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Predhovor
Foreword

Narodna sprava Beton na Slovensku 2010 - 2014 je v poradi Sies-
tou publikdciou, ktord popularizuje vysledky z projekénej, realizacnej
a vyskumno-vyvojovej oblasti za obdobie Styroch rokov medzi sveto-
vymi kongresmi fib. Nastavajuci 4. celosvetovy fib kongres sa kona 10.
az 14. februéra 2014 v Bombaji.

Tak ako v minulosti, aj teraz Slovensky narodny komitét fib pla-
noval usporiadat celoslovenskd konferenciu uz v novembri 2013
a z najlepsich prispevkov publikovanych na tejto konferencii zostavit
Nérodnu spravu. Skory termin konania kongresu, ale najma pretrva-
vajuca kriza slovenského stavebnictva spdsobili, Ze napriek viacme-
sacnému Usiliu a podpore zo strany statnej spravy sme nedokazali
pripravit a realizovat konferenciu v takej kvalite, ako byvalo zvykom.
Nedostatok zakaziek a aj nizke, niekedy az dumpingové, realiza¢né
ceny su tym, ¢o nase projekeéné organizacie a stavebné firmy odra-
dzuje od podpory tychto aktivit. Prejavuje sa to aj v minimalnej pod-
pore technického vyvoja a aplikovaného vyskumu.

Priprava Narodnej spravy preto ostala na velkom odhodlani a Usi-
If Uzkeho kruhu nadsencov zo Slovenského narodného komitétu
fib a pracovnikov vydavatela ¢asopisu InZinierske stavby/Inzenyrské
stavby, firmy JAGA GROUP, s. r. o.

Aj touto cestou by som sa rdd podakoval vSetkym sponzorom,
vdaka ktorym sme mohli Narodnu spravu vydat. Dakujem aj viet-
kym autorom za starostlivl pripravu odbornych prispevkov. Verim,
Ze tak ako v minulosti, aj teraz bude tdto nasa Narodna sprava cen-
nym historickym a Studijnym dokumentom a jej prezentdcia na sve-
tovom kongrese fib v Indii prispeje k pozitivnemu zviditelneniu Slo-
venska v zahranici.

doc. Ing. Milan Chandoga, PhD.
prezident Slovenského narodného komitétu fib

www.inzenyrske-stavby.cz

Milan Chandoga

The “Concrete in Slovakia 2010 — 2014" National report is the
sixth publication which popularises the outcomes of the design,
execution, research and trends area over the period of four years
between the international fib congresses. The forthcoming 4th
international fib congress will take place in Mumbai, India, from 10
to 14 February 2014,

As in the past also now the Slovak National Committee of fib
has planned to hold the national conference already in November
2013 and to compile the National report of the best contributions
published in this conference. The early date of taking place of the
congress, but in particular the persisting crisis of the Slovakian
building industry, have caused that in spite of an endeavour
lasting a number of months and the support provided by the
state administration we were not able to prepare and conduct the
conference in such quality as was the custom. The lack of contracts
as well as low, sometimes even dumping cost of the works are the
factors that discourage our designing and construction companies
from supporting these activities. It shows also in minimal support of
technical development and applied research.

Therefore the preparation of the National report remained on great
determination, drive and efforts of small group of enthusiasts from
the Slovak National Committee of fib and the staff of the publisher
of the InZinierske stavby/InZenyrské stavby (Civil Engineering Works)
magazine, the company JAGA GROUP Ltd.

Also in this way | would like to thank to all sponsors thanks to
which we were able to publish the National report. | thank also to
all authors for thorough preparation of professional contributions.
| believe that same as in the past also now this our National report
will represent a valuable historical and educational document and its
presentation at the international fib congress in India will contribute
to positive promotion of Slovakia abroad.

Assoc. Prof., Dipl.-Eng. Milan Chandoga, PhD.
President of the Slovak National Committee of fib
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Nové samosplhacie debnenie na Slovensku

Vystavba Il. dialni¢ného useku D1 Jénovce -
Jablonov vo vychodnej ¢asti Slovenska na-

preduje, ¢oho vysledkom su aj prebiehaju-
ce prace na moste ponad rieku Lodina. Ide
o najdlhéi most na tomto Useku s dfzkou
423 m. S vystavbou sa zacalo uZ v auguste
2013 a je to prvy projekt na Slovensku, kde je
nasadené samosplhacie debnenie Xclimb 60.
Vdaka dvom zostavdm tohto systému budu
zhotovené tri piliere s vyskou 45 az 55 m.

VWhoda tohto debnenia spociva v tom, Ze pre-
miestnenie do dalsieho betonarskeho zaberu
sa vykondva bez Zeriava, pomocou mobilnych
hydraulickych komponentov. Systém je pri
premiestiiovani vedeny a zaisteny na staveb-

nom objekte, o umoZriuje pracu aj pri horsich
poveternostnych podmienkach. K bezpec-
nosti prispievaju aj velké plosiny a integrovany
vystupovy systém. Betdnovanie bude prebie-
hat v 5-metrovych vyskovych zéberoch, pri-
¢om jeden zéber trva priblizne 7 dni. V kom-
bindcii s nosnikovym debnenim Top 50 sa
dosiahnu poZadované tvary a vzhlad pilierov.

Tato cast dialnice obide mesto Levoca, Spissky
Stvrtok, Spissky Hrhov, KI¢ov a Nemgany a sicas-
ne skrati cestu medzi Popradom a PreSovom.

Zdroj: DOKA Slovakia, Debniaca technika

Druhy roc¢nik soutézni prehlidky THINK ARCH

Obcanské sdruzeni Centrum ceské architek-
tury vyhlésilo jiz druhy ro¢nik THINK ARCH
— prehlidky studentskych praci a praci archi-
tektd do 40 let. Tématem letosniho ro¢niku
je udrzitelnost a efektivnéjsi vyuziti materi-
al0 a energie v architekture.

Pfedmétem druhého ro¢niku prehlidky
THINK ARCH jsou navrhy a realizace staveb,
které vykazujf prvky udrzitelnosti, efektivnéj-
$fho vyuZiti materidlé a energie a zaroven
kladou ddraz na zvysenf kvality prostfedi.
Organizatofi hledaji architektonicky kva-

20. MEDZINARODNA SPECIALIZOVANA VYSTAVA
VODNEHO HOSPODARSTVA, HYDROENERGETIKY,
OCHRANY ZIVOTNEHO PROSTREDIA, KOMUNALNEJ
TECHNIKY A ROZVOJA MIEST A OBCI

litnf a invencni prace, které jsou svou kon-
cepci pfinosné pro zivotni prostredi a kva-
litu vystavéného prostredi. Centrum ceské
architektury oslovilo pedagogy a studenty
Ceskych a slovenskych vysokych skol, aby
prihlasili skolni prace.

Protoze cilem prehlidky je propagace ,mla-
dé” a progresivni architektury, je druhd kate-
gorie ur¢ena architektim do 40 let. ,Mame
za to, ze pravé tato vékova skupina archi-
tektl po Skole dnes potiebuje nejvetsi pod-
poru. Proto jsme otevieli i druhou kategorii,

Q)

kde predpokldddme Ucast zajimavych reali-
zaci," fika Katefina Obrazovd, sekretdr souté-
7e z Centra Ceské architektury.

Prehlidka bude v Unoru 2014 pokracovat
vystavou, kde budou pfedstaveny viechny
prihlasené prace. Soutézni prehlidka je vy-
hldsena v souladu se soutéznim fadem Ces-
ké komory architektl a jeji uzéverka je 20.
prosince 2013. Soutézici mohou své prace
prihlasit na webu www.thinkarch.cz.

Zdroj: Centrum ceské architektury

Ochranny nater
na betonové plochy

" Vysokokvalitné ochranné
. natery s obsahom nano-
Castic kremika poskytuju dl-
hotrvajucu ochranu beto-
nu pred vonkajsimi vplyvmi
vratane ochrany pred che-
mikaliami alebo oderom. Su
vyvinuté a vyrabané v Ne-
mecku stopercentnou na-
notechnoldgiou.

Vdaka kovalentnej vazbe s povrchom a zmesi aktivnych primesi sa
betdn stdva odolnejsim ako pri konvencnych nédteroch na betén
a je trvalo chraneny. Vdaka tomu sa stava silne hydrofébnym a ole-
jofébnym, je Uc¢inne chraneny pred organickymi aj anorganickymi
kontaminantmi.

Tento néter je vhodny do akychkolvek vonkajsich alebo vnutor-
nych beténovych ploch, pohladovych beténov, kamennych obkla-
dov alebo beténovych podlah, pricom je odolny nielen proti vode
a olejom, respektive mastnote, ale aj chemikélidam s pH od 2 aZ do
14. Jeho cistenie je jednoduché a nendro¢né. Hrubka sa v pripade
transparentného nateru pohybuje okolo 60 az 100 w, v pripade fa-
rebného néteru alebo nateru s pouzitim skleneného piesku okolo
300 a viac p. Systém sa da aplikovat priemyselne alebo priamo na
stavbe na hotové dielo a méze byt upraveny a dodany na zdklade
individudlnych potrieb vratane volitelného lesku, farby alebo stup-
na UV ochrany.

10.-12. 6. 2014

Vlystavisko Trencin

EXPO CENTER a.s.
Pod Sokolicami 43, 911 01 Trengin
tel.: +421-32-770 43 25

www.expocenter.sk

-
EXPOCENTER
TRENCIN

INZERCIA

Zdroj: NANOTRADE SK
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Pozvanka na odborny seminar Olsanka 2014

ARCADIS CZ a. s., divize Geotechnika pofada spole¢né s Ceskou silni¢ni spole¢nosti jiz 18. odborny geotechnicky seminaf

Upravy zemin pfi zemnich pracich na pozemnich komunikacich
dne 26. 2. 2014 v kongresovém centru hotelu Olsanka v Praze 3

Odbornym garantem seminéfe je Ing. Vitézslav Herle ze spole¢nosti ARCADIS CZ a.s,, divize Geotechnika.

Semindf je urcen predevsim projektantlim inZenyrskych a dopravnich staveb, pracovnikdm investorskych organizaci a zhotovitelskych
stavebnich firem, inzenyrskym geologdim i geotechnickym specialistim. Seminaf je zafazen do projektu celozivotniho vzdélavani
CKAIT a bude hodnocen jednim kreditnim bodem. Soucasti seminafe bude doprovodné vystavka odbornych firem.

Na seminafi bude predneseno osm prispévkid véetné predndsek dvou vyznamnych zahrani¢nich odbornik:

Soil treatment in Europe: development, last improvements, European standardization
(Uprava zemin v Evropé: vyvoj, posledni inovace, zpracovani evropské normy)
Daniel Puiatti, DPST Consulting, France

Experience with lime treated soils in Slovenia (Zkusenosti s védpnem upravenymi zeminami ve Slovinsku)
Ing. Ana Petkovsek, University of Lubljana, Slovenia

Obé prednasky budou pfedneseny v angli¢tiné s prekladem do cestiny.

Pozvanky vcetné zavaznych prihlasek budou rozesilany béhem ledna 2014. Vice informaci najdete na www.arcadis.cz

ODBORNE KNIHY A CASOPISY

Z OBLASTI STAVEBNICTVA A ARCHITEKTURY

A ASB'

KNIHKUPECTVO JAGA ‘-

Budova Stavebnej fakulty STU, Ul. Imricha Karvasa 2, Bratislava
Otvorené: pondelok — piatok, 9.00 — 16.00 hod., tel.: 02/529 259 89, e-mail: knihkupectvo@jaga.sk, web: www.jagastore.sk JAGA

KANCELARIE NA PRENAJOM 3.

Kancelarske priestory na prenajom sa
nachadzaju v budove so Styrmi podlaziami
v Standarde A. Komfort budovy je okrem
iného zabezpeceny moznostou garazového
statia, vytahom, samostatnou recepciou,
klimatizaciou, centralnym vysavacom

a bezpecnostnym, pristupovym

a dochadzkovym systémom.

Budova sa nachadza v Bratislave na Lamacskej
ceste, bezprostredne za vyjazdom z tunela Sitina,

s vynikajicim dopravnym napojenim na dialnicu

a tiez smerom do centra. V tesnej blizkosti budovy su
zastavky MHD a nedaleko je obchodny dom Tesco.

K dispozicii eSte priestory s rozlohou do 150 m® | Kontakt: tel.: +421 911 091 225, e-mail: diana.ho-chi@jaga.sk

INZERCIA



POLYFLEX® Advanced PU je elasticky zaliev-
kovy mostny zaver na mosty s malymi dila-
ta¢nymi pohybmi do 100 mm, zalozeny na
baze elastickych polymérov. Pouzitim no-
vych materidlov sa potlacili nevyhody bitu-
menovych zalievkovych mostnych zaverov.

POLYFLEX® Advanced PU

Vyhody pouZzitia

Viyhodami su vysoka Zivotnost, vysoky jazd-
ny komfort, nizka hladina hluku, absoldtna
vodotesnost a bezudrzbovost. Je vhodny
na novostavby, ako aj rekonstrukcie. Mon-
taz zéveru je mozna pri teplotnom rozpa-
ti +5 az +35 °C. Je charakteristicky vysokou
oteruvzdornostou (nevytvaraju sa kolaje),
chemickou odolnostou proti kyselindm, za-
sadam a soliam a nie je potrebny otvor (tzv.
kapsa) na kotvenie nosnej konstrukcie. Z4-

ver mozno montovat aj po vytvoreni vo-
zovky. Daju sa zhotovit akékolvek varianty
zaverov, prevysenia, sklony, spoje T a X.

MPE® (modifikovany PolyEtylén) je termo-
plasticky materidl s extrémne dlhymi retaz-
cami a velmi vysokou hustotou, extrémne
odolny proti bruseniu a chemicky staly. Za-
tial sa pouziva pri kalotovych loziskach, pri-
¢om v buducnosti nahradi PTFE pri vsetkych
ostatnych typoch kiznych lozisk.

MPE®

Vyhody pouzitia v klznych loZiskdch

Vyhodou MPE® je nizky sucinitel trenia od
2 do maximalne 8 %. Teplotny rozsah je od
-50 do +50 °C. Nenastava Ziadne tec¢enie ma-
teridlu z MPE pod stalym zatazenim. Je pro-
tikladom k PTFE (tvarovanie za studena).
V porovnani s PTFE (90 MPa) je jeho tlakové

zataZzenie omnoho vyssie — az 180 MPa. Mate-
ridl je extrémne oteruvzdorny a odolny proti
opotrebeniu (aj pri klznych drdhach 250 km).
Z hladiska Zivotnosti mostnych loZisk neexis-
tuje nijaky obmedzujuci faktor. Vdaka pouzi-
tiu materidlu z MPE je mozné redukcia roz-
merov loZiska pri pouziti betdnu nad C30/37.

Spoloc¢nost Reisner & Wolff Slovensko, s. 1. o,
je drzitelom Eurépskeho technického schva-
lenie (ETS). Pre kalotové loZiskd s MPE® jej bolo
udelené Eurdpske technické osvedcenie ETA-
018/0106. Daliie Ziadosti a osvedcenia tykajuce
sa ostatnych klznych loZisk s MPE® sa momental-
ne pripravuju alebo su v procese schvalovania.

Podrobnejsie informacie su dostupné na
webovej stranke www.rwsl.sk.

Kalotové loziskd s MPE® na moste cez rieku Séva v Be-
lehrade (pre V, = 107 000 kN)

FORUM KOLAJC
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dialnice o cesty o mosty e pozemné, priemyselné, ekologické
a vodohospoddrske stavby o asfaltové a beténové zmesi ¢ drvené kamenivo

Inzinierske stavby, a.s. CESTY NITRA, a.s. 1S-LOMs.r.o.
Priemyselnd 7, 04245 Ko3ice Murgasova 6, 94978 Nitra 08006 Vyind Sebastova
www.iske.sk www.cestynitra.sk www.islom.sk

' ULM A ULMA Construccion SK, s.r.o.
Komplexné rieSenie pre kazdu stavbu

Construccion

REFERENCNE STAVBY dodavanych
debniacich technoldgii alebo ich ¢asti:

2009 Mestska estakdda Povazska Bystrica
= SO 206-01b
R1 ZARNOVICA - SASOVSKE PODHRADIE,
|. ETAPA
= SO 209
COV Némestovo
2010 R1 ZARNOVICA - SASOVSKE PODHRADIE,
Most nad cestou 1/50
Krizovatka Stupava - juh na dialnici D2,
= SO 211, SO 212
COV Senec, Filakovo, Zavadka
nad Hronom
2011 R4 KOSICE - MILHOST
= SO 206, Piliere
Obchvat Banskej Bystrice mostové konst.
= SO 212, SO 213, SO 221
Obchvat Trnavy mostové konst.
= SO 203, SO 204, SO 205
Rekonstrukcie mostov Nemeckad, Liptov
2012 A1 RZESZOW - JAROSLAW (PL)
= WA 3, MA/PZ 72, MA/PZ 78
DIALNICA D1 FRICOVCE - SVINIA
= SO 207, SO 214
COV Sturovo, Jesenské, Holi¢
2013 DIALNICA D1 JANOVCE - JABLONOV, I. USEK
= SO 203, SO 204
DIALNICA D1 JANOVCE - JABLONOV, II. USEK
= S0 212, SO 213, SO 219
DIALNICA D1 FRICOVCE - SVINIA
= SO 204, SO 206, SO 209, SO 212
DIALNICA D1 DUBNA SKALA — TURANY
= SO 201, SO 207, SO 212, SO 218, SO 221,
S0 222, SO 224, SO 225, SO 227
1/61 TRENCIN MOST

* SO 202, SO 203, SO 204 2 #:

Cov Bugany, Caklov, Neded, Dubnica, Senica  ULMA Construccion SK, s. r. o. = Bojnicka 20, 831 04 Bratislava * www.ulma.sk * www.ulma-c.com

www.inzenyrske-stavby.cz



Miroslav Matascik — Katarina Taborska — Milan Chandoga

Mestska estakada v Povazskej Bystrici
In-town Flyover in Povazska Bystrica

Mestska estakada v Povazskej Bystrici je dominantnym objektom
posledného Useku slovenskej severojuznej dialnice D1 spéjajlcej
Bratislavu, hlavné mesto Slovenskej republiky, s mestom Zilina.
Ide o prvy dialni¢ny most na Slovensku, ktorého nosné konstruk-
cia nesie cely stvorpruhovy dialni¢ny profil. Nosna konstrukcia
typu extradosed je z monolitického, dodatocne predpatého be-
tonu, vybudovana metodou letmej betonaze.

Tento ,mostny” variant vedenia dialnice D1 cez mesto PovaZska
Bystrica bol pocas projektovej pripravy stavby mnohokrat konfronto-
vany s tunelovymi variantmi a vo vsetkych posudkoch od domécich
aj zahrani¢nych expertov bol vyhodnoteny ako najvhodnejsi. Mest-
sk estakada je svojou dizkou 968,73 m najdlhiim mostnym dilata¢-
nym celkom na Slovensku. Most mé 10 polf a jeho hlavné polia maju
rozpatie 122 m. Rozpatia poli, teda aj polohy podpier, boli limitované
hlavnymi premostovanymi prekdzkami. Mestska estakada je prvym
diafni¢nym mostom na Slovensku, ktorého nosna konstrukcia nesie
cely Stvorpruhovy dialni¢ny profil a nosnud konstrukciu v prie¢cnom
smere podopiera iba jedna podpera.

Historia projektu

Kuriozitou tohto mosta je, Ze takmer pocas celého obdobia projek-
tovej pripravy bola navrhnutd ind koncepcia jeho konstrukéného rie-
Senia a technoldgie vystavby, nez akou sa toto dielo nakoniec reali-
zovalo. Od prvych hodin prace na projekte mosta mal projektant
jednoznacny zédmer budovat jeho nosnu konstrukciu technolégiou
vysuvania. Dévodom bola snaha v minimalnej miere zasiahnut vy-
stavbou mosta do Zivota mesta.

Hlavnym nosnym prvkom nosnej konstrukcie mala byt mohut-
nd komora. Mostovku po oboch strandch komory mali podopierat
sikmé tycové vzpery, ktoré mali v podhlade mosta tvorit priehrado-
vy nosnik a popri statickej funkcii spoluvytvérat aj zaujimavy nestan-
dardny vzhlad tohto mosta. Vnutri komory by boli umiestnené dal3ie
tyCové tahadld, ktoré by zabezpecovali prenos sil do zavesov. V po-
zd[Znom smere sa mala nosna konstrukcia hlavnych poli niest systé-
mom zdvesov kotvenych v siedmich pylénoch. Pylény a zavesy mali
byt umiestnené v jednej rovine v osi dialnice.

Toto konstrukéné riesenie v kombindcii s uz spominanym velkym
rozpatim poli malo zabezpetit, ze do profilu mesta pod estakadou
bude osadené minimum novej hmoty a nezatarasi sa tak priehlad
pod mostom. Takisto by to umoznilo do plne nevyuzitého priestoru
pod mostom prelozit existujucu Statnu cestu a tym odlahcit centrum
mesta od automobilovej dopravy.

Viystvanie konstrukcie s rozpatim pola 122 m mé viak svoje ma-
teridlové limity. Bol zavrhnuty variant z predpdtého beténu s docas-
nymi podperami (museli by sa umiestnit do krizovatky, ktord musela
byt pocas vystavby v prevadzke, a tiez do toku rieky Vah). Na vysu-
nutie bez docasnych podpier prichddzala do Uvahy iba ocelova kon-
strukcia, respektive spriahnutd konstrukcia (ocelové hlavné nosniky,

The"In-town Flyover”in Povazska Bystrica is a dominant structure
of the last section of the Slovakian north-south D1 motorway con-
necting Bratislava, the capital city of the Slovak Republic, with the
town of Zilina. The in-town flyover is the first motorway bridge in
the Slovak Republic the superstructure of which carries the whole
four-lane motorway profile. The superstructure is formed by ex-
tradosed type of structure of cast-in-situ concrete, which was ex-
ecuted by the balanced cantilever construction method.

During the project design preparation stage this “bridge”variant of
routing the D1 motorway through the town of Povazska Bystrica was
confronted many times with the “tunnel”variants and it was stated to
be the best — the preferred — variant in all assessment reports issued
by Slovak as well as foreign experts. With its length of 968.73 meters,
this in-town flyover (viaduct) is the longest construction (dilatation)
unit bridge structure in the Slovak Republic. The bridge is a 10-span
structure and the length of its main spans is 122 m.The spans length,
and therefore also the position of piers, were limited by the main
obstacles to be bridged. The in-town flyover is the first motorway
bridge in the Slovak Republic, the superstructure of which is carry-
ing the full four-lane motorway profile and which is supported, in the
transverse direction (crosswise), only by means of one bridge pier.

The project history
This bridge’s curiosity is the fact, that other different conception of
solution for its structural design and construction’s technology has
been proposed during almost whole period of design preparation
than the one that was finally implemented. Since the first hours of the
bridge design work the designer's intention was clear — to construct
the bridge superstructure by the “incremental launching” construc-
tion method. The reason was the ambition to “annoy the life in the
town"by the bridge construction to the minimum possible extent.
The main load-carrying member of bridge superstructure was
supposed to be a huge box girder. The bridge deck along the both
sides of box girder was to be braced by means of skew struts, which
should form in the bridge view from below an open-web (lattice)
girder and were supposed, in addition to the function of statics, to
form also an interesting atypical “appearance” of this bridge. Addi-
tional tie rods positioned inside the box girder should provide the
transfer of forces into stay cables. In the longitudinal direction the
main spans superstructure was supposed to be stayed by a system
of stay cables (stays) anchored in 7 pylons. The pylons and the stays
were to be positioned in one level within the motorway centre line.
This structural design in combination with already mentioned
large length of spans were to ensure that there would be a mini-
mum of the "new mass” erected in the town's profile under the flyo-
ver and thus the view-through under the bridge would not be heav-
ily obstructed. It would also enable to relocate the existing national
road into the fully non-utilizable area under the bridge and thus re-
lieve the city centre from the vehicular traffic.

Ing. Miroslav Matascik, Alfa 04, a. s., Jasikova 6, 821 03 Bratislava, tel.: +421 2 48291535, e-mail: matascik@alfa04.sk
Ing. Katarina Taborska, Alfa 04, a. s., Jasikova 6, 821 03 Bratislava, tel.: +421 2 48291244, e-mail: taborska@alfa04.sk
doc. Ing. Milan Chandoga, PhD., PROJSTAR - PK, s.r. 0, Nad ostrovom 1, 841 04 Bratislava, tel.: +421 2 65422432, e-mail: milan.chandoga@stonline.sk
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Obr. 1 Estakdda Povazska Bystrica pocas prevadzky
Fig. 1 The In-town Flyover in Povazska Bystrica in traffic

betdnovd mostovka). Vysoka cena ocelovej ortotropnej mostovky
viak definitivny vyber spriahnutej nosnej konstrukcie ulahdila.

Analyzoval sa variant spriahnutej nosnej konstrukcie vysivany po-
mocou vyvesovania konstrukcie cez montaznu vezu. Najprv sa zva-
Zovala standardna kombinacia montdZnej veZze a dlhého vysuvného
nosa. Uspornej$im sa nakoniec ukazal nestandardny variant, v rdmci
ktorého by sa v Stadiu vystvania pouzili definitivny pylén so zavesmi,
montazna veza a kratky vysuvny nos.

Opisany variant Mestskej estakddy sa v ¢ase svojho vzniku javil
ako elegantné rieSenie z hladiska architektury aj spdsobu realizacie
a priaznivé ukazovatele spotreby materidlu ho posuvali do polohy
atraktivnej aj pre buduiceho zhotovovatela.

Realizované rieSenie Mestskej estakady

Vzhladom na to, Ze dialnica D1 vedend po mestskej estakadde preti-
na mesto Povazskd Bystrica blizko jeho centra, administrativno-prav-
na priprava tejto stavby bola velmi komplikovana. Zaciatok stavby
bol niekolkokrat odsunuty, ukoncenie stavby vsak nebolo mozné po-
stivat vzhladom na prisne pravidla jej financovania z fondov Eurép-
skej Unie.

Uvedené okolnosti spdsobili, Ze investor stavby stanovil ¢as reali-
zacie na 20 mesiacov. A limitujicim objektom tejto stavby bola pra-
ve Mestskd estakada.

Taky ,prisny” ¢as vystavby nebolo mozné zabezpecit ani takou
progresivnou technoldgiou vystavby, akou je vysuvanie. Muselo sa
siahnut po technoldgii, ktord by umoznila budovat nosnu konstruk-
ciu estakady na viacerych Usekoch sucasne. Tou bola mostérska kla-
sika — predpaty betdn a letmd betondz. Technoldgia letmej betond-
Ze navy$e musela byt pouZitd v extrémnej forme — muselo sa nasadit
naraz sedem péarov betdénovacich vozikov.

www.inzenyrske-stavby.cz

However, to launch a structure with span length of 122 m has its
limits from a material point of view. The variant with superstructure
spans of prestressed concrete with temporary piers (it would be nec-
essary to situate them within the roundabout junction area, which
had to be maintained in service — open to traffic — during the con-
struction works, as well as within the Vah river bed) was discarded.
The only possible solutions that could be considered for launching
the structure without temporary piers were the steel structure or the
composite structure (steel main girders, concrete deck). But the high
cost of the steel orthotropic bridge deck had made the final selec-
tion — the composite bridge superstructure — easier.

We have analyzed the variant of launched composite bridge su-
perstructure aided by staying the structure through the erection
tower. First we have considered the standard combination of the
erection tower and long extendable nose. Eventually, the more cost
effective variant showed to be the non-standard variant, when the
final pylon with stays, the erection tower and the short extendable
nose would be used in the stage of launching.

At the time of its origination the described variant of in-town fly-
over appeared to us as an elegant solution both, from the architec-
ture, as well as the construction method points of view, and the
favorable indices of materials consumption were shifting it into a po-
sition attractive also for the future Contractor.

The implemented engineering design

of the in-town flyover

Whereas the D1 motorway is situated on the in-town flyover and it
“intersects” the town of Povazské Bystrica in the vicinity of its cen-
tre, the administrative and legal preparation of this construction pro-
ject was very complicated. The commencement of construction was

1
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TOTAL ERIDGE LENGTH 968.58m

Obr. 2 Estakdda Povazské Bystrica — variant Vysuvanie
Fig. 2 The In-town Flyover in Povazska Bystrica — variant Incremental launching

TOTAL ERIDGE LENGTH 968,58 m
| ke

Obr. 3 Estakdda Povazska Bystrica — variant Letmd betonaz
Fig. 3 The In-town Flyover in Povazska Bystrica — variant Cantilever method

Z3sadna zmena koncepcie tejto Mestskej estakady si vyZiadala aj
mimoriadne nasadenie projektového kolektivu, ktory musel v rekord-
ne kratkom case pripravit Uplne novy projekt tohto technicky velmi
naro¢ného mostného diela. Ako bola nakoniec Mestské estakada re-
alizovana, sa dozvieme z dalSieho textu.

Nosnd konstrukcia estakady je spojity 10-polovy nosnik s celkovou
dfzkou 958,32 m s rozpatiami poli 34,16 + 48,80 + 70,76 + 6 x 122,00
+ 68,00 m. Nosnu konstrukciu tvorf mohutna komora vysoka 4,70 az
6,00 m, mostovkovu dosku sirokd 30,40 m nesucu cely Stvorpruho-
vy profil dialnice podopieraju prefabrikované Zelezobeténové tycové
vzpery. Nosna konstrukcia je z dodatoc¢ne prepatého monolitického
beténu C 45/55.V osi konstrukcie je umiestneny systém kablov typu

Cross section — hammerhead axis

o "o ”}“ m, ™o
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Obr. 4 Estakdda Povazské Bystrica — charakteristicky priecny rez
Fig. 4 The In-town Flyover in Povazska Bystrica — characteristic cross sections

InZinierske stavby / InZenyrské stavby 6/2013

postponed a number of times, however it was not possible to post-
pone the completion of construction because of the strict rules of its
financing from funds of the European Union.

The said facts had caused that the project Contracting Authori-
ty has set the term for the construction implementation to be 20
months. And the limiting structure of the whole moterway section
was exactly the In-town Flyover.

So, a strict construction period could not be ensured even not by
using a progressive construction method as the “incremental launch-
ing”is. It was necessary to apply to the construction method that
would enable to construct the flyover superstructure simultaneous-
ly on several sections.

And so we had to resort to “bridge-builder’s classics” — the pre-
stressed concrete and the balanced cantilever construction method.

In addition, the “balanced cantilever” construction method had to
be applied in an extreme form — there had to be 7 pairs of concret-
ing form-travellers used at the same time.

Such fundamental change in this In-town Flyover concept has re-
quired also extraordinary efforts from the side of the design-prepara-
tion team which had to prepare a completely new engineering design
of this technically very difficult bridge in record-breaking short time.

How the In-town Flyover has finally been implemented, describes
the following text.

The flyover superstructure is a continuous 10-span girder with the
overall length of 958.32 m, with spans length 34.16 + 48.80 + 70.76 +
6% 122.00 + 68.00 m. The superstructure is formed by huge box gird-
er with the depth varying from 4.70 up to 6.00 m, the 30.40 m wide
deck slab carrying the full four-lane motorway profile is braced by
means of precast reinforced-concrete bar struts. The bridge super-
structure is constructed of grade C 45/55 post-tensioned cast-in-si-
tu concrete. There is a system of extradosed (ED) stay cables situated
within the structure centre line, which are routed through 7 pylons
with the height of 14 m. The fan of external cables consists of 8 ra-
dially arranged stay cables (37 strands with diameter Ls 15.7/1860),
which are routed above the pylon inside a saddle with the anchor
pin, which prevents the cables from slipping.

The flyover substructure is formed by 2 types of piers. The piers un-
der pylons are 34.00 m high and they are formed by a pair of perfo-
rated walls of complicated shape, which takes into account the high
demand for the Works aesthetics but takes into consideration also
the requirements related to the bridge superstructure construction
method. The pier shape and the steel beams, which were temporar-
ily inbuilt in it, enabled very effectively (and fancily as well) to deal
with two neuralgic problems with regard to the superstructure con-
struction, namely the superstructure starter section (hammerhead)
construction method and the stabilization of balanced cantilever
during the superstructure construction. The implemented shape of
piers enabled to construct the hammerhead as well as the whole
balanced cantilever without the need for auxiliary supporting towers
(Fig. 5, 6). The hammerhead formwork was supported with two steel
girders anchored in the pier cap, the balanced cantilever was stabi-
lized during the construction by means of placing the structure on 4
bearings on each “pylon” pier. The required level of safety was provid-

Cross section — block for anchoring ed cables and diagonal tie roads
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Obr. 5 Priprava debnenia zarodku
Fig. 5 Prepare of the hammerhead formwork

extradosed (ED), tie su vedené cez sedem pylénov s vyskou 14 m.
Vejér externych kablov sa skladd z 6smich radidlne usporiadanych
kablov (37 lan s priemerom Ls 15,7/1 860), ktoré st nad pylénom ve-
dené v sedle so zardzkou zabrarujlcou ich prekizavaniu.

Spodnu stavbu estakddy tvoria dva typy podpier. Podpery pod py-
l[6nmi maju vysku az 34,00 m a tvori ich dvojica perforovanych stien
s komplikovanym tvarom, ktory zohladriuje nielen vysoké naroky na
estetiku diela, ale aj poziadavky suvisiace s technoldgiou vystavby
nosnej konstrukcie. Tvar podpery a prvky, ktoré sa v fiom docasne
zabudovali, umoznili velmi efektivne (a aj efektne) riesit dva neural-
gické problémy vo vystavbe nosnej konstrukcie, a sice sposob reali-
zacie zarodku nosnej konstrukcie a stabilizaciu vahadla pocas vystav-
by nosnej konstrukcie. Realizovany tvar podpier umoznil budovat
zarodok aj celé vahadlo bez potreby pomocnych podpernych vezi
(obr. 5 a 6). Debnenie zérodku podopierali dva ocelové nosniky ukot-
vené v hlavici podpery, vahadlo bolo pocas vystavby stabilizované
uloZenim konstrukcie na styri loZiska na kazdej pylonovej podpere.
Pozadovany stupen bezpecnosti bol zaisteny docasnym pripnutim
nosnej konstrukcie do podpier pomocou predpinacich tyci.

Vo vizudlne oddelenej ¢asti estakddy na kopci nad mestom, kde
je nosna konstrukcia vedena nizko nad terénom, sU umiestnené dve
stenové podpery a krajnd opora s neStandardnym tvarom.

Vich tvare sa zopakovali niektoré motivy z tvaru hlavnych podpier.
Vsetky podpery su zalozené na mikropilétach, okrem podpery 5, kto-

www.inzenyrske-stavby.cz

ed for by temporary fastening of the bridge superstructure to piers
by means of prestressing bar anchors.

The 2 wall-shaped piers and the abutment of non-standard shape
are situated in visually separated part of the flyover on the hill above
the town, where the bridge superstructure is situated close to the
ground. Certain motifs from the shape of the “main” piers are repeat-
ed in their shape. All piers are founded on micropiles, with the ex-
ception of pier N°5, the foundations of which are constructed in form
of spread (shallow) foundations. The bottoms of piers foundations
were situated very shallow, by means of which it was achieved that
the foundations were situated mostly above the groundwater table,
which considerably simplified the works related to the construction
of foundations as well as the spread footing. It resulted also in signif-
icant simplification of foundation pits sheeting.

Due to the already described reasons, the bridge superstructure
was constructed mostly by the “free cantilever” construction meth-
od (7 balanced cantilevers over the piers N°5-11), the two spans on
the town’s beginning were constructed on the stationary falsework.
Each balanced cantilever is formed by the starter section (hammer-
head), 9.76 m long, 2 X 11 4.88 m long segments and the connecting
mid-span segment. The segments were concreted in one go with-
in the whole bridge superstructure cross section and they were pre-
stressed already after 24 hours after concreting. A special concrete
mix with reduced volume of water, increased share of larger-size frac-

13



14

Obr. 6 Estakdda Povazské Bystrica pocas vystavby
Fig. 6 The In-town Flyover in Povazska Bystrica during construction

ra je zalozena plosne. Ich zékladové skary su umiestnené velmi plyt-
ko, ¢im sa docielilo, Ze boli prevazne nad hladinou spodnej vody. To
znacne zjednodusilo prace na zakladani aj realizacii zékladovych do-
siek. Vyrazne sa tym zjednodusilo paZenie zdkladovych jam.

Nosnd konstrukcia sa z uz opfsanych dévodov budovala prevaz-
ne technolégiou letmej betonaze (sedem vahadiel nad podperami
5 az 11), dve kratke polia na zaciatku mesta sa budovali na statickej
skruzi. Kazdé vahadlo tvoria zarodky s dizkou 9,76 m, 2 x 11 lamiel
s dizkou 4,88 m a zmonolithujlca lamela. Lamely sa beténovali na-
raz v celom profile nosnej konstrukcie mosta a predpinali sa uz po
24 hodinach po betond?zi. S cieflom dosiahnut potrebné pevnosti be-

iy

Obr. 7 Z vystavby
Fig. 7 Bridge construction

InZinierske stavby / InZenyrské stavby 6/2013

tions of aggregate and higher content of cement, was developed in
order to achieve the required concrete strength at prestressing and
the required modulus of elasticity of concrete limiting the deforma-
tions of the bridge superstructure during the construction.

In view of the required extreme rate of progress of construc-
tion works (1 segment in 8 — 9 days) there were openings left out
in upper deck in segments, in which the ED cables are anchored,
into which the blocks for anchoring the ED cables were concreted
only additionally. Additionally concreted were also the diagonal tie
rods, which were anchored in girders and anchor block by means of
prestressing bar anchors. The transfer of forces from the upper deck

www.inzinierskestavby.sk



Obr. 8 Estakdda Povazska Bystrica — mesto pocas vystavby
Fig. 8 The In-town Flyover in Povazska Bystrica - the town during construction

ténu pri predpinani a moduly pruznosti beténu obmedzujice de-
formécie nosnej konstrukcie pocas vystavby bola vyvinuta Speciél-
na beténova zmes so znizenym obsahom vody, zvysenym podielom
vacsich frakcii kameniva a vy3ssim obsahom cementu.

Vzhladom na poZadované extrémne tempo vystavby (jedna la-
mela za 8 aZ 9 dni) sa v lamelach, v ktorych su kotvené ED kable,
vynechali otvory v hornej doske, do ktorych sa az dodato¢ne do-
betdnovali bloky na kotvenie ED kéblov. Dodatoc¢ne sa tiez betono-
vali diagonalne tycové tahadl3, ktoré sa do trdmov a kotviaceho blo-
ku ukotvili predpinacimi ty¢ami. Prenos sil z hornej dosky cez tramy,
dolnu dosku a diagonalne tahadla do kotvy ED kéablov je analogic-
ky ako pri vacsine zavesenych mostov so strednou rovinou zavesov.

ED kable dodala firma Dywidag . Kazdy z tychto volnych kédblov je
zloZeny z 37 lan, ktoré su vedené cez sedlo pylénu. V Useku precho-
du cez sedlo sa z 1dn odstranil ochranny obal a lan& sa zainjektovali,
¢im sa zabezpecil prenos nevyrovnanych sil v ED kdbloch do pylénu.
Do nosnej konstrukcie sa ED kable ukotvili kotvami DynaGrip. Opi-
sané konstrukéné riesenie ED kablov umoznuje ich vymenu. Maxi-
malne napatie v ED kébloch neprekracuje 60 % medze pevnosti lan.

Horna doska nosnej konstrukcie je v prie¢cnom smere predopnuta
4-lanovymi kablami, ktoré maju striedavo na jednom konci pasivnu
a na druhom konci aktivnu kotvu.

Statické pdsobenie mosta sa pocas vystavby viackrat menilo. Viet-
ky zmeny statického posobenia sa museli zohladnit v ndvrhu loZisk.
Niektoré loziska az Styrikrat menia svoju funkciu, preto je ich kon-
strukend skladba atypickd. PouZili sa Standardné hrncové loziska
doplnené nestandardnymi konstrukénymi prvkami. Zmeny funk-
cie loZisk su zabezpecené pouzitim pomocnej spodnej kiznej dosky
a blokov striedavo uvolfujucich a fixujucich hornu a doInd kiznd ro-
vinu loziska. Po zmonolitnenf celej nosnej konstrukcie bola funk-

Obr. 10 Estakdda Povazska Bystrica — skisobny segment
Fig. 10 The In-town Flyover in Povazska Bystrica — testing segment

www.inzenyrske-stavby.cz

Obr. 9 Voziky letmej betondze
Fig. 9 Concreting form-travellers

through girders, the lower deck and the diagonal tie rod into the an-
chorage of the ED cables is analogous as in case of the majority of
cable-stayed bridges with the mid level of stay cables.

The ED cables were supplied by the company Dywidag. Each of
these external stay cables is formed by 37 strands which are routed
through the pylon saddle. In the section of passage through the sad-
dle the strands were stripped of the protective sheathing and they
were grouted, by means of which the transfer of unequal forces in-
side the ED cables to the pylon was provided for. The ED stay cables
are anchored to the bridge superstructure by means of DynaGrip an-
chorages. The above described constructional solution of ED cables
enables their replacement. The maximum stress in ED cables does
not exceed 60% of the strands ultimate (breaking) strength.

15
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Obr. 11 Sily v landch zavesov ¢. 2T, 2Z - pyldn ¢. 11 po zaverecnej rektifikacii dna
17.4.2010 a pri kontrole dna 8. 4. 2013

Fig. 11 Strand forces on cable stay No. 2T, 2Z — pylon No. 11 after final rectifica-
tion on 17.4. 2012 and during checking measurement on 8. 4. 2013

cia loZisk upravend tak, Ze most méa po Styri pevné loziska na dvoch
strednych podperach, ¢o spolahlivo zabezpeci prenos vodorovnych
sil od vplyvu teploty, vetra, nevyrovnanych trecich sil v loZiskach a od
ndhodného zatazenia.

Pred zacatim vystavby nosnej konstrukcie sa vybetdnovala skusob-
nélamelav mierke 1: 1, na ktorej sa overila realizovatelnost niektorych
prac, predovietkym osadzovanie betondrskej a predpinacej vystuze
a spracovatelnost betdnovej zmesi. Testovali sa parametre beténu,
meralo sa hydratacné teplo pocas betondze a po nej a napokon sa
vykonala zataZovacia skuska unosnosti niektorych prvkov prie¢neho
rezu konstrukcie (obr. 10). Na ED kable boli osadené elastomagne-
tické snimace, ktoré umoznili sledovat napatost v individuélnych la-
nach kadblov pocas vystavby aj prevadzky mosta. Snimace su sucas-
tou systému dlhodobého monitoringu napatosti mosta (obr. 17 a 12).
Merania doteraz vykazuju zhodu nameranych hodnot s teoreticky-
mi predpokladmi [3].

= 1
. A
ER, 8
Obr. 13 Estakdda Povazska Bystrica — harménia mosta, mesta a prirody

Fig. 13 The In-town Flyover in Povazska Bystrica — harmony of bridge, town and nature

InZinierske stavby / InZenyrské stavby 6/2013

EM snimac sily 37PSS20
ol EM Force Sensor 37PSS20

Obr. 12 Meranie sily pomocou snimaca sily 37PSS20 na zévese ¢. 2T pylonu €. 11
Fig. 12 Measurement of strand forces on cable stay No. 2T, pylon No. 11

In the transverse direction the upper slab of bridge superstructure
is prestressed by means of 4-strand cables, which are alternately pro-
vided with dead-end (passive) anchorage at one end and stressing
(active) anchorage on the other end.

During the construction the bridge static effects have changed
a number of times. All changes in the static effects had to be tak-
en into account in the design of bridge bearings. Some bearings
had changed their function 4 times, and that is the reason why their
structure is atypical. Standard pot bearings complemented with
non-standard structural elements were used. The various bearings
functions are provided for by using the auxiliary lower slide plate and
blocks alternately releasing and fixing the bearing upper and lower
slide level. After uniting the whole superstructure into one unit by
in-situ-concreting the function of bearings was adjusted so that the
bridge has 4 fixed bearings on each of 2 central piers, which will reli-
ably ensure the transfer of horizontal forces due to the effects of the
temperature, the wind, uneven friction forces in bearings and due to
the live load.

A test segmentin scale 1: 1, on which the viability of certain works,
first of all the placement of concrete steel reinforcement and pre-
stressing tendons and the workability of concrete mix had been test-
ed, had been concreted before the commencement of construction
works on the bridge superstructure. The concrete parameters had
been tested, the heat of hydration during and after concreting had
been measured, and finally the load-bearing capacity test of certain
members of test-segment had been performed (Fig. 10). Elasto-mag-
netic sensors of forces, that enabled to monitor the state of stress (the
forces) in individual strands of stay cables during the bridge construc-
tion as well as during the bridge operation, were mounted on ED stay
cables (Fig. 11, 12). Sensors are an integral part of the system of long-
term monitoring of the state of stress (the forces) on the bridge. Up
to the present measurement of the bridge’s state of stress (the forc-
es) confirms the concordance of measured and theoretical values [3].

Conclusion
The bridge construction was executed without serious problems
and in record-breaking time. Admirable was above all the rate of pro-
gress of construction works on the bridge superstructure (1 segment
in 8 — 9 days) and it can proudly be compared with similar Works
wherever in the world. In addition to good works organization and
dedicated approach to this demanding task from the side of the im-
plementing consortium it was certainly aided also by some of al-
ready mentioned non-standard design solutions, particularly by the:
e shape of piers and their design concept with 4 bearings, which
enabled to construct the balanced cantilevers without auxiliary
piers (at the height of as high as 35 m above ground level it brou-
ght substantial savings in materials that would be needed for the
construction of auxiliary supporting towers);

www.inzinierskestavby.sk



Zaver

Realizdcia mosta prebehla bez zédsadnych problémov a v rekord-

ne kratkom case. Predovsetkym tempo vystavby nosnej konstrukcie

(jedna lamela za 8 az 9 dni) bolo obdivuhodné a znesie porovnanie

s podobnymi stavbami kdekolvek na svete. Popri dobrej organizacii

prace a obetavom pristupe k naro¢nej Ulohe zo strany realiza¢ného

zdruZenia k tomu urcite prispeli aj niektoré spominané nestandard-
né projektové riesenia, a to najma:

e tvar podpier a ich konstrukéné rieSenie so Styrmi loZiskami, ktoré
umoznilo budovat vahadld bez pomocnych podpier (pri vyske az
35 m nad terénom doslo k zna¢nej Uspore materidlu pomocnych
podpernych vezi),

e vystavba zarodku nosnej konstrukcie pomocou nosnikov zabudo-
vanych v hlavici podpier,

e jednoetapovd betondz lamely v celom prie¢nom profile mosta,

e dodato¢nd montdz a betondz prvkov kotevnych blokov na kotve-
nie kablov typu extradosed.

Autorom architektonického ndvrhu a koncepcie mosta je Ing. Mi-
roslav Matascik.

Koncepcnu a pripravnu cast projektovej dokumentécie vypraco-
vala firma Alfa 04, a. s, findlnu realiza¢nd dokumentéaciu dodalo pro-
jektové zdruzenie Alfa 04 Bratislava — SHP Brno.

Stavbu realizovalo zdruzenie firiem Doprastav Bratislava — Skanska
DS, obstaravatelom stavby bola Narodna dialni¢na spoloc¢nost, a. s.

Mestska estakdda bola otvorend v maji 2010. Dnes sa uz mesto Po-
vazska Bystrica pysi novou dominantou, slovenski mostari dielom,
ktoré ma svetové parametre, a motoristickd verejnost sa konec¢ne
dockala skompletizovania dialnice medzi Bratislavou a Zilinou.
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Obr. 14 Estakada Povazska Bystrica pocas prevadzky — pylon s ED kablami
Fig. 14 The In-town Flyover in Povazska Bystrica — pylon with extradosed cables
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Obr. 15 Estakada Povazska Bystrica pocas prevadzky — no¢na ilumindcia
Fig. 15 The In-town Flyover in Povazska Bystrica — night illumination

e construction of the superstructure starter section (hammerhead)
by means of girders inbuilt in the piers cap;

e single-stage concreting of superstructure segment in the whole
Cross section in one pour;

e additional installation and concreting of elements of anchor
blocks for anchorage of extradosed stay cables.

The author of the architectural design and bridge’s conception is
Ing. Miroslav Matascik.

The Design Documentation conceptual and preparatory part was
elaborated by the company Alfa 04, the final Structure Implementa-
tion Documentation (Construction Drawings) was prepared by the
design-preparation consortium Alfa 04 Bratislava — SHP Brno.

The construction works were carried out by the consortium
formed by the companies Doprastav Bratislava — Skanska DS, the
Contracting Authority was the Slovak National Motorway Company.

The “In-town Flyover”was opened to traffic in May 2010. Today the
town of Povazské Bystrica already “prides”itself by the new dominant,
the Slovak bridge-designers and bridge-builders by the Work, the pa-
rameters of which are comparable with the world most famous bridg-
es, and the motorists have finally got the completed motorway ena-
bling them to travel without any constrains from Bratislava to Zilina.

References

[1] The almanac of contributions of the fib conference: Concrete in Slovakia
2006 - 2010. Zilina, 2010.

[2] National Report of SNK fib: Concrete in Slovakia 2006 — 2010.
In: InZinierske stavby/Inzenyrské stavby, Vol. 58, 2010, No. 2, JAGA GROUP, Ltd.,
Bratislava.

[3] Chandoga, M. - Jarosevi¢, A.: Long Time Monitoring Force in the Stays at the
Extradosed Bridge Viaduct in Povazska Bystrica. In: InZinierske stavby/Inzenyr-
ské stavby, Vol. 60, 2013, No. 6, JAGA GROUP, Ltd., Bratislava.

17



22. MAJA 2014

ASB OSOBNOST ARCHITEKTURY A STAVEBNICTVA

ASB DEVELOPER ROKA

. | ASB STAVEBNA FIRMA ROKA

_: ~ |ha vitazi internetového hlasovania $irokej
| odbornej verejnosti

www.asb.sk



dokao

Syst

debneni

ina

IC

rs

Odborn

/

[ahlivym partnerom pri vystavbe mostov ri

systémy pre debnenie mostov st dimenzované na n

Doka

s

x
«@
£
= ]
S & 5
> X
> i
L =
2 o
= c
S N
eO
= &
= i
t g =
> ]
nvml_ 1
S =
[}

t pri praci.

CNOS

Sim spo

Doka je va:
Doka
hospodarnost a maximalnu bezpe

%ff L _ VA N A k _L -

.l..‘.-. M
i W 3
~ 2
=1

Y S ey N :wg U7
R ek » = — = = ]

e e et

- =J
-y

v ~

== L=
o 4 A L

o — e .. - “ i Sty



20

Tomas Romportl - Pavel Kolenéik - Milan Sandera - Jifi Strasky

Obloukovy most nad rychlostni komunikaci R1 u Nitry
Arch Bridge across the Expressway R1 near a City of Nitra

Obloukovy most nad rychlostni komunikaci R1 na Slovensku je
popsan z hlediska architektonického a konstrukéniho fesent, sta-
tické a dynamické analyzy a postupu stavby. Most tvofi samo-
kotveny konstrukéni systém, ve kterém mostovka prenasi vodo-
rovnou slozku obloukové sily. ProtoZe most je navrZen bez loZisek
a kloubd, vytvéfi integralni systém, ve kterém jsou krajni opéry
nahrazeny koncovymi pfi¢niky. Most tvofi vstupni branu do use-
ku komunikace stavéné jako PPP projekt.

Architektonické a konstrukéni Feseni

Branu rychlostni komunikace R1, stavéné jako PPP projekt, tvoff
obloukovy nadjezd (obr. 7). Most s rozpétim oblouku 70,57 m preva-
di vétev mimourovnové kfizovatky Lehota pres rychlostni komuni-
kaci R1 a pres odbocovaci a napojovaci rampy. Sméroveé je komuni-
kace na mosté vedena v pfechodnici, vyskove je niveleta vedena ve
vrcholovém zakruzovacim oblouku. Uhel kiizent je 69,1°.

Protoze zékladovou pddu tvorf jily, které nejsou schopny hospo-
darné prenést vodorovnou slozku obloukové sily, byl pouzit takzvany
samokotveny konstrukeni systém. Patky oblouku jsou spojeny s kon-
covymi pfi¢niky Sikmymi vzpérami, pfendsejicimi vodorovnou slozku
obloukové sily do mostovky, kterd ji vzdoruje svou tahovou Unosnos-
ti. Moment vyvolany dvojici vodorovnych sil H pasobicich v patkach
obloukl a v mostovce je zachycen momentem dvojice svislych sil

Obr. 1 Obloukovy most nad rychlostni komunikacf R1
Fig. 1 Arch bridge across the Expressway R1

The arch bridge across the Expressway R1 is described in terms
of the architectural and structural solution, static and dynamic
analysis and a process of construction. The bridge forms a self-an-
chored structural system in which the deck resists the horizontal
component of the arch force. Since it is designed without bear-
ings and hinges, it forms an integral system in which the end abut-
ments are substituted by the end diaphragms. The bridge forms
an entry gate into the expressway'’s section built as a PPP project.

Architectural and structural solution

A gate of the Expressway R1 built as a PPP project forms an arch
overpass (Fig. 7). The bridge of the arch span of length of 70.57 m
transfers one ramp of the interchange Lehota across the Expressway
R1 and its exit and entrance ramps. On the bridge the ramp’s cen-
terline is in a transition curve and in the crest elevation. The angle of
the crossing is 69.1°.

The bridge is formed by a composite deck that is on its outer edg-
es suspended on composite arches (Fig. 2 and 3). The bridge deck of
three spans of lengths of 17.29 + 50.54 + 17.68 m is assembled of
edge longitudinal girders that are mutually connected by steel floor
beams and a composite reinforced concrete slab (Fig. 4). Both the
steel edge girders and the composite slab are anchored into com-
posite end diaphragms.

Ing. Toméds Romportl, Strasky, Husty a partnefi, s. r. 0, Bohunické 50, 619 00 Brno, Czech Republic, tel.: +420 547 101838, e-mail: tromportl@shp.eu
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Obr. 2 Podélny fez
Fig. 2 Elevation
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Obr. 3 Pri¢ny fez
Fig. 3 Cross section

pUsobicich v patkdch a koncovych pricnicich. Tyto svislé sily pritézujf
patky obloukU a odlehcuji koncové pricniky.

Jak patky obloukd, tak i koncové pfi¢niky jsou podepreny vrtany-
mi pilotami prdiméru 1,20 m a délky od 16 do 19 m. S ohledem na re-
dukci ohybového namahani je prlimér koncovych pilot v horni ¢asti
v délce 4 m zmen3en na 0,90 m.

Oblouky obdélnikového prifezu konstantni sitky 0,40 m a pro-
ménné vysky od 1,20 do 0,60 m jsou tvofeny ocelovymi komora-
mi vyplnénymi betonem. S ohledem na 3ikmé usporddani mostu
nejsou obloukova Zebra spolu vzdjemné spojena. Jakékoliv pficné
ztuzeni obloukd by totiz vytvéfelo neuspofadanou zmét prvkd. Sta-
bilita obloukl je dana nelinearni tuhosti zavésd. Obloukové zebra
byla pfi stavbé spojena s mostovkou kloubové, za provozu rdmo-
vé. Oblouky tak spolu s mostovkou vytvareji pficny rdm odolavajici
pficnému zatizeni. Také koncové vzpéry, které jsou rdmové spojené
s patkami obloukl a koncovymi pficniky, vytvareji tuhé pficné ramy
garantujici pfi¢nou stabilitu konstrukce (obr. 5).

Mostovka je na okrajich zavésena na obloucich ve dvou rovinach
sikmych tycovych zavésl. Zavésy tvorené ty¢ovymi tahly MacAlloy
o priméru 52 mm jsou vedeny véjifovité s prise¢nym bodem situ-
ovanym nad stfedem obloukd. Toto uspofddanf dalo konstrukci ne-
jen dynamicky vzhled, ale také ztuZilo konstrukci. Vodorovna slozka
zavésU totiz pfedpind mostovku. S ohledem na véjifovité uspofadani
zavést netvoff stfednici obloukd parabola druhého stupné, ale vy-
slednicova céra vyplyvajici z této geometrie. Vyslednicova ¢ara, kterd
se blizi parabole ¢tvrtého stupné, byla urcena iteracné.

Most tvofi integrovany konstrukéni systém bez loZisek a kloub, ve
kterém funkci koncovych opér nahrazuji koncové pri¢niky podepre-
né pilotami. Dilatacni zavéry jsou situovany mezi koncovymi pricni-
ky a prechodovymi deskami. Pfechodové desky jsou na predni stra-
né posuvné ulozeny na kratké konzoly pficnikd; na zadnich stranach
jsou opatfeny ozuby branicimi jejich vodorovnému posunu.
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Obr. 5 Konstrukeni usporadani
Fig. 5 Structural arrangement

Obr. 6 Montazni podepieni mostovky a oblouku
Fig. 6 Erection support of the arch and deck

Since the soil is formed by clay that is not able economically resist
a horizontal component of the arch force, a so called self anchored
structural system was used. The arch footings are connected with the
end diaphragms by inclined struts transferring the horizontal compo-
nent of the arch force into the deck that resist it by its tension capacity.
Moment created by a couple of horizontal forces acting on the arch
footings and in the deck is resisted by a moment of a couple vertical
forces originating at the arch footings and end diaphragms. These ver-
tical forces aggravate arch footings and relieve the diaphragms.

Both, the arch footings and end diaphragms are supported by
drilled piles. Their diameter is 1.20 m; their length is from 16 to 19 m.
With respect of the reduction of the bending stresses, the diameter
of the end piles is in the length of 4 m reduced to 0.90 m.

The arches of the rectangle section that has a constant width
0.40 m and variable depth from 1.20 to 0.60 m are formed by steel
boxes filled by concrete. With respect to a skew arrangement of the
bridge the arch ribs are not mutually connected. Any cross stiffening
of the arches would create messy tangle of members. The arches’sta-
bility is given by a non-linear stiffness of the suspenders. During the
erection the arch ribs were hinge connected with the deck, during
the service this connection was substituted by frame connection. In
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Obr. 7 Betonédfskd vyztuz mostovky
Fig. 7 Deck’s reinforcing steel

Postup vystavby

Po provedeni pilot a spodnich ¢asti patek obloukl byla smontova-
na ocelovd mostovka. Nejdfive byly na montadzni podpéry osazeny
a vzajemné svafeny podélné nosniky, potom byly osazeny a zavafe-
ny pricniky. Déle byly smontovany ocelové oblouky, vybetonovéany
horni ¢asti obloukovych patek, koncové vzpéry a pri¢niky. Potom na-
sledovala betondz mostovkové desky. Jak ocelové oblouky, tak i po-
délné nosniky jsou vyztuzeny ocelovymi patkami zajistujicimi jejich
zakotveni do patek a pri¢nikl (obr. 6). Protoze Zelezobetonovd mos-
tovka plsobi spolu s podélnymi nosniky jako tahlo, byla betonarska
vyztuz spojkovéna (obr. 7).

Vnitfni ¢ast ocelovych obloukl je vyplnéna betonem C 35/45. Ob-
louky se betonovaly ve dvou fazich, vzdy odspodu smérem nahoru,
symetricky z obou stran oblouku. Nejdfive byly vybetonovany spod-
ni ¢asti koncici nad mostovkou, nasledné zbyvajici hornf &asti. Pro
dokonalé probetonovani byly ve vrcholech obloukd na horni pasnice
obloukl navareny 1,00 m dlouhé trubky. Betonaz byla ukonc¢ena po
vytlaceni betonu z trubek. Tlak sloupce betonu nad oblouky tak ga-
rantoval jejich fadné probetonovani. Po zatvrdnuti betonu byly trub-
ky odstranény a otvory byly zavafeny. Po osazenf a napnutf zavésl
byly montazni podpéry odstranény. Nasledné byly oblouky pfivateny
k podélnym nosnikdm. Po dokonceni vozovky a chodnikd byly sily
v zavésech upraveny.

