Povazska

Bystrica:

a - viadukt nad mestom Povazska Bystrica (Guoth, Chalupec,
Ondros)

b - most cez Vah a inundéaciu pri obci Vrtizer (Sedlak,
Harvangik).

V obidvoch pripadoch pouzitie nizkeho pylénu umoznilo
podstatne znizit vySku prierezu NK. KedZe vystavba objektov
zaéne az v roku 2006, podané informacie sl len strucné,
zaoberajlce sa viac koncepciou navrhu.

Obr. 3 Pohlad na objekt po dokonceni
Fig. 3 Bridge after completion

as is common for stays where more reduction is necessary due
to higher stress variation.

The recent experience from Japan, where tens of bridges
of this concept have been built, leads to an adjustment of the
above mentioned criterion. The value of 0.60 fpu can be used
even at increased height of a tower up to L/10, but only in case
that stress variation in extradosed tendon will not exceed the
value of 50 MPa. Higher reduction of allowable stresses is
required with higher height of tower.

2. THE FIRST BRIDGE WITH DEVIATOR ABOVE BRIDGE DECK
BUILT IN THE SLOVAK REPUBLIC

By following the above mentioned criteria, Dopravoprojekt
designed the first bridge of this concept in the Slovak Republic
- the bridge over the Hron River in Banska Bystrica, which was
built during the years 2000 - 2001. By reducing the depth
of superstructure the flow profile under the bridge was increased
by 28 %. At the bridge width of 21.60 m and 2 levels of external
tendons passing through deviators the depth of deck was only
h = 0.85/34 = 1/40 of the bridge span- Fig. 2. The stress
of 0.60 fpu in extradosed tendons was not exceeded.
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Obr. 4 Pozdizna schéma mosta a charakteristické prieéne rezy NK viaduktu nad mestom Povazska Bystrica
Fig. 4 Elevation and typical cross sections on the ,Povazska Bystrica“ viaduct

4. VIADUKT NAD MESTOM POVAZSKA BYSTRICA

Celkovadizkapremosteniaintravildnumestaje 1440 m.Viadukt
je rozdeleny na 3 dilatacné celky s dizkami 95 + 872 + 473 m.
Z hladiska konsStrukéno-statického rieSenia je najzaujimavejsi
druhy celok, s vySkou nivelety nad terénom do 35 m a s pouZzitym
nizkym pylénom. Prezentovana je len tato ¢ast.

Nosna konstrukcia

Nosna konstrukcia druhého dilatacného celku je spojita
predpéata s rozpatiami poli 68 + 6 x 122 m + 68 m. Optimalne
rozpatie 122 m je privelké pre klasickl nosni konstrukciu
s vySkou prierezu h = L/18 - L/20 a primalé pre zavesené
sUstavy vzhladom na ich celkovl narocnost. Pylon je vySky cca
L/10, umiestneny uprostred Sirky prierezu.

V priecnom smere NK je rieSend ako dvojkomorovy prierez
s konzolami vylozenymi 8,2 m, podoprenymi vzperadlami
z ocelovych rarovych profilov @400 mm, vzajomne prekrizenymi.
Pouzitie volnych kablov vedenych cez pyldn v centralnej rovine
vyZadovalo doplnenie prierezu o Sikmé tahadla - vid obr. 6.

Pozdizne predpatie NK véitane pouzitia Sikmych tahadiel
v komorke prierezu je podobné ako u zavesenych ststav-obr. 5.
Sadrzné kable boli pouzité pri konzolovom spbsobe vystavby
v prvejfaze a postupne dopifianévolnymikablamitypu ED.Volné
kable spojitosti st dopnuté po pozdiznom zmonolitneni NK.

Zdvihova Gcinnost ED kablov vedenych cez nizky pylon je
nizSia ako zavesov mostov zavesenych. Aj pri mostoch s nizkym
pylénom dosahuje vSak takych hodndt, Ze umozZiuje spomenuté
podstatné znizenie vySky prierezu.V pripade popisovaného
viaduktu je to 150 MN na polovici rozpéatia - obr. 6. Uvedena
zdvihova sila je prenesend spomenutymi Sikmymi tiahlami
do spodnej hrany krajnych tramov.

Spdsob vystavby je obdobny ako u mostov budovanych letmo.
Letmym spdsobom vybudované jadro NK ako dvojkomorovy

3. NEW BRIDGES WITH LOW TOWER WITHIN THE D1 MOTORWAY

The advantages of this system were utilized also when
preparing the designs of 2 large bridges within 9.7 km long
section of the D1 motorway, passing through the town
of PovaZzska Bystrica:

a - the “PovaZska Bystrica” viaduct (Guoth, Chalupec, Ondros)

b - the bridge over the Vah river and its flood area at the village
of Vrtizer (Sedlak, Harvancik).

In both cases a low tower (pylon) enabled to reduce
substantially the depth of deck. Since the construction
of bridges will begin in the year 2006, the presented information
is dealing more with the design concept.

4. THE “POVAZSKA BYSTRICA” VIADUCT

The overall length of bridge in urban area of the town is 1440 m.
The viaduct is divided into 3 expansion units with the followings
lengths: 95 + 872 + 473 m. From the structural point of view,
the most interesting is the second expansion unit with low tower at
the elevation of up to 35 m above ground. Only this part is presented.

Bridge Deck

The bridge of the expansion unit is designed as continuous
prestressed structure with spans of 68 + 6 x 122 m + 68 m
long. The optimal span of 122 m is too large for a typical deck
of depth h =L/18 - L/20 and too small for cable stayed systems
because of their overall complexity. The tower height is approx.
L/10 and it is situated in the middle of the section width.

The deck consists from double cell box girder with the 8.2 m
long cantilevers supported by steel pipe struts of @ 400 mm.
The use of external tendons passing through the tower in central
plane required to add skew ties - see the Fig. 6.

The longjtudinal prestressing of the deck including the skew
ties in the section is similar to cable stayed systems - Fig. 5.
The bonded tendons were used during the cantilevered

30

InZinierske stavby, ro¢. 54, 20086, ¢. 2



i BRIDGES, TUNNELS, UNDERGROUND STRUCTURES

Obr. 5 Usporiadanie pozdizneho predpétia: a - siidriné kable, b - ED kable, c - volné kable spojitosti
Fig. 5 Longitudinal prestressing: a - bonded tendons, b - extradosed tendons, c -continuity external tendons

V=150 MN

R

lﬁ k4 pdpdy ZP
L 122 L
1 E
Obr. 6 Zdvihova Géinnost volnych ED kablov na viadukte - pozdizny a prieény rez, schéma
a - vzperadlo, b - tiahlo
Fig. 6 Lifting efficiency of external extradosed tendons - elevation and cross section

a - strut, b - tie

nosnik sa postupne rozSiri pomocou montovanych vzperadiel
a dobeténovanim mostovkovej dosky v konzolovej casti
na pIna Sirku prierezu.

Spodna stavba

Tvar priedneho rezu urdoval ndvrh tvaru pilierov. Sirka
pilierov v prienom smere mosta vychadza zo Sirky komorky,
v nizSej Gasti su vysoké piliere ziZzené az na 7,0 m. VysSka
pilierov 2. dilatacného celku je v rozmedzi 29 - 40 m. ZalozZenie
je kombinované plosné a na pilétach.

construction method in stage 1 and extradosed type of external
tendons was continually added. The continuity external tendons
are assumed to be tensioned again after pouring the last section.

The lifting efficiency of extradosed tendons passing through
the low tower is lower than those of stays of cable stayed bridges.
However, even in case of bridges with low tower it reaches
such values, that it enables the already mentioned substantial
reduction of a section depth. In the case of Povazska Bystrica
Viaduct it is 150 MN at half the span - Fig. 6. The lifting force is
transmitted by skew ties into the bottom edge of webs.

The construction method is similar to bridges constructed
by a “free cantilever” construction method. The double cell box

Obr. 7 Vizualizacia mostného objektu nad mestom ,Povazska Bystrica“

Fig. 7 Bridge visualization on the ,Povazska Bystrica“ viaduct
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5. MOST CEZ VAH PRI OBCI VRTIZER

Z dévodov opakovanosti rieSeni most cez Vah je rovnakej
koncepcie ako predchadzajici viadukt nad mestom PovaZzska
Bystrica. Prevadza dialnicu D1 cez rieku Vah a prilahlé
inundacéné Uzemie na konci dialnicného Useku ,Sverepec -
Vrtizer“.

Nosna konstrukcia

Most celkovej dizky 317 m ma NK navrhnutd ako spojity
nosnik o 5 poliach s rozpatiami 40 + 62 + 110 + 62 + 40m
-obr. 9. VySka prierezu NK je 4,0 m, vySka pylonu dosahuje
11,0 m, oboje v zhode s kritériami tohto typu nosnych
konstrukcii.

Sirka komorkového prierezu 29,85 m je priblizne zhodna
s predchadzajicim objektom nielen z tohto pohladu, ale aj
po stranke konstrukéného rieSenia, predpatia pozdizneho
aj prieéneho a aj postupu jeho zhotovenia. Rozdiel sa tyka
vzperadiel konzol, ktoré si v tomto pripade rieSené ako
Zelbet. stenové prefabrikaty. Stenové vzperadla malo zvacsuju
vlastn( tiaz NK, ale majua cely rad dalSich pozitiv voéi inému
rieSeniu. Postup vystavby je vyjadreny na obr. 8.

Spodna stavba

Piliere mosta s umiestnené len v jeho inundaénej Casti,
navrhnuté ako sé6lo prvky kruhového tvaru. ZaloZené sl na
velkoprofilovych pilétach vzhladom na geologicky réznorodé
podlozZie.

Pouzité zakladné materialy a ukazovatele ich potreby
Konstrukéne narocné rieSenie vyZadovalo pouzit na
oboch mostoch betén C 45/55 (B 600). Betonarska vystuz

i

girder built by the “free cantilever” method will be gradually
widened by struts and cantilevered deck slab to full section width.

Bridge Substructure

The shape of the cross section determined the shape of piers.
The width of piers at top in transverse direction of the bridge is
based on the width of the box girder. Then the piers are narrowed
up to 7.0 m. The height of piers of the expansion unit varies
from 29 to 40 m. The foundations are spread footing or piles.

5. BRIDGE OVER THE VAH RIVER AT THE VILLAGE VRTIZER

For reasons of repetitiveness of designs the bridge over
the Vah River is of the same concept as the previous viaduct
“Povazska Bystrica”. It carries the D1 motorway over the Vah
River and the adjacent flood area at the end of motorway
section “Sverepec - Vrtizer”.

Bridge Deck

The overall bridge length of 317m will be constructed as a
continuous girder with 5 spans, (40+62+110+62+40m)-Fig. 9.
The depth of deck is 4.0m; the height of the tower is 11.0 m
in accordance with the criteria mentioned above.

The box girder width of 29.85 m is approximately the same as in
case of the previous structure. It is similar not only from this point
of view, but also from the structural, the longitudinal and transverse
prestressing as well as the method of its construction. The difference
is in struts from precast concrete. They only slightly increase the
superstructure dead load, but they have some advantages against
the previous solution. The construction method is shown on Fig. 8.

Bridge Substructure

The bridge piers are situated only in a flood area and
they are designed as circular. Because of the geologically

A PODPERNA SKRUZ LETMA BETONAZ
) /SUPPORTING SCAFFOLD/ /BALANCED CANTILEVER METHOD/

PODPERNA SKRUZ
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/BALANCED CANTILEVER METHOD/
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Obr. 8 Vystavba nosnej konstrukcie: a - pozdizny rez, b - c- d - e - fazy budovania v prieénom smere
Fig. 8 Construction of Bridge Superstructure: a - elevation, b - c- d - e - construction stages of the section
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Obr. 9 Vizualizacia mostného objektu
Fig. 9 Bridge visualization

je druhu 10505 (R), predpinacie kable 15 a 19 lanové
Ls 15,5 - 1800 MPa, predpinacie tyce pre tahadla CPS @ 32.

Ukazovatele potreby zakladnych materialov (most cez Vah):

betén 0,95 m3/m?
betonarska vystuz 156 kg/ m?
predpata vystuz - pozdizna 37,2 kg/ m?

- prieéna 71 kg/ m2

Uvedené ukazovatele su priblizne v zhode s ukazovatelmi
inych typov nosnych konStrukcii podobnych rozpati. Hlavnym
pozitivom tohto rieSenia je vSak mozZnost podstatného zniZenia
nivelety komunikacie a efekt zo zlZenej spodnej stavby,
vyrazny najma pri vysokych premosteniach, umiestnenych
v zastavanych lokalitach.

6. ZAVER

Pouzitie mostov s nizkym pylébnom sa v oboch pripadoch
zvolilo z dobvodov podstatného zniZzenia prierezu nosnej
konstrukcie. UmoZnilo to navrhnGt elegantni a Stihlu
konstrukciu nad mestom, véitane vysokych Stihlych pilierov
v prvom pripade a v pripade druhom podstatné zniZenie
nivelety cestnej komunikacie na oboch predmostiach.

Projektant:
Investor:

Dopravoprojekt, a. s., Bratislava
Narodna dial'nicna spoloc¢nost, a. s., Bratislava

LITERATURA:

[1] Mathivat, J.: Recent developments in prestressed concrete
bridges. FIP notes, 1988/2

[2] Atsuo Ogawa, Akio Kasuga: Extradosed bridges in Japan,
FIP notes 1998/2

heterogeneous soil they are supported by large-diameter piles.
The indicators of quantities of basic materials (bridge over the
Vah River):

Concrete 0.95 m3/m?

Steel reinforcement 156.00 kg/ m?

Prestressed reinforcement - longitudinal  37.20 kg/ m?
-transverse  7.10 kg/ m2.

These indicators are approximately in accordance with
indicators of other types of superstructures with similar spans.
However, the main advantage of this type of structure is
a possibility substantially to lower the vertical alignment of the
road and narrowed substructure width, which is significant
particularly in case of high bridges situated in urban areas.

6. CONCLUSION

The bridges with low tower were chosen due to substantial
decreasing in the section depth. The use of low towers enabled
to design a aesthetical and slender structure above the town,
including the high slender piers in the first case and substantial
lowering of vertical alignment of the motorway at both bridges
in the second case.

Designer: DOPRAVOPROJEKT, a. s., Bratislava, Slovakia
Contracting Authority (Employer): NDS a. s., Bratislava, Slovakia

(National Motorway Company).
REFERENCES:

[1] Mathivat, J.: Recent developments in prestressed concrete
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[2] Atsuo Ogawa, Akio Kasuga: Extradosed bridges in Japan,
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Estakada ,,Prievoz“ v Bratislave

Flyover ,,Prievoz”“ in Bratislava

Miroslav Mata$¢fk - Katarfna Tédborska - Igor Masaryk

Vychodny dialniény obchvat hlavhého mesta Slovenska
Bratislavy bol dany do prevadzky v septembri 2002.
Mostné objekty tejto stavby patria medzi najatraktivnejSie
na Slovensku.

Estakada ,Prievoz“ je dominantnym objektom celej stavby.
Tvori ju dialniéna dvojestakada dizky 1752 m a estakady
na vetvach dvoch dialnicnych mimouroviovych kriZovatiek.
Mosty na dial'nici a na kriZovatkach tvoria jeden celok a celkova
dizka ich nosnych konstrukeii je 4175 m.

Vzhladom na sicasnu ale aj vyhladovu atraktivnost Gzemia,
v ktorom je estakada osadend, projektant navrhol stavebné dielo
nadstandardnej architektonickej kvality, ¢o vSak nebolo na Gkor
GZitkovych parametrov stavby a na Gkor nepriaznivych dopadov
na Zivotné prostredie.

Spodnu stavbu mosta tvori systém 139 podpier a 12 krajnych
opor. U obidvoch typov podpier ale tiez u krajnych opdr
a v prieCnom reze nosnej konstrukcie sa opakuje zakladny
tvarovy motiv mostnych objektov tejto stavby.

Nosn( konstrukciu estakad tvori prevaZzne stredny 2-tramovy

spojity komorovy nosnik z monolitického dodatoéne predpatého
betdnu. Hornd mostovkova doska je po oboch stranach strednej

The eastern motorway bypass of Bratislava, the capital
city of the SR, was put in service in September 2002. The
bridges of this engineering Work belong to most attractive
bridge structures in the Slovak Republic.

The ,Prievoz” flyover represents the dominant structure of the
whole Work. It is formed by dual motorway flyover with the length
of 1752 m and flyovers at ramps of two motorway interchanges.
The bridges within motorway route and at interchanges form one
unit and the overall length of their superstructures is 4175 m.

In respect to the present, but also the perspective
attractiveness of area where the flyover is situated, the designer
designed an engineering work of above-standard quality, from
the architecture point of view, which however was not at the cost
of the serviceability parameters.

The flyover substructure is formed by a system of 139 piers
and 12 abutments. In case of both types of piers, but also in case
of abutments and in the superstructure cross section, the basic
shape motif of bridges of this engineering work is repeated.

The flyovers superstructure is mostly formed by central
2-girder continuous box-type girder of post-tensioned concrete.
The upper bridge deck slab is supported by means of precast

InZinierske stavby, ro¢. 54, 2006, ¢. 2
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komory podopierana prefabrikovanymi Zelezobeténovymi
vzperami. Tato skladba prieéneho rezu umoZznila budovat nosnu
konstrukciu mosta ,prddovym“ spdsobom, ¢im sa vytvorili
predpoklady pre pozadované rychle tempo vystavby. Priemerna
doba vystavby 1 pola v priamom Useku bola 14 dni.

Dilatovanie nosnej konsStrukcie tohto podorysne
komplikovaného komplexu mostov sa vyrieSilo jeho rozdelenim
do 9 dilataénych celkov, z ktorych najvacési ma dizku 750 m.

Napriek prvotne vy$§im nakladom na tvarovo komplikované
debnenia velka opakovatelnost nasadenia tychto prvkov
(139 podpier, vyse 4000 prefabrikovanych vzpier a dalSie
mnohonasobne pouzité prvky) a velkd opakovatelnost
jednotlivych pracovnych operéacii priniesli oCakavany efekt
v podobe nizkych vyslednych stavebnych nakladov objektu.

Navrh a realizacia estakady ,Prievoz“ boli ocenené cenou
Slovenského zvazu stavebnych inZinierov ,InZinierska stavba
roka“ a na Betonarskych diioch 2004 cenou ,NajlepsSia beténova
konstrukcia 2003 -2004“.

Investorom stavby bola NDS a.s., Bratislava

Autorom architektonického navrhu bol Ing. Miroslav Mataséik
Projektantom stavby bol Dopravoprojekt a.s. Bratislava
Stavbu realizoval Doprastav a.s., Bratislava

reinforced-concrete struts situated along both sides of the
central deck cell. Cross section enabled to construct the bridge
superstructure by the ,flow-line“ construction method, by
means of which the fast work preconditions have been created.
The average construction period of 1 span in straight section
was 14 days.

The dilatation of superstructure of this complicated, from the
plan point of view, system of bridges was resolved by dividing
it into 9 construction units, of which the largest one is 750 m
long.

In spite of initially higher costs of complicated, formwork,
the high repeatability of utilization of these elements and high
repeatability of particular operations brought an expected effect
in form of low final cost of construction of structure.

The design and execution of flyover “Prievoz” was award by
The Slovak Chamber of Civil Engineers -, The project of the year
“and Award of the ,,Concreting Works Days 2004”) as “The best
concrete structure of 2003 - 2004”

The client of the project was NDS a.s., Bratislava

Author of architectural proposal was Ing. Miroslav Matascik
Designer was Dopravoprojekt a.s. Bratislava

The project was executed by Doprastav a.s., Bratislava

Ing. Miroslav Matascik, Alfa 04 a.s., Bratislava
chartered engineer, 33 years of experience in bridge
and engineering structures design

Ing. Katarina Taborska, Alfa 04 a.s., Bratislava
chartered engineer, 20 years of experience in bridge
and engineering structures design

Ing. Igor Masaryk, Alfa 04 a.s., Bratislava
chartered engineer, 11 years of experience in bridge
and engineering structures design

Alfa 04 a.s., Jasikova 6, 821 03 Bratislava
e-mail: alfa04@alfaO4.sk, web: www.alfaO4.sk
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Cestny obchvat ¢adca s tunelom Horelica

Cadca road bypass with the Horelica tunnel

Peter M4sa

Stavba s eurépskymi parametrami Cesta 1/11 Cadca -
obchvat mesta, l. etapa, vizitka 21. storocia, ukazkovy priklad
kvality v stavebnictve na Slovensku, kandidatka na inZiniersku
stavbu roka. Aj takto ¢astuji obchvat Cadce, éast. I. etapa
s dvoma mostami a dominantou a pychou zaroven -
Seststometrovym tunelom Horelica. Presne 29. oktébra 2004
po slavnostnom otvoreni bola spustena prevadzka pre osobnii
aj nakladnu dopravu.

1. OvoD

Uvedené dielo postavila stavebna spoloénost VAHOSTAV
- SK, a.s., ktora realizuje komplexné stavby zamerané
na vodohospodarsku, ekologickd, inZiniersku, liniovd, pozemnda,
Zeleznién(, dialniénd a cestnd vystavbu vratane vSetkych druhov
mostov a tunelov. Zaroven ma v portféliu realizacie inziniersku
a projekénu ¢innost, akreditované laboratérium, PSV prace,
vyrobu beténovych zmesi a vSetkych druhov prefabrikatov
a betdnovych vyrobkov, dopravné a mechanizaéné prace,
kovovyrobu a mostaren, predpinanie mostov, nosnikov a kotiev.
Dalej $pecialne zakladania - odvodiovacie vrty, horninové
lanové kotvy, mikropil6ty, klincovanie a zaistovanie svahov
a zékladovych jam, striekany beton. Od spracovania projektovej
dokumentacie v stupni pre stavebné povolenie doslo vstupom
Slovenska do EU k zmene predpisov, noriem a smernic v oblasti
protipoZiarneho zabezpecdenia tunelov a z toho vyplyvajlcich
poZziadaviek na Uniky a komunikaciu v tuneli a jej technologické,
oznamovacie, informacné, signalizaéné, vetracie, napajacie
a zabezpecdovacie vedenia a zaradenia. Zaroven vznikli nové
poZiadavky na pristupové komunikacie pre zasah hasiéského
zachranného zboru.

2. CHARAKTERISTIKA STAVBY

V slcasnosti je stavba zrealizovana ako preloZzka cesty
/11, ale vyhladovo je projekt spracovany ako pravy pas
dialnice D3. Obchvat Cadce sa zaé&ina zarezom pre konstrukeiu
vozovky dialni¢nych parametrov so zaistenim gabiénovym
a Zelezobeténovym zarubnym muirom, nasleduje 150-metrovy
trojpolovy prefabrikovany most o vySke nosnikov dva metre

A construction of European parameters Road 1/11 Cadca
- city bypass, Stage |, hallmark of the 21st century, a model
of quality in civil engineering in Slovakia, nominated for the
engineering structure of the year. This is how the Cadca
bypass, stage | with two bridges and its dominant and most
remarkable feature - a 600 m Horelica tunnel - is referred
to. It was put in operation for passenger and cargo transport
on October 29 after a solemn opening.

1. INTRODUCTION

The bypass was constructed by the VAHOSTAV - SK, a.s. civil
engineering company building complex structures with focus
on water, ecological, engineering, line, ground, rail, highway
and road constructions, including bridges and tunnels of every
type. Its portfolio includes also engineering and design activities,
accredited laboratory, PSV works, production of concrete
mixtures and prefabricates and concrete products of any
type, transport and mechanization works, metal production
and bridge-building works, pre-stressing of bridges, beams
and anchors. It also includes special foundation engineering
- drainage boreholes, rock rope bolts, micro-piles, nailing and
protection of slopes and foundation ditches, sprayed concrete.
Upon the accession of Slovakia to the EU, regulations, standards
and directives concerning fire safety in tunnels and the resultant
requirements on escapes and communication in tunnels and
their technological, notification, information, signalisation,
ventilation, power and security lines and devices have changed
at the time the project documentation for the building permit
was prepared. There were new requirements also for access
roads for fire brigade interventions.

2. CHARACTERIZATION OF THE CONSTRUCTION

At present, the construction is made as a relocation of the
I/11 road, but the project is worked out as a future right lane
of the D3 highway. The Cadca bypass starts with a set-off
for a onstruction of a carriageway with highway parameters
protected by a screen wall made of gabion and reinforced
concrete, followed by a 150 m three-field prefabricated bridge

Ing. Peter Masa, Vahostav-SK, a.s., Hlinska 40, 011 18 Zilina. manazér projektu, tel. +421-41-7342 175, fax. +421-41-5980 181,

e-mail: peter_masa@vahostav-sk.sk
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Obr.2 Most k vychodnému portalu tunela Horelica

Fig. 2 The bridge to the eastern portal of the Horelica
tunnel

(obr.1, 2). Za tunelom pokracuje 440-metrovy desatpolovy
monoliticky dvojkomorovy most, ktorého celkova Sirka je
15,75 metra a irka medzi zvodidlami je 13,00 metrov.
Zakladanie mostov je realizované v zakladovych jaméach pod
trdmovymi murmi zaistenymi lanovymi zemnymi kotvami,
spodna stavba je zaloZzena na mikropildtach a je prikotvena.
Tunel je vybudovany ako dvojpruhovy, obojsmerny, méa dizku
600 metrov, Sirku 12 metrov a vozovka medzi obrubnikmi je
9,0 metrov. PozdiZny sklon stipa smerom k Ziline 4% v obliku
s polomerom 5000 m . Vy$ka klenby od vozovky je 7 m . Tunel
ma betdnovl vozovku o hribke 260 mm ukonéenl 8 metrov
pred oboma portalmi. M& pozdizne a prieéne dilatacie vyplnené
silikdbnovou zalievkou, ktora je nehorlava. V predmetnom
Gseku sl navrhnuté beténové zvodidla. Beténové zvodidla su
navrhnuté z dévodu vysSej tuhosti, mensej deformadnej hibky
a priaznivejSieho tvaru pre napojenie na portal tunela. Tunel
je v pozdiznom smere ukon&eny kratkymi 15 a 25 metrovymi
Castami portalov s beténovymi goliermi. Prejazdnd vySku ma
4,80 metra, avSak vSetky technologické zariadenia a premenlivé
znacky sl zavesené vo vySke 5,20 metra. (obr.3, obr.4 )

Geologicku stavbu horninového prostredia tvori tektonicky
silne poruSené a na oboch koncoch zvetrané ilovcovo
- pieskovcové slvrstvie karpatského flySu. VSetky banské
raziace prace sa realizovali novou raklskou tunelovacou
metddou za nepretrzitého geotechnického a geologického
monitoringu. Vyrub tunela budovany vo vystrojovacich
triedach TT IV az TT VI zabezpeceny primarnym ostenim
zo zvarovanych sieti, priehradovych nosnikov a radialnych
svornikov - samozavrtavacich kotiev zmonolitnenych striekanym

2 ‘_.r- P el al
Obr. 1 Zarez s cestou k vychodnému portalu tunela Horelica

Fig. 1 A set-off with the road to the eastern portal of the
Horelica tunnel

with beams 2 meters high (Fig. 1, 2). The tunnel is followed
by a 440-m monolithic double-chamber bridge with ten poles,
and the overall width of the bridge is 15.75 meter and the
width between the safety fence is 13.00 meter. The bridges
are footed in foundation ditches under trabeated walls secured
by rope land ties, the bottom structure is footed on micropiles
and anchored.

The tunnel is constructed as a two-lane, bidirectional tunnel
600 meter long and 12 meter wide and the carriageway between
the kerbstone is 9.0 meter wide. The longitudinal gradient
increases towards Zilina by 4% in an arch with a diameter
of 5,000 m. The height of the vault from the carriageway is 7 m.
The tunnel has a concrete carriageway 260 mm thick that stops
8 meters in front of both portals. It is provided with longitudinal
and transverse dilatations filled by inflammable silicone sealing.
Concrete safety fence is designed in this section. The concrete
safety fence is proposed because of its higher compactness,
lower deformation depth and a more favourable shape for
connection to the tunnel portal. In the longitudinal direction,
the tunnel is terminated by short portal parts 15 and 25 meter
long and by concrete collars. Its driving height is 4.80 meter,

Obr. 3 Zapadny portal tunela Horelica

Fig. 3 The western portal of the Horelica tunnel
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Obr. 4 Pohlad do tunela Horelica
Fig. 4 Alook into the Horelica tunnel

beténom. Ochrana proti podzemnej vode je zhotovena plastovou
polyetylénovou izolaciou a drenaznym systémom. Vnitorné
sekundarne ostenie je vybudované zo Zelezobetdnu. Odvodnenie
tunela je rieSené dvoma navzajom oddelenymi systémami
vyUstenymi cez lapace ropnych latok do recipientu, alebo
do bezodtokovej nadrze kontaminovanych véd. Odvodnenie
vozovky je zabezpedené prieénym a pozdiznym sklonom
beténovej vozovky do certifikovaného beténového Strbinového
7labu VAHOSTAV - SK - PREFA so samozha$acim protipoZiarnym
systémom a na predportalovych Gsekoch do Zlabov s mriezkou.
Odvodnenie podkladnych vrstiev je zaistené systémom priecnych
a pozdiznych drenazi zalstenych do cestnej kanalizacie
odvodnenia tunela.

Z hladiska protipoZiarneho zabezpecenia je tunel vybaveny
liatinovym poziarnym vodovodom s hydrantmi umiestnenymi
po strane tunela vo vyklenkoch po sto metroch. Vodovod je
napojeny cez ¢erpaciu stanicu v obsluznom objekte na poziarnu
nadrz s kapacitou 200 mé, dopinant cez vytladny vodovod z rieky
Kysuca, alebo z mestského vodovodu. Z dévodu bezpeéného
Gniku os6b v pripade havarie je vybudovana 376 metrov
dlha Gnikova chodba o Sirke 3,3 a vyske 2,5 metra, pripadne
pre prijazd osobného zachranného automobilu. Unikova chodba
je vedena v trase buddcej lavej tunelovej rary. Dve tunelové
spojky pre Unik 0sdb si s tunelom prepojené vo vzdialenosti
180 metrov. Na vstupe do Gnikovej chodby z tunela aj na vychode
z nej pri portaly Cadca su vytvorené poziarne predsiene uzavreté
protipoZiarnymi dverami.