Staticka a dynamicka analyza

Konstrukce mostu byla analyzovéna jako prostorova konstrukce
v programovém systému Midas. Byl vytvofen prostorovy deskosteé-
novy model s uvazovanim postupu vystavby a vlivu objemovych
zmén. Ty¢ové zavésy byly modelovény nelinedrnimi prvky prendse-
jicimi jak osové sily, tak i ohybové momenty. Piloty byly modelova-
ny pruty podeprenymi vodorovnymi a svislymi pruzinami vystihuji-
cimi funkci podlozi.

Slozité prostorové detaily spojeni obloukd s mostovkou se mo-
delovaly pomoci podrobnéjsich modell vyuzivajicich objemové
a deskosténové prvky v programu Ansys. Pfi vypoctu stability mos-
tu byly uvazovény pocéatecni imperfekce. Protoze pri¢na stabilita vza-
jemné nespojenych obloukd je ddna geometrickou tuhosti zavésa,
byla mimofaddna pozornost vénovana analyze namahani zavésa. PFi
pficném vychyleni obloukl totiz vznikaji v zavésech vyznamna ohy-
bovéa namahani, kterd je nutno pficist k zakladnim tahovym napétim.

Pfedpoklady projektu a kvalita provedeni byly ovéreny podrobny-
mi statickymi a dynamickymi zatéZovacimi zkouskami. Funkce mos-
tu byla ovéfena tfemi polohami vozidel situovanych tak, aby byla
ovéfena nejen stabilita a tlakova unosnost oblouku, ale také ohybova
Unosnost oblouku a mostovky. Velkd pozornost byla vénovana nejen
méfen( deformaci mostovky, ale také méfeni vodorovnych a svislych
deformaci obloukovych Zeber a napéti v zavésech (obr. 8 a 9). Dyna-
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Obr. 8 Zatézovaci zkouska
Fig. 8 Loading test

this way the arches together with the deck creates transverse frames
resisting the lateral loads. Also end struts that are frame connect-
ed with arch footings and end diaphragms create transverse frames
guaranteeing the structure transverse stability (Fig. 5).

The deck is on the edges suspended on the arches in two planes
of bar suspenders. The suspenders that are formed by MacAlloy bars
of the diameter of 52 mm have a fan arrangement with the inter-
section situated above the arch center. This arrangement gave the
structure not only a dynamic shape, but also stiffened the structure.
In fact the suspenders’ horizontal component prestresses the deck.
Due to the suspenders'fan arrangement, the arches’centerline is not
formed by a second degree parabola, but a funicular line resulted
from this geometry. The funicular line, which is closed to the forth
degree parabola, was determined iteratively.

The bridge forms an integral structural system without bearings
and hinges in which a function of the end abutments is substituted
by the end diaphragms supported by piles. Expansion joints are sit-
uated between the end diaphragms and approach slabs. The ap-
proach slabs are slidably supported by short diaphragms’ corbels on
their front edges; on their rear edges they are provided by ribs pre-
venting their horizontal movement.

Process of construction

When the piles and bottom parts of the arch footings were complet-
ed, the steel deck was erected. At first, the longitudinal steel girders
were placed on temporary towers and welded together, and then
the steel floor beams were erected and welded. After that the steel
arches were erected, top portions of the arch footings, end struts
and diaphragms were cast. Then the composite deck slab was cast.
Both the arch springs and longitudinal girders were stiffened by
steel base plates guaranteeing their anchoring in footings and di-
aphragms (Fig. 6). Since the reinforced concrete deck slab acts to-
gether with the steel longitudinal girders at a tie, the reinforcing bars
were coupled (Fig. 7).

The inner parts of the steel arch are filled with concrete C 35/45.
The arches were cast in two stages, always symmetrically from both
sides from bottom to top. At first, bottom parts ended above the
deck, after that the top parts. For concrete perfect compacting
1.00 m long steel pipes were welded to the top flanges at the arch
crowns. The casting was ended when concrete was displaced from
the pipes. Compression stresses created by a 1.00 m high concrete
columns guaranted a good concrete compaction. When concrete
set, the pipes were removed and holes vere welded. When the sus-
penders were erected and tensioned, the temporary towers were re-
moved. After that the arch ribs were welded to longitudinal girders.
After completion of the sidewalks and carriageways, the forces in the
suspenders were adjusted.
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Obr. 9 Zatézovaci zkouska
Fig. 9 Loading test

mické zkouska byla provedena prejezdem vozidla pfes normovou
prekdzku. Jak deformace, tak i dynamické odezva odpovidaly vypoci-
tanym hodnotam a byly v mezich dovolenych v Evropskych normach.

Zavér

Stavba mostu byla zahéjena v roce 2009, dokoncena byla v roce

2010. Most byl priznivé pfijat jak vefejnosti, tak i odborniky.
Koncesiondfem PPP stavby je Granvia, a. s. Architektonické a kon-

strukeni feSeni mostu bylo vypracovano projekéni kancelaff Stras-

ky, Husty a partneti, s. r. 0., ktera také vypracovala provadéci projekt.

Hlavnim zhotovitelem byla firma Granvia Construction, s.r. o.

Static and dynamic analyses

The structure was analyzed as a space structure by a program sys-
tem Midas. A 3D model assembled of shell elements that considered
a progressive erection and volume changes was developed. The bar
suspender were modeled by a non-linear elements stressed by nor-
mal forces and bending moments. The piles were modeled by bars
supported by horizontal and vertical springs expressing the function
of the sail.

Complex details of the connection of the arches with the deck were
modeled by detailed models that utilize solid and shell elements of
the Ansys program. A stability analysis has considered initial imperfec-
tions. Since the tranverse stability of the not mutually connected arch
ribs is given by a non-linear stiffness of the suspenders, a special at-
tention was devoted to the analysis of the suspenders’stresses. When
arches transversely deform, significant bending stresses originate in
the suspenders that has to be added to the basic tension stresses.

Design assumptions and a quality of the workmanship were ver-
ified by static and dynamic loading tests. The bridge function was
checked by three positions of heavy trucks that created maximum
stresses in the arches and in the deck (Fig. 8 and 9). Dynamic tests
were done by trucks driving across the standard obstacle. Both the
deformations and dynamic response corresponded to analytical val-
ues and were within the limits permitted by European standards.

Conclusions
The construction of the bridge started in 2009, completed was in
2010. The bridge was well accepted by public and professionals.
The concessionaire of the PPP project is Granvia, a. s. The architec-
tural and structural solution of the bridge was worked out by the de-
sign office Strasky, Husty and Partners, Brno, Czech Republic, who
also worked out the final design. The bridge was built by Granvia
Construction, s.r. 0.

Strasky, Husty
and partners, Ltd.
Bohunicka 50

619 00 Brno

Czech Republic

Tel: +420 547 101 811
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11 SHP SK, Ltd. W
) Strojnicka 34

e 821 05 Bratislava
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Petr Novotny - Jifi Strasky — Petr Klime§ -

Most pres udoli Hostovského potoka, rychlostni komunikace R1
Bridge across the Hostovsky Creek Valley, Expressway R1

Most pres udoli Hostovského potoka, ktery byl postaven na
rychlostni komunikaci R1, je popsan z hlediska architektonického
a konstrukéniho feseni, statické analyzy a postupu stavby. Most
celkové délky 960 m ma 17 poli s rozpétimi od 33,0 do 69,0 m.
Mostovka Sitky 25,66 m je tvofena jednokomorovym nosnikem
s velmi vylozenymi konzolami podepiranymi prefabrikovanymi
vzpérami. Mostovka proménné vysky byla vytvarena postupné.
Nejdrive byl v bednéni zavéseném na specidlni vysuvné skruzi
s takzvanym organickym predpétim, které eliminuje deformaci
skruze, vybetonovan patefni nosnik; potom byly osazeny vzpéry
a byla vybetonovadna mostovkové deska.

Architektonické a konstruk¢ni Feseni

Most, ktery je soucasti PPP projektu, byl postaven na rychlosti komu-
nikaci R1 v Useku Selenec — Beladice pobliz Nitry. Most celkové délky
960 m tvoff spojity nosnik o 17 polich s rozpétimi od 33,0 do 69,0 m
(obr. 1 a 2). Oba sméry komunikace jsou po jednom mosté, ktery je
tvofen jednokomorovym nosnikem s velmi vylozenymi konzolami
podepiranymi prefabrikovanymi vzpérami (obr. 3 a 4). Sitka mostu je
25,66 m.

i | Ao X 1l

Obr. 1 Most pres udoli Hostovského potoka
Fig. 1 Bridge across the Hostovsky Creek Valley

A bridge across the Hostovsky Creek Valley that was built on Ex-
pressway R1 is described in terms of the architectural and struc-
tural solution, static analyses and process of construction. The
bridge of the total length of 960 m has 17 spans of lengths from
33.0 to 69.0 m. The deck of the width of 25.66 m consists of a sin-
gle box girder with transverse overhangs which are supported by
precast struts. The haunched deck was erected progressively; at
first the spine girder was cast in a formwork suspended on a spe-
cial overhead gantry with ‘organic’ prestressing system (OPS) that
eliminate deflection of the gantry; after that the struts are erect-
ed and the deck slab is cast.

Architectural and structural solution

The bridge that is a part of the PPP project was built on the sec-
tion Selenec - Beladice of the Expressway R1 near a city of Nitra. The
bridge of the total length of 960 m forms a continuous girder of 17
spans of lengths from 33.0 to 69.0 m (Fig. T and 2). Both expressway
directions are carried by one bridge formed by one cell box girder
with large overhangs supported by precast struts (Fig. 3 and 4). The
width of the bridge is 25.66 m. The bridge was progressively erect-

Ing. Petr Novotny, Ph.D,, Strasky, Husty a partnefi, s. r. 0., Bohunické 50, 619 00 Brno, Czech Republic, tel.: +420 547 101833, e-mail: p.novotny@shp.eu
Prof. Ing. Jifi Strasky, DSc., Strasky, Husty a partnefi, s. r. 0, Bohunickd 50, 619 00 Brno, Czech Republic, tel.: +420 547 101882, e-mail: j.strasky@shp.eu
Ing. Petr Klimes, Eurovia CS, a. s, zdvod 9 — Mosty a konstrukce, Rybni 795, 252 30 Revnice, Czech Republic, tel.: +420 257 888241, e-mail: petrklimes@eurovia.cz
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Obr. 2 Podélny fez
Fig. 2 Elevation

Most byl stavén postupné jak v podélném, tak i pficném sméru
(obr. 5 a 6). Nejdfive byl v bednénf zavéseném na vysuvné skruzi vy-
betonovéan patefni nosnik; potom byly osazeny vzpéry a byla vybe-
tonovéna mostovkova deska. Vysuvna skruz (obr. 7) vyuzivala takzva-
né organické predpéti.

Zatimco kratsi pole maji konstantni vysku 2,60 m, delsi pole majf
vysku proménnou od 2,60 do 4,00 m. Nadbéhy jsou kruhové. Mono-
litické ¢asti mostovky jsou z betonu C 35/45, prefabrikované vzpéry
jsou z betonu C 45/55.

Mostovka je podéiné predpjatd vnitinimi soudrznymi kabely situ-
ovanymi v zakladnim prdfezu a vnéjsimi, nesoudrznymi kabely situo-
vanymi uvnitt stfedni komory (obr. 8). 2 x 6 prlibéznych soudrznych
kabeld, které jsou tvofeny 12 lany prdmeéru 15,7 mm, je vedeno ve
sténdch komory konstantnf tloustky 500 mm. Jsou spojkovany v kaz-
dé konstrukeni spare. V 69 m dlouhych polich jsou tyto kabely do-
plnény 2 x 2 kabely situovanymi v zesilené spodni desce. Nad pod-
pérami jsou dale doplnény 2 x 6 kabely situovanymi v horni desce.
Vnéjsi predpéti je vyvozeno 2 X 4 vnéjsimi kabely z 31 lan prdmeéru
15,7 mm. Tyto kabely probihaji pfes tfi pole a jsou kotveny v podpo-
rovych pfi¢nicich. Jsou ohybany v podporovych a polovych devia-
torech.

V pficném sméru je mostovka predepnuta ctyflanovymi kabely
vedenymi v plochych kanalcich situovanych ve vzdalenosti 1: 50 m.
Pfi montdazi byly vnéjsi vzpéry zavéseny na dvé predpinaci tyce za-
kotvené ve vnéjsich konzolach zakladniho pfi¢ného fezu.

Mostovka je podeprena pilifi vysky az 30 m. Pilife konstantni Sitky
6,50 m maji tvar pismene X. Jejich tloustka se méni podle jejich vys-
ky — od 2,20 do 3,00 m. Dva stfedni pilite jsou s mostovkou spojeny
ramoveé, dalsi dva jsou spojeny kloubové. Na ostatnich pilitich a na
opérach je mostovka podeprena dvojici hrncovych loZisek. Vsechny
pilffe a krajni podpéry jsou zaloZeny na vrtanych pilotdch prdmeéru
1,20 m.

Postup vystavby

Mostovka byla vytvarena postupné jak v podélném, tak i pficném
sméru. Nejdfive byl betonovéan pétefni komorovy nosnik s kratkymi
konzolami délky 1,00 m. Nosnik byl v polich 4 az 14 betonovan po
polich v bednéni zavéseném na vysuvné skruzi (obr. 9).V polich 1 az
3a15az 17 byl patefni nosnik betonovan do bednéni podepreného
tradi¢ni pevnou skruzi. Po vybetonovéani pole byl nosnik pfedepnut
vnitinimi kabely, které byly vedeny ve sténdch a spojkovény v pra-
covnich spérach.

Primé kabely byly pfedepnuty aZ tehdy, kdyz se skruz pfesunula
do nasledujici pozice a pred montazi prefabrikovanych vzpér. Vzpéry
skladebné sitky 3,00 m (obr. 10) jsou uloZeny na kratké konzoly a jsou
zavéseny na tyce zakotvené v desce patefniho nosniku. Monolitic-
k& mostovkové deska byla betonovéna do bednéni podepreného jiz
smontovanymi prefabrikovanymi vzpérami (obr. 11). Po pficném pre-
depnuti mostovkové desky byly napnuty vnéjsi kabely.

Horni vysuvna skruz vyvinutd portugalskou firmou Berd je tvofena
prihradovym obloukem s tahlem. Pfi betondzi se napéti v tdhle po-
stupné zvysuje. Timto zplsobem — zménou napéti, takzvanym or-
ganickym predpétim, je eliminovana deformace skruze. Skruz je po-
deprena predni nohou ulozenou na podporovém zarodku a zadni
nohou situovanou 2,50 m od konce konzoly dffve betonovaného
pole. Jedno pole bylo vytvofeno béhem asi 20 dni. Stejnou rychlosti
byly smontovény prefabrikované desky a mostovkova deska v polich
situovanych dvé pole od stavby pétefniho nosniku.

www.inzenyrske-stavby.cz

Obr. 3 Konstrukce mostu
Fig. 3 Bridge structure
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Obr. 4 Pficny fez typickym polem
Fig. 4 Cross section of a typical span
a) uprostied rozpéti, b) u podpory/a) at mid-span, b) at support

spine girder overhangs

Obr. 5 Postup stavby
Fig. 5 Construction sequences

Obr. 6 Postupna stavba nosné konstrukce

Fig. 6 Progressive assembly of the superstructure

a) patefni nosnik — spodni deska a stény, b) patefni nosnik — horni deska,
c) prefabrikované vzpéry, d) vnéjsi konzoly

a) spine girder — bottom slab and webs, b) spine girder — top slab,

) precast struts, d) overhangs
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Obr. 7 Postupna vystavba mostu
Fig. 7 Progressive construction of the bridge

Obr.9 Postupna vystavba mostu
Fig. 9 Progressive construction of the bridge

Staticka a dynamicka analyza

Konstrukeni fesenf bylo vyvinuto na zakladé velmi detailnf statické
a dynamické analyzy. Konstrukce byla analyzovana programovym
systémem Midas. Konstrukce byla modelovana jako 2D konstruk-
ce sestavend z nosnikovych prvkl a jako 3D konstrukce sestavend
z deskosténovych a prostorovych prvkd. Detailni ¢asoveé zavisld ana-
lyza postupné staveéné konstrukce byla také provedena.

Obr. 10 Montéz prefabrikovanych vzpér
Fig. 10 Erection of the precast struts
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Obr. 8 Usporadani predpinacich kabeld v typickém poli

Fig. 8 Arrangement of the prestressing tendons

a) podélny fez, b) pficny fez, 1 - spojité soudrzné kabely, 2 — podporové soudrzné
kabely, 3 - vnéjsi nesoudrzné kabely

a) longitudinal section, b) cross section, 1 — continuous bonded tendons,

2 - bonded tendons at supports, 3 — external un-bonded tendons

ed both in the longitudinal and transversal direction (Fig. 5 and 6). At
first, the basic box girder was cast in the formwork suspended on an
overhead launching gantry, then the precast slab struts are erected
and the overhangs are cast. The launching gantry (Fig. 7) utilized so
called Organic Prestressing.

While the shorter spans have a constant depth of 2.60 m, the long-
er spans have a variable depth from 2.60 to 4.00 m. The haunches
have a circular shape. The cast-in-place portions of the deck are from
concrete C 35/45, precast struts are from concrete C 45/55.

The deck is longitudinally prestressed by internal bonded tendons
situated within the basic cross section and by external non-bond-
ed tendons situated inside the central box (Fig. 8). The 2 x 6 bond-
ed tendons formed by 12 — 15.7 mm dia strands are situated in the
webs of the constant width of 500 mm. They are coupled in each
construction joint. In 69 m long spans these tendons are supple-
mented by 2 x 2 tendons situated in the strengthened bottom slab.
Above supports additional 2 x 6 straight tendons are situated at the
top slab. External prestressing is formed by 2 x 4 external tendons
from 31 = 15.7 mm dia strands. The tendons are continuous across
three spans and are anchored at pier diaphragms. They are deviated
at pier and span deviators.

In the transverse direction the deck slab is prestressed by tendon
formed by 4 strands lead at flat ducts situated at distance of 1.50 m.
During eretion the struts were suspended on two prestressing bars
anchored at outer cantilevers of the basic cross section.

Obr. 11 Bednéni vnéjsich konzol
Fig. 11 Formwork of the overhangs
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Obr. 12 Most pres Udoli Hostovského potoka
Fig. 12 Bridge across the Hostovsky Creek Valley

Zaver
Most byl postaven bez podstatnych problémd. Stavba mostu byla
zahdjena v listopadu 2009, dokoncena byla v zafi 2011 (obr. 12).
Koncesiondfem PPP stavby je spole¢nost Granvia, a. s. Architekto-
nické a konstrukeni feSeni mostu bylo vypracovéno projekeni kance-
|&Ff Strasky, Husty a partnefi, s. r. 0., kterd také vypracovala provadeéci
projekt. Hlavnim zhotovitelem byla firma Granvia Construction, s.r. o,
dodavatelem predpéti byl VSL Systems CZ, s. . 0.
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The deck is supported by solid piers of height up to 30 m. They
have X cross section of constant width of 6.50 m. The depth of the
piers changes according to their height — from 2.20 to 3.00 m. Two
central piers are frame connected with the deck; two further piers
are hinge connected with the deck. Above the remaining piers and
at the abutments the deck is supported by couples of pot bearings.
The piers and abutments are supported by drilled shafts of 1.20 m
diameter.

Process of construction

The bridge deck was erected progressively both in the longitudi-
nal and transverse direction. At first, the spine box girder with short
overhangs of length 1.00 m was cast. The girder in spans 4 to 14 was
cast span — by - span in the formwork suspended on the overhead
gantry (Fig. 9). In spans 1 to 3 and 15 to 17 the spine girder was cast
in the formwork supported by a traditional stationary falsework. The
spine girder was prestressed by internal tendons that are situated at
the webs and coupled at construction joints.

The straight tendons were post-tensioned after the gantry moves
to the next position and before the precast struts were erected. The
struts of a nominal width of 3.00 m (see Fig. 10) are supported by
short corbels and are suspended on the bars anchored at the spine
girder’s deck slab. The cast-in-place deck slab was cast in the form-
work supported by already erected precast struts (Fig. 17). After the
transverse prestressing of the deck slab was applied, the longitudinal
external tendons were post-tensioned.

The overhead gantry developed by Portugal firm Berd is formed
by a truss tied arch. During the girder’s casting, the tension in the
tie was gradually increased. In this way — by tension adjusting, so
called ‘organic’ prestressing — the gantry’s deflection was eliminated.
The gantry was supported by a front leg supported by a pier table
and by a rear leg situated 2.50 m from the end of cantilever of the
previously cast span. One span was constructed approximately with-
in 20 days. In the same speed the precast struts and deck slab were
erected in the spans situated two spans beyond of the construction
of the spine girder.

Static and dynamic analyses

The structural solution was developed on the basis of very detailed
static and dynamic analyses. The structure was analyzed by a Mi-
das program system. The structure was modeled as a 2D structure
formed beam elements and a 3D structure assembled of shell and
solid elements. A detailed time dependent analysis of the progres-
sively erected structure was also performed.

Conclusions

The bridge was erected without any significant problem. The con-
struction of the bridge started in November 2009 and was complet-
ed in September 2011 (Fig. 12).

The concessionaire of the PPP project is Granvia, a. s. The architec-
tural and structural solution of the bridge was worked out by the de-
sign office Strasky, Husty and Partners, Brno, Czech Republic, who
also worked out the final design. The bridge was built by Granvia
Construction, s. r. 0,; the supplier of the prestressing system is VSL
Systems CZ, s. 1. 0.
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Unique Automated Monitoring System from SYLEX

The significance of implementing long-term structural health monitoring systems for infrastructure has been recognized by
authorities in order to secure structural as well as operational safety and issue early warnings on damage or deterioration prior
to costly repair or even catastrophic collapse.

SYLEX, a European manufacturer (Slovakia) specialized in fiber optic technology offers tailor made automated monitoring
system solutions for monitoring of the structural health and geotechnical safety of infrastructure projects.

Case study, 2013 - Measuring of load caused by weight of poured concrete on temporary supportive

construction (PIZMO)

The continuous load is created during
10 hours by pumping around 480m?® con-
crete on the top of the PIZMO system to
build the highway bridge deck. 6 individual
pillars of the PIZMO system have been in-
strumented along with additional horizontal
and cross-oriented elements between these
pillars. This, over the entire monitoring time,
has provided enough data for static analysis.

Figure 1: Monitored object (PIZMO system is the me-
tal supportive construction under the highway deck)

Aim: To control the structural health stability
and provide the assurance of safety of PIZMO
system

Location: D-1 Janovce - Jablonov, High-
way Bridge (under construction), Slovakia,
August 2013

Client: TOOZ, as.

Measuring method: Continuous (automated
measuring system)

Number of samples: 1229 per sensor,
30 seconds (2x per minute) per sensor
Number of sensors: 47 (41x strain, 6x tem-
perature)

sylex FIBER OPTICS
y AN \

Figure 2: Automated monitoring system -
Interrogator FBG Scan 816

Type of sensors: FBG sensors: MS02 (mount-
able strain sensor with measuring range
+/-5000 p€, Resolution: 0.83 UE) and modified
TP-02 (mountable temperature sensor)
Interrogators: FBG-Scan 816 and MO
sm125

Measured results:
As shown on Figure 3 the load progress
(Bindividual verticallymounted sensors)onthe

Monitoring location
10

pillar has correspondingly risen with the
amount of concrete being pumped on the top
of the measured system. All three load curves
are already temperature compensated based
on the measured temperature profile be-
cause the task was to measure the response
of the PIZMO system based only on the con-
crete mass load.

Measured values of maximum load varied be-
tween each measured pillar as the construc-
tion itself distributed the load continuously,
however all measured values remained in
accordance with static calculations.

Advantages of the monitoring system:
Remote and repeatable monitoring

Easy and flexible access cable topology
Automated Temperature compensation

Author: Ing. Peter Lowy
SYLEX, plowy@sylex.sk
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Figure 3: Measured load in vertical direction on pillar nr. 2

UNIQUE “DTG® embedded” FBG SENSORS

Advantages:

4 High strength sensors providing excellent
fatigue resistance: 5% elongation
(5x times more than conventional FBGs)
Splice-less arrays with multiple measuring
sections on one fiber
Easy customization of final sensor design

Structural Health Monitoring:

4 Geo-technical monitoring, mines
A Fundament stability monitoring
A Borehole deformation

4 Historical buildings

A Power plants, dams

A Tunnels, bridges

www.sylex.sk
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Mosty v mimourovnovej krizovatke Rudlova
Bridges at the Rudlova Interchange

Na krizovatke Rudlova sa nachadza pat mostnych objektov s roz-
nymi konstrukciami. Dva mostné objekty su trdamové monolitické
spojité konstrukcie z predpatého betdnu, jeden je doskova spo-
jitd konstrukcia z predpétého beténu a dve konstrukcie su presy-
pané Zelezobetonové klenby situované pod Zelezni¢nou tratou.

Obr. 1 Situdcia
Fig. 1 Site plan

Situovanie krizovatky

Krizovatka Rudlova sa nachadza na Useku rychlostnej cesty R1 Ban-
skd Bystrica — severny obchvat, ktory je stcastou projektu PPP. Ten-
to Usek nadvazuje na rychlostnu cestu R1 Hronsky Benadik — Banska
Bystrica. Krizovatka Rudlova je mimourovriova a riesi smery Zvolen
- Rudlova, Rudlovd — Ruzomberok, Rudlova — centrum a centrum —
Rudlova. Jej stcastou je aj miestna komunikacia oznacend ako Pre-
lozka Rudlovskej cesty, ktord spaja stred mesta so sidliskami Rudlova
a Sasova. Ide o intravildnovu krizovatku na troch Urovniach.

08J.257-00 0B8J.211-00

There are five bridges built by different construction methods situ-
ated at the Rudlova interchange. Two bridges are continuous cast-
in-place prestressed concrete girder structures, one bridge is a con-
tinuous prestressed concrete slab and two bridges are reinforced
concrete culverts situated under railway track as underpasses.

Interchange Location

The Rudlovd interchange is situated within the R1 expressway sec-
tion “Banska Bystrica, Northern Bypass” which is part of a PPP project.
This section connects to R1 expressway section “Hronsky Benadik
— Banské Bystrica” The Rudlova interchange provides for the traffic
in directions Zvolen — Rudlovd, Rudlova — Ruzomberok, Rudlova -
Downtown of Banské Bystrica and Downtown of Banska Bystrica —
Rudlové. The local road 'Relocation of Rudlovské road, which con-
nects downtown with Rudlové and Sasova residential housing areas,
is also part of this interchange. It is a three-level urban interchange.

Bridge Design Concept

The concept of bridges at the Rudlova interchange corresponds to
the specific conditions of the site, mainly terrain morphology, high
density housing and parallel railway line. Design of all bridges of
the interchange (both on the expressway as well as the interchange
ramps) took account of the required uniform concept in forming
their structures and superstructures. The two underpasses (under
the railway track) are also structurally identical and respect type of
observe the type of structure of the existing bridge under the railway
track which was widened within the project scope.

Bridge on R1 expressway in km 1.606 629
It is the largest bridge at the interchange which carries the R1 ex-
pressway over the valley of Rudlovsky potok, the RUD A interchange
ramp and the Rudlova local road.

The bridge is divided in two separate structures each presenting
a 7-span continuous girder of post-tensioned concrete with fixed
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Obr.2 Most na R1 v km 1,606 629 - prie¢ny rez
Fig. 2 Bridge on R1 expressway in km 1.606 629 — cross section

Ing. Jana Kapsiarové, DOPRAVOPROJEKT, a. s., Bratislava, stredisko Liptovsky Mikulds, Ul. 1. maja 724, 031 01 Liptovsky Mikulds, tel.: +421 44 5474426,

e-mail: kapsiarova@dopravoprojekt.sk
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Obr. 3 Most na R1 v km 1,606 629 — pozdlzny rez
Fig. 3 Bridge on R1 expressway in km 1.606 629 - longitudinal section

Koncepcia navrhu mostov

Koncepcia mostov v krizovatke Rudlova vychadzala z tvaru krizovat-
ky so subezZnou Zelezni¢nou tratou, ktord sa z hladiska morfolégie te-
rénu, ako aj zastavanosti Uzemia nachddza v stiesnenych pomeroch.
Pri ndvrhu mostov na rychlostnej ceste a na krizovatkovych vetvach
sa kladol déraz na zachovanie jednotnej tvarovej koncepcie spodnej
stavby aj nosnej konstrukcie. Mosty pod zelezni¢nou tratou su tak-
isto konstrukéne identické a respektuju typ konstrukcie existujuce-
ho mosta pod Zelezni¢nou tratou, ktory sa v rdmci stavby rozsiroval.

Most na R1 v km 1,606 629
Ide o najvacsi mostny objekt v krizovatke, ktory prevédza komunika-
ciu R1 nad udolim, Rudlovskym potokom, vetvou krizovatky RUD A
a miestnou komunikéciou Rudlova.

Nosna konstrukcia je sedempolovy spojity nosnik z dodatoc¢ne
predpédtého beténu s pevnym uloZenim na pilieroch ¢. 4 a 5. Kon-
strukcia je trdmova s obojstrannymi konzolami, v mieste nad piliermi
s ndbehom. Rozpatia poli lavého mosta su 32,59 + 41,228 + 41,331
+ 41,081 + 40,683 + 40,409 + 32,0 m. Viyska konstrukcie je v strede
pola 1,4 m a 2,5 m nad pilierom. Di?ka lavého mosta je 274,282 m,
dizka pravého mosta je 267,433 m. Sirka vozoviek medzi obrubnik-
mi na oboch mostoch je premennd. Maximalna vyska mosta nad te-
rénom je 19,355 m. Mostny objekt sa budoval na pevnej podpernej
skruzi v siedmich etapach systémom pole + konzola s predpina-
cimi sudrznymi kdblami vedenymi cez dve etapy. PouZil sa predpi-
naci systém Dywidag. Zdvihané kdble st z 19 sedempramencovych

@ KOSTIVIARSKA >@

Obr. 4 Pohlad na most na R1

@ 226688

v km 1,606 629

SR

Fig. 4 Bridge view

bearings on piers 4 and 5. The superstructure of each bridge is com-
posed of a single girder with overhanging cantilevers on both sides,
with haunches over piers. Length of the left bridge spans is 32.59
+ 41228 +41.331 + 41.081 + 40.683 + 40.409 + 32.0 m. The super-
structure depth varies from 1.4 m in the middle of the span to 2.5 m
at piers. Width of carriageways between curbs varies on both bridg-
es. Maximum bridge height above the terrain is 19.355m. Bridge was
cast on stationary scaffolding in seven stages by the “span + cantile-
ver” method, with prestressing bonded cables passing through two
stages. Prestressing system is Dywidag. Raised cables are composed
of 19 strands with each strand of 7 wires, 1 860 MPa strength and
150 mm? area. Straight tendons are composed of 15 strands.

All piers are cast-in-place reinforced concrete columns with dimen-
sions in plan 3.2x1.8 m. Height of piers varies from 6.9 to 14.85 m. Di-
mensions of cast-in-place reinforced concrete pile caps except ones
of pier 6 of both bridges are 7.5 x 7.5 x 1.7 m and 6.9 x 10.5 X 1.8
m. Pile caps dimensions of piers 6 are atypical due to spanning over
sewage arch with the outer dimension of 3.0 m.

Piers and abutments are founded on large-diameter piles & 900
mm. Pile lengths are in the range from 10 to 19.5 m.

The asphalt pavement consists of two layers with overall thickness
of 90 mm. Noise barriers, traffic safety barriers and road light posts
are embedded in cast-in-place sidewalks. Information system con-
duits are situated in the left sidewalk of the left bridge. Longitudinal
movements of the bridge structure of £160 mm are enabled by me-
chanical expansion joints with noise reduction at both abutments.
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Obr. 5 Most ponad novu a existujicu komunikéciu Rudlova — Rudlovsky potok — pozdizny rez

Fig. 5 Bridge over the Rudlovsky potok and Rudlova local roads — longitudinal section
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Obr. 6 Most ponad novu a existujicu komunikéciu Rudlova — Rudlovsky potok —
priecny rez
Fig. 6 Bridge over the Rudlovsky potok and Rudlové local roads — cross section

ldn s pevnostou 1 860 MPa a prierezovou plochou 150 mm? Priame
kable stz 15 lan.

Drieky vsetkych pilierov st z monolitického Zelezobeténu s poédo-
rysnym rozmerom 3,2 x 1,8 m. Vyska driekov pilierov je v rozpati od
6,9 do 14,85 m. Zékladové dosky vsetkych pilierov st z monolitické-
ho Zelezobetdnu. Ich rozmery okrem zékladovych dosiek na piliere
¢. 6 oboch mostov s 7,5 x 7,5 x 1,7 ma 6,9 x 10,5 x 1,8 m. Piliere
¢. 6L a 6P maju atypické zakladové dosky, lebo premostuju kanalizac-
nu tlamovu stoku s vonkajsim rozmerom 3,0 m.

Vsetky podpery su zaloZzené na velkopriemerovych pilétach
& 900 mm. V priestore mosta je tektonickéd porucha, ktora sa muse-
la v ndvrhu zakladania vziat do Gvahy. Dizka pil6t je od 10 do 19,5 m
v zavislosti od podloZia.

Konstrukcia vozovky je dvojvrstvova, hruba 90 mm. Do vonkaj-
Sich celomonolitickych rims s osadené protihlukové steny, zdbrad-
fové zvodidlo bez vyplne a stipy VO. Do vnutornych rims je osade-
né len zabradlové zvodidlo bez vyplne. V lavostrannej rimse lavého
mosta su osadené kablovody informacného systému. Dilatacné po-
hyby na moste umozfiuju mechanické mostné zavery so znizenou
hlu¢nostou s celkovym dilatacnym pohybom £160 mm na obidvoch
oporach. Plochy pod mostom su spevnené renomatracmi s hrdbkou
170 mm.

InZinierske stavby / InZenyrské stavby 6/2013

Obr. 7 Pohlad na most ponad novu a existujicu komunikaciu
Rudlova - Rudlovsky potok — pohlad na most
Fig. 7 Bridge view

Bridge over the Rudlovsky potok and Rudlova

Local Roads

The bridge carries two-lane one-way slip road (ramp) RUD B over
the new and existing Rudlova local roads and the Rudlovsky potok.

In longitudinal direction the bridge is a 6-span continuous gird-
er of post-tensioned concrete with spans in axis of the foundations
and piers 23.925 + 37.708 + 42,812 + 43.120 + 43.073 + 34.050 m
long and fixed bearings on piers 3 and 4. The bridge superstructure
cross section is formed by a cast-in-place girder with overhanging
cantilevers on both sides. The pavement width between curbs var-
ies from 8.2 to 8.9 m and the width of the right-side service sidewalk
is 1.75 m. The superstructure depth is 1.4 m in the middle of spans
and 2.5 m at piers. The maximum bridge height above the terrain is
16.0 m. Bridge was cast on stationary scaffolding in six stages by the
"span + cantilever”method, with bonded prestressing cables passing
through two stages. The prestressing system is Dywidag.

All piers are cast-in-place reinforced concrete columns with di-
mensions in plan 3.2 x 1.8 m. Height of piers from 7.60 to 12.955 m.
Dimensions such as width/length/depth of cast-in-place reinforced
concrete pile caps of piers 3 and 4 are 7.5/8.7/1.7 m and 5.5/9.5/1.5
m. Foundations of all piers consist of large-diameter piles & 900 mm
of length from 11.0 to 16.0 m.

The asphalt pavement consists of two layers with overall thickness
of 90 mm. Noise barrier, traffic safety barrier and road light posts are
embedded in cast-in-place right sidewalk. The traffic safety barrier is
embedded into cast-in-place reinforced concrete left curb and cor-
nice. Longitudinal movements of the bridge structure of 40 mm
and +£160 are enabled by mechanical expansion joints with noise re-
duction at abutment 1 and abutment 7, respectively.

Bridge on Interchange Ramp RUD A

The bridge carries one-way two-lane slip road (ramp) RUD A of the
Rudlové interchange over the valley and the local road to housing
area Rudlova.

The structure is formed by 4-span post-tensioned concrete with
cantilevers and spans 12.598 + 19.948 + 19.947 + 12.599 m long. The
bridge is situated in a horizontal curve. Clear opening of the bridge is
62.767 m, the bridge deck is 9.80 m wide and 1.00 m deep. Fixed bear-
ing is positioned on pier 3. The bridge was constructed on station-
ary scaffolding in a single stage. The prestressing system is Dywidag.

Each pier comprises a pair of reinforced concrete columns with
dimensions in plan 1.1 X 1.4m. The height of piers is from 6.06 to
7.58 m. Dimensions of pile cap of piers 2 and 4 are 40 X 6.5 x 1.3
m. Pile cap dimensions of piers 3 are atypical due to spanning over
sewage arch structure. Its maximum depth is 1.417 m. Pile caps of
all piers are supported by large-diameter piles & 900 mm of length
from 9.00 to 18.00 m.

www.inzinierskestavby.sk
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Obr. 8 Most na vetve RUD A — priecny rez
Fig. 8 Bridge on interchange ramp RUD A - cross section

Most ponad novu a existujucu komunikaciu
Rudlova - Rudlovsky potok

Mostny objekt prevadza dvojpruhovi jednosmernu vetvu RUD B po-
nad novu miestnu komunikéciu Rudlova - Rudlovsky potok a existu-
jucu miestnu komunikéciu Rudlova.

Mostny objekt je v pozdiznom smere $estpolovy spojity nosnik
s rozpatiami poli v osi spodnej stavby 23,925 + 37,708 + 42,812 +
43,120 + 43,073 + 34,050 m z dodatoc¢ne predpdtého betonu. Pevné
loZiska su osadené na pilieroch ¢. 3 a 4. PrieCny rez je tvoreny jednym
tramom s obojstrannymi konzolami. Sirka vozovky medzi obrub-
nikmi je premennd od 8,2 do 8,9 m, Sirka chodnikovej pravostran-
nej rimsy je 1,75 m. Vyska nosnej konstrukcie je 1,4 m v strede poli
a 2,5 m nad piliermi. Maximalna vyska mosta nad terénom je 16,0 m.
Mostny objekt sa realizoval na pevnej podpernej skruzi systémom
pole + konzola so sudrznymi predpinacimi kablami vedenymi cez
dve etapy. PouZil sa predpinaci systém Dywidag.

Drieky vietkych pilierov su z monolitického Zelezobeténu a maju
pddorysny rozmer 3,2 X 1,8 m. Viyska driekov pilierov sa pohybuje od
7,60 do 12,955 m. Z&klady pilierov ¢ 3 a 4 su z monolitického Zele-
zobeténu s rozmermi 7,5 X 8,7 x 1,7 m alebo 5,5 x 9,5 X 1,5 m. Zalo-
Zenie vsetkych podpier je na velkopriemerovych pilétach & 900 mm
s dizkou od 11,0 do 16,0 m, re$pektujicich spominanu tektonicku
poruchu v tejto lokalite.

Konstrukcia vozovky je dvojvrstvova, hruba 90 mm. Do pravostran-
nej rimsy je osadena protihlukové stena a zabradlové zvodidlo bez
vyplne. Do lavostrannej rimsy je osadené zabradlové zvodidlo s vypl-
fou. Do pravostrannej rimsy st osadené stipy verejného osvetlenia.
Dilata¢né pohyby na moste umoznuji mechanické mostné zavery
so znizenou hlu¢nostou s celkovym dilata¢nym pohybom +40 mm
na opore 1 a £160 mm na opore 7.

Most na vetve RUD A
Mostny objekt prevadza jednosmernd, dvojpruhovi vetvu RUD A kri-
Zovatky Rudlova ponad udolie a miestnu komunikéciu do Rudlovej.
Objekt tvori spojity nosnik so Styrmi polami s rozpatim 12,598 +
19,948 4+ 19,947 + 12,599 m z dodatoc¢ne predpatého betdnu. Priec-
ny rez je tvoreny plnou doskou s vyloZzenymi konzolami. Mostny ob-
jekt je v smerovom obluku. Dizka premostenia je 62,767 m, éirka nos-
nej konstrukcie mosta je 9,80 m a jej vyska je 1,0 m. Pevné loZisko je
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Obr. 9 Most na vetve RUD A - pozdizny rez
Fig. 9 Bridge on interchange ramp RUD A - longitudinal section

The asphalt pavement consists of two layers with overall thickness
of 90 mm. Traffic safety barriers are embedded into cast-in-place re-
inforced concrete curb and cornice. Longitudinal movements of the
bridge structure of +£40 mm are enabled by mechanical expansion
joints with noise reduction at both abutments.

Culvert under the Railway in km 3.691 523

The culvert situated under the railway track of ZSR (Railways of the
SR) spans a new local road leading to housing area Rudlova. Hori-
zontal clearance of the culvert is 16.29 m and the underpass length
is variable. Vertical clearance of the culvert is 7,08 m.

The culvert is a single movement unit with the length on the top
of 19.25 m. The culvert thickness at crown and at footing is 0,6 m
and 0.7 m, respectively. Dimensions of strip footing are 2.6 x 0.9 m
on the left side 35.58 m and on the right 33.885 m long. Foundations
are deep (micropiles & 280 mm). The skew head walls are formed by
large-diameter piles & 970 mm and anchored into railway embank-
ment. The road under the culvert is the MOK 8/50 category road (lo-
cal urban road), with sidewalks on both sides.

The bridge was constructed in place where the railway embak-
ment is 11.0 m high. Two railway line shutdowns were needed dur-
ing execution of works on this bridge. During the first shutdown a
48.0 m long provisional bridge was constructed so that there would
be sufficient space for the construction of reinforced concrete cul-
vert and its foundations. During the second railway line shutdown
culvert fill and railway track were constructed. The construction of
culvert was carried out on stationary scaffolding and concrete cast-
ing was performed in six pours.

Obr. 10 Pohlad na most na vetve RUD A
Fig. 10 Bridge view
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Obr. 11 Klenbovy most pod tratou ZSR v km 3,691 523 — priecny rez
Fig. 11 Culvert under the railway in km 3.691 523 — cross section
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Obr. 12 Klenbovy most pod tratou ZSR v km 3,691 523 - situacia
Fig. 12 Culvert under the railway in km 3.691 523 - site plan
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Obr. 13 Pohlad na klenbovy most
Fig. 13 View of the culvert

Extension of Concrete Culvert under the Railway
Extension of existing railway underpass is formed by reinforced con-
crete culvert under the interchange ramp RUD A. It bridges exist-
ing local road leading to housing area Rudlova. The culvert horizon-
tal clearance is 6.96 m, vertical clearance is 5.59 m and its length is
2124 m.

The culvert wall thickness at crown and at footing is 0.5 m, respec-
tively 1.5 m. The culvert is divided into two movement units with
the length of 2 x 10.605 m. The culvert strip footings are parallel and
strutted by means of reinforced-concrete struts with the dimensions
500 x 300 mm at the spacing of 4.3 m. Dimensions of strip foot-
ings are 3.5 X 1.2 x 21.24 m. The bridge foundations are deep (large-
diameter piles & 900 mm). The road under the culvert is the MOK
7/30 category road (local urban road), with sidewalk on one side. The
bridge was constructed on stationary scaffolding.
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Obr. 14 PredfZenie beténovej klenby na trati ZSR - priecny rez
Fig. 14 Extension of concrete culvert under the railway — cross section



osadené na pilieri ¢. 3. Viystavba sa realizovala na pevnej podpernej
skruzi v jednej etape. Pouzil sa predpinaci systém Dywidag.

Drieky vsetkych pilierov st z monolitického Zelezobeténu s podo-
rysom 1,1 X 1,4 m. Vyska driekov pilierov je od 6,06 do 7,58 m. Zak-
lady pilierov 2 a 4 maju rozmer 4,0 X 6,5 x 1,3 m. Zaklad piliera ¢. 3
ma atypické rozmery z dévodu premostenia kanaliza¢nej stoky. Ma-
ximalna vyska zékladu je 1,417 m. Zalozenie vietkych podpier je na
velkopriemerovych pilétach @ 900 mm s dizkou od 9,0 do 18,0 m.
V priestore mosta je tektonickd porucha, ktoru zakladanie re$pektuje.

Konstrukcia vozovky je dvojvrstvova, hrubd 90 mm. Do rims je
osadené zabradlové zvodidlo s vyplhou proti pddu snehu na miest-
nu komunikaciu. Dilatatné pohyby na moste dovoluju mechanické
mostné zavery so znizenou hlu¢nostou s celkovym dilatacnym po-
hybom +40 mm na obidvoch oporach.

Klenbovy most pod tratou ZSR v km 3,691 523
Presypand klenbova konstrukcia pod tratou ZSR premostuje novu
miestnu komunikaciu do Rudlovej. Sirka premostenia je 16,29 m, diz-
ka podjazdu je premenna. Volna vyska pod mostom je 7,08 m.

Klenbu tvori jeden dilatacny celok. Jej dl#ka vo vrchole je 19,25 m.
Hrubka nosnej konstrukcie vo vrchole klenby je 0,6 m a v jej votknu-
ti 0,7 m. Z&kladovy pas pod klenbou mé rozmery 2,6 x 0,9 m, na la-
vej strane je dlhy 35,58 m a na pravej strane 33,885 m. Mostny ob-
jekt sa zaklad4 na mikropildtach @ 280 mm. Sikmé svahové kridla su
tvorené velkopriemerovymi pildtami & 970 mm a kotvené zemny-
mi lanovymi kotvami do nésypu trate ZSR. Komunikécia pod klen-
bou je rieSend ako mestska, patri do kategdrie MOK 8/50 s obojstran-
nymi chodnikmi.

Mostny objekt bol vybudovany na mieste Zelezni¢ného nasypu vy-
sokého 11,0 m. Pocas realizacie tohto mosta boli potrebné dve vy-
luky na trati ZSR. Pocas prvej vyluky sa zriadilo mostné provizérium
dihé 48,0 m tak, aby vznikol dostatoc¢ny priestor na realizaciu spodne;j
stavby a ndrocnej Zelezobeténovej konstrukcie klenby. Pocas druhej
vyluky na trati bol zriadeny zasyp klenby a znovu aj Zelezni¢ny zvr-
sok. Vystavba sa uskutocnila na pevnej podpernej skruZi v jednom di-
latatnom celku a betonaZ prebiehala v Siestich etapach.

Klenbovy Zelezni¢ny most realizovala firma D & D, Kosice.

Predizenie beténovej klenby na trati ZSR

Mostny objekt je tvoreny presypanou klenbovou konstrukciou pod
vetvou RUD A a premostuje existujucu miestnu komunikaciu do
Rudlovej. Df?ka premostenia je 6,96 m, volna vyéka pod mostom je
5,59 m a df#ka podjazdu je 21,24 m.

Klenba vo votknuti mé rozmer 1,5 m, vo vrchole klenby je hrib-
ka nosnej konstrukcie 0,5 m. Klenba je rozdelena na dva dilata¢né
celky dlhé 2 x 10,605 m. Z&kladové pasy su rovnobezné, rozopreté
Zelezobeténovymi rozperami s rozmermi 500 X 300 mm vo vzdiale-
nostiach 4,3 m. Zakladovy pas ma rozmery 3,5 X 1,2 X 21,24 m. Ob-
jekt je zaloZeny na hibkovych zékladoch, velkopriemerovych pilétach
@ 900 mm. Kridla aj ¢elo ukoncuje Zelezobeténova rimsa a dopliia
dvojdrzadlové zabradlie. Komunikécia pod klenbou patri do kategé-
rie MOK 7/30 s jednostrannym chodnikom. Mostny objekt sa realizo-
val na pevnej podpernej skruZi.

Zaver

Mostné objekty su v krizovatke Rudlovd dominantnymi konstrukcia-
mi. Svojim konstrukénym riesenim sa podielaju na prehladnosti kri-
Zovatky a jej vhodnom zacleneni do stiesneného intravildinového
prostredia mestskej ¢asti Banskej Bystrice.

www.inzenyrske-stavby.cz
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Obr. 15 PredfZenie beténovej klenby na trati ZSR - pozdizny rez
Fig. 15 Extension of concrete culvert under the railway - longitudinal Section

Obr. 16 Pohlad na most
Fig. 16 View of the bridge

Conclusion

Bridges at the Rudlova interchange represent dominant structures.
By their structural design concept they contribute to transparency of
this complex junction and its suitable incorporation in constrained
urban area of Banska Bystrica.
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Letmo montovany most na rychlostnej ceste R1
v useku Selenec - Beladice

Segmental Balanced Cantilever Bridge between
Selenec and Beladice of Expressway R1

Mostny objekt sa nachadza na rychlostnej ceste R1 Trnava - Ban-
ska Bystrica na Useku Selenec - Beladice, ktory bol uvedeny do
prevadzky v oktébri 2011. Je tvoreny jednokomorovou nosnou
konstrukciou s obojstrannymi konzolami z predpatého beténu.
Most s dizkou nosnej konstrukcie 762,4 m bol ako jediny na ce-
lom Useku rychlostnej cesty R1 budovanej v rdmci PPP projektu
realizovany technol6giou letmej montéze. Mostné konstrukcia sa
nachadza nad udolim s potokom Kadan a cestou ll. triedy v ma-
ximalnej vyske 32 m nad terénom.

DLZKA NOSNEJ KONSTRUKCIE 762400

The bridge is situated on the R1 Expressway Trnava - Banska
Bystrica within the section Selenec - Beladice, which was put
into service in October 2011. The prestressed concrete bridge is
formed by single-cell box girder superstructure with cantilevers
on both sides of the box. The bridge of length 762,4 m was the
only one within the whole section of the R1 Expressway (con-
structed as PPP project) constructed by erecting of precast seg-
ments into final position of balanced cantilever with overhead
launching gantry. It crosses a broad valley of the Kadan Creek
and rural road at the maximum height of 32 m above ground level.
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Obr. 1 Pozdlzny rez
Fig. 1 Longitudinal section

Zakladné usporiadanie konstrukcie

Mostny objekt tvoria dve samostatné nosné konstrukcie s oddelenou
spodnou stavbou. Kazdy most ma 14 poli s rozpatiami 33,5 + 48 +
9% 614 2x48+33,5m (obr. 1). Konstrukcia je navrhnuta ako jeden di-
latacny celok. Ide o jednokomorovu konstrukciu vysoku 3,0 m s oboj-
strannymi konzolami (obr. 2). Sirka nosnej konstrukcie je 12,25 m.
V mieste mostného objektu je rychlostnd komunikécia vedena v pro-
tilahlych oblukoch, pricom prechddza z pravostranného obltka s po-
lomerom 1 500 m prechodnicou do lavostranného obluika s polo-
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Obr. 2 Priecny rez
Fig. 2 Cross section

Bridge Layout

The bridge is formed by two individual superstructures with separat-
ed substructure. Each superstructure has 14 spans of legths 33.5 +
48 +9 X 61 42 x 48+ 33.5m (Fig. 1). The superstructure is designed
as a single expansion unit. It is a single-cell 3.0 m deep box girder
structure with cantilevers on both sides (Fig. 2). The superstructure
width is 12.25 m. At the bridge location the expressway runs in re-
verse curves when it passes from the right-hand curve with the ra-
dius of 1500 m through a transition curve into left-hand curve with
the radius of 1 000 m. A superelevation transition on the bridge is
from 2.5 % to —3.0 %. The road vertical alignment at the bridge loca-
tion is in a sag curve with the grades of 1.7 % and 4.0 %. The bridge
deck drainage outlet is situated at the sag (at pier 4).

Bridge Superstructure
The bridge deck was designed as a segmental structure construct-
ed by erecting of precast segments into final position of balanced
cantilever with overhead launching gantry (Fig. 4). The balanced can-
tilever during construction was supported by four hydraulic jacks
mounted on widened pier caps.

Typical balanced cantilever comprised of a pier segment and
2 % 13 pieces of standard segments. Each segment was 3.0 m deep.
The transportation and erection limitations (up to 60 t) required to
design the 1.7 m long pier segments. The standard segments were

Ing. Jaroslav Guoth, DOPRAVOPROJEKT, a. s., Bratislava, divizia Zvolen, M. R. Stefénika 4724, 960 01 Zvolen, tel.: +421 45 55320561, e-mail: guoth@dopravoprojekt.sk
Ing. Vaclav Kvasnicka, Pontex, spol. s 1. 0, Centréla Praha, Bezova 1658, 147 14 Praha 4, tel.: +420 2 44462219, e-mail: kvasnicka@pontex.cz



Obr. 3 Budovanie pilierov
Fig. 3 Construction of piers

merom 1 000 m. Na moste dochddza k zmene prie¢neho sklonu
72,5 na-3,0 %. Vyskové vedenie nivelety komunikécie v mieste mos-
ta je v Udolnicovom obluku s pociato¢nym klesanim v sklone 1,7 %
a zévere¢nym stUpanim v sklone 4,0 %. Zvisly zvod odvodnenia mos-
ta je umiestneny v najnizSom bode (pri pilieri ¢. 4).

Nosna konstrukcia

Nosné konstrukcia bola navrhnuta ako prie¢ne delend konstrukcia zo
segmentov, budovand pomocou montazneho zariadenia — letmou
montdzou so symetrickymi vahadlami (obr. 4). Podopretie vahadla
v priebehu montéZe bolo zaistené stvoricou hydraulickych lisov osa-
denych na rozsfrenej hlavici pilierov.

Typické vahadlo malo pilierovy segment a 2 x 13 kusov standard-
nych segmentov. Véetky segmenty mali vyéku 3,0 m. Dizka pilierovych
segmentov bola vzhladom na obmedzenie prepravnych a montaz-
nych moznosti (do 60 t) navrhnuté na 1,7 m. Standardné segmen-
ty mali dlzku 2,23 m. Vietky étandardné segmenty (okrem prvych
susediacich s pilierovym segmentom) boli z beténu C 45/55 (pod-
fa STN EN 206-1). Vsetky ostatné segmenty boli z betonu C 55/67.
Skéry medzi segmentmi boli vyplnené tmelom na epoxidovej béze.
Pilierové segmenty boli v hornej casti prie¢ne predopnuté troma
sudrznymi kablami pozostavajlcimi zo 4 1an & 15,7 mm. Pozd[Zne
predpétie bolo navrhnuté zo sudrznych 19-lanovych kdblov s velmi
nizkou relaxaciou & 15,7 mm (1 570/1 770 MPa). Pouzil sa predpina-
ci systém DSI (Dywidag) s kotvami MA6819n.

Vzdy pred zmonolitnenim konstrukcie sa vykonala polohové rek-
tifikdcia vahadla na provizérnych lisoch. Nasledovalo zmonolitnenie
Skary a predopnutie kablov spojitosti. Dalej sa vyplnil priestor me-
dzi definitivnymi loziskami a segmentom a aktivovali sa definitivne
loZiska.

Aby sa dodrzal ¢as vystavby, na objekte sa pouzili dve montazne
zariadenia a vyroba segmentov prebiehala v Styroch formdch. Z pre-
kladového priestoru za krajnou oporou sa segmenty k montaznemu
sUboru dopravovali po povrchu uz zmontovanej konstrukcie.

Zalozenie a spodna stavba

Betonové piliere s prie¢nym rezom v tvare pismena H s vonkajsimi
rozmermi 3,8 X 3,4 m boli ukoncené rozsirenou hlavicou (obr. 3). Vel-
kost hlavice bola navrhnutd tak, aby okrem zabezpecenia ulozenia
lozisk umoznila pocas vystavby uloZenie Stvorice montéznych lisov
s Unosnostou 10 MN. Aby sa dali kontrolovat loZiskd, navrhol sa pri-
stup na hlavice pilierov cez doInd dosku nosnej konstrukcie. Maxi-
malna vyska pilierov je 28,45 m.

Vsetky piliere sa budovali pomocou posuvného debnenia. Trieda
betdnu pilierov a ich zklady st zosumarizované v tabulke.

Krajné opory su z beténu C 35/37. SU tvorené uloznymi prahmi
podopretymi velkopriemerovymi pilétami s dfizkou 25 m. Vzhladom
na potrebu konsolidéacie podlozia sa pri krajnej opore ¢. 15 zrealizo-
val konsolida¢ny nésyp.

www.inzenyrske-stavby.cz

Obr. 4 Montaz nosnej konstrukcie
Fig. 4 Erection of bridge superstructure

2.23 m long. All standard segments except the first ones adjacent to
pier segments were of concrete grade C 45/55 (in accordance with
STN EN 206-1). The rest of the segments were of concrete grade C
55/67.The segment joints were filled with epoxy-based sealant. The
pier segments were transversely prestressed in the upper part by
three bonded tendons, each of 4 strands & 15.7 mm. The longitudi-
nal prestressing was designed as bonded cables of 19x & 15.7 mm
very low relaxation strands (1 570/1 770 MPa).The prestressing sys-
tem was the DSI (Dywidag) with MA6819n anchors.

The balanced cantilever position was always rectified at temporary
jacks before balanced pair closing. It was followed by placement of
concrete into centre closure and prestressing of tendons. Then the
space between permanent bearings and the segment was filled and
the permanent bearings were activated.

To comply with the construction schedule there were used two
launching gantries and four steel formworks for segments fabrica-
tion. Transport of segments from the abutment area to launching
gantry was carried out on top surface of already erected superstructure.

Bridge Foundations and Substructure
The H-shaped concrete piers of outline dimensions of 3.8 X 3.4 m
ended as tapered pier caps (Fig. 3). The cap size was designed to en-
able placing of bearings and positioning of four erection jacks with
the loading capacity of 10 MN during construction. In order to check
bearings, an access to pier caps through the superstructure bottom
slab was provided. The piers maximum height is 28.45 m.

All piers were constructed by movable formwork system. Class of
concrete of piers and their foundation are summarized in Table.

The bridge abutments were of concrete grade C 35/37. They were
designed as bearing seats supported by 25 m long large-diameter

o

o Tler

Obr. 5 Pohlad na most pred ukoncenim nosnej konstrukcie
Fig. 5 View of the bridge before superstructure completion

37



38

INZERCE

Tab. Trieda beténu pilierov a ich zaklady
Tab. Class of concrete of piers and their foundation

Trieda beténu/ Pocet pil6t & 900 mm/ Dizka pilét pravého/lavého mosta/ Rozmery zakladovych blokov (8 x d x v)/
2 25

C30/37 12/12 95%x95x%x2,1
3 C30/37 25 13/13 95%x95x%x2,1
4 C30/37 25 13/14 95%x95x2,1
5 C30/37 25 14/14 95%x95x2,1
6 C30/37 25 15/15 95%x95x%x2,1
7 C35/45 30 16/16 95%x11,5x2,5
8 C35/45 30 16/16 95%x11,5%x25
9 C35/45 25 18,5/19 95x%x11,5x2,5
10 C35/45 25 19/20,5 95x%x11,5x2,5
1 C35/45 25 15/15 95%x11,5%2,5
12 C30/37 25 14/14 9,5%x95x2,1
13 C30/37 25 13/13 95%x95x2,1
14 C30/37 25 12/12 95%x95x%x2,1

Vybavenie mosta

Odvodnenie mosta je zabezpecené mostnymi odvodrovacmi, kto-
ré si cez otvory v stendch segmentov zaUstené do pozdiznych od-
vodiiovacich rurovych zvodov vedenych pozdizne v komorach mos-
tov a nasledne vyustené v Urovni terénu. Dilatacné zavery na moste
sU lamelové (typu Algamod), s dilatatnym pohybom 560 a 640 mm.
Chodniky st z monolitického beténu a na ich vonkajsich stranach
sU osadené protihlukové steny. Zvodidlad na moste su ocelové (typu
ZSNH4/H2).