Slcastou stavebnej Gasti tunela Horelica je zdruzeny
prevadzkovo-technologicky objekt situovany vedla portalu
Cadca. Jedna sa o dvojpodlazny Zelezobeténovy objekt v tvare
zrezaného valca, ktory je v si¢asnosti len Ciastoéne prisypany,
ale po dobudovani druhej tunelovej rdry bude mat charakter
podzemného objektu. Nachadza sa v nom riadiaci centralny
systém- ,srdce” tunela a celého obchvatu Cadce dizky 5, 961 km.
Tunel Horelica je dlhodobo obojsmerny a preto je venovana velka
pozornost bezpecnosti dopravy v tuneli, je navrhnuty bezpecény,
komfortny a vacsieho profilu. Osvetlenie, dopravné znacenie,
Gprava povrchu tunela, jeho architektonické stvarnenie, kvalita
a protiSmykové vlastnosti vozovky uZivatelom umoznuji jazdu
v najlepSich podmienkach, pohodli a bezpedi.

Stavebné a technologické rieSenie tunela vyhovuje
poZiadavkam eurdpskych pravidiel bezpeénosti. Zasady su:

is

however, all the technological equipment and variable signs are
suspended in the height of 5.20 meters. (Fig. 3, Fig. 4 )

Considering geology, the surrounding rock consists
of a group of strata made of clays and sandstone of
Carpathian flysh, very deformed tectonically and weathered
at both ends. All the mining perforation works were carried
out using a new Austrian tunnelling method under a constant
geotechnical and geological monitoring. The tunnel was dug
outin TT IV to TT VI bolting class and secured by a primary
lining made of welded nets, truss girders and radial bolts
- self-drilling anchors monolithed by sprayed concrete. The
protection against underground water is made form a coated
polyethylene insulation with a drainage system. The internal
secondary lining is made from reinforced concrete. The
tunnel drainage is designed in two systems separated from
each other, with outlets running through oil interceptors into
the recipient, or into an outlet-free tank for contaminated
waters. The carriageway is drained by the transverse
and longitudinal slope of the concrete carriageway into a
certified concrete slot trough VAHOSTAV - SK - PREFA with
self-extinguishing fire safety systems and into grid troughs
at the pre-portal sections. Bedding layers are drained by a
system of transverse and longitudinal drains with outlets
into the road canals for tunnel drainage.

Considering fire safety of the tunnel, the tunnel is
equipped with an alloy fire water pipeline with hydrants
located at sides of the tunnel in niches in 100 m spans.
The water pipeline is connected via a pumping station in the
service building to a 200 m? fire water reservoir supplied
through a delivery pipe line from the Kysuca River r from the
city water piping. To ensure a safe escape of people on case
of a crash or an arrival of a passenger rescue car, an escape
corridor 376 meter long, 3.3 meter wide and 2.5 meter high
is constructed. The escape corridor runs through the future
left tunnel pipe. The two tunnel junctions for rescue of people
are connected with the tunnel at the distance of 180 meters.
There are fire halls enclosed by fire safety door built at the
entry to and exit from the escape corridor from the tunnel
at the Cadca portal.

The structural part of the Horelica tunnel includes also
a common operating-technological building situated next
to the Cadca portal. This is a double-floor building from
reinforced concrete with the shape of a cut cylinder, only
partially filled at present, but this will be an underground
building after the construction of the second tunnel pipe is
completed. There is the central control system -the “heart”
of the tunnel and of the entire Cadca bypass 5. 961 km long.
The Horelica tunnel is bidirectional in the long-term and this
is the reason why the issue of traffic safety is essential and
the tunnel is designed with a safe, comfortable and greater
profile. The lighting, traffic signs, surface treatment in the
tunnel, its architectonic design, quality and anti-slipping
properties of the carriageway make it possible for its users to
drive under the optimum conditions, in comfort and safety.

The structural and technological design of the tunnel
complies with requirements of European safety regulations.
These regulations are as follows:

- Inform the driver immediately about any danger,

- First aid intervention in subsequent minutes

- Provide a possibility to escape for drivers

- Calling for the fist aid - SOS boxes

- Escape of persons - escape junctions and a corridor
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- okamfZite vodica informovat o nebezpeci

- zasah prvej pomoci v nasledujlcich minttach

- poskytnit vodicom mozZnost Gniku

- privolanie prvej pomoci - SOS skrine

- Unik osbb - Gnikové spojky a chodba

- velkost profilu a protipoZiarna vybavenost tunela musi
umoznit jednoduchy a rychly zasah zachranarov, najma
hasi¢ského zachranného zboru a prvej lekarskej pomoci

- kvalifikovany, vybaveny a vycvi¢eny riadiaci a zachranny
personal
VSetkym tymto zasadam technicky navrh projektového

rieSenia tunela Horelica vyhovuje.

Technolégia tunela sa sklada z integrovaného systému riadenia
dopravy celého Gseku premenlivymi dopravnymi a signalizaénymi
znackami, dvoch dvojic axialnych pradovych ventilatorov v hlavnom
tuneli a Unikovej chodbe s reverzaciou prevadzky, elektrickej
poZiarnej signalizacie tvorenej linedrnym optickym poZziarnym
hlasi¢om, SOS kabin s telefénmi pre nldzové volanie, z hlavného
a poziarneho osvetlenia s troma akomodacnymi zénami,
bezdrotového spojenia, kamerového systému umoznujliceho
pomocou 17 kamier kontinudlne sledovanie aktudalnej
situacie pred tunelom, v tuneli, Gnikovej chodbe i na prilahlych
krizovatkach a informacného systému dialnic, ktory okrem
iného zabezpecduje meranie a vyhodnocovanie poveternostnych
vplyvov. Prevadzkovy stbor bezdroétového spojenia zabezpecuje
Sirenie signalov hasi¢ského a zachranného zboru, spravcu
komunikacie, zdravotnej zachrannej sluzby, prevadzkovatelov GSM
a radiového signalu slovenského rozhlasu s moznostou vstupu do
modulacie dispecerom tunela pre pripad vystrahy. Celé riadenie
dopravnych, poZiarnych a technologickych stavov je zabezpecené
na redundantnych automatickych jednotiek SIEMENS - PLC
Simatic S7 na procesnej Grovni riadenia. Pomocou komunikacného
rozhrania a programového prostredia v jednotlivych procesnych
Grovniach sa riadia vSetky stavy tunela a celého Useku. Vizualizacny
hardware a software umoznuje sledovanie a riadenie do vSetkych
procesov a stavov v redlnom ¢ase a na redundantnych serveroch
je archivovany cely datovy skutocny stav. Centralny riadiaci
systém je cez optickeé linky prepojeny s dispecingom hasic¢ského
a zachranného zboru a so SSC sprava a Udrzba rychlostnych ciest
Cadca, kde st distribuované vaetky vizuéine, hlasové a datové
informacie ,0On-line“ (obr.5, obr.B).

Obr.5 Zapadny portal tunela - vizualizacia Pragoprojekt
Praha

Fig. 5 The western tunnel portal - visualisation by
Pragoprojekt Prague

- Size of the profile and fire safety equipment in the tunnel
must allow a simple and prompt intervention of rescuers,
in particular of fire brigades and paramedical first aid

- Qualified, well-equipped and trained control and rescue
staff

The technical design of the Horelica tunnel meets all these
requirements.

The tunnel technology consists of an integrated traffic
control system for the whole section using variable traffic
and signalling signs, two pairs of axial flow fans in the main
tunnel and the escape corridor with the option of reverse
traffic, electrical fire signalisation made of a linear optical
fire sensor, SOS cabins with telephones for emergency
calls, lighting with three accommodation zones, wireless
connections, camera systems that allows continuous
monitoring of the current situation in front of the tunnel,
within the tunnel, in the escape corridor and at adjacent
crossroads using 17 cameras, and the highway information
systems that ensures also measurements and evaluations
of climatic effects. The wireless connection operating set
ensures propagation of signals from fire and rescue brigades,
road administrator, paramedical rescue service, GSM
operators and of radio signals of the Slovak Radio with the
option of entry from the tunnel controller to issue a warning.
The whole equipment of traffic, fire safety and technological
statuses is ensured by redundant automatic SIEMENS - PLC
Simatic S7 units at the process control level. All the tunnel
statuses and the entire section are control by means of the
communication interface and the program environment
at specific process levels. The visualisation hardware and
software makes it possible to monitor and control all the
processes and statuses in real time and the whole actual
data status is archived in redundant servers. The central
control system is connected with the control centre of fire and
rescue brigade via optical lines and with SSC administration
and maintenance of express ways in Cadca, where all the
visual, voice and data information are distributed to online
(Fig. 5, Fig. 6).

Every technological equipment is supplied with electricity
from two independent sources. In case of a power outage,
every tunnel activity will be powered from UPS backup

Obr.6 Hotovy zapadny portal tunela Horelica
Fig. 6 The completed western portal of the Horelica tunnel
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VSetky technologické zariadenia sU napajané na elektrickd
energiu z dvoch nezavislych zdrojov. V pripade vypadku elektrickej
energie bude cela ¢innost tunela napajana zaloZnymi zdrojmi UPS
na 15 min(t s okamZitou reakciou a dieselgeneratorom pre pripad
vypadku elektrickej energie na dihsiu dobu. VSetky zariadenia
technologie s ovladané automaticky centralnym riadiacim
systémom. Prevadzku tunela Horelica budd kontrolovat dvaja
operatori v obsluznom objekte, kde je operatorské stanovisko.

3. ZAVER

Stavebna a technologicka Cast Tunela Horelica je rieSena
na Standardnej eurépskej Grovni a bude prevadzkovany systémom
a zariadeniami zabezpecujucimi najvysSiu bezpecnost vodicov
a uZivatelov podla najnovsich smernic pre prevadzku tunelov
prevzatych z krajin Eurépskej Unie. Stavba je zrealizovana
s doérazom na Zivotné prostredie a preto bola znizeniu vSetkych
negativnych Gcinkov na okolitd prirodu zvySena pozornost.
Pre ZivociSne biotopy boli zrealizované ochranné opatrenia
s poZiadavkami organov ochrany Zivotného prostredia a institiciou
Chranena krajinna oblast Kysuce. Na minimalizovanie Gcinkov
hluku od dopravy st v dotyku so zastavbou osadené protihlukové
steny z drevenych prirodnych i transparentnych materialov.
Ochrana povrchovych a podzemnych vod je rieSena odvodenim
znecistenych vod z vozovky cestnou kanalizaciou a ich precistenim
v lapacéoch ropnych latok pred vylstenim do recipientov. Nahradou
za odstranen( zelen v priestore staveniska je vysadba nahradnej
zelene a vegetadné Upravy realizované v sulade s platnou
legislativou EU. Pozitivnym spdsobom ovplyvnili Zivotné prostredie
aj stabilizacné a sanacné opatrenia, ktoré v zosuvnych Gzemiach
eliminovali geodynamické procesy a pohyby ohrozujlce prifahli
zastavbu a pozemky. Pre vysledny priaznivy esteticky dojem boli
v stavebno-technickom rieseni konStrukcii a objektov uplatnené
viaceré architektonické detaily a materialy. Celok troch stavieb od
krizovatky OSCadnica, cez tunel Horelica po krizovatku Cadca bol
odovzdany do uZivania verejnosti 29. oktébra 2004.

Autor Ing. Peter Masa je absolventom Studia na Stavebnej fakulte
Slovenskej technickej univerzity v Bratislave, ktoré ukonéil v roku
1992. Po skonéeni univerzity absolvoval Podnikové hospodarstvo
a manaZment u TRANSFER - Svajgiarskej vzdelavacej nadacie.

0d ukon&enia univerzity do st¢asnosti pracuje u VAHOSTAV
- SK, a.s., Zilina, kde pracoval v pozicii majster, asistent
stavbyveduceho a stavbyveduci.

Od roku 1997 UspesSne posobi ako  projektovy manazér
vyznamnych vodohospodarskych a dopravnych stavieb, ako napr.:
priehrady Malinec a Turéek, Vodné dielo Zilina, Cestny obchvat
Cadce s tunelom Horelica, Cesta Skalité hranica SR/PR, Dopravnej
infrastruktlry pre zavod KIA, Dialnice D3 Hricovské Podhradie
- Strazov.

iS

sources for 15 minutes with immediate response and by
a diesel generator in the event of a power outage for a longer
period of time. All the technology devices are controlled
automatically through a central control system. The operation
of the Horelica tunnel will be controlled by two operators from
the service building, housing an operating station.

3. CONCLUSION

The structural and technological part of the Horelica tunnel
is designed at the standard European level and the tunnel will
be operated with a system and equipment ensuring the top
safety for drivers and users in accordance with the most recent
directives for tunnel operation transposed from the countries of
the European Union. The construction has been carried out with
concern for the environment, and minimising all the negative
impacts on the surrounding nature was vital. Protective
measures were taken for animal biotopes in compliance with
requirements of authorities for nature conservation and bodies
of the Kysuce Protected Landscape Area. Anti-noise walls made
from wooden natural and transparent materials are fitted by
built-on areas to reduce effects of noise from the traffic. Surface
and underground waters are protected by draining waste waters
from the carriageway in road canals and treating such waste
waters in oil interceptors before letting them out into recipients.
The greenery removed at the construction site is replaced by
substitute greenery and gardening adjustments carried out in
accordance with the applicable EU legislation. Stabilising and
renovation measures that eliminated geodynamical processes
and movements endangering the adjacent built-on areas
and lands in land-slide territories have had a positive impact
on the natural environment. Multiple architectonical details
and materials have been implemented in the structural and
technical design of structures and building for a good final
aesthetic impression. The set of three buildings starting at the
Os¢&adnica crossroad, via the Horelica tunnel up to the Cadca
crossroad was opened for public on October 29, 2004.

Author Ing. Peter Masa graduated on the Faculty of Civil
Engineering on Slovak Technical University in Bratislava and
finished it in 1992. After study on the University he finished
the Business economics and Management on TRANSFER
- Swiss educational Institution. From end of the University he
works in the company VAHOSTAV-SK, a.s. in Zilina, where he
worked as a foreman, an assistant of Construction Manager
and Construction Manager.

From 1997 he successfully works as the Project Manager
of Water-engineering and Transport constructions, e.g. Water
Scheme Malinec and Turéek, Water Scheme Zilina, Road
1/11 Cadca-bypass with tunnel Horelica, Road 1/11 Skalité
- Border SR/Poland, Road infrastructures for KIA, Motorway
D3 H. Podhradie - Strazov.
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Betoénové estakddy mosta Apollo

Concrete Flyovers of the “Apollo” Bridge

Miroslav Mata$¢fk - Igor Masaryk

Sucastou mosta Apollo - nového mosta cez Dunaj v Bratislave
je aj sedem betonovych estakad a lavok. Prispevok popisuje
koncepciu navrhu tychto mostnych objektov.

Po oboch stranach hlavného mostného objektu cez Dunaj sl
beténové estakady pre automobilovi dopravu, lavky pre chodcov
a lavka pre cyklistov.

Faktom, ktory pri navrhu koncepcie objektu nebolo mozné
nebrat do Gvahy, bolo situovanie mosta. Nedaleké nové
Narodné divadlo, novd moderna zastavba, ¢i vyhladova
promenada na nabreZi Dunaja, to sU alebo v kratkej dobe
budd novi ,susedia“ tejto estakady. A tak dizajn objektu
musel zohladnit to, Ze sa bude nachadzat v tak exkluzivnej

An integral part of the bridge “Apollo”- new bridge over Danube
in Bratislava are also the seven concrete flyovers and footbridges.
The article describes the approach to the design of these bridges.

On both sides of the main bridge structure over the Danube
are concrete flyovers for vehicles, footbridges for pedestrians
and a bridge for cyclists.

Fact that was not possible not to take into consideration when
preparing the structure conceptual design, was the location of
the bridge. The new National Theatre, the new modern buildings
or the planned promenade on the Danube river bank, situated
not far from the bridge, that are or the near future will be the new
“neighbors” of this flyover. Consequently the structure design had
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spolo¢nosti. A bolo nutné, samozrejme, brat na zretel
aj tvarovl koncepciu hlavného mostného objektu nad
Dunajom.

Vysledkom tejto vyzvy je doskovéa konstrukcia z monolitického
dodatocne predpatého betdnu. Priene rezy nosnych konstrukcii
estakady ale aj lavok v tvare ,slzy“ opakuji niektoré motivy z
tvaru hlavného mostného objektu. ,Tazky“ podhlad nosnej
konstrukcie vyvolany jej nestandardnou Sirkou je odlahceny
rastrom rebier v strednej ¢asti. Aby nebol priestor pod simostim
zaplneny velkym mnoZstvom podpier, lavky pre chodcov a
cyklistov st podopierané ,,odvazne*“ vyénievajlcimi prieénikovymi
konzolami hlavnej estakady.

Spodna stavba je tvarovana obdobnou ,technikou“ ako
podpery hlavného mostného objektu. Zakladné teleso kazdej
podpery - stena elipsovitého prie¢neho rezu, je upravované
roznymi ,vyrezmi“ do staticky alebo funkéne logického tvaru.

Staticky aj konstrukéne najobtiaZznejSou ¢astou tychto
objektov bolo ich zakladanie. PodloZie tohto simostia je
preplnené réznymi podzemnymi objektami, kanalizaénymi
stokami profilu az 4,0 m a velkym mnoZstvom inz. sieti. Preto
museli byt zakladové pasy podpier navrhnuté ako komplikované
podzemné predpaté betonové mosty, ktoré premostuju
spominané prekazky.

Navrh a realizacia mosta Apollo obdrZali tieto ocenenia:

- ,EUROPEAN AWARD FOR STEEL STRUCTURES*“ od European
Convention for Constructional Steelwork (ECCS),

- “OPAL” od American Society of Civil Engineers,

Investorom stavby bolo Metro a.s. Bratislava, autorom
architektonického navrhu bol Ing. Miroslav Matascik,
projektantom stavby bol Dopravoprojekt a.s. Bratislava
a Keramoprojekt Trenéin, stavbu realizovalo konzorcium
Doprastav a.s. Bratislava a MCE Voest Linz.

Ing. Miroslav Matascik,Alfa 04 a.s.,autorizovanyinzZinier, 33 rokov
skisenosti v navrhovani mostnych a inZinierskych stavieb

Ing. Igor Masaryk, Alfa 04 a.s., autorizovany inZinier, 11 rokov
sklsenosti v navrhovani mostnych a inZinierskych stavieb

Alfa 04 a.s., Jasikova 6, 821 03 Bratislava
e-mail: alfa04@alfaO4.sk, web: www.alfa04.sk

to take into account the fact that it will be situated in so exclusive
company. And of course it was necessary to take into account
also the shape conception of the main bridge over the Danube.

The outcome of the limitation is the slab structure of cast-
in-situ post-tensioned concrete. The cross sections of flyover
superstructures, but also those of footbridges in the shape
of a “teardrop” repeat certain motifs of the shape of the
main bridge. The “heavy” soffit of bridge superstructure due
to its atypical width is alleviated by the raster of ribs in the
middle part. In order not to fill the area under the complex
of bridges by a large number of piers, the footbridges for
pedestrians and the bridge for cyclists are supported by
“boldly” overhanging transverse cantilevers of the main flyover.

The substructure is shaped by similar “technique” as the piers
of the main bridge structure. The main body of each pier - the wall
with elliptical cross section, is adjusted by means of different “cut-
outs” into logical shape from the statics or the function point of view.

The most difficult part of these structures from the statics
as well as the construction point of view, was the laying of their
foundations. The subgrade of this complex of bridges is congested
by different underground structures, drainage sewers of diameter
4,0 m and big amount of public utilities. Therefore the footing of
piers had to be designed as complicated underground, prestressed
concrete bridges, which are bridging the said obstacles.

Design and execution of the bridge Apollo were awarded by:

- ,EUROPEAN AWARD FOR STEEL STRUCTURES* awarded by
,European Convention for Constructional Steelwork (ECCS)“

- “OPAL” award by American Society of Civil Engineers

The client of the project was Metro a.s. Bratislava, author of architectural
proposal was Ing. Miroslav Matascik, designer was Dopravoprojekt
a.s. Bratislava a Keramoprojekt Trencin, the project was executed
by joint venture Doprastav a.s. Bratislava and MCE Voest Linz.

7 X

Ing. Miroslav Matascik, Alfa 04 a.s., chartered engineer, 33 years
of experience in bridge and engineering structures design

Ing. Igor Masaryk, Alfa 04 a.s., chartered engineer, 11 years
of experience in bridge and engineering structures design

Alfa 04 a.s., JasSikova 6, 821 03 Bratislava
e-mail: alfa04@alfaO4.sk, web: www.alfaO4.sk
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Most nad riekou Orava a tratou ZSR na R3 Oravsky Podzdmok - Horné Lehota

Bridge over the Orava river and the railway tracks
on the R3 expressway in section “Oravsky Podzdmok - Hornd Lehota”

Alexander Sl4vik - Martin Korbel

Mostny objekt na R3 Oravsky Podzamok - Horna Lehota
sa nachadza na okraji extravilanu obce Oravsky Podzamok.
Premostuje trat ZSR Kralovany - Trstena a 2 krat rieku Orava. V
¢lanku st uvedené zakladné informacie o projektovom navrhu
a o vystavbe.

1. OvoD

Mostje navrhnutyako 14-polovy, spojity nosnik, pozostavajuci
z dvoch dilataénych celkov dizok 295,0 a 389,0 m. Ide
o monolitickl, dodatoéne predpatd, mostni konsStrukciu
komorkového prierezu s nabehmi, budovani technolégiou
letmej betonaze a postupného budovania na pevnej skruZi.
Spodna stavba je tvorena slstavou stenovych pilierov a opor.
Most je navrhnuty na zataZovaciu triedu A. Celkova dizka mosta
je717,35ms dizkou premostenia 686,60 m.

2. ZAKLADANIE A SPODNA STAVBA

Geologicka struktdra podloZia v Udolnej nive rieky Orava je
vo vSeobecnosti tvorena kvartérnymi sedimentami, zastlpena
naplavami rieky Orava. InZiniersko-geologické a hydrogeologické
pomery staveniska mozno vzhladom na vySku hladiny podzemnej
vody a réznorodost podloZia oznacit ako zlozZité.

Spdsob zakladania kopiroval zloZitost zakladovych pomerov
a upravoval sa individualne podla zisteni na stavbe. Vacsina
stavebnych jam bola vzhladom na vySku hladiny podzemnej
vody prevedend pomocou Stetovnicovych ohradzok, rozopretych
ocelovymi rdmami, alebo kotvené horninovymi kotvami. Tam kde
nebolo mozné Stetovnice zabaranit do potrebnej hibky okolo celej
stavebnej jamy, zvolil sa spdsob vytvorenia podzemnych stien.
ZaloZenie spodnej stavby je prevazne navrhnuté hibkové pomocou
mikropilét $133mm, tr.89/10mm. V snahe minimalizovat ich

The bridge on the R3 expressway in section “Oravsky
Podzamok - Horna Lehota” is situated at the boundary of
rural and urban area of the Municipality Oravsky Podzamok.
It crosses the railway link Kralovany - Trstena and twice the
Orava River. The paper presents the basic information on the
project design and used construction method.

1. INTRODUCTION

The bridge is designed as 14-span continuous cast-in-place post-
tensioned gjrder structure, consisting of two structures (295.0 and
389.0 m long) separated by an expansion joint at Pier 6 (Fig.1). It
is a single cell box girder of variable depth (Fig.2), constructed by a
combination of free cantilever method and conventional scaffolding.
The bridge is supported by wall piers and abutments. The design
was carried out for loading class A. The overall bridge length is
717.35 m with the length of bridge opening being 686.60 m.

2. FOUNDATIONS AND BRIDGE SUBSTRUCTURE

The underground conditions in the fluvial plane of the Orava
River are generally represented by quaternary deposits formed
by river alluviums. With regard to high groundwater level and
heterogeneous soil, the geotechnical conditions at the site can
be qualified as difficult.

The construction of foundations reflected the complexity
of underground conditions and was reassessed according to
findings at the site. Because of high groundwater table, the
majority of foundation pits required to use sheet piles (Fig.3)
braced by steel frames or ground anchors. Where it was not
possible to drive the sheet piles to the required depth around
the whole foundation, the underground walls were used.
The deep foundation consisted from micropiles of 133 mm
diameter. To minimize the cost, the alternative designs for

Ing. Alexander Slavik, Dopravoprojekt a.s., Kominarska 2,4, 832 03 Bratislava, Zodpovedny projektant, Statika
tel. +421-2-50234286, fax. +421-2-55574396, e-mail: slavikk@dopravoprojekt.sk

Ing. Martin Korbel, Dopravoprojekt a.s., Kominarska 2,4, 832 03 Bratislava, Projektant, Statika

tel. +421-2-50234416, fax. +421-2-55574396, e-mail: korbel@dopravoprojekt.sk
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Obr.1 PozdiZny rez mosta - schéma

poéty boli uz v dokumentéacii prevedené variantné riesenia. Dizka
mikropil6t bola rézna a v niektorych pripadoch sa upravila podla
aktualneho geologického profilu podlozZia resp. podla vysledkov
zataZovacej skusky.

Spodna stavba je tvorena uholnikovymi, Zelezobetonovymi
oporami a sUstavou trinastich stenovych pilierov. Riecne piliere
sl névrhnuté s ochranou z lomového kamena. Zelezobetonové
konsStrukcie spodnej stavby si monolitické z beténu C25/30-
zakladové patky, C30/37-drieky podpier, C35/45-hlavica pilierov.

3. NOSNA KONSTRUKCIA

Nosna konstrukcia je navrhnutd ako spojity nosnik z
monolitického, dodato¢ne predpatého betéonu C30/37, s
nabehmi. Oba dilatacné celky s jednokomorového prieéneho
rezu, premennej vysky 2,50 - 4,50m, s kolmymi tramami a
s celkovou Sirkou 13,90 m. Betonaz prierezu je navrhnuta s
dvomi resp. jednou pracovnou Skarou po vyske. Pri realizacii
hornej dosky sa uvazuje pouZzitie posuvného debnenia.

assumed findings at the site were carried out. The micropiles
length differed and it was adjusted according to the actual
geotechnical conditions and/or test results.

The bridge substructure consists from reinforced-concrete
abutments with cantilever and thirteen wall piers. The piers
situated in the river are protected by protected by quarry-stone
facing. The reinforced-concrete pier footings are from C25/
C30, piers from C30/35 and pier heads from C35/45.

3. BRIDGE SUPERSTRUCTURE

The bridge superstructure is from cast-in-place post-tensioned
concrete, class of C30/37. The girder depth varies from 2.50 to
4.50 m. The deck width is 13.90 m. One or two construction joints
are assumed along the depth of the girder. Sliding formwork is
planned to be used during the construction of the deck.

In the construction stage each expansion unit has two
balanced cantilevers, formed by 18.0 m long base and six
5.0 m long segments cast symmetrically by form travelers.
The stability of cantilevers is achieved by temporary
supports with hydraulic jacks and fixed connection between

NA SKRUZI / SUPPORTING SCAFFOLD

o

14500
11500

DOLNY KUBIN
~=

PREMENNA

2000 |

LETMA BETONAZ/BALANCED CANTILEVER METHOD

e,

14500
11500

DOLNY KUBIN
=

Obr.2 Priecny rez mosta
Fig. 2 Bridge cross-section
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V montaznom stadiu ma kazdy dilatacny celok dve vahadla,
tvorené zarodkom dizky 18,0m s obojstrannymi konzolami
pozostavajlcich zo Siestich 5,0 m dlhych segmentov, budovanymi
symetricky beténovacimi vozikmi na obe strany. Stabilizacia
vahadla je navrhnuta dvojicou pizmo barok s hydraulickymi lismi
a betonarskou vystuZou prechadzajlcou z piliera do zarodku.
Maximalna reakcia na jednu barku si vyZaduje pouZitie 2 x 2
lisov s miniméalnou tnosnostou 4 100 kN (410t).

Nosnakonstrukciaje pIne predpata sddrznymi, injektovanymi
predpinacimi kéblami z 12-tich stabilizovanych lan ¢Ls15,5-
1800 MPa. Pre kotvenie je pouZity predpinaci systém
SOLO s dvojstupnovymi kotvami. Pozostava z konzolovych
kablov vahadiel, predpinacej vystuze dielov budovanych
na podpernej skruzi a zmonolithujldcich kablov. Vystuzenie
spodnej stavby a nosnej konstrukcie je navrhnuté betonarskou
vystuzou 10 505(R). Postup vystavby celého mosta prebieha
v 7 dnovych cykloch budovania jedného segmentu.

Sledovanie nosnej konstrukcie pocas vystavby je navrhnuté
v pozdiZznom aj v prieénom smere mosta. VySky si poéitané na
zaklade harmonogramu a spdsobu vystavby. Geodeticky budu
priebezne sledované sadanie a deformacie pilierov, vySkova
poloha vytyGovacich bodov jednotlivych lamiel a dielov.

4. PRISLUSENSTVO

Mostny zvrSok je navrhnuty Standardnym spbésobom
s celoploSnou izolaciou z asfaltovych pasov. Na moste je po celej
dizke navrhnuta konstrukcia vozovky v celkovej hribke 90 mm,
monolitické rimsy, zabradelné zvodidla pre Groven zadrZania
H2 a ocelové zabradlie. Nosna konstrukcia je na na hrncovych
loziskdch so zvislou UGnosnostou 5,0 MN az 20,0 MN.
Mechanické mostné zavery s dilatacnym pohybom 240 a 400
mm sU vzhladom na blizkost zastavby navrhnuté ako tzv. tiché.

5. ZAVER

Most na R3 nad riekou Orava atratou ZSRvkm 1,842500je v
sUcasnosti v Stadiu vystavby. Je dokoncené zaloZenie a vystavba
spodnej stavby a pripravend na realizacia jednotlivych dielov
nosnej konstrukcie. Konec¢ny termin dokoncéenia celej stavby R3
Oravsky Podzamok - Horna Lehota je koniec roka 2007.

6. ZUCASTNENE ORGANIZACIE

Stavebnik: Narodna dialniénéa spolo¢nost

Projektant: Dopravoprojekt, a.s., Bratislava

Dodavatel: Skanska DS a.s., Vahostav - SK, a.s.,
Max Bogl & Jozef Krysl

the pier and base. The maximum reaction for a temporary
support requires using 2 x 2 jacks with the minimum bearing
capacity of 4,100 kN (410t).