Zaver

Technoldgia budovania nosnej konstrukcie letmou montazou sa
zvolila najma preto, Ze umoznila rychlu vystavbu mosta, ¢o bolo oso-
bitne dolezité v podmienkach preplneného harmonogramu vystav-
by pri tomto PPP projekte. Mostny objekt sa zrealizoval za 22 mesia-
cov, o je pri moste s tymito rozmermi kratky ¢as. Je uz viac ako dva
roky v prevadzke. Pohlad na most potvrdzuje vhodne zvolent kon-
cepciu navrhu konstrukcie a jeho kvalitnu realizaciu.

piles. Due to the need to consolidate underlying foundation soils, an
appoach fill was constructed at abutment No. 15.

Bridge Accessories

Bridge drainage is provided by deck drains which are connected by
pipes, through openings in the webs of box girders, to longitudinal
drainage pipes and further to outlet at the ground level. The expansion
joints are modular (the Algamod type) with the movement range of
560 and 640 mm. The sidewalks with noise barriers are of cast-in-place
concrete. The bridge traffic safety barriers are of steel (ZSNH4/H2 type).

Conclusion

Segmental concrete bridge built by “balanced cantilever"method was
chosen because it allowed fast construction progress to meet tight
schedule of the PPP project. The bridge was completed in 22 months,
which is, for the bridge structure of such extent, a short period. The
bridge has been in service for more than two years. It confirms prop-
er structure design concept and its high-standard execution.
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Pouzitie spriahnutej ocelobeténovej konstrukcie

pri stavbe rychlostnej cesty R1

Application of a Steel-Concrete Composite Structure
as a Part of the R1 Highway Construction

V lete roku 2009 zacala spolocnost Valbek, spol. s r. 0., prvé pra-
ce na realiza¢nej dokumentdcii stavby rychlostna cesta R1, Nitra
- Tekovské Nemce, 3. Usek, Beladice - Tekovské Nemce. Jednym
z vacsich mostov na tejto stavbe je dialni¢ny most 205-00 — Most
na R1 v km 2,097 nad udolim a Majerskym potokom. Dodéavate-
fom stavby bola spolo¢nost Granvia Construction, s. r. 0., zhoto-
vovatelom tohto stavebného objektu je spolo¢nost Eurovia CS,
a. s, zévod Ostrava (predtym ODS - Dopravni stavby Ostrava, a. s.).

Koncepcia technického riesenia

V Uzkej spoluprdci s dodavatelom boli vypracované alternativne kon-
cepcné riesenia k pdvodnému navrhu mosta tak, aby sa mohla opti-
malizovat technoldgia vystavby a tym skratit termin vystavby.

Most prevadza cestu kategodrie R 22,5/100 cez ploché udolie s Ma-
jerskym potokom v blizkosti obce Tesarske Mlynany. Volnd Sirka na
moste je 2 X 10,25 m. Pévodny ndvrh predstavoval dva samostat-
né 7-polové trdmové mosty z predpatych tycovych prefabrikatov
so spriahajucou doskou. S ohfadom na pouZitie overenej technolé-
gie dodéavatela bolo navrhnuté riesenie premostenia 5-polovou kon-
strukciou s rozpatim jednotlivych poli 33 + 3 x 40 + 33 m. Nosnu
konstrukciu mosta tvorf spojity kompozitny ocelobeténovy rost z pl-
nostennych nosnikov.

Zakladanie a spodna stavba
Z hladiska geologickej skladby je Uzemie tvorené prevazne kvar-
térnymi flmi, neogén je reprezentovany suvrstvim flovitych pieskov
a Strkov s vyskytom siltov a flov so strednou plasticitou.

Na zéklade tychto podmienok sa pouzilo hlbinné zaloZenie na vita-
nych velkopriemerovych pilétach s priemerom 880 mm pri oporach
a 1180 mm pri pilieroch, v df#kach 6,5; 8,0 a 14,0 m. Pod kazdym pi-

Obr. 1 Pozdlzny rez mostom
Fig. 1 Longitudinal section

Detail design of the R1 Nitra-Tekovske Nemce highway com-
menced in summer of 2009. Design was carried out by consul-
tancy Valbek and includes many bridge structures. R1 Highway
bridge 205-00 over the Majesky River is one of the remarkable
bridge structures described in following article. Eurovia CS Ostra-
va formerly known as ODS holding has been appointed as a sub-
contractor to deliver construction of the bridge under supervi-
sion of a main contractor Granvia Construction.

Design concept
A close cooperation between designer and bridge contractor
proved to be vital for balanced conceptual design proposals within
a tight construction schedule while minimising the cost of structure.
The R22,5/100 category highway is carried by two separate
bridges over Majersky River near Tesarske Mlynany . Each bridge
10,25 m wide consists of 5 span (33 + 3 X 40 + 33 m) continuous
steel-concrete composite superstructure. The designer relied on
contractor’s great experience with this type of structure.
Before optimized, the bridge was originally designed as 7 span
pre-stressed beam — concrete composite superstructure.

Foundations and substructure
In terms of geological composition the area is largely made up of
Quaternary clays. Neogene strata is represented by clayey sands and
gravels with the presence of silt and clays of medium plasticity.
Large-diameter bored concrete piles have been designed to re-
flect the existent geological strata. Abutments are supported by piles
6.5, 8.0 and 14.0 m long 880 mm in diameter. Each pier is based on
12 skin-friction piles with a pile toe embedded in clayey sands and
gravels.
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Obr. 2 Prie¢ny rez mostom
Fig. 2 Cross section

Ing. Jifi Jachan, Valbek, spol. s r. 0., Vaniurova 505/17, 460 02 Liberec 3, tel./fax: +420 485 103336, +420 485 103346, jachan@valbek.cz
Ing. Martin Pekar, Valbek, spol. s 1. 0, Variurova 505/17, 460 02 Liberec 3, tel./fax: +420 485 103336, +420 485 103346, pekar@valbek.cz
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Obr. 3 Vystavba pilierov
Fig. 3 Piers construction

lierom je 12 plavajucich pildt s patou ukoncenou na Urovni piesci-
tych a flovitych Strkov.

Medzilahlé piliere sU navrhnuté ako ¢lenené, z dvoch Stihlych
stojok na spolo¢nom zdklade. Vyska stojok sa pohybuje od 12,0 do
16,5 m. Krajné opory su tvorené Uloznymi prahmi zo Zelezobeto-
nu a zaloZzené na pildtach. Opory aj piliere s navrhnuté z beténu
C 30/37 XC4, XD1, XF2, XA1 (SK), pri kazdom loZisku je navrhnuté
miesto na osadenie zdvihacich lisov na pripadnd vymenu loZisk za
predpokladu nerovnomerného sadania podpier mosta. Na podpe-
rach 3 a 4 je navrhnuté pevné ulozenie a na ostatnych podperach
pohyblivé v prislusnom smere.

Nosna konstrukcia a prislusenstvo

Ocelovu ¢ast nosnej konstrukcie mosta tvoria zvarené ocelové pl-
nostenné I-nosniky, konstrukcia mosta je zaradend do vyrobnej sku-
piny Aa s dielenskou prebierkou. Vyska nosnikov je premenna, 1 485
az 1 540 mm v zavislosti od premennej hrdbky pasnic, s konstantnou
vyskou stojiny 1440 mm. Horna pésnica s hribkou 20 a 40 mm je
po spodnu hranu zapustend do beténovej dosky, ¢o umoznuje bez-
problémové pritlacenie debnenia dosky. Stena nosnikov ma hrub-
ku 16 az 22 mm.

Spriahnutie kompozitného prierezu zaistuju privarené ocelové
tfne & 19/150 (145) mm. Ocelovu konstrukciu pédorysne tvori poly-
gon tak, aby bolo mozné ¢o najvernejsie sledovat trasu R1, ktord ve-
die v mieste mosta v smerovom obluku s polomerom r =2 550 m.
Lomové body polygdnu sa nachadzaju priblizne v 1/6 rozpatia v bliz-
kosti oblasti nulovych momentov. Sucasne tvoria aj prechod medzi

Realized Bridges

Obr. 4 Debnenie pilierov
Fig. 4 Piers formwork

Intermediate piers with heights ranging from 12,0 to 16,5 m in
form of two slender separate columns have been embedded into
a shared pile cap. The pile caps have been designed of C 30/37 XC4,
XD1, XF2, XAT (SK) concrete similar to abutments. Each column-head
is designed to allow for a flat jack placing in case of possible future
bearing replacement or later adjustments if non-uniform settlements
of the bridge supports should occur. Pier 3 and 4 was designed in or-
der to accommodate a fixed bearing, while the rest of supports to
accommodate a longitudinal or transversely guided bearings.

Superstructure
In a cross section five steel girders symmetrically placed about its ver-
tical axis carries the concrete deck. Each girder has been welded from
steel plates forming an I-shape beam subjected to a fabrication ac-
ceptance procedure grade "Aa”. Depending on variable flange thick-
ness the overall depth of the girders varies from 1485 to 1 540 mm.
The web depth remains constant 1440 mm while its width varies
16 — 22 mm. Top flange thickness was stipulated as 20 and 40 mm re-
spectively. In order to maintain clean grout check detail along the soffit
the designer proposed the flange to be embedded into the concrete
slab with bottom surface evenly allowing easy formwork placement.
Welded steel shear studs & 19/150 (145) mm connect girders
with the concrete deck forming the composite superstructure of
the bridge. The bridge polygonal alignment closely follows the hor-
izontal curve of the highway in diameter of 2 250 m. The designer
rendered the curve as a series of straight sections defined by points
placed in 1/6 of the span where the main bending moment nears in-

Obr. 5 Zarodok ocelovej konstrukcie mosta
Fig. 5 Bridge deck starter

www.inzenyrske-stavby.cz

Obr. 6 Kompletna ocelové konstrukcia lavého a zérodok pravého mosta
Fig. 6 Completed left bridge steelwork and starter of steelwork of the right bridge

is
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J Realizované mostné objekty
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Obr. 7 Zvéracia kabina na montazne spoje
Fig. 7 A welding booth

polovymi a pilierovymi dielcami nosnej konstrukcie. Zvysenie kon-
strukcie sa dosiahlo vypalom stien do krivky, ktord zodpoveda krivke
priehybu nosnej konstrukcie od stalych zatazenf a ¢asti ndhodnych
zataZeni. Na vyrobu ocelovej konstrukcie mosta sa pouzil materidl
S355 NL.

Protikorézna ochrana ocelovych konstrukcii mosta je navrhnuta
na stupen kordznej agresivity C4 s velmi vysokou Zivotnostou nate-
ru. Zodpovedajucou ochranou je viacvrstvovy naterovy systém v cel-
kovej hribke NDFT 300 um. Farebny odtien vrchného nateru zvolil
koncesiondr vo farebnej palete RAL 5021 — Water Blue.

Spriahajuca doska z beténu C 30/37 XC4, XD1, XF2 (SK) je navrh-
nutd v konstantnej hrdbke 0,26 m s priecnikmi s vyskou 0,68 m na
oporach. Vsetky beténové ¢asti mosta su vystuzené ocelou B500B.

Prislusenstvo

Celoplosna izolacia bola navrhnuté z asfaltovych modifikovanych pa-
sov, uloZena na pecatiacu vrstvu na baze epoxidovej Zivice. Most je
vybaveny odvodriova¢mi ACO Multitop HSD-5, 500 x 500 s lapa¢om
netistot, z ktorych je voda zvedené do pozdizneho odvodrovacieho
zvodu. Monolitické Zelezobeténové rimsy su v sulade so Standard-
nymi poziadavkami slovenskych technickych predpisov navrhnuté
z beténu C 35/45 XC4, XD3, XF4. Vyska vonkajsej pohladovej Casti
rims je 0,6 m a tvorf ju rimsovy prefabrikat LP-600.

Oblastou, na ktord koncesiondr klddol déraz, bolo riesenie ochrany
proti bludnym pradom, prepatiu a blesku. Na ochranu mosta pred
prepatim sa navrhli iskriskd na vietkych podperdch mosta a iskrisko
nad dilatdciami. Zakladné zvarenie vystuze pomocnymi bodovymi
zvarmi bolo doplnené zvarenim vybranych prvkov s funkciou spojo-
vacieho vodica a nédhodného zvodu. Tento prvok bol zvareny v po-
zdlznom smere zvarmi s dlzkou 100 mm.

Z dalsich casti prislusenstva si na moste osadené povrchové
mostné zavery RW WSG 160-2, zdbradlové zvodidld typu ZSODS1/H2
s Uroviiou zadrZania H2 a mostné zabradlie.

Realizacia mosta

Viystavba mosta prebiehala v standardnych etapéach s dérazom na
optimalizaciu vyuzitia vyrobnych a montaznych technologickych
kapacit zhotovovatela. Ocelova konstrukcia bola montovana z jed-
notlivych dielov tvorenych strednym a dvojicou krajnych nosnikov.
Podopretie dielcov pri montazi realizoval zhotovovatel lahkymi sys-
témovymi vezami.

Spriahnuta doska sa betdnovala po etapach, bez pouzitia provizor-
nych podpor, s ocelovou konstrukciou osadenou na lozZiskach. Naj-
skor sa betdnuju Useky v poliach a nésledne tseky nad podporami.
Betondz prebiehala na dvoch typoch betondrskych vozikov, ktoré sa
pohybuju po spodnych pasniciach ocelovych nosnikov. Na zaistenie
stability pri betondzi je systém hlavnych nosnikov v poliach doplne-
ny systémom priehradového montézneho stuzenia.
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Obr. 8 Hotovy most
Fig. 8 View of the completed bridge

flexion and the girder changes its cross section profile. The shape of
the web plate has been designed into a shape defining girder pre-
camber. The precamber has been stipulated for different construc-
tion stages in particular under dead load, superimposed dead load
and partially live load. The components of the steelwork of the bridge
have been fabricated in a single material strength grade S355NL.

Protective treatment of steel bridge parts in total NDFT of 300 um
reflect for the environmental conditions of grade C4 with respect to
the highest coating durability required by investors. Furthermore in
line with investor’s proposals the colour of the coating’s final layer
has been stated as RAL 5021 — Water Blue.

Furnishing
An approved certified bituminous polymeric sheet bridge deck wa-
terproofing in combination with surfacing primer coating has been
placed. Surface water drainage system in form of ACO Multitop HSD-
5,500 x 500 connects it’s vertical outlet into the horizontal main drain
and to the sewer. Reinforced concrete parapet beam formed by pre-
cast units LP-600 in combination with cast in-situ concrete. In accord-
ance with the standard requirements of Slovak technical regulations
designed of concrete grade C35/45 XC4, XD3, XF4 (SK) was completed.
The contractor fully addressed concessionaire’s requirements to
protect the bridge against stray currents, surges and lightning. To
protect the bridge against surges, spark gaps were induced into the
design for all the supports and for expansion joints. Basic spot welds
to the reinforcement cage completed a current leading wire weld-
ed by 100 mm long welds in longitudinal direction. Bridge expan-
sion joints RW WSG 160-2 and safety crush barriers with level of con-
tainment H2 accompanied by safety bridge railings have been used.

Construction

Construction of the bridge proceeded with the main emphasis on
the use of assembly and technological capabilities of the contractor.
The steel structure was assembled by parts made up of middle and
outer pair of beams. The supporting assembly of temporary works
was used in form of light scaffolding towers.

Casting of composite slab was achieved in construction stages with-
out the use of temporary props with the steel superstructure already
mounted on its bearings. The first concrete pour of the deck slab was
done in midspans followed by concrete casting over both supports.

Casting the deck took place with help of two types of bridge slip-
form trollies which moved along the bottom flange of steel beams.
To ensure stability during casting the main beams were intercon-
nected in the midspan by temporary bracing assemblies.

During construction stages some specific issues have been ad-
dressed such as to eliminate significant part of settlement process of
the support by temporarily placing the structure on its bearings. Fur-
thermore a welding booth has been introduced for highest quality
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V priebehu vystavby sa riesili niektoré Specifické problémy, napri-
klad provizérne uloZenie konstrukcie na oporach na eliminéciu velkej
Casti sadania opor a zaistenie kvality montaznych zvarov v nepriazni-
vych klimatickych podmienkach pouzitim zvaracej kabiny.

K vysokym standardom koncesiondra a jeho zhotovovatelov patrf
predovsetkym ddsledny systém kontroly kvality stavby.

Té sa overovala priebezne, napriklad meranim sadnutia nasypu,
ktoré je predpokladané az na 10 cm, skdskami integrity pildt, sta-
tickymi zatazkdvacimi skuskami pilét, skisanim tupych aj kdtovych
zvarov nedestruktivnymi defektoskopickymi metédami alebo me-
chanickym overovanim odolnosti spriahajucich tfriov. Pravidelne sa
v rdmci prebierok kontrolovala aj geometria vyrdbanej ocelovej kon-
strukcie. Dielenské prebierky prebiehali na ¢astiach konstrukcie, vzdy
v nadvaznosti na zamerany predchéadzajuci a zostaveny nasledujuci
diel. Montazne prebierky sa konali na ucelenych castiach, pripadne
na celej konstrukcii vzdy pred podlievanim lozisk.

Zaver

Most bol uvedeny do prevadzky v juli 2011. Jeho technické paramet-
re, dizka vystavby mosta (jeden a pol stavebnej sezény), ako aj este-
tické posobenie su istym ddkazom toho, Ze opisany typ konstrukcie
je vhodnym rieSenim daného premostenia. Celkovu kvalitu névrhu aj
realizacie diela preukdzala zatazovacia skuska mosta, ktord prebehla
po ukoncenf jeho vystavby.

www.inzenyrske-stavby.cz

control of in-situ welding in adverse weather conditions and particu-
larly rigorous concessionaire’s and contractor’s quality management
contributed to the high quality construction standards significantly.

These standards were continuously verified by measuring the set-
tlement of the embankment which was estimated up to 10 cm. Test-
ing of piles took place in form of pile integrity testing, and static pile
load tests.

The testing of butt and fillet welds by non-destructive flaw detec-
tion methods and mechanical verification of shear studs resistance
also took place. Furthermore the geometry of the steel structure
was numerously and regularly inspected within process of accept-
ance. Workshop acceptance was split into a number of separate rig-
orous checks of bear steel structure always followed by the previ-
ous and the following checks. A complete part was again inspected
ones assembled and whole structure was placed on its bearings be-
fore grouting took place.

Conclusion

The bridge was opened for traffic in July 2011. Technical parameters
of the bridge and the bridge construction length of one and a half
season and the aesthetically pleasing appeal of the bridge is a strong
evidence that the this type of structure proved to be right solution.
The overall quality of the design and execution of the construction
works was demonstrated by load test which was conducted after
the completion of the construction.
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Kvalitny betdn ako zaklad rychlych a kvalitnych ciest

Spolo¢nost Holcim Slovensko bola hlavnym dodévatelom stavebnych materidlov a suvisiacich sluzieb pri vystavbe R1.

Naroky na kapacitu

S vystavbou prvych troch Usekov na tra-
se Nitra — Tekovské Nemce v dizke asi 45 ki-
lometrov sa zacalo v septembri 2009. Stvr-
ty Usek projektu — obchvat Banskej Bystrice
v dlzke 5,8 kilometra - sa za¢al budovat v de-
cembri 2009, avsak vacsina betondzi prebie-
hala od zaciatku roka 2010. Objem betoné-
Zi bol obrovsky a fyzicky ich nebolo mozné
realizovat z jednej kmenovej betondrne. Na
projekte preto pracovali styri hlavné beto-
narne Holcim Slovensko a podla potreby aj
zélozné betondrne. Zaloznymi betondrhami
boli okrem jednej betondrne Holcim Sloven-
sko v Leviciach aj partnerské betonarne tre-
tich stran. Kapacita betondrni, ktoré doda-
vali betdn na projekt R1, niekolkondsobne
prevysovala poZiadavky stavby.,Ich priprave-
nost bola vsak mimoriadne dolezitd pre pri-
pad subehu betondzi na zabezpecenie ply-
nulosti dodavok:

Cast objektov mostov tvorili prefabrikova-
né konstrukcie, kde sa monolit pouzival na
zélievky a zmonolitnenie celej konstrukcie.

Non stop dispecing

Cely systém doddvok betonu bol riade-
ny centralne. Logistiku zabezpecoval dispe-
Cer v spolupraci s veducimi prevadzok. Ob-
jedndvky beténu sa vykondvali na tyzdennej
béaze. Vzdy tyzder vopred sa pripravil pldn na
nasledujuci tyzden.

Dispecer podla poZiadaviek objednaval aj
zélozné betonérne. Dispecing bol k dispozi-
cii non stop pocas 24 hodin.

Na zabezpecenie plynulosti dodavok bolo
potrebné, aby mal dispecer neustéle presny
prehlad o aktudlnom mieste domiesavacov
a stave na jednotlivych stavbach.

Vsetky domiesavace boli preto Standard-
ne vybavené GPS systémom, aby ich dispe-
Cer spolo¢ne s veducimi prevadzok mohol
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Pri Stvrtej etape vystavby R1 bolo postavenych viac ako 70 stavebnych objektov.
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optimélne rozmiestnit podla aktualnej potre-
by. Na betondrfiach boli preto nainstalované
kamery, aby bol dispecer rovnako schopny
kontrolovat stav nakladok a vsetky poZiadav-
ky, pripadne zmeny na jednotlivych prevadz-
kach. Flexibilita a ¢asovd, objemova a samo-
zrejme kvalitativna presnost dodavok boli
alfou a omegou spoluprace. Napr. po zaca-
ti doddvok, pred spustenim betonarne v Te-
sarskych Mlyrianoch, sme viac ako 3 000 m?
beténu doviezli zo zdloznej betondrne v Le-
viciach, vzdialenej 25 km.

Technicka podpora na mieste

Pri rozhodujucich betondzach bol vzdy
pritomny zastupca technického oddelenia
Holcim Slovensko. Technoldg bol na druhej
strane barikady, teda redlne na stavbe, nie na
betondrni, a priamo na mieste optimalizoval
konzistenciu beténu, teplotu beténu, obsah
vzduchu a pod.

Objemy dodavok sa optimalizovali a zredl-
novali priebezne, pretoze v ¢ase dohdd ne-
boli jasné jednotlivé projektové dokumen-
tacie a ich presny rozsah. Zabeténovali sa
pildty a na vacsine stavebnych objektoch uz
aj mostovky. Na banskobystrickom Useku sa
beténoval nosny systém, sustava opornych
murov, priepustov, preklddok a pod.

Doprava a zivotné prostredie

Aj ked sa moéze zdat, Ze vystavba dopravné-
ho koridoru a ochrana Zivotného prostredia
nejdu dokopy, aj pri stavbach velkého rozsa-
hu sa dbd na buduce generdcie, a to nielen
pokial ide o rychlost dopravy. Na betonéze
vsetkych Usekov R1 sa pouzival portland-
sky cement s vapencom (CEM II/A-LL 42,5 R),
ktory je vdaka nizsiemu obsahu slinku men-
$im ,producentom” CO, ako ¢isté portland-
ské cementy, pouzivané v minulosti v omno-
ho vacsej miere. Bolo presne predpisané,
ktoré komunikéacie mézeme z hladiska zZivot-
ného prostredia vyuzivat na dodévky betonu.
To, samozrejme, kladlo vyssie néroky na dis-
pecing, pretoZe v pripade nepredvidanych
situacii na ur¢enej komunikacii musel okam-
Zite ndjst nahradné riesenie. My ako dodava-
tel beténu sme respektovali zdsady ochra-
ny zivotného prostredia na tejto stavbe, a to
hlavne v rezime ¢istenia domiesavacov a Cer-
padiel, ako aj likvidacie zvyskového beténu.
Nase vozidla a stroje splnali vietky kritérid na
ochranu Zivotného prostredia.

Specialny betén na Specialne
naroky

Vetky receptury betdnu pouzivaného na
stavbach v ramci R1 boli $pecidlne navrhnu-
té pre tento Specificky projekt. Presna $pecifi-
kécia receptov prebiehala u nasich technolé-
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gov v nasom akreditovanom laboratériu. Na
tomto projekte sme po prvykrat garantova-
li aj modul pruznosti betdnu a mieru dotva-
rovania betonu.

Zaujimavostou projektu bolo, Ze vac¢sina
dodavanych druhov beténu mala konzistenciu
S4, teda velmi tekuté, aby sa dosiahli dostatoc-
ne kvalitné povrchy. Druhy beténu pouzité pri
vystavbe R1 mali vysoky obsah pridanej ché-
mie. Museli dosiahnut 90-minUtovu spraco-
vatelnost od zamiesania na betonarni. Vietky
boli namiesané vyslovene na tento projekt,
pretoze pri beznych druhoch beténu neboli
potrebné také extrémne vlastnosti ako v pri-
pade R1. Napr. pri ndbehovych pevnostiach
bolo poziadavkou zakaznika, aby betén uz po
troch droch dosahoval viac ako 90 % konco-
vych pevnosti, pretoze pri vystavbe R1 islo
v mnohych pripadoch o dodato¢ne predpi-
nané konstrukcie, preto dodato¢né namaha-
nie musel beton preniest po troch drioch.

Poziadavky nielen na betén
Na tomto projekte sa betén vyrdbal vylu¢ne
7 kameniva a cementu spolo¢nosti Holcim
Slovensko, a to aj v zdloznych betondriiach
tretich stran. Dolezitd bola spolupréaca aj
s ostatnymi oddeleniami vyroby, potrebova-
li sme spravne dodavky cementu a kameni-
va v presne ur¢enom case. Nevyhnutné bolo
kamenivo, ktoré malo vietky potrebné para-
metre vratane maximalneho obsahu vihkos-
ti, cement, ktory musel mat okrem iného aj
optimalnu teplotu. Vzorky sme skusali v na-
som akreditovanom laboratériu a sucasne si
zakaznik odoberal vzorky beténu priamo na
stavbe aj sém. Betonaze prebiehali aj v ex-
trémnych podmienkach, v lete v hortc¢avach
a v zime pri velmi nizkych teplotach. Na tie-
to vykyvy teplét museli byt dodéavatelia pri-
praveni. Stcastou vyroby bol ohrev kameni-
va a zdmesovej vody.

Prevadzky mali zabezpecenud a umoznenu
aj vyrobu v extrémnych podmienkach, ako
su velmi nizke aj vysoké teploty.

Projekt takého rozsahu, akym bola vystavba
R1 si vyzadoval okrem dobrych technickych
a obchodnych podmienok aj vysoké nasa-
denie zamestnancov dodévatelskych firiem.
Spolo¢nost Holcim Slovensko sa podielala aj
na vystavbe dal3ich velkych projektov, akymi
boli napriklad tunel Sitina a obchodné centra
Eurovea a Retro. V sticasnosti je dodavatelom
pri vystavbe dialni¢ného Useku D1 Janovce-
-Jablorov a ndkupného centra Bory mall.

Kontakt:

Stanislav Jurik

tel.: 0903 603 804

e-mail: stanislav.jurik@holcim.com
www.holcim.sk

Holcim

Cement. Kamenivo. Beton.
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Betondaz na Useku Beladice — Tekovské Nemce.

Zabeténované pitky pod buducimi stipmi mosta.

Pri vdetkych betonézach sa pouzival portlandsky cement s vdpencom (CEM II/A-LL 42,5 R

).
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Vladimir Engler - Ludék Borovy — Miroslav Knapik - Ivan B6hman

Most na R1 nad cestou 1/65, Ceredfiovym potokom

a polhou cestou v km 15,850

Bridge on the R1 over the Road 1/65, Cere$niovy Stream

and Field Road at km 15,850

Most na rychlostnej ceste R1 s 12 polami sa staval technolégiou
montaze prefabrikovanych nosnikov s pouzitim podpornej skru-
Ze Breka pri podporach. Masivne opory aj Sestuholnikové piliere
su zalozené hlbinne na plévajucich velkopriemerovych pilétach.

Na jesen roku 2012 sa v rdmci prvého projektu PPP na Slovensku
otvorila 42 km dlha rychlostna cesta R1 medzi Nitrou a obcou Tekov-
ské Nemce. Sprevadzkovanim tejto stavby sa zabezpecilo prepoje-
nie Trnavy a Banskej Bystrice rychlostnou komunikaciou a odfahce-
nie pretazenej cesty 1/65.

Nedaleko obci Choca a Tesarske Mlynany prekracuje rychlostna
cesta Udolie Ceresfového potoka a prelozku cesty 1/65 mostom s 12
polami s celkovou dfzkou 350 m. Lavy most mé rozpatie 21 + 6 x
31 +3X%265431+21 m, pravy most 21 + 10 X 31 + 21 m. Vloze-
nie kratsich poli na konci mosta vychéddza zo Sikmého krizenia mos-
ta s prelozkou cesty 1/65.

Povodne monolitickd nosna konstrukcia mosta bola v priebehu
vystavby prepracovana na spriahnutd, s nosnikmi z predpétého be-
ténu a monolitickou beténovou doskou. Dévodom bolo nutné skra-
tenie ¢asu vystavby, aby bolo umoznené prelozenie cesty 1/65 pod
most.

Obr. 1 Celkovy pohlad na most
Fig. 1 General view of the bridge

The 12-span bridge on the R1 motorway was built by the tech-
nology of precast beams assembly with the help of supportive
scaffolding Breka at the supports. Solid abutments and hexago-
nal piers are founded on large-diameter floating piles.

A 42 km long R1T motorway between Nitra and Tekovské Nemce
built as the first PPP project in Slovakia has been opened during au-
tumn 2012. The opening of this motorway provided the connection
of Trnava and Banska Bystrica with the relieving effect on the high-
ly frequented road 1/65.

Close to the villages Choca and Terdrske Mlynany the R1 motor-
way crosses Ceresnovy stream and a relocated road 1/65. It is bridg-
ing the valley by 12-span structure with overall length of 350 me-
ters. The left bridge has a span of 21 + 6 X 31 +3x 26,5+ 31+ 21 m,
the right one has a span 21 4+ 10 x 31 + 21 m. The insertion of short-
er fields at the end of the bridge is result of the skew crossing of the
bridge and relocated road 1/65.

Originally monolithic support structure of the bridge was rede-
signed during building process to the composite one, with beams
of prestressed concrete and monolithic concrete slab. The reason
for that was a demand for shortening the construction period which
allow the relocation of 1/65 road under the bridge.

The R1 is designed in the category of R 22,5/100. The route as well
as the bridge is straight, vertical elevation above Ceresriovy potok is
in convex curve, further in the direction to Zvolen rises in slope of
1.69 %. In the cross direction the road is in imbricate gradient of 2,5 %.

Foundation and substructure

The entire bridge is founded on floating piles with a diameter of 0.88
meters. In layers with different plasticity clays and clayey sands the
piles have alength of 9 — 12 m. Underneath the abutment 1,which
is founded on the consolidation mound, the piles are extended to
15 m. The piles were drilled under the protection of boring casing
due to the presence of groundwater in the depth of 5 — 9 m below
the ground.

There is 12 piles situated underneath the every pier bases, which
are common to a pair of piers. Under each abutment there is 7 piles
arranged in two rows. Piles are designed to sustain the predicted set-
tlement ranging from 15 to 20 mm.

At the abutment 1 the mound reaches a height of 9.5 m. A conso-
lidation mound has been made in advance for reducing the effects
of subsequent settlement of the subsoil in this place. The whole area
is strengthened using gravel piles with the diameter of 0.60 m.

At the abutment 13 the mound’s height is only 4.5 m and is rapid-
ly decreasing further on. There was no need to take any further ac-
tion for reducing the settlement there.

Ing. Vladimir Engler, NOVAK & PARTNER, s. 1. 0, Perucké 2481/5, 120 00 Praha 2, tel.: +420 2 21592058, e-mail: engler@novak-partner.cz

Ing. Ludék Borovy, STAVBY MOSTOV SLOVAKIA, a. s., Janka Kréla 11/231, 974 01 Banska Bystrica, tel.: + 420 2 22185111, e-mail: borovy@smp.cz

Ing. Miroslav Knapik, STAVBY MOSTOV SLOVAKIA, a. s., Janka Krala 11/231, 974 01 Banskd Bystrica, tel.: +421 48 4142622, e-mail: miroslav.knapik@stavbymostov.sk
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Realized Bridges

Obr. 2 ZaloZenie pilierov na pildtach
Fig. 2 The pier’s pile foundation

Rychlostnd cesta R1 je navrhnuté v kategorii R 22,5/100. Trasa je
v mieste mosta v priamej, niveleta je nad Cere3novym potokom
v Udolnicovom oblutku, za ktorym smerom na Zvolen stipa v sklo-
ne 1,69 %.V prie¢nom smere je cesta v strechovitom sklone 2,5 %.

Zalozenie a spodna stavba

Cely most je zalozeny hibinne na pldvajucich pilétach s priemerom
0,88 m. Vo vrstvach ilov s rdznou plasticitou a ilovitych pieskov maju
piléty dizku 9 az 12 m. Pod oporou 1, zaloZzenou na konsolida¢nom
nasype, su piléty prediZzené na 15 m. Vzhladom na vyskyt podzem-
nej vody v hibke 5 a2z 9 m pod terénom sa pildty vftali pod ochra-
nou vypaznice.

Pod zékladmi, ktoré su spolocné pre dvojicu pilierov, je rozmiest-
nenych 12 pilét. Pod kazdou oporou je 7 pildt rozmiestnenych do
dvoch radov. Piléty s navrhnuté na predpokladané sadanie 15 az
20 mm.

V mieste opory 1 dosahuje nasyp vysku 9,5 m. Z dévodu znizenia
Ucinkov naslednych sadani podlozia bol na tomto mieste v predsti-
hu nasypany konsolida¢ny nasyp. V celej oblasti je podlozie spevne-
né strkopieskovymi pilétami s priemerom 0,60 m.

V mieste opory 13 md nasyp mocnost iba 4,5 m, ten dalej rychlo
klesa. Okolo tejto opory nebolo nevyhnutné prijat dalsie opatrenia
na obmedzenie sadania.

Opory pozostavaju z Ulozného prahu, zaverového murika a kridel.
Ulozny prah s hrabkou 1,30 az 1,60 m je ulozeny na pilétach.

Piliere maju tvar Sestuholnika so zékladnymi pédorysnymi rozmer-
mi 1,60 X 1,20 m. Ich vy3ka sa pohybuje od 8,83 m pri Ceredriovom
potoku do 4,95 m pred prelozkou cesty.

Na pilieroch aj oporach sa uvazovalo o moznosti umiestnenia lisov
na vyskovu rektifikaciu loZisk pred dokon¢enfim mosta.

Nosna konstrukcia je na vsetkych podporach uloZzend na hrnco-
vych loziskach. Uprostred mosta su pevné loziska. S ohladom na eta-
povitost vystavby sa v prvej montovanej casti pouZili loziskd s docas-
nou fixaciou.

Nosna konstrukcia

Na kazdy dopravny smer je navrhnutd samostatnd mostna konstruk-
cia s 12 polami z prefabrikovanych tycovych nosnikov DPS VP-1 04 so
skladobnou sirkou 1,60 m. Na maximdlne rozpatie 31 m su navrh-
nuté nosniky s vyskou 1,40 m. Spolu 8 nosnikov na 3irku mosta je
spriahnutych Zelezobeténovou doskou s hribkou 0,22 m.

Predpdté nosniky sa vyrabaju z betonu C 45/55. Predpinaju sa
kombinovanym predpatim. V prvej faze sa pri uvolneni nosnikov
z formy aktivuju land, posobiace v priamom smere. Po dvoch az Sty-
roch tyzdnoch sa nosniky na sklddke dopnu zdvihanymi kdblami, zlo-
Zenymi zo Styroch 1&dn typu monostrand. Vietko predpaétie prebieha
iba v jednotlivych nosnikoch, neprechadza cez podporu. Nad pod-
porou pdsobi prierez ako Zelezobeténovy.

www.inzenyrske-stavby.cz

Obr. 3 Stavba pilierov
Fig. 3 The pier’s construction

The abutment consists of a pile cap where the beams are placed,
wall stem and wings. Pile cap with the thickness from 1.30 to 1.60 m
is founded on piles.

The piers have a hexagonal cross-section with dimensions
1.60 x 1.20 m. Height of piers ranges from 8.83 m by Cere$novy
stream to 4.95 m before the relocation of road 1/65.

At the piers as well as at the abutments there was considered the
possibility of placing the jacking devices for the height adjustment
of bearings before completion of the bridge.

The superstructure is placed on pot bearings at all supports. In the
middle of the bridge there are fixed bearings. With regard to stages
of construction the superstructure was placed on bearings with tem-
porary fixation during first construction stages.

Superstructure

A separate bridge structure is designed for the each traffic direction.
It has 12 spans and consists of prefabricated beams DPS VP-04 | with
compositional width of 1.60 m. Beams with height of 1.4 m are de-
signed for the maximum span length of 31 m. The total of 8 beam
per the width of the bridge are connected with reinforced concrete
slab. Its thickness is 0.22 m.

Precast pre-stressed beams are made of concrete C 45/55. A com-
bination of pre-tension and pre-stress is used. In the first phase
when beams are taken out of the mold, they are pre-tensioned with
straight pre-tension tendons. After two or four weeks the beams at
a landfill are pre-stressed with the curved tendons, which consists of
four monostrands.

All pre-stress tendons go only form one end of the beam to the
other and is not crossing the support diaphragm. The structure acts
only as a reinforced concrete above the support.

The assembly of both bridges started at Zvolen abutment. At the
first stage three spans on the left bridge and four spans on the right
one was constructed. In subsequent stages, the right bridge was
completed first and the left one as second.

Obr. 4 Priecny rez nosnou konstrukciou
Fig. 4 Cross-section of the superstructure
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Obr. 5 Montaz nosnikov
Fig. 5 Installation of beams

Montaz oboch mostov prebieha po etapach od zvolenskej opo-
ry.V prvej etape sa zmontovali tri polia lavého a Styri polia pravého
mosta. V dalsich etapéch sa postupne dokoncil najprv pravy a po-
tom lavy most.

Pri montazi sa nosniky ukladaju na prefabrikované prie¢nikové
dosky, ktoré sui ako nahrada debnenia pri betonézi spriahnuté s be-
ténovanym priec¢nikom. Tieto prefabrikované dosky sa pouziju nad
piliermi aj oporami.

Pocas vystavby sa vyhodnocuju deformacie jednotlivych nosnikov
a ich vyvoj od betonaze az po uloZenie do konstrukcie. Za prisnych
podmienok dosahuju skuto¢né deformécie odchylky v hodnotach
vzopétia £20 mm, ¢o zodpoveda hodnotdm uvazovanym v projekte.

Vypocet

ZaloZenie mosta bolo navrhnuté programovym systémom Geo5. Pild-
ty boli posudzované pomocou limitnej zatazovacej krivky modulom na
vypocet pilét so zohladnenim vplyvu skupinového pdsobenia pilét.

Nosna konstrukcia bola posudena programom RIB na vypocet
plo3nych prvkov. Vo vypocte sa okrem hodnotenia Unosnosti sledo-
vali aj deformécie v roznych ¢asoch vystavby, ktoré maju velky vplyv
na konecny tvar konstrukcie. Stavba ma povolené vyskové odchylky
od projektu iba £5 mm. Preto bolo nutné priebezne aktualizovat de-
formdacie v zavislosti od upravovanych ¢asov vystavby.

Samotny nosnik sa sledoval v réznych statickych Stadiach - od
uvolnenia z formy pri aktivacii prvej asti predpatia cez dopnutie
nosnikov pomocou zdvihanych kablov z monostrandov po dvoch
tyZzdiioch aZ po uloZenie do konstrukcie.

Prislusenstvo

Vozovkové suvrstvie tvori penetracne adhézny asfaltovy nater ako
podklad na asfaltové natavovacie pdsy s polyesterovou vystuznou
vlozkou s ochrannou vrstvou z asfaltového betdnu ACO 11- v hrib-
ke 45 mm. Ochrana izolacie pod chodnikmi je z druhej vrstvy asfal-
tovych pasov Foalbit s hlinfkovou vystuznou vioZkou. Obrusna vrstva
vozovky na moste je z modifikovaného asfaltového koberca SMA 11
s hribkou 40 mm. Na oboch koncoch mosta st povrchové, vodotes-
né mostné zavery typu Algamod na celkovy posun 320 mm. Na viet-
kych rimsach su zabradlové zvodidld ZSODS1 na uUroveri zadrzania
H2. Ocelové zébradlie s vyskou 1,10 m je na vonkajsich rimsach pri
vonkajsom okraji revizneho chodnika. Vodu z mosta odvadzaju od-
vodriovace Labe do pozdfzneho zvodu. Svahy pri oporéach st dlaz-
dené lomovym kameriom do beténu.

Vystavba

Viystavba celého objektu mala jasnu filozofiu. Postavit ¢o najskor ¢ast

nosnej konstrukcie v mieste krizenia s buducou prelozkou cesty 1/65.
Viystavba prebiehala od opory 13 zaloZzenim a spodnou stavbou

oboch mostov smerom k opore 1. KedZe opora 13 sa nezakladala na

InZinierske stavby / InZenyrské stavby 6/2013

Obr. 6 UloZenie nosnikov na prefabrikované dosky
Fig. 6 Placing the beams on precast panels

When the beams are installed, they are placed on precast pan-
els, which acts as formwork and these are later one connected with
the in-situ concreted crossbeam. These precast panels are used over
piers as well as abutments.

Deformations of beams are assessed in all stages of construction
as well as its development in time. Under the strict conditions the
real deformations of beams camber reaches approx. £20 mm, which
corresponds to the values designed in the project.

Structural Analysis
The bridge foundation was designed using software systems Geo5.
Piles were assessed using the limit load curve with the use of pile design
software module, taking into account the impact of pile group action.

The superstructure has been assessed using RIB, the software
for the surface elements calculation. The limit states of the struc-
ture were assessed by the structural analysis as well as all deforma-
tions in different construction stages, which have a big effect to the
final shape of the superstructure. The Contractor is allowed to de-
viate from the project only £ 5 mm in terms of height. It was there-
fore necessary to continuously update the deformation depending
on the time of construction.

The actual beam is still monitored in various construction stages,
e.g. taking out of the mold, pre-tensioning, pre-stressing with mono-
strands after two weeks and placing in the structure.

Accessories

Pavement layers are made of the adhesive penetration asphalt coat-
ing as a base for asphalt surfacing belts reinforced with polyester lin-
erand with a protective layer of asphalt concrete ACO |- 11 in a thick-
ness of 45 mm. Insulation protection underneath the cope consists
of the second layer of asphalt Foalbit belts reinforced with aluminum
inlay. Surfacing pavement on the bridge is made of modified asphalt,
SMA 11 with a thickness of 40 mm. At both ends of the bridge are
equipped with waterproof surface expansion joint type Algamod. Its
maximum movement is 320 mm. All copes are fitted with safety bar-
rier ZSODS1 with the containment level H2. The outer copes which
contain the auditor path are equipped with 1.10 m high handrail. All
water from the bridge is drained into the Elbe drainer and then into
longitudinal pipeline. The embankment at the abutments are paved
with a quarry stone placed in concrete.

Construction
The bridge construction had a clear philosophy. To build the part of
the structure at the point of crossing of the future relocation of road
/65 as soon as possible.

Construction started at support 13. Thi piles and substructure of
both bridges have been done first. Due to the fact that abutment 13
is not founded on the consolidation mound, the construction pro-

www.inzinierskestavby.sk
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Obr. 7 Pohlad na nosnu konstrukciu s nosnikmi
Fig. 7 View of the superstructure with beams

konsolida¢nom nasype, proces vystavby sa tym urychlil. Nasledne po
vystavbe podpor prvych troch poli lavého mosta a Styroch poli pra-
vého mosta sa postavili podperné konstrukcie zo skruze technoldgie
Breka. Zhotovovatelom bola spolo¢nost STAVBY MOSTOV SLOVAKIA,
a. s, ktord zabezpecovala ulozenie prefabrikovaného prie¢nika nos-
nej konstrukcie plosne po jeho obvode. Tym eliminovala mozné rizi-
ké vzniku trhlin pri zatazeni od nosnikov. Samotnd montaz nosnikov
a proces zmonolitnenia nosnej konstrukcie uz netrvali dlho. Tech-
nolégia umoznovala zhotovovatelovi vykonat betondZ nosnej kon-
strukcie ako spojitého nosnika po etapach vzdy do 1/4 nasledujice-
ho pola v betonaznych taktoch podlfa projektovej dokumentécie. Po
zmonolitneni boli aktivované loziska. Docasna fixacia lozisk na pod-
pere 11 sa zrusila, pretoZe nosnd konstrukcia uz vytvorila spojity nos-
nik nad pevnym loZiskom. Podpernd konstrukcia na dal3iu etapu kla-
denia nosnikov bola vZdy zmontovand v predstihu, takZe vystavba
nosnej konstrukcie prebiehala plynule. Na vystavbu nosnej konstruk-
cie nadviazalo prislusenstvo vratane Uprav ploch pod mostom a sva-
hu cesty 1/65.

Celé technické rieSenie mosta, ako aj technoldgia zhotovovatela
ukazali, Ze zhotovenie tohto typu konstrukcie umoznuje proces vy-
stavby urychlit pri zachovani vietkych technologickych procesov.

Zaver

Stavba mosta sa zacala koncom roka 2009 vitanim pildt, nasledne sa
zhotovovala spodnd stavba. V maji 2010 sa zacala montovat nosna
konstrukcia, ktord bola hotové po 6smich mesiacoch. Za dva roky od
zacatia stavby uz most sluzil verejnosti.

Stavbu celého Useku vykondavalo franctzske konzorcium GRANVIA,
a.s. Most cez Ceredrovy potok postavila spolo¢nost STAVBY MOSTOV
SLOVAKIA, a. s, realizacnt dokumentaciu spracovala firma NOVAK &
PARTNER, s. r. 0. Projekt PPP znacne urychlil vystavbu poslednych
usekov rychlostnej cesty medzi krajskymi mestami Trnava a Banska
Bystrica. Sprevadzkovanie rychlostnej cesty R1 prepojilo banskobys-
tricky kraj s dialni¢nou sietou a naviazalo na seba dialkovd dopravu
z kapacitne nedostacujucej cesty 1/65.

www.inzenyrske-stavby.cz

Obr. 8 UloZenie nosnej konstrukcie na loZiskach
Fig. 8 To save the structure on bearings

cess was accelerated. After the construction of first spans supports,
the construction of supporting scaffolding from Breka has followed.
This scaffolding ensured even support for the precast beam support-
ing panels to eliminate possible risk of cracks in beams under load-
ing. The actual beams installation and in-situ concreting of the cross-
beams did not last long. The used technology allowed the contractor
perform a casting of the structure as a continuous beam in stages al-
ways up to 1/4 of the next span according to the project documen-
tation. After the stage where the structure acts as one piece, all bear-
ings were activated. Temporary fixation of bearing at the support 11
was canceled because the structure has created a continuous beam
of fixed bearing. Supporting structure has always been assembled in
advance for the next stage of placing beams, so that the construc-
tion of the structure proceeded smoothly. The construction of the
superstructure has been followed up with accessory including alter-
ations of the areas under the bridge and bank of the road 1/65.

The whole technical solution as well as the used technology
showed the contractor that the construction of this type of struc-
ture allows to speed up the construction process while maintaining
all technological processes.

Conclusion
Construction of the bridge began in late 2009 by drilling of piles, then
the substructure has been constructed. The assembly of the super-
structure begun in May 2010 and it was completed eight months lat-
er. The whole process until the opening for the public took two years.
French consortium Granvia a.c. was responsible for the construc-
tion of the entire part of R1 motorway. Bridge over Ceresiovy stream
was built by Stavby mostov Slovakia, a.c, realization documentation
by company Novak & partner, Ltd. The PPP project significantly ac-
celerate the construction of last sections of the motorway between
regional cities Trnava and Banska Bystrica. The commissioning of R1
has connected the region of Banska Bystrica with a motorway net-
work and it became used by transit transport instead of previous-
ly used 1/65.
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Rekonstrukce mostu 79,943 trati
Lovosice - Ceska Lipa, 2. stavba

Hlavni &asti dila byla vyména nosné ocelové konstrukce 2. pole mostu nad Udolim Robeéského potoka nedaleko zelezni¢ni stanice
Zahradky. Hlavnim zhotovitelem této stavby byla spole¢nost SDS EXMOST, spol. s r. 0. Vefejnd soutéZ byla rozdélena na dvé stavby, kdy
opravu 1. pole mostu realizovala firma Chladek & Tintéra Pardubice. Plvodni most byl postaven v roce 1898 a sestaval ze dvou nytova-
nych konstrukci a tii kamennych kleneb. Most vede ve 2. poli nad Robec¢skym potokem (jehoz okoli ma charakter mokfadu) a nad skal-
nim ostrohem. Délka nové nosné konstrukce je 42 m a hmotnost 95 tun bez mostniho vybaveni. Vyluka trati pro celkovou stavbu byla
uskute¢néna od 15. 6. 2013 do 18. 8. 2013, pficemz samotna 2. stavba trvala celkem 6 tydnd. Veskerou manipulaci s nosnou konstruk-
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ci provadéla spole¢nost MTEK, s. r. o.

Pvodni ndvrh projektanta (Ing. Ivan Sir,
projektovani dopravnich staveb, a. s.), pocita-
jici s vysunem obou nosnych konstrukci, byl
s ohledem na rozdélenf opravy mostu na dvé
stavby upraven ve spolupraci s firmou PERI,
spol. s . 0. V rdmci nového navrhu se zvolil
unikatni postup, kdy byla nosna konstrukce
navezena na stavajici, zavésena na k tomu
pfipravené portély na pilifi a opéfe a nasled-
né slouzila jako portal pro demontéz stava-
jictho mostu a spousténi jeho ¢asti u paty
pilite.

Portaly na piliti a na opéfe byly s ohle-
dem na zatiZeni a omezeny prostor navrze-
ny z konstrukce Pizmo, ¢astecné vybavené
atypickymi ztuzidly, a umistény na Uloznych
prazich se stojkami vedle lozZisek. Po fadé
Uprav se podafilo docilit uspofaddani porta-
10 tak, aby byla mezi portdlem a nosnou kon-

strukci teoretickd vlle 10 cm z kazdé strany,
coZ postacovalo jak pro bezpecny prijezd
nosné konstrukce portalem na pilifi, tak i pro
jeji nasledné spousténi do pozice.

Portaly byly pfedmontovény v zst. Zahrad-
ky do celkll o hmotnosti asi 1 tuna a pomoci
dvoucestného bagru a vozu Kns13 navazeny
na most a montovany, a to nejprve na ope-
fe a nasledné na 20 m vysokém pilffi. Montaz
na mosté probéhla v necelych 8 dnech, a to
vcetné pripravy hydrauliky a zavést pro za-
véseni nové ocelové konstrukce mostu.

Nakladka nosné ocelové konstrukce, kte-
rou vyrobila spole¢nost DT Mostarna, a. s.,
probéhla 13. 7. 2013 pomoci dvojice mobil-
nich jerabl (Hanys — Jerdbnické préce, s. 1. 0.
v zst. Zahradky na dvojici oplenovych voz(
posunovanych lokotraktorem (CD Cargo,
a.s.). S ohledem na tvar trati (oblouk s pre-

chodnici) a Sitku nosné konstrukce bylo nut-
né opleny dovybavit pfi¢nikem, ktery by
umoznoval nakldpéni konstrukce, a to v fadu
centimetr(. Nejrizikovéjsi ¢asti dopravy nos-
né konstrukce do mostniho otvoru byl prd-
jezd timto portalem a probéhl zcela bez pro-
bléma. Nasledovala domontéz portdlu na
pilifi (jeho uzavfenl), zavéseni celé konstruk-
ce na Ctyfi predpinaci ty¢e Dywidag a odjezd
celého vlaku zpét do stanice. Tim byla prove-
dena méné narocna ¢ast celé operace.

Po demontdzi kolejnic nasledovalo spus-
téni nové konstrukce nad starou a spoje-
ni obou konstrukci pomoci fady zavésd.
S ohledem na omezeny prostor pod mos-
tem, kam bylo mozné dily staré nosné kon-
strukce spustit, jsme v rdmci pfipravy do-
8li k zavéru, ze optimalni pocet dill bude 5
o délce maximalné 10 m. Byly tedy provede-

Montdaz portald

Naklddka nové nosné konstrukce na opleny

Dokoncené portaly

Spusténi dilu staré konstrukce
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Vozik pro spousténi 4. a 5. dilu staré konstrukce

ny celkem 4 pficné fezy staré konstrukce ze
specialniho zavéseného a pojizdného leseni
(PERI). Nésledovalo spousténi dild staré kon-
strukce z pojizdnych vozikd (PERI) v pribéhu
pouhych 8 dn(, a to v¢etné technologickych
prodlev potfebnych k rozfezani a odveze-
ni spusténych dild. Dily byly po zavéseni
na vozik vzdy posunuty k pilifi a spoustény
u paty pilife. Pradce pod mostem byly prova-
dény pracovniky hlavniho zhotovitele. Vlast-

ni spusténi nové nosné konstrukce do pozice
probéhlo spolecné se spousténim posledni-
ho dilu staré konstrukce.

Nésledovalo jiz jen podliti loZisek, demon-
tdz portald, montaz provizornich lavek pro
montaZ Zelezni¢niho svrsku a nasledna mon-
tdz konzol, chodnikl a zabradli. V rdmci této
stavby se podafilo vyfesit fadu zajimavych
technickych problému a zhodnotit tak zku-
senosti nasich spole¢nosti pfi manipulaci

Pohled z portalu na pilifi na spousténou novou nos-
nou konstrukci

s mostnimi konstrukcemi pomoci hydrauliky
a s navrhy specidlnich pomocnych konstruk-
cf ve stavebnictvi.

TEXT: Vaclav Prochazka, Ing. Karel Matéjka
FOTO: MTEK

Véclav Prochazka je jednatelem spolecnosti MTEK, s.t. 0.
Karel Matéjka je vedoucim projektd mosty ve spo-
le¢nosti PERI, spol. sr. o.

manipulace t&Zkymi konstrukcemi hydraulikou
- hmotnosti od desitek po tisice tun

specializace na stavebnictvi
- vysuny a zvedani-mostnich konstrukci

navrh a dodani hydrauliky

- pro standardni i specialni aplikace

opravy a udrzba hydrauliky
- nizkotlaké i vysokotlaké do 70 MPa
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- MANIPULACE TEZKYMI KONSTRUKCEMI HYDRAULIKOU
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Lubomir Hrnciar

Mosty na useku D1 Dubna Skala - Turany
Bridges of D1 Motorway Section Dubna Skala - Turany

Dialni¢ny usek Dubna Skala - Turany bol pripravovany ako su-
Cast balika ¢. 1 PPP projektov na stavbu dialnice D1 v roku 2007.
Tento projekt az do sucasnosti prechadzal dlhodobym vyvojom
a Upravami. Dva roky bol pripravovany do medzinarodnej sutaze.
V maji 2009 bolo vyhodnotené ako vitazné Konzorcium Dopras-
tav, Véahostav - SK, Mota - Engil, Bouygues PT, Colas, Meridiam
a Intertoll, ktoré malo zabezpecit projekt, vystavbu, financovanie
a prevadzku s udrzbou na obdobie 30 rokov. V novembri 2009
bola podpisana zmluva na pripravné prace, ktoré sa ihned zaca-
li. V désledku zintenzivnenia nastupujicej ekonomickej krizy bol
projekt v auguste 2010 preruseny a zastaveny.

Obr. 1 Situdcia
Fig. 1 Situation

Dialnica D1 sa zacina v krizovatke Dubnd Skala, kde nadvazuje na
pripravovany Usek D1 Visnové — Dubnd Skala. Dialnica tu prekracu-
je cestu 1. triedy Zilina — Kosice, Zelezni¢nu trat Zilina — Kogice a Véh,
¢im vstupuje do jeho inundacie medzi riekou a Krpelianskym kana-
lom. Celkova dizka navrhovaného dialni¢ného Useku je 16 450 m.
Bude vybudovany v kategdrii D 26,5/120. Trasa vedie okolo husto
obyvanych ¢asti Turcianskej kotliny, ¢o malo podstatny vplyv na pro-
jektovanie. Dotyky dialnice s obcami a dotknutymi inZinierskymi sie-
tami si vynutili mnozstvo objektov a tri dialni¢né krizovatky.

Tab. Struktura projektu Dubnd Skala - Turany
Tab. The structure of project Dubnd Skala — Turany

The motorway section Dubnd Skala - Turany was being prepared
as a part of the 1** Package of D1 PPP projects in 2007. This pro-
ject has gone through long-term development and adjustments
till present time. For two years it was being prepared to compete
in an international tender. In May 2009 the winner was declared
to be the Consortium of companies Doprastav, Vahostav - SK,
Mota - Engil, Bouygues PT, Colas, Meridiam and Intertoll, which
became responsible for the design, construction, financing and
operation including the maintenance for a period of 30 years. The
Early Works Contract was signed in November 2009 and the works
started immediately after that. Due to intensification of rising eco-
nomic crisis the project was aborted and stopped in August 2010.

This motorway section starts at the Dubné Skala interchange,
where it connects to the D1 Motorway section Visnové — Dubna Ska-
la which is under preparation. The motorway crosses here the Class |
road Zilina — Kosice, the railway line Zilina — Kogice and the Vah river,
entering thus in its flooding area between the river and the Krpeli-
ansky kanal canal. The overall length of proposed motorway section
is 16,450 m. It will be constructed in D 26.5/120 category. The route
bypasses densely populated parts of Tur¢ianska kotlina (The Valley of
Turiec), which has substantially influenced the design. The interven-
tion of motorway with the local municipalities and utilities and ser-
vices resulted in a large number of structures and three interchanges.

Bridge structures
The motorway section Dubnd Skala - Turany consists of 289 structures.
The bridges represent 29 structures and the retaining walls 9 structures.

Substructures of bridges

The Works are situated at the northern boundary of the Turcianska
kotlina valley, the profile of which is formed by the wide fluvial plane
of the river Vdh and its tributaries. The valley represents a tectonic de-
pression among the surrounding core and volcanic mountain ranges.
The depression body is formed by Paleogene and Neogene deposits.
As the motorway route runs through densely populated area affect-

Pocet mostov (ks)/ Dizka mosta/ Plocha mosta/
Technolégia vystavby/ ) m?)

Letma betondz s pevnou skruzou/Balanced cantilevers method with stationary scaffolding

Rémové konstrukcie/Box culverts

Pevna skruz/Stationary scaffolding

Tycové prefabrikaty/Precast steel-concrete girders

Ocelobetonové spriahnuté konstrukcie/Composite steel-concrete structures
Zavesend ocelova lavka/Suspended steel footbridge

Lavka z vysokohodnotného beténu/Footbridge of high-performance concrete

Spolu/Total

3958,6 51337
1 374,3 3778
4 500,93 5479
12 1561 17 801
2 193,18 1396
1 180,4 671
1 86,8 152

6 855,2 80614

Ing. Lubomir Hrnéiar, VAHOSTAV — SK, a. s,, Priemyselnd 6, 824 90 Bratislava, tel: +421 903 451 749, e-mail: lubomirhrciar@vahostav-sk.eu
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Obr. 2 Objekt 205 — pozdizne rezy
Fig. 2 Object No. 205 - longitudinal sections

Struktura projektu
Dialni¢ny Usek Dubné Skala — Turany sa sklada z 289 stavebnych ob-
jektov. Mosty tvoria 29 objektov a oporné mury 9 objektov.

Spodné stavby

Stavba sa nachddza na severnom okraji Tur¢ianskej kotliny, ktord je
profilovand Sirokou Udolnou nivou Vahu a jeho pritokov. Kotlina
predstavuje tektonicku depresiu medzi okolitymi jadrovymi a vulka-
nickymi pohoriami. Vyplr kotliny tvoria sedimenty paleogénu a neo-
génu. KedZe trasa dialnice prechddza husto obyvanou oblastou, po-
znac¢enou vystavbou priehrad a kandlov na rieke Vah, nachadzaju
sa pod fou navazky az do hibky 5 m pod hladinou spodnej vody.
Z uvedenych dévodov projektant podla konkrétneho geologického
prieskumu navrhol pre dany objekt rézne typy zakladania mostov —
od ploénych zakladov az po hibkové zakladanie na mikropilétach ale-
bo velkopriemerovych pilétach. Navrh zakladu sa zrealizoval na zakla-
de zataZovacej skusky piléty alebo mikropildty urcenej projektantom.

Nosné konstrukcie

Styri objekty dvoch paralelnych dialni¢nych mostov st navrhnuté
technoldgiou letmej betonédze v kombindcii s predpoliami na pev-
nej skruzi. Su to najdlhsie a klucové objekty na tejto stavbe. Typicky
prierez je na obr. 2.V troch pripadoch technolégia letmej betondze
prekracuje rieku Vah a v jednom pripade Vazsky kanal. Rozpétia hlav-
nych poli st od 80 do 125 m.

Prie¢ne krizovania dialni¢ného nésypového telesa s potokmi
i priechodmi pre divu zver a cez cestné komunikécie do obyvanych
Casti dotknutého Uzemia su navrhované ako rdmové Zelezobeténo-
vé konstrukcie s rozpatiami od 5,30 do 15 m a dizkou v nasype od
29 do 51 m.V projekte je takto navrhnutych 11 objektov. Typické na-
vrhy ramovych konstrukcif zndzormuju obr. 3 a 4.

Styri mosty st navrhnuté na vystavbu technolégiou na pevnej
skruzi. Dva paralelné mosty krizuju cestu |. triedy Zilina - Kogice a dva
sa pripdjaju ako nastupné a vystupné rampy na dialni¢nu estakadu.
Nosné konstrukcie st navrhované ako predpatd Zelezobeténova do-
ska a skrifovy Zelezobeténovy predpéty dvojtramovy nosnik. Rozpa-
tia polf pri predpatych Zelezobeténovych doskach sa pohybuju od
15 do 25 m a pri skrifovom predpétom priereze do 46 m. Konstruk-
cia s predpatou zelezobetdnovou doskou je zndzornend na obr. 5.

Krizovanie dialnice so Zelezni¢nou tratou a cestnymi komunika-
ciami v plnej prevadzke dodavatel navrhol zrealizovat s pouZitim ty-
¢ovych prefabrikovanych predpéatych nosnikov so spriahnutou zZele-
zobeténovou doskou. Tento typ najmenej obmedzoval existujucu
premavku pod nou, kedZe sa nosna konstrukcia budovala zhora. Nos-
né konstrukcia viacpolovych mostov bola navrhnutd ako konstrukcia
spojitého nosnika. Dodévatel vyuZil viastné zavazacie zariadenie na
nosniky az do dizky 42,5 m. Nosniky do dizky 32 m boli vyrobené
z vopred predpatého beténu vo vyrobni prefabrikdtov. Nosniky do
dizky 42,5 m boli vyrobené vo vyrobni zo segmentov a dodato¢ne
spinané na stavbe. Pouzitim zavézacieho zariadenia sa pri dvoch pa-
ralelnych mostoch dosiahla rychlost vystavby 1 pole kazdych 7 dni.
Na obr. 6 je zndzorneny pohlad na viacpolovy most.

Spolo¢nost VAHOSTAV - SK, a. s., v ramci technického rozvoja po
Uspesnych normovych skuskach a skuskach spracovatelnosti vy-
sokohodnotného betdnu triedy C 95 navrhla v spoluprdci s firmou
PROJSTAR - PK; s. 1. 0, odlahceny prierez lavky pre pesich na objek-

ed by the construction of weirs and channels on the river Vah , there
are dumps and made-up grounds situated under the route reach-
ing as deep as 5 m under the groundwater table. For the above rea-
sons the Designer has designed, according to particular geological
survey for the given structure, different types of bridge foundations
from spread foundations to deep foundations on micropiles or large-
diameter piles. The substructure design has been prepared in accord-
ance with pile or micropile test loading defined by the Designer.

Superstructures of bridges

Four structures of two parallel motorway bridges are designed to be
constructed by balanced cantilevers method in combination with the
zones adjacent to the main span (forefields) on stationary scaffolding.
These are the longest and the key structures within this construction
project. The typical cross section is shown in Fig. 2. In three cases the
balanced cantilever method spans the river Vah and in one case the
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Obr. 3 Objekt 228 — navrh rdmovej konstrukcie
Fig. 3 Object No. 228 — box culvert design
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Obr. 4 Objekt 214 — ndvrh rdmovej konstrukcie
Fig. 4 Object No. 214 — box culvert design
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Obr. 5 Objekt 210 - konstrukcia s predpétou Zelezobeténovou doskou
Fig. 5 Object No. 210 — construction with prestressed reinforced-concrete slab
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Obr. 6 Pohlad na viacpolovy most — pozdizne rezy
Fig. 6 View of the bridge - longitudinal sections

KANTORSK POTOK E

te 216 tejto stavby (obr. 7). Podrobnejsi opis tohto objektu je v samo-
statnom prispevku.

Zaver

Po komplikovanom vyvoji bola v juli 2011 vyhldsend verejnd medzi-
ndrodnd sutaz na projektovu pripravu a vystavbu tohto dialni¢né-
ho uUseku podla ZItej knihy medzindrodnych zmluvnych podmienok
FIDIC.V decembri 2011 podpisali zdstupcovia spolo¢nosti VAHOSTAV
- SK, a. s, s objednavatelom NDS, a. s, zmluvu na dodéavku. Ako ne-
zavisly dozor na tejto stavbe bola urcend spolo¢nost INFRAPROJEKT,
s. 1. 0. Za generdlneho projektanta stavby si spolo¢nost VAHOSTAV —
SK vybrala spolo¢nost DOPRAVOPROJEKT, a. s., Bratislava. V sucasnos-
ti je stavba vo vysokom $tadiu rozpracovanosti. Zmluvny termin do-
koncenia stavby je stanoveny na december 2014.

ZEL.STANICA  SUCANY

SUCANY

ZEL. STANICA

il A e e
Obr.7 Objekt 216
Fig. 7 Object No. 216
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Vézsky kanal canal. The length of main spans ranges from 80 to 125 m.
The transverse crossings of motorway embankment with brooks,
passages for wild animals and roads leading to inhabited zones of
the area affected are designed to be constructed as reinforced-con-
crete box culverts with spans in the range from 530 to 15 m and
the length within the embankment from 29 to 51 m. There are 11
structures proposed in the project to be constructed by this method.
Typical designs of box culverts are shown in Fig. 3 and 4.

Four bridges are designed to be constructed by the method when
the superstructure rests on stationary scaffolding. Two parallel bridg-
es are crossing the Class | road Zilina - Kosice and two are connect-
ing to motorway flyover as entry and exit ramps. The superstructures
are designed to be constructed as prestressed reinforced-concrete
slab and prestressed reinforced-concrete double-T hollow-web gird-
er. In case of prestressed reinforced-concrete slabs the spans length
is in the range from 15 to 25 m and in case of prestressed double-
webbed cross section to 46 m. The structure with prestressed rein-
forced-concrete slab is shown in Fig. 5.

The crossings of motorway with the railway and roads without any
traffic restrictions have been designed to be constructed by using
beam-shaped precast prestressed steel-concrete girders with com-
posite steel-concrete slab. This type of structure had the least impact
on existing traffic below it, since the superstructure was constructed
from above. The superstructure of multi-span bridges was designed
as a construction of continuous girder. The Contractor made use of its
own launching device for girders with the length of up to 42.5 m.The
girders with the length of up to 32 m were produced of prestressed
concrete in precast members casting plant. The girders with the length
of up to 42.5 m were produced in production plant of segments and
subsequently coupled at the site. By using the launching device the
construction rate achieved in case of two parallel bridges was one
span every 7 days. The Fig. 6 shows the view of multi-span bridge.

Within the scope of technical development, upon successful
standardised tests and workability tests of class C 95 high-performance
concrete, the company VAHOSTAV- SK, a. s, has proposed, in cooperation
with the company PROJSTAR - PK, s. 1. 0, a cellular section of pedes-
trian overpath on structure 216 of this project (Fig. 7). The more in-
depth description of this structure is presented in a separate report.

Conclusion

Following the complicated development of this project there was
an international public tender announced in July 2011 for the De-
sign and Construction of this motorway section according to the
Yellow Book of FIDIC conditions of contract. In December 2011 the
company VAHOSTAV - SK, a. s, had signed the Works Contract with
the Employer — the Slovak National Motorway Company (NDS). The
company that has been appointed to perform the position of an
Independent Engineer for this project is INFRAPROJEKT, s. r. 0. The
company chosen by VAHOSTAV - SK to act as the Chief Designer
of the project is DOPRAVOPROJEKT, a. s, Bratislava. At present the
Works are at an advanced stage of completion. The contractual date
of completion of the Works has been set to December 2014.

www.inzinierskestavby.sk
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Lubomir Hrnciar

Priprava a realizacia objektu 201 stavby Dubna Skala - Turany
Preparation and Erection of Structure 201 of the
Dubna Skala - Turany Motorway Construction Project

Dominantou uUseku stavby Dubna Skala - Turany, dlhého
16 450 m, je paralelny most 201. Lavy most ma dizku 894,78 m
a pravy most 871,61 m. Mostny objekt bezprostredne nadvazuje
na predchadzajuci usek dialnice za vychodnym portélom tunela
Vi$nové, prechadza ponad hlavnu cestu na trase Zilina - Poprad,
ponad dvojkolajovi Zelezni¢nu trat Zilina - Kosice, nasledne pod
20-stupfiovym uhlom krizuje rieku Vah a kon¢i sa na nasype dial-
ni¢ného telesa v inundacii rieky Vah v ochrannom pasme Narod-
ného parku Mal4 Fatra (obr. 7).

Obr. 1 Pohlad na most 201
Fig. 1 View of the bridge No. 201

The dominating structure of 16,450 m long section of the Dub-
na Skala - Turany motorway construction project is, because of
its length, the parallel bridge - the project part (structure) N° 201.
The left bridge is 894.78 m long and the length of the right bridge
is 871.61 m. The bridge structure connects directly to the contig-
uous motorway section at the eastern portal of the Visiové tun-
nel, passes over the Class | road on the Zilina - Poprad route, over
the double-track railway line Zilina - Kosice, then crosses the riv-
er Vah in 20 degrees angle and it ends in the motorway embank-
ment in the river Vah flooding area (Fig. 7).

The Design for the issuance of Building Permit prepared in 2008
was illogical and very complicated. The structure was transversal-
ly divided - segmented - into three parts of which the third part
was overlapping with another construction project. The reason why
the Designer had prepared such Design was the vague definition of
the Visnové tunnel portal exit grade line. From the statics point of
view the bridge was designed to be formed by two movement-ena-
bling construction units, when one part of the first construction unit
was reaching into another structure being designed by other Project
Team. According to the initial design the tunnel construction was
to be already completed and the motorway interchange with long
flyover was to connect to the tunnel eastern portal with no differ-
ence in grade line elevation. After discussions lasting several years
and the approval procedure it has been agreed that the portal grade
line is invariable. The first construction unit was designed to be con-
structed as a continuous girder with spans observing the location
and alignment of roads, all existing and planned overhead and un-
derground utilities and services, up to the railway line. The second
construction unit was designed also to be constructed as a continu-
ous girder with the largest spans as long as 105 m.

In 2008 there was a new design of this bridge prepared within
PPP projects for this motorway section. After discussions and new
requirements of the Waterway administrating authorities and the
Railways of the Slovak Republic, the requirements presented by
them have been taken into account. These concerned positioning
of bridge foundations farther from railway embankment and elim-
ination of one pier from the river bed in order to increase the dis-
charge flow at floods. Taking the requirements into account, in case
of a continuous structure of the second movement-enabling con-
struction unit, resulted in extending the main span over the river Vah
to 125 m and the remaining spans were designed to have the length
from 45 to 55 m. The starter part of the first construction unit still be-
longed to another structure. Through the negotiations with the Con-
tractor for the adjacent structure it has been agreed that the length
of spans of the first construction unit will remain as defined by the
approved Documentation for Building Permit. The Early Works, part
of which were also the bridge design discussion and approval pro-
cedures, began in October 2009. There were even five bridge foun-
dation structures constructed within the river flooding area as part

Ing. Lubomir Hrnéiar, VAHOSTAV — SK, a. s,, Priemyselnd 6, 824 90 Bratislava, tel: +421 903 451 749, e-mail: lubomirhrciar@vahostav-sk.eu
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Projekt na stavebné povolenie z roku 2008 bol nelogicky a velmi
komplikovany. Objekt bol rozdeleny prie¢ne na tri ¢asti, z ktorych tre-
tia ¢ast dokonca zasahovala do inej stavby. Projektanta k takému na-
vrhu viedlo nejasné vyskové vyustenie portalu z tunela Visrové. Most
bol staticky navrhnuty z dvoch dilata¢nych celkov, pricom jedna cast
prvého dilata¢ného celku zasahovala do inej stavby, ktord riesil iny
projektovy tim. Podla pévodného névrhu mala byt stavba tunela uz
vybudovand a krizovatka s dlhou estakddou sa mala plynule napojit
na vychodny portdl tunela. Po niekolkoro¢nych diskusidch a schva-
lovacom procese sa dohodlo, Ze niveleta portélu je nemenna. Prvy
dilatacny celok bol navrhnuty ako spojity nosnik s polami respektu-
jucimi polohy komunikacif, vietkych jestvujucich a buducich inZi-
nierskych sieti po zelezni¢nu trat. Druhy dilatacny celok bol navrhnu-
ty tiez ako spojity nosnik s najvacsimi polami az 105 m.

V roku 2008 bol spracovany novy navrh tohto mosta v ramci PPP
projektov pre tuto sekciu. Po diskusidch a novych poZiadavkéch
spravcovia toku rieky Vah a Zeleznice Slovenskej republiky zohlad-
nili predlozené poziadavky, z ktorych vyplynulo oddialenie zdkladov
mosta od Zelezni¢ného telesa, vylucenie jedného piliera z koryta rie-
ky pre zvysenie prietokov pri povodniach. Zohladnenim poZziadaviek
sa pri spojitej konstrukcii druhého dilatacného celku zvacsilo hlav-
né pole ponad rieku Vah na 125 m a ostatné polia boli navrhnuté
od 45 do 55 m. Zaciato¢na ¢ast prvého dilatacného celku patrila stéa-
le do inej stavby. Rokovanim s dodéavatelom nadvézujlcej stavby sa
dohodlo, Ze rozpatia poli prvého dilatatného celku ostant v zmysle
odsuhlasenej dokumentécie na stavebné povolenie. V oktébri 2009
sa zacali pripravné prace, ktorych sucastou bolo aj prerokovanie
a schvélenie projektu mosta. Dokonca sa vybudovalo pét zakladov
v inunddcii rieky na druhom dilatatnom celku. V auguste 2010 bol
pre ekonomicku krizu cely PPP projekt zastaveny a zruseny.

V juli 2011 bola vyhldsend verejnd medzindrodna sutaz na projek-
tovu pripravu a vystavbu podla Zltej knihy medzindrodnych zmluv-
nych podmienok FIDIC. Spolo¢nost VAHOSTAV -SK, a. s., v sttaZi us-
pela a v decembri 2011 zacala odznova pripravovat dokumentaciu
na realizaciu stavby, ktord zahfiala aj vybudované zaklady a zjedno-
teny prvy dilata¢ny celok.

Spodna stavba

Obijekt je situovany v udolnej nive rieky Vah. Koryto bolo v tychto
miestach z dévodu vystavby vodného stupnia Lipovec a privodného
kanala prelozené. Pri zakladani objektu na lavej strane rieky sa pod

Pozdlzny rez/Longitudinal section

g

Obr. 3 Stojky vyrobené z prirubovych ocelovych rir vyplnenych Zelezobeténom
Fig. 3 The supports are made of flanged steel pipes filled with reinforced concrete.
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Obr. 2 Mostny objekt 201
Fig. 2 The bridge No. 201

of the second construction unit. In August 2010 the whole PPP pro-
ject was stopped and aborted due to economic crisis.

In July 2011 an international public tender was announced for
the Design and Construction according to the Yellow Book of FID-
IC conditions of contract. The company VAHOSTAV - SK won the ten-
der and in December 2011 it re-started to prepare the Construction
Drawings that include also the existing foundations and the unified
first movement-enabling construction unit.

Bridge substructure

The bridge is situated within the river Vah fluvial plain, where the riv-
er bed has been diverted in these places due to the construction of
the Lipovec weir complex and the head-water channel. While lay-
ing the structure foundations on the left side of the river we encoun-
tered, under the top layer of landfill, nearly three meter thick layer
of soft fine-grain clayey suspension with unsatisfactory load-bearing
capacity, the hydropic consistency of which depended on varying
level of groundwater table. This layer was formed in an abandoned
gravel pit where there was a washer of crushed stone from the near-
by rock quarry installed in the past and upon completion of con-
struction works the terrain was levelled. Within the flooding area of
right side of the river we encountered within the foundations area
the remains of foundations of the former site facilities and of quarry
stone stockyards from the times of construction of the Vah River Cas-
cade. These new facts substantially influenced the foundations de-
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navazanou hornou vrstvou narazilo na takmer tri metre hrubd neu-
nosnu vrstvu jemnej ilovitej suspenzie. Miera vodnatosti jej konzis-
tencie zavisela od kolisavej vysky hladiny spodnej vody. Tato vrstva
vznikla vo vytazenom Strkovisku, kde bola v minulosti umiestnend
pracka kameniva z nedalekého kameriolomu a po skonceni vystav-
by bol terén upraveny. V inundacnom Uzemi pravej strany rieky sa
v priestore zékladov narazilo na zvysky zékladov byvalého zariadenia
staveniska a sklddok lomového kamena z obdobia vystavby Vazskej
kaskady. Tieto nové skuto¢nosti podstatne ovplyvnili ndvrhy zakla-
dania, a preto sa navrhlo niekolko typov zaloZenia objektu. V inun-
ddcii na pravej strane rieky je navrhnuté plo3né zakladanie, v koryte
rieky a umelo vytvorenych vrstvach na favej strane je navrhnuté hib-
kové zakladanie pomocou pilét s velkym priemerom. Na zékladoch
urc¢enych projektantom sa vykonala zatazovacia skuska Unosnosti za-
kladovej Skdry a penetracnd skuska alebo zataZovacia skuska pildty.

Nosna konstrukcia

Nosnd konstrukcia sa sklada z dvoch dilata¢nych celkov dlihych 419
a 453 m. Je navrhnutd ako spojita konstrukcia z predpatého betdonu
C 45/55. Rozpétia poli st od 38 do 125 m. Na usporiadanie rozpati
mali okrem vyssie spomenutych ndrokov vplyv aj poziadavky envi-
ronmentélnych zdruzeni, ktoré sa vyjadrili k programu Natura 2000.
V suvislosti s migraciou medvedov prebiehali emotivne diskusie
s environmentalistami, ktori poZadovali rozmiestnenie pilierov v za-
vislosti od pristupového koridoru k rieke. Statikom komplikovala na-
vrh technoldgie aj poziadavka spravcu toku na tvar a plochu docas-
nej stabiliza¢nej podpory — na rozpatie 125 m. Projektant navrhol na
najvhodnejsie hydraulické prudenie s najmensim vzdutim hladiny
Styri kruhové stojky ukotvené do zakladu a s rozpernym systémom
umiestnenym nad hladinou storo¢nej vody. Stojky su vyrobené z pri-
rubovych ocelovych rdr vyplnenych zelezobeténom. Na zjedno-
dusenie montaze su rozdelené podla hmotnosti a spajané ocelo-
vymi skrutkami, takze su pouZitelné aj pri inych objektoch (obr. 3).
Nosna konstrukcia sa realizuje dvoma technolégiami. Rozpatia do
60 m sU postavené na statickej skruZi a vacsie rozpdtia sa stavaju
technoldgiou letmej betonaze. KedZe nosna konstrukcia prechadza
nad elektrifikovanou Zelezni¢nou tratou, nemohli sa navrhnut rdmo-
vé stojky alebo vrubové kiby, ktoré znemoznuju potrebnl katédo-
vU ochranu.

Zaver

Po niekolkorognych diskusidch o umiestneni prvej opory vzhladom
na vyjazd z tunela Visriové a vyskovej stabilite portalu sa v juni 2012
schvdlila realiza¢nd dokumentdcia daného objektu. Realizaciu kom-
plikovalo neukoncené majetkové vyrovnanie tykajice sa pozemkov
v toku prelozenej rieky a v inunddcii z ¢ias vystavby priehrady a vod-
ného kanala Lipovec. V oktébri 2012 sa dokoncil zapis tychto pozem-
kov do katastra nehnutelnosti, vdaka ¢comu sa na objekte mohli zacat
stavebné prace. V sucasnosti je most v pokrocilom $tadiu rozostava-
nosti. Termin dokoncenia celej stavby je december 2014,
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signs. Because of the abovementioned reasons there are therefore
various types of foundations proposed. Spread foundations are de-
signed to be constructed within the flooding area on the right side
of the river. Deep foundations by means of large-diameter piles are
designed to be constructed within the river bed and in man-made
courses on the left side. The foundations specified by the Designer
were submitted to test loading of pit bottom bearing capacity and
to penetration test or to pile loading test.

Bridge Superstructure

The bridge superstructure is formed by two movement-enabling con-
struction units with the length of 419 and 453 metres. It is designed to
be constructed as a continuous structure of class C 45/55 prestressed
concrete. The superstructure spans length is from 38 m up to 125 m.
In addition to the abovementioned requirements the spans arrange-
ment was influenced also by the requirements of environmental as-
sociations giving statements regarding the Natura 2000 programme.
Because of the bears migration there were emotive discussions taking
place at presentation of environmentalists' requirements regarding
the spacing of piers for the approach corridor to the river. The structur-
al engineers’ design of bridge construction method was complicated
also by the requirement of the water-course administrating authori-
ty with regard to the shape and area of temporary stabilizing support
for 125 m long span. To provide for the optimal hydraulic flow with
the smallest rise of water level the Designer has proposed four circular
supports anchored in the foundation with the strutting system posi-
tioned above the Q100 water level. The supports are made of flanged
steel pipes filled with reinforced concrete. To make the erection sim-
pler they are divided by the weight and jointed by steel bolts, which
makes them usable also for other structures (Fig. 3). The bridge su-
perstructure is being constructed by two construction methods. The
spans with the length up to 60 m are erected on stationary scaffold-
ing and the longer spans are being constructed by balanced cantile-
vers method. Since the bridge superstructure passes over the electri-
fied railway track there could be neither frame columns nor notched
hinges disabling the necessary cathodic protection designed.

Conclusion

After discussions on positioning the first pier, with respect to the exit
from the Visrové tunnel and the portal’s stability from the grade line
point of view, which lasted several years, in June 2012 the Construc-
tion Drawings of the given structure were approved. The implemen-
tation was complicated by unsettled property rights to plots within
the water course of the diverted river and within the river flooding
area from the times of construction of the weir and the Lipovec wa-
ter canal. In October 2012 the inscription of these plots in the real
estate registry was terminated, which enabled that the construc-
tion works on the structure could have commenced. At present the
bridge is at an advanced stage of completion. The deadline for com-
pletion of the whole Works is December 2014.
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SPOJENIE, KTORE VYDRZI GENERACIE

ANALAS

SLOVAKIA

ALAS SLOVAKIA, s.r.o.

Polianky 3357/23, 841 01 Bratislava
tel.: 02/6920 4011, fax: 02/6920 4009
e-mail: info@alas.sk

KAMENOLOMY: STRKOVNE: BETONARNE:
Solosnica Vysoka pri Morave Bratislava — Polianky
LoSonec Bratislava-Petrzalka Bratislava - Petrzalka
Trstin Pusté Ulany Senec

Kamenec nad Vtaénikom Komjatice

Hontianske Trssany — Hrondin Okoc

Kechnec

Trnava — Chovatelska
Trnava - Prielohy

www.alas.sk

Forma na mostny nosnik

Prestavitelnd forma na mostné nosniky

Forma pozostava z viacerych tvarovo odlisnych Casti, ktoré umoziuji vyrobu
Zelezni¢nomostnych nosnikov.

Forma je prestavitelnd, vdaka tomu je mozné vyrabat mostné nosniky

s roznymi tvarmi a velkostami. Dizka formy: 30 m

Veterna elektraren

Jednotlivé betdnové segmenty si namontované na seba a potom navzdjom
stiahnuté ocefovymi lanami.

Celkovd vyska: 98 m

Menovity vykon: 1800 KW

Beténovanie

Na zadkladovd dosku sa namontujti vonkajsie a vniitorné debnenia.

Vy3ka debnenia je 3,95 m.

Debnenia sti z prepravnych ddvodov vyrobené v dvoch polovickdch.
Vytvéracia plocha: plech, 8 mm

Betonovaci vozik

Zariadenie sa pouziva na letmd betondz nosnych telies. Ide o rychlu

a progresivnu technolégiu uréent na vystavbu mostov vysokej kvality.
Konstrukcia je zavesend na zarodok nosného telesa, z ktorého sa plynule
na obidve strany, pomocou debnenia, zabezpecuje profil telesa samotného
mosta. Konstrukcia je vyrdbana z profilovanej ocele a vytvaracie plochy

sti z plechu. Zavesenie je rie3ené cez 3pirélové tyce, posun je zabezpeceny
pomocou hydraulickych valcov a 3pecidlnych lozisk. Uvedenym zariadenim
sa budoval most Lafranconi v Bratislave, cast dialnice Skalka — Nemsova.

Debnenie mostnych pilierov

Debnenie pilierov dialnicného obchvatu Bratislava
Priemer: 4 000 mm, vy3ka pilierov: od 8 do 12 m

MOIltOStI'Oj, a.S., Pol'na 4, 903 01 Senec, tel.: 02/40209915, e-mail: montostroj@montostroj.sk

www.inzenyrske-stavby.cz
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Prefabrikovana lavka z vysokohodnotného beténu
Precast Footbridge made of High Performance Concrete (HPC)

Jednou z vyznamnych ciest zvySenia Zivotnosti a trvanlivosti be-
ténovych mostnych konstrukcii je aplikdcia vysokohodnotné-
ho beténu (VHB). Aplikdcia VHB ma svoje opodstatnenie najma
pri vyrobe tycovych prefabrikatov na mosty a estakddy s malymi
rozpatiami poli (asi do 45 m) a segmenty pri mostoch s velkymi
a strednymi rozpatiami. Na rozdiel od staveniskovych podmienok
mozno vo vyrobniach prefabrikdtov dosledne uplatnit systémy
kvality vyroby Cerstvého betdnu, ako aj vysoku kvalitu vyroby sa-
motnych prefabrikatov.

Vrokoch 2011 az 2012 prebiehala v spolo¢nosti VAHOSTAV-SK, a. s.,
vyvojové Uloha pod ndzvom Aplikdcia vysokohodnotného beténu
pri vyrobe Zelezobeténovych a predpéatych prefabrikdtov. Hlavnym
cielom ulohy bolo overit moznost vyroby tychto typov betdnu a vy-
branej produkcie prefabrikdtov v redlnych podmienkach technické-
ho vybavenia vyrobne prefabrikatov dcérskej firmy VAHOSTAV-SK —
PREFA, s. 1. 0., Horny Hricov. Zodpovednym riesiteflom projektu bola
firma PROJSTAR - PK, s. . 0, ktord pri rieseni Ulohy velmi Uzko spolu-
pracovala s technickym Gsekom firmy VAHOSTAV-SK a pracovnikmi
vyrobne prefabrikétov.

Obr. 1 Priprava vzoriek na mechanické a reologické skusky
Fig. 1 Preparation of samples for mechanical and rheological tests

One of the most effective ways to increase the life and durabili-
ty of concrete bridge constructions is to apply high performance
concrete (HPC). Application of HPC makes sense especially for
the production of precast beams, components of beam-and-slab-
bridges and viaducts with small span range (up to about 45 m)
and precast segments of medium and long span bridges. Unlike
at a construction site at a precast component manufacturing site
the quality system for production of fresh concrete can be care-
fully applied, as well as the process for manufacturing quality pre-
cast components.

In 2011 and 2012, the company VAHOSTAV-SK, a. s,, launched a de-
velopment project titled Application of high performance concrete in
the manufacturing of reinforced and prestressed precast components.

The main objective of this project was to verify the possibility of
production of mentioned concrete and selected production of pre-
cast components in real conditions, and hardware conditions of
VAHOSTAV-SK — PREFA, s. 1. 0., Horny Hri¢ov - a subsidiary compa-
ny that produces precast components. The principal investigator of
the project was the company — PROJSTAR - PK; s. 1. 0, and to solve
the tasks cooperated very closely with the technical department of
VAHOSTAV-SK, a. s. and technical staff of precast yard.

doc. Ing. Milan Chandoga, PhD., PROJSTAR - PK, s. 1. 0, Nad Dunajom 50, 841 04 Bratislava, tel.: +421 2 65422432, e-mail: milan.chandoga@stonline.sk
Ing. Andrej Pritula, PROJSTAR - PK; s. 1. 0., Nad Dunajom 50, 841 04 Bratislava, tel.. +421 2 65422432, e-mail: andrej.pritula@gmail.com

Ing. Lubomir Hrn¢iar, VAHOSTAV - SK, a. s., Priemyselnd 6, 824 90 Bratislava, tel: +421 903 451 749, e-mail: lubomir.hrnciar@vahostav-sk.eu

Ing. Branislav Kovalik, VAHOSTAV-SK — PREFA, s. 1. 0., 013 42 Horny Hricoy, tel.: +421 41 5059911, e-mail: bkovalik@vph.sk

Ing. Jozef Dugel, VAHOSTAV-SK — PREFA, s.1. 0, 013 42 Horny Hricov, tel.: +421 41 5059911, e-mail: jdugel@vph.sk

Ing. Jaroslav Motlik, VAHOSTAV-SK — PREFA, s. 1. 0, 013 42 Horny Hri¢ov, tel: +421 41 5059911, e-mail: jmotlik@vph.sk
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Viyvojové Uloha bola rozdelena do Styroch riesitelskych etép:

e vyvoj a laboratérne overenie receptir VHB,

e ndvrh vyrobnych postupov a ¢innosti zarucujucich komplexnu
aplikaciu VHB,

e skusobna vyroba a overenie Uzitkovych vlastnosti vybraného typu
vyrobkov,

o Studia technickej aplikacie vyrobkov zVHB v mostnom stavitelstve.

Vyvoj a laboratérne overenie receptur VHB

Cielom tejto riesitelskej ulohy bolo definovanie vstupnych kompo-
nentov, vyber vhodnych surovin, ndvrh vhodnych receptur s cielo-
vou pevnostnou triedou C 80/95 a vykonanie zakladnych skusok
pozadovanych vlastnosti. Vyroba a kontrolné skusky mechanickych
a reologickych vlastnosti vzoriek z navrhovanych receptur sa realizo-
vali v skisobni prefy. V prvej etape rieSenia sme sa zamerali na hla-
danie vhodnej skladby kameniva, pricom boli zohladnené aj obsta-
ravacie naklady vratane dopravy. Pri vyrobe Cerstvého beténu boli
davky cementu CEM 42,5 R a prisad (mikrosiliky, plastifikdtora) rov-
naké, vodny sucinitel sa pohyboval v rozpati 0,25 az 0,31. Kontrolova-
la sa spracovatelnost a pevnost beténu po 18,42 h a 28 drnoch. Vlast-
nosti sa doladovali len pri vybranych receptdrach. Pri ich vybere sa
okrem vyhovujucich vlastnosti zvaZzovala aj cena vstupného mate-
ridlu. V skusobni prefy a Technického a skusobného Ustavu staveb-
ného (TSUS) sme vykonali tieto skusky: kockovd pevnost a modul
pruznosti pre 14 h, 24 h, 48 h a 28 dni, ¢asovy priebeh dotvarova-
nia a zmrastovania, odolnost povrchu beténu proti pdsobeniu vody
a CHRL, maximalny priesak vody a mrazuvzdornost. Pri pociato¢nych
skuskach betonu C 80/95 XC4, XD3, XF2 bola dosiahnuta priemerna
pevnost betdnu v tlaku a modul pruznosti Rb/Eb takto: po 2 drioch
48,5 MPa/31,5 GPa a po 28 drhoch 94,0 MPa/42,0 GPa.

V tab. 1 s uvedené vysledky kockovych pevnosti typov betonu
vyrobenych podla vyslednej receptury pri hromadnej vyrobe beténu
na prefabrikaty lavky pre pesich v Su¢anoch. Na obr. 2 su porovnané
diagramy volného zmrastovania a dotvarovania vzoriek z vyslednej
receptury beténu C 80/95 XC4, XD3, XF2 s normovymi diagramami.

Skusobna vyroba VHB a overenie uzitkovych
vlastnosti vybraného typu vyrobku

Jednou z podstatnych vlastnosti ¢erstvého beténu z hladiska pou-
Zitelnosti je jeho spracovatelnost. Normové skusky spracovatelnos-
ti v praxi nemusia vzdy postacovat. Preto sme overovali vyslednu
recepturu aj z hladiska kompaktnosti povrchov pri konkrétnom vy-
robku — nosniku typu VPH-PTMN 2010. Skusobny segment dlhy 1T m
bol vybetonovany z beténu C 80/95 XC4, XD3, XF2 zéroven s beto-
nazou standardného vopred predpétého/dodatocne predpatého
(VP/DP) nosnika s dizkou 32 m. Pri vyrobe segmentu bol aplikovany

The developmental task was divided into 4 solving stages:
development and laboratory verification of HPC mix compositions,
design manufacturing processes and activities guaranteeing com-
prehensive application of HPC,

test production and verification of performance of the selected
products,

feasibility study af HPC application in bridge engineering.

Development and laboratory verification of HPC
mix composition

The aim of this task was to define input components, select appro-
priate materials, propose appropriate mix composition that target
the strength class C 80/95, and perform basic tests on required pro-
perties. Production and control tests of mechanical and rheological
properties of samples of the proposed mix compositions were imple-
mented in the production laboratory of precast yard. In the first stage
of solving, we focused on finding a suitable composition of gravel,
while we also took into account providing costs, including transport.

In the production of fresh concrete, the doses of cement CEM 42,5
R and additives (microsilica, plasticizer) were the same. The water
coefficient ranged from 0.25 to 0.31. The workability and strength
of concrete were monitored after 18,42 hours and 28 days. Adjust-
ments were made for the selected mixed compositions.

The choice of acceptable properties was taken into considera-
tion, as well as the price of the input material. In production labora-
tory of precast yard and Building testing and research institute, Zilina,
we performed the following tests: cube compressive strength and
the modulus of elasticity for 14, 24, 48 hours and 28 days; the time
course of creep and shrinkage; the concrete’s surface resistance to
water action and CHRL; maximum permiability; and frost resistance.
During the initial tests of concrete C 80/95 XC4, XD3, XF2 the con-
crete achieved an average concrete compressing strength and mo-
dulus of elasticity Rb/Eb as follows: after 2 days 48.5 MPa/31.5 GPa,
and after 28 days 94.0 MPa/42.0 GPa.

Tab. T shows the results of cube compressive strength of produced
concrete, according to the final mixed composition, for mass pro-
duction of precast concrete parts for a footbridge in Sucany. Un-

Tab.1 Pevnost a modul pruznosti vzoriek z vyslednej receptury
Tab 1 Strength and the modulus of elasticity of samples from the final mix composition

Vypocitany secnicovy
modul pruznosti
(28 dni) (GPa)/

Namerané hodnoty -
28-diiova stredna kockova
pevnost v tlaku (MPa)/

Datum vyroby
vzoriek/

zhodny postup betondZe a zhuthovania ako pri nosniku. Ako vidiet 7.2.2013 99,0 42
na obr. 4, pri prvom overeni receptury R10 bol povrch nosnika posia- 12 e e a2
ty vzduchovymi dutinami. Az dalSou Upravou tejto receptury sa do- — -
siahol pozadovany povrch nosnika (obr. 3). I, 2 AT I il
19.2.2013 105,2 43
21.2.2013 94,2 41
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Obr. 2 Porovnanie nameranych a normovych priebehov zmrastovania a dotvarovania

Fig. 2 Comparison of the measured and EC norm of shrinkage and creep
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J Mosty vo vystavbe

Obr. 3 Podhlad skisobného segmentu ¢. 2 vyrobeny z betonu C 80/95 XC4, XD3, XF2
Fig. 3 Bottom view of test segment No. 2 made of C 80/95 XC4, XD3, XF2 concrete

Aplikacie vyrobkov z VHB v mostnom stavitelstve

Paralelne s vyvojom receptury sa skiimali moznosti efektivneho vyu-
Zitia VHB in situ a pri vyrobe prefabrikdtov. PouZzitie in situ je viazané
na viacero ohranicujucich faktorov, ako su vyrobné moznosti, dopra-
va, prisna technologicka disciplina, su¢asna cena komponentov, niz-
ka podpora zo strany investorov a podobne. Vzhladom na pldnovanu
a prebiehajucu realizaciu dialni¢nych a Zelezni¢nych mostov firmou
Vdhostav-SK sa na aplikaciu VHB vybrali tri typy vyrobkov (obr. 5 aZ 8).

Aplikacia pri mostnych nosnikoch VPH-PTMN 2010
(obr. 5)

Statickd a ekonomickd analyza nosnikov VPH-PTMN 2010 vyrobe-
nych z VHB v terajsich formach ukazala, Ze tdto ndhrada v sucas-
nosti neprinesie podstatnu ekonomickd Usporu a zaroven bude vy-
zadovat nové investicie do technického vybavenia vyroby. Jednou
z vhodnych aplikacii VHB sa ukazuje riesenie problému hrdbky spria-
hajucej zelezobeténovej dosky pri nadmernych vzopétiach predpa-
tych nosnikov vaesich dizok. Na obr. 4 je znazorneny princip pouZitia
VHB in situ v tlacenej oblasti mostného pola.

Vopred predpaté prefabrikaty na masivne doskové
mosty (obr. 6)

Nosniky s oznacenim MD mozno vyrabat z VHB v existujucich formach
na vopred a dodatocne predpaté nosniky typu VPH-PTMN 2010. Po

Obr. 4 Pohlad na povrch segmentu ¢. 1 a 2
Fig. 4 View of segment surfaces No. 1 and 2
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bound sample shrinkage and creep of the final mix composition of
concrete C 80/95 XC4, XD3, XF2 diagrams are compared with stand-
ard EC diagrams in Fig. 2.

The experimental production of HPC and
verification of performance of the selected type
product

One of the essential characteristics of fresh concrete in terms of us-
ability is its workability. In practice, standardized tests of workabili-
ty may not always be sufficient. Therefore, we verified the final mix
composition in terms of surface compactness of a specific product —
beams type VPH-PTMN 2010.

The test segment with length of T meter was made from C 80/95
XC4, XD3, XF2 concrete (final mix composition), while concreting
with a standard pre-tensioned VP/DP 32 m beam. During produc-
tion of the segment, an identical procedure of concreting and com-
paction was applied. As can be seen from Fig. 4, the first verification
of the mix composition R10 beam, the surface was dotted with air
cavities. After further adjustment of this mix composition, the de-
sired beam surface was achieved (Fig. 3).

Application of HPC products in bridge engineering

Parallel to development of the mix composition, possibilities for ef-
fective use of HPC in situ and in the manufacturing of precast com-
ponents was researched. The use of in situ is linked to several limiting
factors such as: manufacturing capabilities, transportation, strict tech-
nological discipline, the current price of mix components, low sup-
port from investors and other sources. Due to planned and ongoing
implementation of road and railway bridges by Vdhostav company,
three products for application of HPC have been selected (Fig. 5 to 8).

Application for bridge beams VPH-PTMN 2010 (ig. 5)

Static and economic analysis of VPH-PTMN 2010 beams made of
HPC in current forms showed that this compensation will not cur-
rently bring significant economic savings and will also require new
investments in technical equipment and modes of production. One
suitable application of HPC is that it is a solution to the problem of
the composite reinforced concrete slab with excessive camber of
pre-tensioned beams of larger lengths. Fig. 4 illustrates the principle
of using HPC in situ in a compressed part of the bridge cross section.

Pre-tensioned precast beams for the massive
bridge decks (Fig. 6)

A beam with an indication MD can be produced from HPC with
existing forms for the pre- and post-tensioned beams of VPH-PT-
MN 2010. Following the imposition of pre-tensioned beams on the
piers, and adding the top and bottom transverse reinforcement, the

S isi ]
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Nosniky VPH-PTMN 2010, dlzka = 30 - 42 m/Girder VPH-PTMN 2010, lenght30 -42m

1. faza - betonéz strednej asti dosky — VHB/1. stage - casting of mid-part of slab - HPC

spriahajtica doska z VHB (v strede tlatend)/reinforced slab — HPC (in compression)

[ J prefabrikovany predpéty nosnik/precast girder [ J

2. faza - betonaz nadpodperovych casti dosky — OB/2. stage - casting of support area slab - RC

spriahajuica doska (tahand)/RC slab (in tension) spriahajuica doska (tahand)/RC slab (in tension)

S

Obr. 5 Koncepcia obmedzeného pouzitia VHB in situ
Fig. 5 The concept of limited HPC in situ usage
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Obr. 6 Vopred predpéty nosnik VPH-PTMN 2010 MD na masivne dosky
Fig. 6 Pre-tensioned beam VPH-2010 MD PTMN for the massive slabs

uloZeni VP nosnikov na podpery a doplneni hornej a spriahajucej vy-
stuZe sa nosniky na stavbe zabeténuju Standardnym beténom. Tech-
nicko-ekonomicka Studia preukazala, Ze tento typ nosnej konstrukcie
je velmi efektivnou ndhradou za masivne monolitické Zelezobeténo-
vé dosky do rozpatia 18 m, vyznacujuce sa velkou pracnostou zho-
tovenia, vysokou spotrebou makkej vystuze a potrebou podperného
debnenia. Minimalizacia mokrych procesov a jednoduché zhotovenie
vedu tiez k zna¢nym ¢asovym Usporam pri ich vystavbe.

Pri vystavbe dialnice D1 Dubna skala — Turany sa na realizaciu vy-
typovalo Sest mostnych objektov (obr. 7). Napriek preukdzatelnej vy-
hodnosti (pre investora aj dodévatela) striktné tendrové podmienky
neumoznili zmenit typ naprojektovanych monolitickych Zelezobeto-
novych dosiek.

Ako vhodna sa ukazala aj ndhrada VP nosnikov na masivne dosky
vystuZzené ocelovymi I-nosnikmi (obr. 7). Pondknuta realizacnd pro-
jektova dokumentécia nebola prijatd najma z dévodu pretrvavajicej
averzie manazmentu ZSR vo¢i predpatému beténu.

Prefabrikované lavky pre pesich
Pri vystavbe dialnic a rychlostnych komunikacif treba postavit viace-
ro lavok pre pesich a cyklistov. V snahe minimalizovat naklady a ¢as
na ich vystavbu navrhol zodpovedny riesitel jednoduchy systém pre-
fabrikovanej konstrukcie ldvky z VHB. Rozhodujucim névrhovym kri-
tériom bol jednoduchy tvar prefabrikatov, ktory mozno beténovat
v drevenej preglejkovej forme s obmedzenou Zivotnostou. Zaklad-
néd koncepcia nosnej konstrukcie Iavky je na obr. 8. Medzipodpero-
vy prefabrikat bude mozné vyrabat ako vopred predpaty az do dizky
32 m. Po dosiahnuti suhlasu investora so zmenou nosnej konstruk-
cie lavky pre pesich na dialnici D1 Dubné skala — Turany, obj. 216-00
v Sucanoch, sa pévodnd monolitickd zelezobetdnova konstrukcia
nahradila Zelezobeténovou konstrukciou — prefabrikovanou zmono-
litnenou na stavbe.

Vdaka pouzitiu VHB bolo mozné zarucit aj vysoku kvalitu povrchov
prefabrikatov.

www.inzenyrske-stavby.cz
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pouZitie na cestné mosty/roadway bridges T pouZitie na Zelezni¢né mosty/railway bridges

Obr. 7 Aplikécie na cestné mosty na dialnici D1 Dubna skala — Turany (obj. ¢. 228-
00) na rozpatie 16 m a zelezni¢ny most (obj. ¢. 42-33-07) PUchov na rozpétie 10 m
Fig. 7 Application for road bridges at D1 DubnaSkala — Turany (No. 228-00) for

a span of 16 m and railway bridge(No. 42-33-07) Puchov for a span of 10 m

povodné riesenie — monolit/
original solution - RC

nové riedenie — segmenty z VHB/new solution
- prefabricated segments made of HPC

Fiilo]

Ly awm wy
prierezova plocha A. = 1,4 m%/
cross-section area A, = 1,4 m?

medzipodperovy prefabrikat dlhy 9 m/
mid-segment, lenght 9 m

prierezova plocha A_= 0,75 m%/
cross-section area A_= 0,75 m?

nadpodperovy prefabrikat dlhy 2,8 m/
support segment, lenght 2,8 m

Obr. 8 Koncepcia prefabrikovanej lavky pre pesich v Su¢anoch
Fig. 8 The concept of a precast pedestrian bridge in Suc¢any

beams are concreted with a standard concrete at the construction
site. Technical, economic studies have shown that this type of bridge
superstructure is a very effective substitute for massive monolithic
reinforced concrete slabs up to the span range of 18 m, which are
characteristic of needing a large amount of work to manufacture,
high consumption of reinforcement, and the need of supporting
formwork. Minimizing wet processes and easy manufacturing leads
to significant time saving during construction.

In construction of the highway D1 Dubné Skala - Turany, 6 bridge
objects were chosen for implementation (Fig. 7). Despite a demon-
stratable benefit (for both the investor and the contractor), strict ten-
der conditions did not allow chang of designed monolithic rein-
forced concrete slabs.

Replacement of VP beams for massive slabs reinforced with steel
I-girders also sounded favorable (Fig. 7). Offered documentation for
project implementation was not accepted, mainly due to the man-
agement of Slovak Railway having a persistent aversion towards pre-
tensioned concrete.

Precast footbridge

When building highways and motor ways in intravilans, it is necessary
to build more bridges for pedestrians and cyclists. In order to mini-
mize costs and time for construction, the principal investigator pro-
posed a simple system that includes HPC precast construction for
the footbridge. A crucial design criterion was a simple shape of pre-
cast components, which can be concreted in the form of plywood
with a limited lifetime. Fig. 8 shows the basic concept of the foot-
bridge’s supporting structure. A precast inter-girder will be pre-ten-
sioned up to a length of 32 meters. After achieving an agreement with
the investor for changing the supporting structure of the footbridge
at highway D1 Dubna Skala — Turany, No. 216-00 in Su¢any, the former
monolithic reinforced concrete structure was replaced by a reinforced
precasted composition, monolithized at the construction site.

Using HPC also guaranteed high quality of precast surfaces.
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Obr. 9 Fotografie z vystavby lavky
Fig. 9 Photographs of the pedestrian bridge construction

Realizacia zelezobetonovej lavky pre pesich

v Sucanoch

Pri zmene projektovej dokumentécie lavky z monolitickej na prefabri-
kovanu spolupracoval riesitel vyvojovej ulohy spolo¢nost PROJSTAR —
PK, s. 1.0, s firmou GEOCONSULT-SK, a. s. Viyroba prefabrikatov (obr. 9)
sa realizovala vo firme VAHOSTAV-SK — PREFA, s. r. 0, Horny Hri¢ov vo
februéri 2013. Nadpodperové a medzipodperové prefabrikaty sa vy-
rabali v dvoch samostatnych forméch. Formy sa skladali z kombina-
cie systémového debnenia a drevenej vyplne, ktord bola oplastend
preglejkou. Betondz sa realizovala v dvoch etapach. V prvej etape sa
vybetdnovala doska. Po 30 minutach od ukoncenia betondze dosky
sa betéonovali boc¢né stienky. Montaz nosnikov sa uskutocnila v mdji
2013. Nadpodperové prefabrikaty sa ulozili na dvojicu hrncovych lo-
Zisk a stabilizovali sa pomocou podpernej veze Peri. Prefabrikaty sa
montovali pomocou kolesového Zeriava. Po stabilizovani vietkych
nadpodperovych prefabrikatov sa ukladali medzipodperové nosni-
ky. Nadpodperova ¢ast sa zmonolitnila beténom C 45/55-XC4, XD1,
XC2. Po dosiahnuti 28-driovej pevnosti boli loziska aktivované a pod-
pery uvolnené. Povrchovu Upravu na lavke tvorf priamo pochddzne
izolacné suvrstvie na baze polyuretdnu s plnidlom a posypom na
protisSmykovu Upravu.

Zaver

Medzi najdblezitejsie realizatné vystupy riesenej Ulohy patri zvliadnu-
tie hromadnej vyroby VHB prefabrikatov, pri ktorej sa pouzili najma
miestne zdroje kameniva. Ekonomika vyroby prefabrikatov z VHB sa
tak stava konkurencieschopnd, najma ak si investori uvedomia aj dal-
Sie pozitiva, ako je napriklad vyssia Zivotnost vyrobkov.
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The implementation of a reinforced concrete
footbridge in Sucany

While changing the project documentation for the footbridge from
monolithic to precasted, principal investigator - PROJSTAR - PK, s.1. 0,
cooperated with GEOCONSULT-SK, a. s. Precast manufacturing (Fig. 9)
was implemented in the company VAHOSTAV-SK — PREFA, s. 1. o,
Horny Hricov during February, 2013. Upper-girders and inter-girders
precasted parts were produced in two separate forms. Forms con-
sisted of a combination of system formwork and wooden panels,
which were sheathed by plywood. Concreting was implemented in
two stages. First, the slab was concreted. After 30 minutes from the
finish of slab concreting, the side beams were concreted. Mounting
of beams was done in May 2013.

Upper-girders precast parts were placed on a pair of pot bearings
and stabilized by the Peri supporting tower. Precast parts were as-
sembled using a carry deck crane. Once stabilized all of the precast
upper-girder components and inter- girder beams were mounted.
Monolithizing of the upper-girder section was done using C 45/55
XC4, XD1, XC2 concrete. After reaching 28 days strength, the bear-
ings were activated and supports were released. Surface modification
was made to the footbridge directly by the walkable insulating strata
based on polyurethane with filler and spreading for non-slip design.

Conclusion

The most important realization ouputs from solving this task is that
local sources of aggregates were mostly used to master mass pro-
duction of HPC precast parts for manufacturing . The economy of
precast manufacturing of HPC becomes competitive particularly if
investors realize other positives such as higher product life.
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Richard Pucek .

Mosty na dialhici D1 v iseku Janovce - Jablonov, . usek
Bridges on the D1 Motorway in Section Janovce - Jablonov, Stage |

Uvedeny Usek dialni¢nej stavby nadvézuje na usek dialnice D1
Mengusovce - Janovce a na konci sa pripdja na Il. Usek dialnice
D1 Janovce - Jablonov, ktory je vo vystavbe. Dizka predmetné-
ho Useku dialnice je 9,0 km a po jeho dobudovani spolu s Il. dse-
kom sa vytvori kompletny dialni¢ny tah D1 od Ruzomberka az po
tunel Branisko.

Trasa dialnice sa za¢ina v krizovatke Spissky Stvrtok, kde sa pripa-
ja na jestvujucu vybudovanu diafni¢nu siet. Dalej pokracuje mimo
zastavanych oblasti okolo obci Spissky Stvrtok, lliasovce a Kurimany.
Predmetny Usek dialnice sa potom konci tesne pred krizovatkou Le-
vo(a, ktord je zahrnutd do dalSieho Useku vystavby dialnice D1. Cha-
rakter Uzemia, ktorym dialnica prechadza, tvoria Levocské vrchy, kde
ma terén pomerne velkud stupajucu a klesajucu tendenciu. Preto sa
tu ¢asto striedaju hlboké zérezy s velkymi ndsypmi a mostnymi ob-
jektmi. Celkovy pocet mostnych objektov na tomto Useku dialnice je
desat, z toho osem je priamo na dialnici a dva objekty prekonavaju
dialnicu formou nadjazdov.

Zakladné charakteristiky jednotlivych mostov

SO 201 Most na dialnici nad vetvou krizovatky

SO 201 Most na dialnici nad vetvou krizovatky (obr. 1) tvori hlavnu
¢ast krizovatky Spissky Stvrtok a prekondva prijazdovu vetvu dialnice.
Mostny objekt je monoliticky, budovany na podpornej priestorovej
skruzi. Nosnu konstrukciu tvorf lichobeznikova Zelezobeténové do-
ska s vy$kou 0,75 m s konzolami. ZaloZzenie mostného objektu je hib-
kové na velkopriemerovych pilétach & 900 mm.

SO 202 Most na dialnici nad §tvrtock)’/m potokom v km 1,478
Daldim mostnym objektom je SO 202 Most na dialnici nad Stvrtoc-
kym potokom v km 1,478 (obr. 2), ktory preklenuje nizke tiahle udo-
lie s jestvujucou nivou Stvrtockého potoka a premostuje polnd cestu
na prilahlé polnohospodarske pozemky vedla dialnice. Ide o $tvor-
polovy mostny objekt, kde nosnu konstrukciu tvori spojity nosnik
s dvojtrdmovym prierezom z predpdtého Zelezobetonu s vyskou

Obr. 1 Most nad vetvou krizovatky
Fig. 1 View of Motorway bridge over the interchange ramp

This section of the motorway construction project connects to the
D1 motorway section Mengusovce - Janovce and at the end in
connects to the Stage Il of the D1 motorway Janovce - Jablonov,
which is under construction. The length of the motorway section
in question is 9.0 km and upon its completion, together with the
Stage I, there will be a complete D1 motorway route provided
from the town of Ruzomberok to the Branisko tunnel.

The motorway route begins at the Spissky Stvrtok interchange,
where it connects to the existing completed motorway network.
Further it continues outside the built-up areas bypassing the munic-
ipalities Spissky Stvrtok, lliasovce and Kurimany. Then the motorway
section in question ends just at the Levoca interchange, which is in-
cluded in the next stage of the D1 motorway construction. The char-
acter of the area being crossed by the motorway is formed by the
Levocské vrchy mountains where the tendency of terrain climb and
slope gradients is quite considerable. That is the reason why deep
cuts often alternate with high embankments and bridges in this area.

The total number of bridge structures within this motorway sec-
tion is 10, of which eight are right on the motorway, and two struc-
tures bridge the motorway in form of flyovers.

Basic characteristics of Particular Bridges

Structure 201 - Motorway bridge over the interchange ramp
Structure 201 — Motorway bridge over the interchange ramp (Fig. )
forms the main part of the Spissky Stvrtok interchange which over-
passes the motorway entrance ramp (slip road). The bridge is con-
structed by in-situ concreting on solid supporting scaffolding. The
bridge superstructure is formed by tapered 0.75 m thick reinforced-
concrete slab with cantilevers. The bridge rests on deep foundations,
on large-diameter piles & 900 mm.

Structure 202 - Motorway bridge over the brook

Stvrtocky potok in km 1.478

The next bridge is the Structure 202 — Motorway bridge over the
brook Stvrtocky potok in km 1.478 (Fig. 2), which overspans the low

Obr. 2 Most nad Stvrtockym potokom
Fig. 2 View of motorway bridge over the brook Stvrtocky potok

Ing. Richard Pucek, VAHOSTAV - SK, a. s, Hlinska 40, 011 18 Zilina, tel: +421 41 5171111, e-mail: richard.pucek@vahostav-sk.sk
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Obr. 3 Most nad dialnicou na ceste 1/18
Fig. 3 View of bridge on the I/18 road over the motorway

Obr.4 Most na dialnici nad lliasovskym potokom pri vysuve
Fig. 4 View of motorway bridge over the brook lliasovsky potok during lauching

Obr. 5 Podpornd konstrukcia mosta nad bezmennym potokom
Fig. 5 View of support structure of the motorway bridge over the unnamed brook

2,4 m, budovany na pevnej podpornej skruzi. Objekt je zalozeny hib-
kovo na velkopriemerovych pilétach & 1 200 mm.

SO 203 Most nad dialnicou na ceste 1/18

Dialnicu v km 1,721 krizuje cesta 1/18, kde sa nachddza SO 203 Most
nad dialicou na ceste 1/18 (obr. 3), ktory prevadza jestvujlcu cestu
I. triedy ponad dialnicu. Mostny objekt je rieSeny ako trojpolovy rdm
realizovany na priestorovej podpernej skruzi. Nosnu konstrukciu tvo-
ri dodatocne predpéata doska s vyloZzenymi konzolami s premennou
hrdbkou od 1,2 do 2,4 m. Zakladanie mostného objektu je plosné
pomocou zelezobetdnovych patiek.

SO 204 Most na dialnici nad polhou cestou

Trasa dialnice potom prechadza v km 2,1 - 4,2 do vysokych nasy-
pov, kde sa v km 3,138 nachadza SO 204 Most na dialnici nad polnou
cestou, ktory prevadza dialnicu ponad polnd cestu a Skalicky po-
tok. Most sa realizuje ako Zelezobetdnova dodato¢ne predpéatéd do-
ska hruba 1,2 m na podpernej skruZi. [de o jednopolovt konstrukciu
s rozpatim pola 25,2 m. Zakladanie mostného objektu je na velko-
priemerovych pilétach & 900 mm.

SO 205 Most na dialnici nad lliaSovskym potokom v km 5,006
Najvacsim mostnym objektom na tomto Useku je SO 205 Most na dialni-
ci nad lliasovskym potokom v km 5,006 (obr. 4), ktory sa realizuje ako do-
datocne predpatd spojita komorova konstrukcia s dsmimi polami vysoky-
mi 3,5 m po celej dizke mosta. Mostny objekt tvoria dva sibezné objekty
s rozdielnou Sirkou nosnej konstrukcie. Na vystavbu mostného objek-
tu sa pouziva technoldgia postupného vysuvania. Zakladanie mostného
objektu je hibkové s kombinaciou velkopriemerovych pilét a mikropildt.

SO 206 Most na dialnici nad bezmennym potokom v km 5,438
Len 0 432 m dalej od tohto mosta sa nachadza SO 206 Most na dial-
nici nad bezmennym potokom v km 5,438 (obr. 5), ktory preklenuje
tiahle Udolie s pévodnou nivou bezmenného potoka. Ide o dva su-
bezné mostné objekty s réznou Sirkou nosnej konstrukcie. Prierez la-
vého mosta tvorf spojity trojtram z dodatocne predpdtého betdnu
s vyskou 2,4 m a pravy most zasa spojity dvojtram s rovnakou vys-
kou. Most sa realizuje na pevnej podpornej skruZi po jednotlivych
etapach. Mostny objekt je zaloZeny na velkopriemerovych pilétach.

www.inzenyrske-stavby.cz

Obr. 6 Pohlad na Zelezobeténovy oblik mosta nad dialnicou na polnej ceste
Fig. 6 View of reinforced concrete arch bridge on the field road over the motorway

stretching valley with the existing flood plain of Stvrtocky potok
brook and bridges the field road to adjacent agricultural land along
the motorway. It concerns a four-span bridge where the superstruc-
ture is formed by a continuous girder of double-T cross section of
prestressed reinforced concrete with the depth of 2.4 m constructed
on stationary scaffolding. The bridge rests on deep foundations, on
large-diameter piles & 1 200 mm.

Structure 203 - Bridge on the /18 road over the motorway
In km 1.721 the motorway is crossed by the 1/18 road where the
Structure 203 - Bridge on the I/18 road over the motorway (Fig. 3),
which carries the existing Class | road over the motorway, is situated.
The bridge represents a three-span box constructed on solid sup-
porting scaffolding. The bridge superstructure is formed by post-ten-
sioned slab with overhangs with the depth varying from 1.2 to 2.4
m. The bridge foundations are shallow, provided by means of rein-
forced-concrete footing.

Structure 204 - Motorway bridge over the field road

Then, in km 2.1 — 4.2 the motorway route passes into high embank-
ments, where in km 3.138 the Structure 204 — Motorway bridge over
the field road, which carries the motorway over the field road and
the Skalicky potok brook, is situated. The bridge is being executed
as a 1.2 m thick post-tensioned reinforced-concrete slab constructed
on supporting scaffolding. It concerns a single-span structure with
the span length of 25.2 m. The bridge foundations are provided by
means of large-diameter piles & 900 mm.