The bridge superstructure is fully prestressed by bonded 12-
strand tendons (¢Ls15.5-1800 MPa). The “SOLO” prestressing
system with multiplane anchors is used. It consists of tendons
of cantilevers, conventionally built sections on scaffolding and
continuity. Reinforcement steel of 10 505 (R) was used for the
bridge substructure and superstructure. The construction method
is based on 7-day cycle for one segment.

The monitoring of bridge superstructure during construction is
proposed in longitudinal as well as the transverse direction of the
bridge. The elevationsare calculated onthe basis ofthe construction
method and schedule. The settlement and deformations of piers,
the elevation of setting-out markers of segments and elements
will be continuously geodetically monitored.

4. BRIDGE ACCESSORIES

The waterproofing of the bridge consisting from asphalt
waterproofing membrane together with the asphalt pavement
is 90 mm thick. The structure is equipped by cornices, steel
guardrails (containment level H2) and steel railing. The pot
bearings from 5.0 MN to 20.0 MN load capacity were used.
Due to the vicinity of buildings the mechanical expansion
joints in the silent alternative for longitudinal movements of
240 and 400 mm were designed.

5. CONCLUSION

The bridge over the Orava River and the railway tracks on the
R3 expressway in km 1.842 500 is currently under construction.
The foundations and bridge substructure are completed and the
construction of particular elements of bridge superstructure is
ready to be executed. The deadline for completion of the whole
project of the R3 expressway in section “Oravsky Podzamok
- Horna Lehota” is the end of the year 2007.

6. PARTIES TAKING PART IN THE PROJECT
Employer: Nérodna dialni¢na spolo¢nost

(National Motorway Company), Slovakia
Designer: DOPRAVOPROJEKT, a.s., Bratislava, Slovakia
General Contractor: Skanska DS a.s., Vahostav - SK, a.s.,
Max Bogl & Jozef Krysl, Slovakia and the Czech Republic.

Obr. 3 Vystavba - kotvena stavebna jama, priprava podpernej skruze
Fig. 3 Construction - anchored foundation pit, preparation of scaffolding
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Most na D1 Vazec-Mengusovce, budovany technoldgiou vysiivania

The bridge on the D1 motorway in section “Vazec-Mengusovce”,
constructed by incremental launching

Jaroslav Guoth - Matds Bidci - Viclav Kvasnicka

Metoda vystavby nosnej konstrukcie mostov technoldgiou
postupného vystvania je vel'mi efektivnou metédou pri spineni
predpokladov stvisiacich s diZkou mosta , premostovanou
prekazkou, vhodnych smerovych a vySkovych pomeroch
komunikacie v mieste mosta. Vzhladom na naplnenie tychto
predpokladov bola uvedena technolégia pouzita na dialnicnom
mostnom objekte v Useku Vazec - Mengusovce.

1. GvoD

Mostny objekt sa nachadza na budovanom Useku dialnice
D1 VaZec - Mengusovce medzi obcami Strba - Tatranska Strba.
Jedna sa o dialniény dvojmost prekonavajici trat ZSR, cestu
111/018 144, potok Mlynica s jeho Gdolim a kriZovatkovl vetvu.
Most je situovany v blizkosti krizovatky Strba, ktorej vyradovacie
a zaradovacie pruhy zasahuji do konsStrukcie mosta.

Dialnica v mieste mostného objektu je smerove
v obldku o polomere 1350m a vySkovo klesa v sklone 3,4%.
Do posledného pola, ako i ¢asti predposledného pola zasahuje
vySkovy zakruZovaci oblik o polomere 8000 m.

Incremental launching is a very effective method for
construction of superstructures. lts feasibility is influenced by
a bridge length, an obstacle to be crossed over and horizontal
and vertical road alighments. All conditions mentioned above
were met at the bridge in section Vazec - Mengusovce of the
Motorway D1.

1. INTRODUCTION

The bridge is located between the Municipalities of Strba and
Tatranska Strba within the section of the D1 motorway “VaZec
- Mengusovce”, which is currently under construction. Two
separate parallel bridge structures will carry a dual carriageway.
The bridge crosses over railway tracks, the 11l/018 144 road, the
Mlynica creek and an interchange ramp and it is situated close to
the interchange “Strba”, which ramps lead to the bridge structure.

The bridge was designed in a horizontal curve with the radius
of 1350 m. The vertical alignment slopes down at 3.4% with the
8000 m crest vertical curve in the last two spans.
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Obr.1 Schéma pozdizneho rezu
Fig. 1 Eastbound bridge elevation

Ing. Jaroslav Guoth, Dopravoprojekt, a.s, Bratislava, Stredisko Liptovsky Mikulas, ul. 1.maja 724, 031 01 Liptovsky Mikulas,
tel. +421-44-5521900, fax. +421-44-5514037, e-mail: guoth@dopravoprojekt.sk

Ing. Matus Blci, Doprastav a.s. zavod-6 Petrzalka, Blagoevova 28, 852 61 Bratislava,

tel. +421-02-907801869, fax. +421-52-7791149, e-mail: bucim@inmail.sk

Ing. Vaclav Kvasnicka, Pontex, spol. s r.o., Bezova 1658, 147 14 Praha 4

tel. +420-244 062234, e-mail: kvasnicka@pontex.cz
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Obr. 2 Typicky priecny rez
Fig. 2 Typical cross section

Pévodny navrh mostného objektu bol predpaty monoliticky
most budovany na podpornej skruzi. Vzhladom na vhodné
smerové a vySkové pomery vedenia dialnice v Useku mosta,
vypracoval Dopravoprojekt a.s. Bratislava v roku 2004 zmenu
DSP na konstrukciu budovand technolégiou postupnym
vysUvanim.

2. POPIS MOSTU

2.1 Nosna konstrukcia

Objekt tvoria dva nezavislé paralelné mosty s rovnakou
dizkou nosnej konstrukcie 598 m. Most ma patnast poli
30+3x40+10x41+36m. Nosna konStrukcia je dvojtrdmova,
jednokomorova so Sikmymi tramami Sirky 0,41m, ktoré sa
v blizkosti opor rozsirujd na 0,52m.

Dolnd doska ma Sirku 6,25m. Sirka nosnej konStrukcie
lavého mosta je 15,06m, pravy most sa rozsiruje z 13,81m na
15,06m. VySka nosnej konstrukcie je v osi 2,85m. Prie¢ny sklon
hornej dosky je 3,5%. Spodna doska je v prieGnom smere vo
vodorovnej, to znamena Ze vySka trdmov nosnej konstrukcie je
rézna. Cast nosnej konstrukcie do ktorej zasahuje zakruzovaci
obllk je premennej vySky pricom horna doska kopiruje vyskové
vedenie a spodna doska pokracuje v konStantnom sklone 3,4%.

Nosnd konstrukcia je spojitA monolitickd predpata
konstrukcia. Pozdizne predpdtie je zabezpedené centrickymi
stdrznymi  12-lanovymi kablami priemeru 15,5 a volnymi 181s
1800 lanovymi kablami priemeru 15,5. Stdrzné kable st navrhnuté
pre zataZovacie stavy pocas vyslvania konstrukcie. Volné kéble sa
doplnia po koneénom vysunuti konstrukcie. Stdrzné kable su vedené
v hornej a dolnej doske s prestriedanym kotvenim v ele kazdého

Obr. 4 Pohlad na ¢ast vysunutej konstrukcie
Fig. 4 Piers and partially launched superstructure

Obr. 3 Deviator volnych kablov
Fig. 3 External tendons deviator

2. BRIDGE DESCRIPTION

2.1 Bridge Superstructure

The length of 15-span bridge structure is 598 m. The spans
are: 30+3x40+10x41+36m (Fig. 1). The superstructure
consists from post-tensioned single cell box girder with 0.41
m and 0.52 m, respectively wide webs at spans and at piers.
The width of the bottom slab is 6.25 m. The superstructure
width of the westbound structure is constant (15.06 m).
The width of eastbound superstructure varies from 13.81
m to 15.06 m. The depth of the girder at a control line is
2.85 m. Cross-fall of the top slab is 3.5%. The bottom slab
is horizontal, which means that the depth of inclined webs
varies (Fig.2).

The depth of bridge in a longitudinal direction varies
to conform to a vertical alignment.

The bridge superstructure is a continuous cast-in-place
post-tensioned structure. The longitudinal post-tensioning
consists from 12-strand centrally and 18-strand externally
pre-stressed tendons. All strands are of 15.5 mm diameter.
The bonded tendons are designed to satisfy the construction
stages during incremental launching. The external tendons
are added after completing the launching procedure. The
bonded tendons are located in top and bottom slabs of the
deck with alternated anchorage at the head of every other
unit. The externally pre - stressed tendons (125 m long) pass
through 3 spans in an alternated arrangement and they are
coupled by overlap at pier diaphragms. The launching nose
is attached by Dywidag pre-stressed bars.

The external tendons pass through deviators (Fig.3)
and pier diaphragms. All deviators and pier diaphragm were
cast in a fabrication yard at the end of bridge.

The eastbound and westbound bridges are supported by
the single abutment at each end of the structure. Each bridge
has 15 piers. The height of piers varies with the maximum
of 22.04 m. The piers (Fig. 4) are irregularly hexagonal, 4.7
m wide and 2.4 m, 2.8 m deep, respectively depending on
a pier height. The piers heads are 3.7 m deep. Their width
varies to maximum of 6.66m. The pier head dimensions
were designed to accommodate to temporary slide plates
for launching the structure.
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Obr. 5 Vyrobia - pozdizny rez pri betonazi

f 1. taktu

druhého taktu. Volné kable prechadzajl s prestriedanim vZdy cez
3 polia s typickou dizkou 125 m. Spojkované sti presahom v oblasti
podporovych prieénikov. Dodavatelom predpinaciehosystémujefirma
Projstar Bratislava. Z predpinacich prvkov je na moste vyuzité tycové
predpétie v oblasti kotvenia vysuvného nosa /systém Dywidag/.

Vol'né kable s v komore mosta deviované cez Zelezobetdnové
deviatory a nadpodporové priecniky, betdnované priamo vo vyrobni.
Tym odpadaji pracné a ¢asovo naroné operacie prevadzané
dodatoéne po dokonceni vysuvu.

2.2 Spodna stavba

Spodna stavba je tvorena krajnymi oporami, ktoré st spolocné pre
pravy i lavy most a 15-timi piliermi pre kazdy most. Piliere st rdznych
vySok s maximalnou vyskou 22,04m. Driek pilierov je Sestuholnikovy
so Sirkou 4,7m a dvomi navrhovanymi hribkami 2,4m pri nizSich
pilieroch a 2,8m pri vySSich pilieroch. Hlavice pilierov st vySky
3,7m a premennej Sirky s maximalnou Sirkou v korune 6,66m.
Sirka a hribka hlavice bola navrhovana i s ohladom na moznost
uloZenia docasnych kiznych stolic pre samotny vysuv konstrukcie.

Pri nadvrhu a posudzovani pilierov boli okrem definitivnych
G¢inkov zohladnené i silové Ucinky od vyslvania konStrukcie.

Krajna opora ¢. 16 bola navrhnutad na prenesenie velkych
vodorovnych sil ktoré do nej vnasaji hydraulické lisy vysuvného
zariadenia, ukotvené na jej prednej strane.

ZaloZenie spodnej stavby je na mikropilotach.

UloZenie nosnej konstrukcie na spodn( stavbu je pocas vystavby
na ocelovych kiznych podlozkach s bocnym vedenim. Klzné podlozky
zabezpedujl posun nosnej konstrukcie po pilieroch a oporach. Do
presnej kiznej roviny sa nastavuji presnym geodetickym meranim
pomocou aretaénych pripravkov.  Konstrukéne su podlozky
zhotovené zo spodnej a vrchnej ocelovej dosky medzi ktorymi je
prizovy blok. Vrch hornej dosky mé nabehy a je potiahnuty leStenym
plechom, po ktorom sa po silikonovej vazeline prostrednictvom
Klznych platni kiZe nosné konstrukcia mostu. Klzné dosky rozmerov
20x30 cm, hribky 14 mm, majd horni plochu /od nosnej
konstrukcie/ gumen( a spodn( stranu teflonovd.

Kizné podlozky sa po vysunuti nosnej konstrukcie mosta
vymenia za definitivne hrncové loziska po nadvihnuti nosnej
konstrukcie.

3. SPOSOB VYSTAVBY

Sposob  vystavby nosnej konStrukcie technolégiou
postupného vystvania spociva v budovani nosnej konstrukcii

The piers were designed for construction and final stages.

The east most abutment was designed to take the large
horizontal forces brought into it by hydraulic jacks of launching
device, anchored at its front side.

The substructure is supported by micropiles.

During the construction, the superstructure is supported
by laterally guided steel slide plates. The slide plates
enable the movement of bridge superstructure on piers and
abutments. They are set into exact slide level by accurate
geodetic surveying. The pier slide plates consist from top
and bottom steel plates with medium rubber layer. To
reduce friction, silicon grease was used between pier and
superstructure slide plates. The top surface /from the bridge
superstructure side/ of 14 mm thick slide plates (200x300
mm) is from rubber and bottom sliding surface is from teflon.
After launching the bridge superstructure the slide plates will
be replaced by permanent pot bearings after lifting the bridge
superstructure.

3. CONSTRUCTION METHOD

A construction of bridge superstructure by the “incremental
launching” method consists of construction of a bridge from
incrementally launched units, which are cast in a fabrication
plant behind a bridge abutment.

In longitudinal direction the bridge superstructure is
divided into 30 construction units with the maximum
standard length of 20.5 m. The structure is being launched
from the lower abutment against vertical slope, which
increased jacking force, but without the need for auxiliary
braking measures.

All main construction activities are carried out behind the
most east abutment. The plant location behind the abutment
does not require a temporary pier for launching the first span.

The fabrication yard (Fig. 5) is stationary - the slide
longitudinal surfaces are fixed in the stationary immovable
position for all units. The fabrication yard comprises
from reinforced-concrete frame and the longitudinal steel
slide beams, which are situated under the box girder. The
completed prestressed unit of the bridge superstructure
slides over these beams outside from the formwork.

A proper design of fabrication yard does not require
constantly adjusting its geometry to suit a production prone

Fig. 5 Fabrication yard - Casting the

unit at stage 1

launching hydraulics
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Obr. 6 Pohlad na kotevny rost pre hydraulické lisy
Fig. 6 View of anchorage grillage for hydraulic jacks

na jednom mieste - vo vyrobni, po jednotlivych taktoch s jej
postupnym vystvanim do definitivnej polohy.

Nosna konstrukcia mosta je v pozdiznom smere rozdelend
do 30-tich pracovnych taktov s maximalnou, Standartnou
dizkou 20,5m. Konstrukcia sa vystva proti pozdlZznemu spadu
konstrukcie /do kopca/, ¢o vyzaduje zvacsenl vytlacna silu,
ale bez potreby pridavnych brzdiacich opatreni.

VSetky hlavné pracovné ¢innosti pri vystavbe nosnej konstrukcie

prebiehaju za krajnou oporou €. 16. Poloha vyrobne za oporou
je zvolena tak, aby bolo mozné bez problémov pouZit zvoleny typ
vyrobne a nebolo potrebné umiestiovat do prvého pola provizérnu
podporu pre vysuv.

Vyrobiia, pouZita pre vstavbu mosta je tzv. pevna - kizné pozdizne
plochy su fixované v pevnej nemennej polohe pre vSetky takty vysuvu.
Konstrukéne tvori vyrobiu Zelezobeténovy skelet, na ktorom su
uloZené pozdizne ocelové kizné nosniky , umiestnené pod tramami
beténového prierezu mosta. Po tychto nosnikoch sa pocas vysivania
kiZe dokongeny, predopnuty takt nosnej konstrukcie von z formy.

Pri vhodnom navrhu vyrobne nie je treba prevadzat priebezné
korekcie jej polohy a jej opakované geometrické nastavovanie,
¢o zjednoduSuje a zrychluje vystavbu a zniZuje riziko vzniku chyb.
Navrh vyrobne umoznuije jej kompletny priecny presun po dokoncéeni
vysuvu prvého mosta, bez jej demontaze a montaze pre druhy most.
Princip prieéneho presunu vyrobne spoéiva v nadvihnuti celého
roStového systému na Styroch lisoch a posune po teflonovych
plochach na ocelovej drahe osadenej na zakladoch vyrobne.

V priestore medzi oporou a vyrobnou je doCasna podpora,
ktora sa vyuZiva pri vysuve prvého a posledného taktu.

Pre zniZenie vnutornych sil v beténovej konstrukcii pocas
vysUvania je k éelu prvého taktu uchyteny ocelovy vysuvny nos
dizky 26,0m. Vysuvny nos je z dvoch pozdiZznych plnostenych
ocelovych nosnikov so zavetrenim. Jeho koniec je vybaveny
zdvihacou hydraulickou zostavou pre kompenzaciu priehybov
pri ndjazde na klzné stolice na pilieri.

Vlastny vysuv mosta sa realizuje tahanim nosnej konstrukcie
za demontovatelné pripravky, ktoré sa zas(vaju cez vynechané
otvory v hornej a dolnej doske nosnej konstrukcie mosta. K tomu
sa pouziva pat 22 lanovych predpinacich kablov, tahanych
hydraulickymi lismi so zdvihom 0,28m s automatickym
prekotvovanim tahanych lan. Lisy si opreté o ocelovy rost
prikotveny predpinacimityéamiku krajnejopore ¢. 16. Maximalna
tiaZ vyslvanej konstrukcie je pri poslednom takte cca 15400 t.

Obr. 7 Kotvenie vysuvnych lan do nosnej konstrukcie
Fig. 7 Anchorage of launching cables

to errors and speeds up a construction. The plant design
enables its complete transverse relocation after completing
the launching the eastbound bridge without dismantling and
reassembling it for the westbound bridge.

The temporary pier located between the abutment and
the yard is used for launching the first and the last unit.

A 26 m long lightweight steel nose is fixed to the cantilever
end of the superstructure to reduce the cantilever moment
during launching. The launching nose consists from two
longitudinal steel plate girders with wind bracing. Its end
is equipped with lifting hydraulic system for compensation
of deflection at approaching to the slide plates on the pier.

Launching the bridge takes place by pulling the bridge
superstructure by demountable fixtures in top and bottom
slab of the box girder (Fig. 7). Five 22-strand prestressing
cables pulled by hydraulic jacks with the rise of 0.28 m,
with automatic re-anchorage of tendons being pulled, are
used for this purpose. The jacks rest on steel grillage (Fig. 6)
anchored by prestressing rods to the most east abutment. The
maximum weight of structure launched is about 15,400 t.

An electronic monitoring and signalling system for
permanent measuring the piers horizontal deformations,

Panorama rozostavaného mostu na zaciatku roku 2006
The bridge under construction at the beginning of 2006

Obr. 8
Fig. 8
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Na vSetkych podporach je v priebehu vysuvu nainsalovany
elektronicky meraci a zabezpecovaci systém pre trvalé meranie
ich vodorovnych pretvoreni, ktory automaticky zablokuje
prebiehajlci vysuv v pripade nadlimitnych vychyliek.

Prace na priprave projektu pre realizaciu stavby boli zahajené
v maji 2005, prvy takt bol vysunuty 3.10.2005. Technolégia
je optimalizovana pre vyuzitie sedemdnového cyklu pre kazdy
takt. Podmienkou dodrzania takéhoto cCasového cyklu je
pouzitie rychlotuhndcich beténov a predpriprava armatdry
stien a dosak do armokoSov vedla vyrobne.

Vystavba objektu prebiehala plynule aZ do decembra 2005.
Do tejto doby /10tyZdfiov/ bola postavena ¢ast mosta v dizke
220 m ¢o predstavuje cca 90m za kalendarny mesiac.

4. ZAVER

Medzi vyhody pouzitej technolégie vystavby patri
opakovatelnost ¢innosti na stavbe v jednom mieste, ¢im
sa dosiahne vysoka rychlost vystavby ako i dobra kvalita
zhotovenej konstrukcie a moznost budovat nosni konstrukciu
bez obmedzovania priestoru pod konstrukciou.

Medzi vSeobecné nevyhody tejto technolégie patri narast
materialovej spotreby hlavne na nosnej konstrukcii, z dévodov
zvacSenia vySky nosnej konstrukcie ako i zvaéSenia mnoZstva
predpatej vystuze na zachytenie UGCinkov od jej vysUvania.
Technolbgia je obzvlast narocna na presnost vyroby.
Zhotovitelom objektu je firma Doprastav, a.s. Bratislava zavod
Petrzalka. Technologické vybavenie pre prevedenie vysuvu
zabezpecuje ako subdodavatel firma Max Bogl & Josef Krysl,
ktorej predmetom dodavky je vybavenie vyrobne, vysuvny nos,
vyslvacie zariadenia, klzné stolice a pod.

Projekt dokumentacie pre realizaciu mosta bol spracovany
Dopravoprojektom a.s. Bratislava v spolupraci s firmou Pontex,
s.r.o. Praha.

STAVBY -~
ODOHOSPODARSKE STAVBY
~» HYDROTECHNICKE STAVBY

» EKOLOGICKE STAVBY

» PRIEMYSELNE STAVBY

» ADMINISTRATIVNE BUDOVY
» OBCHODNE CENTRA

» BYTY A DOMY

iS

which will block the launching procedure in case of exceeded
deformations is installed on all piers.

The detailed design commenced in May 2005 and the first
section was launched on 3.10.2005. The method is optimized
for utilization of seven-day cycle for each section. The use of
accelerating admixtures into concrete, and webs and slab cage
reinforcement are the precondition for maintaining the cycle.

The bridge construction ran smoothly till December 2005.
Till this date /10 weeks/ 220 m of the bridge was built, which
represents about 90 m per month.

4. CONCLUSION

One of the advantages of this construction method is the
repeatability of operations at the site in one place, resulting
in high speed of the construction as well as good quality
of completed structure and the possibility to construct the
superstructure without limiting the space under the bridge.

The obvious disadvantage of this construction method is an
increased quantity of concrete and pre-stressed reinforcement
particularly in a superstructure, due to increased section
depth and load effect during all construction stages. This
method is particularly demanding on production precision.

Main participating companies:
Contracting Authority (Employer): NDS, a.s. Bratislava, Slovakia
(National Motorway Company)

Designer: DOPRAVOPROJEKT, a.s. Bratislava, Slovakia
in cooperation with Pontex, s.r.o. Praha, Czech
Republic
General Contractor: Doprastav, a.s. Bratislava, Petrzalka Office,
Slovakia

Sub-contractor: Max Bogl & Josef Krysl, the Czech Republic.

Hlinska 40, 010 01 Zilina, tel.: +421(0)41 517 1111, fax.: +421(0)41 72 333 60, www.vahostav-sk.sk, info@vahostav-sk.sk
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Zelezni¢ny most z predpitého beténu v Senkviciach

Prestressed concrete railway bridge in Senkvice

Jan Kucharik - Rudolf Rakovsky - Gabriel Tevec

Predkladany prispevok sa zaobera projektom a vystavbou
najdlhSieho Zeleznicného mosta z predpatého betonu
na Slovensku. Pévodne navrhovana ocelobeténova spriahnuta
konstrukcia bola nahradena celobeténovou nosnou
konstrukciou.

UvoD
Stavebna firma Doprastav a.s. ziskala v sutaznom konani zakazku

- wystavbu 736 m dihého Zeleznicného mosta v Senkviciach. Most
premostuje Gzemie s velmi nepriaznivym geologickym podloZim

(‘hlina, flovité piesky, ily). Niveleta kolaji je cca 8 m nad terénom.

Satazny (tendrovy) navrh predpokladal nosnl konstrukciu
z ocelobeténovej spriahnutej konstrukcie. AZ po ziskani celej zakazky
Doprastav ponukol investorovi variantné rieSenie - pri zachovani
vSetkych hlavnych parametrov mosta (rozpatie, vySka a tvar
priecneho rezu) vyhotovit celobetdnovi nosnd konstrukeiu. Hlavnym
argumentom v prospech navrhovanej zmeny bola Uspora nékladov
na protikorozny nater ocelovej konstrukcie. Vzhladom na znamy
rezervovany pristup Zeleznic Slovenskej republiky k mostom
z predpatého beténu, Doprastav predloZil konzervativny navrh:
osvedcéenl kompaktni monoliticku celobeténovi nosnud konstrukciu
s komorovym prieCnym rezom, s dérazom na zabezpedenie kvalitya s
minimalnymi narokmi na Gdrzbu. Po dihSej analyze a po definovani
kvalitativnych podmienok si investor osvojil argumenty pre variantné
rieSenie a sUhlasil s navrhovanou zmenou.

VSEOBECNY OPIS MOSTA

Nosna konstrukcia mosta sa sklada z 20-tich jednoducho
uloZenych, staticky ur&itych nosnikov dizky 36,75 m. Staticky urgita
stistava sa zvolila z obavy o nerovnomerné sadanie. Celkova dizka
nosnej konstrukcie je 736 m. V prienom smere nosnu konstrukciu
tvoria 2 jednokomorové nosniky s kratkymi konzolami - pre kazdu
kolaj samostatny nosnik. Konstrukéna vySka prierezu je 3,08 m
(obr. 1).

The presented report deals the project and construction
of the longest railway bridge of pre-stressed concrete
in Slovakia. The originally designed steel-concrete composite
construction was replaced with solid concrete supporting
construction.

INTRODUCTION

The construction company Doprastav a.s. gained in tender
an order - the construction of 736m long railway bridge in Senkvice.
The bridge bridges over the territory with very disadvantageous
geologic bottom (clump, clayey sands, clays). The vertical alignment
of the rail tracks is ca 8m above the terrain. The tender supposed
the superstructure of steel-concrete composite construction. Only
after gainingthe complete order Doprastav presented to the employer
(investor) variational solution - at retaining all the principal
parameters of the bridge (span, height and cross section shape)
to build the solid concrete supporting construction. The principal
argument for the designed change profit was the saving of costs for
the steel construction anticorrosive coat. In respect to the known
reserved attitude of Railways of Slovak Republic to bridges of pre-
stressed concrete, Doprastav submitted a conservative design:
compact monolithic solid concrete superstructure with box-girder
cross section with stress on securing the quality and with minimum
requirement on service. After longer analysis and after defining
the qualitative conditions the employer accepted the arguments for
the variant solution and agreed with the designed change.

GENERAL DESCRIPTION OF BRIDGE

The supporting structure of bridge consists of 20-ty simply
supported ,statically determined beams with the length of 36,75m.
The statically determined was chosen due to misdoubt of differential
settlement. The total length of the superstructure (supporting
structure) is 736m. In the cross direction the supporting structure

Ing. Jan Kucharik, CSc. - vUIS Mosty s.r.o., Kaukazskd 2, 851 01 Bratislava, tel. +421 6381 2031, fax. +421 63829422,

e-mail: kucharik.vuismosty@stonline.sk.

Ing. Rudolf Rakovsky, vedlci oddelenia projektovej dokumentacie, DOPRASTAV a.s.,Generalne riaditelstvo, Driefiova 27,
826 56 Bratislava, tel.+421 02 48271316, fax.+421 02 48271259, e-mail:rudolf.rakovsky@Doprastav.sk

Ing. Gabriel Tevec, mostny Specialista na technickom Useku, Doprastav a.s. Generalne riaditel'stvo, Drienova 27, 826 56 Bratislava,
tel.+421 02 48271273, fax +421 02 48271259, e-mail:gabriel.tevec@doprastav.sk
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PRIECNY REZ V STREDE ROZPATIA
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ZAKLADANIE consists of 2 single-cell box beam with short cantilevers - for every

Nepriaznivé geologické podloZie (hliny, piescité ily, ily) viedli
k potrebe hibkového zakladania. Most je zaloZeny na skupine
mikropilét. Poget a dizka mikropilét sa stanovili na zaklade
zatazovacich skisok mikropilot. Tieto nizkonakladové skusky sa
vyhotovili v mieste kazdej jednej podpery a opdr. Preukazalo
sa, Ze sposob zakladania bol zvoleny spravne, pretoZe doterajSie
vysledne sadanie v hodnote 20 mm je takmer o polovicu menSie
ako teoreticky vypocitané. Prejavili sa vyhody zakladania pomocou
mikropilét: mala vaha mechanizmov si nevyzadovala mimoriadne
Upravy a speviovanie terénu, citlivé regulovanie injekénych tlakov
amnoZstva injekénej zmesi umoznilo vysoku efektivnost mikropil6t,
nasadenim viacerych vrtnych slprav sa dal bez vacsich problémov
dodrzat Ziadany harmonogram postupu prac.

SPODNA STAVBA

Navrhla sa a aj realizovala jednoducha spodna stavba stenového
tvaru s konzolami pre uloZenie trolejovych stoZiarov. Je mozné
konsStatovat, Ze spodnéa stavba bola prevzata podla pévodného
tendrového navrhu (obr. 3 a 4).

NOSNA KONSTRUKCIA

Ako uZ bolo spomenuté, nosna konstrukcia pozostava z 20
opakovanych prosto uloZenych monolitickych jednokomorovych
nosnikov s rozpatiami 35,15 m. Pre kaZd( kolaj je uréeny samostatny
nosnik s vnGtornymi nabehmi a kolajovym 16Zkom v hornej Casti
prierezu (obr.5).

Motivacia pre takto koncipovanli nosnl konsStrukciu bola
nasledovna:

Obavy z velkého nerovnomerného poklesu podpier viedli
k navrhu staticky urcitého systému. V snahe presvedcit stavebnika
o kvalite budiceho diela sa navrhol kompaktny komorovy prierez
z monolitického dodatoéne predpéatého betonu s velkou tuhostou
o krateni. Jednotlivé nosniky s( ulozené na Stvorici vymenitelnych

rail track separate beam. The structural height of the profile is
3,08m (Fig. 1).

FOUNDATION

The disadvantageous geologic bottom (clumps, clayey sands,
clays) led to the need of deep foundation. The bridge is founded
on a group of micro-piles. The number and length of micro-piles
were determined on base of the load tests of the micro-piles.
These low-costs tests were done on place of every support and
abutments. The methodology of foundation was proved to be
chosen correct as the present resulting settlement in the value
of 20 mmis almost the half of the one theoretically calculated. There
occurred the advantages of foundation on micro-piles: small mass
of equipment did not require any special treatment and stabilization
of ground space, sensitive regulation of injection (grouting) pressure
and quantity of injection mix enabled the high efficiency of micro-
piles, employing more equipment sets enabled to keep the required
working schedule without greater problems.