Structure 205 — Motorway bridge over the brook lliasovsky
potok in km 5.006

The largest bridge within this section is the Structure 205 — Motor-
way bridge over the brook Iliasovsky potok in km 5.006 (Fig. 4), which
is constructed as an eight-span post-tensioned continuous box-
section structure with the constant depth of 3.5 m over the whole
bridge length. The bridge consists of two parallel structures with dif-
ferent superstructure width. The bridge is constructed by the incre-
mental launching method. The bridge foundations are deep, provid-
ed by means of a combination of large-diameter piles and injection
piles with small diameter (micropiles).
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Obr. 7 Most nad dialnicou na ceste I11/18165
Fig. 7 View of brigde on the Ill/18165 road the motorway

Obr. 8 Most na dialnici nad potokom Bicir
Fig. 8 View of motorway brigde over the brook Bicir

SO 207 Most nad dialnicou na polnej ceste v km 5,936

Prevadza jestvujucu polnu cestu na prilahlé pozemky ponad dialni-
cu. Realizuje sa ako monolitickd predpéta doska, ktord je podopierana
elezobeténovym oblikom (obr. 6). Doska mé po celej dizke mosta
konstantnu hrdbku 0,50 m a podopiera ju Sest votknutych vnutor-
nych vzpier. Rozpatie oblika je 44,0 m a vzopétie obltka 4,61 m.
Mostny objekt je zalozeny na velkopriemerovych pilétach & 900 mm.

SO 208 Most na dialnici nad Kurimanskym potokom v km 6,650
SO 208 Most na dialnici nad Kurimanskym potokom v km 6,650 pre-
vadza Kurimansky potok pod nasypom telesa dialnice. Nosna kon-
Strukcia je tvorend zelezobeténovou klenbou. Rozpatie klenby je
4,40 m a vzopatie klenby je 1,92 m. Zelezobeténové klenba je vo-
tknutd do zakladovej dosky.

SO 209 Most nad dialnicou na ceste 111/18165

V km 7,290 trasy dialnice sa realizuje SO 209 Most nad dialnicou na
ceste I1/18165 (obr. 7), ktory prevadza cestu lll. triedy ponad budu-
cu dialnicu. Nosna konstrukcia je z predpéatého betonu. Priecny rez je
jednotrdmovy nosnik s vylozenymi konzolami s konstantnym priere-
zom a s vyékou 1,40 m. Zakladanie mostného objektu je hibkové na
velkopriemerovych pilétach & 900 mm.

SO 210 Most na dialnici nad potokom Bicir v km 8,827

Poslednym mostnym objektom na tomto Useku dialnice je SO 210
Most na dialnici nad potokom Bicir v km 8,827 (obr. 8), ktory prekle-
nuje mierne udolie s pévodnou nivou potoka Bicir. Nosna konstrukcia
je rieSend ako spojity nosnik s dvojtrdmovym prierezom s vyloZenymi
konzolami s konstantnym prierezom a vyskou 2,6 m. Zakladanie most-
ného objektu je hibkové na velkopriemerovych pildtach & 1 500 mm.

Zaver
Pri vystavbe mostnych objektov na tomto Useku sa pouZili dve tech-
nolégie vystavby nosnej konstrukcie, ktoré sa Standardne pouZiva-
ju v mostnom stavitelstve. Zlozité v3ak bolo zakladanie jednotlivych
mostnych objektov pre neustéle sa meniacu geoldgiu na celej trase
dialnice. Zhotovovatelom mostnych objektov na tomto Useku dialni-
ce je konzorcium firiem VAHOSTAV - SK, a. s, a Bogl & Krysl, k. s.
Projektovd dokumentéciu na realizaciu stavby (DRS) spracovalo
konzorcium firiem Geoconsult, spol. s r. o, Valbek, s. 1. 0., a HBH pro-
jekt, s. r. 0. Projektovt dokumentéciu na vykonanie prac (DVP) zabez-
pecovala spolo¢nost DOPRAVOPROJEKT, a. s.
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Structure 206 — Motorway bridge over the unnamed brook
in km 5.438

Only 432 m farther from this bridge there is situated the Structure
206 — Motorway bridge over the unnamed brook in km 5.438 (Fig. 5),
which overspans the stretching valley with the existing flood plain of
unnamed brook. It concerns two parallel bridges with different su-
perstructure width. The left bridge cross section is formed by 2.4 m
deep continuous triple-T (three-girder structure) of post-tensioned
concrete and the right bridge is formed as a continuous double-T
(twin-girder structure) of constant depth. The bridge is constructed
on stationary scaffolding stage by stage. The bridge rests on founda-
tions provided by means of large-diameter piles.

Structure 207 - Bridge on the field road over the motorway
in km 5.936

The bridge carries the existing field road to the adjacent land over
the motorway. The bridge is being executed as prestressed slab con-
structed by in-situ concreting method supported by reinforced-con-
crete arch (Fig. 6). The slab is constant over the whole bridge length,
with the thickness of 0.5 m, and it is supported by six embedded in-
ner struts. The arch span is 44.0 m and the arch camber is 461 m.The
bridge is resting on foundations provided by means of large-diame-
ter piles & 900 mm.

Structure 208 — Motorway bridge over the brook
Kurimansky potok in km 6.650

Structure 208 — Motorway bridge over the brook Kurimansky potok
in km 6.650 carries the Kurimansky potok brook under the motorway
embankment. The bridge superstructure is formed by reinforced-
concrete vault. The vault span is 440 m and the vault camber is 1.92
m. The reinforced-concrete vault is embedded in foundation slab.

Structure 209 - Bridge on the [1I/18165 road over the
motorway

In km 7.290 of the motorway route there is under construction the
Structure 209 - Bridge on the 1l/18165 road over the motorway
(Fig. 7), which carries the Class Ill road over the planned motorway.
The bridge superstructure is constructed of prestressed concrete.
The cross section is formed by a single-boom girder with over-
hanging cantilevers of constant section with the depth of 1.40 m.
The bridge foundations are deep, by means of large-diameter piles
& 900 mm.

Structure 210 - Motorway bridge over the brook Bicir

in km 8.827

The last bridge within this motorway section is the Structure 210
- Motorway bridge over the brook Bicir in km 8.827 (Fig. 8), which
bridges the slight valley with the existing plain of the Bicir brook.
The bridge superstructure represents a continuous double-T section
girder with overhanging cantilevers of constant section with the
depth of 2.6 m. The bridge foundations are deep, by means of large-
diameter piles & 1 500 mm.

Conclusion
There were two superstructure construction methods used at the
construction of bridges within this motorway section which are used
in bridge construction industry as a standard. However the compli-
cated part of the project was the construction of foundations of indi-
vidual bridges due to constantly changing underground conditions
along the whole motorway route.

The Contractor for the bridges within this motorway section is the
consortium of companies VAHOSTAV - SK, a. s, and Bagl&Krysl, k. s.

The design documentation in the Construction Drawings stage of
documents submission was elaborated by the consortium of com-
panies Geoconsult, spol. sr. o, Valbek, s. r. 0. and HBH projekt, s. r. o.
The design documentation in the Detail design stage of documents
submission was provided for by the company DOPRAVOPROJEKT, a. s.
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Tatiana Melova — Milan Sistek \ﬁ\

Dialnica D1 Janovce - Jablonov, I. usek km 0,000 - 9,000

205-00 Most na dialnici nad Iliasovskym potokom v km 5,006 D1
D1 Motorway Janovce - Jablonov, I. section from 0,000 to 9,000 km
205-00 Motorway bridge over lliasovsky Creek in 5,006 km of D1

Motorway

V sticasnosti prebieha vystavba nového useku dialnice D1 Janov-
ce - Jablonov, ktory je stucastou dialni¢ného tahu D1 Bratislava
- Zilina - PreSov - Kosice - hranica s Ukrajinou. Dialni¢ny most
205-00 zloZeny z dvoch samostatnych konstrukcii premostuje
lliaSovsky potok a Udolie. Ide o spojity komorovy nosnik s 6smi-
mi polami, monoliticky, z dodato¢ne predpétého betdnu. Ob-
sahom prispevku je technické rieSenie mosta a vystavba nosnej
konstrukcie technoldégiou postupného vysuvania.

Viystavba mosta 205-00
The bridge construction

Mostny objekt v km 5,006 I. tseku dialnice D1 Janovce - Jablonov
prevadza komunikéciu kategdrie D26,5/100 a je vedeny vo vyske
maximalne 28,3 m nad terénom. Most sa nachadza v PreSovskom
kraji a je situovany v extravilane severne od obce Iliasovce.

Na vystavbu I. Useku dialnice D1 Janovce - Jablonov vybral in-
vestor (Narodna diali¢nd spolo¢nost, a. s.) vo verejnej sutazi do-
davatela Zdruzenie Janovce — Jablonov, ktoré tvoria spolo¢nosti
VAHOSTAV - SK, a. s, a BOGL a KRYSL, k. s. Realizacia tohto Useku dial-
nice sa uskutoc¢nuje metddou podla Cervenej knihy FIDIC. Zhotovo-
vatelom mostného objektu 205-00 je spolo¢nost BOGL a KRYSL, k. s.,
a dodavatelom technoldgie vysivania je spolo¢nost MAX BOGL
z Nemecka. Vysuv nosnej konstrukcie mosta sa zacal v auguste 2012
a datum ukoncenia jej vystavby je september 2013.

Realizdcia mosta prebiehala podla dokumentécie na ponuku
z roku 2008, ktoru spracovala projekéna kanceldria VALBEK, s. 1. o,
Bratislava. V priebehu vystavby sa na spresnenie detailov a technolo-
gie spracovala dokumentécia na vykonanie prac, na ktorej spolupra-
covali projekené kanceldrie NOVAK & PARTNER, s. r. 0, Praha a VAL-
BEK, s.r. 0., Bratislava.

First section of D1 Motorway Janovce - Jablonov is being con-
structed now. It is part of D1 motorway Bratislava - Zilina - Pre3ov
- Kosice - Ukraine border. Motorway bridge number 205-00 con-
sists of the two separated bridges over creek and valley. It is
a continuous reinforced post-tensioned box girder with the eight
spans. The content of this contribution is a technical solution and
bridge erection by gradual launching.

The bridge structure carries communication width of 26,5 m and
it is guided in maximum height of 28,3 m above the ground. The
bridge is located in PreSov region and it is situated in a countryside,
northerly from the village lliasovce. The contractors are VAHOSTAV —
SK, a. s, and BOGL and KRYSL, k. s. The erection of this motorway sec-
tion is carried out by the method of "FIDIC Red Book". Contractor of
the bridge is BOGL and KRYSL, k. s, and launching technology suppli-
er is MAX BOGL from Germany. Launching of the bridge was started
in August 2012, and the expected date of its completion is Septem-
ber 2013. The realization documentation was processed by design
office VALBEK,; s. . o.

Characteristics of the bridge
The bridge has a length of 407,4 m and free width of 15,250 m (left
bridge) + 11,750 m (right bridge).

The grade line of communication decreases in a constant longitu-
dinal gradient of 1,23 %. Pavement on the bridge has one-way cross
slope of 2,5 % falling to the left side of the bridge.

Superstructures of the two separated parallel bridges are de-
signed as prestressed concrete box section with spans 40,5 +
6 % 54,0 + 40,5 m. Substructure consists of two abutments (1 and 9)
and seven pairs of internal slender pillars (2, 3, 4, 5, 6, 7 and 8).
The structure is found on deep large-diameter piles and micro-piles.
The superstructures are supported by using neopot bearings.

Foundation of the bridge

The foundations of all piers were designed on large-diameter piles
& 1,2 m. The basis for getting the right results was geological sur-
vey and the fact that the bridge is located in the area with frequent
earthquakes. Only deep foundation can transfer horizontal forces
that may arise from the potential earthquake and launching of the
superstructure.

During the implementation of earthworks, there were found dif-
ferences in expected positions of individual geological layers. There
were encountered wrinkled layers of sandstone at the base level of
foundations, what led to inability to realize the projected large-di-

Ing. Tatiana Melovd, VALBEK, s. 1. 0, Kutuzovova 11, 831 03 Bratislava, tel.: +421 2 44643077, e-mail: melova@valbek.sk
Ing. Milan Sistek, NOVAK & PARTNER, s. r. 0, Perucka 2481/5, 120 00 Praha 2, Ceské republika, tel.: +420 2 21592066, e-mail: sistek@novak-partner.cz

InZinierske stavby / InZenyrské stavby 6/2013

www.inzinierskestavby.sk



Charakteristika mostného objektu

Most s dizkou premostenia 403,2 m mé volnd &irku 15,250 m (favy
most) + 11,750 m (pravy most). Smerovo je most v prechodnici la-
vostranného obluka s polomerom 2 750 m, vyskovo niveleta ko-
munikécie klesé v konstantnom pozdiznom sklone 1,23 % v smere
stani¢enia. Vozovka na moste ma jednostranny prie¢ny sklon 2,5 %

s klesanim na lavu stranu mosta.

Nosné konstrukcie oboch samostatnych subeznych mostov st na-
vrhnuté ako predpaté beténové s jednokomorovym prierezom s roz-

patim poli 40,5 + 6 X 54,0 + 40,5 m.

Spodnu stavbu tvoria dve krajné opory (1 a 9), na ktoré nadvazu-
ju rovnobezné kridla a sedem dvojic vnutornych Stihlych pilierov (2,
3,4,5,6,7 a8). Mostny objekt je zalozeny hibkovo na velkopriemero-
vych pilétach a mikropildtach. Nosné konstrukcie su na spodnu stav-

bu uloZzené pomocou hrncovych loZisk.

Zalozenie mosta
V dokumentacii na ponuku bolo zaloZenie vietkych podpier mosta

navrhnuté hibkovo na vefkopriemerovych pilétach & 1,2 m, opre- Opora 9 favého mosta

tych do urovne skalnych hornin R3 — R2 alebo votknutych v horni-
néach R4. Podkladom na riesenie boli vysledky inZinierskogeologické-
ho prieskumu a skuto¢nost, ze most sa nachadza v oblasti s ¢astym
vyskytom zemetrasent: 7° — 8° MSK-64 (7° — 8° EMS-98). Len hibkové
zaloZenie je schopné preniest vodorovné sily, ktoré vzniknd pri moz-
nom zemetraseni a pri vysuve nosnej konstrukcie.

Pri realizacii zemnych prac a prvych velkopriemerovych pilét sa
oproti predpokladom zistili rozdiely v polohach jednotlivych geolo-
gickych vrstiev. Boli narazené zvrasnené vrstvy pieskovcov R2, R3 na
Urovni zékladovej Skéry, v désledku ¢oho nebolo mozné realizovat
projektované velkopriemerové piléty. Po dopinkovom geologickom
prieskume projektant navrhol alternativnu metédu zalozenia na mik-
ropilétach. Zmena zakladania sa tykala podpier 1 az 6 a 8, pri ktorych
nebola redlna moznost previtat profilom & 1,2 m polohy pieskov-
cov. Unosnost zaloZenia sa overila statickymi zatazovacimi skiskami
vzdy na jednej systémovej mikropildte pod zdkladom a jednej nesys-
témovej velkopriemerovej piléte v mieste zakladu piliera 7.

Velkopriemerové pildty pod krajnou oporou 9 su navrhnuté v sklo-
ne 1:10 od zvislice na lepsie prenesenie zna¢nych vodorovnych sil
od vysuvu do podlozia.

Vyrobna lamiel nosnej konstrukcie, ktord je situovand za oporou 9,
sa zakladala hlbkovo na velkopriemerovych pilétach @& 1,2 m.

Priecny rez v strede rozpatia/Typical cross-section

Abutment no. 9 - left bridge

Vyrobna lamiel za oporou 9 pravého mosta
The segment factory situated behind abutment no. 9

Priecny rez v mieste piliera/Cross-section over the pillar

Vzorovy priecny rez
Typical cross section

www.inzenyrske-stavby.cz
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Hydraulické lisy na opore 9, systém zdvihni — posur
Hydraulic presses on abutment no. 9 - "lift-launch" system

Spodna stavba mosta
Krajné opory st navrhnuté ako masivne monolitické zo Zelezobeto-
nu. Su rieené ako spolo¢né pre oba mostné pasy a vzajomne su od
seba oddilatované skarou. Sucastou opor su Zelezobetdnové Uloz-
né prahy, zaverné muriky, rovnobezné kridla a plentovacie stienky.
Tvar opory 9 je vzhladom na nutnost prevziat vodorovné sily, ktoré
na nu pdsobia pocas vysuvu nosnej konstrukcie, oproti Standardom
upraveny. Zaroven je navrhnuté jej provizérne prikotvenie do podloZia
pomocou Sikmych zemnych kotiev (6 + 6 ks). Kazda kotva je zloze-
né zo Siestich 1an 15,5 mm z ocele 1 570/1 770, ktorych pozadovana
unosnost je 750 kN. Takto prikotvend opora je schopna preniest vo-
dorovné zatazenie od vysuvu. Po ulozeni oboch nosnych konstrukcif
na loZiskd sa vietky zemné kotvy deaktivovali a ich vnutorny priestor
sa zainjektoval. Na ulozny prah opory 9 je pod stenami komorového
prierezu provizérne ulozené vysuvné zariadenie. Vodorovna vysuvna
sila je prendsané cez specidlny ocelovy pripravok do zaverného mu-
rika. Tento pripravok sa vloZil do debnenia pred betondZou mdrika.
Stredné podpory tvori sedem dvojic vnutornych stihlych pilierov
(2,3,4,5,6,7,8) s lichobeznikovou hlavou zo Zelezobetédnu, ktoré su
vybetdnované na zakladové bloky. Pédorysny tvar pilierov je vpisany
do obdfznika s rozmermi 2,2 x 4,2 m s plynulym rozéfrenim v hornej
¢asti na 2,8 x 6,5 m. Hlavy pilierov maju vysku 4,0 m. Na hornej plo-
che pilierov su vybeténované ulozné bloky, ktoré sa vyuzivaju aj po-
¢as vysuvu konstrukcie, ked su na nich uloZené provizérne vysuvné
klzné bloky. Po vysuve sa nosna konstrukcia nadvihne lismi umiest-
nenymi vedla loZiskovych blokov, vloZia sa loziskd a na ne sa uloz
nosna konstrukcia. S ohfadom na nutnost preniest velké lokélne za-
tazenie na povrchu hlav pilierov je v tychto miestach zosilnend beto-
narska vystuz. Piliere st z betdnu C 30/37.

Nosna konstrukcia mosta

Nosna konstrukcia pravého, ako aj lavého mosta realizovana z beté-
nu C 35/45 je navrhnuté ako jednokomorovy prierez s konstantnou
vyskou 3,5 m so sikmymi stenami a vylozenymi konzolami. Sirka nos-
nych konstrukcii je 17,05 m (lavy most) a 13,550 m (pravy most). Vo-
dorovnd spodnd doska komory méa konstantnu sirku 6,3 m pre oba
mosty. Steny komory nosnej konstrukcie maju hribku 0,5 m (v favom
moste su steny v nadpodporovych oblastiach rozsirené na 0,6 m),
hrdbka spodnej a hornej dosky je 0,55 m, respektive 0,3 m (v stred-
nej Casti). Nad vnutornymi podporami je vytvoreny nadpodporovy
prie¢nik so Sirkou 1,0 m a nad oporami so sirkou 1,8 m. Steny komo-
rového prierezu su v mieste prie¢nikov nad vnutornymi piliermi roz-
Sirené na celu vyéku kotevnymi prahmi s hribkou 0,60 m na dizku
1,50 m — na kotvenie zdvihanych predpinacich kdblov. Nosna kon-
Strukcia bude definitivne uloZena pohyblivo na loZiska na oboch kraj-
nych oporach a na piliere. Pevné ulozenie bude na pilieroch 4 a 5.
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Pripojenie vysuvného ndstavca na lamelu 1
The connection of launching "nose" on segment no. 1

ameter piles. After an additional geological survey, the designer has
proposed an alternative foundation method based on micro-piles.
Change of the foundation concerned supports from 1 to 6 and 8.
Foundation bearing capacity was verified by static tests on one mi-
cro-pile under the real foundation and one large-diameter pile in
place of pillar 7.The segment factory is founded on deep large-diame-
ter piles @ 1,2 m, and it is situated behind the abutment number 9.

Substructure of the bridge

The abutments are designed from massive monolithic reinforced
concrete. They are designed as mutual for both bridges and sepa-
rated by a vertical joint. Shape of the support number 9 is designed
to take big horizontal forces, because of the launching of the super-
structure. The launching hydraulic devices are provisionally put un-
der the walls of the chamber and lay on the cross beam of abutment
number 9. Horizontal sliding force is transmitted through a special
steel element to back wall. This element was inserted to the form-
work of the back wall in advance. Intermediate supports consist of
seven pairs of internal slender pillars (2, 3,4, 5,6, 7, 8). Ground shape
of pillars is inscribed into a rectangle with dimensions of 2,2 x 4,2 m.
The pillar head is 4,0 m high. After pushing out the superstructure
to right position, the structure will be lifted by hydraulic presses and
after that the bridge will be placed on final bearings. The pillars are
made from concrete class of C 30/37.

Superstructure of the bridge

The superstructure of the both bridges is realized from concrete class
of C 35/45. It is designed as a one chamber box section with con-
stant height of 3,5 m, inclined walls and sided cantilevers. The width
of the deck slab is 17,05 m for left bridge and 13,550 m for right
bridge. The horizontal bottom slab has a constant width of 6,3 m for
both bridges. Chamber’s walls are 0,5 m thick (on the left bridge are
walls above the support areas extended to 0,6 m). The thickness of
the bottom and top slab is 0,55 m, respectively 0,3 m (in the central
part). Design of cross-section shape is based on need to make su-
perstructure as light as possible and also simplify external and inter-
nal formworks.

The superstructure of each bridge consists of 15 segments. Length
of segment is 27,0 m. Cross-section shape varies according to the lo-
cation along the structure.

Segment no. 1 is atypical in shape because of the connection
to steel structure on its face. The extension consists of two solid
steel | — beams, and it has a length of 354 m. Only superstructure
is prestressed by cables with cohesion. Strands have a diameter of
15,7 mm and the cross-sectional area of 150 mm?. Lay out of ten-
dons is proposed according to construction stages of the bridge,
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Nosna konstrukcia kazdej polovice mosta je zloZzend zo spolu 15
lamiel. Lamely maju diZku polovice rozpatia vnutornych pol, t. j.
27,0 m. Lisia sa svojim tvarom podla umiestnenia v nosnej konstruk-
cii. V3etky lamely nad vnutornymi podporami su rovnaké, obsahuju
priecniky so zosilnenim stien okolo nich a zosilnenie hribky spodnej
dosky v celej svojej $irke na 0,55 m na dfzke 8,0 m od osi uloZenia.
Na rovnaku df#ku st rozéirené aj steny lavého mosta. Medzipodpo-
rové lamely maju hrdbku stien a dosiek v celej svojej dizke nemen-
nu. Koncové lamely maju podporovy priec¢nik umiestneny na kraji
lamely.

Lamela ¢ 1 je atypicka svojim tvarom z dévodu napojenia nosne;j
konstrukcie na ocelovy nadstavec. Nadstavec tvoreny z dvoch plnos-
tennych I-nosnikov ma dizku 35,4 m, vyéku na zaciatku 1,2 m a na
konci 4,65 m. Na prenesenie silovych tGcinkov v skdre medzi ocelo-
vym nadstavcom a nosnou konstrukciou su navrhnuté predpinacie
tyce (40 ks), ktoré su zakotvené do zosilnenych stien a kotevnych
blokov lamely nosnej konstrukcie. Steny prierezu nosnej konstrukcie
s na zaciatku prvej lamely zvysené o 1,10 m monolitickymi beténo-
vymi blokmi s dfzkou 1,8 m a $irkou 1,3 m, do ktorych st zakotvené
vodorovné a zvislé tyce.

Nosnd konstrukcia je predopnutd len sudrznymi kablami. St na-
vrhnuté land s priemerom 0,62" a s prierezovou plochou 150 mm?.
Material 1an je Ls & 15,7 mm — St 1 620/1 860. Vedenie kablov zodpo-
veda predpokladanému postupu vystavby mosta, t. j. vystavbe vysu-
vanim. Na etapy vystavby je navrhnuté centrické predpatie sudrzny-
mi kablami. Tieto kéble budu v konstrukcii posobit aj v definitivnom
stave. Kéble budu spojkované v pracovnych skérach medzi jednot-
livymi lamelami, v kazdej skdre vsak bude spojkovana len polovica
kablov, druhd polovica bude prechddzat do dalsej lamely. Po dokon-
Ceni vysUvania mosta bude nosné konstrukcia predopnuta zdviha-
nymi kablami, prechddzajucimi v stendch komorového prierezu. Za-
kladné centrické predpétie je v kazdej polovici mosta uskuto¢nené
8 kdblami z 19 1an a 4 kdblami z 12 1dn v hornej doske a 4 kablami
z 19 1&n a 2 kdblami z 12 1an v dolnej doske. Toto zakladné centric-
ké predpdtie je pri pociatocnych lameldch posilnené dalsim pred-
patim zlozenym z 2 x 3 kablov z 12 1&dn uloZenych v stenach. V kraj-
nych poliach vedu v kazdej stene zdvihané tri kdble, vo vnutornych
poliach v kazdej stene styri kdble. V3etky zdvihané kéble su zlozené
z 19 1dn. Vzhladom na velké vyloZenie konzol lavej nosnej konstruk-
cie bolo v hornej doske navrhnuté prie¢ne predpétie tvorené su-
drznymi 4-lanovymi kablami. Vzdialenost kablov v pozdfznom sme-
re mosta je 1,0 m.

PrisluSenstvo mosta

Mostny zvrsok tvoria celomonolitické rimsy, do ktorych je osadené
ocelové zébradlové zvodidlo s Uroviiou zachytenia H2 a zabradlie
(na vonkajsich strandch mosta). Voda z mosta je odvedend mostny-
mi odvod®ovacmi, ktoré st zatstené do pozd(zneho potrubia. Na vy-
rovnanie dilatacnych rozdielov st navrhnuté mostné zavery schopné
preniest celkovy posun 240 mm (opora 1) a 320 mm (opora 9). Ko-
mory nosnych konstrukcii su vybavené osvetlenim a je tu instalova-
né vedenie inzinierskych sieti dialnice.

Vystavba mosta

Ako uZ bolo uvedené, vystavba nosnej konstrukcie mosta prebie-
ha metddou postupného vystvania bez pomocnej medzipodpory
po pddorysnej ndhradnej kruznici. Viysvanie prebiehalo smerom od
opory 9 do kopca so stupanim 1,23 %. Vystval sa najskor favy most
a nasledne pravy. Metdda spociva v realizacii jednotlivych lamiel vo
vyrobni, ktord je situovana stabilne pocas celej vystavby za krajnou
oporou. Vo vyrobni prebieha nastavenie debnenia, vystuzovanie, be-
tonaz lamiel a ich predopnutie centrickym predpatim. Kazdé lamela
je zhotovena vo dvoch fazach. V prvej faze sa vyhotovi dolna doska
spolu so stenami, v druhej fdze hornd doska.

Kld¢om k Uspesnej realizacii vysuvu je presny navrh a realizacia
vyrobne. Vyrobfa na nasypovom telese zalozend hibkovo mé dfzku
32,6 m a jej sucastou je aj medzilahld podpora medzi oporou a vy-
robriou potrebna pri vysuve prvej a poslednej lamely. Viysuvna dra-
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Klzné loziska s bo¢nym vedenim na pilieri
The sliding bearings and lateral guides on pillar

Pohlad na most 205-00
The general view on the bridge

which means construction method by launching. During the erec-
tion phases are used centric prestressed cables with cohesion. These
cables will be functional also in the final state. Cables will be coupled
in construction joints between individual sections. Only half of the
cables will be coupled in each construction joint. The second half
will go through to the next section. After completion of the bridge
launching process, the superstructure will be prestressed by cables
in the walls. Due to the length of sided cantilevers on the left bridge,
there was designed transverse prestressing in the deck slab. The dis-
tance between tendons is 1,0m in the longitudinal direction of the
superstructure.

Bridge accessories

The bridge accessories consist full monolithic cornices, steel crash
barriers and railings (on the outer sides of the bridge). Water is
drained from the bridge by a drainage system that is connected into
the longitudinal drain pipe. There are designed joints able to pass
the total displacement 240 mm (abutment 1) and 320 mm (abut-

75



76

ha z ocelovych zvarovanych nosnikov je osadena na Zelezobeté-
novych stendch vyrobne. Tie su priec¢ne spojené Zelezobeténovymi
prie¢nikmi. V stendch vyrobne boli nad zékladom vynechané otvory
na priec¢ny presun vyrobne a debnenia nosnej konstrukcie z lavého
mosta na pravy. Debnenie je uloZené na prie¢nych ocelovych nos-
nikoch v hornej ¢asti stien vyrobne. V prednej ¢asti stien je osadené
bocné vedenie na vysuv nosnej konstrukcie.

Aplikované vysuvacie zariadenie zlozené z dvoch hydraulickych
vysuvnych jednotiek, ktoré ddva most do pohybu, je instalované pod
nosnu konstrukciu na opore 9. Systém hydraulickych lisov pracuje
systémom zdvihni — posun. Nosnd konstrukcia sa vysuva po klznych
loZiskach osadenych na jednotlivych podpordch spodnej stavby.
V priebehu vysuvu treba geodeticky zaistit smerové vedenie vysuva-
nej konstrukcie. Na to sluzi bo¢né vedenie. Nad kazdou podporou je
dvojica docasnych klznych lozisk s boc¢nym vedenim.

Celkovd tiaz vysuvanej konstrukcie je 13 656 ton (favy most)
a 12 449 ton (pravy most). Rychlost vysuvu hydraulickym zariadenim
je 5,0 m za hodinu, to znamens, e lamela s dzkou 27,0 m je vysunu-
ta asiza 5 az 6 hodin. Pracovny takt jednej lamely trval v priemere 8 —
9 dni na lavom moste a 7 az 8 dni na pravom moste, koncové lame-
ly 10 dni na lavom moste a 9 dni na pravom moste. Lavy most mal
pracovny takt dlhsi o jeden den, a to vzhladom na prie¢ne predpétie
v mostovke. Realizacia podporovych lamiel na obidvoch mostoch tr-
vala o 1 den dlhsie ako medzipodporovych bez prie¢nika.

Zaver

Na zéver mozno konstatovat, Zze pouzitim metddy vysivania sa vda-
ka mnohocyklovej opakovatelnosti dosiahla vysoké produktivita pra-
ce. V Case spracovania prispevku prebiehal vysuv patnastej lamely
pravého mosta, lavy most je uz vysunuty. V sicasnosti sa do defini-
tivnej polohy na trvalé loZiskd osadzuje pravy most.

Metdda vysuvania je efektivna metdda vystavby mostov, aj ked

technologicky velmi naro¢né a vyzaduje si pracovnikov so skisenos-
tami. Celych 2 x 408,0 m nosnej konstrukcie oboch mostov sa vyro-
bilo za 13 mesiacov s jednym mesiacom predpripravy debnenia, vy-
robne a nutnou technologickou prestavkou dva mesiace (na presun
technoldgie z lavého mosta na pravy most).

Co sa tyka skusenosti zo samotného projektovania, pri takejto na-
ro¢nej technoldgii je doleZitd Uzka spolupraca s priamym zhotovo-
vatelom mosta a doddvatelom vystvania. V rdmci dokumentdcie na
vykonanie prac riesil projektant so zhotovovatelom vietky techno-
logické problémy tak, aby sa stavba realizovala kvalitne a v pozado-
vanom termine. Podrobna priprava v rdmci tohto projektu sa neskor
prejavila v bezproblémovom postupe prac. Vzajomna spolupra-
ca medzi projektantom, zhotovovatelom, geodetom, dodéavatelom
vysunu a predpaétia viedla k plynulej vystavbe mosta. Pocas vysuvu
nosnych konstrukcif prebiehal podrobny monitoring ich polohy pri
stcasnom sledovani deformécii spodnej stavby. Mozno konstatovat,
Ze vsetky namerané hodnoty zodpovedaju predpokladom projek-
tu. Dokazom toho je Uspesna realizicia mosta v pozadovanej kvalite.
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ment 9). Chamber of both superstructures is equipped with lights
and there is also installed management of buried services.

Bridge erection

The construction of the bridge superstructure was carried out by
launching method without temporary supports. Pushing the bridge
out was running in constant longitudinal gradient of 1,23 % from
abutment number 9 uphill. The left bridge was ejected as first one.
The method consists in realization individual segments at the facto-
ry. Formworks setting, reinforcement and concrete placing, and pre-
stressing of centric tendons is realized at the factory. Production of
each segment is divided into two phases. In first phase are made
bottom slab and both walls, in second phase is constructed deck
slab. Key point for successful realization of the bridge launching is
the design of production factory. The factory is 32,6 m long, and it is
founded by piles.

The launching mechanism that makes the bridge moving, consists
of 2 hydraulic jacking devices and they are installed under the super-
structure. The hydraulic jacks work the “lift — launch - lower — return”
system. The superstructure is being launched on the sliding bearings
placed on every support. During the launching action, the direction
of the girders has to be checked geodetically. For this reason, the lat-
eral guides and the sliding bearings are installed on the substructure.

Total mass of the ejected superstructure is 13 656 tons for left
bridge and 12 449 tons for right bridge. Normal speed of launching
is 5,0 m per hour, which means that segment length of 27,0 m is be-
ing launched approximately 5 — 6 hours. Production of one complet-
ed segment has taken on average 8 — 9 days for left-hand bridge and
7 — 8 days for right bridge. Finishing of first and last segment will take
10 days for left-hand bridge and 9 days for right bridge. The produc-
tion period of the each part on the left bridge was one day longer
because of transverse prestressing.

Conclusion
In conclusion, we may say that the high productivity was achieved
by the recurring cycles of the incremental launching method. At the
time of writing this article the 15th segment of the right bridge is
being constructed. The left bridge is fully launched. The left bridge is
being placed on final bearings to definitive position simultaneously.
Used construction method is very efficient even though highly
technologically demanding because it requires experienced work-
ers. Entire 2 X 407,4 m of both bridges was made for 13 months.
One important point for proposing of that kind of bridges. The
close cooperation among designer, contractor and launching tech-
nology supplier is necessary. Smooth bridge construction may be
achieved by detailed preparation for this project. A detailed moni-
toring has been performed for superstructure and substructure de-
formation during the push-out. All measured values are according
to project documentation. Successful bridge realization in required
quality is a demonstration of it.
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Richard Pucek - Ladislav Baca

Spriahnuty ocelobeténovy most na dialhici D1 Jablonov - Studenec
Composite Steel-Concrete Bridge on the D1 Motorway in Section

Jablonov - Studenec

V blizkosti dialni¢ného Useku D1 Jablonov - Studenec sa nacha-
dza niekolko vyznamnych kultirnych pamiatok a minerdlnych
pramenov. Takisto tadialto prechddzala znama goticka cesta. Tie-
to skutocnosti sa zohladnili aj pri projektovani najvacsieho most-
ného objektu na tejto stavbe, ktory riesi premostenie tiahleho
Udolia, existujucej polnej cesty do Jablonova a miestnej slatiny,
ktord je vyznamnym genofondom.

Obr. 1 Zakladanie mosta
Fig. 1 Foundation of the bridge

Charakteristika mosta

Most je rieSeny ako 13-polova nosnd konstrukcia rozdelend na devat
dilata¢nych celkov, pricom dva dilatacné celky tvoria predpolia mos-
ta na zaciatku a na konci mosta z vopred predpdtych ty¢ovych pre-
fabrikatov s vyskou 1,40 m. Ostatné dilatacné celky sa zrealizovali zo
spriahnutej ocelobeténovej mostovky, ktora bola podopierand dvo-
ma ocelovymi oblukmi v kazdom jednom poli s rozpatiami 60 + 70 +
3% 80 + 70 + 60 m. Celkové dizka nosnej konstrukcie bola 669,70 m.

Zakladanie mosta

Vzhlfadom na to, Ze zrealizovany mostny objekt je staticky naro¢na
konstrukcia a zakladové pomery boli pomerne zloZité, pocas vystav-
by sa zrealizoval doplnujuci inZinierskogeologicky prieskum, ktory
preukazal vela tektonickych porich a pritomnost vod so siranovou
agresivitou prostredia.

There are a number of significant cultural heritage monuments
and mineral springs situated in the vicinity of the D1 motorway
section Jablonov - Studenec. Also the well-known Gothic Route
was passing here as well. These facts were also taken into consid-
eration at designing the largest bridge within this project which
provides for bridging of the stretching valley, the existing field
road to the municipality of Jablonov and the local moorland,
which represents an important gene pool in this locality.

Bridge Parameters

The bridge represents a 13-span superstructure divided into 9 move-
ment-enabling construction units, where two construction units
form the bridge forefields at its beginning and the end of prestressed
beam-shaped precast steel-concrete girders with the depth of 1.40 m.
The remaining movement-enabling construction units were execut-
ed of composite steel-concrete deck, which was supported with two
steel arches at each span, with spans length 60 + 70 + 3 x 80 + 70 +
60 m. The overall length of bridge superstructure was 669.70 m.

Bridge Foundations

In view of the fact that the completed bridge is, from the statics
point of view, a very demanding structure and the underground
conditions in the place of laying the foundations were rather diffi-
cult, there was a supplementary engineering-geological survey car-
ried out in the course of construction, which produced evidence of
many tectonic faults and the presence of waters with sulphate cor-
rosivity of the environment.

The bridge forefields rest on deep foundations, on large-diame-
ter piles with the diameter of 1 200 mm. The foundations of com-
posite steel-concrete structure are deep, provided by a combination
of large-diameter piles and injection piles with small diameter (mi-
cropiles). The diameter of large-diameter piles is 1 200 mm and they
are of grade C 30/37 — XA2 concrete, where the protection of large-
diameter piles against the effects of sulphate corrosion was provid-
ed for by the concrete composition using sulphate resistant cements
and crystalline additives. In order to retain the effects of horizontal
forces and to provide for the structure stability there were battered
micropiles & 89/10 used in two rows with the grout resistant to sul-
phate corrosivity of the environment.

Bridge Substructure

The abutments were executed as reinforced-concrete capping beams
of rectangular cross section resting on large-diameter piles. The piers
at forefields are formed by a pair of circular reinforced-concrete col-
umns with the diameter of 1 600 mm embedded in foundation slab
(spread footing). The piers of main spans are formed by rectangular
reinforced-concrete body of varying height which is embedded in
block foundations. In their upper part the pier bodies are terminat-
ed by capping beam on which the bridge bearings are positioned.
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Predpolia mostného objektu st zalozené hibkovo na velkoprie-
merovych pildtach s priemerom 1 200 mm. Ocelobeténové spriah-
nuté konstrukcia je zaloZend hibkovo, a to kombinéciou velkoprie-
merovych pilot a mikropilot. Velkopriemerové pildty maju priemer
1200 mm a su z beténu C 30/37 — XA2. Ich ochrana proti sfrano-
vej agresii sa zabezpecila receptlrou beténu s pouzitim sirano-
vzdornych cementov a krystalickych prisad. Na zachytenie Ucinkov
vodorovnych sil a zabezpecenie stability konstrukcie sa pouzili Sik-
mé mikropiléty & 89/10 vo dvoch radoch s injektdznou zalievkou
s odolnostou proti siranovej agresivite prostredia.

Spodna stavba

Krajné opory sa zrealizovali ako Ulozné prahy obdl#nikového priere-
ZU 70 Zelezobetdnu na velkopriemerovych pilétach. Medzilahlé pod-
pery v predpoliach su tvorené dvojicou kruhovych pilierov s prie-
merom 1 600 mm zo zelezobetdnu votknutou do zékladovej dosky.
Podpery hlavnych polf st tvorené obdiznikovym Zelezobeténovym
driekom s premennou vyskou, ktory je votknuty do zakladovych blo-
kov. Drieky su v hornej Casti ukonené uloznym prahom, na ktorom
su umiestnené loziska.

Nosna konstrukcia

Nosnd konstrukcia v hlavnych poliach je vytvorend spriahnutou oce-
[obeténovou mostovkou, podopieranou dvojicou ocelovych obld-
kov. Spriahnutt ocelobetdnovid mostovku tvori Zelezobetdnova do-
ska hrubd 250 mm, ktord je uloZzend na ocelovom roste vytvorenom
z nosnikov usporiadanych v pozdiznom a priecnom smere. Nosni-
ky su zo zvaranych profilov typu HEA 650, IPE 600. Takto vytvoreny
ocelovy rost podopieraju v strednej ¢asti pola dvojkibové ocelové
oblidky a medzilahlé ¢asti su podopierané kyvnymi ocelovymi stoj-
kami, ukotvenymi do oblukov. Kyvné ocelové stojky sa zrealizova-
li ako zvarence s prierezom v tvare | a ocelové obluky zasa ako uza-
tvoreny zvérany profil z ocelovych plechov s vonkajsimi rozmermi
1000 X 1400 mm, respektive 1000 x 1 500 mm.

Beténovad ¢ast mostovky — spriahajuca doska je zrealizovana ako
kompozitny betdnovy prvok pozostavajuci z prefabrikovanej casti
hrubej 7 cm, ktory spifa aj funkciu debnenia, monolitickej ¢asti spria-
hajucej dosky a samotnej Zelezobetdnovej dosky hrubej 18 cm.

Nosna konstrukcia predpoli pozostéva z atypickych predpatych ty-
¢ovych prefabrikdtov s vyskou 1,40 m, ktoré su spriahnuté Zelezobe-
ténovou doskou vysokou minimalne 180 mm.

Sposob vystavby

Viystavba nosnej konstrukcie prebiehala vo viacerych etapach. Hlav-
né polia pozostavali zo spriahnutej ocelobeténovej konstrukcie a re-
alizovali sa jednotlivo. V prvej faze sa zhotovila do¢asnéd podpor-

Obr.2 Pohlad na vystavbu predpoli
Fig. 2 View of costruction of the forefields
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Obr. 3 Montaz ocelovej konstrukcie
Fig. 3 Erection of steel structure

Bridge Superstructure

In main spans the superstructure is formed by composite steel-
concrete deck supported by a pair of steel arches. The composite
steel-concrete deck consists of 250 mm thick reinforced-concrete
slab placed on steel grid formed by girders in both longitudinal
and transverse direction. The girders consist of welded sections
and type HEA 650, IPE 600 beams. The steel grid constructed in this
way is supported in the span middle part by two-hinged steel arch-
es and the intermediate parts are supported by socketed steel stan-
chions anchored in arches. Socketed steel stanchions were execut-
ed as “I" section shaped weldments and steel arches were executed
as closed welded section of steel plates with the outer dimensions
1000 x 1400 mm, alternatively 1 000 x 1 500 mm.

The deck concrete part — the interconnecting slab is executed as
composite concrete member consisting of 7 cm thick precast part
which serves also as a formwork for the cast-in-situ part of intercon-
necting slab and the 18 cm thick reinforced-concrete slab itself.

The superstructure of forefields consists of non-standard 1.40 m
deep beam-shaped prestressed precast girders interconnected with
reinforced-concrete slab with the minimum thickness of 180 mm.

Construction Method

The construction of bridge superstructure was executed in a num-
ber of stages. The main spans consisting of composite steel-concrete
structure were constructed span by span. In stage one the tempo-
rary supporting scaffold type “Pizmo’, which served for the erection
of pair of arches from individual segmental parts, was constructed.
Upon erection of steel arches the socketed stanchions, which were
temporarily fixed against swing out, were provided. The steel grid,

Obr. 4 Celkovy pohlad na most
Fig. 4 General view on the bridge

79



80

na konstrukcia typu Pizmo, ktord sldzila na montaz dvojice oblukov
z jednotlivych segmentovych casti. Po zmontovani ocelovych oblu-
kov sa zrealizovali kyvné stojky a docasne sa zafixovali proti pootoce-
niu. Na takto stabilizované ¢asti nosnej konstrukcie sa primontoval
ocelovy rost, na ktory sa uloZili filigrdnové dosky tvoriace stratené
debnenie spriahajucej dosky. Po dokoncenf spriahajucej dosky sa
spod oblukov odstranila doc¢asna podporna konstrukcia a do¢asna
stabilizacia kyvnych stojok. Podobnym spdsobom sa zhotovili aj os-
tatné hlavné polia.

Predpolia nosnej konstrukcie sa realizovali na oboch strandch
mosta sucasne. Predpaté tycové prefabrikaty sa vyrabali vo vyrobni
a postupne sa dopravovali na stavbu, kde sa ukladali na monolitické
docasne stabilizované priecniky. Po uloZeni vietkych nosnikov boli
spriahnuté Zelezobeténovou doskou.

Zaver
Napriek pomerne velkej zloZitosti uvedenej konstrukcie a zlozitym
zakladovym pomerom prebehla vystavba mostného objektu bez
vacsich problémov vo dvoch etapach, pricom v prvej sa vybudoval
pravy most a neskor aj lavy most. Obidva uz v sicasnosti slizia ve-
rejnosti.

Zhotovovatelom uvedeného mostného objektu bolo konzorcium
firiem Doprastav, a. s, Inzinierske stavby, a. s, a VAHOSTAV - SK, a. s.
Dodavatelom projektovej dokumentécie na obidve etapy bola spo-
lo¢nost Geoconsult, spol. sr. o.
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on which the filigraned slabs forming the permanent leave-in-place
formwork of interconnecting slab were placed, was assembled on
superstructure parts temporarily stabilised in this way. Upon comple-
tion of interconnecting slab the temporary supporting scaffold was
removed from under the arches and the temporary stabilisation of
socketed stanchions was removed as well. Also the remaining main
spans were constructed in the same way.

The forefields of bridge superstructure were constructed on both
sides of the bridge simultaneously. The beam-shaped prestressed
precast girders were prepared in the production plant and transport-
ed stage-by-stage to the construction site where they were placed
on cast-in-situ temporarily stabilised crossbeams. Upon the place-
ment of all girders these were interconnected by means of rein-
forced-concrete slab.

Conclusion

In spite of rather high complexity of this structure and difficult un-
derground conditions the bridge construction was carried out with-
out major problems in two stages, when the right bridge was com-
pleted in the first stage and later the left bridge as well. At present
both bridges already serve the public.

The Contractor for this bridge was the consortium of companies
Doprastav, a. s, InZinieske stavby, a. s, VAHOSTAV - SK, a. s. The de-
sign documentation for both stages was provided by the company
Geoconsult, spol. sr. 0.
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UCINNA OCHRANA PRED HLUKEM

Transparentni sklenéné protihlukové panely Traffic Glass N3 od spole¢nosti AGC Glass Europe a Aerolux
jsou urceny k realizaci protihlukovych opatfeni v okoli dopravnich komunikaci, pripadné ke snizovani
prenosu hluku z primyslovych areall, sportovist apod. Transparentni sklenéné protihlukové panely
Traffic Glass N3 jsou vysoce odolné proti mechanickému poskozeni a splfiuji nejvyssi uroven bezpeéno-
sti. Cely systém je plné certifikovan v souladu s pfislusSnymi normami. Neménici se optické vlastnosti
skla zajistuji klidny a neruseny kontakt Fidict s okolim. Cestujicim mizeme doprat neomezeny vyhled
do krajiny i tam, kde je potreba resit ochranu pred nadmérnym hlukem ze silni¢ni a Zelezni¢ni dopravy.

AGC Flat Glass Czech a.s., Sklarska 450, 416 74 Teplice, tel.: +420 417 501 111, e-mail: czech@eu.agc.com
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Juraj Kopcak — Marek Semancik

Mostné objekty na rychlostnej ceste R4 Kosice - Milhost
Bridges on R4 Expressway Section Kosice - Milhost

Usek rychlostnej cesty R4 Kosice - Milhost dlhy 14,175 km je si-
tuovany vo vychodnej Casti Slovenska, juzne od mesta Kosice
v smere k hranici s Madarskom.

Vseobecné informacie o mostnych objektoch

Na tomto Useku rychlostnej cesty sa vybudovalo 14 mostnych ob-
jektov. Na vystavbu ich nosnych konstrukcii sa pouzili rézne techno-
l6gie ako montaz z predpétych tyc¢ovych prefabrikatov, betondz mo-
nolitickych nosnych konstrukcii na pevnych podpernych skruziach
a letma betonaz. Zakladanie mostnych objektov v horninovom pro-
stredi Kosickej kotliny, tvorenom najma fluvidlnymi sedimentmi, je
prevazne hlbinné na velkopriemerovych vitanych pilétach. Clanok
opisuje mostné objekty podla typov nosnych konstrukcii s dérazom
na najvyznamnejsie z nich.

Montaz z predpatych tycovych prefabrikatov

Mosty s nosnou konstrukciou z tycovych prefabrikatov su reprezen-
tované spolu siedmimi jednopolovymi a dvojpolovymi mostnymi
objektmi na rychlostnej ceste R4 a na nadjazdoch ponad cestu R4.
Typickym prikladom pouzitia nosnej konstrukcie z ty¢ovych prefab-
rikdtov su dva totoZné mosty, ktoré prevadzaju cesty lll. triedy po-
nad rychlostnd komunikaciu R4. Mosty maju rovnaké konstrukéné
riesenie. Ide o o dvojpolové mosty s rozpatiami po 25,5 m a Sikmos-
tou 90 gon. Na moste je 7,50 m siroky dopravny priestor a obojstran-
né sluzobné chodniky Siroké 0,75 m. Nosnu konstrukciu tvoria do-
datocne predpaté tycové prefabrikdty typu SKA-T od firmy Skanska.
Tvar a unosnost pouZitych nosnikov umoznili pouZitie len Styroch
nosnikov v priecnom smere. Nosniky v tvare T maju Sirku hornej pri-
ruby 2,2 m. Vyska nosnikov je 1,2 m. Ty¢ové prefabrikdty s koncovymi
prie¢nikmi su spriahnuté monolitickou doskou s priemernou hrib-
kou 220 mm. Opory boli navrhnuté ako Ulozné prahy zo Zelezobetd-

Mostny nadjazd na polnej ceste
Overbridge on field road

14.175 km long section Kosice - Milhost of the R4 expressway is
situated in Slovakia's eastern part, south of the town of Kosice in
direction to the border with Hungary.

General Information on Bridges

There are altogether 14 bridge structures constructed within this ex-
pressway section. The superstructures of these bridges were con-
structed by using different methods: erection of post-tensioned
precast concrete girders, span-by-span concreting of cast-in-situ su-
perstructures on stationary scaffolding and cast-in-situ free cantile-
ver construction method. Foundations of bridges depend on ground
conditions of the Kosicka kotlina basin with mainly fluvial sediments.
Thus, deep foundations - large-diameter bored piles prevail. The pa-
per describes bridges with various types of superstructures, with the
emphasis on the most significant ones.

Erection of Prestressed Precast concrete Girders

Bridges with the superstructure of precast girders are represented
by seven single-span and two-span bridge structures on the R4 ex-
pressway and overpasses over it. A typical example of using the su-
perstructure erected of precast girders are two bridges carrying the
Class Il roads over the R4 expressway which structural design is iden-
tical. It concerns two-span bridges with spans 25.5 m each and the
bridge skew of 90 gon. Each of the bridges has 7.50 m wide carriage-
way and 0.75 m wide service footways along both sides. Its super-
structure is formed by post-tensioned precast girders type SKA-T pro-
duced by the company Skanska. The shape and loading capacity of
the girders used enabled placing only 4 girders in cross section. The
width of upper flange of T-section girders is 2.2 m. The girders' depth
is 1.2 m.The precast girders with end crossbeams together with cast-
in-situ slab with the average thickness of 220 mm form a composite

Mostny nadjazd z predpatych tycovych prefabrikdtov
Overbridge of prestressed precast girders

Juraj Kopcék, DOPRAVOPROJEKT, a. s., Bratislava, divizia Presov, Jarkova 14, 080 01 Presov, tel.: +421 51 7562819, e-mail: kopcak@dopravoprojekt.sk
Marek Semancik, DOPRAVOPROJEKT, a. s,, Bratislava, divizia Presov, Jarkova 14, 080 01 Presov, tel.. +421 51 7562812, e-mail: semancik@dopravoprojekt.sk
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Mostny objekt 201 v krizovatke Juh
Structure 201 - bridge at the South interchange

Mostny objekt 215 v krizovatke Kechnec
Structure 215 - bridge at the Kechnec interchange

nu zalozené na velkopriemerovych pildtach. Medzilahld podpera je
tvorend rdmovou konstrukciou v tvare V, ktord je zalozena plosne na
vrstve fluvidinych piescitych Strkov.

Betonaz monolitickych nosnych konstrukcii

na pevnych podpernych skruziach

Mosty na polnych cestach

Sucastou stavby su styri nadjazdy pre polné cesty ponad rychlostnu
cestu R4. Nadjazdy boli navrhnuté ako trojpolové, respektive Stvor-
polové mostné objekty s monolitickou nosnou konstrukciou z pred-
pdtého betodnu. Priecny rez je jednotrdmovy s plynulym oblikovym
prechodom do obojstrannych konzol. Jeho tvar umoznuje aj napriek
roznym Sirkam a vyskam nosnych konstrukcii pouzitie tych istych
debniacich prvkov s minimalnymi dpravami. Spodna stavba most-
nych konstrukcii pozostava z opor tvorenych Uloznymi prahmi zo Ze-
lezobetdnu zaloZzenych na velkopriemerovych pilétach a z medzilah-
lych podpier zo stpov kruhového tvaru s kénicky rozéirenou hlavou.
KedZe zakladové pomery tvoria nevhodné prevazne neogénne sedi-
menty, zastupené striedajucimi sa polohami ilov, pieskov a siltov, boli
medzilahlé podpery zalozené na velkopriemerovych pildtach. Tvar
podpier umoznil aj pouZitie debnenia toho istého typu s minimalny-
mi vyskovymi Upravami v spodnej ¢asti podpier.

Most v krizovatke Juh
Mostny objekt v krizovatke Juh (201-00) na ceste 1/68 premostuje
rychlostny cestu a vetvy krizovatky. Bol navrhnuty ako Sestpolovy
s rozpdtiami 16 + 4 x 21,5 +16 m. Jeho nosné konstrukcia je mono-
litickd doskova z predpéatého beténu s konstrukénou vyskou 1,15 m.
Jej vystavba prebiehala technoldgiou betondZe na podpernej skru-
Zi vo dvoch etapdach, pricom v 1. etape sa vybudovala nosnéd kon-
strukcia v strednych dvoch poliach s previsnutou konzolou a v 2. eta-
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Mostny objekt 206
Bridge structure 206
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Pohlad na mostny objekt 206
View of bridge 206

deck. Bridge abutments were designed as capping beams of rein-
forced concrete resting on large-diameter piles. The pier is formed
by V-shape rigid frame structure with spread foundations on a layer
of fluvial sandy gravels.

Concreting of Cast-in-situ Bridge Superstructures
using Stationary Scaffolding

Bridges on Field Roads

Part of the Works are four bridges for field roads passing over the
R4 expressway. The overpasses were designed as three-span, alter-
natively four-span, bridges with cast-in-situ superstructure of pre-
stressed concrete. The cross section is single-girder with arched tran-
sition into cantilevers on both sides. The section shape is designed
so as to enable, even in spite of different widths and heights of su-
perstructures, using the same formwork elements with minimum
adjustments. The bridges substructures consist of abutments formed
by reinforced concrete capping beams resting on deep foundations
of large-diameter piles and piers formed by circular columns with
conically widened cap. Due to unsuitable underground conditions
formed mostly by Neogene sediments represented by alternating
strata of clays, sands and silts, the piers are resting on deep foun-
dations of large-diameter piles, too. The piers shape also enabled
using of the same type formwork with minimum height adjustments
in piers lower part.

Bridge at the South Interchange

The bridge on the 1/68 road at the South interchange (Structure
201-00) which bridges the expressway and interchange ramps was
designed as a six-span structure with the spans 16 + 4 x 21,54+ 16 m.
Its superstructure is cast-in-situ, slab-type of prestressed concrete
1.15 m high.
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Pozdlzny rez mostom 206
Bridge structure 206 - longitudinal section

pe v zostavajucich poliach. Spodnd stavba pravého aj lavého mosta
je tvorend dvojicou opér a piatimi medzilahlymi podperami.

Opory boli navrhnuté ako Ulozné prahy zo Zelezobetdnu zaloze-
né na velkopriemerovych pildtach. Medzilahlé podpery tvori dvojica
stlpov s obdfZnikovym prierezom. SU zaloZené hibkovo na vftanych
velkopriemerovych pilétach. Na vonkajsich strandch mosta sa nacha-
dzaju sluzobné chodniky.

Most v krizovatke Kechnec

Mostny objekt v krizovatke Kechnec (215-00) na rychlostnej ceste R4,
premostujuci okruznu krizovatku v aredli priemyselného parku Kech-
nec, tvoreny dvoma samostatnymi mostmi na oba dopravné sme-
ry, bol navrhnuty ako Sestpolovy s rozpdtiami 18 + 4 X 24 + 18 m.
Jeho nosnéd konstrukcia je monolitickd doskové z predpéatého beto-
nu s konstrukénou vyskou 1,2 m.

Viystavba nosnej konstrukcie prebiehala technoldgiou betonédze na
podpernej skruzi, podobne ako pri moste 201 vo dvoch etapach, pri-
¢om v 1. etape sa vybudovala nosna konstrukcia v strednych dvoch
poliach s previsnutou konzolou dlhou 5,0 m a v 2. etape v zostavaju-
cich poliach. Spodnu stavbu pravého aj lavého mosta tvori dvojica
opor a piatimi medzilahlymi podperami.

Opory boli navrhnuté ako Ulozné prahy zo Zelezobeténu zalozené
na velkopriemerovych pilétach. Medzilahlé podpery tvorf dvojica stl-
pov s obdiznikovym prierezom v tvare pismena V, ktoré st vzajom-
ne prepojené stenou. SU zalozené hibkovo na vftanych velkoprieme-
rovych pildtach. Na vonkajsich strandch lavého aj pravého mosta sa
nachéadzaju sluzobné chodniky. Stredovy pas vytvdra bezrimsovy zvr-
ok s dvojicou jednostrannych beténovych zvodidiel.

Betonaz monolitickej nosnej konstrukcie na pevnej

podpernej skruzi v kombinacii s letmou betonazou

Mostny objekt nad Sirokorozchodnou Zelezni¢nou tratou (206-00)
je najvacsi na tejto stavbe. Bol navrhnuty ako dvanastpolovy (lavy
most) a trindstpolovy (pravy most) a tvoria ho dva dilatacné celky.
Prvy dilatacny celok, ktory premostuje kolaj ZSR, ma monoliticku
nosnu konstrukciu budovanu na podpernej skruzi, s rozpatiami kraj-
nych poli 28 m a medzilahlych poli 36,5 m. V priecnom reze je nos-
nd konstrukcia dvojtramovd, s konstantnou vyskou 2,3 m a budovala
sa systémom pole — konzola. Celkova dizka prvého dilata¢ného celku
je 276,25 m (lavy most) a 312,75 m (pravy most). Druhy dilatacny ce-
lok sa budoval ciasto¢ne na podpernej skruzi a ¢iasto¢ne technold-
giou letmej betondze. Rozpdtia poli lavého mosta su 55 + 80 + 45 +
38,5 m a pravého mosta 31,5 + 45 + 80 + 48 m. Technoldgiou letmej
betonaze sa budovalo iba najvacsie, 80-metrové pole, ktoré premos-
tuje kolaje ZSR a Sirokorozchodnu trat. Nosna konstrukcia je v priec-
nom reze komorkova s premennou vyskou od 4,5 m nad podpera-
mi do 2,3 m. Celkova df#ka druhého dilatatného celku je 219,75 m
(favy most) a 205,75 m (pravy most). Celkové dizka mosta je 507,71 m
(favy most) a 530,21 m (pravy most). Na vonkajsich strandch lavého
aj pravého mosta sa nachadzaju sluzobné chodniky. Stredovy pés je
tvoreny bezrimsovym zvrskom s dvojicou jednostrannych beténo-
vych zvodidiel. Na vystavbu nosnej konstrukcie sa pouzili technolé-
gie firmy Skanska. Nosna konstrukcia oboch dilatacnych celkov z be-
ténu C 35/45 bola predopnuté predpinacou vystuzou z 19-lanovych
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The superstructure was executed by progressive casting on sup-
porting scaffolding in two stages (pours); two middle spans with
cantilevers were cast in stage 1 and the remaining spans in stage 2.
The substructure of the right as well as of the left bridge is formed by
two abutments and five piers.