SUBSTRUCTURE

Simple substructure of wall shape with cantilevers
for the imbedding of trolley poles was designed and also realized.
Itis possible to state that the substructure was accepted according
to the original tender design (Fig. 3 and 4).

SUPPORTING STRUCTURE

As it was already mentioned the supporting structure consists
of 20 repeatedly simply supported monolithic single-cell box beams
with the span of 35,15m. Separate beam with inside thickenings
and the railway bed in the upper part of the profile is determined
for each railway track (Fig. 5).

Motivation for such a drafted supporting structure was as follows:
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loZisk. Aby sme uspokojili klienta aj v Gvahach o budicnosti mosta,

sl v kazdom nosniku vopred pripravené podmienky ( kotevné

dosky a deviatory) pre moznost dodatocného predpétia formou

externého predpatia. Realizacia nosnej konsStrukcie prebiehala v

istej forme pridovej vystavby v prirodzenej nadvaznosti jednotlivych

technologickych etap:

¢ vytyéenie opdr a podpier

¢ vyhotovenie a vyhodnotenie skisobnych pildt

¢ vyhotovenie zakladania pomocou mikropilét

¢ vyhotovenie op6r a podpier (obr.6)

* inStalacia podpernej skruzZe pre 2 mostné polia - Start zo stredu
mosta, postup na obe strany

¢ uloZenie vystuZe a priprava na betonaz

¢ betonaz mostnych poli symetricky na obe strany, Start zo stredu
mosta

« priprava skruZe a debnenia pre dalSie mostné pole tak, aby
sa po predopnuti dalo plynule pokracovat v ukladani vystuze
dalSich mostnych poli. Celkove nasadena podperna skruz pre
4 mostné polia.

 odskruZenie uz samonosného mostného pola a presun skruze
do novej polohy

¢ betonaz rims

» kompletizacia mosta - izolacia, odvodnenie, dilatacia, kolajové
|6Zko, kolaje, stoZiare a trakéné vedenie

» zataZovacia skisSka (obr.7).

Vyhotovenie jedného mostného pola trvalo 24 dni. Doba vystavby
celého mosta bola 22 mesiacov, z toho nosna konstrukcia 11
mesiacov.

Inovacie pouZité na stavbe:

e Prvy raz sa v Doprastave pouZil kompletne vopred pripraveny
kabel vratane koncovych kotiev. Takto pripraveny kabel navinuty
na kot(ci (obr.8) znamena pozitivny posun v racionalizacii prac.

¢ Betonaren bola vzdialena od staveniska cca 18 km. Vyroba

WL
Wit

RN

W

Obr. 3
Fig. 3

Apprehensions of large irregular displacement of supports led
to the design of statically determined system. In effort to persuade
the client of the quality of the future work the compact cell box beam
of monolithic post-stressed concrete with great torsion rigidity was
designed. Separate beams are placed on quaternity of replaceable
bearings. To satisfy the client also at consideration about the future
of the bridge, in every beam there are conditions prepared
beforehand (anchoring plates and deviators) for the possibility to
post tensioning by external pre-stressing. The superstructure was
realized in certain form of flow-line construction in natural continuity
of separate technological phases:
¢ Alignment of supports and abutments
e Construction and evaluation trial piles
* Foundation works on micro-piles
* Erection of abutments and supports (Fig. 6)

* Mounting of supporting soffit scaffolding for 2 bridge spans
- starting from the bridge middle, process to both sides

* Reinforcement placing and preparing for concreting

¢ Concreting of bridge spans symmetrical to both sides, starting
from the bridge middle

* Preparing of soffit scaffolding and casing for further bridge
span thus after pre-stressing the reinforcement for further
bridge spans can be placed continuously. Totally used
supporting soffit scaffolding for 4 bridge spans.

» Soffit scaffolding removal of self bearing bridge span
and displacement to new position

* Concreting of cantilevers
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a doprava beténovej zmesi (kvalita betdénu C 35/45) si vyziadala
sofistikované davkovanie prisad do beténu tak, aby dosiahlo
spravne tuhnutie betonu.

KONTROLNE MERANIA A SKUSKY

Velmi nepriaznivé zakladové pomery boli ddvodom pre starostlivé
sledovanie sadania podpier v priebehu vystavby, ako aj pri
zatazovacej skiiSke mosta. Namerané hodnoty sadania preukazali
vhodnost zakladania i ked' sa da ocakavat doznievanie sadania.

Podas procesu vystavby bolo vykonavané monitorovanie
deformaéného a napatostného stavu v nosnej konstrukeii. Uselom
monitorovania mostného objektu bolo dlhodobé periodické
ziskavanie informacii o stave predpatia nosnej konstrukcie
ako rozhodujdcom faktore, podmienujicom Gnosnost nosnej
konstrukcie. Odchylky predpatia od projektovaného stavu moézu
byt spésobené rozdielmi vo velkosti predpinacej sily pri jej vneseni,
odchylkami drahy kablovych kandlikov a odliSnymi reologickymi
vlastnostami betonu oproti predpokladom.

Dodrzanie pozadovanych parametrov predpatia je mozné
kontrolovat viacerymi spdsobmi a meracimi metédami. Vzhladom
na charakter konstrukcie bolo navrhnuté meranie pomernych
deformacii v strednom priereze kazdého tramu trojicou strunovych
tenzometrov, umiestnenych v hornej a spodnej doske prierezu (obr.9)
. Spdsob upevnenia snimacov v armatdre je na obr.10. Prirealizacii
merani sa kaZdy nosnik meral samostatne a sUcastne sa odcitali
teploty v tenzometroch zabudovanych termistoroch pre teplotnu
korekciu merani tenzometrov.

DOPLNUJUCE SLEDOVANIA PRE VYHODNOTENIE STAVU
NAPATOSTI

* Bridge finish - insulation, drainage, expansion, railway bed,
rails, poles and traction mains
¢ Load test (Fig.7).

The construction of one bridge span lasted 24 days.
The period of construction of the whole bridge was 22 months
and the superstructure itself was 11 months.

Innovation applied on construction:

* The cable prepared in advance inclusive the end anchors
was for the first time used completely in Doprastav. This way
prepared cable wounded on roll (Fig. No8) means positive
motion in rationalization of works.

e The concreting plant was in the distance of cal8 km from
the site. The production and transport of the fresh concrete
(quality of concrete C 35/45) required the sophistry
proportioning of aggregates for reaching the right concrete
hardening.

INSPECTION MEASUREMENTS AND TESTS

The very disadvantageous conditions of foundation were
the reason for very careful monitoring of the support settlement
during the construction works as well as of the load test of the bridge.
The measured values of settlement proved the suitability of the
foundation though the settlement after-effects can be expected.

The stress-strain monitoring of superstructure under construction
was made by vUIS Mosty Ltd. The purpose of monitoring the bridge
structure was a long-term, periodical obtaining of data about
the state of prestressing in a load-bearing structure, which is a
decisive factor for the load-bearing capacity of a bridge. Differences
between the real values of pre-stressing and the predicted state
are caused by:

* differences between the predicted forces and real forces

(at the moment of initiation)

e path deviations of cable ducts
* rheological parameters different from the predicted ones

The required parameters of pre-stressing can be controlled in
different ways and by various measuring methods. According to
the type of structure, strain is measured in the middle span cross-
section of every girder, by means of three vibrating wire strain
gauges placed on the top deck and bottom deck (Fig.9). Installation
of gauges in reinforcement is shown in Fig.10.

Measurements were made for each girder separately. At the same
time, temperature was measured by built-in termistors in strain
gauges, in order to correct temperature changes.

InZinierske stavby, ro¢. 54, 2006, ¢. 2



i BRIDGES, TUNNELS, UNDERGROUND STRUCTURES

_ | osm

Obr. 9
Fig. 9

Pre uréenie vyvoja velkosti predpétia je potrebné poznat
velkost hodndt modulu pruznosti, priebeh reologickych viastnosti
beténu a teploty na konstrukcii . Za tymto G¢elom sa vykonalo
sledovanie priebehu dotvarovania a zmrastovania. na skisobnych
trdmikoch, vyrobenych z rovnakého Cerstvého betdnu ako nosniky.
Aktualne hodnoty modulu pruznosti na nosnej konstrukcii v
Stadiu predpinania sa zistovali ako hodnoty dynamického modulu
pruznosti E_, , merané ultrazvukovou metddou. Statické moduly
pruznosti Ebstat boli stanovené zaklade experimentalne uréenych
prevodovych sucinitelov, ziskanych pri merani 28-diového modulu
E,gn @ Eye N SkSobnych tramikoch.

POSTUP MERANI, SPRACOVANIE A VYHODNOCOVANIE
NAMERANYCH HODNOT

Pri spracovani merani bol zvoleny postup, ktory vyplynul z
viacerych faktorov, vyznamne ovplyviujlcich priebeh napatosti:
a) Vystavba hornej stavby prebiehala od septembra 2003 do jdla
2004 kontinudlne t.j. aj v zimnych mesiacoch, ¢omu bola
prispdsobena technolégia vystavby a pouZité materialy. Beton
sa vyznacoval rychlym narastom podiatoénej pevnosti, ¢o
bolo sprevadzané intenzivnym vyvojom hydrataéného tepla
a pocas tvrdnutia v zimnych mesiacoch bolo aplikované
UTB preteplovanim. Nutné bolo vykonat korekciu merani
kompenzaciou Gcinkov teploty.
Rozdielne klimatické, teplotné a vihkostné pomery mali
wyrazny vplyv aj na vyvoj reologickych viastnosti beténu. Uginok
dotvarovania a zmrastovania bol pri vyhodnocovani merani
zohladnovany zo zistenych velkosti objemovych zmien. Pévodny
zamer urCit vplyv dotvarovania a zmrastovania tradicnym
sposobom na zaklade merania na trdmikoch sa ukazal ako
nevhodny. Uginky objemovych zmien, merané na nevystuzenych
tramikoch, boli vyrazne vySSie ako v projekte uvazované normové
hodnoty a zna¢ne prekracovali hodnoty objemovych zmien
betonu, namerané po vneseni predpatia na husto vystuzenej
konstrukcii tramov. Z tohto dévodu boli merané hodnoty
pomernych deformacii, zodpovedajlce spolo¢nému Ucinku
dotvarovania a zmrastovania na vybetonovanej konstrukcia
a tieto boli uvaZované pri vypocte skutocnych strat predpatia
¢) Teplotna kompenzacia merani bola vykonana v dvoch etapéach.
V prvej sa kompenzoval vplyv rozdielneho sucinitela teplotnej
roztaznosti beténu a struny snimaca. V druhej etape bol
kompenzovany vplyv meniaceho sa priebehu teplot po vyske
prierezu.

=

ANALYZA VYSLEDKOV MERANI

Pre kazdy trdm bol vypocitané straty predpétia v jednotlivych
Gasovych Usekoch od dotvarovania a zmrastovania betonu (vypocet
bol vykonany na zaklade nameranych hodnét objemovych zmien)
a relaxacie vystuze (vypocet bol urobeny podla CSN 73 1207).
Pomocou tenzometrov boli odmerané prirastky pomernych
deformécii A, a Ag,, a urCeny prirastok pomernej deformacie
v taZisku predpinacej vystuze Ag . Z neho sa stanovila strata
predpétia od dotvarovania zmrastovania Ac

p, dot+zm"

COMPLEMENTARY OBSERVATIONS FOR STRESS EVALUATION

To determine the development of pre-stressing magnitude, it is
necessary to find the value of the modulus of elasticity, rheological
properties and changes of temperature of the construction. For this
purpose we observed the time dependant development of creep
and shrinkage on the specimen prisms, made from fresh concrete
of equal quality as the girders.

The values of the modulus of elasticity in the load-bearing
structure during the pre-stressing stage were given as values
of dynamic modulus of elasticity Eb,dyn measured by ultrasonic
method on the structure. Static modulus E b,stat were based on
experimentally determined coefficients, obtained as the ratio
of measurement of 28-day-modulus E boa ANd E, 4 ON specimen
prisms.

MEASUREMENT PROCEDURE, DATA PROCESSING AND
EVALUATION OF MEASUREMENTS

The following measuring procedure was chosen, arising from various
factors, affecting the pre-stressing process:
a) The top structure was under construction from September
2003 to July 2004 continuously, including the winter months,
which affected the choice of materials and technologies. The
initial concrete strength increased rapidly, accompanied by
hydration heat development, and the hardening process during
winter months was applied thermal curing of concrete. It was
necessary to correct the values of measurement to compensate
the temperature changes influence.
Different climate, temperature and moisture factors influenced
the development of rheological properties of concrete. The
effect of creep and shrinkage on pre-stressing losses was
considered in experimental test values. The aim to determine
the influence of creep and shrinkage in a conventional way,
based on measurements performed on specimens, proved to be
inconvenient. According to the measurement results, the effects
of volumetric changes on non-reinforced specimens were
much higher than the predicted values given by the design, and
considerably higher than the volumetric changes in concrete,
measured after pre-stressing on a strongly reinforced girder
structure. For this reason, the values of strain resulting from both
creep and shrinkage on the concrete structure were measured,
and subsequently considered in the calculation of real pre-stress
losses.

c) The temperature compensation of measurements was made
in two stages. In the first stage, the influence of different
coefficients of thermal expansion of concrete and gauge wires
was considered. In the second stage the influence of changing
temperatures in cross-sectional area was balanced.

c
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Obr. 12
Fig. 12

Vysledky merani boli spracované samostatne pre kazdé mostné
pole. Priklad grafického spracovania vysledkov vo vybranom poli je
na obr.11 (priebeh pomernych deformacii) a na obr. 12 (vyhodnoteny
priebeh napati). Oznacenie polohy snimacov je na obr. 9

Vtab.1 s uvedené teoretické hodnoty napati v miestach merania
a max. a min. namerané hodnoty

Z analyzy vysledkov s prihliadnutim na teoretické hodnoty napati
je zrejmych niekol'ko skutoénosti:

a) Skutocné hodnoty napati pri spodnom povrchu, predstavujicich
tlakovi rezervu prierezu, sl vo vacsSine tramov vyssie, naopak
hodnoty napati pri hornom povrchu st vo &¢Sine pripadov nizSie.
Tento poznatok vedie k zaveru, Ze skuto¢na poloha neutralnej osi
sa nachadza vySSie, ako bolo uvazované v projekte. Sposobené
je to zrejme pomerne nizkym vekom betdnu spriahujlicej dosky
a skutocnostou, Ze narast pevnosti betonu bol rychlejsi ako
narast hodnoty modulu pruznosti.

b) Hodnoty napati vykazuju isty rozptyl, ¢o bolo spdsobené viacerymi
faktormi:

¢ Rozptyl vykazovali zistené hodnoty modulov pruznosti. Tieto
boli navySe merané na konci nosnikov a ich hodnoty sa
mozu lisit od priemernych hodnét. Koeficienty, vyjadrujlice
vztah dynamického a statického modulu pruznosti tiez
vykazujl rozptyl a do Gvahy treba vziat rozdielnost vo veku
betdnu aj klimatickych pomeroch (vihkost, teplota a pod. )
laboratérnych vzoriek a tramov .

¢ Pri jednotlivych meraniach sa vyrazne odliSoval priebeh
teplot , ¢o bolo spdsobené vyvojom hydratacného tepla
dosky a tiez aplikaciou preteplovania betonu.

¢ Trvanie procesu predpinania pri jednotlivych trdmoch bolo
rozne.

Vysledky monitorovania potvrdili Ze v trdmoch jednotlivych
poli bolo vnesené predpétie v stlade s projektom a potvrdila sa
pozadovana Ginosnost tramov.

ZAVER
Na Uspesnom vyhotoveni mosta sa podielali jednotlivi Géastnici
stavby takto:

Investor - stavebnik:
ZSR GR Bratislava.

Dodavatel stavby - zhotovitel:

ANALYSIS OF MEASUREMENT RESULTS

For every girder, the pre-stressing losses from creep and
shrinkage of concrete, and concrete relaxation were calculated in
particular time intervals. The calculation of the former was based
on values of volumetric changes and the latter was calculated
according to the standard.

The increment of strain in top and bottom were measured by
means of gauges and was derived strain increment in the centre
of gravity of the pre-stressing cables. From this value the pre-sstressing
loss due to creep and shrinkage was derived.

The results of measurements wee describes for each bridge span
separately. The example of graphic characteristics of the results in
selected span is shown on Fig.11 (the course of strain) and in Fig.
12 (the course of stress). Gauges are depicted in Fig.9. In tab.1 are
theoretical values in point of measurement and max., min. and
average values of stresses.

With regard to theoretical stresses, the analyses result has
proved the following:

a) The real stress values on bottom deck, representing
the decompression reserve of cross- section are higher
in the majority of girders. On the other hand the stresses on
top deck are lower in most cases. This result prove that the real
position of the neutral axis is located higher than predicted in
the project design, which is probably caused by considerably
low age of concrete in the composed deck as well as by the fact,
that concrete strength grew more rapidly then the modulus
of elasticity.

b) The stress range is caused by various factors:

e The measured values of the modulus of elasticity
show move within certain range. They were measured
at the end of the girder and their values can differ
from average values. Coefficient of representing
the relationship between the dynamic and static modulus
of elasticity also differ slightly and the differences in age
and climatic characteristics (moisture, temperature)
of the test specimens and girders should be taken into
account.

¢ Measurements differed considerably in the course
of temperatures due to the heat of hydration of top deck
and as the result of thermal curing of concrete.
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Doprastav a.s., Bratislava
Generalny projektant:
PRODEX a.s. Bratislava
Projektant variantného navrhu:
Doprastav, odbor realizaénej dokumentacie

Autori tohto prispevku sa podielali na vystavbe takto:

Ing.Tevec - pripravil zakladny koncept variantného navrhu vratane
zakladania.

Ing.Rakovsky - viedol projektovy tim, ktory vyhotovil realizacny projekt.

Ing.Kucharik - pripravil, viedol a vyhodnotil meranie pomernych
deformacii v stredoch mostnych poli.

Podarilo sa zhotovit a odoyzdat’ na Slovensku vynimoc¢ny
Zelezni¢ny most rekordnej dizky s velkym potencidlom na
bezldrzbovu stavbu.

Most je prikladom krajinarsky citlivého rieSenia. (obr.¢.13)
Namiesto nepriepustnej hradze, ktora by vznikla pri rieSeni trasy
pomocou vysokych nasypov, sa na Upéati Karpat objavil elegantny
most umoznuijlci migraciu fauny a aj polnohospodarske aktivity
miestnych obyvatelov.

Ing. Jan Kucharik,CSc. - Narodil sa v r.1952. InZiniersky diplom
a titul kandidat technickych vied ziskal na stavebnej fakulte STU
v Bratislave . Posobi ako vedecko-vyskumny pracovnik a riaditel
spolo&nosti VUIS Mosty v Bratislave. Zaobera sa diagnostikovanim
portich mostov, navrhom a realizaciou ich oprav a zosilhovani.

Ing. Rudolf Rakovsky, vedUci oddelenia projektovej dokumentacie,
absolvent Slovenskej technickej univerzity v Bratislave v roku 1970,
pracovisko DOPRASTAV a.s., Generéalne riaditelstvo, Drienova 27,
826 56 Bratislava.

Ing. Gabriel Tevec, mostny Specialista na technickom UGseku
Doprastavu a. s. Absolvent Slovenskej technickej univerzity s 46
roénou praxou v obore projektovania a realizacie mostnych stavieb.
Pracovisko: Doprastav a.s. Generalne riaditelstvo, Driefiova 27, 826
56 Bratislava.

* The time of pre-stressing process differed in particular
cases.

The result of monitoring showed in particular girders that
the applied pre-stressing was in accordance with the design and
confirmed the load-bearing capacity of structure.

CONCLUSIONS
The following separate contractors of the construction
participated on the successful finish of the bridge:
Employer - client:
ZSR GR (Railways of Slovak Rep. Gen. Headquarters)
Bratislava.
Building contractor:
Doprastav a.s., Bratislava
Architect:
PRODEX a.s. Bratislava
Project engineer of variational design:
Doprastav, Branch of Realization Documen-tation

The authors of this report participated on the construction:

Ing. Tevec - developed the basic scheme of the variational
design including design of the foundation.

Ing. Rakovsky - head of the project team that designed
the implementation project.

Ing. Kucharik - prepared, hold and evaluated the measuring
of strains in concrete in the middle of bridge spans.

An exceptional railway bridge of peak length with great
potential for the maintenance-free construction was successfully
realized in Slovakia.

The bridge is a sample of landscape sensitive solution (Fig.13)

- instead of impermeable barrier which could result from solution

of the line by means of high embankments at foothills of Karpaty,

an elegant bridge was built which enables the migration

of animal kingdom as well as the agricultural activities of local
inhabitants.

Ing. Jan Kucharik, CSc. - Born in 1952. He received his
master‘'s and doctoral degrees in civil engineering from the
Slovak Technical University in Bratislava. He is research worker
and director of VUIS-Bridges Ltd. in Bratislava. His activities
include diagnostics of bridge damages, design and realisation
of bridge repair and strengthening.

Ing. Gabriel Tevec,specialist for bridges on technical department
of Doprastav.Graduate on Slovak Technical University, with 46
years of working experience in the field of design and Construction
of bridge structures. Place of work : Doprastav,directorate
General

Tab. 1
. Merané
Vypocitané A .
Calculated Max. hodnota Min. hodnota Priemer
Max. value Min. value Average
Horna doska -2,3 MPa 3,0 MPa 0,5 MPa 1,7 MPa
Top deck

Dolna doska - 16,4 MPa 21,2 MPa -15,0 MPa -17,6 MPa
Bottom deck
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Realizacia monolitickych konstrukecii

Implementation of monolithic constructions

Lubomir Hrnéiar

Prispevok popisuje realizaciu monolitickych konstrukcii
stavieb mostov v Sverepci, OZdanoch, Vrtizeri a najazdovych
estakad na most Kosicka v Bratislave

Na jar v roku 2003 sme stali pred Glohou dokongit
rozostavany objekt dvoch paralel-nych mostov v obci Sverepec
ponad Udolie Zahlbodského potoka. Specifikum mostov bola
hibka Gdolia, ktora po vrch mostovky prevySovala 32 m.

The contribution describes the implementation of monolithic
constructions of bridge structures in Sverepec, Ozdany, VrtiZzer
and the entry ramps on the Kosicka bridge in Bratislava.

In the spring of 2003 we were faced with the task of completing
the partly-built structure of two parallel bridges in the community
of Sverepec above the Zahlbocsky potok valley. The particularity
of the bridges was a deep valley which extended 32 m. above

Schémac¢. 1
Schema 1

Ing. Lubomir Hrnciar, Doprastav, a.s., Zavod Bratislava Mlynské nivy, Mlynské nivy 70, 826 38 Bratislava
tel. +421-2-53417228, fax. +421-2-53417982, e-mail: lubomir.hrnciar@doprastav.sk
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Schéma ¢. 2
Schema 2

S ohladom na termin spojazdnenia sme sa rozhodli naraz
nasadit tri rézne technolégie, ktoré tito Glohu mohli zabezpedit.
Krat-Sie a nizSie krajné polia sme budovali na pevnej skruzi.
Stredové najvacSie polia rozpatia 92 m sme realizovali
systémom letmej betonaze pri spajani asymetrickych konzol.
Vacésie konzo-ly vychadzajlce z ramovej stojky sme budovali
pomocou vozika Bridgebuilder a mensiu kon-zolu osadend na
loZiskach rektifikovan( stabilizaénymi barkami sme budovali
pomocou dvo-jetapovej letmej betonaze s lahkym vozikom typu
Doprastav. Aj ked' tento vozik je trochu pomalsi v napredovani
jednotlivych lamiel, jeho hmotnost 25 t umoziuje pouZit lahSiu
zdvi-haciu techniku pri montazi a demontazi, ¢o vedenie stavby
ocenilo v naro€nom ¢&lenitom teré-ne. Schéma 1. Napriek dvom
dIh&im zimnym prestavkam v méji 2005 boli dokonéené obidve
nosné konstrukcie. Odvodnenie mostovky bolo zvedené do
monolitickych Zelezobetdnovych Zlabov, ktoré boli zrealizované
pomocou 20 m posuvného vozika. Nasadenim tychto v
Doprastave osvedéenych technolégii konstrukcia lavého
mosta bola dokon&ena v aprili 2004 a subor technologickych
zariadeni sa mohol pouzit pri vystavbe pravého mosta. Most
ako sucast dialnicného Useku Ladce - Sverepec bol dany do
uzivania v decembri 2005.

Schéma ¢. 2
Schema 2

the bridge surface. With respect to the date for operation, we
decided to utilize at once three technologies which could fulfill
this task. We constructed the shorter and lower spans on a solid
support scaffold. We implemented the largest centre spans of
92 m length by a cantilever concreting system for the linking of
asymmetric consoles. We built the larger consoles coming out
from the frame column with a Bridgebuilder trolley, and the smaller
console embedded in bearings rectified by stabilization trestles
with two-phase cantilever concreting and a Doprastav type light
trolley. Even though this vehicle may be a little slower in shifting
the individual lamellas, its 25 t weight allows using lighter lifting
technology for assembly and disassembly, which was appreciated
by the construction heads in the difficult broken terrain. (Schema
1). In spite of two longer winter breaks, both bearing constructions
were completed in May, 2005. Drainage of the bridge flooring was
accomplished by monolithic reinforced concrete channels, which
were implemented by means of a 20 m mobile trolley. By the
application of technologies tested by Doprastav, the construction
of the left bridge was completed in April, 2004, and the set of
technological equipment could be used in the construction of the
right bridge. The bridge, a part of the Ladce - Sverepec motorway
section, was put into use in December, 2005.
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Zaciatkom roku 2005 Doprastav chcel uspiet v sitazi
na stavbu mosta v Ozdanoch. Most dizky 432 m preklenuje
Gdolie vo vySke 37 m a v krajnom poli Zelezni¢n( trat.
V snahe znizit naklad stavby sme sa rozhodli pouZit

technolégiu dvojetapovej letmej betondZze pomocou
lahkych vozikov typu Doprastav s vedomim pomalSieho
postupu vystavby. KratSie krajné pole nad Zelezni¢nou
tratou sa prekryje pomocou tycovych prefabrikatov. Touto
filozofiou sme v sitazi uspeli a vo februari 2005 sa
rozbehla vystavba. Tymto spdsobom bola stavba nosnej
konStrukcie rozdelena na Styri vahadla s rozpatiami poli
87,5 m a krajné prefabrikované pole ponad Zeleznicu.
Postup vystavby komplikoval znaény pozdizny spad nosnej
konstrukcie 4,5 % a dlhotrvajice zimné obdobie. Pre
kratku dobu vystavby 20 mesiacov sa betdénovalo cell
zimu. Projektant v tendrovej dokumentéacii uvazoval so
zahajenim od stredného pevného loZiska (Schéma 2).

Vzhladom na dodrzanie terminu vystavby a ¢o
najskorSieho nastupu na kompletaciu zvrSku mostovky
sme zmenili postup vystavby od dolnej krajnej opory pricom
sa museli pouzit doCasne blokované loZiska. Tieto zmeny
postupu vystavby potvrdili spravnost rozhodnutia. Vedenie
stavby dodrzZuje ¢asovy plan vystavby a je realny predpoklad
Ze stavba tohto mosta bude dokonéena v predpokladanom
termine september 2006.

V lete 2004 sa zacala vystavba dialniéného UGseku
VrtiZer - Hricovské Podhradie, kde na 13 km dlhej trase
dial'nice bolo nutné v dvoch miestach preklendt rieku Vah
bez umies-tnenie piliera do koryta rieky. V oboch pripadoch

At the beginning of 2005 Doprastav wished to compete in
the competition for the construction in OZdany. The 432 m
long bridge stretches across the valley at a height of 37 m and
in the end span, a railway track. In an attempt to reduce the
construction costs, we decided to employ two-phase cantilever
concreting by the use of light trolleys of the Doprastav type,
while aware of the slower progress of the construction. The end
span over the railway track was covered by rod prefabricates.
Due to this philosophy we were successful in the competition,
and the construction was begun in February, 2005. In this
way the construction of the bearing construction was divided
into four sway beams with 87,5 m length spans, and end
prefabricated spans over the railway. The construction process
was complicated by the significant longitudinal slope of the
bearing construction, 4,5 %, and the long-lasting winter season.
Due to the short construction time of 20 months, concrete was
poured throughout the winter. In the tender documentation,
the projector considered starting from the central rigid bearing
(Schema 2).

In the interests of maintaining the construction term and
earliest possible shift to the completion of the top surface of
the flooring, we changed the process of the construction to the
lower end support, whereby we had to use temporary blocking
bearings. These changes to the construction process have
confirmed the correctness of the decision. The construction
heads are maintaining the construction time plan, and there is
a real presumption that the construction of this bridge will be
completed in the presumed term of September, 2006.
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trasa dial'nice bola vedena Sikmym prekri-Zovanim rieky.
Projekt rieSil preklenutie rieky 97 m polom kde obidva
piliere boli umiestnené na brehoch rieky Vah vinundacnom
Gzemi. Zakladanie vSetkych pilierov bolo projektované

v uzavretej Stetovnicovej jame na preinjektovanych
mikropilétach. Nakolko v priebehu dvoch rokov bolo nutné
na tejto stavbe zrealizovat dva a dva paralelné mosty s
velkostami hlav-nych poli 97 a 86 m, vedenie stavby pouzilo
osvedcenu technolégiu letmej betonaze pri zmo-nolitiovani
asymetrickych konzol. Velké konzoly sa budovali pomocou
4 vozikov typu Brid-gebuilder a mensie konzoly pomocou
lahkého vozika typu Doprastav. Schéma obr. ¢. 3. Na-rocnost
tejto Glohy sa znasobila tym, Ze Doprastav mal v rovhakom
Case rozrobenych techno-légiou letmej betonaze stcasne 5
mostov v priebehu 24 mesiacov. Na zabezpecenie postupov
vystavby bolo nasadenych 9 vozikov sic¢asne, ¢o kladlo
velké naroky na organizaciu prace. Spravnost pouzitia tychto
technolégii potvrdil rychly postup vystavby a nepreruSenie
postupu prac pri kazdoroénych povodniach, nakol'ko prisun
materialov bol zabezpecovany zhora. Od-vodnenie mostov
do Zelezobeténovych Zlabov sa zrealizovalo pomocou 3
sprav 20 m dlhych vozikov. Su¢asny postup vystavby
zabezpecuje termin dokonéenia november 2006.