The abutments were designed as reinforced concrete capping
beams of resting on large-diameter piles. The piers are formed by
pairs of rectangular section columns. They are resting on deep foun-
dations — large-diameter bored piles. There are service footways situ-
ated on each side of bridge carriageway.

Bridge at the Kechnec Interchange

The bridge on the R4 expressway at the Kechnec interchange (Struc-
ture 215-00) bridging the roundabout within the area of Kechnec in-
dustrial park is formed by two separate bridges, each for one traffic
direction. It was designed as a six-span structure with spans 18 + 4 x
24 + 18 m. Its superstructure is cast-in-situ, slab-type of prestressed
concrete 1.2 m high.

Similarly as in case of bridge 201-00, the superstructure was exe-
cuted by progressive casting on supporting scaffolding in two stages
(pours); two middle spans with cantilevers of 5.0 m long were cast in
stage 1 and the remaining spans in stage 2. The substructure of the
right as well as of the left bridge is formed by two abutments and
five piers.

The abutments were designed as reinforced concrete capping
beams resting on large-diameter piles. The V-shaped piers are formed
by pairs of rectangular section columns interconnected by means of
awall. They are resting on deep foundations — large-diameter bored
piles. There are service footways situated on the left as well as on the
right side of bridge carriageways. The median is formed by cornice-
less deck with two concrete traffic barriers.

Concreting of Cast-in-situ Bridge Superstructure on
Stationary Scaffolding in combination with 'Free
Cantilever' method

The bridge over the broad-gauge railway track (Structure 206-00)
is the largest structure of this project. The bridge was designed 12-
span (the left bridge) and 13-span (the right bridge) structure, each
of them is formed by two expansion units. The superstructure of the
first unit which spans the railway track is cast-in-situ constructed on
supporting scaffolding when the lengths of end spans are 28 m and
the lengths of intermediate spans are 36.5 m. In cross section it con-
stitutes a double-T girder structure, with constant depth of 2.3 m,
cast by the 'span-by-span' method. The overall length of the first ex-
pansion unit is 276.25 m (the left bridge) and 312.75 m (the right
bridge). The second expansion unit was constructed partly on scaf-
folding and partly by the 'free cantilever' method. The spans of the
left bridge are 55 + 80 + 45 + 38.5 m and those of the right bridge
31.5 + 45 + 80 + 48 m. The free cantilever method was used only to
construct the largest — 80 metres long spans, which bridge the track
of the Railways of the SR and the broad-gauge railway. In cross sec-
tion the superstructure is a box girder with the depth varying from
4.5 m above piers to 2.3 m. The overall length of the 2nd expansion
unit is 219.75 m (left bridge) and 205.75 m (right bridge). The overall
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Prie¢ny rez mostom 206
Bridge structure 206 - cross section

stdrznych kablov. Dizka lamely 5 m bola prispdsobend moznostiam
beténovacieho vozika. Nosna konstrukcia je podopretd hrncovy-
mi loziskami uloZenymi na kruhovych podperéch. Stlpy st votknu-
té do Zelezobetdnovych zékladov zaloZzenych hlbinne na velkoprie-
merovych pilétach. Na overenie dizky pildt sa realizovali zatazovacie
skusky. Nesystémové skisobné pildty sa skusali metédou takzvané-
ho vzopretia drieku proti pate piloty. Pata a driek skisobnej piloty sa
oddalovali hydraulickym lisom. Na zéklade vysledkov zatazovacich
skugok pilét bolo potrebné upravit dizku pilét. Limitujicim faktorom
Upravy dizky pilét a Urovne paty pildt boli polohy zavodnenych pies-
kov, ktoré sa nachadzali v hibke asi 8 a212 m pod terénom. Na urych-
lenie vystavby sa krajné opory navrhli ako ¢lenené. Clenené opora ¢. 1
na zaciatku mosta bola zaloZena plosne na vrstve strkov. Opora ¢. 14
na konci mosta bola zalozena hlbinne na mikropildtach. Kedze sa
opora nachéadza pod VN 22 kV a VWN 110 kV, nebolo mozné realizo-
vat velkopriemerové piléty, na ktorych bola zaloZzena vacsina mostov.

Zaver

Dobudovanim rychlostnej cesty R4 KoSice — Milhost sa splnil jeden
z cielov v procese eurdpskej integracie napojenia dopravnej siete
na eurépsku dopravnu siet. Spolu s vybudovanim Useku rychlost-
nej cesty R2 Kosice-Saca — Kosické Ol3any a realizaciou cesty M30
Tornyosnémeti — Miskolc sa predmetny Usek stane délezitym do-
pravnym koridorom s celoeurdpskym vyznamom, ktory bude mat
vyrazny vplyv na bezpecnost a zaisti ekonomicky prinos pre prilahlé
Uzemie, v ktorom sidli okrem inych aj oceliarska spolo¢nost US Steel
¢i ambiciézny priemyselny park Kechnec.

Investorom stavby bola Narodna dialni¢na spolo¢nost, a. s., spra-
covatelom vsetkych stupnov projektovej dokumentdcie bola spoloc-
nost DOPRAVOPROJEKT, a. s., Bratislava, divizia PreSov, a vietky mosty
realizovala spolo¢nost Skanska, a. 5.,0Z Slovensko, divizia Cestného
stavitelstva, Zavod 77 Mosty.

www.inzenyrske-stavby.cz

bridge length is 507.71 m (left bridge) and 530.21 m (right bridge).
There are service footways situated on outer sides of the left as well
as of the right bridge. The median is formed by cornice-less deck
with two concrete traffic barriers. Construction of the bridge super-
structure was realised using the Skanska company methods for both
expansion units with concrete of grade C 35/45 concrete was pre-
stressed by prestressing tendons consisting of bonded 19-strand ca-
bles. The segments length of 5 m was adjusted to form-traveller pos-
sibilities. The superstructure is seated on pot bearings positioned on
circular piers. The piers are embedded in reinforced-concrete pile
caps resting on deep large-diameter piles. There were pile load tests
performed in order to verify the pile lengths. The separate piles were
tested by the so called “uprise of pile body against the foot” meth-
od. The test pile foot and body were being pushed apart by means
of hydraulic jack. Based on pile load test results it was necessary to
adjust the pile lengths. The limiting factor for the adjustment of pile
lengths and pile foot level were the strata of water-saturated sands
lying approximately in the depth of 8 = 12 metres below the ground
surface. In order to speed up the construction works the abutments
were designed to be of light — spill-through type. Abutment N°1 at
the bridge beginning was founded on spread foundations on a lay-
er of gravels. Abutment N°14 at the bridge end was founded on mi-
cropiles. Because the abutment is situated under the high-voltage
22 kV line and very high voltage 110 kV line, it was not possible to
provide large-diameter bored piles on which the majority of brid-
ges was founded.

Conclusion

By completing the R4 expressway in section Kosice-Milhost one of
the objectives in the process of European integration — linking of
the Slovakia’s transportation network to European road network was
accomplished. In conjunction with completion of the R2 expressway
section Kosice Saca — Koické Oldany and construction of M30 road
section Tornyosnémeti-Miskolc the section in question will become
an important transport corridor of pan-European importance, which
will have significant impact on traffic safety and will provide for eco-
nomic benefits for the adjacent area where, among others, the steel-
mill US Steel or ambitious industrial park Kechnec are having their
plants or facilities as well.

The contracting authority was Narodna dialni¢nd spolo¢nost, a. s.
(the National Motorway Company), the designer of all stages of de-
sign documents was company DOPRAVOPROJEKT, a. s., Bratisla-
va, Presov Branch Office. All bridges were built by the Skanska, a. s.,
Corporate Unit Slovakia, Construction of Traffic-related Structures
Branch, Division 77 Bridges.
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Matej Spak

Betonové konstrukcie na rychlostnej ceste R4 Kosice - Milhost
Concrete Structures at Freeway R4 Kosice - Milhost

V rdmci vystavby rychlostnej cesty R4 Kosice — Milhost sa realizo-
vali Standardné stavebné betonové objekty. Velku ¢ast beténo-
vych konstrukcii predstavuju mostné objekty, ktorych je na da-
nom Useku spolu 14. Pri vystavbe tychto mostnych objektov sa
pouzilo niekolko spdsobov vystavby, a to montaz z predpatych
tyCovych prefabrikatov, betondz monolitickych nosnych kon-
Strukcii na pevnych podpernych skruziach a betonaz monolitic-
kej nosnej konstrukcie na pevnej podpernej skruzi v kombinacii
s letmou betonéZzou. Okrem mostnych objektov sa na useku rea-
lizovali aj dal3ie konstrukcie, napriklad zarubny mar a zarubna pi-
[6tova stena, chranicky tranzitnych aj lokdlnych rozvodov inych
médii, protihlukové steny, monolitické a prefabrikované zvodidla
a oplotenie rychlostnej cesty.

Opis stavby

Rychlostnd cesta R4, Usek Kosice — Milhost tvorf v oblasti vychod-
ného Slovenska sucast medzinarodného cestného tahu sever — juh.
Celkova navrhovana dizka Useku je 14 175 m. Na zaciatku Upravy je
trasa napojend mimourovrovou krizovatkou na cestu 1/68, dalej pre-
chédza v koridore medzi Sirokorozchodnou Zeleznicou a Zelezni¢nou
stanicou Haniska, prechddza mierne zvinenym terénom do priesto-
ru priemyselného parku Kechnec a kon¢f sa asi 150 m od existuju-
ceho hrani¢ného priechodu na statnej hranici s Madarskou repub-
likou. Rychlostnd cesta R4 v predmetnom Useku krizuje zelezni¢né
trate, vedenia VVN a VN, Styri tranzitné plynovody, dva tranzitné ro-
povody, vodovody, rozvodné potrubia plynu, ako aj dialkové a miest-
ne oznamovacie vedenia [1].

Investorom stavby rychlostnej cesty R4 Kosice — Milhost bola Na-
rodnd dialic¢na spoloc¢nost, a. s., projektovid dokumentéciu vypraco-
vala projekcna kanceldria DOPRAVOPROJEKT, a. s., Bratislava, divizia
PreSov a stavbu realizovala spolo¢nost Skanska SK, a. s., divizia Cest-
ného stavitelstva, zdvod Mosty.

Typy betonu na konstrukcie stavby

Na zdklade projektovej dokumentacie a poZiadaviek na jednotli-
vé konstrukcie sa Specifikovali potrebné typy beténu. Z hladiska
pevnostnej triedy boli pozadované typy betonu C 12/15, C 25/30,
C 30/37 a C 35/45. Kazdy svojimi parametrami spifal poziadavky na
svoju funkciu v konstrukcii. Pri realizacii beténovych konstrukcii sa
vyuzilo celkovo 13 Specifikacii beténu. Zoznam navrhnutych a po-
uzitych typov beténu s ich pracovnym oznacenim a specifikaciou je
uvedeny v tabulke.

Pouzité typy zohladrovali aj poziadavku na technoldgiu spraco-
vania Cerstvého betdnu, z ¢oho vyplyvala konzistencia jednotlivych
typov. Véetky mali deklarovanu konzistenciu po 60, respektive po
90 minutach. Na Cerstvy betdn sa kladdla poZiadavka udrzania dosta-
to¢nej spracovatelnosti, respektive konzistencie pocas celého spra-
covania, pri si¢asnom zachovani predpisanych pevnostnych charak-
teristik (pevnost v tlaku a staticky modul pruznosti). To sa Uspesne
podarilo dosiahnut pouzitim ucinného superplastifikdtora na baze
polykarboxyldtu Berament© HT2. Pri typoch s poZiadavkou na odol-

Several standard building objects were realized during freeway
R4 Kosice - Milhost building. Much of concrete structures pre-
sent bridge objects. There are together 14 bridges situated on
the freeway R4 Kosice — Milhost. Three different building meth-
ods were used for bridge constructions building. The first one
was based on using of precast pre-stressed concrete beams. Sec-
ond method was based on casting in-situ post tensioned mono-
lithic load-bearing structure on fixed support falsework. Balanced
cantilever casting method combined together with the second
mentioned method presented last used method. There were real-
ized also another concrete structures, on the freeway. Those were
breast wall, pile breast wall, pipeline protectors, sound barriers,
both monolithic and precast crash barriers and freeway fencing.

Building description

Freeway R4, section KoSice — Milhost is a part of international north
— south route on Eastern Slovakia area. Its total designed length is
14 175 meters. At the beginning, the road is connected to route
I/68 by fly-over crossing, next it passes in corridor between broad-
gauge railway and railway station Haniska, passes through smooth
warped terrene into industrial park Kechnec and finishes app. 150
meters before Hungarian state boundary. Freeway R4 crosses railway
tracks, VHV and HV electricity lines, four transit gas pipes, two transit
oil pipes, water pipes and other communication lines.

Investor of freeway R4 Kosice — Milhost was Nérodnd dialni¢na
spolo¢nost, a. s, (National highway company). All levels of project
documentation processed the project agency DOPRAVOPROJEKT, a.
s., Bratislava, division Presov. The building was realized by Skanska SK,
a. s, division of Road engineering, Bridge establishment.

Concretes for building constructions

Concretes were specified under the demand from both project doc-
umentation and required properties of particular structures. Con-
cretes of strength class C 12/15, C 25/30, C 30/37 and C 35/45 were
required for designed construction. Every concrete meets all pre-
scribed properties and is able to fill its role in the structure. Together
13 types of concrete were used to build-up the concrete structures.
Both designed concretes list and concrete specifications are listed in
the table, below.

Consistency of fresh concrete was designed in regard to re-
quirement on working of fresh concrete. Workability was set after
60 minutes for all concretes and after 90 minutes for some specif-
ic concretes. In special cases, workability was set as accurate value.
Specifications of workability of fresh concrete are listed in the table
1. Required workability had to be kept in defined range for whole
designed time. Hereby, mechanical properties of hardened concrete
had to conform, especially compressive strength and static modulus
of elasticity. All of required parameters were accomplished success-
fully by using of polykarboylate based superplasticizer Berament®
HT2. Furthermore, air entranced admixture Berapor® R was used for
concretes resistant against freeze/taw environment attack, except

Ing. Matej Spak, PhD, BeténRacio, s. r. 0, Skladova 2/c, 917 01 Trnava, tel.: +421 918 863077, e-mail: spak@betonracio.sk
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Tab. Zoznam a 3pecifikdcia pouzitych typov beténu [2]

Specifikacia beténu

1 C12/15-X0 (SK) - C10,4 - D, 22 - S3
2 C25/30 - XC2 (SK) - C1 0,4 - D,,,,,22 - S4 (S4 po 60 min., S3 po 90 min.)
3 C 25/30 - XC2, XA1 (SK) - Cl 0,4 - D, 22 — S4 (S4 po 60 min., S3 po 90 min.) - max. priesak 50 mm podfa STN EN 12390-8
4 C 25/30 - XC2, XF1, XA1 (SK) - C1 0,4 - D,,,,22 - S3 (S3 po 60 min. 130 mm) — max. priesak 50 mm podla STN EN 12390-8
5 C 25/30 - XC2, XF2 (SK) - Cl 0,4 - D,,.,,22 - S3 (S3 po 60 min. 130 mm) — max. priesak 50 mm podla STN EN 12390-8
6.1 C30/37 - XC4, XD1, XF2 (SK) - Cl 0,4 - D,,,,,22 — S4 (54 po 90 min. 170 mm) — max. priesak 50 mm podla STN EN 12390-8
6.2 C 30/37 - XC4, XD1, XF2 (SK) - C1 0,4 - D,,,,,22 - S3 (S3 po 60 min. 150 mm) — max. priesak 50 mm podfa STN EN 12390-8
7.1 C 30/37 - XC4, XD2, XF4 (SK) - C1 0,4 - D,,.,,22 — S4 (54 po 90 min.) — max. priesak 50 mm podla STN EN 12390-8
7.2 C 30/37 - XC4, XD2, XF4 (SK) - Cl 0,4 - D,,,,,22 - S3 (S3 po 60 min. 130 mm) — max. priesak 50 mm podla STN EN 12390-8
8.1 C 35/45 - XC4, XD1, XF2 (SK) - Cl 0,2 - D,,,,, 16 — S4 (54 po 60 min. 210 mm, S3 po 90 min.) - max. priesak 50 mm podfa STN EN 12390-8

- min. pevnost po 36 hodinach 36 MPa - staticky modul pruznosti 34 GPa

8.2 C 35/45 - XC4, XD1, XF2 (SK) - €1 0,2 - D,

max22 — 54 (54 po 60 min. 210 mm, S3 po 90 min.) - max. priesak 50 mm podla STN EN 12390-8

- min. pevnost po 7 diioch 36 MPa; poZiadavka na obmedzené zmrastovanie

83 C 35/45 - XC4, XD1, XF2 (SK) - C1 0,2 - D,,,,22 — S4 (S4 po 60 min. 210 mm, S3 po 90 min.) - max. priesak 50 mm podla STN EN 12390-8

- min. pevnost po 5 diioch 36 MPa - staticky modul pruznosti 34 GPa
9.1 C 35/45 - XC4, XD3, XF4 (SK) - Cl 0,4 - D,,,,, 16 — S3 (S3 po 60 min. 150 mm, S3 po 90 min. >100 mm) - max. priesak 50 mm podla STN EN 12390-8
9.2 C 35/45 - XC4, XD2, XF4 (SK) - Cl 0,4 - D, 16 — S4 (54 po 60 min. 210 mm, S3 po 90 min.) - max. priesak 50 mm podfa STN EN 12390-8

Tab. Designed concretes list and concrete specifications [2]

m Concrete specification

1 C12/15-X0 (SK) - Cl0,4- D, 22 - S3
2 C25/30 - XC2 (SK) - C1 0,4 - D,,,,,22 - S4 (S4 after 60 min., S3 after 90 min.)
3 C25/30 - XC2, XA1 (SK) - Cl 0,4 - D,,,,22 — S4 (54 po 60 min., S3 after 90 min.) - max. water penetration 50 mm according to STN EN 12390-8
4 C 25/30 - XC2, XF1, XA1 (SK) - Cl 0,4 - D,,,,22 - S3 (S3 after 60 min. 130 mm) — max. water penetration 50 mm according to STN EN 12390-8
5 C 25/30 - XC2, XF2 (SK) - Cl 0,4 - D,,.,,22 — S3 (S3 after 60 min. 130 mm) — max. water penetration 50 mm according to STN EN 12390-8
6.1 C30/37 - XC4, XD1, XF2 (SK) - Cl 0,4 - D,,,,,22 — S4 (54 after 90 min. 170 mm) — max. water penetration 50 mm according to a STN EN 12390-8
6.2 C30/37 - XC4, XD1, XF2 (SK) - C1 0,4 - D,,,22 — S3 (S3 after 60 min. 150 mm) — max. water penetration 50 mm according to STN EN 12390-8
71 C 30/37 - XC4, XD2, XF4 (SK) - Cl 0,4 - D,,.,,22 - S4 (54 after 90 min.) - max. water penetration 50 mm according to STN EN 12390-8
7.2 C 30/37 - XC4, XD2, XF4 (SK) - Cl 0,4 - D,,.,,22 — S3 (S3 after 60 min. 130 mm) — max. water penetration 50 mm according to STN EN 12390-8
8.1 C 35/45 - XC4, XD1, XF2 (SK) - Cl 0,2 - D,,,,, 16 — S4 (54 after 60 min. 210 mm, S3 after 90 min.) - max. water penetration 50 mm according
to STN EN 12390-8 — min. strength after 36 hours 36 MPa - static modulus of elasticity 34 GPa
8.2 C 35/45 - XC4, XD1, XF2 (SK) - Cl 0,2 - D,,.,,22 — S4 (54 after 60 min. 210 mm, S3 after 90 min.) - max. water penetration 50 mm according
to STN EN 12390-8 - min. strength after 7 days 36 MPa; Requirement on limited shrinking
8.3 C 35/45 - XC4, XD1, XF2 (SK) - Cl 0,2 - D, ,,,22 - S4 (54 after 60 min. 210 mm, S3 after 90 min.) - max. water penetration 50 mm according

to STN EN 12390-8 — min. strength after 5 days 36 MPa - static modulus of elasticity 34 GPa

9.1 C 35/45 - XC4, XD3, XF4 (SK) - Cl 0,4 - D, 16 — S3 (S3 after 60 min. 150 mm, S3 after 90 min. >100 mm) — max. water penetration 50 mm according

to STN EN 12390-8

9.2 C 35/45 - XC4, XD2, XF4 (SK) - Cl 0,4 - D,,, 16 — S4 (54 after 60 min. 210 mm, S3 after 90 min.) - max. water penetration 50 mm according

to STN EN 12390-8

nost proti striedavym uc¢inkom mrazu (vplyv prostredia XF) a bez
definovania statického modulu pruznosti sa navyse pouzila aj pre-
vzdusnujlca prisada Berapor© R. Vetky druhy sa vyrabali z cementu
CEM 142,5 N, respektive CEM III/A 32,5 R a prirodného hutného taZe-
ného kameniva s frakciou 0/4, 4/8, 8/16 a 16/22, podla $pecifikacie.
Pocas celej vystavby sa vykondvali kontrolné skusky predpisanych
parametrov, pricom vietky typy beténu spliali pozadované viastnosti
z hladiska mechanickych parametrov, ako aj predpisanej trvanlivosti.

Obr. 1 Dokon¢eny mostny objekt 206-00
Fig. 1 Completed bridge object 206-00

www.inzenyrske-stavby.cz

concretes with specification of static modulus of elasticity (because
of mechanical properties). Concrete was produced from two types of
cement, CEM Ill/A 32,5 R for concrete specifications 1-4 alternatively
CEM 142,5 N for concrete specifications 5-9. Natural normal-weight
aggregate with fractions 0/4, 4/8, 8/16 and 16/22 was used.

Control tests of all specified parameters were doing during whole
building. Tested concretes satisfied required properties both after
mechanical parameters and specified durability.

The bridge over broad-gauge railway

Bridge 206 (Fig. 1) is ranked among most interesting objects on free-
way R4, section Kosice — Milhost. It bridges the broad-gauge rail-
way line. Bridge body arches over railyard and trolleys (Fig. 2) at fre-
quented international railway line. Therefore, one part of the bridge
206 was realized by balanced cantilever casting method. Construc-
tion system of dilatation segment no. 1 consists of double beam
monolithic pre-stressed concrete framework with high 2,3 meters.
This construction was built on fixed support falsework. Construc-
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Obr. 2 Preklenutie Sirokorozchodnej Zelezni¢nej trate mostnym objektom 206-00
Fig. 2 Bridge object 206-00 bypass over the broad-gauge railway

Mostny objekt nad Sirokorozchodnou zelezni¢nou
tratou

Medzi najzaujimavejsie objekty na danom Useku rychlostnej cesty
nepochybne patri most SO 206 (obr. 1), ktory preklenuje Sirokoroz-
chodnu Zelezni¢nu trat. Vzhladom na to, Ze teleso mosta prechadza
ponad kolaje a troleje (obr. 2) frekventovanej zelezni¢nej trate me-
dzindrodného vyznamu, ¢ast tohto mosta sa realizovala technolé-
giou letmej betonaze. Konstrukény systém objektu prvého dilatacné-
ho celku pozostéva z dvojtrdmovej monolitickej nosnej konstrukcie
z predpétého beténu s konstantnou vyskou 2,3 m budovanej na
pevnej skruzi betondZou po poliach. Druhy dilata¢ny celok ma nos-
nu konstrukciu s komorovym prie¢nym rezom s premennou vyskou
od 4,5 m nad podperami do 2,3 m [3], pricom pole s dfzkou 80 m sa
realizovalo spominanou technoldgiou letmej betonaze a ostatné po-
lia technolégiou na pevnej skruzi [1].

Realizacia tohto mostného objektu prebiehala v pripade prvé-
ho dilata¢ného celku podla alternativy A, teda nosna konstrukcia —
dvojtram — pomocou posuvného debnenia na jedno pole, na pev-
nej skruzi na tri polia, s ¢asom vystavby nosnej konstrukcie 15 dni/
pole. Horna stavba je osadend na 38 kruhovych pilieroch s & 1,6 m
pri dilatacnom celku 1 a na 12 kruhovych pilieroch s & 2,0 m pri di-
latatnom celku 2, ¢o umoznilo priemyselnt vystavbu pomocou raz
zostavenych typovych debneni Ulma, v jednom exemplari na kazdy
priemer, a pouzitie samonosnych armoko3ov [1].

Cast druhého dilata¢ného celku sa realizovala vystavbou na pevnej
skruzi, zatial ¢o pole s dizkou 80 m sa realizovalo technoldgiou letmej
betonéZe. Dizka betonaznych zaberov bola upravena z pévodnych
3 m na5 m, ¢im sa vyrazne skratil ¢as vystavby a tym aj ndklady [1].
Letmd betondz prebiehala z dvoch stran proti sebe stcasne, aby sa
urychlil ¢as vystavby, pricom cyklus letmej betonadze bol 7 dni.

Nosna konstrukcia oboch dilatacnych celkov z betonu C 35/45
bola predopnutéd predpinacou vystuzou z 19-lanovych sudrznych
kablov. Na betény na nosné konstrukcie SO 206 bola zadand pozia-
davka 36-hodinovej pevnosti v tlaku a statického modulu pruznos-
ti. Potreba rychleho nérastu pevnosti v tlaku vyplyvala zo skladby
realizovaného cyklu letmej betondze, ktory zahfnal pripravu beto-
novacieho vozika, uloZenie betonérskej vystuze a predpinacich kab-
lov, ulozenie samotného betdnu, dosiahnutie minimalnej pevnosti
v tlaku, predopnutie kadblov a posun betdnovacieho vozika do dal-
3ej polohy. Na zaklade tychto poZiadaviek sa na realizaciu konstrukcif
mostovych lamiel pouzil betén s oznacenim 8.1, podla Specifikacie
uvedenej v tabulke.

Prvd betondz nosnej konstrukcie lavého mosta sa uskutocnila
14. 6. 2011. Trvala takmer 9 hodin a uloZilo sa 350 m?® beténu s pra-
covnym oznacenim 8.1 [2]. Nosna konstrukcia lavého mosta bola
zmonolitnend letmou betondzou uzaverovej lamely dna 13. 3. 2012.
Spotrebovalo sa pri tom 675 t betondrskej vystuze, 194 t predpina-
cej vystuze a 4 798 m?® betonu [4]. Nosna konstrukcia pravého mosta
bola ukoncena 15. 8. 2012, pricom sa spotrebovalo 605 t betonarskej
vystuze, 236 t predpinacej vystuze a 4 915 m? betonu.

InZinierske stavby / InZenyrské stavby 6/2013

Obr. 3 Most v krizovatke Kechnec — SO 215-00
Fig. 3 Bridge at Kechnec crossing — object 215-00

tion system of dilatation segment no. 2 consists of cellular cross-sec-
tion structures with height from 4,5 to 2,3 meters [3]. Middle span is
80 meters long and was realized by mentioned balanced cantilever
casting method. Others spans were realized on fixed support false-
work [1].

Realization alternative A was used for building dilatation segment
no. 1. Double beam framework was built by travelling formwork on
one span, on fixed falsework on three spans. Formwork building time
was 15 days per span. Upper construction of dilatation segment no.
1 lies on 38 circle pillars with dimension 1,6 meters. Upper construc-
tion of dilatation segment no. 2 lies on 12 circle pillars with dimen-
sion 2,0 meters. Type formworks Ulma were used for each of pillar di-
ameters. Formworks were set together at the beginning and were
used during whole time of pillars building. Self-supporting reinforce-
ment cages were used in the pillars [1].

A part of dilatation segment no. 2 was realized by building on
fixed falsework, while 80 meters long span was realized by cantile-
ver casting method. Length of concreted element was changed into
5 meters from previous 3. This change causes that building time was
significantly shorter hence costs decreased [1]. To accelerate build-
ing time, cantilever casting process ran from two opposite hands si-
multaneously. One cycle of casting took 7 days.

Framework of both dilatation segments was built from concrete
of strength class C 35/45 and it was pre-stressed with pre-stress
19-cable reinforcement. Both the 36-hours compressive strength
and static modulus of elasticity of concrete were required for bridge
206 frameworks. Cantilever casting cycle consisted of preparing of
setting carriage, placing of reinforcement and pre-stressing cables,
placing of concrete, minimum compressive strength obtaining, ca-
bles post-stressing and displacement of carriage to the next posi-
tion, respectively. Therefore, concrete named 8.1 (according to spec-
ification listed in the table) was used for realization of particular
bridge segments.

Initial concreting of left bridge framework took place on 14. 6.
2011. Concrete placing ran almost nine hours and 350 m? of con-
crete named 8.1 were placed [2]. Left bridge framework was fin-
ished by concreting of cap segment on 13. 3. 2012. Around 675 tons
of steel reinforcement, 196 tons of pre-stressed reinforcement and
4798 m?* of concrete were consumed [4]. Right bridge framework
was completed on 15. 8. 2012 and 605 tons of steel reinforcement,
236 tons of pre-stressed reinforcement and 4 915 m? of concrete
were consumed.

Other concrete structures

As was mentioned, 14 bridges are situated on freeway R4, section
Kosice — Milhost. Bridge over broad-gauge railway was realizes by
combined method. One part of construction was built by concret-
ing of monolithic framework on fixed support falsework and another
part by balanced cantilever casting method. On the freeway section,
several bridges over country road were built by concreting of mon-
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Obr. 4 Zarubna pildtova stena — SO 220-00
Fig.4 Pile breast wall — object 220-00

a) pildta, b) lanové kotvy, ©) hotova stena
a) pile, b) cable anchors, ¢) completed wall

Dalsie beténové konstrukcie
Ako uz bolo spomenuté, na Useku rychlostnej cesty R4 Kosice — Milhost
sa nachadza spolu 14 mostnych objektov. Most nad $irokorozchodnou
Zelezni¢nou tratou sa realizoval kombinovanou metédou, teda cast
konstrukcie sa vybudovala betondzou monolitickej nosnej konstruk-
cie na pevnej podpernej skruzi a ¢ast letmou betondzou. Betondzou
monolitickych nosnych konstrukcii na pevnych podpernych skruziach
sa vybudovali viaceré mosty na polnych cestach, ako aj most na ceste
1/68 na krizovatke Kosice-juh a most v krizovatke Kechnec (obr. 3). Na-
pojenie miestnej komunikacie na most na krizovatke Kechnec je z kru-
hového objazdu situovaného pod samotnym mostom a zabezpecuje
priamy pristup priemyselného parku Kechnec k rychlostnej ceste.
V12,230 az 12,459 km Useku sa nachadza zarubna pildtova stena
(obr. 4c), ktora zabezpecuje odkop prirodného svahu proti zosunutiu,
a to vzhladom na jeho pomerne nestabilné geotechnické paramet-
re. Stena sa nachadza na mieste, kde teleso cesty lezf v zéreze s hib-
kou 7 az 17 m. Stena je vybudovana zo sustavy 158 ks vitanych pilét
(obr. 4a) s priemerom 1 180 mm a dizkou 9,5 aZ 13,5 m. Vichné cast
steny je cez Zelezobeténovy kotevny veniec kotvend do svahu po-
mocou lanovych zemnych kotiev (obr. 4b) s dlzkou 30 m [5].
Poslednym mostnym objektov na Useku je most nad polnou cestou
SO 216-00 (obr. 5). Tento most sa nachadza asi 100 m od $tatnej hrani-
ce s Madarskom. Ide o monolitickti nosnu konstrukciu betéonovanu na
pevnych podpernych skruziach. Mostovka je osovo ulozend na pod-
pernych pilieroch a ma vo vertikdlnom smere mierne obltkovy tvar.

Zaver

Rychlostna cesta R4 Kosice — Milhost predstavuje doélezitd sucast
cestnej infrastruktdry v oblasti vychodného Slovenska. Okrem regi-
onélneho vyznamu zabezpecuje aj medzindrodnu tranzitnd funk-
ciu. Pri vystavbe jednotlivych beténovych konstrukcii sa pouZili roz-
ne druhy beténu navrhnuté Specidlne na dosiahnutie poZzadovanych
parametrov jednotlivych konstrukcif, respektive objektov. Vhodne
zvolenymi materialmi sa dosiahli vyborné vysledky a celd realizacia
beténovych konstrukcii prebehla bez vacsich problémov. To vytvara
predpoklad a podmienky na to, aby vybudované konstrukcie spolah-
livo plnili svoju Ulohu pocas celej planovanej Zivotnosti.
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Obr. 5 Most nad polnou cestou — SO 216-00
Fig. 5 Bridge over country road - object 216-00

olithic framework on fixed support falsework, too. For example, this
method was used at bridge on road 1/68 at crossing Kosice — south
and on bridge at “Kechnec” crossing (Fig. 3). Local road is connected
to the freeway by the “Kechnec” crossing from ring-road situated di-
rectly under the bridge. This connection presents direct access from
industrial park Kechnec to freeway R4.

Pile breast wall is situated at 12,230 to 12,459 kilometre of the sec-
tion (Fig. 4c). This wall stabilises natural slope against landslip, be-
cause of its unstable geotechnical parameters. Wall is located in the
locality in which the road body lies in 7 to 17 meters deep excava-
tion. Pile breast wall is created from 158 drilled piles (Fig. 4a). Piles di-
mension is 1 180 mm and its length is from 9,5 to 13,5 m. Reinforced
concrete anchor ring completes the wall upside. It is anchored to the
slope by 30 meters long cable earth anchor (Fig. 4b) [5].

The last bridge object on freeway R4, section Kosice — Milhost is
bridge over the country road, object 216-00 (Fig. 5). This bridge is
located app. 100 meters away from Hungarian state boundary. Its
structural design is based on casting in-situ post tensioned mono-
lithic load-bearing structure on fixed support falsework. Bridge deck
sets axially on the support piers. The profile of bridge deck is smooth
curved in vertical direction.

Conclusion

Freeway R4, section Kosice — Milhost presents important part of cur-
rent road infrastructure in Eastern Slovakia area. It serves as both lo-
cal and international transit route. Several types of concrete were
used for construction of bridge and other structures. These con-
cretes were specially designed in regard to achieve the required con-
crete structures properties. Perfect results were achieved thanks to
precisely chosen materials and responsibly designed concrete reci-
pes. Whole realization of freeway R4 was done without any signifi-
cant problems. Therefore, built construction can be in service, relia-
bly for whole designed durability time.
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Karol Dobosz - Vladimir Pitak — Peter Vyslan

Mosty na modernizovanej Zelezniénej trati v useku
Liptovsky Hradok - Paludza

Bridges of the Upgraded Rail Track between
Liptovsky Hradok and Paludza

Prispevok je zamerany na navrh inzinierskych konstrukcii (mosty, The article focuses on the design of engineering structures (bridg-
tunel Paludza a mury) na modernizacii Useku zelezni¢nej trate es, Paludza tunnel and walls) in the upgraded section of the rail
Liptovsky Mikulas$ (vyhybra Paludza) - Liptovsky Hradok na zvy- track Liptovsky Mikulds$ (turnout Paludza) - Liptovsky Hradok to
$enie rychlosti do 160 km/h. Z celkovej dizky trate 18,55 km ve- allow raising the speed up to 160 km/h. Of the total track section

die 14,60 km v novom trasovani, z ¢oho vyplynula potreba navr- 18,55 km long, 14,60 km run in a new route, which has necessitat-
hu zna¢ného mnoZstva novych umelych stavieb. ed a considerable number of man-made structures.

Modernizacia vybranych tratf siete 7SR spociva v prestavbe Zelez- Upgrading of the selected tracks in the Slovak railway system rests
ni¢nej dopravnej cesty s cielom zlepsit jej vybavenost a pouzitelnost in renewing the rail traffic route by improving its equipment and
zabudovanim modernych a progresivnych prvkov, ¢im sa zlepsia jej serviceability by introducing progressive state-of-the-art elements
parametre. which in turn would improve its parameters.

Prispevok je zamerany na objekty v 5. etape stavby Modernizacia The article focuses at works during stage 5 of the project to up-
Zelezni¢nej trate Zilina — Kogice, Usek trate Liptovsky Mikulds — Po- grade the rail track Zilina - Kosice in the track section Liptovsky
prad-Tatry (mimo) (asi 60 km). Dizka tohto Useku je v existujicom Mikulds — Poprad-Tatry (excl.) (approx. 60 km long). The section runs
trasovani 20,297 km, v navrhovanom trasovani 18,550 km, pricom 20,297 km in its existing route and 18,550 km in the newly designed
71,85 % trate vedie na novom telese. Trat za stanicou Liptovsky Hra- route; 71,85 % of the track runs in new construction limits. Behind
dok v smere na Zilinu odboc¢uje z pévodnej osi, prechadza ponad Liptovsky Hradok station, the Zilina-bound track diverts from its ini-
cestu /18 a cez Vah na jeho juzny breh, kde dalej za obcou Podturen tial axis, passes over I/18 road and over the Vah river to its south bank
vytvara spolu s dialnicou D1 spolo¢ny koridor a sibezne s rou z juz- where it joins D1 motorway behind Podturen (a municipality) to run
nej strany pokracuje v podstate az do vyhybne Paludza. parallel with that road, along its southern side as far as Paludza turnout.

Pred koncom Useku je na preloZke trate navrhnuty posledny tu- Almost at the section end, the last tunnel of the project is de-
nel celej stavby — Paludza, dvojkolajovy jednorirovy tunel s dizkou signed on the relocated track. Paludza tunnel is a double-track sin-
asi 630 m. Na rozdiel od v3etkych ostatnych tunelov uvedenej stavby gle-pipe structure, approx. 630 m long. Unlike all other tunnels of the
bude tunel Paludza hibeny. section, Paludza tunnel will be excavated.

V rdmci uvedenych necelych 19 km trate sa navrhlo spolu 12 no- There are in total 12 new railway bridges, 14 new road overpasses
vych Zelezni¢nych mostov, 14 novych cestnych nadjazdov a 7 pod- and 7 underpasses designed along less than 19 km of the track to al-
chodov zabezpecujucich bezbariérové krizenie chodcov s tratou. low for grade-separated intersections of pedestrian ways and the rail-
Okrem toho sa rekonstruuje 5 existujucich objektov a navrhnutych way. In addition to that, 5 existing works are being rehabilitated and
je 24 opornych konstrukcif (rézne typy opornych a zarubnych mu- 24 support structures (various types of retaining and revetment walls)
rov). Prispevok je dalej zamerany na tri mosty z uvedenej stavby. are proposed. The article focuses on three bridges of the project lot.
Zelezniény most cez Vah Railway Bridge over the Vah River
Mostny objekt cez Vah je navrhovany v extravildne katastralnych Uze- The bridge over the Véh river is proposed in the rural zone of the ca-
mi obci Podtureri a Liptovsky Jan, preto sa na jeho konstrukciu nekla- dastral areas of Podturen and Liptovsky Jan and therefore, no special
du zvysené estetické naroky. Z tohto dévodu sa na preklenutie danej requirements are made concerning the appearance of its structure.
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Pozdl?ny rez mostom ponad Vah
Longitudinal view of the bridge over the Vah river
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Priecny rez mostom
Cross section of the bridge

prekazky navrhla spriahnutd osempolova ocelobeténové konstruk-
cia. V mieste upraveného koryta pod mostom dosahuje svetla vyska
7,4 m, ¢o postacuje na prevedenie storo¢nej vody Vahu.

V prie¢nom smere tvoria most samostatné konstrukcie pod kaz-
dou kolajou, ¢o je jedna zo zakladnych poziadaviek ndvrhu mostov
na modernizovanych tratiach. V buddcnosti mé zabezpecit bezprob-
lémovu Udrzbu a prace na moste v case jednokolajovych tratovych
vyluk.

Navrhovany most sa nachddza v inunda¢nom tzemi rieky Vah, kde
je kvartérne podlozie tvorené fluvidlnymi Strkmi s primesou jemno-
zrnnej zeminy, mezozoické vrstvy su tvorené suvrstviami piescitych
bridlic a pieskovcov.

Spodna stavba mosta je navrhnuta z gravitacnych opoér a medzi-
lahlych pilierov z beténu C 30/37. Opory su zaloZené plo3ne a budu
sa budovat v otvorenych stavebnych jamach. ZaloZenie medzilah-
lych pilierov je navrhnuté ako hlbinné na velkopriemerovych pilé-
tach pod ochranou dvojitej Stetovnicovej ohradzky vyplnenej flovym
tesnenim. Vnutornd Stetovnicova stena bude ponechand ako ochra-
na zakladov pred podmytim zékladovej skary. Spodna stavba je chra-
nend pred obtekajucou vodou kamennym andezitovym obkladom
aZ po uroven Uloznych prahov. Plynuly prechod z mosta na zemné
teleso a naopak je zabezpeceny prechodovymi doskami so $irkou
3,4 m pod kazdou kolajou.

Nosna konstrukcia je navrhnutd ako spojitd osempolové spriah-
nutd ocelobeténova s rozpatiami jednotlivych poli 30,0 + 6 x 38,0
+ 30,0 m. V prie¢nom reze konstrukcia pozostava z dvoch plnosten-
nych trdmov s prierezom v tvare | pod kazdou kolajou s vyskou 2,65
m a zo spriahajucej Zelezobetdnovej dosky v Urovni hornych pds-
nic. Stena trdmu je vystuzend obojstrannymi plnostennymi vystuha-
mi. Prie¢ne stuzenie nosnikov v poli je zabezpecené stuzovadlami
z valcovanych profilov. V oblasti podpier je vzajomné stuzenie za-
bezpecené prie¢nymi stuzovadlami z plnostennych prierezov v tva-
re |. Nosné ocelové konstrukcie su navrhnuté z ocele S355J2+N/M
a prie¢ne stuzovadla z ocele 5235J2.

Spriahajuca Zelezobeténova doska je navrhnutad s premennou
hrdbkou 0,36 — 0,515 m v priecnom smere, ¢o vyplynulo z navrh-
nutého systému odvodnenia konstrukcie medzi nosnymi doskami.
Mostné dosky su po strandch ohrani¢ené rimsami, ¢im sa vytvoril
pozadovany priestor na kolajové 16zko. Spriahajuca beténova doska
bude zhotovena z betdnu C 35/45.

Ulozenie nosnej konstrukcie je navrhnuté na hrncovych lozis-
kach. Pevné uloZenie je umiestnené na pilieri P6. Vzhladom na dizku
mostného objektu bude prechod z mosta na zadverny mur zabezpe-
Ceny atypickym dilata¢nym zariadenim z GFRP lamindtu s minimal-
nou hrdbkou 15 mm. K pouZitiu GFRP materidlu viedla poZiadavka
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Pozdlzny rez mostom v Zst. Liptovsky Mikulds
Longitudinal view of the bridge in Liptovsky Mikulds railway station

Prie¢ny rez mostom v Zst. Liptovsky Mikulds
Cross section of the bridge in Liptovsky Mikulas railway station

Thus, to allow the railway pass over the river, a composite 8-span RC
construction was proposed. Where the river channel is regulated,
there is a clearance of 7,4 m under the bridge, which is sufficient to
carry 100-year flood of the Vah river.

Laterally, the bridge is made by independent structures, each car-
rying one line, which is one of the key requirements for bridge de-
sign in the upgraded tracks to allow easier maintenance and work on
the bridge when one of the track lines is closed.

The proposed bridge is located in the flood area of the Véh riv-
er with Quaternary bottom made by fluvial pebble containing fine-
grained soil ingredients and Mesozoic series of strata of sandy shales
and sandstone.

The bridge substructure is designed of gravity abutments and
piers of concrete class C 30/37. The abutments are erected over shal-
low foundations which are built in open excavation pits. The foun-
dations of piers are designed deep, over large-diameter piles pro-
tected by double sheet-pile enclosure filled with clay puddle. The
inner sheet-pile wall will remain in its place to protect the founda-
tion from its surface erosion. The substructure will be protected from
by-passing water by andesite stone facing up to the bearing blocks.
A smooth passage from the bridge to the earth bed and back is pro-
vided for by approach slabs 3,4 m wide under each of the track lines.

The bearing structure has been designed in 8 spans, composite, of
RC, which are 30,0 + 6 x 38,0 + 30,0 m. In its cross section, the struc-
ture consists of two solid-web I-beams under each track line, which
are 2,65 m tall and a composite RC slab at the level of upper flange
lates. The truss wall is reinforced by both-sided solid braces. The diag-
onal bracing of the span beams is provided for by stiffeners of rolled
sections. In the area of struts, mutual bracing is provided for by cross
frames of full I-sections. The bearing steel structures are designed of
steel class S355J2+N/M and the cross frames of class $235J2.

The composite RC slab is designed of variable depth, 0,36 — 0,515
m in its cross section, which is due to the proposed system of drain-
ing between the bearing slabs. The bridge slabs are rimmed along-
side by cornices which allow for the necessary room for the body of
ballast. The composite slab will be of concrete class C 35/45.

The bearing structure will rest over pot bearings. There is a fixed
bearing on pier P6. With regard to the bridge length, the transition
from the bridge to a revetment wall will be secured by a non-stand-
ard expanding device of GFRP laminate at least 15 mm thick. GFRP
has been used to satisfy the requirement to minimise the impacts
of stray currents on structures. There is a noise barrier on the right-
side cornice and a bridge rail on the left one. The bridge deck is pro-
vided with a blanket damp-proofing assembly. The whole bearing
structure is drained by a catchment gutter located between the
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Pozdlzny rez mostom ponad Galoviansku zatoku
Longitudinal view of the bridge over Galovianska creek

na minimalizovanie vplyvu bludnych pridov na konstrukcie. Na pra-
vostrannej rimse je umiestnena protihlukové stena, na lavostrannej
zabradlie. Hydroizolaciu mostovky tvorf celoplosné izolacné suvrs-
tvie. Celkové odvodnenie nosnej konstrukcie je zabezpecené zber-
nym zlabom umiestnenym medzi spriahajucimi doskami vyustenym
pri pilieroch do vodného toku. Na realizaciu pravidelnych prehliadok
nosnych konstrukcii premostenia je pod kazdou kolajou medzi nos-
nikmi navrhnuté revizna lavka. Z vonkajsej strany ocelovych nosni-
kov je po celej dfzke navrhnuté revizne drzadlo.

Most v zelezni¢nej stanici Liptovsky Mikulas

Premiestnenie Zelezni¢nej trate a stanice v Liptovskom Mikuldsi si
vyZiadalo navrh Zelezni¢ného mosta pod stani¢nymi kolfajami nad
cestou lll. triedy veducou do obci Plostin a Ilanovo. Okrem tejto ko-
munikécie tvori prekazku este potok Plostinka a polna cesta spristup-
nujuca okolité luky a pasienky. Most sa nachadza v intravildne mesta.

Koncepcné rieSenie mosta zodpovedd poziadavkam kladenym na
modernizované Zelezni¢né trate. Z palety moznych konstrukenych
systémov sa vybrala Zelezobetdnova trojpolova konstrukcia. V pro-
spech volby tejto konstrukcie hovori predovietkym jednoduchost
rieSenia v porovnani s inymi nosnymi systémami a ekonomickost na-
vrhu. V prie¢nom reze tvoria nosnu konstrukciu samostatné dosky
pod kazdou kolajou. Podjazdnd vyska pod mostom v osi miestnej
komunikécie je 6,25 m a v osi polnej cesty 4,95 m.

V podlozi su kvartérne vrstvy tvorené fluvidlnymi Strkmi s prime-
sou jemnozrnnej zeminy v Uzkom pruhu potoka Plostinka. Paleogén
tvoria rozlozené ilovce a suvrstvia flovcov.

Spodné stavba je tvorend gravitacnymi oporami a medzilahlymi
piliermi z betdnu C 30/37. ZaloZenie opdr je navrhnuté plosné, bu-
dované v otvorenej stavebnej jame, zo strany od existujucej komu-
nikdcie pod ochranou Stetovnicovej steny. V hornej Urovni zaverné-
ho muru sa vytvori kapsa na osadenie prechodovej dosky. Pouzitie
prechodovej dosky umozni plynuly prechod zo Zelezni¢nej trate na
most a naopak. Zalozenie pilierov je navrhnuté ako hlbinné, samot-
né piliere st navrhnuté ako Zelezobeténové ramové.

Nosna konstrukcia bola zvolend ako spojité trojpolové doska s roz-
patim jednotlivych poli 12,75 + 15,75 + 12,75 m. Prierez dosiek je
navrhnuty s konstantnou hribkou po celej dizke. V prie¢nom sklo-
ne su dosky navrhnuté v sklone 3 % k okrajom, ¢im sa zabezpeci od-
tok vody z kolajového Zlabu. Priestor kolajového Zlabu je ohranice-
ny beténovou monolitickou rimsou. Jednotlivé nosné konstrukcie su
v prie¢nom smere vzadjomne oddelené dilatacnou $karou so Sirkou
20 mm. Na nosnu konstrukciu sa navrhol beton C 35/45.

UloZenie nosnej konstrukcie mosta bude na vsetkych podperach
na hrncovych loZiskdch umiestnenych na beténovych podstavcoch.
Nad krajnymi oporami su navrhnuté atypické mostné zavery vytvo-
rené z GFRP lamindtu. Zabradlie je na okrajoch mosta navrhnuté
z ocelovych valcovanych L-profilov. Hydroizoldcia mostovky pozosta-
va z celoplo$ného izola¢ného suvrstvia. Odvedenie zrdzkovych véd
z kolajového Zlabu je navrhnuté systémom odvodriovacov a zberné-
ho potrubia pod rimsou.
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accoupled slabs, mouthing to the river at the piers. To allow regular
inspections of the bridge bearing structures, there are catwalks un-
der each track line connecting the beams. On the outer side of the
steel beams, a grip is designed all along them.

Bridge in Liptovsky Mikulas Railway Station

Relocation of the rail track and station in Liptovsky Mikuld$ has ne-
cessitated a railway bridge carrying the station lines above a 3rd class
road to Plostin and llanovo (municipalities). In addition to the road,
there also are other obstacles: Plostinka stream and a cart road to the
nearby meadows and pastures. The bridge is situated in urban area.

The bride concept satisfies the requirements concerning upgrad-
ed railway tracks. Out of a plethora of possible construction systems,
a three-span RC structure was selected. This option has been pre-
ferred mainly due to its simplicity compared to other bearing sys-
tems, as well as due to its capital costs. The cross section of the
bearing structure features separate slabs under each track line. The
headroom under the bridge is 6,25 m above the local road and 4,95
m above the cart road.

The subsoil is made of fluvial pebble containing fine-grained soil
ingredients in a narrow strip of Plostinka stream. There are Paleogen-
ic mudstones and series of mudstone strata there.

The substructure consists of gravity abutments and piers of con-
crete class C 30/37. The abutments are erected over shallow founda-
tions built in open excavation pits, under the protection of a sheet-
pile wall on the side of an existing road. On the upper level of the
shutter wall, a pocket will be made to set the approach slab there.
The approach slab will allow a smooth passage from the rail track to
the bridge and back. The piers rest over deep foundation and they
are themselves of RC and framed.

The bearing structure is a composite three-span 12,75 + 15,75 +
12,75 m. The slabs are designed of equally thick all along. Lateral-
ly, the slabs follow a 3 % slope toward their edges, which will allow
water to run off from the track channel. The track channel area is
enclosed by a monolithic concrete cornice. The individual bearing
structures will be cross-wise separated from one another by an ex-
pansion joint 20 mm wide. The bearing structure is proposed in con-
crete class C 35/45.

The bridge bearing structure will rest over pot bearings on con-
crete pedestals for all supports. Non-standard expanding devic-
es of GFRP laminate are designed over the abutments. The balus-
trade along the bridge edges is proposed of steel rolled L-sections.
The bridge deck is provided with a blanket damp-proofing assembly.
Rainwater is drained from the track channel by a drains system and
a collector pipe under the cornice.

Bridge over Galovianska Creek

The route of track relocation between Liptovsky Mikulads and Paludza
turn-out has resulted in a new railway bridge over Galovianska creek
of Liptovska Mara (a water reservoir) near the proposed west portal
of Paludza tunnel.

www.inzinierskestavby.sk
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Prie¢ny rez nosnou konstrukciou MK1
Cross section of MK1 bearing structure

Most nad Galovianskou zatokou

Trasovanie prelozky trate medzi Liptovskym Mikuldsom a vyhybriou
Paludza si vynutilo vybudovat novy Zelezni¢ny most, ktory premosti
Galoviansku zatoku vodnej nadrze Liptovskd Mara pri navrhovanom
zapadnom portadli tunela Paludza.

Vzhladom na smerové a vyskové vedenie trasy bolo premostenie
navrhnuté ako dve za sebou nasledujice mostné konstrukcie roz-
nych typov s oznacenim MK1 a MK2. Prvy je 4-polovy spojity spriah-
nuty ocelobeténovy most s hornou mostovkou. Nosné konstrukcie
sU navrhnuté samostatne na kazdu kolaj. Prvy most plynule pokra-
¢uje druhou mostnou konstrukciou, ktora je rieSend ako spojity Ze-
lezobetonovy rdmovy most. Tato konstrukcia sa zvolila z dévodu res-
pektovania dvoch moznych poldh kolaji na moste. Ide o navrhovanu
polohu, kde sa nova trasa pripdja k existujucej trati, a takzvanu vyhla-
dovu polohu kolaje, kde sa predpokladd pokracovanie trasy v pria-
mom smere. Most je navrhnuty tak, Ze hornd stavba oboch mostov
je s dostato¢nou rezervou nad Urovnou maximalnej katastrofickej
hladiny vodnej nadrze.

Prvu ¢ast mosta s oznac¢enim MK1 tvori spojita 4-polové priec-
ne ¢lenend konstrukcia s hornou mostovkou s priebeznym kolajo-
vym 16zkom. Rozpdtia mostnych poli si 31,5 + 40,0 + 400 + 31,5 m
s celkovym premostenim s dizkou 140,6 m. Celkové df#ka ocelovej
konstrukcie premostenia je 144,6 m, ¢o je aj df#ka dilata¢ného cel-
ku v pozdiznom smere. Sirka mosta je 11,1 m s dilata¢nou stredovou
medzerou so $irkou 150 mm s odvodnovacim systémom. Uvazuje
sa 0 pevnom ulozeni na pilieri P4. Nosna konstrukcia je navrhnuta
ako spriahnutéd ocelobeténové konstrukcia v prie¢nom reze, tvore-
na dvojicou ocelovych celozvéranych plnostennych I-nosnikov s vys-
kou 2,8 m, spriahnutych so Zelezobeténovou doskou s premennou
hrubkou. Spriahnutie je zabezpec¢ené pomocou tffiov navarenych na
hornej pasnici nosnikov. Ocelové nosniky budu z ocele S355J2 a su
navrhnuté v osovej vzdialenosti 2,7 m, symetricky po 1,35 m od osf
kolaji. Nosniky su navzajom priecne spojené stuzovadlami z valcova-
nych profilov. Prie¢ne stuzovadla zabezpecuju tvar nosnej konstruk-
cie pocas betondaze spriahajlcej dosky, ako aj pocas prevadzky mos-
ta a su situované v osovych vzdialenostiach 5000 mm. Spriahajuca
zelezobeténovd doska mé premennd hrdbku po $irke aj dizke kon-
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PRIECNY REZ MK2
V MIESTE PILIERA BEZ TRAKENEHO STOZIARA

Prie¢ny rez nosnou konstrukciou MK2 nad pilierom
Cross section of MK2 bearing structure above the pier

With regard to the track levelling and lining, the bridge in fact con-
sists of two consecutive structures of two different types, indicated
as MK1 and MK2. The first one is a 4-span continuous composite RC
deck bridge. Its bearing structures are separate for each track line.
The first bridge is immediately followed by another bridge structure,
which is a continuous RC frame bridge. Its structure was chosen to
allow two positions of the track lines over the bridge, namely the po-
sition proposed, where the new route joins the existing track, and
the so-called outlook track position, allowing the route run straight.
The bridge is designed so as to allow a sufficient margin for the su-
perstructures of both bridges above the level of the water reservoir
during floods.

The first bridge part (MK1) is a continuous 4-span deck bridge, ar-
ticulated laterally, with a continuous body of ballast. The spans are
31,5 +40,0 + 40,0 + 31,5 m, the total span being 140,6 m. The total
length of the steel bridge structure is 144,6 m, which is the dimen-
sion of the expansion unit lengthwise. The bridge is 11,1 m wide and
its central expansion gap with a draining system is 150 mm wide.
Its fixed bearing is foreseen on pier P4. The bearing structure is de-
signed as a composite RC structure, in its cross section made by
a couple of steel fully welded full wall beams 2,8 m tall, coupled with
a RC slab of variable thickness. The coupling is provided by means
of stud connectors welded to upper beam flanges. The steel beams
will be of steel class S355J2; they are proposed at a centre distance
of 2,7 m, symmetrically 1,35 m from the centre of the track lines. The
beams are connected to one other by cross frames of rolled sections.
The cross frames provide for the bearing structure shape during the
concrete work for the coupling slab and during the bridge opera-
tion; they are situated at a centre distance of 5000 mm. The coupling
RC slab is of variable thickness both length- and cross-wise, which is
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strukcie, ¢o vyplynulo z navrhnutého spodsobu odvodnenia. Hribka
dosky je 320 — 475 mm a sirka 5,175 m, pricom sa navrhol dostredny
sklon medzi mosty. VyloZenie dosky na rimsovd stranu je 1,8 m od osi
krajného nosnika a 675 mm do stredu od stredného nosnika. Most-
né dosky su po oboch strandch ukoncené rimsami, ¢im sa vytvorf po-
Zadovany priestor na Strkové 167ko. Na zhotovenie nosnej konstruk-
cie sa pouzije betdn C 35/45. Nosna konstrukcia je na spodnej stavbe
uloZzend na atypickych hrncovych loZiskach.

Spodnu stavbu mosta tvoria opora O1 a piliere P1, P2, P3 a P4.
Opory aj piliere su zelezobeténové, navrhnuté z betdnu C 30/37.
Opora O1 je zaloZena vo svahu pri zdpadnom portali tunela Paludza.
Je to gravitacna opora so zékladovym blokom zalozenym na mik-
ropilétach votknutych do tnosnejsich vrstiev. Zelezobetonové pilie-
re P1, P2 a P3 su rieSené jednotne. SU navrhnuté ako stenové stojky
v hornej ¢asti s UloZznym prahom, zalozené na mikropildtach. Vietky
zaklady pilierov maju rozmery 7,0 X 12,4 m a hrdbku 2,5 m. Zaklady
sa zriadia do Stetovnicovej ohradzky, ktord bude okolo zékladov trva-
lo zabudovana ako ochrana pred Uc¢inkami vody. Pilier P4 je spolo¢-
ny pre konstrukciu MK1 aj MK2. Na uloZenie konstrukcie mosta MK1
slizi ako opora a zéroven tvorf sicast nosného systému mosta MK2
(spojity ram).