Architektonickl kompoziciu vydareného premostenia
Dunaja mostom KoSicka vhod-ne dotvaraji nastupné
estakady z predpatého beténu. Zaujimavé suU svojim
komplikovanym tvarom piliere, ktorych v kazdom iny
polomer obllika vytvara zaujimavi panoramu priestoru pod
mostom.

In summer 2004 construction of the motorway section Vrtizer
- Hricovské Podhradie was begun, wherein over the 13 km long
route of the motorway it was necessary in two places to arch
over the river Vah without the placement of pillars in the bed of
the river. In both cases, the course of the motorway was designed
for slanting bridging of the river. The project solved the crossing of
the river with a 97 m span, with both pillars situated on the banks
of the Vah in inundation territory. The bases of all the pillars were
projected in closed pile depressions on pre-injected micro-stilts.
Since it was necessary in the course of two years to implement
two plus two parallel bridges with main span sizes of 97 and 86
m, the construction heads used the tested cantilevered concrete
technology, with monolithic asymmetric consoles. Large consoles
were constructed with the aid of the Doprastav type light trolley.
(Schema pic. no. 3). The challenge of this task was aggravated by
the fact that in that same time Doprastav had 5 bridges underway
in the course of 24 months using cantilever concreting technology.
To safeguard the processes of the constructions, 9 trolleys were
employed concurrently, which placed high demands on the
organization of work. The correctness of using these technologies
was confirmed by the rapid progression of the constructions, with
no interruptions due to the annual floods, since the transfer of
materials was secured from above. The drainage of the bridges
into reinforced concrete channels was carried out by 3 sets of
20 m long trolleys. The current construction process ensures
termination of the work by November 2006.

The architectural composition of the successful bridging
of the Danube by the KoSicka bridge is suitably enhanced by
the access ramps of pre-stressed concrete. Of interest is the
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Pozoruhodny, ale znaéne komplikovany je aj priecny
rez mostovky zloZzeny z protismernych oblikov, ktoré
zoStihlujd hornu stavbu estakady. Rozvetvenie nastupnych
a vystupnych ramp s pripajajlicimi sa lavkami pre pesich
a cyklistov spdsobilo, Ze kazdé zo 7 poli estakady ma ind
Sirku priecneho rezu. Pri 30 m poliach estakady sa meni
Sirka prieéneho rezu od 22 do 34 m. Unosnost takto
tvarovaného prieéneho rezu je zabezpedovana pozdiznym
a prienym predpatim. Premenna Sirka prieCneho rezu
sposobila, Ze v jednom poli je nosna konsStrukcia SirSia ako
dlhsia.

Komplikované postupné prekladky znamych a neznamych
inZinierskych sieti a frekventovana Zzeleznicna vlecka do
pristavu sposobili, Ze stavba estakady sa musela zacat
budovat zo stredu na obidve strany podla mozZnosti prekladania
inZinierskych sieti.

Architektlru estakady dopifiaju presklené protihlukové steny
ukotvené do chodnikovej rimsy alebo do hrany odvodnovacieho
Zlabu.

Tvarovanie pilierov a nosnej konStrukcie kladlo viac
narokov na stolarske ako tesarske profesie. PriloZzené obrazky
dokumentuji sulad a harméniu kriviek a obllkov.

Ing. Lubomir Hrnéiar, technicko-obchodny namestnik
Doprastav zavod Mlynské nivy Bratislava. Od ukoncenia Studia
na Slovenskej technickej univerzite v Bratislave r. 1970 pracuje
v spolo¢nosti Doprastav.

complicated shape of the pillars, which offers a panorama of
the area below the bridge from every other radius of the arch.

Also worthy of note, although significantly complex, is the
flooring profile, made up of opposing arches, which taper the
upper construction of the viaduct. The branching of the entry and
exit ramps, with attached sidewalks for pedestrians and cyclists
results in each of the viaduct’s seven spans having cross-sections
of differing widths. Over the structure’s 30 m spans, the cross-
sectional profile varies from 22 to 34 m. The bearing capacity of
such shaped profiles is ensured by longitudinal and cross-sectional
pre-stressing. The altering width of the profiles results in one span
having a bearing construction that is wider than it is long.

The progressive complicated insertion of known and
unknown engineering networks and the functioning railway
branch-line to the harbour meant that the construction of
the viaduct had to be started from the centre on both sides,
according to the possibilities for inserting the engineering
networks.

The viaduct’'s architecture was complemented by the
glassed anti-noise walls anchored to the walkway ledge or to
the edges of the drainage channel.

The shaping of the pillars and bearing construction placed
more demands on the profession of cabinet-maker than
carpenter. The attached pictures document the concord and
harmony of the curves and arches.

Ing. Lubomir Hrnéiar, Technical and commercial director of
division Mlynské nivy Bratislava. After study in 1970 at Slovak
technical university in Bratislava, he has been working at
company Doprastav.
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ESTAKADA ,,PRUZINKA“ NA DIALNICI D1 LADCE - SVEREPEC
FLYOVER ,,PRUZINKA“ ON THE HIGHWAY D1 LADCE - SVEREPEC

Jana Gejdo$ov4 - Miroslav Mata$¢ik

V clanku sa hovori o jednej z najdlhSsich mostnych
konstrukcii na Slovensku a jej projektovani a vystavbe. Ide
o mostny objekt nazvany ,PruZinka“ podla potoka, nad
tdolim ktorého prechadza tato konstrukcia. Stavebny objekt
je stucastou stavby Dial'nica D1 Ladce - Sverepec.

UvoD

Dialnica D1 je sucastou dialnicnej siete Slovenskej
republiky a tieZ sicastou europskej cesty E 75 v smere ,sever-
juh“. Dobudovanim Useku dialnice D1 Ladce - Sverepec sa
vytvorili lepsie podmienky pre medzinarodnu tranzitnd dopravu
v spominanom smere.

KONCEPCIA NAVRHU

Objekt tvoria dve sibeZné dialnicné estakady, ktoré
premostuju meandrujlce potoky, cestni komunikaciu a zosuvné
Gzemie. Nosna konstrukcia bola vybudovana pomocou vysuvnej
skruze. Pri tejto technologii kazda dilataéna Skara sposobuje
spomalenie tempa vystavby a je navySe poruchovym miestom
mosta. Z uvedenych dévodov s nosné konstrukcie navrhnuté
ako jeden dilataény celok na cell dizku 902 m.

The article discuss about one of the longest bridge structures
in Slovakia and about its designing and implementation. It is about
the bridge object called ,Pruzinka“ according to the name of the
stream, above the valley this structure traverses. Construction part
is a component of construction Highway D1 Ladce - Sverepec.

INTRODUCTION

The D1 motorway is a part of the motorway network of the
Slovak Republic as well as a part of E 75 European road in the
north-south direction. The completion of Ladce - Sverepec
section of the D1 motorway has provided better conditions for the
international transit transportation in the direction mentioned.

DESIGN CONCEPT

The structure consists of two parallel motorway multi-span
bridges spanning some meandering streams, a road and a sliding
area. The bearing structure was built using travelling scaffolding.
In this technology each expansion joint causes a delay during
construction and moreover it is a fault point in the bridge. That
is the reason why the bearing structure was designed as a single
expansion unit of the total length of 902 m.

FOUNDATION AND SUBSTRUCTURE

The structure bridges an area with subbase of three types:

* Subbase formed by a 2-4 m layer of gravels placed shallowly
under the land surface, with layers of watered sands
under it.

* Subbase consisting of weathered claystones and marlines
in depth of 5-8 m.

¢ Subbase consisting of a sliding layer of clays and earth with
layers of quality marlines under it.

With respect to the conditions mentioned, two types
of foundation were designed:

* Plate foundation on a thin layer of gravels.
* Depth foundation on micro-piles.

Pier foundation slabs were supposed to meet non-standard
requirements. They had to be of a large surface due to a low
subbase bearing capacity, but at the same time they had
to be of light weight not to additionally load the subbase.
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ZAKLADANIE A SPODNA STAVBA

Objekt premostuje Gzemie s tromi typmi podloZia:

¢ PodloZie tvorené 2 - 4 m vrstvou Strkov plytko pod terénom,
pod ktorymi su vrstvy zvodnelych pieskov.

* PodloZie tvorené zvetralymi flovcami a slieflovcami v hibke
5-8m.

¢ PodloZie tvorené zosUvacou sa vrstvou ilov a hlin, pod ktorou
sa nachadzaju kvalitné vrstvy sliefiovcov.

Vzhladom na uvedené okolnosti boli navrhnuté dva typy
zakladania:
¢ PlosSné zakladanie na tenkej vrstve Strkov.
* Hibkové zakladanie na mikropilotach.

Zakladové dosky podpier museli spifat nestandardné
poziadavky. Museli byt velkoploSné vzhladom na mald Gnosnost
podlozZia ale pritom hmotovo odlahcené, aby ich hmostnost
nepritazovala podlozie. Museli tiez umoznovat uloZenie
podpernych vezi vysuvnej skruze. Tieto protichodné poziadavky
si vynutili neStandardny viacstupnovy tvar zakladovych dosiek.

Zosuvné lzemie pod mostom bolo stabilizované systémom
drendznych vrtov a bariérou so Stetovnic v tvare klinu. Tato
bariéra zabezpeci ,obtekanie“ zeminy v okoli zakladovych dosiek
v pripade opatovného pohybu podlozZia.

Podpery mosta suU tvorené stenami, ktoré sl opticky
rozélenené hibokou zvislou ryhou.

Vzhladom na postup vystavby do¢asné excentrické fixovanie
nosnej konstrukcie mosta spdsobovalo zataZovanie podpier
velkymi vodorovnymi silami v Grovni loZisk. Tieto sily sa menili
v kazdom Stadiu vystavby, ¢o si vyZiadalo podrobnd analyzu
podpier predovsetkym vo vztahu k malo Gnosnému podloZiu.

NOSNA KONSTRUKCIA

Nosnu konstrukciu obidvoch estakad tvoria spojité jednokomorové
23-polové nosniky z dodatoéne predpétého beténu. Boli budované
siibeZne na vysuvnej skruZi (17 poli) a na statickej skruzi PIZMO (6
poli). Predpinacie kable sl tvorené 9 alebo 12 lanami Ls 15,5 -

is

In addition, they had to make it possible to install supporting
towers of the travelling scaffolding. These contradictory
requirements necessitated a non-standard multilevel shape
of the foundation slabs.

The sliding area under the bridge was stabilized using
a system of drainage bores and a barrier made of sheet piles
of a wedge shape. The barrier is to provide the ,flowing* of the
soil in the vicinity of foundation slabs in case of repeated
subbase movement.

The bridge piers consist of walls optically divided by deep
vertical grooves.

With respect to the construction procedure, temporary
eccentric fixation of the bridge bearing structure resulted in
pier loading caused by large horizontal forces at the level of
bearings. The forces changed in each construction stage, which
required a detailed analysis of piers especially in relation to a
low bearing capacity of the subbase.

BEARING STRUCTURE

The bearing structure of both overpass bridges consists
of continuous single-cell box 23-span beams made
of additionally pre-stressed concrete. They were built
simultaneously on travelling scaffolding (17 spans) and
on PIZMO fixed scaffolding (6 spans). Pre-stressing cables
consist of 9 or 12 ropes Ls 15.5 - 1800. They are primarily
spliced in construction joints, while approx. 40% of cables are
anchored in pier cross-beams. Because of the eccentricity of
bearings in respect to beams in the transverse direction, the
bearing structure cross-beams are pre-stressed by cables
4 ¢ Ls 15.5 - 1800, as well. As concrete reinforcement
reinforcing baskets and pre-welded mats were widely used.
To provide fast and comfortable installation of pre-stressing
cables into the cross-section, beam straps were open during
the first stage of reinforcing works and in the top part they
were equipped with hooks oriented perpendicularly to their
plane. After cable installation the straps were closed with
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1800. Su prevazne stykované v pracovnej Skare, cca 40% kablov je
kotevnych v nadpodperovych priecinkoch. Vzhladom na excentricitu
loZisk oproti trAmom v prie€nom smere sl predopnuté aj priecniky
nosnej konstrukcie kablami 4 ¢ Ls 15,5 - 1800. Ako betonarska
vystuz sa vo velkom rozsahu pouZzivali armokoSe a vopred zvarané
rohoZe. Aby sa zabezpecila rychlost a realizacné pohodlie pri ukladani
predpinacich kablov do prierezu, strmene tramov boli v 1. etape
armovacich prac otvorené a mali v hornej Casti haky orientované
kolmo na ich rovinu. Po uloZeni kablov sa strmene uzavreli priecnou
vystuZou hornej dosky, ktora sa vstvala do hakov strmefiov.

Vzhladom na velk dizku mosta, pddorysné zakrivenie a spdsob
vystavby mimoriadne naroky boli kladené na loZiska. LoZiska musia
umoznit velké dilatacné pohyby, museli preniest velké vodorovné
sily vyplyvajlce z excentricity fixovania mosta pocas vystavby
a museli tiezZ menit svoje funkcie a smer dilatovania v jednotlivych
Stadiach vystavby. To si vyZiadalo naroéné Gpravy hrncovych loZisk.
Standardna éast loZiska bola doplnené o spodnt a v niektorych
pripadoch aj hornd pomocnu klzn( dosku a o systém , blokov“, ktoré
zabezpecovali docasné fixovanie mosta. Rezim fungovania loZisk bol
v kazdom Stadiu vystavby prisne sledovany. Monitoring preukazal
vybornu zhodu projektovych predpokladov so skutocnostou

VYSUVNA SKRUZ

Vysuvn( skruZ tvoria dva ocelové priehradové nosniky
umiestnené pod komorou mosta po jej obidvoch stranach. Maju
dizku 80 m a sl podopreté tromi ocelovymi vezami vzdialenymi
40 m osadenymi na zaklady podpier.

V Useku beténovaného pola nesl nosniky debnenie komory
nosnej konstrukcie mosta zvySna ¢ast nosnikov bez debnenia
zabezpecuje presun debniacej ¢asti skruZze do dalSieho pola.
Po vybeténovani pola nosnej konstrukcie dbjde k oddebneniu
poklesom debnenia o 10 cm. Spodna podlaha debnenia sa v osi
mosta oddeli a spusti sa do zvislej polohy, ¢o zabezpedi pocas
presunu skruze do dalSieho pola bezkolizny prechod debnenia
vedla podpery.

PRISLUSENSTVO MOSTA

Objekt 217 je sicastou ,stimostia“ troch po sebe nasledujlcich
mostov 217, 297 a 220, medzi ktorymi sl vysoké oporné mary.
Kazdy z uvedenych objektov ma iny tvar spodnej stavby aj
nosnej konstrukcie. Zjednocujlcimi prvkami tychto objektov si
rimsy, odvodnovacie Zlaby a zabradlia. Lavy aj pravy most maju
po vonkajsich okrajoch mostovky umiestnené odvodnovacie Zlaby.
Lavy most ma odvodnovaci Zlab aj na vnitornej strane. KedZe sa
v&ak po dizke mostov meni ich prieény sklon, vnitorny zlab lavého
mosta striedavo odvodnuje lavy aj pravy most.

transverse reinforcement of the top slab by its inserting to the
strap hooks.

Due to the huge length of the bridge, its ground curving,
and construction method, extreme requirements were laid
onto bearings. They were supposed to allow large expansion
movements and bear extreme horizontal forces resulting from
the eccentricity of bridge fixation during construction, and in
addition, they had to change their functions and expansion
directions during different construction stages. All that required
demanding modifications of the pot bearings. A standard part
of the bearing was supplemented with a bottom (and in some
cases also a top) auxiliary sliding plate and a system of “blocks”
providing temporary bridge fixation. The mode of bearing
functioning was strictly monitored during each construction
stage. The monitoring proved a perfect compliance of design
assumptions with the actual behaviour.

TRAVELLING SCAFFOLDING

The travelling scaffolding consists of two steel truss
girders located under the bridge cell-box on its both sides.
Being 80 m long, they are supported by three steel towers
spaced by 40 m and mounted on piers foundations.

Within the section of a concrete-cast span the girders
bear the formwork of the bridge bearing structure cell-box,
while the remaining part of the girders without the formwork
provides a shift of the travelling form to the next span.
After the completion of bearing structure span casting, the
formwork is removed by its lowering by 10 cm. The bottom
floor of the formwork is detached in the bridge axis and
lowered to a vertical position to provide a smooth shift
of the formwork to the next span along the pier during the
scaffolding travel.

BRIDGE ACCESSORIES

The structure No. 217 is a part of the ,bridge system*
consisting of three consecutive bridges No. 217, 297,
and 220 with high retaining walls installed among them.
The substructure and the bearing structure of each of the
structures mentioned is of a different shape. Their unifying
elements are cornices, drainage gutters, and railings. Along
outer edges of both right and left bridge deck plates there are
drainage gutters. The left bridge is equipped with a drainage
gutter along the inner edge as well. However, since the
bridge crossfall changes along the bridges, the inner gutter
of the left bridge alternately drains both the right and the
left bridges.
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ZAVER

Estakada ,PruZinka“ dnes uz sl(zi motoristickej verejnosti.
Zatazovacia sklSka aj doterajSia prevadzka mosta potvrdzuji
sllad realizovaného diela s projektom. Dosiahnuté doba vystavby
i ekonomické ukazovatele zase potvrdzuji spravnost koncepcie
navrhu mosta a opodstatnenost pouzitia vysuvnej skruze na jej
realizaciu.

Ing. Jana GejdoSova

Prax v odbore pozemnych stavieb a konsStrukcii dopravnych
stavieb 16 rokov

Slcasné postavenie - obchodno-technicky namestnik

Realizované stavby:

¢ Dialnica Hybe - Vazec

* Mizeum moderného umenia Cufiovo

¢ Hotel CARLTON - Specialne zakladanie

¢ Dial'nica D1 Ladce Sverepec

e LIDL Senec

 Kanalizacia Rusovce - Cufiovo

* VD Zilina - Moj5 - inZinierske siete

e Cesta lll/520 19 Oravice - Zuberec

Zakazky realizované v si¢asnosti:

* Dialnica D1 Ladce - Sverepec

e Systém odkanalizovania a Cistenia odpadovych voéd
v Humennom

* Podchod pre cestujucich Cifer

« Dialnica D2 Bratislava, Lamacska cesta - Staré Grunty

* Vyrobny areal Giesecke & Devrient, Nitra - priemyselny
park, Sever

X X

Ing. Miroslav Matascik

autorizovany inZinier, 33 rokov v odbore projektovania mostov
a inZ. konstrukeii

Ocenené projekty:
e Most ,Pusty hrad“ - 1. cena slov. komitetu FIP,
¢ Most cez Sicanku - 2. cena slov. komitetu FIP,
« Most cez Dunaj medzi mestami Stirovo —-Ostrihom
»,Cena STU“ v ramci ,Stavba roka 2002
¢ Estakada Prievoz
- Cena Slovenského zvazu stavebnych inZinierov
»Najlepsia betonova konstrukcia 2003 - 2004“
e Estakada ,Sverepec”
- Cena slov. komitétu FIB ,NajlepSia beténova konstrukcia
2002-2006“
* Most Apollo cez rieku Dunaj v Bratislave
- Cena ,EUROPEAN AWARD FOR STEELS STRUCTURES*
od ,European Convention for Constructional
Steelwork(ECCS)“
- “OPAL’ od American Society of Civil Engineers

CONCLUSION

The overpass of ,Pruzinka“ has served the motorist public now.
Both the loading test and the existing operation of the bridge prove
a compliance of the structure behaviour with its design. Moreover,
duration of the bridge construction and economic indicators prove
the concept of the bridge design to be correct and the use of the
travelling scaffolding to be legjtimate.

Ing. Jana GejdoSova

16 years of experience in fields of civil engineering
and ransportation structures

Actual position - commercial and technical deputy

Realized structures:

* Hybe - Vazec Motorway

« The Museum od Modern Art in Cufiovo

¢ The CARLTON Hotel- special foundations

* D1 Ladce - Sverepec Motorway

e LIDL Store in Senec

* Rusovce - Cufiovo Sewerage

« Water management Zilina - Moj$ - underground services
¢ Oravice - Zuberec section of 11I/520 19 Road

Structures being underway:

¢ D1 Ladce - Sverepec Motorway

¢ Sewerage system and sewage disposal plant in Humenné

¢ Passenger subway in Cifer

¢ D2 Bratislava, Lamacska cesta - Staré Grunty Motorway

¢ Giesecke & Devrient plant premises in Nitra - Sever industrial
park

Ing. Miroslav Matascik

chartered engineer, 33 years of experience in bridge
and engineering structures design

Awarded projects:

e ,Pusty hrad“ Bridge - awarded 1st Prize by the Slovak FIP
Committee.

» Bridge over the river of ,S(¢anka“ - awarded 2nd Prize by he
Slovak FIP Committee.

+ Bridge over the Danube between the towns of Stlrovo
and strihom - awarded ,STU Award“ within ,The Structure
of the year 2002 Competition®

e  Prievoz“ Overpass
- Award by the Slovak Chamber of Civil Engineers

»1he best concrete structure of 2003 - 2004

e  Sverepec” Overpass
- awarded ,The best concrete structure of 2002-2006* by

the Slovak FIB Committee

* Apollo Bridge over the Danube river in Bratislava
- Awarded ,EUROPEAN AWARD FOR STEEL STRUCTURES*

by ,European Convention for Constructional Steelwork
(ECCS)“
»,OPAL® award by American Society of Civil Engineers

66

InZinierske stavby, ro¢. 54, 2006, ¢. 2



iS BRIDGES, TUNNELS, UNDERGROUND STRUCTURES

Spriahnuté beténové mosty na dial'nici D1
Ladce - Sverepec

Composite concrete bridges on highway D1
Ladce - Sverepec

Rudolf Rakovsky

Prispevok popisuje projekt a vystavbu betonovych mostov
zo spriahnutych konstrukcii typu beton - betén s pouzitim
predpatych tycovych beténovych prefabrikatov spriahnutych
na stavbe monolitickou Zelezobeténovou doskou do spojitej
ortotropnej dosky. Spojitost konstrukcie je zabezpecena pre
zataZenie zvrSkom, nahodilym zataZzenim a reologickymi
vplyvmi betonarskou vystuzou v monolitickej doske
nad podperami.

1. UvoD
DIhé roky sa uZ pouzivaji na Slovensku pre stavbu nosnych

konstrukcii mostov predpaté tyCové prefabrikaty tvaru I.

Vacsinou sa dosial ukladali ako prosté polia, pricom bol kazdy
nosnik uloZeny na dvoch loZiskach a spojenie v prieénom smere
sa dosiahlo dobeténovanim skar medzi hornymi aj dolnymi
prirubami nosnikov. Prechod medzi jednotlivymi poliami nad
podperami bol dosahovany spogiatku dilataciou alebo kibovou
doskou. Postupnym vyvojom sa preslo na spojenie nosnhikov
v prieénom smere spriahujlicou Zelezobeténovou doskou. Aj tu
bol kazdy nosnik uloZeny na dvoch loZiskach a prechod medzi
poliami sa rieSil pruznou spojitou pérovou doskou, ktora bola
sUcast spriahujlcej dosky.

Uvedené rieSenia si vyZzadovali dimenzovanie nosnikov
pre celé zatazenie ako prosté polia, velky pocet loZisk, a s tym
spojené problémy pri realizacii stavby. Preto sa v poslednej dobe
pristupilo k navrhovaniu nosnych konstrukcii mostov z predpatych
tyGovych prefabrikatov tvaru | so zabezpecenim ich spojitého
pdsobenia v pozdiznom smere pre zvrSok mosta, nahodilé
zatazenie a reologické vplyvy. Toto pésobenie sa dosiahlo
uloZzenim prefabrikovanych nosnikov na prefabrikovany dlozny
prah, ktory je cely uloZzeny na spodnu stavbu prostrednictvom
dvoch loZisk. Spojitost sa dosiahne betonarskou vystuzou
v priahujlcej doske a vybetdnovanim hornej monolitickej ¢asti
priecnika a spriahujlcej dosky. Postupovat vo vystavbe je mozné
od stredu mosta na obe strany alebo postupne z jednej strany

Thereportdescribesthe projectandconstructionofconcrete
bridges built of composite constructions of type concrete -
concrete with using of pre-stressed rod concrete pre-cast units
composite in situ with monolithic reinforced concrete slab
into continuous orthotropic deck. The construction continuity
is secured for permanent load (except selfweight), live load
and rheological influence of concrete by the reinforcement
in the monolithic slab above the supports.

1. INTRODUCTION

For the construction of bridge superstructures in Slovakia,
there have been used the pre-stressed | - shaped pre-cast
beams for many years . Principally, they used to be placed as
simple beams where every beam was placed on two bearings
and the connection in the cross direction was reached
by concreting of joints between the upper and lower flanges.
The cross-over between separate spans above the supports
was reached with the expansion joint or the hinge plate.
By the gradual development the cross direction connection
of beams was done by a composite reinforced concrete plate
(slab). Every beam was placed on two bearings and the cross-
over between the spans was enabled by elastic continuous
spring slab which was a part of composing composite slab.

The above given solutions required the dimensioning of beams
for the whole load as simple beams, great number of bearings
and caused problems upon the construction realization.
Therefore in the last period the bridge superstructures have
been designed of pre-stressed |-shaped pre- cast beams with
securing of their continuous acting in the longitudinal direction
for the permanent load, live load and rheological influence.
This acting was reached by placing of the pre-cast beams
on the pre-cast cross beam which as a whole is placed on the
substructure by means of two bearings. The continuousness is
reached by the concrete reinforcement in the composite slab
and by concreting of the upper monolithic part of the cross-beam

Ing. Rudolf Rakovsky, veduci oddelenia projektovej dokumentacie, DOPRASTAV a.s., Generalne riaditelstvo, Drienova 27,
826 56 Bratislava, tel. +421-02-48271316, fax. +421-02-48271259, e-mail: rudolf.rakovsky@doprastav.sk
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mosta. Prvé takéto pouZzitie ty¢ovych prefabrikatov na Slovensku
bolo na dialnici D1 pri premosteni inundaéného Gzemia rieky
Moravy navrhnuté roku 1976 na Technicko-projektovej sprave
Doprastavu. Daldie pouZitie bolo na 2 mostoch pri Dolnom
Kubine a od tej doby tento typ nosnej konstrukcie upadol
na takmer 30 rokov do zabudnutia.

2. MOST NAD UCELOVOU KOMUNIKACIOU A JURICKOVYM
POTOKOM

Ako prvy most postaveny po takmer 30 rokoch na Slovensku
uvedenym spdsobom je obj. 223 Most nad Gcelovou
komunikaciou a Jurickovym potokom na dialnici D1 Ladce
- Sverepec. Tento most bol pévodne navrhnuty ako spriahnuta
ocelo-beténova konstrukcia. Neskor sa urobila zdmena
na spriahnutl konstrukciu z nosnikov ZIPP -u.V Stadiu realizacie
po odstipeni pévodného dodavatela bolo rozhodnuté nahradit
spomenutl nosnl konstrukciu spriahnutou celobeténovou
konstrukciou z nosnikov [-96. Vzhladom na ¢iasto¢ni
rozpracovanost boli zachované hlavné paramatre z pévodného
projektu (rozpatia, dizky nosnikov). Nosna konstrukcia sa
vytvorila z prefabrikovanych nosnikov | - 96 s hybridnym
predpatim a monolitickou spriahujlcou doskou (obr.1). Tymto
spdsobom bol navrhnuty a aj zrealizovany 9 polovy most
s rozpatiami poli 28,75 + 7x32,5 + 28,75 m.

Postup vystavby je velmi jednoduchy. Spodna stavba je
tvorena Zelezobetonovymi zakladovymi doskami zalozenymi
na velkopriemerovych pilétach, do ktorych sd votknuté
dvojice Zelezobeténovych stipov. V Prefe Senec boli vyrobené
tyCové predpaté prefabrikaty, ktoré boli Zeleznicou a trailermi
dovezené na skladku pred mostom. Pred mostom boli vyrobené
aj staveniskové prefabrikované Casti GloZznych prahov (Obr.2).
Montaz tloZnych prahov aj nosnikov bola realizovana portalovymi
Zeriavmi, ktoré sa pohybovali na priehradovej Zeriavovej drahe
poloZenej na veZiach PIZMO (Obr.3).

PretoZe Udolie pod mostom je velmi hlboké bolo pouZité
zaujimavé rieSenie samonosnych prefabrikovanych Gloznych
prahov, ktoré sa nad kazdym z dvoch loZisk poloZili na Stvoricu
lisov alebo pieskovych hrncov. Pre tento Gcel boli upravené
hlavice jednotlivyich stipov tak, aby umoznili osadenie lisov

iS

and the composite slab. It is possible to advance the construction
from the middle of the bridge to both sides or gradually from one
side of the bridge. First such an application of rod pre-cast units
(I shape) was done in Slovakia on the highway D1 at the bridging
of the inundation area of the river Morava designed in the year
1976 in Technical-project administration of Doprastav. The next
using was done at 2 bridges near by Dolny Kubin and this type
of the superstructure has not been applied for nearly 30 years
since that time.

2. BRIDGE ABOVE THE TERTIARY ROAD AND JURICEK'S
STREAM

The structure 223 Bridge above tertiary road and Juriéek’s
stream on the highway D1 Ladce - Sverepec was built by the given
method as the first one after 30 years in Slovakia. This bridge
had been originally designed as composite steel-concrete
construction. Later on a change to a composite construction
of ZIPP beams was made. In the phase of realization after
the withdrawal of the initial supplier the mentioned construction
was decided to be replaced with a composite solid concrete
construction of beams |-96. Due to a partial semi-construction
of the bridge the main parameters of the original project
were retained (spans, beams length). The superstructure was
formed of prefabricated beams |-96 with hybrid pre-stressing
and monolithic composite slab (Fig. 1). The bridge of 9 the spans
(28, 7om + 7 x 32, 5m + 28,75m) was designed and realized
in this way as well.

As the bridge was already in the phase of construction,
several details and parameters, such as beam lengths
and spans were used from the original project

The construction process is very simple. The substructure
is composed of reinforced concrete slabs founded on large
diameter piles, into which the couples of reinforced concrete
columns have been fixed. Pre-stressed pre-cast beams were
produced in Prefa Senec, which were transported by railway
and trailers to the storage in front of the bridge. The site pre-cast
cross beams (Fig.2) were also produced in front of the bridge.
The assembly of both cross beams and pre- cast beams
of superstructure was realized by means of gantry cranes which
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(Obr.4). Uvedenym rieSenim sa zmenSil zaporny moment
nad ulozenim z 2700 kNm na 1480 kNm, ¢o umoznilo znizit
hrdbku prefabrikovaného Ulozného prahu na 550 mm a tym

aj znizit jeho hmotnost na prijatelnych montaznych cca 35 t.

Pre pristup k loZiskam a lisom stacilo lahké trubkové leSenie
(Obr.5).

ZataZenie od zvrSku a nahodilé zataZenie uz pésobi na celom
priecniku vySky cca 2,20 m. Pre dimenzovanie prefabrikovaného
Glozného prahu sa nesmie zabudnUt na prirastok napéti
v dolnych vlaknach od tohto dodato¢ného zataZenia na plnom
priecniku.

Po osadeni UloZznych prahov do projektovanej polohy
boli na ne nabeténované Ulozné plochy z plastbeténu
pre zvislé uloZenie nosnikov. Na takto pripravené llozné
prahy sa prostrednictvom Retenolu osadili nosniky. Cez otvory
v prefabrikovanych GloZnych prahoch sa tieto nad loZiskami
podbetonovali. Medzery medzi hornymi prirubami nosnikov sa
poddebnili armocementovymi doskami. Na takto pripraveny
podklad sa poloZila vystuz monolitickej dosky a prieénika, ktoré
sa nasledne vybetonovali.

Spojitost nosnej konstrukcie v pozdiznom smere pre zvrsok
mosta, nahodilé zatazenie a reologické vplyvy je zabezpecena
betonarskou vystuzou v hornej doske. Vypocet nosnej
konsStrukcie s uvazovanim reologickych vplyvov bol pocitany
programom TM 18. Postupne sa vybeténovali monolitické prvky
mosta - dobeténovana ¢ast priecnika a monoliticka spriahujlca
mostovka. Najprv sa realizoval lavy most s obojstrannou
zavazacou drahou na podperach PIZMO, potom pravy opaénym
smerom s jednou drahou uloZenou na PIZME a druhou

were moved on the grid crane track placed on the steel PIZMO
towers (Fig.3).

As the valley under the bridge is very deep, an interesting
solution of self bearing prefabricated cross beam was used
- it laid on four presses or sand jacks. For this purpose, heads
of separate columns were adjusted to enable the placement
of presses (Fig.4). The negative moment above the placement
was reduced from 2700kNm to 1480kNm by the given solution
that enabled to reduce the thickness of the prefabricated cross
beam down to 550mm and such to reduce also its mass to ca 35
acceptable assembling tons. Light tubular scaffold was sufficient
for the access to the bearings and presses (fig.5).

The load from the superstructure and the live load is already
affecting on the whole cross beam of the height of ca 2,20 m.
The stress increment in the lower fibre from this additional load
on the solid cross beam must be considered for the dimensioning
of the prefabricated cross beam.

After positioning of cross beam into the projected position
the supporting surfaces of plast-concrete for the vertical
positioning of beams were concreted. By means of Retenol
the beams were placed on such prepared cross beam. Through
the openings in the prefabricated cross beam these were
concreted above the bearings. The space between the upper
flanges was shuttered with thin reinforced cement slabs.
The reinforcement of monolithic slab and of cross beam was laid
on such prepared base and they were concreted consequently.

The continuousness of the superstructure in the longitudinal
direction for the dead load, the live load and rheological
influence are secured by the concrete reinforcement in the upper
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Montazny stav na prefabr. priecniku
Assembly stage on precast cross beam
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Definitivny stav na plnom prieé¢niku
Definitive stage on composite cross beam
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na mostovkovej doske lavého mosta (Obr.7). Nakoniec sa robilo
rutinné rieSenie zvrSku mosta s vozovkou. Zatazovaciu skisku
mosta realizoval TASUS Bratislava. Celkovy pohlad na most je
na Obr. 8.

3. MOST NA LAVEJ POLOVICI DIALNICE V KM 6,620 - 6,833

Odbor realizacnej dokumentacie Doprastavu riesil zaujimavu
ale velmi naro¢nu Glohu - vyhotovit projekt 7 polového mosta
so spriahnutou nosnou konstrukciou, v ktorej budi zabudované
predpaté prefabrikované nosniky vyrobené pred 6 rokmi. ISlo
o prefabrikované nosniky ZIPP s hybridnym predpétim, v pocte

slab. The computation of the supporting structure at considering
of the rheological influence was calculated by program T™M
18. Gradually the monolithic bridge elements were concreted
- concreted part of the cross beam and the monolithic composite
bridge slab. The left bridge with the double-sided charging
track on PIZMO supports was realized first then the right one in
the opposite direction with one track laid on PIZMO and the other
one on the bridge floor slab of the left bridge (Fig.7). A routine
completion the bridge with the pavement was realized at last.
The load test was realized by TASUS Bratislava. The general view
of the bridge can be seen on the Fig. 8.
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44 ks dizky 28,3m a 34 ks nosnikov dizky 31,6m. Nosniky mali

byl zabudované do nosnej konstrukcie mosta s rozpatiami

28,75 + 32,5 + 29,2 + 32,5 + 29,5 + 32,5 + 28,75 m. Tieto

nosniky boli uskladnené na otvorenom priestranstve , vystavené

vplyvu pocasia. Po diagnostikovani nosnikov a po overeni ich

uspokojivého stavu sa vyrobili chybajlce nosniky a vSetky nasli

uplatnenie v nosnej konstrukcii mosta. ISlo tu predovsetkym

o mimoriadne narocnu vypoctova Glohu - zohladnit velmi rozny

vek betonu 3 ¢asti nosnej konstrukcie mosta :

e cca 7 roény beton uz vyrobenych nosnikov

e cca 3 mesacny betén novych nosikov ktoré doplnili
prefabrikaty na potrebny pocet

¢ Gerstvy betdn spriahujlcej mostovkovej dosky

Pri r6znych variantnych rieSeniach sa osvedcil vypoctovy
model pri ktorom sa cela nosna konstrukcia okrem Useku
nad podperami povazuje za spriahnuti konstrukciu (predpaty
nosnik a nepredpata doska). Pri posudzovani prierezov nad
podperami sa uvaZovali dve varianty, a to predpaty nosnik s
betonarskou vystuZou miesto dosky a Zelezobeténovy prierez s

betonarskou vystuZou miesto dosky len s betonarskou vystuzou.

Pri posudzovani prierezov nad podperami sa posudzovali dve
varianty, a to predpaty nosnik s betonarskou vystuzou miesto
dosky a Zelezobetdnovy prierez s betonarskou vystuzou miesto
dosky.Za cenu zvySeného mnoZstva betonarskej makkej vystuze
v spriahujlcej doske sa podarilo nadimenzovat a navrhnit
rieSenie v zmysle platnych STN.

Stavbu realizoval Doprastav a.s. Zavod Zilina. Spodna
stavba bola navrhnuta ako pri obj. 223, len zakladanie bolo

3. BRIDGE ON LEFT HIGHWAY HALF IN KM 6,620 - 6,833

The department of realization documentation of Doprastav
was solving an interesting but very exacting task - to realize
a project of 7-span bridge with a composite superstructure where
the pre-stressed prefabricated beams produced 6 years earlier
would be built in. These were the prefabricated ZIPP beams
with hybrid prestresing, 44 pieces with the length of 28,3 m
and 34 pieces of beams with the length of 31,6m. These
beams should be built into the superstructure of the bridge with
the spans of 28, 75 + 32,5 +29,2+ 32,5+ 29,5+ 32,5 +
28,75 m. These beams were stored in an open space exposed
to the influence of weather. After the diagnosing of beams
and verification of their satisfying state the missing beams were
produced and they all were found usable in the superstructure
of the bridge. It related to an extraordinary exacting computing
task - to respect the different age of concrete of the 3 parts
of the bridge superstructure:

e ca 7 years old concrete of the already produced beams

e ca 3-moths old concrete of new beams which completed
the prefabricates to the required number

* fresh concrete of the composite bridge slab

At various variational solutions the computing model was
proved at which the whole superstructure, with the exception
of the section above the supports, is considered as a composite
construction (the pre-stressed beam and not pre-stressed slab).
At appraisal of the cross sections above the supports, two
alternatives were considered and they were the pre-stressed
beam with concrete reinforcement instead of the concrete slab
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na mikropilétach realizovanych firmou Geostatik. Postup
vystavby nosnej konStrukcie bol tiez rovnaky s pouZitim
samonosnych prefabrikovanych prie¢nikov, ktoré boli vyrobené
na nasypovej Casti dialnice pri podperach a poloZené kolovou
technikou na podpery (Obr. 9).

MontaZz nosnikov bola realizovana dvojicou autozeriavov
ZIPP-om Bratislava (Obr.10) z nasypovej polovice dialnice.
Pohlad na vSetky nosniky uloZzené v poli je na obr. 11. VSetky
ostatné prace az po ukoncenie mosta realizoval Doprastav a.s.
Z&vod Zilina.

Stavba bola ukonéena UGspesnou zataZovacou skiskou
realizovanou Technickou univerzitou Zilina. Na zaverednom obr.
12 je pohlad na most po uvedeni do prevadzky.

4. ZAVER

Dobré sklsenosti s uvedenym typom nosnej konstrukcie
viedli k jeho dalSiemu pouzitiu na objektoch dial'nice D1 Vrtizer
- Hriovské Podhradie a dialnice D3 Hriovské Podhradie - Zilina
(Strazov).

is

and the reinforced concrete cross section with reinforcement
instead of slab. At the expense of the increased mass
of concrete mild steel in the composite slab the dimensioning
and design of bridge according to the valid STN standards
succeeded to be executed.

The construction was realized by Doprastav a.s. Plant Zilina.
The substructure was designed as at the previously described
bridge 223, only the foundation was done on micro-piles realized
by the company Geostatik. The process of the superstructure
construction was also the same with using of self supporting
prefabricated cross beams which were produced on the
embankment part of the highway at the piers and laid on the
bearings by mobile crane technics (Fig. 9).

The assembly of beams was realized by couple of track
mounted cranes of ZIPP Bratislava (Fig.10) from the embankment
part of highway. The view to all beams laid in the span can
be seen on fig. 11. All the other works till the completion
of the bridge were realized by Doprastav a.s. Plant Zilina.

The construction was completed with a successful load test
realized by the Technical University Zilina. At the last Fig. 12
there is a view of the bridge after its putting into service.

4. SUMMARY

Good experience with the above given type of superstructure
was the reason of its future use at the structures of highway
D1 Vrtizer - HriGovské Podhradie and highway D3 Hri¢ovské
Podhradie - Zilina (StréaZov).

Jasikova 6 821 03 Bratislava

Slovak republic
Tel, - +421-2/ 48291 486, Fax : +421-2 48291 532
E-mail: alfa0d@alfa04. sk, www.alfa04.;§k

i

Alfa 04 a.s.
has beendesigning various motorway;-coad and
bridgestructures in Slovakia e.g.:

o Motorway D2/D4 “Section Bratislava - state border
SR/Hungary, Interchange Jdarovce"

« Motorway B1 “Vitizer - Hricovské Podhradie”

« Motorway D1 “Hrigovskeé Podhradie - Zilina”

o Motorway D3%Brodno - Kysucké Nové Mesto”

» Motorway D3 "Svréinovee - Skalité®

» Road |/50 “Loycica”

» Road /75 “Sala’
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Vystavba letmo beténovanych mostov pomocou technologického
zariadenia novej generdcie

Construction of free cantilever cast-in-situ concrete bridges with new
generation technological equipment

Eduard Sedl4k - Konstantin Kundrit

V c¢lanku sa uvadza popis nového technologického
zariadenia, ktoré pouziva firma InZinierske stavby, a. s.
KosSice pri vystavbe mostov strednych a velkych rozpati.

S0 to betonovacie voziky franclizskeho typu. Hlavné
nosniky vozikov st umiestnené pod konzolami mostovky.
V prispevku sa dalej uvadzaji pracovné postupy,
pouzité pocas realizacie letmo betéonovanych mostov na
dialnici D1.

1. UvoD

V slvislosti s vystavbou dialnic na Slovensku sa vo firme
InZinierske stavby, a. s. KoSice (IS, a. s.) zaviedla na vystavbu
mostov strednych a velkych rozpéti technolégia letmej betonaze.
Vel'mi dolezitym kritériom pri jej vybere bola predpokladana
rychlost vystavby. Tejto poZiadavke najlepSie vyhovovali
beténovacie voziky franclzskeho typu s boénymi hlavnymi
nosnikmi. V porovnani s klasickymi vozikmi umoznuju vytvorit
volny pracovny priestor pre vkladanie armokoSov vystuze.
Uvedeny typ vozikov na Slovensku dovtedy nebol pouzity. PovaZuje
sa za technologické zariadenie novej generacie. Garantom
pripravy technol6gie bol Odbor technického rozvoja a vyvoja
IS, a. s. (OTRaV). V ramci Ulohy rieSenej na OTRaV sa spracoval
technologicky predpis, vyucbovy videofilm pre zaskolenie
pracovnych Giat a model vozika. Teoretick( pripravu a vlastné
know-how IS, a. s. vysoko ohodnotili zastupcovia projektanta
vozika z firmy ERSEM PariZ a zastupcovia zahrani¢nych firiem,
ktori podobné zariadenie pouZivaji. DalSie rozpracovanie
problematiky letmej betonaze, ale aj experimentalne prace
uskutoénované pocas vystavby mosta pri Fricovciach (okres
PreSov), sa zahrnuli do rieSenia vedecko-technického projektu
“Nové technoldgie pre vystavbu a opravy dialni¢nych a cestnych
mostov, interakcia podloZia s mostnym telesom” [1].

In the report, new technological equipment that is used
by InZinierske stavby, a. s. KoSice, a public limited company,
in construction of mid-span and long-span bridges is
introduced. These are travelling forms of a French type whose
main beams are placed under the cantilever slab of a bridge
deck. In addition, the paper pertains to the working procedures
applied in the construction of free cantilever cast-in-situ
concrete bridges at the motorway D1.

1. INTRODUCTION

In connection with a boom in the construction of motorways
in the Slovak Republic, technology of free-cantilever bridge
concreting was introduced in InZinierske stavby, a.s. Kosice (IS, a. s.)
in the construction of mid-span and long-span bridges. An essential
criterion in the decision-making process was the assumed speed
of construction. Travelling forms of a French type with the main
beams on the side best fulfilled this criterion. In comparison
to classical types of travelling forms, they leave clear working space
round equipment for the embedding of cages of reinforcement. The
type of such travelling forms that is considered as new generation
technological equipment has not been used in Slovakia before.
The Department of Technological Research and Development
of IS, a.s. became a supervisor of all technological preparations
and within its responsibility was to provide the gang (a group
of craftsmenand labourers on a building site) with the specifications,
instruction video materials and the necessary in-job training, as
well as to develop a travelling form model. Thorough theoretical
preparations and the company know-how has been highly valued
by the representatives of the manufacturer of the travelling forms
from ERSEM Paris and by the representatives of foreign companies
using similar equipment. Further development of the idea of free-
cantilever bridge concreting along with the experiments that were
carried out during the construction of a bridge near Fricovce (PreSov)

Ing. Eduard Sedlak, InZinierske stavby, a. s. KoSice, Zavod 06 PresSov, Lubochnianska 7, 080 06 Lubotice, tel. +421-51-7764171,
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InZinierske stavby, ro¢. 54, 2006, ¢. 2

73



MOSTY, TUNELY, PODZEMNE STAVBY

Obr.1 Most D 214 Fricovce
Fig. 1 The bridge D 214 near the village of Fricovce

2. POPIS MOSTA D 214 FRICOVCE

2.1 Technické rieSenie mosta

Mostny objekt D 214 (obr. 1) sa nachadza na trase dial'nice
D 1. Nosna konstrukcia (NK) sa navrhla z dodatoéne predpatého
beténu. Budovala sa technolégiou letmej betonaze a Ciastoéne
na podpernej skruzi. Sirkové usporiadanie na moste je v siilade
so Sirkovym usporiadanim dialnice. Most je vySkove v klesani -
1,23%, smerove je v obliku a v protismernych prechodniciach.

2.2 Popis konstrukcie mosta

Most sa navrhol z beténu B 500 (B45, C45/55). Predpinacie
jednotky su tvorené kablami 12 ¢ Ls 15,5 - 1800 MPa. VSetka
predpinacia vystuz je navrhnuta ako sudrzna. Kablové kanaliky
sU vytvorené z krepovanych rarok ¢ 80/83 mm. Jednokomorovy
priecny rez ma konstantna vysSku 3,3 m a Sirku 13,5 m. Zmena
prierezu z nadpodperového na medzipodperovy sa robi
stupnovite na niekolkych lamelach. Prieény sklon je premenny.
Nosna konstrukcia pdsobi staticky ako spojity nosnik so 7 poliami
s rozpatiami 48,0 + 5 x 60,0 + 48,0 m. DiZka premostenia je
393,0 m, dizka mosta je 408,3 m (pravy aj lavy most dialnice,
merané v osi NK). NK je uloZena na hrncovych loZiskach.

Dokumentéaciu pre vykonanie prac mosta vypracoval
Dopravoprojekt, a. s. Bratislava, stredisko PreSov. Investorom
stavby bola Slovenska sprava ciest Bratislava.

3. TECHNOLOGICKE ZARIADENIA

3.1 Debnenie zarodkov

Na vystavbu zarodkov sa pouzila inventarna ocelova
konstrukcia, pozostavajlca z pozdiznych hlavnych nosnikov
a priecnych dvojnosnikov, ktoré tvoria zakladny nosny rost
[2]. Na rosSte je prostrednictvom vySkovo nastavitelnych
skrutiek uloZené debnenie dolnej dosky. Vonkajsie debnenie
je podopierané vzperami s moznostou odskruzZenia. Vnatorné
debnenie stien zarodku je spinacimi ty¢ami spojené s vonkajsim
debnenim. Debnenie hornej dosky podopiera podperna veza.
Pri demontazi debnenia sa pouZiva vahadlo pre manipulaciu
s vnltornym debnenim. Sucastou debnenia su prvky pre
debnenie nadpodporového priecnika a pristupové lavky. Celkova
hmotnost nosnej konstrukcie a debnenia je asi 32 ton.

3.2 Betonovacie voziky ERSEM-ISK

Nosna konstrukcia vozika je tvorena sistavou priehradovych
nosnikov, ktoré si umiestnené pod konzolami mostnej
konstrukcie [2]. Nosniky sU pri posune zavesené na presuvnom

Obr. 2 Betonaz zarodku
Fig. 2 Concreting of a cantilever arm

became part of another scientific and research project called “New
Technologies for Construction and Repairs of Motorway and Road
Bridges, the Interaction between the Subsoil and the Bridge
Structure” [1].

2. DESCRIPTION OF THE BRIDGE D 214 NEAR THE VILLAGE
OF FRICOVCE

2.1 Structural design of the bridge

The bridge structure D 214 (Fig.1) is located en route
of the motorway D 1. The load- bearing structure was designed from
pre-stressed concrete cast in-situ using free-cantilever concreting
technology and partially on a supporting centering. The width
arrangement on the bridge corresponds to the width arrangement
of the motorway itself. The bridge was designed with a decline
of 1.23 % with a directional curve and in opposing transition
curves.

2.2 Bridge structure description

The bridge was designed from pre-stressed concrete B 500
(B45, C45/55). Post-tensioned units consist of cables 12 ¢ Ls 15,5
- 1800 MPa. All pre-stressing cables were designed as consistent,
and the cable ducts were made of crape tubes, 80/83 mm
in diameter. The single-cell box cross-section has a constant height
of 3.3m and a width of 13.5m. The change of cross-section along
the span, from above the pier to the mid-span cross-section is
gradual in several segments. The transverse gradient is variable.
Statically, the load-bearing structure acts as a continuous 7-span
beam with five main spans of 60.0 m, flanked by two side-spans
of 48.0 m each. The overall bridging span is 393.0 mand the length
of the bridge 408.3 m (both, the right-hand and left-hand motorway
bridges, measured axially with respect to the load-bearing structure).
The load-bearing structure rests on pot bearings.

The contract documents for the construction works on the bridge
have been prepared by Dopravoprojekt, a.s. Bratislava, a public limited
company, the division in PreSov. The employer of the construction
works was Slovenska Sprava Ciest, the Slovak Road Administration
Company in Bratislava.

3. TECHNOLOGICAL EQUIPMENT

3.1 Cantilever arm formwork

For the construction of cantilever arms, a multi-use steel
structure was used consisting of longitudinal main beams
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Obr. 3 Betdnovacie voziky ERSEM-ISK
Fig. 3 Travelling forms ERSEM-ISK

nosniku tvaru ,C”, umiestnenom na hornej doske mosta.
Pri betonazi je cely vozik prikotveny zavesnymi tyéami
MACALLOQY k zarodku alebo hotovej lamele mostu. Prikotvenie
vozika a odskruzenie vybeténovanej lamely sa robi pomocou
odformovacich zdvihakov. Na presun sa pouziva kolajnica
s hydrovalcami na presun. Pod konzolou mosta v zadnej
Gasti vozika s umiestnené pojazdové valéeky. Pre betonaz
a rektifikaciu sa pouZiva nastavitelna opierka. Nosniky
pre presun vnutorného debnenia si vzadu prikotvené
k hotovej lamele a vpredu podoprené na vystuznom nosniku.
Po odskruzeni a odklopeni vnitorného debnenia stien je
mozné cell slstavu vnutorného debnenia presunut do dalSieho
zaberu. Vytvaracie plochy debnenia su z plechu a cez slstavu
roznasacich nosnikov sl pripevnené k nosnej konstrukcii vozika.
Cely vozik je vybaveny obsluznymi lavkami a pristupovymi
rebrikmi, ktoré umoznuja pristup a manipulaciu s jednotlivymi
Gastami zariadenia. Zariadenie je konstruované tak, Ze sa voziky
na zarodok nasadzuju v polohe pre betonaz prvych lamiel nalavo
a napravo od osi zarodku.

Navrh konstrukcie a staticky vypocet vykonala franclzska
projekéna kancelaria Etudes et Réalisations de Structures
et dEquipements (ERSEM), ktorda ma s navrhom podobnych
konstrukcii dlhoroéné skusenosti. Vychodiskovymi podkladmi
boli poziadavky IS, a. s. KoSice pre vystavbu nosnej konstrukcie
mostov s rozpatiami 60 az 110 m. Beténovaci vozik ERSEM-ISK
ma hmotnost asi 52 ton. Pomocou neho je mozné budovat
lamely s premennou vySkou 2,5 az 6,0 m, maximalnou Sirkou
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Obr. 4 Most D 203 v obci Vysoka nad Uhom
Fig. 4: The bridge D 203 in the village of Vysoka nad Uhom

and transverse double-beams [2]. These served as a main
supporting grid on which the framework of the bottom slab
was placed when using screws with adjustable height. The
external formwork was supported by bracings with a possibility
of decentering. The external and internal formworks of cantilever
arm walls were connected with connecting bars. The framework
of the top slab is supported by a supporting tower. When striking,
a balancing beam for handling the internal formwork was used.
The formwork also included some elements for the crossbeam
formwork above the pier and access floor framework. The overall
weight of the load-bearing structure and formworks was
approximately 32 tonnes.

3.2 Travelling forms ERSEM-ISK

The load-bearing structure of the travelling form is made
up of a system of truss girders located under the cantilevers
of the bridge structure [2]. These girders overhang from a travelling
C-shaped beam that is located on the top bridge deck during
travel. During concreting the entire travelling form is anchored
to the cantilever arm or the completed bridge segment by means
of MACALLOY suspension bars. For the anchorage of the form
and decentering of a concreted segment lifting jacks are used.
A jacked running rail is used enabling the travelling forms to be
moved without dismantling. Under the bridge cantilever at the rear
part of the travelling form travelling rollers are installed, while an
adjustable plate is used for concreting and rectification. The beams
enabling the movement of the internal formwork are anchored
at the back to the completed segment and in the front they are
supported on a stiffening beam. Upon decentering, i.e. the removal
of the internal wall formwork, the entire system of internal formwork
can be moved onto the next position. The surface of the formwork
is made of sheets and mounted to the form load-bearing structure
through a system of load-distribution beams. The entire form
is equipped with access floors with ladders enabling access
and manipulation with individual parts of equipment. The equipment
is designed so as to enable the mounting of travelling forms onto
the cantilever arms (pier segments) in the position for the concreting
of both segments simultaneously to the left and to the right
of the cantilever arm axis.

The structural analysis and design was carried out by a French
design office Etudes et Réalisations de Structures et dEquipements
(ERSEM) that has a wealth of experience in designing similar
structures. The requirements of IS, a.s. Kosice for building the bridge
structures with spans of 60 to 110 metres were used as the basis
for the design. The travelling form ERSEM-ISK weighs approximately
52 tonnes and it can be used to cast concrete in segments with
a variable height of 2.5 t0 6.0 m, maximum width of 14.4 m,
and a weight up to 120 tonnes. The maximum distance /cantilever
length is 4.0 m.

Montostroj, a.s. Senec, a public limited company, was
the manufacturer of the technological equipment. After completion
of all individual components of the equipment, in the presence
of the designerand the future usera trial assembly of the equipment
was made before delivery to the site. The purpose of such trial
assembly was to make sure that the individual components had
been manufactured in compliance with the drawing documentation
and that they meet the requirements for accuracy and good
production quality.

4. CONSTRUCTION OF CANTILEVER ARMS

For lifting and lowering the cantilever structure and formworks
a handling device MOKO was designed. It is a multi-purpose
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14,4 m a hmotnostou do 120 ton. Maximalna dizka zaberu je
4,0m.

Vyrobcom technologického zariadenia bol Montostroj, a. s.
Senec. Po zhotoveni jednotlivych dielcov sa za pritomnosti
konStruktéra a budlceho uzZivatela uskutoCnila skiSobna
montaz. Jej ciefom bolo prekontrolovat, ¢i sU jednotlivé prvky
vyrobené podla vykresovej dokumentacie a &i spifaji poZiadavky
na presnost a kvalitu vyroby.

4. VYSTAVBA ZARODKOV

Pre zdvihanie a spustanie nosnej konstrukcie a debnenia
zarodkov sa navrhlo manipulacné zariadenie MOKO. Zariadenie
je viacucelové a je ho mozné pouzit aj na zdvihanie a spustanie
beténovacich vozikov.

Zarodky sa betdnovali do pripraveného vonkajsieho debnenia
v dvoch etapach:

- 1. etapa: betonaz spodnej dosky, ¢asti stien a nadpodporového
priecnika,

- 2. etapa: po nadobudnuti projektom stanovenej pevnosti
beténu spodnej dosky sa doska oddebnila. Cely prierez sa
dobetdnoval po osadeni vnitorného debnenia stien a hornej
dosky (obr. 2).

Zarodky sa pred oddebnenim spodnej dosky stabilizovali
hydraulickymi zdvihakmi, resp. ocelovymi klinmi a TIS-tyéami.
Takto sa zarodky, neskor aj s ¢astou vybudovanej nosnej
konstrukcie mosta, podopreli az do okamihu aktivovania lisov
na podpornych veZiach PIZMO. Lisy na podpornych veZiach sa
aktivovali po vysunuti vozikov do polohy pre betonaz lamiel ¢.
3.

5. LETMA BETONAZ NOSNEJ KONSTRUKCIE

Dielce beténovacieho vozika ERSEM-ISK sa do vacsich
celkov montovali na zemi na spevnenych plochach. Pre kazdu
kompletovanu ¢ast sa navrhli barky z podpernej konstrukcie
PIZMO.

Beténovacie voziky sa na zarodok nasadzovali pomocou
mobilnych Zeriavov. Pomerne Clenity terén si vyZiadal rozsiahlejSie
terénne Gpravy. Jednotlivé celky sa na zarodok montovali
v poradi: presuvné nosniky, hlavné nosniky a bocnice, dno
debnenia, predny vystuzny nosnik. Rovnaky postup, avSak so
Specifikami pre vidlicové zasunutie oboch vozikov sa uplatnil aj
pri montazi vozika na opacnej strane budovaného vahadla (obr. 3).
Vnutorné debnenie sa osadilo aZ po rektifikacii vozikov a uloZeni
betonarskej vystuze spodnej dosky a stien. VZdy dve lamely sa
beténovali stiasne a tomu zodpovedalo aj strojné vybavenie
pracovisk. Beténova zmes sa do debnenia dopravovala erpanim.
Betonaz postupovala od ¢ela smerom k uz vybetonovanej lamele.
KedZe debnenie dna je otvorené, betonaz sa rozdelila do dvoch
faz.V prvej faze sa vybeténovala spodna doska, prip. s naliatkami
pre kotvenie kladnych kablov. Neskor, po zavadnuti betonu sa
v druhej faze betoénovali steny prierezu a horna doska. Povrch
betdnu sa upravoval vibracnou latou, nastavenou na potrebni
dizku. Stgast postupu prac tvorili aj opatrenia pre betonaz pri
vysokych teplotach v lete a nizkych teplotach v zimnom obdobi.

Pomocou hydraulickych zdvihdkov sa voziky spustili
na presuvné nosniky - voziky sa vlastnou hmotnostou oddelili
od beténu predopnutej lamely. VonkajSie debnenie sa do dalSieho
zaberu posuvalo pomocou priamociarych hydromotorov. Vnitorné
debnenie sa vyslvalo pomocou kladkostrojov. Po dobudovani
vahadla sa beténovacie voziky spustili pomocou zariadenia MOKO,
pripadne autoZeriavmi a nasadili sa na dalsi zarodok.

device and it can be used also for lifting and lowering
the travelling forms.

Cantilever arms were cast in-situ into the external formwork
in 2 stages:

- Stage 1: concreting of the lower slab, part of walls
and the cross-beam above the pier;

- Stage 2: after the concrete in the lower slab had gained
the sufficient strength determined in the structural design,
the formwork was removed. The cross-section was completed
entirely after the internal formworks of the walls and top slab
was erected (Fig. 2).

Before striking, i.e. the removal of the formwork from
the bottom slab, the cantilever arms were stabilized with
hydraulic jacks or steel wedges and TIS-bars and they remained
supported, later also with part of the completed bridge load-
bearing structure, until the moment of activation of presses
on the supporting towers PIZMO. These became activated after
moving the travelling forms on to the position for concreting
segments No. 3.