Druhu &ast mosta (MK2) predstavuje spojitd rdmova konstrukcia so
7 polami so svetlostou 15 m. Celkovéa dfzka premostenia je 123,0 m.
KedZe je nosna konstrukcia navrhovana pre dve rézne polohy kola-
je na moste, je po celej sirke bez prie¢neho ¢lenenia. Most sa od za-
Ciatku po koniec rozsiri 0 4,8 m, z hodnoty 11,2 na hodnotu 16,0 m
na konci kridel. V pozdiZnom smere ma rédmové doska nabehy kruz-
nicového tvaru votknuté do zvislych pilierov. V styku dosky a pilie-
rov je tuhy rdmovy roh, ¢o v spojeni vietkych poli vytvara spojity
ram. Piliere su kolmé na navrhovanu trat. V prie¢cnom smere je do-
ska rdmu riesend s vyloZzenim konzol v rimsovych castiach. Na okraji
konzol na oboch stranéch je vytiahnutd rimsova stena, ktord je ukon-
¢end rimsou so zébradlim. Odvodnenie je rieSené prie¢nym strecho-
vitym sklonom hornej plochy dosky v rozsahu 3 %. Piliere spodnej
stavby tvoria stojky spojitého rdmu. Piliere P5 az P10 su rieSené jed-
notne, menf sa viak ich df#ka a vyska v zavislosti od polohy v rdme
a od Urovne ich zaloZenia. SU riesené ako stenové s hribkou 3,0 m
a so zaoblenim na obidvoch koncoch. Zakladanie je na mikropilé-
tach. Most sa konci oporou O2, ktord je tiez rdmovou stojkou. V hor-
nej Casti rdmu je vynechany ozub na osadenie prechodovej dosky za
mostom. Do stojky su votknuté zavesené rovnobezné svahové krid-
la. VyloZenie kridla je 4,9 m a hribka je 1,5 m. Vsetky piliere, opory
a kridla, kde sa predpokladd styk s vodou z n&drze, budu oblozené
kamennym andezitovym obkladom po Uroven 1,0 m nad katastro-
fickou hladinou vody.
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due to the proposed draining. The slab is 320 — 475 mm thick and
5,175 m wide; with a weathered slope to the centre between the
bridges. On its cornice side, the slab projects 1,8 m from the centre
of the outer beam and 675 mm to the centre of the central beam. On
both their sides, the bridge slabs are rimmed by cornices which pro-
vide the necessary room for the body of ballast. The bearing struc-
ture will be made of concrete class C 35/45. The bearing structure
rests over the substructure on non-standard pot bearings.

The bridge substructure consists of abutment O1 and piers P1, P2,
P3 and P4. Both the abutment and the piers are proposed of rein-
forced concrete (class C 30/37). The O1 abutment is founded in the
slope at the west portal of Paludza tunnel. It is a gravity abutment
with block foundation over micropiles fixed in strata of higher ulti-
mate bearing value. The reinforced concrete piers P1, P2 and P3 are
of the same design. They are wall columns with bearing blocks in
their upper part, founded on micropiles. All the pier foundations are
7,0x 12,4 m and 2,5 m deep. The foundations will be cast in a sheet-
pile enclosure, which will be left in place around the foundations to
protect them from water. P4 is shared by both structures MK1 and
MK2. It serves as abutment to MK1 and makes part of the MK2 bear-
ing system (continuous frame).

The other part of the bridge (MK2) is made by a continuous frame
structure consisting of 7 spans with a headroom of 15 m. The total
bridging length is 123,0 m. As the structure is designed for two dif-
ferent positions of the track line over the bridge, the bearing struc-
ture has no lateral articulation all along. From its beginning to the
end, the bridge width increases by 4,8 m from 11,2 m to 16,0 m at
the end of its wings. Longwise, the frame slab has circular haunch-
es fixed in vertical piers. The slab and the piers meet in rigid knees
which form a continuous frame connecting all spans. The piers are
normal to the designed track. Longwise, the frame slab beams pro-
ject in cornice parts. There is a cornice wall terminated by a cornice
with a balustrade on both sides of beam edges. Draining is allowed
for by cross roof-shaped weathering of the upper slab surface at 3 %.
The substructure piers are made by vertical supporting legs. Piers P5
to P10 are of the same design yet of different lengths and heights,
depending on their position in the frame and on the level of their
foundation. They are wall piers 3,0 m thick, rounded on both their
ends. They are founded on micropiles. The bridge is terminated by
02 abutment which is a vertical supporting leg, too. In the upper
part of the frame, there is a claw to fix the approach slab behind the
bridge. Parallel right-angled walls are fixed in the leg. The wing pro-
jects 49 m and is 1,5 m thick. All piers, abutments and wings sup-
posed to come in touch with the reservoir water will be dressed by
andesite stone reaching 1,0 m above flood water level.
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Mosty na dialhici D1 PreSov, zapad - Presov, juh
Bridges on the D1 Motorway Section Presov, West - PreSov, South

Dialnica D1 v tseku PreSov, zdpad - Predov, juh je jednym z nevy-
budovanych Usekov hlavného dialni¢ného tahu D1 na Slovensku,
patriaceho do siete multimodaineho dopravného systému TEN-T
medzi dvoma najvacsimi mestami Slovenska - Bratislavou a Ko-
Sicami. Tento usek dialnice situovany vo vychodnej ¢asti Sloven-
ska, dlhy 7,9 km, je chybajicim spojenim uz vybudovanych Use-
kov D1 Svinia - PreSov, zapad a D1 PreSov - Budimir.

Na predmetnom Useku dialnice je navrhnutych 18 mostnych ob-
jektov. Najvacsi pocet mostnych objektov sa sustreduje na pomerne
malej ploche v krizovatke PreSov, zapad, kde je situovany aj zaciatok
diali¢ného Useku. V krizovatke Presov, zdpad su vzdjomne prepoje-
né dialnica D1, rychlostnd cesta R4, cesta . triedy a cesta Il. triedy.
V rdmdi tejto stavby je v krizovatke navrhnutych osem mostnych ob-
jektov. V prvej etape vystavby krizovatky (eSte v rdmci stavby dialnice
D1 PreSov — Svinia) sa uz postavili tri mosty. Spolu to teda bude kri-
Zovatka s jedendstimi mostnymi objektmi. Mosty zabezpecia krize-
nie a vzdjomné prepojenie vetiev krizovatky v troch vyskovych drov-
niach. Vyplyvajuc z potreby premostenia mnozstva prekazok a zo
vzajomnych krizovani vetiev, sa vytvoril priestor na vznik zaujimavych
mostnych konstrukcii. Dominantu krizovatky tvorf dialni¢ny most
201, ktorého nosna konstrukcia bude zavesena na predpinacich kab-
loch typu extradosed. Druhym najvacsim mostom krizovatky na vet-
ve spdjajucej dialnicu s rychlostnou cestou bude most 208, ktorého
predpinacie kable budu vedené mimo prierezu nosnej konstrukcie
pod jej spodnou hranou v strede troch polf a takto bude konstruke-
ne nadvdzovat na uz jestvujuci most nad okruznou krizovatkou, kto-
ry je tvoreny vzperadlovou sustavou. Pestrost konstrukénych riesenf
mostov v tejto krizovatke potvrdzuje aj mostny objekt 213. Ide o troj-

Pohlad na most 213
View of the bridge 213

The D1 motorway in section PreSov, West — Predov, South is one
of yet uncompleted sections of the Slovak major motorway route
D1 belonging to the TEN/T multimodal transport system net-
work between two largest cities of the Slovak Republic - Bratis-
lava and Kogsice. This 7.9 km long motorway section situated in
Slovakia’s eastern part represents the missing link between al-
ready completed D1 motorway sections Svinia - PreSov, West and
PreSov - Budimir.

There are 18 bridges to be constructed within this motorway sec-
tion. The largest number of them is concentrated on rather small area
at the PreSov,West interchange where the motorway section begins.
At the Presov, West interchange, the D1 motorway, the R4 express-
way, the Class I and Class Il road are interconnected. There are eight
bridges designed at the interchange within the scope of this pro-
ject. Three bridges have already been completed in Stage 1 of this
interchange construction (within the scope of the D1 Presov — Svin-
ia). That means, when completed it will be an interchange with elev-
en bridges. The bridges will provide for crossing and interconnection
of interchange ramps at three levels. The need of bridging a num-
ber of obstacles and grade-separated crossings of ramps resulted in
design of interesting bridge structures. The extradosed bridge 201 is
a dominant structure of the interchange. The second largest bridge
of the interchange (on the ramp connecting the D1 motorway with
the R4 expressway) will be the bridge 208, the prestressing cables of
which will be situated outside its superstructure cross section, un-
der the soffit, in the middle of three spans. In this way it will be con-
nected to already existing flyover formed by a system of brace struts
over roundabout. The variety of bridge designs at this interchange
confirms also the bridge 213. It is to be constructed as a three-span
bridge which, because of the vertical limitations, has been designed
as a parapet superstructure integrated with the substructure. Other
bridges will be constructed on supporting scaffolding, alternatively
erected of precast prestressed concrete girders.

Beyond the Presov,West interchange the motorway runs farther
to the south. It crosses the valley of Malkovsky potok by the bridge
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Most 204 — pozdizny rez
204 - Longitudinal section
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Pohlad na most 201
View of the bridge 201

polovy most, ktory je vzhlfadom na vyskové obmedzenia navrhnu-
ty v priecnom smere ako parapetny s nosnou konstrukciou integro-
vanou do spodnej stavby. Dalsie mosty sa vybuduju na podpernych
skruziach, pripadne zmontuju z predpatych tycovych prefabrikdtov.

Za krizovatkou Predov, zapad smeruje dialnica dalej na juh. Udolie
Malkovského potoka krizuje dialnica mostnym objektom 203, ktoré-
ho trasovanie vysoko nad tdolim predurcuje jeho vystavbu s pouzi-
tim technoldgie letmej betonaZe. Z tohto mosta sa ako z jediného
miesta na Useku dialnice cez priehladné protihlukové steny zabezpe-
¢i ciasto¢ny vyhlad na mesto Presov a Kalvériu. Za mostnym objek-
tom vstupuje dialnica na Uzemie mestskych lesov, kde je pristupova
cesta vedend nad dialnicou mostnym objektom 204. Nosnd kon-
Strukcia tohto nadjazdu staticky posobi ako samokotveny obluko-
vy systém s doskovou mostovkou, ktord je podopretd vzperami a vo-
tknutd vo vrchole do obluka. Koncové priecniky, ktoré su sucastou
integrovanej opory, su spojené s patkami obluka Sikmymi vzperami.
Na dialni¢nom Useku su dva takéto mosty.

Za juznym portdlom tunela Presov krizuje dialnica rieku Torysu,
miestnu komunikéciu, Zelezni¢nu trat Kosice — PreSov, cestu 1/68
a potok Delna, a to najdlhdim mostnym objektom 206. Mostny ob-
jekt je tvoreny dvoma sibeznymi mostmi s maximalnym rozpatim
51 m a dlzkou nosnej konstrukcie 653 m. Nosna konstrukcia je navrh-
nuté z predpatého beténu a tvorend komérkovym prierezom, vybu-
duje sa metdédou vysivania.

Dialnica je napojena na jestvujuci Usek D1 PreSov — Budimir v mimo-
Urovnovej Utvarovej krizovatke PreSov, juh, kde su na jej vetvach navrh-
nuté dva mostné objekty budované betonazou na podpernej skruzi.

Most 201 na dialnhici D1 nad vetvami krizovatky
Presov, zapad
KedZe sa tento mostny objekt nachadza na najvyssej Urovni krizovat-
ky, bude tvorit jej dominantny prvok. Zaroven je to aj najdihsi most
v krizovatke. Pod nim sa nachddzaju mostné objekty na vetvach dial-
nice D1, rychlostnej cesty R4 a cesty I. a Il. triedy.

Celkovd dizka nosnej konstrukcie je 550 m. Tento most je 12-polo-
vy s rozpatiami poli 27 az 74 m. Tvoria ho dve samostatné nosné kon-

No¢ny pohlad na most 201
Night view of the bridge 201

203, with its carriageway high above the valley. Therefore, it will be
constructed by the balanced cantilever method. From this bridge,
as the only place within this motorway section, a partial view on the
city of Presov and the Calvary Hill will be provided through trans-
parent noise barriers. Beyond the bridge the motorway enters the
area of city forests where the access road is carried over the mo-
torway by the reinforced concrete bridge 204. The superstructure of
this overpass is a self-anchored arch with strut-supported slab deck
fixed at the crown of the arch. The end transverse beams, which are
part of integral abutment, are connected with arch footing by in-
clined struts. There are two such bridges situated within this motor-
way section.

Beyond the south portal of “Presov” tunnel the motorway cross-
es the Torysa River, the local road, the railway line Kosice — Presov,
the 1/68 road and the Delfa Creek by the longest bridge 206, which
is formed by two parallel bridges each with the maximum span
length of 51 metres and the superstructure length of 653 metres.
The presstressed concrete single cell box girder bridge will be con-
structed by an incremental launching method.

The motorway is connected to the existing D1 motorway section
Presov — Budimir at the interchange Presov,South with two cast-in-
place ramp bridges to be constructed on falsework.

Vizualizacia krizovatky Presov, zdpad s dominantnym mostnym objektom 201
Visualisation of the PreSov,West interchange with the dominat bridge 201
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strukcie, ktoré su navrhnuté ako dvojkomaérkové so sklonenymi von-
kajsimi stenami.

V poliach ¢. 7 a 8 je situovany najvacsi pocet vetiev krizovatky. Viys-
kovo a smerovo su vedené tak, Ze je nevyhnutné premostit ich dvo-
ma polami s dizkou 74 m pri vyéke nosnej konstrukcie maximalne
2,3 m. Predmetné polia premostuju tieto prekdzky pomocou exter-
nych predpinacich kablov typu extradosed, ktoré budu deviované
cez podperu €. 8 vo vyske asi 10 m nad Urovriou nosnej konstrukcie.

Kable typu extradosed sa ukotvia do sikmych rebier na nosnej kon-
strukcii. Rebrd su zosikmené voci osi nosnej konstrukcii na 50 gon
tak, aby sa zabezpecil plynuly prenos sil z kdblov typu exstradosed do
nosnej konstrukcie. Rebra budu zaroven prie¢ne predopnuté. Takym-
to riedenim sa nielenZe dosiahne Ucel premostenia, ale sa aj zvyraznf
dominantnost mostného objektu. Mostny objekt bude iluminovany.

Spodné stavba pozostéva z dvoch krajnych opor a jedenéstich
medzilahlych podpier. Opory su navrhnuté ako Ulozné prahy zalo-
Zené na velkopriemerovych pilétach. Medzilahlé podpery st navrh-
nuté v tvare pismena V, ¢o dalej rozvija trojuholnikovy motiv pouzi-
ty v krizovatke PreSov, zdpad. Podpera ¢. 8 (spolo¢na pre obe nosné
konstrukcie) bude tvorit vyrazny prvok, a to svojim tvarovanim (v tva-
re pismena W), ale najma svojimi rozmermi. Je vysoka necelych 30 m
a v jej hornej Casti su cez riu deviované kédble typu extradosed.

Most 208 na vetvach ¢. 8 a €. 10 nad cestou I. triedy
Mostny objekt sa nachadza na dvoch vetvach krizovatky PreSov, za-
pad. Zabezpecuje napojenie z dialnice D1 na rychlostnu cestu R4
v dopravnych smeroch Poprad — Svidnik a KoSice — Svidnik. Premos-
tuje Sest vetiev krizovatky PreSov, zdpad, cestu . triedy a potok Vydu-
manec. Mostny objekt je podorysne rozvetveny, pricom k mostu na
vetve ¢. 8 (12-polovy most s dizkou nosnej konstrukcie 530 m) sa pri-
paja most na vetve ¢ 10 (3-polovy most s dizkou 101 m).

Most na vetve ¢. 8 ma 12 poli s rozpatiami 29,0 az 65,0 m. Vol-
né sirka komunikacie na moste je 13,4 m - trojpruhova jednosmer-
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Most 201 - priecny rez mostom v mieste podpery ¢. 8
201 - Bridge cross section at pier 8

Structure 201 - Bridge on the D1 Motorway over
the Presov, West Interchange Ramps

Since the bridge is situated at the highest level of the interchange, it
will form its dominant. At the same time it is also the longest bridge
at the interchange. There are bridges on the ramps of the D1 motor-
way, the R4 expressway and the Class | and Il roads situated under it.

The overall length of the bridge 12-span superstructure is 550 me-
tres with spans from 27 to 74 m long. The bridge is formed by two
parallel double cell box girder superstructures.

The highest number of interchange ramps is situated in spans 7
and 8. From the vertical and horizontal alignment point of view they
are situated so that it is necessary to cross them by two 74 m long
spans, at the maximum superstructure depth of 2.3 m.

The spans in question cross these obstacles by means of 'extra-
dosed' type of external prestressing tendons which will be deviat-
ed through the pier 8 in the height of about 10 m above the bridge
carriageway.

The 'extradosed' cables will be anchored into skew ribs on bridge
superstructure. The ribs are skewed to 50 gon towards the super-
structure centre line so that a continuous transfer of forces from 'ex-
stradosed' cables into bridge superstructure would be ensured. The
ribs will be prestressed in transverse direction.

By this design not only the purpose of bridging will be achieved,
but the bridge dominance will be highlighted as well. The bridge will
be illuminated.

The bridge substructure consists of two abutments and eleven
piers. The abutments are designed as bearing seats resting on large-
diameter piles. The piers are designed to be V-shaped, which further
develop the triangular motif used at the PreSov, West interchange.
Pier 8 (common for both superstructures) presents an outstanding
member not only by its shape (W-shaped form) but in particular
by its size. It is nearly 30 m high with 'exstradosed' cables deviated
through it in its upper part.
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Pohlad na mosty v krizovatke Presov, zdpad, v popredi most 208
View of bridges at the PreSov,West interchange, bridge 208 in the foreground

na vetva. Nosna konstrukcia mostného objektu je monolitickd, spo-
jita, z dodatocne predpatého beténu. Sirka nosnej konstrukcie je
15,20 m.V prie¢nom smere je nosna konstrukcia navrhnutd ako dvoj-
trdmova s obojstrannymi konzolami.

Na zachovanie rovnakého typu nosnej konstrukcie pri pomer-
ne velkom rozptyle rozpéti poli je dvojtrdamovéa nosnd konstrukcia
v troch najdlhsich poliach vzoprend externymi kdblami, vedenymi
cez ocelovy devidtor. Externé kédble su vedené v strede poli 2,5 m
pod spodnym okrajom nosnej konstrukcie a budu posobit ako vzpe-
radlova sustava. Konstrukeéna vyska dvojtrdmovej nosnej konstrukcie
je konstantna, 2,30 m s ndbehmi nad podperami najdlhsich poli, pri-
¢om vyska nosnej konstrukcie v ndbehu je 3,1 m. Na zvysenie tuhos-
ti v krdtenf je nad tymito podperami navrhnuté uzavretie dvojtrdmo-
vého prie¢neho rezu spodnou doskou.

Most na vetve ¢. 10 ma tri polia s rozpdtiami 24,0 az 41,0 m. Vol-
na Sirka komunikacie na moste je 9,65 m, ¢o zodpoveda dvojpruho-
vej jednosmernej vetve. Nosna konstrukcia je navrhnutd ako mono-
litickd, spojitd z dodatocne predpatého beténu.V priecnom smere je
nosna konstrukcia navrhnutd ako jednotrédmova so Sirkou 11,55 m,
s obojstrannymi konzolami. Konstrukéna vyska je konstantna, 2,30 m.
Jednotrdmova nosna konstrukcia sa plynulo pripojf k pravému trdmu
dvojtrdmovej nosnej konstrukcie.

Nosnd konstrukcia bude predpinana 19-lanovymi sudrznymi pred-
pinacimi kablami. Po dobudovani nosnej konstrukcie sa na most
osadia ocelové deviatory ukotvené do prie¢nikov v strede najdlh-
sich poli a nosné konstrukcia sa predopne externe vedenymi kébla-
mi, ktoré budu kotvené za nadpodperovymi prie¢nikmi v hornej do-
ske nosnej konstrukcie.

Spodna stavba pozostdva z troch krajnych opér a trindstich medzi-
lahlych podpier. Krajné opory su navrhnuté ako uUlozné prahy zalo-
zené na velkopriemerovych pildtach. Medzilahlé podpery na moste
sU navrhnuté ako stipové a v hornej ¢asti sa driek podpery rozdeluje
na dve samostatné casti v tvare pismena V, co zodpoveda trojuhol-
nikovému motivu pouzitému v celej krizovatke. Zakladanie podpier
je vzhladom na geologické pomery navrhnuté ako hlbinné na velko-
priemerovych pilétach.

Most 203 cez dolie Malkovského potoka

Mostny objekt sa nachddza na dialnici D1 a jeho Ucelom je zabez-
pecit premostenie Udolia Malkovského potoka. Pozostava z dvoch
nosnych konstrukcii na favy a pravy pés dialnice, z ktorych kazda je
staticky, funkene a technologicky samostatnd. Nosnd konstrukcia je
navrhnutd ako monolitickd z predpatého betdnu, s komorkovym
prie¢nym rezom s konstantnou vyskou 3,5 m. Predpdtie je tvore-
né systémom internych a externych predpinacich kablov vedenych
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Structure 208 - Bridge on Ramps 8 and 10

over the Class | Road

The bridge is situated on two ramps of the Presov,West interchange. It
enables junction of D1 motorway to R4 expressway in traffic directions
Poprad — Svidnik and Kosice — Svidnik. It crosses over six ramps of the
PreSov, West interchange, the Class | road and the Vydumanec Creek.

In plan the bridge at the end is divided into the bridge on ramp 8
of 530 m long superrstructure and into the bridge on ramp 10 of 101
m long superstructure.

The bridge on ramp 8 has 12 spans with the length from 29.0 m
to 65.0 m. The effective width of the road on the bridge is 13.4 m -
a three-lane one-way slip road. The bridge superstructure is a con-
tinuous girder of post-tensioned cast-in-place concrete. The super-
structure width is 15.20 m. In cross section the superstructure is
a double-T girder with overhanging cantilevers on both sides.

In order to retain the same type of bridge superstructure at rath-
er large span length variability, the double-T girder superstructure is
strutted, at three longest spans, by means of external tendons pass-
ing through steel deviator. External tendons are positioned in the
middle of the three spans, 2.5 m under the superstructure soffit, and
will act as a strutting system. The overall depth of double-T girder su-
perstructure is constant, 2.30 m, with haunches above piers of the
longest spans, when the superstructure depth at the haunch is 3.1
m. In order to increase the torsional stiffness of the structure a bot-
tom slab between the two T-girders is designed above these piers.

The bridge on ramp 10 has three spans from 24.0 m to 41.0 m.
The effective width of the road on the bridge is 9.65 m which cor-
responds to a two-lane one-way slip road. The bridge superstruc-
ture is a continuous beam of post-tensioned cast-in-place concrete.
The cross section of the superstructure is 11.55 m wide single-gird-
er with overhanging cantilevers on both sides with constant depth

Vizualizacia mosta 203 nad udolim Malkovského potoka
Visualisation of the bridge 203 over the valley of Malkovsky potok
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vnutri komorky. Vzhladom na trasovanie vysoko nad udolim a ¢leni-
tost terénu bude nosna konstrukcia v celej dizke budovana techno-
l6giou letmej betondze.

Nosna konitrukcia lavého mosta ma dfzku 432 m a pravého mos-
ta 488 m. Lavy most je 7-polovy a pravy most 8-polovy. Rozpatia polf
sU 42 az 70 m. Nosné konstrukcia je ulozend na medzilahlé podpe-
ry prostrednictvom vrubovych kibov. Na oporach je uloZena na hrn-
covych loZiskach.

Piliere mosta su navrhnuté ako dvojice Stihlych vysokych stien, kto-
ré si dostato¢ne poddajné pri pozdfZnych deformaciach, ale zaro-
ven zaistuju dostato¢nu ohybovu tuhost mostnej konstrukcie. Pocas
vystavby bude dvojica stien sluzit aj na stabilizaciu vahadla. Stihlost
stien pilierov bude pocas vystavby redukovana osadenim docas-
nych medzilahlych priehradovych stuzeni, ktoré sa aktivuju pomo-
cou predpinacich tyci. Po zmonolitneni nosnej konstrukcie sa tieto
stuzenia odstrania. Dvojice stien pilierov krajnych poli, ktoré su nizdie
a tym aj tuhsie, su navrhnuté ako kyvavé stojky s tenkym vrubovym
kibom aj nad zékladovou doskou.

Zaver

Dialnica D1 v Useku Pregov, zapad - Predov, juh s celkovou dizkou
7,9 km je jednym z poslednych pripravovanych usekov dialnice D1
medzi mestami Bratislava a Kosice a bude tvorit juhozdpadny ob-
chvat tretieho najvacsieho mesta na Slovensku. Jeho vystavba vytvo-
ri predpoklady na dobudovanie uceleného dialni¢ného tahu s pred-
pokladanym priaznivym vplyvom na odlahcenie tranzitnej dopravy
komunika¢ného systému mesta PreSov.
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Pohfad na most 203
View of the bridge 203
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of 2.30 m. The single-girder superstructure will be continuously con-
nected to the right girder of double-T girder superstructure.

The superstructure will be prestressed by bonded 19-strand pre-
stressing cables. Upon completion of superstructure, steel deviators
anchored in transverse beams in the middle of the longest spans will
be erected and the superstructure will be prestressed by external ca-
bles anchored at over-pier transverse beams in the slab of bridge su-
perstructure.

The bridge substructure consists of three abutments and thirteen
piers. The abutments are designed as bearing seats resting on large-
diameter piles. The bridge piers are columns. The upper part of col-
umn is split into two separate V-shaped supports to correspond to
a triangular motif used at this interchange. Because of the under-
ground conditions the piers foundations are designed as large-di-
ameter piles.

Structure 203 - Bridge over the valley

of Malkovsky potok

The bridge is situated on the D1 motorway and its purpose is to
overspan the valley of creek Malkovsky potok. The bridge consists
of two superstructures, for the left and the right motorway carriage-
ways, of which each represents (from the statics, function and tech-
nology points of view) a separate structure. The superstructure is
designed as a single-cell box girder of cast-in-place prestressed con-
crete with a constant depth of 3.5 m. The prestressing will be pro-
vided by a system of internal and external prestressing tendons. Due
to the bridge vertical alignment, high above the valley, and the ter-
rain ruggedness, the superstructure will be constructed in its entire
length by the "balanced cantilever” construction method.

The 7-span left bridge has superstructure of 432 m long. The
8-span right bridge has superstructure of 488 m long. The length of
spans varies from 42 m to 70 m.

The superstructure is seated on piers by means of concrete hing-
es. On abutments it rests on pot bearings.

The bridge piers are designed as pairs of slender high walls which
are sufficiently yielding for longitudinal distortion, but at the same
time provide for sufficient flexural rigidity of the bridge structure. In
the course of construction the pair of walls will serve for the stabi-
lisation of balanced cantilever. During construction works the slen-
derness of piers walls will be reduced by mounting of temporary
intermediate truss bracings which will be activated by means of pre-
stressing bars. After interlocking of superstructure into one unit by
in-situ concreting these bracings will be removed. Pairs of pier walls
of end spans which are lower and thus more rigid are designed as
rocking piers with a thin concrete hinge also over the pile cap.

Conclusion

The D1 motorway in section PreSov, West — PreSov, South with over-
all length of 7.9 km is one of the last planned D1 motorway sections
between the cities of Bratislava and Kosice. It will form the south-
west bypass of the third largest city in the Slovak Republic. Its con-
struction will create preconditions for the completion of the whole
motorway route with an expected positive influence on relieving of
transit transport of road network of the city of Presov.
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Juraj Bileik

Dodatocné zvysenie Smykovej odolnosti bezprievlakovych

stropnych dosiek

Additional Enhancing the Punching Shear Resistance of Flat Slabs

Zlyhanie jedného nosného prvku méze sposobit porusenie dal-
Sich nosnych elementov a lokalna porucha vyvola nahle (retazo-
vé) zratenie velkej Casti, respektive celej konstrukcie. Skusenos-
ti z poslednych rokov preukazali, ze vplyvom chyb v projekte, pri
zhotovovani konstrukcie alebo G¢inkami mimoriadneho zataze-
nia doslo k viacerym néhlym zrdteniam doma aj v zahranici. Pr-
vou stratégiou proti ndhlemu zrdteniu konstrukcie je zvacienie
lokdlnej odolnosti (robustnost) kritickych prvkov konstrukcie.
V prispevku sa uvadzaju a hodnotia met6dy na dodatocné zvy-
Senie lokalnej odolnosti bezprievlakovych beténovych stropnych
dosiek proti pretlaceniu.

U investorov aj architektov si ziskali velkd oblubu bezprieviakové
stropné dosky. Tento systém stropnych dosiek splha zvysené archi-
tektonické predstavy — velkd volnost pri pldnovani pédorysu a po-
Ziadavkach na technické riesenie stropov. Preto su bezprievlakové
stropné dosky najviac pouzivanym nosnym systémom v obytnych
a administrativnych budovéch. Pri ndvrhu bezprievlakovych strop-
nych dosiek je kritickou oblastou styk dosky so stipom, kde dochédza
ku koncentrdcii velkych nadpodperovych momentov a Smykovych
sil. Vplyvom chyb v projekte, pocas zhotovovania alebo ucinkami
mimoriadneho zatazenia doslo k viacerym nahlym zrdteniam bez-
prievlakovych stropnych dosiek na Slovensku aj v zahranici. Jednou
z metdd na zvysenie robustnosti bezprieviakovych stropnych dosiek
proti ndhlemu zrdteniu je aj dodatocné zvysenie ich Smykovej odol-
nosti proti pretlaceniu.

Stratégie na zvysenie robustnosti konstrukcii
Strategickou vyzvou pre nové aj jestvujuce vyznamné stavby je po-
Ziadavka umoznit uzivatelom bezpecny Unik aj pri mimoriadnom za-
tazeni. To znameng, Ze nosné konstrukcie by mali byt menej citlivé
na zatazenia sposobujuce nahle zrdtenie (angl. progressive collapse).
Tak sa oznacuje rychle Sirenie lokédlnej poruchy od prvku k prvku,
sposobujuce zritenie celej konstrukcie alebo jej neproporcionélne
velkej casti.

Na zniZenie citlivosti nosnych konstrukcii na ndhle zrdtenie mozno
pouzit tieto metddy [11:
e metdda zvysenia lokdlnej odolnosti kritickych prvkov (oblasti),
e metdda alternativnych drah zatazenia,
e metdda izoldcie rozdelenim na Useky.

Metody zvysenia lokalnej odolnosti kritickych prvkov
Prvou stratégiou na zvysenie robustnosti konstrukcie je zvacsenie
odolnosti kritickych prvkov (key elements). To sa da docielit ich navr-
hom zohladnujucim Gcinky tych mimoriadnych zatazeni, ktorych vy-
skyt je pre danu stavbu najredlnejsi.

Failure of one structural element may result in the damage of an-
other supporting member and local failure causes a progressive
(chain) collapse of the part or all of the structure. Experiences of
recent years have shown that the deficiencies during design and
execution or the effects of accidental actions have been the rea-
son for several progressive collapses in Slovakia and abroad. The
first strategy to prevent progressive collapse of the structures is
to increase the local resistance (robustness) of critical elements of
the structure. The paper presents and evaluates several methods
for further increase of local resistance in flat slabs against punch-
ing shear.

For investors and architects flat slabs have gained great populari-
ty. This kind of floor slabs meets the increased architectural imagina-
tions - great freedom in planning of plan view and requirements for
technical solutions of floors. Therefore flat slabs are the most widely
used load bearing systems in residential and office buildings. When
designing flat slabs, the slab-column connection is the critical area,
where a concentration of large support moments and shear forces
is. The methods to increase resistance of the connection are useful
in the design phase. Due to design or construction errors or the ef-
fects of accidental loads, many progressive collapses were observed
in structures with flat slabs in Slovakia and abroad. One of the meth-
ods to increase the robustness of flat slab structures against collapse
is an additional increase in the shear punching resistance.

Strategies to increase the robustness of structures

Strategic challenge for important new and existing structures is the

requirement to allow users to safely escape even under accidental

load. This means that the supporting structures should be less sensi-

tive to load causing a progressive collapse. It is what refers to the rap-

id spread of a local failure from element to element, causing the col-

lapse of the entire structure or a disproportionately large part.
Desensitizing of supporting structures to progressive collapse can

be achieved by these methods [11:

e increased local resistance of key elements,

e alternative load paths,

e isolation by segmentation.

Methods for increasing the local resistance of key
elements

The first design strategy for increasing the robustness of structure is
increasing the local resistance of key elements. This can be achieved
by designing to those effects of accidental actions, the occurrence of
which is the most realistic for the structure. Although an increase in
local resistance does not offer absolute reliability against progressive

prof. Ing. Juraj Bil¢ik, PhD,, Stavebna fakulta STU v Bratislave, Katedra betdnovych konstrukcii a mostov, Radlinského 11, 813 68 Bratislava, tel.: +421 2 59274546,

e-mail: juraj.bilcik@stuba.sk



Obr. 1/Fig. 1

b)
OB
\

2007
180
50 Smykovou Vystuzou proti ——
160 =1 pretlaceniu/with punching
shear reinforcement
140
120
100 bez $mykovej vystuze proti
k/— pretlaceniu/without punching
801 shear reinforcement
607
NNV // / 4
407 4
T T : T

0 100 200 300 400

Deformacna kapacita (%)/Deformation capacity (%)

Sila (%)/Force (%)

a) pretlacenie dosky, b) Ucinok smykovej vystuze proti pretlaceniu [2)/a) the slab punched around one column, b) effect of punching shear reinforcement [2]

Aj ked zvysenie lokalnej odolnosti neposkytuje absolttne spolahli-
vU ochranu proti ndhlemu zrdteniu, je vhodné pri nie velmi vyznam-
nych stavbach a tam, kde su ostatné metddy nepouzitelné. Predpo-
kladom Uspesnosti tejto metddy je Uplna a jednoznacna identifikacia
kritickych oblasti (prvkov).

Zvysenie lokalnej odolnosti bezprievlakovych stropov
Viyznamné mnozstvo existujucich bezprieviakovych stropov si z via-
cerych dévodov (zly navrh, zvysenie zatazitelnosti, degradacia ma-
teridlov a podobne) vyzaduje zvysenie odolnosti proti pretlaceniu.

Smykova vystuz proti pretlaéeniu

Ak sa v oblasti styku dosky so stipom nenachadza smykova vystuz,
zlyhanie pretlacenim nastane pomerne lahko (obr. Ta). Smykova vy-
stuz zvysuje odolnost dosky proti pretlaceniu, ako aj jej deformacnu
kapacitu (obr. 1b).

Dodatocné zvysenie Smykovej odolnosti pri pretlaceni
Metddy na zvysenie Smykovej odolnosti su zaloZzené na zvacsenf
styénej plochy (vytvorenie hlavice, zvacsenie rozmerov stipa), pridanf
ohybovej vystuze (nadbeténovanie spriahnutej dosky, nalepenie vy-
stuze) alebo vlozeni Smykovej vystuze (obr. 2).

collapse, it is suitable for not very important buildings, and where
other resistance increasing methods are useless. Precondition for the
success of this method is a complete and unequivocal identification
of critical areas (key elements).

Increasing the local resistance of flat slabs

For several reasons (poor design, higher live loads, degradation of
materials, etc.) a significant number of existing flat slabs currently re-
quire strengthening against punching shear for safety reasons.

Shear reinforcement against punching

If around the slab-column connection there is no punching shear
reinforcement the punching brittle failure mode may be expected
(Fig. 1a). Punching shear reinforcement increases punching resist-
ance of the slab, as well as the deformation capacity (Fig. 1b).

Additional increase in punching shear resistance
Methods for increase the punching shear resistance are based on
additional enlargement of contact area (by addition of column capi-
tal or widening the column), strengthening of the flexural reinforce-
ment (by casting a concrete topping or gluing reinforcement), or in-
serting shear reinforcement (Fig. 2).

Obr. 2 Metddy na zvysenie odolnosti proti pretlaceniu
Fig. 2 Methods for reinforcing of existing flat slabs against punching shear

a) dobeténovanie alebo pripnutie beténovej alebo ocelovej hlavice, b) zva¢senie rozmerov stipa, ¢) nadbeténovanie spriahnutej dosky, d) pridanie ohybovej vystuze,

e) vloZenie svornikoy, ) vlepenie Sikmych kotiev [3]

a) concreting or installing concrete or steel capital, b) widening of column, ¢) addition of upper concrete layer, d) addition of glued flexural reinforcement, e) post-installed

shear bolts, f) post-installed inclined anchors [3]
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Obr. 3 Umiestnenie Smykovych svornikov v bezprievlakovej stropnej doske
Fig. 3 Layout pattern of shear bolts in the flat slab
a) v reze, b) v pddoryse/a) section view, b) plan view

Obr.4 Umiestnenie sikmych Smykovych kotiev v bezprievlakovej stropnej doske [4]
Fig. 4 Post-installed inclined shear anchors in the flat slab [4]

Metoddy na obr. 2a az 2d mdzu byt z viacerych dévodov nepraktic-
ké — vyzaduju si zvécsenie nosnych prvkov v podhlade, respektive
spristupnenie horného povrchu dosky. Zvy3uju odolnost bezprievla-
kovych stropov proti pretlaceniuy, ale vyraznejsie nezvysuju ich defor-
macnu kapacitu. Z viacerych hladisk je Ucinnejsie vlozenie svornikov
(obr. 2e), vlepenie sikmych kotiev (obr. 2f) alebo vloZenie smykovych
skrutkovacich kotiev (obr. 5). Tieto metddy vyrazne zvysuju nielen
odolnost proti pretlaceniu, ale aj deformacnu kapacitu styku (redis-
triblcia vnutornych sil brani ndhlemu zridteniu). Tieto systémy sa jed-
noducho aktivuju stiahnutim vioZenej vystuze.

Vlozenie zvislych Smykovych svornikov

Smykové svorniky sa vkladaju do zvislych dier vyvitanych v beténo-
vej doske okolo stipa. Svornfky prechadzaju cez potencialnu ikmd
smykovu trhlinu, ¢im brania pretlaceniu dosky (obr. 3a). Na obr. 3b
je ortogonalne a radidlne rozmiestnenie svornikov v poédoryse. Ne-
vyhodou metddy je potreba pristupnosti a obnazenia horného po-
vrchu zosilnovanej stropnej dosky.

Vlozenie Sikmych lepenych Smykovych kotiev
Specidlne kotvy v kombinacii s polymérnou maltou sa pouzivaju ako
vloZzené smykova vystuz. Sikma smykova vystuz je priblizne v sme-
re hlavnych tahovych napéti, ¢o je zo statického hladiska najucinnej-
$ia poloha. Ciasto¢nym nedostatkom metddy je pokles pevnostnych
vlastnosti polymérnej malty pri teplotach nad 80 °C.

Vlozenie Smykovych skrutkovacich kotiev

V poslednych rokoch sa na kotvenie sil v betdne pouziva novy kot-
viaci prvok, takzvana skrutkovacia kotva. Kotva si pri skrutkovanf vy-
reze v betdne vlastny zavit. Pri porovnani s chemickymi alebo rozper-
nymi kotvami maju skrutkovacie kotvy pri rovnakej kotevnej dizke
vys$siu unosnost. Viykonali sa pilotné skusky na overenie moznosti
zvysenia Smykovej odolnosti proti pretlaceniu 200 mm hrubych Ze-
lezobeténovych stropnych dosiek skrutkovacimi kotvami TSM B16
a TSM B22 [6]. Skrutkovacie kotvy boli pri experimente umiestnené
vo zvislej polohe a porovnévalo sa kotvenie iba skrutkovanim a kom-
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The methods in Fig. 2a to 2d can, however, be impractical in many
situations, as they require enlarging the support region, or access-
ing the upper face. They increase the punching shear resistance of
flat slabs but not significantly their deformation capacity. For several
reasons it is more effective to insert shear bolts (Fig. 2e), inclined an-
chors (Fig. 2f) or concrete screws (Fig. 5). These methods significant-
ly increase in both the punching shear resistance (ensuring sufficient
strength) and the deformation capacity (allowing redistribution of
internal forces to avoid progressive collapse). Activation of this sys-
tems is simple by tighten the post-installed shear reinforcement.

Post-installation of vertical shear bolts

The shear bolts are installed vertically through the holes drilled in the
concrete slabs around the columns. The bolts intersect with the po-
tential punching shear crack, holding the outer part of concrete slab
from punching (Fig. 3a). Fig. 3b shows the possible pattern: orthog-
onal and radial layout of bolts in the concrete slab. The method re-
quires accessing the upper face of the slab which is usually covered
by floor or soil.

Post-installation of inclined glued shear anchors
Special anchors in combination with an adhesive mortar are used as
additional punching shear reinforcement. Inclined shear reinforce-
ment is approximately in the direction of the main tensile stress,
which is the most effective position in terms of static. Partial disad-
vantage of this method is a decrease in strength properties of poly-
meric mortar at temperatures above 80 °C.

Post-installation of shear concrete screws
In the recent years, quite new anchoring element, a so called con-
crete screw, is increasingly used to transfer loads to hardened con-
crete. When screwing, the anchor recesses its own thread in the bore.
Compared with chemical or wedge anchors, screw anchors with the
same anchorage length have greater resistance. Pilot tests were con-
ducted to verify the possibility of increasing the punching shear re-
sistance of 200 mm thick reinforced concrete slabs with TSM B16 and
TSM B22 concrete screw anchors [10]. In experimental investigation,
concrete screws were placed in vertical position and anchoring none
but by screwing or by its combination with chemical anchoring was
compared. In Fig. 5, there are shown diagrams of punching shear re-
sistance of slabs with various applications of concrete screws. From
the diagrams it is clear that:
e addition of screw anchors increased the punching shear resistan-
ce (612, respectively 793 kN),
e enlarge the diameter of the anchor from 16 to 22 mm had no
significant effect (906, respectively 937 kN),
e chemical anchoring significantly increased the punching shear re-
sistance (793, respectively 906 kN).

www.inzinierskestavby.sk
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a) diagramy zataZenia — posunutie pri skiske Smykovej odolnosti dosiek proti pretlaceniu, b) pddorysné usporiadanie dodatocne vioZenych skrutkovacich kotiev [5]
a) load-deformation-curves of the shear punching test, b) position of the post-installed concrete screws [5]

binéciou skrutkovania a chemického kotvenia. Na obr. 5 su diagramy

smykovej odolnosti dosiek s réznou aplikdciou skrutkovacich kotiev.

Z diagramov je zrejmé, Ze:

e pridanie skrutkovacich kotiev zvysilo odolnost proti pretlaceniu
(612, respektive 793 kN),

e zvacsenie priemeru kotiev z 16 na 22 mm nemalo vyraznejsi vplyv
(906, respektive 937 kN),

e pouzitie chemickej kotvy vyznamne zvysilo odolnost proti pretla-
¢eniu (793, respektive 906 kN).

Zavery

V prispevku sa uvddzaju metddy na dodatoc¢né zvysenia lokalnej
odolnosti dosiek proti pretlaceniu. Podrobnejsie sa hodnotia metd-
dy zaloZzené na pridani Smykovej vystuze vo forme zvislych svorni-
kov, Sikmych vlepenych kotiev alebo zvislych skrutkovacich kotiev.
Tieto metddy maju vyhodu jednoduchej aktivacie vloZzenej Smykovej
vystuze a vyznamne zvysuju odolnost dosiek proti pretlaceniu a ich
duktilné post kritické spravanie. Rozdiely su najmé z hladiska potre-
by obnazenia horného povrchu dosky, respektive poklesu odolnosti
pri poZiari. Pri zvysenom riziku poZiaru treba uprednostnit mechanic-
ké kotvenie pomocou zvislych svornikov alebo skrutkovacich kotiev.
Ak je problémom obnaZenie horného povrchu dosky, je vyhodnej-
sie aplikovat skrutkovacie kotvy, v pripade potreby aj v kombinacii
s chemickym kotvenim (napriklad v oblastiach s trhlinami).
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Conclusions

The paper presents methods for further increase in local resistance of
slabs against punching shear. More detailed evaluation of methods
based on post-installation of shear reinforcement in the form of ver-
tical bolts, inclined glued anchors or concrete screws is done. These
methods have the advantage in simple activation of the inserted
shear reinforcement and significantly increase the punching shear
resistance and post critical behaviour of slabs. The differences occur
mainly with the needs for accessing the upper slab face, respectively
resistance decrease in the event of fire. Mechanical anchoring by ver-
tical bolts or concrete screws should be preferred at increased risk of
fire. If accessing the upper face of the slab is the problem, it is prefer-
able to apply the concrete screws, if necessary in combination with
chemical anchoring (e.g. at cracked areas).
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Experimentalne overovanie beténovych prvkov zosilfiovanych

CFRP materialmi

Full-Scale Testing of Concrete Elements Strengthened with CFRP

Coraz néro¢nejiie poziadavky na zvysenie odolnosti existujd-
cich stavebnych konstrukcii budov, ale aj dopravnej infrastruktu-
ry si vyzaduju overenie najefektivnejsich moznosti zosilnovania
tychto konstrukcii. Na tieto Ucely sa v poslednom obdobi dosta-
va do popredia pouzitie kompozitnych materialov. Moznosti ich
vyuzitia a spravanie sa pri roznych kombinacidch namahani nie
su doposial dostatocne experimentélne overené. Aj vzhladom
na tento fakt je cast vyskumu na Katedre beténovych konstruk-
cii a mostov na Stavebnej fakulte STU v Bratislave zamerana na
tuto oblast.

Obr. 1 Skusobna zostava kratkych
stipov (nezosilneny a zosilneny stlp)
Fig. 1 Test setup for short

columns (non-strengthened and
strengthened column)

Increasingly challenging requirements to increase the resistance
of existing structures of buildings but also transportation infra-
structure require verification of the most effective strengthening
technique possibilities. For this purpose, recently the use of com-
posite materials comes to the fore. Their applicability and behav-
ior in different combinations of actions are not sufficiently exper-
imentally verified yet. Also due to this fact, a part of the research
at the Department of concrete structures and bridges at the Fac-
ulty of Civil Engineering of Slovak University of Technology in
Bratislava is focused this way.

Fiber Reinforced Polymers (FRP) owe for the extension of their use
particularly the high tensile capacity in a small cross-sectional area,
low weight and corrosion resistance. For structural strengthening of
load-bearing structures the most common one is the combination
of reinforcing carbon fibers and epoxy resin.

The two most used methods of strengthening with fiber rein-
forced polymers are bonding of strips to the surface or near the sur-
face (NSMR) of structural element and the sheet (in one or in two
directions woven) laminated to the epoxy resin on the site. Meth-
od of bonding polymer strips to the surface of structural elements
is used for strengthening both the horizontal and vertical structural
elements; lamination of sheet in the form of wrapping is applied to
columns or shear strengthening of beams [1].

The experimental research

Experimental research on possibilities of CFRP strengthening of con-
crete structures started at the Department of Concrete Structures
and Bridges at the Faculty of Civil Engineering of the Slovak Univer-
sity of Technology in Bratislava in 2006. Short and slender reinforced
concrete columns loaded statically and reinforced concrete beams
to the dynamic effects of impact load were the subjects of research.
The aim was to verify the strengthening efficiency and capacity uti-
lization of CFRP materials for various structural elements and stress
ways.

In a series of short columns, 12 specimens (cross-section of 250 X
250 mm, length of 1.5 m) were tested in four groups: non-strength-
ened reference specimens, specimens strengthened with CFRP strips
in grooves, confinement by CFRP sheet and combination of these
two methods. Columns were loaded by vertical axial force of a con-
stant value and by a horizontal force the value of witch increased to
column failure and changed alternately from tensile to compressive
forces (Fig. 1) [2].

In second series, 8 full-scale slender columns were tested (cross-
section of 150 x 210 mm, length of 4 m). The specimens of this se-
ries were divided to same groups like mentioned before. The behav-
ior of specimens at gradually increasing compressive force acting at
initial end eccentricity 40 mm was monitored (Fig. 2) [3].
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Polyméry vystuzené vidknami (Fiber Reinforced Polymers = FRP)
vdacia za rozsirenie svojho pouzitia najma vysokej tahovej kapaci-
te pri malej prierezovej ploche, nizkej hmotnosti a koréznej odolnos-
ti. Pri statickom zosilfovani nosnych konstrukcif je najpouzivanejsia
kombinacia vystuznych uhlikovych vldken a epoxidovej Zivice.

Dve najpouzivanejsie metddy zosiliovania polymérmi vystuzeny-
mi vlidknami su lepenie lamiel na povrch alebo blizko povrchu (Near
Surface Mounted Reinforcement = NSMR) konstrukéného prvku a le-
penie tkaniny, respektive rohoZe (tkanej v jednom, respektive oboch
smeroch), ktord je laminovand priamo na mieste do laminac¢nej epo-
xidovej Zivice. Sposob lepenia polymérnych lamiel na povrch kon-
strukenych prvkov sa vyuziva pri zosilfovani vodorovnych aj zvislych
nosnych prvkov, lamindcia tkaniny sa formou ovinutia aplikuje najma
na stipy, pripadne $mykové zosilnenie nosnikov [1].

Realizovany experimentalny vyskum

Experimentédlny program zamerany na skiimanie moznosti vyuZitia
CFRP materidlov na zosilhovanie betonovych konstrukcii sa na Ka-
tedre betdnovych konstrukcii @ mostov SvF STU v Bratislave zacal
v roku 2006. Predmetom skimania boli kratke a stihle Zelezobeténo-
vé stlpy zatazované staticky a zelezobeténové nosniky testované na
dynamické Ucinky ndrazového zatazenia. Cielom bolo preverit ucin-
nost zosilfovania a vyuzit kapacitu CFRP materidlov na rézne nosné
prvky a spésoby namahania.

V sérii kratkych stipov sa odskdgalo 12 vzoriek (prierez 250 x 250
mm, dfzka 1,5 m) v §tyroch podskupinach - referenéné nezosilnené
vzorky, vzorky zosilnené CFRP lamelami v drazkach, ovinutim CFRP
tkaninou a kombinaciou tychto dvoch metdd. Stipy boli namahané
zvislou normdlovou silou s konstantnou hodnotou a vodorovnou si-
lou, ktorej hodnota postupne narastala az do porusenia stipa a me-
nila sa striedavo z tlakovej sily na tahovu (obr. 7) [2].

V druhej sérii sa skigalo osem stihlych stipov v redlnej velkosti
(prierez 150 x 210 mm, dizka 4 m). Aj vzorky tejto série boli rozdele-
né na rovnaké podskupiny, ako je uvedené vyssie. Sledovalo sa spra-
vanie vzoriek pri postupnom zvysovan( tlakovej sily, pésobiacej na
pociatocnej excentricite 40 mm (obr. 2) [3].

Obr. 2 Skuisobna zostava $tihlych stipov (nezosilneny a zosilneny stip)
Fig. 2 Test setup for slender columns (non-strengthened and strengthened column)
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In the last series, completed in the first half of 2013, 10 beams
were tested (cross-section of 200 x 200 mm, length of 2.2 m) to the
impact load simulated by fall of weight of a weight of 118 kg from
heights 0.15 to 2.4 m (Fig. 3) [4].

In each series of specimens the deflection of element and strains
in materials were measured during loading. Based on the measured
values, the resistance of specimens and so the strengthening effects
were determined. Beyond the determination of the basic increase in
resistance it was possible to evaluate the rate of utilization of CFRP
materials in reinforced cross-sections.

Numerical analysis

The results of experimental measurements were compared with the
results of theoretical and numerical analysis on which it is possible
to determine the most appropriate models offsetting the effects of
strengthening usable in everyday design practice.

The strengthening with CFRP strips in grooves in the axial direc-
tion of strengthened element can be considered as additional re-
inforcement with corresponding characteristics and diagram o-¢,
and it must be taken into account that at the time of strengthening
the cross-section is already loaded on the certain load level. When
strengthening, it is recommended for the structure to be maximally
unloaded for better strips activation.

Strengthening with CFRP sheet confinement in transverse direc-
tion can be assumed by increased concrete strength in tri-axial state
of stress and by change of diagram o-¢.

For structures subjected to dynamic effects of impact load is also
necessary to modify the material properties of the basic materials
(concrete, reinforcement), whereas they show greater strength than
under static load. This effect can be taken into account by Dynam-
ic Increase Factor (DIF), which can be expressed in terms of the ex-
pected rate of change of strain at a dynamic action. The values of
strengths of materials are then multiplied by DIF factor. Limit strains
do not change. For usual dynamic actions, like impacts are, the val-
ues of DIF factors are of about 1.2 [5].
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Obr. 3 Skusobnd zostava nosnikov zatazenych narazovym zatazenim (nezosilneny a zosilneny nosnik)
Fig. 3 Test setup for beams under impact load (non-strengthened and strengthened beam)

V poslednej sérii ukoncenej v prvej polovici roka 2013 sa odskusa-
lo 10 nosnikov (prierez 200 x 200 mm, dizka 2,2 m) na Gc¢inky narazo-
vého zataZenia simulovaného pddom zdvazia s hmotnostou 118 kg
zvysky 0,15 az 2,4 m (obr. 3) [4].

V kazdej sérii vzoriek sa merali deformacie prvku a pomerné pre-
tvorenia materidlov pri zatazovani. Na zaklade nameranych hodnot
bola stanovena odolnost jednotlivych vzoriek a tym efekt zosilnenia.
Okrem stanovenia zékladného zvysenia odolnosti bolo mozné vy-
hodnotit aj mieru vyuzitia CFRP materidlov v zosilnenych prierezoch.

Vypoctova analyza
Vysledky experimentdlnych merani sa porovnavali s vysledkami teo-
retickej a numerickej analyzy, na zdklade ktorych mozno stanovit
najvhodnejsie modely zapocitavania Ucinkov zosilnenia pouZitené
v beZnej projekénej praxi.

Zosilnenie CFRP lamelami v drdzkach v smere osi zosilhovaného
prvku moéze byt pri vypocte odolnosti uvazované ako pridavna vy-
stuz s prislusnymi vlastnostami a diagramom o — ¢, pricom sa musf
vziat do Uvahy, Ze prierez je v ¢ase zosilfovania uz zatazeny na istu
hladinu zataZenia. Z dévodu lepsej aktivacie lamiel sa pri zosilhovani
odporutca maximalne odlahcenie konstrukcie.

Zosilnenie ovinutim CFRP tkaninou v prie¢cnom smere méze byt
pri vypocte uvazované zvysenim pevnosti beténu v trojosovom sta-
ve naméhania a zmenou diagramu o - €.

Pri konstrukcidch namahanych dynamickymi Gcinkami nérazové-
ho zatazenia je navyse potrebné upravit materidlové viastnosti za-
kladnych materidlov (betdn, vystuz), kedZe vykazuju vacsiu pevnost
ako pri statickom zatazeni. Tento efekt sa d& zohladnit zvysujucim sa
dynamickym faktorom (Dynamic Increase Factor = DIF), ktory mozno
vyjadrit na zéklade predpokladanej rychlosti zmeny pomerného pre-
tvorenia pri dynamickom deji. Sucinitefom DIF sa potom vynésobia
hodnoty pevnostf jednotlivych materidlov. Medzné pomerné pretvo-
renia sa nemenia. Pri beznych dynamickych dejoch, akymi su narazy,
su hodnoty sucinitelov DIF okolo 1,2 [5].

Vysledky merani

Z vysledkov experimentdlnych merani podloZenych teoretickou $tu-
diou jednoznacne vyplyva rozdiel v U¢inku CFRP materidlov pri jed-
notlivych nosnych prvkoch v zavislosti od prevlddajiceho spdsobu
naméhania. Pri statickom namahani stlpov sa zistilo, Ze Ucinok prie¢-
neho ovinutia CFRP tkaninou je najvyraznejsi pri prevazne tlakovom
namahani kratkych stlpov. Prirastok na odolnosti bol 16 % — pri krat-
kom stipe (stihlost = 21) pri konétantnej tlakovej sile na trovni 40 %
tlakovej odolnosti a 10 % pri sile na Urovni 16 % tlakovej odolnosti.
Pri prevazne ohybovom naméhani tihleho stipa (tihlost = 94) s tla-
kovou silou na Urovni 20 % tlakovej odolnosti sa odolnost stipa zvy-
Sila 0 2 9% pri ovinuti CFRP tkaninou a 13 % pri zosilnen{ CFRP lamela-
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Experimental results

The results of experimental measurements confirmed by the theo-
retical study clearly show the difference in the effect of CFRP mate-
rials in various structural elements depending on the prevailing way
of stress. For columns subjected to static loading, it was found, that
the effect of transverse CFRP sheet wrapping is the most significant
one in predominantly compressive loading of short columns. The in-
crease in resistance was 16 % for short column (slenderness = 21)
at the constant compressive force at the level of 40 % of axial resist-
ance and 10 % at the force at the level of 16 % of axial resistance. In
predominantly bending stress of slender columns (slenderness = 94)
with compressive force at 20 % axial resistance, the increase in col-
umn resistance was 2 % in the case of strengthening by CFRP sheet
confinement and 13 % for strengthening with CFRP strips represent-
ing reinforcement ratio of 0.3 %. CFRP strips bonded into the grooves
in concrete cover along the axis of the element are more effective
in the tensile area, thus in predominantly bending stress of the
cross-section.

At the dynamic effects of impact load on beams, the greatest ef-
fect on increasing in resistance, found out by theoretical analysis and
confirmed by experiment, was achieved by adding CFRP strips into
grooves. CFRP sheet confinement had a relatively small effect on the
increase in resistance, but it had a more significant effect on the re-
sistance to crushing of concrete at the impact load. Compared to
specimens without wrapping, concrete under impact remained sol-
id even though it was probably exceeded the limit strain of concrete
in compression. Resistance of the beam has increased by 21 % at the
strengthening by CFRP strips in grooves (with a reinforcement ratio
of 0.2 %) and by 30 % at combination of strips with CFRP sheet wrap-
ping in two layers.

Full use of CFRP materials was demonstrated only under dynamic
effects of impact loads. Neither in slender nor in short columns the
strains at rupture of CFRP strips reached the values from tension test.
The ratio of strains at rupture to the ultimate strain in the uniaxial
tests was about 0.2 for loading by normal force at the level of about
20 % of axial resistance in slender columns and 0.4 for lower loading
levels (16 %) in short columns.

In beams under impact load the strain levels from tension test
were achieved. This may be due to pure bending stress (without
compressive force) but also to dynamic action.

Conclusions
The effectiveness of CFRP materials is largely dependent on type of
stress of strengthened element.

Short columns are loaded by predominant compressive stress.
Confinement effect of a transverse CFRP sheet is most active than
adding CFRP strips into grooves in concrete cover along the column

www.inzinierskestavby.sk
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Obr. 4 Porovnanie vysledkov (interakénych diagramov) teoretickej analyzy stipov
Fig. 4 Comparison of results (interaction diagrams) of theoretical analysis of columns

mi, ktoré predstavovali stupen vystuzenia 0,3 %. CFRP lamely lepené
do drézok v beténovej krycej vrstve pozdlZ osi prvku s cinnejsie
v tahanej oblasti, teda pri prevazne ohybovom naméhani prierezu.

Pri dynamickych tcinkoch ndrazového zatazenia nosnikov sa naj-
vacsi ucinok na zvysenie odolnosti, zisteny teoretickou analyzou
a potvrdeny aj experimentom, dosiahol pridanim CFRP lamiel v drdz-
kach. Ovinutie vzoriek CFRP tkaninou malo pomerne maly tcinok na
zvysenie odolnosti, malo vsak vyznamnejsi icinok na odolnost vzo-
riek proti rozdrveniu betdnu pri ndrazovom zatazeni. Oproti vzorkdm
nezosilnenym ovinutim zostal betdn pri naraze celistvy, aj ked bolo
pravdepodobne prekroc¢ené medzné pretvorenie beténu v tlaku.
Odolnost nosnika sa pri zosilneni CFRP lamelami v drazkach (so stup-
nom vystuzenia 0,2 %) zvysila 0 21 % a pri kombinécii lamiel s ovinu-
tim CFRP tkaninou vo dvoch vrstvach o 30 %.