5. FREE CANTILEVER CONCRETING OF THE LOAD-BEARING
STRUCTURE

Separate pieces of a travelling form ERSEM-ISK were joined
up to larger units on the ground - in an open hard surface.
For each completed part, bents or trestles PIZMO supporting
the structure were designed.

Travelling forms were mounted on a cantilever arm by
mobile cranes. Rather rough and broken terrain required quite
extensive landscaping. Individual units were mounted on the pier
segment in the following order: travelling beams at first, then
main beams and side-beams, the bottom of the formwork,
and finally the front stiffening beam. The same procedure, but
specific to the fork insertion of both travelling forms was applied
symmetrically when mounting the form on the opposite side
of the cantilever arm (Fig. 3).

The internal formwork was erected only after the rectification
of forms and placement of the reinforcement of the bottom
slab and walls. Two segments were being cast simultaneously,
which, of course, demanded the corresponding machinery
to be available on the site at that time. Concrete mix was
pumped into the formwork, while proceeding from the front
end of the arm towards the already completed concrete
segment. As the bottom of formwork was open, concreting was
divided into 2 stages. During the first stage, the bottom slab
was concreted, possibly with lugs for anchoring positive cables.
During the second stage, after the setting of concrete, the cross-
section walls and top slab were concreted. The concrete surface
was treated with a vibration beam set to the required length.
Concreting procedures included also the measures to be taken
in case of concreting at high temperatures in the summer
and low temperatures in the winter period.

Using hydraulic jacks, travelling forms were lowered onto
the travelling beams, and under their own weight they separated
from the pre-stressed concreted segment. The external formwork
moved to the next position using straight hydraulic motors,
whereas the internal formwork moved by means of chain blocks.
After the completion of concreting of both sides of cantilever
arms, travelling forms were lowered by means of a MOKO

76

InZinierske stavby, ro¢. 54, 2006, ¢. 2



iS BRIDGES, TUNNELS, UNDERGROUND STRUCTURES

Obr.5 Most 203-00 cez rieku Hornad
Fig. 5 The bridge 203-00 over the River Hornad

6. HARMONOGRAM VYSTAVBY

Priemerny cyklus vystavby jednej lamely bol spociatku
14 - 17 dni. NajrychlejSie tempo vystavby sa dosiahlo 8 dni
na lamelu. Stalo sa tak pri prierezoch menej ¢lenitych, bez
naliatkov na kotvenie kladnych kablov. Po zapracovani ¢iat ku
koncu vystavby mosta sa pracovny cyklus potrebny na vystavbu
jednej lamely ustalil na 6-7 dni. Zarodky dizky 6,0 m sa budovali
v dostatoénom predstihu pred nasadzovanim betdnovacich
vozikov. Na vystavbu zarodku mozno priemerne uvaZovat Cas asi
4 tyzdne. Dizka monolitickych Gasti pri oporach &. 1 a 8, vratane

koncového priecnika, merana v osi mosta predstavovala 19,5 m.

Celkova doba vystavby pre kazd( dobetonavku pri opore bola
asi 5 tyzdnov.

7. ZAVER

InZinierske stavby, a. s. KoSice zacali s pripravou technolégie
letmej betonadZe v obdobi, ked eSte neexistoval vykonavaci
projekt mosta. Preto sa beténovacie voziky konStruovali

na zaklade predbeznych dohdd so zastupcami projektanta.

Ukazalo sa, Ze nie vSetky technické problémy a konstrukéné
detaily novej technoldgie bolo mozné predpokladat a pripravit
sa na ne. Mnozstvo skuto¢nych problémov priniesla so sebou
az stavba. Spolupracou projektanta, stavebného dozora
a technikov dodavatela sa ich podarilo Gspesne zvladnut. Hruba
stavba dialniéného mosta D 214 sa dokoncila v roku 2002.

Ziskané cenné sklsenosti z realizacie diela D 214 pri
FriCovciach vyuzila firma aj na stavbe dvoch cestnych letmo

beténovanych mostov s premennou vySkou nosnej konstrukcie.

Most D 203-00 v obci Vysoka nad Uhom na ceste Ill/5555-1
(obr. 4) ma tri polia s rozpatiami 36,0 + 60,0 + 36,0 m a dizku
135,0 m. Objekt ma jednokomorovy prierez s vySkou 3,0 m
nad medzilahlymi piliermi a 1,6 m uprostred rozpéatia hlavného
pola a nad krajnymi oporami. ZaloZeny je na velkopriemerovych
pilétach priemeru ¢ 1,18 m a dizky 15,0 m. VySka mosta nad
terénom je 17,2 m. Dalsim objektom je most 203-00 cez
rieku Hornad (obr. 5) na stavbe I/68 a I/50 KoSice, krizovatka
PreSovska-Secovska. Most ma rozpatia poli 40,0 + 54,0
+ 40,0 m a dizku 143,0 m. Jednokomorovy prieény rez ma
premennu vysku 2,9 az 1,45 m. Most sa nachadza vo vyske
asi 11,5 m nad terénom a je zaloZeny na velkopriemerovych
pilétach ¢ 1,18 m, dizky do 14,0 m. Obidva mosty sa uviedli do
prevadzky v zavere roku 2005.

LITERATURA

[1] Vedecko-technicky projekt “Nové technolégie pre vystavbu
a opravy dial'niénych a cestnych mostov, interakcia podlozia
s mostnym telesom”, CU 1: Nové technoldgie pre vystavbu
dialniénych mostov, KoSice 1998-2001

device or by truck-mounted cranes and mounted onto another
pier segment.

6. PROGRAMME

Initially, an average cycle of construction per one segment was
14 to 17 days. The shortest period of construction was 8 days
per single segment and this was achieved in less complicated
cross-sections with no lugs for anchoring positive cables. Towards
the end of the construction works, after gaining the necessary
experience, the gang of concretors managed to achieve a working
cycle of 6 to 7 days per one segment.

Pier segments 6.0 m in length had been built sufficiently
in advance before lifting the travelling forms. It is now recommended
to consider approximately 4 weeks for the construction of one
cantilever arm. The length of monolithic spans near the piers No. 1
and 8including the end crossbeam measured within the bridge axis
was 19.5 m. The overall construction period for each concreting near
the pier was approximately 5 weeks.

7. CONCLUSION

InZinierske stavby, a.s. KoSice, a public limited company, started
with the preparations of free-cantilever concreting technology at
the moment when the main working documents on the project
of the bridge had not yet been completed. Therefore, travelling forms
were being constructed only on the basis of preliminary agreements
with the designer’s representatives. However, as it turned out, not
all technical problems and details of new technology could have
been assumed and got ready for. Only construction of the bridge
brought along a number of serious problems. Nevertheless, these
problems were eventually successfully tackled and resolved thanks
to the collaboration of the designer, site engineer and technicians
of the contractor. The concrete structure of the motorway bridge
D 214 was completed in 2002.

Alot of valuable experience gained in the process of construction
of the bridge D 214 near the village of FriCovce was applied
by the company in construction of two road cantilever bridges with
a variable height of their structure. The bridge D 203-00 in Vysoka
nad Uhom on the road lll/5555-1 (Fig. 4) is a normal three-span
cantilever bridge with central span of 60.0 m and with 36.0 m side-
spans, and a length of 135.0 m. The structure has a single-box cross-
section 3.0min height above the center piersand 1.6 min the mid-
span of the main segment and above the abutment piers. It was
founded on large-diameter piles 1.18 m in diameter and 15.0 m
in length. The height of the bridge above the surrounding terrain
is 17.2 m.

Another bridge was the bridge 203-00 over the River Hornad
(Fig.5) on the construction site |/68 and 1/50 KoSice, the interchange
PreSovska - SecCovska. It is a bridge with central span of 54.0 m
and two side-spans of 40.0 m, and the height of the bridge
143.0 m. A single-box cross section is of a variable height between
2.9 and 1.45 m. The bridge is situated 11.5 m above the terrain
and is founded on large-diameter piles 1.18 m in diameter
and 14.0 m long. Both bridges were completed and put into
operation at the end of 2005.
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Oprava predpdtej lavky cez Maly Dunaj v Bratislave

Repair of pre-stressed footbridge over The Maly Dunaj in Bratislava

Miroslav Cervelian - Stanislav Suster - Ladislav Végh

V prispevku sl opisané vysledky diagnostického prieskumu,
projektové rieSenie opravy azosilnenialavky pomocou externého
predpatia a priebeh prac na vlastnej realizacii opravy.

1. OvoD

PouZitie vol'nych predpinacich kablov pri opravach nosnych
konstrukcii je vhodné najma v tych pripadoch, ked je zosilovana
konstrukcia predpéata a jej dizka a tvar neumoziuja aplikovat
iné spbsoby zosilnenia. Takymto typom su i konstrukcie lavok
vytvorenych ako predpaté montované pasy parabolického tvaru
z prefabrikovanych segmentov. Rozpéatia takychto konstrukceii
sU spravidla niekolko desiatok metrov a konstrukény priehyb
dosahuje aZ niekolko metrov. V prispevku je uvedeny priklad
komplexnej opravy takejto lavky. Konstrukcia lavky bola
v dbsledku viacerych pricin vo velmi zlom stavebno-technickom
stave. Kor6zia nosnych lan pdvodnej predpinacej vystuze
v nosnych prvkoch dosiahla taky rozsah, Ze v blizkej budicnosti
hrozilo reélne nebezpecenstvo zrltenia konstrukcie. V ramci
opravy lavky bolo preto navrhnuté a realizované i zosilnenie
oslabenej nosnej konStrukcie lavky pridanymi externymi
predpatymi kablami.

2. POPIS A VYCHODISKOVY STAV LAVKY

Opravena betdnova predpéta lavka premostuje Maly Dunaj a
slGZi na umiestnenie svetelnej signalizacnej slstavy v predlizeni
VPD. Lavka bola postavena podla projektu z roku 1981.

Lavka je jednopolova svetlosti 117,00 m, rozpétie pola je
107,92 m. Nosna konstrukcia lavky je zhotovena ako predpaty
montovany betdénovy pas pozostavajlciz 53 ks prefabrikovanych
segmentov a dobetonavok dizky 2,10 a 0,587 m. Segmenty
sl 2,00 m dlhé, Siroké 3,50 m a vysoké 0,580 m. Segmenty
sU medzi sebou oddelené Skarami Sirky 30 mm, dodatocne
vyplnenymi jemnozrnnym beténom.

In the contribution are described the results of diagnostic
research, projecting resolution of repair and reinforcement
of the footbridge by means of external pre-stressing, and the
course of work in the realization of the repair itself.

1. INTRODUCTION

The use of free pre-stressing cables in the repair of bearing
constructions is especially suitable in those cases where
the strengthened construction is pre-stressed and its length
and shape do not allow the application of other means
of strengthening. Such types also include constructions
of footbridges prepared as pre-stressed assembled belts
of parabolic shape of prefabricated segments. The span width
of such constructions is generally several tens of meters,
with constructional sag of a few meters. In this contribution
is presented an example of the complete repair of such
a footbridge. For a number of reasons, the construction
of the bridge was in a very poor construction/technical state.
The bearing cables of the original pre-stress support in the
bearing members had corroded to such an extent that a real
danger of collapse of the construction in the near future
threatened. As part of the repair of the footbridge therefore
the reinforcement of the weakened bearing construction
through the addition of external pre-stress cables was proposed
and carried out.

2. DESCRIPTION AND INITIAL STATE OF BRIDGE

The repaired concrete pre-stress footbridge crosses the Maly
Dunaj river and serves for the placement of a lighted signaling
system in prolonging the runway. The footbridge was erected
according to a project from 1981.

The span of footbridge is 107,92 m. The bridge superstructure
was prepared as a pre-stressed assembled concrete belt made
up of 53 prefabricated segment units and monolithic concrete

Ing. Miroslav Cervefian, Ing. Stanislav Suster, Ing. Ladislav Végh VUIS-Mosty s.r.0., Kaukazska 2, 851 01 Bratislava,
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Obr. 1 Pohlad na lavku - povodny stav
Fig. 1 View of footbridge - original state

Kazdy segment sa skladd z dosky, dvoch koncovych
prieénikov a z dvoch krajnych Zzlabov pre ulozenie pévodnej
predpinacej vystuze. Po zmontovani konstrukcie a predopnuti
kablov boli Zlaby vyplnené beténom. Beton segmentov je
C35/45 (B500). Pévodn( nosnu vystuzZ tvoria kable zo 6-tich
sedem drétovych lan $15,5. V kazdom Zlabe sa nachadza 12
kablov ulozenych v 3 radoch po 4 ks kablov.

Spodnd stavbu lavky tvoria dve krajné gravitagné opory dizky
25 m. V ¢elach na konci opor su kotvené nosné kable lavky.
Nosnéa konstrukcia lavky je uloZena na dvojiciach vodorovnych
a zvislych lozisk umiestnenych na konzolovych ¢astiach opoér.

ZvrSok lavky tvorila vyrovnavacia beténova mazanina hr.
0-15 mm a plastbetonovy kryt hr. 10-20 mm. Mostné zavery
boli plechové. Zabradlie na lavke je ocelové. Po oboch okrajoch
chodnika boli v ocelovych chranickach vedené elektrické
a signalizacné kable.

3. DIAGNOSTICKY PRIESKUM

Pridiagnostickom prieskume vroku 1999 bolo konStatované,
Ze:

- kryt vozovky neplni funkciu izolacie,

- odvodnenie lavky je nevyhovujuce,

- koroduje predpinacia vystuz,

- z betoénu styku segmentovych prvkov a opdr je vyplavované
spojivo a dochadza k jeho degradacii.

V roku 2004 bolo zaregistrované vyrazné tvarové
zdeformovanie lavky - narastajlci priehyb a natoCenie nosnej
konsStrukcie v prieCnom smere, ¢im bol naruSeny obrazec
svetelnej signalizacnej sUstavy slUziacej na pristavanie lietadiel.

Dalej bolo zistené, 7e :

- pokracujlice zatekanie sposobilo intenzivnu koroziu
a pretrhnutie Casti predpinacej vystuze najma v Usekoch
dobetonavok, dilataénych skar a krajnych opor.

- kable nie s v oblasti opér a mostného zaveru chranené
injektaZznou maltou,

ZaCiatkom rok 2005 bol preto vykonany dopliujlci
diagnosticky prieskum, obsahom ktorého okrem iného bolo :

- geodetické zameranie konstrukcie,

- diagnostika stavu predpinacej
endoskopom,

- zistenie realneho stavu napatosti v strede rozpatia lavky
metoédou uvolfovania napati,

vystuze a kotiev

Obr. 2 Vedenie externych kablov na segmentoch
Fig. 2 Linking the external cables to the segments

sections of length 2,10 and 0,587 m. The segments are
2,00 m long, 3,50 m wide and 0,580 m. high. The segments
are separated one from the other by 30 mm. wide joints,
additionally filled with fine-grain concrete.

Each segment is composed from planks, two terminal
traverses and two edge channels for the placing of the original
pre-stress support. After the assembly of the construction
and pre-stressing of the cables, the channels were filled
with concrete. The segments concrete is C 35/45 (B500).
The original pre-stressing were cables of 6 strands ¢15,5.
In each channel are placed 12 cables set in three rows of four
cables each.

The gravity abutments of the footbridge are 25 m long.
At the tops, at the end of the abutments are anchored the
footbridge pre-stressing cables. The bearing construction
of the footbridge is placed in twin horizontal and vertical
bearings placed on the console parts of the abutments.

The top of the bridge is made up of balancing concrete
coarse stuff of 0-15 mm. thickness, and a polymer-concrete
cover, 10-20mm thick. The bridge expansion joints were
sheet-metal. The bridge handrail is steel. On both edges
of the walkway were buried electric and signaling cables
in steel casings.

3. DIAGNOSTIC RESEARCH

During diagnostic research in 1999 it was found that:

- the path cover was not fulfilling its insulation function,

- water-drainage from the footbridge was insufficient,

- the pre-stressing support was corroded,

- from the concrete joint of the segment elements and the
abutments, the bonding agent was water-logged, leading to its
degradation.

In 2004 significant shape deformations were noted in
the footbridge - increasing sagging of the bearing construction
in a transversal direction, thus disturbing the pattern of the
light signaling system serving for the landing of aircraft. It was
also found that:

- continuous dripping was causing intensive corrosion and
breaking of parts of the pre-stressed strands, mainly in the
final-concreted, dilation joints and edge buttress sectors.

-Inthe area of the buttresses and bridge endings, the cables
were not protected by injection mortar.
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- experimentalna zataZovacia skiska na zistenie vztahu
medzi zatazenim a pretvorenim konsStrukcie lavky, zataZenie
bolo vnasané plynule napustanim vody do velkoobjemovych
nadrzi na vodu umiestnenych v strede rozpéatia lavky.

Na zaklade zistenych skutoCnosti bol stavebno-technicky
stav mosta klasifikovany ako  havarijny. Merania dalej
preukazali, Ze charakter chovania sa lavky pri zataZovani
zodpoveda projektovanym predpokladom, skutoéna tuhost
konsStrukcie je vySSia ale zistena predpinacia sila je nizSia ako
projektovana.

4. CIELE A KONCEPCIA RIESENIA OPRAVY

Navrhnuta oprava mala za ciel zlepSit stavebno-technicky
stav, obnovit statickl (nosnost Iavky a zabezpedit korekciu jej
geometrického tvaru. Rekonstrukcia lavky preto bola navrhnuta
z nasledujlcich ¢asti :

- zosilnenie a rektifikacia tvaru nosnej konstrukcie pridanim
dodatoénych predpatych kablov,

- reinjektovanie kablovych kanalikov predpinacej vystuze,
injektaz trhlin,

- sanacia povrchov existujlcej nosnej konstrukcie a spodnej
stavby,

- oprava zvrSku lavky

Koncepcia zosilnenia lavky spoéivala v zaveseni nosnej
konstrukcie na pridavnych kabloch dodatocne uloZzenych po
krajoch na hornej strane nosnej konstrukcie a ukotvenych na
koncoch opdr do novych kotevnych blokov. UloZeniu kablov na
hornej strane nosnej konstrukcie pomohla moznost prekladky
vedenia existujlicich signalnych vedeni. Predopnutim
pridavnych kablov sa dosiahlo zdvihnutie nosnej konstrukcie
a vyrovnanie tvaru v prieGnom smere.

5. OPRAVA LAVKY

5.1 Zosilnenie lavky

Lavka bola zosilnend 2 x 6 ks dodato¢ne pridanymi
predpatymi kéblami na oboch krajoch chodnika v miestach
odstranenych signalizaénych a elektrickych vedeni. Kable
boli umiestnené v jednom rade. Na koncoch opdr sa kable
presmerovali do troch radov po dvoch kabloch, umiestnenych
pod hornou hranou op6r.

DodatoCne pridavané predpinacie kable boli tvorené
zo Siestich obalovanych 1an @ Lp15,5 vedenych v polyetylénovej
trubkéach. Trubky boli spojkované teplozmrastujlcimi spojkami.

Zvazky kéblov boli ku kazdému segmentu lavky uchytené
dvojicou konstrukénych prvkov, tvorenych z prvku U, ulozeného
na nosnej konstrukcii, zocelovej platne umiestnenej na kabloch,
z piatich skrutiek a z dvojice svornikov, kotvenych do segmetu.
Svorniky a skrutky sluzili zaroven na separaciu kablov.

V oblasti op6r boli zvazky kablov vedené v Zelezobeténovych
pasoch spriahnutych s konsStrukciou opdr rozmerov
700x 185 mm. Spriahnutie sa dosiahlo pomocou tffiov$12 mm,
vlepenych do pévodného beténu opory. Vonkajsi povrch pasov
bol natrety impregnacnym naterom.

Kable boli ukotvené do novych Zelezobeténovych kotevnych
blokov na koncoch opdr. Predpinacia sila kazdého kabla bola
navrhnuta na 425 kN a zachovala sa mozZnost pre neskorsie
pripadné dopnutie kablov. Konce kablov sa ochranili plechovymi
pozinkovanymi kloblkmi dizky cca 800 mm, ktoré sa vyplnili
ochrannym mazivom.

Accordingly, at the beginning of 2005 complementary
diagnostic research was performed, the content of which
included:

- geodetic measurement of the construction,

- diagnostic state of the pre-stress support and the anchors,
by endoscope,

- ascertaining of the true state of tension in the centre of the
footbridge span, by the method of freeing of tension,

- experimental weighting test for finding the relation between
weighting and deformation of the bridge construction; weighting
was carried out by the constant pouring of water into large-
volume tanks placed in the centre of the footbridge span width.

On the basis of the discovered facts, the constructional /
technical state of the bridge was declared to be emergency.
Measurements further showed that the behavior of the
footbridge under weighting corresponds to the project
assumptions, the actual constructional rigidity is higher, but
the pre-stress strength is lower than projected.

4. GOALS AND CONCEPTION OF REPAIR RESOLUTION

The proposed repair has the goal of improving
the constructional/technical state, renewing the static bearing
capacity of the footbridge, and securing the correction of its
geometric shape. The bridge reconstruction was therefore
proposed from the following parts:

- reinforcement and rectification of the shape of the bearing
construction, by the addition of supplementary pre-stress cables,

- re-injection of cable channels of the pre-stress support,
injection of joints,

- repair of surfaces of existing bearing construction and
bridge bottom,

- repair of crown of bridge

The conception of reinforcement of the bridge consisted in
hanging the bearing construction on additional cables placed
along the edges on the upper part of the bearing construction,
and anchored to the ends of the buttresses in new anchor
blocks. The placing of cables on the upper part of the bearing
construction aided the opportunity to move the wiring for the
existing signals. The raising of the bearing construction and the
balancing of the shape in a transversal direction was achieved
by the pre-stressing of the supplementary cables.

5. REPAIR OF BRIDGE

5.1 Reinforcement of bridge

The footbridge was additionally strengthened by the insertion
of 2 x 6 units of supplementary pre-stress cables on both edges
of the walkway in the places of the removed signal and electrical
wiring. The cables were placed in one row. On the ends of the
buttresses the cables were redirected into three rows of two
cables each placed under the top edge of the buttresses.

The supplementary pre-stressed cables were formed of six
strands @ Lp 15,5 wires laid in polyurethane tubes. The tubes
were joined by heat-shrinking stay-plates.

The cable bundles were attached to each segment of
the footbridge by pairs of U-shaped construction elements,
laid on the bearing construction, from a steel plate placed
on the cables, five screws and pairs of bolts anchored to the
segment. The bolts and screws also served for separation of
the cables.
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Obr. 3 Pohlad na lavku po oprave
Pic. 3 View of footbridge following repairs

5.2 Technologické merania

Predpinaniu pridavnych kablov predchadzalo vstupné
geodetické meranie konstrukcie. Pri predpinani externych
kablov boli monitorované priehyby lavky a samotné predpinanie
bolo upravované tak, aby sa dosiahlo vyrovnanie nosnej
konstrukcie v prie€nom smere. Kontrolné geodetické merania
boli vykonané i po definitivnom predopnuti a preukazali
zdvihnutie nosnej konsStrukcie v strede rozpatia a vyrovnanie
tvaru nosnej konstrukcie v prieénom smere. Investorovi bolo
doporucené realizovat pravidelné kontrolné geodetické
monitorovanie konStrukcie v letnych a zimnych obdobiach.

5.3 Sanacia poskodenych vrstiev beténu a oprava zvrSku

Po odburani poskodeného betonu malou mechanizaciou
a nasledne vysokotlakovym vodnym IGéom 120 MPa sa
vykonala reprofilacia poskodenych povrchov aplikaciou
komplexného sanacného systému. Novy kryt chodnika na lavke
bol vytvoreny z penetraéného nateru a plastmalty hr. 5mm az
30 mm. V ramci opravy lavky boli vytvorené nové odvodnovacie
otvory a boli vykonané oprava nateru zabradlia, prekladka
signalizaénych kablov a vymena ramovych konstrukcii
na umiestnenie navadzacej svetelnej signalizacie.

Ing. Stanislav Suster, vedlci oddelenia projektovej
dokumentacie, absolvent Slovenskej technickej univerzity
v Bratislave v roku 1982, pracovisko VUIS-Mosty S.r.o.,
Kaukazska 2, 851 01 Bratislava
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In the place of the abutments, the bundles of cables were run
in reinforced concrete belts, coupled to the construction of the
buttresses, with dimensions of 700 x 185 mm. ¢ 12 mm bars, glued
onto the original concrete of the abutments, managed the coupling.
The outer surface of the belts was treated with impregnation paint.

The cables were anchored to the new reinforced concrete
anchoring blocks at the ends of the buttresses. The stressing
strength of each cable was proposed at425 kNandthe possibility
of later potential tightening of the cables was preserved. The
cable ends were protected by metal galvanized caps of length
about 800 mm, which were filled with conserving grease.

5.2 Technological measuring

The supplementary pre-stressed cables underwent input
geodetic measuring of the construction. With the stressing
of the external cables the sagging of the footbridge was
monitored and the stressing itself was governed so that
balancing ofthe bearing constructioninthe transversal direction
was achieved. Control geodetic measuring was performed
after the definitive stressing, and showed a rise of the bearing
construction in the centre and a balancing of the shape of The
bearing construction in the transversal direction. Regular
control geodetic monitoring of the construction in summer and
winter periods was recommended to the investor.

5.3 Repair of damaged concrete layers, and repair of
superstructure

After the removal of the original concrete by hand equipment
and following high-pressure 120 MPa water jet, re-profiling of the
damaged surfaces was executed by the application of a complex
repair system. The new walkway surface on the footbridge
was made of penetration paint and plastic mortar of from 5
mm to 30 mm thickness. As part of the footbridge repair, new
drainage openings were added, along with repair of the handrail
paint, transfer of the signaling cables and change of the frame
constructions for placement of the connected light signals.
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Spolahlivostné hodnotenie a zvy$kova Zivotnost existujtcich
Zelezobeténovych mostnych konstrukcii

Reliability evaluation and remaining lifetime of existing reinforced
concrete bridges

Peter Kotes - Josef Vi¢an

V ramci vyskumnych aktivit Katedry stavebnych konstrukcii
a mostov boli stanovené modifikované hladiny spolahlivosti pre
hodnotenie existujiicich mostnych konstrukcii. K ich stanoveniu
bol vyvinuty teoreticky pristup vyuZivajici podmieneni
pravdepodobnost. NavySe, tento pristup zohladhuje vplyv
degradacie materidlu ako je kordzie betonarskej vystuze
alebo konstrukcnej oceli.

Nové modifikované hladiny spolahlivosti boli pouzité
pre stanovenie nizSich parcialnych sucinitelov spolahlivosti
materialov a zataZeni, ktoré zavisia na veku a planovanej
zvySkovej Zivotnosti mostu. Tieto hladiny boli stanovené pre prvky
namahané ohybovym momentom.

AvSak lepsi a spravnejsi pristup ku hodnoteniu objektu
moze byt stanovenie skutocnej zvySkovej Zivotnosti konstrukcie
zohladnujlicej realnu spolahlivost objektu. Poznanie zvySkovej
Zivotnosti nam pomaha pri rozhodovani medzi tidrzbou, opravou
arekonstrukciou objektu. Aktualnaspolahlivost mostného objektu
samaoze v case menit vplyvom réznych faktorov ako st degradacia
materialov, Ginava, zmena zataZeni a pod. Najvyraznejsim typom
degradacie Zelezobeténovych mostnych objektov ovplyviujici
spolahlivost prvku je korézia betonarskej vystuze.

1. OvoD

Mostné konStrukcie sU vo vSeobecnosti povazované
za neoddeliteln( a strategicky vyznamni ¢ast dopravnej
infrastruktdry a preto by nemali byt limitujicim ¢lankom
komunikacnej kapacity a spolahlivosti prevadzky.

Hodnotenie existujlcich mostnych konstrukcii je jednym
z najdolezitejSich procesov v globalnom Systéme hospodarenia
s mostnymi objektmi (Bridge Management System - BMS)

In frame of the research activities of the Department
of structures and bridges, the modified reliability levels were
determined valid for existing bridge evaluation. The theoretical
approach to reliability levels determination was developed
based on the conditional probability. Moreover, the approach
takes account to effect of material degradation like
reinforcement or steel corrosion

New modified reliability levels were used to determine the
lower values of partial safety factors for materials and load
effects depending on the bridge age and planned remaining
lifetime. Those levels were established for bridge members
subjected to bending. However, the better and more correct
approach to existing bridge evaluation should be determining
actual remaining lifetime allowing for its actual reliability.
The knowledge of the remaining lifetime helps us to decide
between bridge maintenance, repairs and reconstructions.
Actual bridge reliability could be changed in time due to effects
of various factors like material degradation, fatigue, load
changes and others. The reinforcement corrosion is the most
significant type of reinforced bridge structures degradation
mostly affecting bridge reliability

1. INTRODUCTION

Generally, bridges are considered to be an inseparable
and strategically very important part of the transportation
infrastructure and therefore they should not become the
limiting components of the communication capacity and traffic
reliability.

The evaluation of existing bridge structures is the most
important process in the global Bridge Management System
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[1, 2, 3] pretoze poskytuje zakladné informacie o existujlcich
mostoch vyZadované z pohladu rozhodovacich procesov
vztahujlce sa ku optimalnej stratégii rehabilitacii a Gdrzby
mostov. Preto by hodnotenie existujlcich mostnych konstrukcii
nemalo byt realizované iba ako vysledok pravidelnych
prehliadok zaloZenych na subjektivnom hodnoteni, ale malo
by byt realizované z pohladu spolahlivosti mostu, t.j. z pohladu
ako skutoény aktualny stav mostného objektu ovplyviuje jeho
spolahlivost a zvySkovu Zivotnost.

Vo vSeobecnosti je treba rozliSovat medzi spolahlivostou
novonavrhovanych a existujlcich mostnych konstrukcii. Zatial
¢o spolahlivost novonavrhovanej konstrukcie je schopnost pinit
pozadované funkcie poc¢as celej jeho Zivotnosti T, pre existujlce
mostné objekty plati, Ze spolahlivost existujiceho mostného
objektu je schopnost pinit poZadované funkcie konstrukcie za
beznych podmienok a Gdrzby bez nutnych oprav a rekonstrukcie
pocas jeho zvySkovej Zivotnosti tr.

Konstrukcie su vo vSeobecnosti navrhované na rozne Grovne
spolahlivosti zodpovedajice prislusnym Zivotnostiam a su
zavislé od vyznamu prvku v konstrukcii. V stlade s normou [4] sU
nové mostné objekty navrhované na pravdepodobnost poruchy
Pf,d = 7,2¢10-5 (Bd = 3,80) s zodpovedajlcou navrhovou
Zivotnostou Td = 80 rokov. AvSak skuto&na dizka Zivotnosti méze
byt zmenena pocas prevadzky z dévodu zmeny spolahlivosti
objektu. Redukcia spolahlivosti a tym aj dizky Zivotnosti moze byt
ovplyvnena hlavne zvy$enim intenzity zatazenia a degradaciou
materialov spésobenou aj nedostatoc¢nou Udrzbou. Z tohto
doévodu je znacne dolezité poznat aktualnu spolahlivost
mostného objektu za G¢elom stanovenia skutocnej zvySkovej
Zivotnosti konstrukcie.

2. SPOLAHLIVOSTNE HODNOTENIE EXISTUJUCICH
BETONOVYCH MOSTNYCH KONSTRUKCII

Z pohladu spolahlivosti mostného objektu, redukcia
neistot parametrov odolnosti a Gcinkov zataZeni znizuje

pravdepodobnost poruchy existujlicej mostnej konstrukcie.

Znamena to moznost pripustit nizSiu Groven spolahlivosti pre
hodnotenie existujlcich objektov, nez je Groven spolahlivosti u
novonavrhovanych mostnych objektoch.

V teoretickej analyze sa predpoklada, ze mostny prvok bol
navrhnuty na celkov( Zivotnost T s odpovedajlicim indexom
spolahlivosti danym rovnicou

B=(m, —mg)/\si +s2, (1)

kde m_, s, su zakladné parametre (stredna hodnota
a smerodajna odchylka) normalneho rozdelenia
nadhodnej premennej odolnosti R mostného
prvku,

sU zakladné parametre (stredna hodnota
a smerodajna odchylka) normalneho rozdelenia
nahodnych premennych Géinkov zataZeni S na ten
isty mostny prvok.

mS' SS

Tento mostny prvok sa podrobi prehliadke v ¢ase s <
T s pozitivnym vysledkom. To znamena, Ze prvok vykazuje
iba drobné poskodenia, ktoré nemdzu sposobit prekrocenie
niektorého z medznych stavov. Z uvedenych predpokladov
a z kladnych vysledkov prehliadky vyplyva, Ze nahodna premenna

odolnost prvku R vyhovuje vztahu

R>max(S,), prei=1,2, ... N(t (2)

insp)’

(BMS) [1, 2, 3] because of providing the basic information
about existing bridges required from the viewpoint of decision
making process related to the optimal bridge maintenance and
rehabilitation strategy. Therefore, the existing bridge evaluation
should be done not only as the result of periodic inspections
based on a subjective evaluation of actual bridge condition but
also from the viewpoint of the bridge reliability i.e. from the
viewpoint how the actual bridge condition affects the bridge
reliability and bridge remaining lifetime.

Generally, it is necessary to distinguish between reliability
of the new designed bridges and existing ones. While the
reliability of new designed structures is defined as the ability
to fulfil required functions during whole bridge design lifetime,
in the case of existing bridge structures, the reliability of them
means the ability to satisfy required functions during bridge
remaining lifetime considering common bridge condition and its
maintenance without necessary repairs and reconstructions.

Structures are designed for different reliability levels
corresponding with relevant design lifetimes depending
on structural member significance. In accordance with
standard [4], new bridge structures are designed for probability
of failure Pf,d = 7,2+10-5 (Bd = 3,80) with corresponding
design lifetime of Td = 80 years. However, the real bridge
lifetime can be changed within its service due to bridge
reliability change. Reliability reduction and also the lifetime
length can be mainly influenced due to load intensity increasing
and/or material degradation caused also by the insufficient
bridge maintenance. Therefore, the knowledge of the actual
bridge reliability is very important in order to determine real
bridge remaining lifetime.

2. RELIABILITY EVALUATION OF EXISTING CONCRETE
BRIDGE STRUCTURES

From the bridge reliability viewpoint, the reduction of the load
and resistance parameter uncertainties decreases the failure
probability of existing bridge structure. Therefore, there
is a possibility to admit the lower reliability level in the existing
bridge evaluation than it is used in the case of newly designed
one.

It is assumed in the theoretical analysis, that the bridge
structural element is designed for total design lifetime T
with corresponding reliability index B given by formula

B=(m, —my)/\si +s, (1)

are the basic characteristics (mean and standard
deviation) of the normally distributed random
variable resistance R of bridge structural
elements,

where Mg, Sy

are the basic characteristics of the normally
distributed random variable load effects S of the
same bridge element.

The structural element was inspected at the time tinsp <Twith
positive inspection results. It means that bridge member shows
small deterioration only not causing exceeding the relevant limit
state of the observed member. Considering above mentioned
assumptions and positive inspection information, the random
variable resistance R of the observed structural element should
satisfy the following relation

R>max(S,), fori=1, 2, ....... N(t (2)

insp)’

kde Si sl vzajomne nezavislé nahodné premenné Gcinky where  Si  are the mutually independent random variable
zataZenia. load effects.
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UvaZuje sa, Ze GCinky zataZenia Si maji normalne rozdelenie
s parametrami mS, sS. Tieto GCinky zataZenia sa vyskytuju
nahodne v ¢ase t pricom N(t) znamena pocet vyskytov v Case
(0,t) aich vyskyt sa riadi Poissonovym rozdelenim s parametrom
AMt) >0, ktory je mozné uvaZovat v Case konstantny alebo v Case
linedrne zavisly [5].

Tak ako je dané v préaci [6], pravdepodobnost poruchy
P, sledovaného prvku pocas jeho zvySkovej Zivotnosti
(to T) e mozné ziskat pomocou formuly pre podmienend
pravdepodobnost poruchy danou rovnicou

Py = (P(T) =Py (t,)) /(1= Pe(tyy,,)) - (3)

Rovnako dostavame aj podmieneny index spolahlivosti pre

zvySkovu zivotnost - zvySkovy index spolahlivosti Bu (T - tep)

B, =—07(P,), 4)
je inverzna distribuéna funkcia normovaného
normalneho rozdelenia N(0,1).

Pravdepodobnost poruchy P(T), Pf(tmsp) mostného prvku
s odolnostou R namahaného U¢inkami zataZeni Si sa moze
ziskat pomocou vzorca pre Uplni pravdepodobnost v spojitej

kde @1

forme [5,6]
o —L(t)-[l-_‘[FS(xx)-t‘(r)dr] t
szj l-¢ C -ij(x,r)-f(r) tdx, (5)
oo 0
kde F je distribucna funkcia Ucinkov zatazeni Si,
fq je funkcia hustoty pravdepodobnosti odolnosti R,
Mx) ‘
f()=="22 a L(t)=|Ar)dr. (6)
L(7) {

Za predpokladu realizacie prehliadky s pozitivnym
vysledkom bude vypocitany index spolahlivosti B, pre zvySkovi
Zivotnost (T - tep) vacsi alebo aspon rovny navrhovému indexu
spolahlivosti .. Teda ak konstrukciu podrobime aspon raz
za Zivotnost prehliadke s konstatovanim dobrého technického
stavu, méZzeme pouzitim vztahov (5) a (3) najst taky cielovy index
spolahlivosti B, ktory na konci zvySkovej Zivotnosti (T - tinsp)

bude prave rovny navrhovému indexu spolahlivosti, t.j. B, = B,.

Cielova pravdepodobnost poruchy P, a jej zodpovedajlci
cielovy index spolahlivosti B, nam stanovuju hladant Grovef
hladiny spolahlivosti pre hodnotenie existujicich mostnych
konstrukcii.

3. HLADINY SPOLAHLIVOSTI

Na zaklade vysSie opisaného teoretického pristupu boli
stanovené hladiny spolahlivosti zavislé na veku mostného
objektu a na jeho planovanej zvySkovej Zivotnosti. Hodnoty
hladin spolahlivosti uvadzame v tab. 1.

V praktickom pouziti sa Groven spolahlivosti transformuje

do navrhovej hodnoty odolnosti materialu a Géinkov zatazeni.

Stanovené Grovne hladiny spolahlivosti pre hodnotenie
existujdcich mostnych objektov dané v tab. 1 sa premietaju
do hodndt parcialnych sucinitelov spolahlivosti materialov
a UcCinkov zatazeni, pomocou ktorych sa prislusné navrhové
hodnoty stanovia. Tieto hodnoty budi zavislé od doby hodnotenia
mosta a jeho planovanej zvySkovej zivotnosti. Napriklad
parcialny sicinitel premenného zvislého kratkodobého
zataZenia dopravou na pozemnych komunikaciach je mozné
uvazovat v hodnotach podla tab. 2, ak pre navrh nového mosta
sl rozhodujlce zataZovacie modely zoskupenie I, Il alebo
Stvornapravového vozidla podla [4].

The normally distributed load effects Si with statistical
characteristics mS, sS are considering to occur in succession
but randomly in time and N(t) means the random number
of them within time interval (O, t) having Poisson distribution
with parameter A(t) > O which can be assumed as constant
in time or linearly dependent on time [5].

As has been shown in [6], the updated failure probability
Pfu of the observed member within its remaining lifetime (tinsp,
T) can be obtained using formula for conditional probability
of failure given by following equation

P, = (P(T) =P (t,,)) /(1= Pe(t,,,,) - (3)

and the corresponding updated reliability index Bu (T -tmsp)

for bridge remaining lifetime can be calculated according
to formula

B.=-@7(P,), (4)
isthe inverse distribution function of standardised
normal distribution N(O,1).

The failure probabilities P(T), Pf(tinsp) of the bridge element
with the resistance R subjected to load effects Si can be obtained
by means of formula for complete probability in continual form
according to [5,6]

where @t

oo —L(t)-{l—jFS(x.r)-f(‘c)dr} t
Pf=j l-¢ v -ij(x,r)-f(r) tdx , (5)
0

where Fs is the distribution function of load effects Si,

fR is the probability density function of the
resistance R and
A(x)

O

, with L(t)= jX(t)dt (6)

Assuming the inspection performed with positive results,
the obtained updated reliability index B, corresponding with
the remaining lifetime (T-thp) will be greater or equal to design
reliability index Bd. Thus, if the bridge structure is inspected
minimal once in its lifetime with statement of good condition, the
adjusted target reliability index B, can be found using formulas
(5) and (3), which would be equal to design reliability index
B, in the end of remaining bridge lifetime (T - tep) Therefore,
the target probability of failure P, and corresponding target
reliability index B, should determine the sought reliability level
for reliability evaluation of existing bridge structures.

3. RELIABILITY LEVELS

Based on the above-mentioned theoretical approach, the
reliability levels for existing bridge evaluation were determined
in dependence on bridge age and planned remaining lifetime.
The reliability levels are presented in Table 1.

In practice, the reliability levels should be expressed due
to design values of material resistance and load effects.
Therefore, the reliability levels for existing bridge evaluation
determined in Table 1 shall be implemented into values
of partial safety factors for material and load effects by means
of them the relevant design values should be determined.
These values are dependent on the time of bridge evaluation
and its planned remaining lifetime. For example, values
of partial safety factors for the variable road traffic loads may
be considered in accordance with the values presented in
Table 2, when the load models ZZ |, ZZ Il or 4-axle vehicle are
decisive for bridge design in accordance with [4].
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Tab. 1 Hladina spolahlivosti pre hodnotenie existujicich mostnych prvkov

Tab. 1 Reliability levels for existing bridge evaluation

4. ZVYSKOVA ZIVOTNOST

VySSie uvedené hladiny spolahlivosti boli stanovené
za zaklade veku objektu a planovanej zvySkovej Zivotnosti.
Planovana zvyskova Zivotnost bola volena v dizkach do 3 rokov,
od 3 (vratane) do 10 rokov, od 10 (vratane) do 20 rokov (vratane).
Tymto dizkam odpovedajl aj stanovené parcidlne suéinitele
spolahlivosti materiadlov a Ucinkov zataZeni. To ale znamen3,
Ze existujlice mostné objekty by sa mali prepocitat pre kazdu
hladinu za Uc¢elom zistenia zodpovedajlcej zvySkovej Zivotnosti.
To vSak mo6Ze vyZadovat viac ¢asu a aj potrebnych financii.
Preto stanovenie skutocnej zvySkovej Zivotnosti existujdceho
objektu priamym vypoctom je presnejsi a vyhodnejsi pristup
ku hodnoteniu objektu.

Interval Prehliadka realizovana v

tr 20 roku 40 roku 60 roku 70 roku
[roky] 20 years 40 years 60 years 70 years
Remaining

lifetime Pst Bt Pst Bt Pst Bt Pst Bt
tr

[years]
1 1,55103 2,96 3,10:103 2,74 4,70103 2,60 5,52:103 2,54
2 8,12.104 3,15 1,58103 2,95 2,37-1038 2,83 2,77-1038 2,77
3 5,64-104 3,26 1,07-103 3,07 1,60-103 2,95 1,86103 2,90
5 3,67-104 3,38 6,71-104 3,21 9,81:104 3,10 1,14-103 3,05
10 2,20-104 3,62 3,71-104 3,37 5,25104 3,28 6,04-10-4 3,24
20 1,46104 3,62 2,22:104 3,51 2,98104 3,43
30 1,22104 3,67 1,72104 3,58
40 1,10-104 3,70 1,47-104 3,62
50 1,02:104 3,71
60 9,74105 3,73

4. REMAINING LIFETIME

Above-mentioned reliability levels were determined on the
base of bridge age and its planned remaining lifetime. Planned
remaining lifetime was chosen in values till 3 years, from
3 years (including) to 10 years and from 10 years (including)
to 20 years (including). The determined values of partial safety
factors correspond with those values of remaining lifetime.
When it is needed to determine the actual remaining lifetime,
it is necessary to evaluate the bridge structure for every above-
mentioned values of planned bridge lifetime. It means more time
and also more money. Therefore, to determine actual remaining
lifetime using direct calculation is the more accurate and the
more convenient approach to bridge evaluation.

Tab. 2 Hodnoty parcialneho sticinitela spolahlivosti zvislého zataZzenia dopravou na pozemnych komunikaciach

Tab. 2 Values of partial safety factors for road traffic loads

Vek mosta < 60 rokov Vek mosta = 60 rokov

L, . Bridge age < 60years Bridge age 2 60 years

Castvmostn_ej Planovana zvySkova Zivotnost Planovana zvyskova Zivotnost

Konstrukcie

tr [roky] tr [roky]
Bridge parts Planned remaining lifetime Planned remaining lifetime
t: [years/ t: [years/
10<t<20 | 3<t:<10 [ t<3 10<t<20 | 3<t<10 | <3
Model zataZenia ZZ | a ZZ Il - Yezz1 @ Yr,zzn
Load model ZZ | and ZZ Il - ),zz and ),zzn
Hlavné nosné Casti
Primary bridge parts 1,30 1,25 1,20 1,30 1,20 1,15
VedlajSie nosné Casti
Secondary bridge parts 1,20 1,20 1,20 1,15 1,15 1,15
Model Stvornapravového vozidla - ¢ anv
Load model of 4-axle vehicle - ) anv

Hlavné nosné Casti
Primary bridge parts 1,15 1,15 1,10 1,15 1,10 1,10
VedlajSie nosné Casti
Secondary bridge parts 1,10 1,10 1,10 1,05 1,05 1,05

Priamy vypocet zvySkovej Zivotnosti v pripade zmeny
spolahlivosti prvku predpoklada pouZzitie rovnice (5), do ktorej sa
dosadi znama hodnota navrhovej pravdepodobnosti poruchy P
namiesto P.. Dostaneme tak rovnicu s neznamou Zivotnostou T.

The direct calculation of the bridge remaining lifetime
in the case of bridge reliability change considers to use the
formula (5) in which the known design probability of failure Pf,d
shall be substituted instead of P. Now, the bridge lifetime T

86
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RieSenim tejto rovnice ziskavame upraven( Zivotnost T
zodpovedajlicu novym podmienkam prevadzky mostného objektu
zohladnujlcu skuto¢ni odolnost prvku R a Gcinky zatazeni Si.
Teraz uZ je moZné vypocitat skutocnu zvySkovi Zivotnost prvku
akot =T -tinsp. Ako predpokladanou zmenou spolahlivosti prvku
mozZe byt uvazovana napriklad degradacia materialu. Prave
parametricka Stddia vplyvu degradacie na zmenu dizky Zivotnosti
prvku je prezentovana v dalSej ¢asti prispevku.

V parametrickej Stldii sa uvazoval Zelezobetonovy prvok
naméhany ohybovym momentom. Casovo zavisla ohybovéa
odolnost R(t) Zelezobetonového prvku je vyjadrena plastickym
momentom Gnosnosti Mpl,Rd a je dana rovnicou

00 1 AOf,
C-T]_E o },[kNm] 7)

R(t)=M, () =A (1) f, Hh -

kde f  je ndhodne premenna pevnost betonu v tlaku
[MPa],
f  je ndhodne premenna medza klzu vystuze [MPa],

»

h  je ndhodne premenna vySka prierezu [m],
b  je ndhodne premenna Sirka prierezu [m],
¢ je ndhodne premenna hribka krycej vrstvy [m],

t) je nahodne premenny priemer vystuze zavisly
na ¢as [m],

A (t) je ndahodne premenna plocha vystuze zavisla
na Case [m?],

AJU=§¢%0Jmﬂ- (8)

Statistické charakteristiky uvaZovanych nahodnych
premennych sl dané v tab. 3.

Na numericky vypocet ¢asovo zavislého ohybového momentu
Gnosnosti Mpl,Rd bola pouZitd simulatna metéda Monte-
Carlo. Ak sa uvazuje, Ze Statistické charakteristiky nahodnych
premennych maji normalne rozdelenie pravdepodobnosti,
potom aj vysledny plasticky moment (inosnosti je uvazovany ako
normalne rozdelena nahodna premenna s parametrami
* m,=679,225 kNm,

e s, =46,982 kNm,

Obdobne sa predpoklada, Ze aj Gcinky zataZeni Si su
nahodné premenné s normalnym rozdelenim pravdepodobnosti
s parametrami
* mg = 456,050 kNm,

* 5= 35,237 kNm,

ktoré boli stanovené tak, aby sa dosiahol navrhovy index
spolahlivosti prvku B, = 3,80 pri uvazovani celkovej Zivotnosti
T, = 80 rokov.

Z rovnic (7) a (8) vyplyva, Ze zmena odolnosti R(t) v Case t
zavisi hlavne na Ubytku prierezovej plochy betonarskej vystuze
As(t). Pre vypocet daného Ubytku prierezovej plochy vystuze boli
uvaZované dva pristupy. Ako prvy bol uvazovany model ploSnej
korézie podla Bazanta [7]

O(t)=0—-2-0,0116-(t—t,)-i,, =0—0,0232-(t—t,)-i 9)

corr corr 7

kde i

corr

t jedizka pasivneho stadia.

je hustota pradovej kor6zie [uA/cm?],

Dal$i korozivny model bol uvazovany podla Thoft-Christensena
[8] predstavujuci taktieZ model ploSnej kordzie a je dany
rovnicou

OO =0—(t=1ty) Ty » (10)

kde r je stupen korézie [um/rok].

corr

should be the unknown value in the formula (5). The modified
lifetime T corresponding with the new traffic condition of the
bridge structure and respecting the actual bridge member
resistance and bridge load effects should be a solution of the
adjusted equation (5). Then the actual remaining lifetime of the
bridge member could be calculated accordingtot =T - Yoo
The material degradation is considered as the assumed change
of the bridge member reliability. Exactly, the parametric study
of the degradation influence on the change of remaining lifetime
is presented in following part of the contribution.

The reinforced concrete member subjected to bending
was considered in the parametric study. The time-dependent
bending resistance R(t) was expressed by the plastic
bending load-carrying capacity Mpl,Rd calculated according
to formula

R() =M, ()=A, () f, «Hh—c—wj—l' A‘(t)'f‘} ,[KNm]  (7)

2 ) 2 b

where f_isthe random variable concrete strength [MPa],

f, istherandom variable reinforcement yield strength
[MPa],

h is the random variable cross section depth [m],
b is the random variable cross section width [m],
¢ isthe random variable concrete cover [m],

t) is the random variable reinforcement diameter
dependent on time [m],

A_(t) istherandom variable reinforcement cross section
area dependent on time,

&m:§¢mJWL 8)

Statistical characteristics of the considered random variables
are given in Table 3. The numerical application of calculating
time dependent bending load-carrying capacity Mpl,Rd(t) was
realized using simulation of the Monte-Carlo method. Since
the statistical characteristics of random variables are normally
distributed, the bending load-carrying capacity is also normally
distributed random variable with the characteristics
e m_=679,225 kNm,

* s5,=46,982 kNm,

The load effects were also assumed as normally distributed
with basic parameters
e mg = 456,050 kNm,

* s,=35,237 kNm,

which were determined to achieve the member design reliability
index B, = 3,80 considering the bridge lifetime T, = 80 years.

It can be seen from formulae (7) and (8), that the change
of resistance R(t) in time depends on the lost of reinforcement
cross-section area. Two approaches to the calculation of the
reinforcement cross-section area loss were considered.

The first corrosion model was considered according to Bazant
[7]in relation

O(t)=0—-2-0,0116-(t—t,)-i

where i

=0-0,0232-(t—t,)-i
is the corrosion current density [pA/cm?],

9)

corr. corr ?

corr
t, is time of passive stage.
The second corrosion model was considered in accordance
with Thoft-Christensen [8], which is given by formula
o) =0—(t—t,) . (10)

where is the corrosion rate [um/year],

orr
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Hustota pridovej kordzie icorr a stupen kor6zie rcorr boli
merané na skutoénych mostnych konstrukciach a ich hodnoty

Tab. 3 Statistické charakteristiky nahodnych premennych
Tab. 3 The statistical characteristics of random variables

The corrosion current density icorr and the corrosion rate rcorr
were measured on the real bridge structures and their values

Smerodajna Variaény Rozdelenie
Nahodné premenné Stredna hodnota odchylka koeficient veli¢iny
Random variables The mean value The standard The coefficient Distribution
deviation of variation of variables
Medza klzu - fs [MPa] (10 335)
400,81480 23,96686 0,05980 Normalne
Reinforcement yield strength - fs [MPa]
Pevnost betonu- fc [MPa](B15) 3
24,64000 2,68000 0,10877 Normalne
Concrete strength - fc [MPa]
Vyska prierezu - h [m] P
0,797800 0,01360 0,01705 Normalne
Cross section height - h [m]
Sirka prierezu - b [m] i
0,49570 0,00740 0,01493 Normalne
Cross section width - b [m]
Priemer vystuze - ¢ [mm] 3
19,770 0,223 0,01128 Normalne
Bar diameter - ¢ [mm]
Pocet profilov vystuze - n [ks] .
- - - Konstanta
Number of bars - n [ks]
Hrubka krycia vrstva - ¢ [mm]
24,00 1,30 0,05417 Normalne
Concrete cover - ¢c [mm]
Hustota pridovej korozie - i [uA/cm?] 1,00 0,20 0,20 Normalne
Corrosion current density - icorr [A/cm?] 3,00 0,60 0,20 Normalne
Stupen korozie - rcorr [um/rok] 3
50,70 5,80 0,11440 Normalne
Corrosion rate -rcorr [um/year]

sl znazornené v tab. 3. Zacdiatok zmeny odolnosti v Case zavisi
na dizke pasivneho stadia.

V parametrickej Stadii boli pouZité dva spdsoby vypoctu
pasivneho Stadia. V prvom modely [9] je dizka pasivneho Stadia
t0 zavisla na hribke krycej vrstvy ¢ a na materialovej konstante
D aje dana rovnicou (11). Druhy pouZity model podla Freya [10]
opisujlci zavislost hribky krycej vrstvy ¢ od dizky pasivneho
Stadia tO a prostredia je presnejsi, ale je problematické ziskat
potrebné konstanty A, w, ktoré sl funkciami prostredia. Tento
spbsob vypoctu opisuje rovnica (12)

2

t=—— ; o= (e’\"”?: —1)(1—e’“"ﬁ) .

=25 (11) (12)

kde D=2,84.10-7 resp. 4,82.10-7 [mm2.s-1] je materidlova
konsStanta,

A=0,11 [rok-1] je konStanta (pre centralnu Eurdpu),
w=0,16 resp. 0,17 je konStanta zavisla od prostredia.
V parametrickej Studii bol simulovany jeden priecny rez

- obdiZnik s premennymi velig&inami fs, fc, h, b, ¢, ¢ (vid' tab. 3),
ktorych rozdelenia sa v ¢ase nemenili. Rozdiel bol len vo vypocte
pasivneho a aktivneho Stadia, takze sa menili len parametre
D, w, icorr a rcorr. Vysledky vypoctu skutocnej dlzky Zivotnosti
v zavislosti na spésobe vypoctu pasivneho a aktivneho Stadia
sU zobrazené v tab. 4.

are shown in Table 3. The start of the time dependent resistance
changing depends on the length of the passive stage.

Two approaches to the passive stage calculation were used
in the parametric study. In the first model, the length of passive
stage depends on the concrete cover c and material constant D
and is given by formula (11). The second model in accordance
with Frey [10] describing dependence of the concrete cover ¢
on the length of the passive stage tO seem to be more precise,
but it is difficult to obtain values of the constant A, which are
functions of the environment. Formula (12) describes the second
approach to calculation.

2

t, =~ ;c=(e’\“'72—1)(1—e’“ "').

-5 (11)(12)

where

D=2,84.10-7 resp. 4,82.10-7 [mm2.s-1] is a material
constant,

A=0,11 [rok-1] is the constant (valid for Central
Europe),

w=0,16 resp. 0,17 is the constant depending
on environment.

One cross-section - rectangle with time independent random
variables fs, fc, h, b, ¢, ¢ (see Table 3) was simulated in the
parametric study. The difference was in the passive and active
stage calculation, so that parameters D, w, icorr a rcorr were
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Vypocet zvySkovej Zivotnosti je teraz jednoduchy, pretoze
zavisi len od Casu realizacie prehliadky a vypocita sa z rovnice
tr=T-tinsp.

5. ZAVER

Prispevok prezentuje vysledky vyskumu zameraného
na stanovenie hladiny spolahlivosti pre hodnotenie
existujucich mostnych objektov. Pre stanovenie réznych
Grovni hladiny bol vyvinuty matematicky aparat zohladniujdci
nové informéacie tykajlce sa existujicich mostov. Urovef
stanovenej hladiny spolahlivosti je zavisla na veku mostného
objektu a na planovanej zvySkovej Zivotnosti a je platna
pre prvky namahané ohybovym momentom. V koneénom
dosledku sa modifikované hladiny spolahlivosti premietaji
do hodndt parcialnych sucinitelov spolahlivosti materialov
a Ucinkov zataZeni, ktoré su nizSie ako ich hodnoty pouZivané
pri ndvrhu novych mostov

Dalej sa prispevok zaobera spésobom vypo&tu skutodnej
Zivotnosti a potom vplyvom kordzie betonarskej vystuze
na zmenu dlzky skutoénej Zivotnosti. Z vysledkov parametrickej

only changed. The results in accordance with relevant approach
to passive and active stage calculating are shown in Table 4.
Now the calculation of the bridge remaining lifetime is simple,
because it depends on the time of bridge inspection and may
be determined using formula tr =T - tinsp.

5. CONCLUSIONS

The contribution presents results of the research oriented
on the determination of the reliability level valid for existing bridge
evaluation. The mathematical approach determining different
reliability levels was developed respecting new information
related to the existing bridge. The obtained reliability levels are
dependent on the bridge age and the planned remaining lifetime
and are valid for members subjected to the bending. Finally,
the modified reliability levels are implemented into the values
of partial safety factors for materials and load effects, which are
less than values used for design of new bridges.

Moreover, the contribution deals with the actual lifetime

calculation considering the effect of the reinforcement corrosion
on the real lifetime change. It can be seen from results

P P Tab. 4 Vplyv korézie
L p - Vypocet aktivheho 5. , . T
Oznacenie Vypocet pasvlvneh’o Stadia s Stadia s uvazovanim Zivotnost prvku betoEarslffaj vystuz.e
] uvazovanim ] Lifetime of the na dizku zivotnosti prvku
Denoting . . Active stage
Passive stage calculating . member T
calculating
- Tab. 4 Reinforcement
1 D=2,84+10-7 mm2.s-1 o =(1,0; 0,2) 51,5 roku corrosion effect on the
2 D=2,84+10-7 mm2.s-1 Ieor—(3,0; 0,6) 40,1 roku member lifetime
3 D=2,84+10-7 mm2.s-1 rm=(50,7; 5,80) 36,2 roku
4 D=4,82+10-7 mm2.s-1 ico"=(1,0; 0,2) 38,8 roku
5 D=4,82+10-7 mm2.s-1 i =(3,0; 0,6) 24,0 roku
6 D=4,82+10-7 mm2.s-1 r..~(50,7; 5,80) 19,7 roku
7 w=0,170 rok-0,5 ior—(1,0; 0,2) 41,3 roku
8 w=0,170 rok -0,5 i =(3,0; 0,6) 27,3 roku
9 w=0,170 rok -0,5 ro.=(20,7; 5,80) 22,7 roku
10 w=0,160 rok -0,5 o =(1,0; 0,2) 28,3 roku
11 w=0,160 rok -0,5 iw”=(3,0; 0,6) 14,9 roku
12 w=0,160 rok -0,5 rm=(50,7; 5,80) 11,3 roku
Bez uvaZovania degradacie
82,4 roku
Without degradation

Stadie (tab. 4) vyplyva, Ze po aplikacii roznych Grovni korézie
na rovnaky zelezobetonovy prvok dostavame znacne odlisné
dizky skutoénej zivotnosti daného prvku. V niektorych
pripadoch kordzia spdsobila skratenie Zivotnosti o viac ako
polovicu pbévodnej planovanej Zivotnosti. To dokazuje fakt,
Ze je potrebné v zvySenej miere venovat pozornost ochrane
proti kor6zii a samotnej Gdrzbe mostov, aby sa zabranilo
degradaciam konstrukcii.
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of the parametric study (Table 4), that application of different
corrosion levels to the same reinforced member gives very
different lengths of the real member lifetimes. In some cases,
the corrosion caused lifetime shortening more than one half
of the origin planned bridge lifetime. From this viewpoint, it is
necessary to pay increased attention to protection against the
corrosion and to qualified maintenance also to avoid structure
degradation.
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