PIné vyuzitie CFRP materidlov sa preukdzalo len pri dynamickych
Uc¢inkoch narazového zatazenia. Pomerné pretvorenia CFRP lamiel
pri poruseni nedosahovali pevnost v tahu ziskanu z tahovej skisky
pri statickom namahani kratkych ani $tihlych stipov. Pomer pretvore-
ni pri poruseni k limitnym pretvoreniam z tahovej sktsky bol 0,2 pri
zatazovani osovou tlakovou silou na trovni 20 % tlakovej odolnosti
pri &tihlych stipoch a 0,4 pri nizéich Urovniach tlakového namahania
(16 %) pri kratkych stipoch.

Pri nosnikoch sa pri ndrazovom zatazeni dosiahli hodnoty pomer-
nych pretvorenf ako pri tahovej skuiske. Méze to byt dosledkom ¢istého
ohybového namdhania (bez tlakovej sily), ale aj dynamického deja.

Zaver
Ucinnost vyuzitia CFRP materidlov je vo velkej miere zéavisla od spo-
sobu namahania zosilfovaného prvku.

Kratke stfpy si naméahané v oblasti prevladdajiceho tlaku. Zvyse-
nie odolnosti priecnym ovinutim CFRP tkaninou je preto Uc¢innejsie
ako pridanie CFRP lamiel do drédzok v beténovej krycej vrstve v sme-
re osi stipa. Ucinky druhého radu pri &tihlych stipoch spdsobujt zvy-
senie ohybového momentu pri ur¢itej hodnote tlakovej sily. Spésob
namahania sa prestva do ohybanej oblasti — vacsi efekt na zvysenie
odolnosti &tihlych stlpov mé preto pridanie pozdiznych CFRP lamiel
v drdzkach. Rovnako vyraznejsi tic¢inok CFRP lamiel sa zistil aj pri nos-
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Obr. 5 Zvyienie odolnosti stihlych stipov - vysledky experimentu

Fig. 5 Increase in resistance in slender columns — experimental results

S_ZK - stip zosilneny kombinaciou lamiel a tkaniny, S_ZL - stip zosilneny CFRP la-
melami, S_ZO - stlp zosilneny ovinutim, S_N — nezosilneny stip

S_ZK - column strengthened with combination of strips and sheet, S_ZL - co-
lumn strengthened with CFRP strips, S_ZO - column strengthened with confine-
ment, S_N - non-strengthened column

axis. Second-order effects at slender columns cause an increase in
bending moment at the same value of the compressive force. The
type of stress moves to bending part - significant effect on slender
columns resistance increase is achieved by NSM CFRP strips mount-
ed longitudinally along the column axis. Equally significant effect of
CFRP strips was observed even in beams subjected to bending un-
der dynamic effects of impact loads.

Measured values of CFRP strip strains at rupture during static load-
ing are of about 2.5- to 5-times lower than ultimate strains from uni-
axial tension test. This reduction is attributed to the combined load-
ing by compressive force and bending moment.

Under dynamic effects of impact load the full capacity utiliza-
tion of CFRP strips was observed, therefore it is possible to recom-
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Obr. 6 Porovnanie Ucinkov zosilnenia na nosniky
Fig.6 Comparison of strengthening effect on beams

N - nezosilneny stlp, ZO_1x — stlp zosilneny ovinutim v jednej vrstve, ZO_3x — stlp zosilneny ovinutim v troch vrstvach, ZL - stlp zosilneny CFRP lamelami, ZK — stip zosil-

neny kombindciou lamiel a tkaniny
plna ¢iara — maximalny priehyb
Ciarkovana ciara — zostatkovy priehyb

N - non-strengthened column, ZO_1x — column strengthened with confinement in one layer, ZO_3x — column strengthened with confinement in three layers, ZL - co-
lumn strengthened with CFRP strips, ZK — column strengthened with combination of strips and sheet

continuous line applies for maximal deflection, dashed for residual deflection

nikoch namédhanych ohybom pri dynamickych tGc¢inkoch narazové-
ho zataZenia.

Namerané hodnoty pomernych pretvoreni CFRP lamiel pri poru-
Seni boli pri statickom namahani 2,5- az 5-krét nizsie ako limitné hod-
noty zistené pri tahovej skuske. Tato redukcia je pripisovana kombi-
novanému zatazovaniu tlakovou silou a ohybovym momentom.

Pri dynamickych uc¢inkoch ndrazového zatazenia sa preukdzalo
plné vyuzitie CFRP lamiel, preto ich mozno v plnej miere odporucit
na vyuzitie zosilnovania odolnosti proti ndrazovym zatazeniam. Vyu-
Zitie CFRP tkaniny zabezpeci lepsie spolupdsobenie a celistvost prie-
rezov a mozno ju odporucit najma na zvysenie odolnosti a defor-
macnej kapacity prvkov namdhanych prevazne tlakom.

Tento ¢&ldnok vznikol v rdmci a s podporou vyskumného projektu VEGA
¢. 1/0784/12 ,Holistické navrhovanie a overovanie beténovych konstruk-
cii"a projektu ,Analyza vyuZzitia kapacity CFRP lamiel v Zelezobeténovom
priereze” v rdmci Programu na podporu mladych vyskumnikov na STU
v Bratislave.
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mend them fully for use in strengthening to the effects of impact
load. The use of CFRP sheet ensures better interaction and integrity
of cross-sections and can be recommend especially to the increase
in strength and deformation capacity of elements subjected to pre-
dominant compression.

The research described in this paper was developed within and with the
support of research project VEGA No. 1/0784/12 "Holistic design and veri-
fication of concrete structures” and a research project “Analysis of capac-
ity utilization of CFRP strips in reinforced concrete cross-section” within
the Program to support young researchers at Slovak University of Tech-
nology in Bratislava.
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Jaroslav Halvonik - Juraj Dolndk

Dlhodobé straty predpatia v prvkoch vyrobenych

z vysokohodnotného beténu

Longterm Prestress Losses in Pretensioned Members Cast from HPC

Prispevok je venovany vysledkom experimentélneho programu,
ktory bol zamerany na monitorovanie strat predpétia v nosni-
koch vyrobenych z beténu pevnostnej triedy C 40/50 a vysoko-
hodnotného beténu C 70/85. Vietky experimentalne nosniky boli
predopnuté rovnakou predpinacou silou dosiahnutou Styrmi vo-
pred predpatymi lanami. Na meranie predpinacej sily sa pouzili
elastomagnetické snimace osadené priamo na predpinacie lana.
Pomerné pretvorenia beténu sa merali citlivymi strunovymi ten-
zometrami zabeténovanymi v nosnikoch. Nosniky boli umiestne-
né na skladke na otvorenom priestore, aby sa simulovali teplotné
a vlhkostné podmienky podobné podmienkam konstrukcii be-
tonovych mostov. Ziskané vysledky merani sa potom porovnali
s vysledkami z teoretickych analyz, pri ktorych sa pouZili tri rozne
reologické modely na predikciu dotvarovania a zmrastovania be-
ténu prevzaté z EC2 a Model Codu 2010.

Obr. 1 Mostna estakdda na dialnici D1 pri meste Poprad z predpatych nosnikov
DPS-VP-104
Fig. 1 Motorway D1 multi-span slab-on-girder bridge at Poprad

PouZitie vysokohodnotného betdnu na Slovensku je stale velmi
obmedzené, a to najma z dévodu vyssej ceny v porovnani s obycaj-
nym beténom. Sustreduje sa hlavne na vyrobu niektorych prefabri-
kovanych prvkov, ktoré su bud silne namahané, alebo su vystavené
velmi nepriaznivym podmienkam prostredia, napriklad kontajne-

ry na uloZenie radioaktivneho odpadu z jadrovych elektrarni. Zatial

xi bolo spojené s vystavbou mostnych estakad z predpétych pre-
fabrikovanych nosnikov spriahnutych so zelezobeténovou doskou
(obr. 1). Predpaté prefabrikované nosniky sa vyrdbali z betonu pev-
nostnej triedy C 55/67, nie viak z dévodu uplatnenia vlastnosti VHB,
ale urychlenia vyroby, kedZe umoznovali vnesenie predpdtia uz po
18 hodindch po betonazi, kym nosniky navrhnuté povodne z beto-
nu C 45/55 umoznili vnesenie predpétia az 36 hodin po betonazi.

S cielom overit moZnosti pouzitia VHB na vyrobu prefabrikovanych
mostnych nosnikov sa uskutoc¢nil experimentdlny program zamera-
ny na poésobenie predpdtych prvkov vyrobenych z VHB. Pésobenie
prvkov z VHB sa porovnavalo s pdsobenim nosnikov vyrobenych
z obycajného betonu, ktory sa pouziva bezne na vyrobu predpatych
prvkov. Ziskané vysledky merani sa pouzili aj na overenie vypocto-
vych modelov na predikciu strat predpatia, ktoré si v normach
EN 1992-1-1, EN 1992-2 a Model Code 2010.

This paper deals with results of experimental program which
is focused on the monitoring of prestress losses in experimen-
tal beams cast with normal concrete C 40/50 and high perfor-
mance concrete C 70/85. All beams were subjected to the same
prestressing force initiated by four pre-tensioned strands. Exper-
imental beams were equipped by elastomagnetic sensors which
were embedded on the strands for measuring of prestressing
forces. Concrete strains were measured by sensitive strain gauges
embedded in the beams. Beams were placed outside the facility
in order to simulate similar weather conditions as precast girders
used for construction of concrete bridges have. Obtained results
of measurements were compared to theoretical values predicted
by three different rheological models introduced in Eurocode 2
and Model Code 2010.

Application of high performance concrete in Slovakia is still limit-
ed particularly due to its price compared with a normal concrete. It
concentrates mainly on manufacturing of some precast structural el-
ements subjected to high loading level or to the extreme exposure
conditions, e.g. containments for nuclear power plant waste.

The largest application of HPC in Slovakia was connected with the
construction of motorway bridges composed of prestressed precast
beams with reinforced concrete topping (slab-on-girder bridges)
(Fig. 1). However, precast beams were not cast from HPC to employ
its excellent properties like high strength or outstanding durability
here but for the acceleration of manufacturing processes. Pre-ten-
sioned bridge beams were originally designed from normal concrete
C 45/55 which allowed prestress transfer 36 hours after beam cast-
ing. Using of high performance concrete C 55/67 enabled prestress
transfer just 18 hours after casting.

In order to promote applications with HPC for manufacturing of
prestressed precast bridge girders in larger scale an experimental
program focused on the behavior of structural elements cast from
normal and high performance concrete subjected to prestressing
forces was carried out. Obtained measurements were also used for
verification of models for prediction of prestress losses which are in-
troduced in Eurocode 2 and Model Code 2010.

Description of the experimental program

Precast beams

Testing specimens consist of 8 pre-tensioned precast beams. Four
beams were cast from normal concrete C 40/50 and four other ones
from high-performance concrete C 70/85 (Fig. 2). Beams were sub-
jected to the same prestressing force at prestress transfer. Prestress-
ing was initiated by four low-relaxation strands & Ls12.5 mm/1770
MPa. The length of the beams is 2.5 m in order to ensure full transfer
of prestressing force into the beams at mid-span section. The cross-
section is a rectangle with dimensions of 180 x 140 mm. The applied
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force was nearly 500 kN at prestress transfer and compressive stress-
es in concrete reached 18 MPa, which is the common value in cur-
rently used bridge girders. Prestressed transfer was scheduled 5 days
after casting.

Concrete specimens

Together with beams many different specimens were cast for in-
vestigation of the relevant material properties. Cubes 150 x 150
X 150 mm and cylinders 150 x 300 mm were cast for measuring
compressive strength and prisms 100 x 100 X 400 mm for measur-
ing Young's modulus of elasticity. In order to determine rheological
properties 12 prism specimens were cast having the same cross-sec-
tion as prestressed beams. Six specimens were used for measuring
shrinkage (three for each concrete type) and six specimens for meas-
uring creep. The specimens for creep investigation were subjected to
controlled axial load maintained by four rigid springs, see set-up in
Fig. 3. Specimens were loaded by 380 kN axial load which is the val-
ue close to the level of prestressing force in the beams after prestress
loss due to elastic shortening of concrete. Set-ups for both NC and
HPC were then located next to the prestressed beams.

Measuring devices

One elastomagnetic sensor PSS16 for monitoring prestressing forc-
es was installed in each beam at mid-span section (Fig. 4). It means
each strand was equipped with two sensors. Strain gauges of type
EDS-20V-E were used in four beams at mid-span for monitoring con-
crete strains. Other four strain gauges were installed in the speci-
mens used for measuring concrete rheology.

Concrete strains were also measured by removable deformeters
with a length of the base of 400 mm. Each prestressed beam and
each specimen for measuring concrete rheology has four bases.

- : Ambient weather conditions are being monitored with DTHL Hy-
Obr. 2 Predpaté prefabrikované nosniky na skladke drologgPro device where relative humidity and temperature of air
Fig. 2 Prestressed beams at the storage yard have been recorded from the time of beam casting till now (the

S S

Obr. 3 Zostava na meranie dotvarovania beténu
Fig. 3 Set-up for measuring creep
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Opis experimentalneho programu

Prefabrikované nosniky

Skusobné prvky tvorilo spolu osem dodatocne predpétych prefabri-
kovanych nosnikov. Styri nosniky boli vyrobené z obycajného beténu
C 40/50 a Styri nosniky z vysokohodnotného beténu C 70/85 (obr. 2).
Nosniky boli predpaté styrmi lanami & Ls12,5 mm/1770 MPa, kazdé
lano malo prierezovti plochu 91,3 mm?2. Dl#ka nosnikov (2,5 m) bola
navrhnuta tak, aby sa zaistilo pIné vnesenie predpinacej sily sudrznos-
tou. Prie¢ny rez nosnikov je obdiZnikovy s rozmermi 180 x 140 mm.
Velkost vnesenej predpinacej sily bola 500 kN, pricom tlakové nor-
malové napétie v priereze nosnika dosiahlo hodnotu 18 MPa. Ide
o hodnotu napatia, ktord je bezna pri predpatych mostnych nosni-
koch pouzivanych v sicasnosti. Predpdtie bolo vnesené 5 dni po be-
tonazi nosnikov.

Betdnové vzorky

Spolu s nosnikmi boli vybeténované dalsie beténové vzorky sliZia-
ce na overenie materidlovych vlastnosti pouZitych typov beténu.
Na Ucely zistenia pevnosti betdnu boli vyrobené kocky 150 x 150 x
150 mm a valce 150 x 300 mm, na zistenie modulov pruznosti hra-
noly 100 x 100 x 400 mm. Reologické vlastnosti beténu sa zistova-
li na 12 hranoloch, ktoré mali rovnaky priecny rez a vystuzenie ako
predpaté nosniky. Sest vzoriek sa pouzilo na meranie zmrastovania,
tri na kazdy typ beténu a 3est vzoriek na meranie dotvarovania beté-
nu. Vzorky na dotvarovanie boli zatazené kontrolovanou osovou si-
lou 380 kN, ktord bola v sUstave udrziavana Styrmi tuhymi pruzinami
(obr. 3). Aplikovana osova sila mala hodnotu blizku Urovni predpina-
cej sily po prebehnutf straty z pruzného pretvorenia beténu. Vsetky
vzorky sa potom umiestnili v blizkosti predpéatych nosnikov.

Meracie prostriedky
Jeden elastomagneticky snimac PSS16 bol vzdy umiestneny v jed-
nom nosniku v strede rozpatia (obr. 4). To znamend, Ze na kazdé lano
boli osadené dva snimace. Pomerné pretvorenia beténu v strede roz-
pdtia sa merali strunovymi tenzometrami EDS-20V-E. Pouzili sa Sty-
ri tenzometre umiestnené v dvoch nosnikoch z beténu C 40/50
a v dvoch z betonu C 70/85. Dalie dva tenzometre boli umiestnené
vo vzorkdch na meranie dotvarovania a dva na meranie zmrastovania.
Pomerné pretvorenia beténu sa merali aj priloznym deformetrom
s dizkou zakladne 400 mm. Na kaZdom nosniku boli vytvorené tri
a na vzorkach Styri meracie zakladne. Relativna vlihkost a teplota pro-
stredia sa merali zariadenim DTHL HydrologgPro, ktoré kontinualne
zaznamendava tieto Udaje. Teplota betdnu sa snimala pomocou EM
snimacov a tenzometrov.

Vysledky merani

Materidlové vlastnosti beténu

Vlastnosti beténu sa testovali z hladiska pevnosti beténu v tlaku, mo-
dulu pruznosti, dotvarovania a zmrastovania. Kockovéa pevnost be-
ténu v Case transferu predpatia bola 40 MPa v pripade obycajného
a 68 MPa v pripade VHB. Pevnostné a deformacné vlastnosti betdnu
po 28 dnoch su zhrnuté v tab. 1. Na zaklade Statistického vyhodno-
tenia bola charakteristickd hodnota kockovej pevnosti 52,6 MPa pre
obycajny a 86,2 MPa pre VHB.

Tab. 1 Materidlové vlastnosti pouzitych typov beténu
Tab. 1 Material properties of used concrete

C 40/50 C70/85

Vzorka/ Kockova Modul Kockova Modul
pevnost/ pruznosti/ pevnost/ pruznosti/

(MPa) (GPa) (MPa) (GPa)

#1 53,0 31,920 94,5 40,780

#2 53,5 34,827 97,5 39,959

#3 53,0 33,954 89,5 40,032

Priemer/Average 53,2 33,568 93,8 40,256

www.inzenyrske-stavby.cz

Obr.4 EM snimac a strunovy tenzometer viozeny do nosnika
Fig. 4 Elastomagnetic sensor and strain gauge embedded in a beam

measurements are ongoing). Temperature of the concrete is meas-
ured by strain gauges embedded in the beams.

Obtained results

Material properties

The material properties tested for concrete were compressive
strength, modulus of elasticity, creep and shrinkage. Cube strength
of concrete at time of prestress transfer was 40 MPa for normal con-
crete and 68 MPa for HPC. Measured properties of concrete at the
age of 28 days are summarized in Tab. 1. Based on statistical evalua-
tion characteristic cube compressive strength was 52.6 MPa for nor-
mal concrete and 86.2 MPa for high strength concrete.

Prestress losses

Changes of prestressing force were measured in each strand by EM
sensors since their stressing at prestressing bed until now. Strain
gauges embedded in beams enable to measure prestress losses in-
directly, based on the assumption of deformation compatibility be-
tween concrete and prestressing tendon. Development of prestress-
ing force in individual strands measured by EM sensors for both NC
and HPC concrete is shown in Fig. 5.

NC concrete is shown by red polyline and HPC by blue polyline.
Average prestress losses at time of the latest measurement related
to the prestressing forces at time of prestress transfer were 17.9 % in
NC and 12.8 % in HPC. The changes of prestressing force include im-
mediate losses due to elastic shortening of concrete (8.5 % for NC
and 6.4 % for HPC) and long-term losses due to relaxation of the pre-
stressing steel, creep and shrinkage of concrete (9.4 % for NC and
6.4 % for HPQ).

The comparison of measured and predicted prestressing forces for
NC is shown in Fig. 7 and for HPC in Fig. 8. Three different models for
the prediction of creep and shrinkage were used in assessment. The
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Fig. 5 Development of prestressing force in individual strands measured by EM
sensors

Obr. 8 Porovnanie vyvoja predpinacej sily, meranie verzus predikcia pre VHB
Fig. 8 Development of prestressing force in the beams cast from HPC
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Obr. 7 Porovnanie vyvoja predpinacej sily meranie verzus predikcia pre OB
Fig. 7 Development of prestressing force in the beams cast from NC

Straty predpatia

Zmeny predpinacej sily si monitorované od napnutia kazdého lana
v predpinacom stende az do dnesnych dni. Priebeh zmeny predpi-
nacej sily v ¢ase, zaznamenany pomocou EM snimacov pri obidvoch
typoch beténu, je na obr. 5.

V pripade obycajného betdnu (OB) je zmena sily na obr. 5 nazna-
¢ena Cervenou ciarou a pri VHB modrou ¢iarou. Priemernd hodno-
ta straty predpatia zistend v ¢ase posledného merania a vztiahnuta
na predpinaciu silu v ¢ase transferu bola 17,9 % pri nosnikoch z OB
a 12,8 % pri nosnikoch z VHB. Zmena predpinacej sily zahfriala okam-
Zité straty predpdtia z pruzného pretvorenia betonu (8,5 % pri OB
a 6,4 % pri VHB) a dlhodobU stratu predpatia od relaxacie, dotvaro-
vania a zmrastovania (9,4 % pri OB a 6,4 % pri VHB).

Porovnanie nameranych a vypocitanych strat predpétia pre OB
betdn je na obr. 7 a VHB na obr. 8. Na vypocet strat sa pouzili tri mo-
dely na predikciu dotvarovania a zmrastovania beténu. Prvy model
(Cierna ciara) predstavuje model EN1992-1-1 Priloha B, druhy model
(modréa farba) model EN1992-2 a treti model (zelena farba) Model
Code 2010. Modely na predikciu relaxacie vystuze boli prevzaté
z rovnakych predpisov. Pri vypocte strat predpétia sa uvazovala re-
lativna vlhkost prostredia 70 %, ¢o bola priemerna hodnota vihkosti
zistend za uvazované obdobie.
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Obr. 10 Vyvoj celkovych pomernych pretvoreni v strede nosnikov z VHB
Fig. 10 Development of total strains in the beams cast from HPC
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Obr. 11 Vyvoj pomernych pretvoreni na vzorkach v zostave na meranie dotvaro-
vania beténu
Fig. 11 Development of total strains in the spring set-up

first model, indicated by the black line, is introduced in EN1992-1-
1 Annex B, model indicated by the blue line in EN1992-2 and the
green line represents model from Model Code 2010. All lines also in-
clude prestress losses due to relaxation of prestressing steel. Models
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Namerané hodnoty predpinacej sily su zobrazené farebnymi
bodmi. Cervené body predstavuju silu merani priamo pomocou
EM snimacov. Sila zistend nepriamo na zaklade zmeny pomerné-
ho pretvorenia beténu je zobrazend pomocou Zltych (tenzomet-
re) a oranzovych bodov (deformetre). Porovnanie ukazuje pomerne
dobru zhodu medzi nameranou a vypocitanou hodnotou predpina-
cej sily v uvazovanom ¢asovom intervale.

Na zaciatku boli namerané straty predpaétia vacsie ako vypocita-
né, postupne sa ale tento rozdiel zmensoval, pricom na konci uz boli
straty mensie ako uvadzala predikcia. Rychlejsi rast strat predpatia
na zaciatku prisudzujeme podmienkam, ked priemerna teplota pro-
stredia bola vy3sia ako 20 °C a relatfvna vihkost sa pohybovala okolo
40 % (letné obdobie). V zimnom obdobi boli teploty naopak blizke
nule a vihkost bola okolo 85 %.

Zatial' najlepsie vysledky z hladiska predikcie strat predpétia posky-
tuje model EN1992-2, ktory umozriuje zohladnit aj pritomnost kremi-
¢itého Udletu v beténe.

Pomerné pretvorenia beténu
Porovnanie teoretickych a nameranych hodnot celkovych pomer-
nych pretvoreni beténu je na obr. 9 a 10. Na grafoch je detailnejsie
zobrazeny gradient zmeny pomernych pretvoreni v strede nosnikov
v porovnani s grafmi na obr. 7 a obr. 8, kde su zobrazené zmeny pred-
pinacej sily ziskané na zaklade nameranej zmeny pomernych pre-
tvoreni beténu. Priemerne pruzné pomerné skratenie nosnikov z OB
bolo 690 mikrostrainov, kym pri nosnikoch z VHB to bolo 550 mikro-
strainov (80 % z hodnoty pre OB). Prirastok pretvoreni nameranych
strunovymi tenzometrami v ¢ase posledného merania bol 860 mikro-
strainov pri OB a 430 mikrostrainov pri VHB (50 % z hodnoty pre OB).
Celkové pomerné pretvorenia (dotvarovanie a zmrastovanie) zis-
kané zo zostavy na meranie dotvarovania beténu su na obr. 11. Cer-
vena Ciara predstavuje deformécie vzoriek z OB a modré ¢iara z VHB.
Tieto merania reologickych pretvoreni potvrdili pozorovania ziskané
na skusobnych predpétych nosnikoch.

Zaver

Merania potvrdili, Ze materidlové vlastnosti VHB, ktoré maju vplyv
na straty predpétia z pruzného pretvorenia beténu, zmrastovania
a dotvarovania, su ovela lepsie v porovnani s kvalitnymi obycajnymi
typmi betdnu. Priemerné straty predpatia v ¢ase posledného mera-
nia vztiahnuté na predpinaciu silu v ¢ase transferu boli 17,9 % pri OB
a 12,8 % pri VHB, ¢o znamen3, Ze strata predpdtia v nosnikoch z VHB
bola len 71,5 % z hodnoty straty v nosnikoch z OB.

Overovanie reologickych modelov, ktoré sa pouZivaju na predikciu
strat predpatia, naznacilo, ze vietky modely v danom ¢asovom inter-
vale nadhodnocovali velkost strat predpatia. Zatial najlepsie priblize-
nie k nameranym hodnotdm poskytol model EN 1992-2.

Prispevok vznikol s finan¢nou pomocou Vedeckej grantovej agenttry Mi-
nisterstva Skolstva Slovenskej republiky a Slovenskej akadémie vied VEGA
No. 1/0690/13 a s pomocou firmy ZIPP Bratislava, spol. s r. o, ¢lena skupi-
ny Strabag SE, ktord financ¢ne podporila a zaistila vyrobu nosnikov.
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for prediction of steel relaxation were taken from the same codes.
The average relative humidity of 70 % was used in the assessment.
The value of RH was derived from recording which is shown in Fig. 6.

Colored dots in Fig. 7 and Fig. 8 indicate measurements carried out
by three different devices. Red dots represent direct measurements
of prestressing force by EM sensors, yellow and orange dots were ob-
tained from changes of concrete strains measured by strain gauges.

The comparison indicates quite good prediction of prestress loss-
es. The measured values were higher than predicted ones at the be-
ginning for both types of concrete. Later, it has changed and meas-
urements approached the predicted values. The difference at the
beginning was caused by low humidity of ambient environment at
that time (Fig. 6). The best results agreement was obtained with mod-
els for prediction of creep and shrinkage introduced in EN1992-2,
blue line. The model was developed for HPC concrete with silica-
fume, however it has also been used for the prediction of creep and
shrinkage of the NC of consideration.

Concrete strains
The comparison of predicted and measured total concrete strains in
the beams is illustrated in Fig. 9 and Fig. 10. The charts show a gradi-
ent of strain changes in a more detailed view than charts with devel-
opment of prestressing force. Average elastic shortening was approx-
imately 690 microstrains in case of NC and 550 microstrains in case
of HPC (80 % of NC). Increment of strains measured by strain gaug-
es between the last recorded data and time of prestress transfer was
860 microstrains for NC and 430 microstrains for HPC (50 % of NC).
Total strains (creep + shrinkage) obtained from spring set-ups are
shown in Fig. 11. The red line indicates NC and the blue line HPC.
Measurements confirmed rheological properties of concrete which
were observed in the prestressed beams.

Conclusions

The measurements confirmed that material properties affecting the
prestress losses due to elastic shortening, creep and shrinkage of
concrete were much better for HPC compared to the high quality
NC. The average prestress losses at time of the latest measurement
related to the prestressing force at prestress transfer are 17.9 % in NC
and 12.8 % in HPC, it means that the value obtained in HPC repre-
sents only 71.5 % of the value in NC.

Testing of the models for prediction of concrete rheology which
has significant influence on the precision of prestress losses assess-
ment in structural elements has shown that all three models overes-
timate prestress losses in the testing beams. The best approximation
to measured values was obtained for rheological model introduced
in EN 1992-2.

Authors gratefully acknowledge Scientific Grant Agency of the Minis-
try of Education of Slovak Republic and the Slovak Academy of Sciences
VEGA No. 1/0690/13 and company ZIPP Bratislava Ltd. member of Stra-
bag SE for financing and manufacturing of all testing specimens.
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Odolnost a charakteristiky pouzitelnosti zosilnenych

beténovych linearnych prvkov

Resistance and serviceability characteristics of strengthened

linear concrete elements

Zmena historie zatazenia objektov pozemného stavitelstva a zvy-
Senie objemu dopravy na mostnych konstrukciach su ¢astymi
a relevantnymi dévodmi zosilfiovania nosnych konstrukcii. Ide
hlavne o linedrne beténové nosné prvky. Prispevok sa zaobera
teoreticko-experimentalnou analyzou odolnosti a charakteristik
definujdcich medzné stavy pouZitelnosti poskodenych a nasled-
ne zosilnenych konstrukénych prvkov. Stav poskodenia zodpove-
dé hladine zatazenia g = 0,75. Vo vyskumnom programe sa zosil-
riovanie poskodenych prvkov realizuje alternativnymi postupmi
- pomocou nadbeténovanej spriahovacej dosky, respektive kom-
binaciou spriahovacej dosky a aplikécie zosilfujucich tkanin na
béaze sklenenych vlaken - bezne si oznacované ako GFRP. Dal-
$im relevantnym problémom pri zosilfiovani je druh kontaktu -
poskodeny prvok/spriahovacia doska a jeho vplyv na odolnost
a charakteristiky pouzitelnosti. Zatazovanie prvkov sa realizova-
lo v médkkom reZime - stupriovito rastuce zataZenie, respektive si-
mulované pohyblivé zatazenie. Pri porovnavani priehybov sa po-
uzila metodika vyhodnoteni podla Williot - Mohrovych analégii
v numerickej forme. Pri niektorych relevantnych pripadoch sa vy-
sledky z experimentov porovnavali s metédami FEM.

Témou zosilfovania linedrnych beténovych prvkov sa na Ustave
stavebnictva a architektury SAV v Bratislave zaoberdme od roku 2008.
Ide o teoreticko-experimentdlny program v spolupraci so Stavebnou
fakultou Zilinskej univerzity v Ziline. Program bol zamerany najma na
poskodené prefabrikované prvky, ktoré sa aplikuju napriklad v most-
nom stavitelstve. Prefabrikécia linedrnych mostnych prvkov ma ra-
ciondlne opodstatnenie z dévodu zrychlenia a cenovej degradécie
vystavby. Prefabrikdcia Uzko suvisi s technolégiou spriahovania ako
Gc¢innou metddou spajania prevazne ty¢ovych prefabrikatov s mono-
liticky zhotovenou doskou. Analogicka technolégia sa vyrazne vyuzi-
va pri sanacii poskodenych konstrukcii. Nadbeténovana doska v spo-
jeni so sanovanymi prefabrikatmi a spriahovacimi prvkami prindsa aj
vyrazny efekt zosilnenia. Problematika sandcie a pouZitia spevrova-
cich prvkov sa rozsiruje aj o druh kontaktu poskodeny prvok/spria-
hovacia doska. V prispevku sa zameriame na problematiku interakcie
poskodenych Zelezobetdnovych nosnikov so zosilhujucimi prvkami
pri krdtkodobom zatazovani. Problematika je rozdelend na dve casti:
o vplyv spdsobu zosilnenia poskodenych nosnikov na medzné stavy

odolnosti a pouzitelnosti sanovanych nosnikov,

o vplyv typu kontaktu poskodeny nosnik/spriahovacia doska na oba
medzné stavy sanovanych nosnikov.

Spolu sa odskusalo 12 nosnikov, skusky sa realizovali po dvojiciach.
Ich oznacenie je takéto:

A loading history change of civil engineering objects and also an
enhancement of traffic volume on bridge constructions are the
frequent and relevant reasons for bearing structures strengthen-
ing. It concerns mainly linear concrete bearing elements. The pa-
per deals with the theoretic-experimental analysis of resistance
and characteristics which define the serviceability limit states for
damaged and consequently strengthened structural elements.
The state of damage corresponds to the load level g = 0.75. With-
in the research program, the strengthening of the damaged ele-
ments is performed by two alternative ways - using of an over-
concreted coupling slab or combination of a coupling slab and
an application of strengthening fabrics on basis of glass fibres
(commonly denoted as GFRP). Another relevant problem at the
strengthening is an influence of a type of the contact - a damage
element and a coupling slab - on the resistance and the service-
ability characteristics. Loading of the elements was performed in
the soft regime - a gradually increasing static eventually simulat-
ed moving load. At comparison of the deflections we used the
method of evaluations according to the Williot-Mohr analogies in
a numerical form. For some relevant cases the results were also
compared with numerical simulations on FEM basis.

We deal with the issue of strengthening of linear concrete ele-
ments since 2008 in the Institute of Construction and Architecture
SAS in Bratislava. It concerns a theoretic-experimental program in
cooperation with the Faculty of Civil Engineering University of Zilina.
The program has been focused mainly on damaged prefabricated
elements which are applied, e.g., in bridge construction. Prefabri-
cation of linear bridge elements has a rational justification from the
reason of fast and economically convenient construction. The pre-
fabrication is closely related to the technology of coupling, which is
an effective method of connection of mainly beam prefabricated el-
ements with a monolithically manufactured slab. An analogical tech-
nology is widely used at repair of damaged structures. An overcon-
creted slab together with coupling members significantly fulfils also
a function of strengthening of repaired prefabricated elements. The
issue of utilization of the strengthening members is broaden also by
a type of the contact damaged element/strengthening slab. In the
paper, we will focus on interaction of damaged reinforced-concrete
beams with the strengthening members at short-term loading. The
issue is divided into two parts:
¢ an influence of a way of strengthening of damaged beams on ul-

timate and serviceability limit states of repaired beams,

e an influence of a type of the contact damaged beam/strengthe-
ning slab on the both limit states of repaired beams.
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o ST - poskodené nosniky zosilnené doskou a spriahovacimi prvkami,

e GFRP1 - nosniky zosilnené ako v pripade ST a doplnené GRRP tka-
ninami v extrémne namahanych smykovych c¢astiach,

e GFRP1/1 - nosniky zosilnené ako v pripade GRRP1, ukoncenie tka-
nin sa realizovalo v dolnom pése (v prispevku ich neuvadzame),

o GFRP2 - nosniky zosilnené ako v pripade ST a doplnené GFRP tka-
ninami po celej dizke, ukoncenie ako v pripade GFRP1/1,

e OZ - nosniky zosilnené iba doskou, zazubeny kontakt podla [1],

e /P - nosniky zosilnené iba doskou, zdrsneny kontakt podla [1].
Vysledky experimentélnej ¢asti nezosilnenych nosnikov su uvede-

né napriklad v [2].

Experimentalny program

Geometrické a vystuzovacie charakteristiky nespevnenych a spevne-
nych nosnikov typu ST a GFRP1 so spriahovacimi prvkami st zndzor-
nené na obr. 1.

Pracovné charakteristiky beténu uvedenych nosnikov su v tab. 1.
Pracovné charakteristiky zosilfiovacej GFRP tkaniny a lepidla zodpo-
vedaju predpisu [6]. Pouzitd vystuz je definovana takto: medza kizu
f. = 577 MPa, medza pevnosti f,, = 724 MPa, modul pruznosti £, =
200 GPa.

Priemernd maximalna experimentélna hodnota pri nezosilnenych
nosnikoch bola asi f,, = 500 kN. Konstatovanie plati pri nosnikoch
namahanych staciondrne aj simulovanym pohyblivym zataZenim. Si-
mulované pohyblivé zatazenie méa relevantny vplyv na charakteris-
tiky pouzitelnosti. Spdsob porusenia pri nespevnenych nosnikoch
a spevnenych nosnikoch typu ST, GFRP1 a GFRP2 je zrejmy z obr. 2.
Spdsob porusenia nosnikov typu ST a vysledky numerickej predikcie
porusenia podla [7] a [8] tvorili podklady na lokdlne vystuZzenie GFRP
tkaninami. Porovnanie experimentalneho porusenia a numerického
modelovania je na obr. 3.

Spevnenie sanovaného nosnika doskou so spriahovacimi prvkami
[2] zvysuje odolnost o asi 35 az 38 %. Pri nosnikoch GFRP1 sa odol-
nost zvysila o priblizne 48 %. Pri nosnikoch GFRP2 sa neprejavil efekt
aplikacie tkanin po celej dizke so zvysenou mierou kotvenia. Pri cha-
rakteristikdch pouZitelnosti (najma pri priehyboch) maju relevantny
vplyv na vysledné hodnoty tieto Udaje: spriahovacia doska zvysu-
je hodnotu tvarového sucinitela y a sticasne sa meni pomer o = I/h
(I — rozpétie, h — vyska). Pri nespevnenych nosnikoch sd potom
a=75,x=1875, pri spevnenych nosnikoch a = 6,2, y = 2,173.

Zmene zodpoveda aj zmena pomeru B = a(sh)/a(tot), kde a(sh)
je priehyb od ucinku prie¢nych sil a a(tot) — celkovy priehyb.

Pri hladine zatazenia y= 0,5 je pri nespevnenych nosnikoch B= 0,24,
pri spevnenych = 043.

Pri spevnenych nosnikoch bez spriahovacej vystuze sa problemati-
ka rozsiruje o druh kontaktu medzi sanovanym nosnikom a spriaho-
vacou doskou. Program sme zamerali na zazubeny kontakt — nosni-
ky OZ — a zdrsneny kontakt — nosniky ZP. Spésob zatazovania a etapy
zatazovania su rovnaké ako pri nosnikoch GFRP1 a GFRP2. Vysledny
stav porusenia je na obr. 5.

Tab. 1 Priemernd kockova pevnost f.

[«

Tab. 1 Average values of the cube strength £,

ccr

flexural strength f;

ct fr

Nosnik/

Oznacenie nosnikov/

o 50,87 508 39,26
62,47 6,72 39,73

59,13 571 38,72

GFRP1 54,70 4,66 39,65
56,84 591 36,23

GFRP2 59,64 4,80 37,22
0z 62,42 5,67 39,73
6323 5,90 39,70

2 58,25 522 35,40
58,12 5,43 36,03
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Obr. 1 Geometrické a vystuzovacie charakteristiky nespevnenych a spevnenych
skusobnych nosnikov

Fig. 1 Geometric and reinforcing characteristics of the non-strengthened and
strengthened trial beams

Overall, we tested 12 beams; the tests were performed in pairs.

A designation of the beams was following:

o ST - the damaged beams strengthened by the slab together with
coupling members,

e GFRP1 -the beams strengthened as in the above case and supple-
mented by GFRP sheets in extremely loaded shear zones,

e GFRP1/1 - the beams strengthened as the GFRP1 ones; the sheets
extended to the lower flanges (this case is not included in the paper),

e GFRP2 - the beams strengthened as in the case ST and supple-
mented by GRRP sheets along a whole length of the beams inclu-
ding the lower flanges,

e O/ - the beams strengthened just by the slab, the indented con-
tact according to [1],

e /P — the beams strengthened just by the slab, the rough contact
according to [1].
Results of tests of the non-strengthened beams are presented, e.g.

in [2].

Experimental program

Geometric and reinforcing characteristics of the non-strengthened
beams and the ST and GFRP1 type strengthened beams with rein-
forcing members are depicted in Fig. 1.

Working characteristics of concrete of the introduced beams are in
Tab. 1. Working characteristics of the strengthening GFRP sheets cor-
respond to the recommendation [6]. The used steel reinforcement
has the following features - yield strength f,, = 577 MPa, ultimate
strength f,, = 724 MPa, elasticity modulus E, = 200 GPa.

An average value of the experimentally achieved maximum forces
for the non-strengthened beams was circa f,,, = 500 kN. This holds
for the beams loaded stationary as well as for the beams loaded by
simulated moving load. The simulated moving load has a relevant

pevnost v tahu pri ohybe f_ ;, staticky modul pruznosti £, maximélna skisobna sila F
Young's modulus of elasticity £, maximum test force F__,

Zosilfiujuca doska/

IR B B T i I

61,22 6,00 41,13 680
61,44 6,83 40,00 670
63,34 5,82 44,60 730
67,63 5,58 41,76 750
50,22 4,29 36,13 715
58,21 591 38,87 685
58,90 6,59 40,00 654
57,80 5,86 41,00 635
59,53 4,78 37,73 665
59,14 4,82 37,70 695
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Obr. 2 Typ porusenia
Fig. 2 Failure mode

a) nespevneny nosnik, b) spevneny nosnik ST, ¢) spevneny nosnik GFRP1, d) spevneny nosnik GFRP2
Fig. 2 Failure mode
a) non-strengthened beam, b) strengthened beam ST, ¢) strengthened beam GFRP1, d) strengthened beam GFRP2

Spdsob porusenia a maximélne hodnoty zatazovacej sily F,... su
uvedené v tab. 2. Na komplexné overenie spravania sa spriahnu-
tych nosnikov ST, OZ a ZP sa aplikovala numerickd analyza pomo-
cou programu Atena 3D [7], [8]. Na nelinedrnu analyzu sa zvolil ma-
teridl 3D Nonlinear Cementitous pre betén, ktory dovoluje podrobne
zadat potrebné vstupné charakteristiky beténu. Pracovny diagram
betdnu je vytvoreny na zaklade laboratérnych skidsok tykajucich sa
celej oblasti ziskanych vysledkov. Vystuz bola vytvorend pomocou
prvkov Reinforcement s vyuzitim bilinedrneho diagramu so stupaju-
cou vetvou. Numerické vysledky z Ateny su v tab. 2. Teoretické hod-
noty odolnosti boli ziskané podla [1]. Z tab. 2 je zrejmé, Ze hodnoty
odolnosti sa podla numerickej analyzy priblizovali k experimental-
nym nosnikom so spriahovacou vystuzou — ST. Hodnota V. ... pred-
stavuje priecnu silu, pri ktorej dojde k Smykovému zlyhaniu v spriah-
nuti a hodnota F,, ., predstavuje zodpovedajlcu zatazovaciu silu.
V pripade ostatnych povrchovych uUprav boli rozdiely v dobrej zho-
de, ale s vy33ou odchylkou (~ 5 az 20 %). Toto mozno prisudit tomu,
Ze parametre sudrznosti su odhadnuté s pomerne vacsim rozpty-
lom a su znacne zavislé od technoldgie vyroby povrchu nosnika na
rozdiel od vystuze s pomerne stabilnymi pracovnymi charakteristi-
kami. V pripade nosnika ZP nedoslo k vzdjomnému sklzu na drov-
ni kontaktnej plochy, ale v mieste zdravého monolitického beténu,
teda akoby sudrznost kontaktnej plochy bola vac¢sia ako vzajomna
sudrznost monolitického betdnu, ¢o mozno vysvetlit mimoriadne

Tab. 2 Navrhova, numericka a experimentalna odolnost zosilnenych nosnikov
Tab. 2 The design, numerical and experimental resistances of the coupled beams

influence on serviceability characteristics. A way of failure of the non-
strengthened and strengthened beams of the type ST, GFRP1 and
GFRP2 is evident form Fig. 2. The observed failure mode of the ST
beams together with the failure mode obtained by numerical simu-
lations formed the basis for the local reinforcement by GFRP sheets.
A comparison of the experimental and the simulated failure mode
isin fig. 3.

Strengthening of the beam by the slab with coupling members [2]
increases the resistance about circa (35 — 38) %. At the GFRP1 beams,
the resistance increased about circa 48 %. At the GFRP2 beams, there
was no effect of the sheets application along the whole length with
an enhanced anchorage measure. At serviceability characteristics
(mainly at deflections), the following facts have a relevant influence
on the resultant values - the coupling slab increases a value of the
shape coefficient y and simultaneously the span-to-height ratio ais
changing. For the non-strengthened beams, it holds o« =7.5 and y =
1.875; for the strengthened ones, a= 6.2 and y = 2.173. This reflects
also in a change of the ratio 8 = a(sh)/a(tot), where a(sh) is a deflec-
tion of the beam corresponding to the shear forces effect and a(tot) is
its total deflection. At the load level y = 0.5, this ratio is = 0.24 for the
non-strengthened beams and f = 0.43 for the strengthened ones.

At the strengthened beams without the coupling reinforcement,
the issue is broaden by a type of the contact repaired beam/cou-
pling slab. We pay an attention to the indented contact — beams OZ

Typ povrchu/
Ohyb/

EN 1992 1-1, Eurokéd 2/

Zosilnenie/
Fi,max (kN) c u pq (%) V, e (kN) Fip,max (KN)
ST 706,4 0,45 0,7 0,18 472,7 945,4
707,8 0,45 0,7 0,18 490,9 981,8
oz 702,2 0,50 09 0 326,2 652,4
708,1 0,50 0,9 0 3314 662,8
ZP 706,1 0,45 0,7 0 288,1 576,2
706,2 0,45 0,7 0 292,5 585,0

Frun/Fup (%) | Poskodenie/ FolFup(%) | Poskodenie/
680

Typ povrchu/ ATENA 3D - vysledky/ Experimentalne vysledky/
652
ST

95,9 Smyk/Shear 103,7 Smyk/Shear
674 100,6 Smyk/Shear 670 94,7 Smyk/Shear
o7 556 84,6 Smyk/Kontakt/Shear/Contact 657 99,3 Smyk/Kontakt/Shear/Contact
549 82,8 Smyk/Kontakt/Shear/Contact 635 104,4 Smyk/Kontakt/Shear/Contact
561 84,1 Kontakt/Contact 665 86,6 Smyk/Kontakt/Shear/Contact
P 556 80,0 Kontakt/Contact 695 84,1 Kontakt/Contact
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Obr. 3 Porusenie ST nosnikov

a) vysledky z experimentu, b) numerickd predikcia porusenia
Fig. 3 Failure mode of the ST beams

a) experimental result, b) numerical simulation
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Obr. 4 Pracovné diagramy - zatazovacia sila verzus stredovy priehyb — pri nezosilnenych a zosilnenych nosnikoch typu ST a GFRP1
Fig. 4 Working diagrams — loading force vs midspan deflection — for the non-strengthened and the strengthened beams of the ST and GFRP1 type

rozvinutou schopnostou previazania betdnov jednotlivych prvkov.
Normové [1], numerické a experimentalne vztahy — zataZovacia sila £
verzus stredovy priebeh a pre cell oblast zataZovania spriahnutych
nosnikov ST, OZ a ZP sa uvadzaju v praci [4].

Vysledné vztahy tykajuce sa experimentdlnych, numerickych
a normativnych zavislosti su uvedené na obr. 6.

Obr. 5 Typ porusenia

a) nosnik ST so spriahovacou vystuzou, b) nosnik OZ bez spriahovacej vystuze,
¢) nosnik ZP bez spriahovacej vystuze

Fig. 5 Failure type

a) the ST beam with the coupling reinforcement, b) the OZ beam without the
coupling reinforcement, c) the ZP beam without the coupling reinforcement

www.inzenyrske-stavby.cz

- and the rough contact — beams ZP. The loading mode and the
loading stages are the same as in the case of the beams GFRP1 and
GFRP2. The resultant failure states are depicted in Fig. 5.

The ways of failure and the maximum values of loading force
Frnax are presented in Tab. 2. For the complex verification of behav-
iour of the coupled beams ST, OZ and ZP, a numerical analysis by
software ATENA 3D ([7], [8]) was performed. For a non-linear analy-
sis of concrete, the material “3D Nonlinear Cementitous” was chosen
as its model. It enables to enter necessary input features of concrete.
A work diagram of the concrete was made on basis of laboratory
tests for a whole range of obtained results. The reinforcement was
modelled by elements “Reinforcement” using a bilinear diagram with
an increasing branch. The results obtained from the simulations by
ATENA are presented in Tab. 2. There are also corresponding design
resistances achieved according to [1]. It can be seen from Tab. 2, that
the resistance values according to the numerical analysis are in the
best compliance with the experimental ones in the case of the refer-
ence beams ST with the coupling reinforcement. V, . represents the
transversal force at which the shear failure in the contact will appear
and F_,, .., represents the corresponding loading force. For the other
types of coupling, the resistances were also in good compliance but
with higher deviations (~ 5 - 20 %). It can be imputed to the fact that
the cohesion parameters are estimated with a relatively bigger dis-
persion and they are significantly dependent on a production tech-
nology of the beam surface contrary to the reinforcement with rela-
tively stable working characteristics. In the case of the beam ZP with
the rough surface, the mutual slip did not appear at the contact sur-
face level but in the domain of the "healthy” monolithic concrete. As
if the contact surface cohesion was higher than the mutual cohesion
of the monolithic concrete, what can be explained by exceeding-
ly developed ability of binding of the particular members concretes.

The graphs of the numerically and experimentally obtained rela-
tions loading force vs. central deflection, together with the corre-
sponding design resistances, are in Fig. 6.
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Obr. 6 Pracovné diagramy pre vztahy — zatazovacia sila verzus stredovy priehyb
Fig. 6 Working diagrams for the relations loading force vs. central deflection

Zavery

Spevnenie sanovaného nosnika doskou so spriahovacimi prvkami
[2] zvySuje odolnost o asi 35 az 38 %. Pri nespevnenych nosnikoch
dochadza k porusovaniu horného pasa v tlaku pri ohybe. Pri spev-
nenych nosnikoch dochddza k porusovaniu steny priblizne v strede
smykového rozpétia. Pri nosnikoch GFRP1 a GFRP2 sa odolnost zvy-
Sila 0 asi 48 %. Rozdiely odolnosti nosnikov série GFRP1 a GFRP2 nie
su relevantné.

Pomer priehybov je pri nespevnenych nosnikoch a(sh)/a(tot) =
0,24, pri spevnenych nosnfkoch a(sh)/a(tot) = 0,43. Hodnota sucini-
tela tvaru y = 1,875 sa nadbetdnovanim dosky menf pri sanovanych
nosnikoch na y = 2,173, zvysuje sa tiez vplyv stenového Gcinku pri
sanovanych nosnikoch.

Aplikdcia zmeny kontaktu nosnik/doska podla [1] meni charakter
porusenia sanovanych nosnikov typu OZ a ZP v porovnan{ s nosnik-
mi ST so spriahovacimi prvkami. Pomer n experimentélnych odol-
nosti je takyto: n = F_,(OZ)/F ., (ST) =098, n = F__(ZP)/F ., (ST) =
1,01. Vzhladom na pocet odskusanych prvkov ide o orientacné vy-
sledky. V sticasnosti kon¢ime experimenty pri kratkodobom zatazo-
vani. Pripravuju sa skusky pri opakovanom zatazeni, vysledky uvedie-
me v samostatnom prispevku.

Cldnok bol ¢iastocne podporovany grantovou agenturou VEGA
(MS a SAV), (grant No. 2/0143/12).
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Conclusions

The strengthening of the repaired beam by the slab with the cou-
pling members [2] increases its resistance about circa (35 - 38) %. At
the non-strengthened beams, the failure of their upper flanges in flex-
ural compression occurs. At the strengthened beams, the failure of
the web occurs roughly in the middle of the shear span. At the beams
GFRP1 and GFRP2, the resistance increased about circa 48 %. The re-
sistance differences of the beams GFRP1 and GFRP2 are not relevant.

The shear-to-total deflection ratio a(sh)/a(tot) = 0.24 for the non-
strengthened beams and a(sh)/a(tot) = 0.43 for the strengthened
ones. The original value of the beam shape coefficient y = 1.875 is
enhanced by overconcreting of the slab to the value y = 2.173. Also
an influence of the web action increases for the repaired beams.

The application of the contact beam/slab modification according
to [1] changes the failure nature of the repaired beams OZ and ZP in
comparison with the beams ST containing the coupling members.
The ratios of their experimental resistances are n = F,_, (OZ)/F ., (ST)
=096 and n=F_,(ZP)/F . (ST) = 1.01.With regard to the number of
the tested specimens, these results are just informative.

At the present time, we are finishing the short-term loading ex-
periments. Tests at repeated loading are being prepared. Their results
will be introduced in a separate contribution.

The paper was partially supported by the grant agency VEGA (Ministry of
Education and SAS), (grant No. 2/0143/12).
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Nové riesenie tradicného dlazdenia X b

Pévab historickych namesti je velakrat dany rustikalnou dlazbou. Casto ide o prirodny ka-
men v malych formatoch polozeny vo forme oblukov, ktoré vytvéraju stylovy vzhlad.

Semmelrock ponuka na trhu unikatne rieSenie, ktoré umoznuje aj pri pouziti beténovej
dlazby zachovat historicky vzhlad - ARTE staromestska dlazba.

ARTE staromestska dlaZba je inovativny vy-
robok s patentovanym systémom Einstein®,
inspirovany klasickou maloformatovou dlaz-
bou z prirodného kamena. Opticky tato
dlazba pbdsobi, akoby sa skladala z mnozstva
malych prvkov. V skuto¢nosti sa viak sklada
len z desiatich réznych prvkov.

Tento vzhlad sa docieli tak, Zze niekolko
na seba nadvazujucich dielov sa oddeli do-
stato¢ne hlbokou, tzv. jalovou (nepravou)
Skdrou. StrieSkovou geometriou skéry je za-
bezpeceny aj odvod vody, ktord sa tak nehro-
madi na povrchu. ARTE staromestska dlazba
sa sklada z oblukov — A-obluk a B-obluk, pri-
¢om kazdy obluk je tvoreny Styrmi mensimi
segmentmi, z rohovych prvkov, ktoré su tiez
tvorené A-prvkom a B-prvkom, a z doplnko-

D-bodové
zaistenie Skary

vého prvku. Prostrednictvom tychto prvkov
je mozné vytvorit vzory so schematickym
rozlozenim skér alebo so zmiesanym rozloze-
nim $kar, pricom je mozné vyskladat aj roz-
ne zakruty. Dlazba sa dodédva v hridbke 10 cm
a v troch farbach: antracitovej melirovanej,
sivo-Ciernej melirovanej a lavovo-Cervenej
melirovanej. Vdaka tomu, Ze farby su meliro-
vané, dostéavaju plochy zaujimavy charakter.
Okrem zvy3ovania odolnosti dlazieb stéla
pred timom pracovnikov firmy Semmelrock
aj vyzva na ziskanie systému, ktory by zabez-
pecil dlazbové tvarovky proti posunu. Tak
vznikol Einstein, patentovany beténovy dlaz-
bovy systém na plochy s extrémnym a tr-
valym namahanim. Systém, ktorého nazov

0 vy

vznikol z nemeckého ,ein stein’, ¢ize jeden

Sirka a viplii
skdr podla normy

I

Spéjacie prvky

www.inzenyrske-stavby.cz

kamen’, je pevnou sucastou produktov firmy
Semmelrock od roku 2004 a na trhu sp&sobil
prevratné zmeny.

Dlazba sa vyznacuje patentovanym sys-
témom fixa¢nych prvkov a $pecidlnych dis-
tan¢nych vystupkov. Tento systém tak za-
bezpecuje optimalny tvar skar s minimalnym
dotykom tvaroviek a U¢inné a optimalne vy-
plnenie Skar na kazdom mieste.

Uz Stvrtd generacia betonovych zamko-
vych dlazieb s patentovanym zdmkovym
systémom zabezpeclenia proti posunu v kaz-
dej pozicii uloZenia prindsa vyssiu presnost
a rychlost kladenia, pricom v pripade potre-
by mozno jednotlivé tvarovky velmi jedno-
ducho vymenit. Podstatne sa predlzuje Zi-
votnost krytu komunikdcif, ¢im sa dosahuju
Uspory nakladov na ¢astt obnovu vplyvom
extrémneho naméhania. Ani po dlhodobom
a trvalom zataZovanf sa spevnené plochy ne-
menia a systém vykazuje vynikajucu odol-
nost proti deformaciam.

Inovativna ARTE staromestskd dlazba tak
spdja tradi¢ny vzhlad s vyhodami modernej
dlazby. UmoZnuje vyrazné stvarnenie pldch
s vysokou zataZitelnostou a zaroven pre-
sviedc¢a svojimi Sirokymi moznostami po-
uzitia a rychlym a jednoduchym kladenim.
S touto dlazbou je mozné uchovat pévodny
charakter historickych ¢asti miest pri zohlad-
nenfi suc¢asnych poziadaviek na dopravné za-
tazenie a hospodarskych faktorov.

ARTE staromestskd dlazba je tak mimo-
riadne vhodnd na revitalizécie historickych
a pamiatkovo chranenych historickych cas-
ti miest, ale aj na vytvorenie kontrastu s mo-
dernou architektdrou.

Viac o novej ARTE staromestskej dlazbe a EINSTEIN
systéme sa dozviete na www.semmelrock.sk.

SEMMELROCK STEIN+DESIGN Dlazby s. r. o.

Trnavska ¢. 3728, 926 01 Sered’

Tel.: 031/789 12 01, www.semmelrock.sk
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Konstrukce s postupné budovanym pfiénym rezem
Bridges with Progressively Erected Cross Section

Statickd analyza a sledovani mostl tvofenych patefnim komoro-
vym nosnikem s velmi vylozenymi konzolami je popséna. Mos-
tovka je vytvéfena postupné; nejdrive byl v bednéni zavédeném
na specialni vysuvné skruzi s takzvanym organickym predpé-
tim, které eliminuje deformaci skruze, vybetonovan patefni nos-
nik; potom byly osazeny vzpéry a byla vybetonovana mostovko-
véa deska. Mosty celkové délky 2 170 m maji rozpéti délek az 69 m,
jejich Sitka je az 28,70 m.

Obr. 1 MontéZ mostu ptes Labe u Podébrad
Fig. 1 Erection of the bridge across the Elbe river near Podebrady

Pred tficeti lety byl u Podébrad postaven zavéseny most pres Labe
(obr. 1) [1]. Jeho 31,80 m Sirokd mostovka byla tvofena patefnim nos-
nikem s velmi vylozenymi konzolami podporovanymi vzdjemné ne-
spojenymi prefabrikovanymi vzpérami deskového prdrezu. Jednoko-
morovy nosnik sestaveny z prefabrikovanych segment byl postaven
nejdiive, potom byly smontovény prefabrikované vzpéry a nasledné
byly vybetonovany konzoly do bednéni, které bylo podporované té-
mito vzpérami. Podobné usporadani bylo uzito pfi stavbé zavésené-
ho mostu v Praze VrSovicich a u nékolika mostl projektovanych jiny-
mi projektanty.

Nedavno byl podobny postup uZit u staveb nékolika dlouhych via-
duktd, které se nynf stavéji na Slovensku (obr. 2). Tyto mosty maiji roz-
péti délek az 69 m, jejich Sitka je az 28,70 m (obr. 3 a 4). Paterni nosnik
je betonovan po polich v bednénf zavéseném na specialni vysuvné
skruZi s takzvanym organickym predpétim (OPS), které eliminuje de-
formaci skruze. S ohledem na co mozna nejvétsi redukci vahy patef-
niho nosniku je nosnik velmi Uzky. Proto je pficné vylozeni konzol az
11,00 m.

Je ziejmé, Ze toto feseni vyzaduje nejen peclivou analyzu a fesenti
detaill, ale také zkuseného zhotovitele. Také stavba a provoz téchto
mostl musf byt peclivé kontrolovany a sledovany.

A static analysis and monitoring of the bridges formed by spine
box girders with large overhangs are presented. The deck is be-
ing erected progressively; at first the spine girder is cast in a form-
work suspended on a special overhead gantry with ‘organic’ pre-
stressing system (OPS) that eliminate deflection of the gantry;
after that the struts are erected and the deck slab is cast. The
bridges of total length 2,170 m have span lengths up to 69 m,
their widths are up to 28.70 m.

Thirty year ago a cable stayed bridge across the River Elbe near
a city of Podebrady was erected (Fig. 1) [1]. Its 31.80 m wide deck is
formed by a spine girder with large overhangs supported by not mu-
tually connected precast slab struts. The one cell box girder assem-
bled from precast segments was constructed first, then the struts
were erected and the overhangs were cast in simple formwork that
was supported by these struts. After that similar arrangement was
used in a construction of the Vrsovice cable stayed bridge built in
Prague and in several bridges designed by others.

Recently similar approach has been used in construction of sever-
al long viaducts that are being built in Slovakia (Fig. 2). These bridges
have span lengths up to 69 m, their widths are up to 28.70 m (Fig. 3
and 4). The spine girder is cast span-by span in a formwork suspended
on a special overhead gantry with ‘organic’ prestressing system (OPS)
that eliminates deflection of the gantry. To reduce the self weight of
the spine girder as much as possible, the girder is very narrow. There-
fore the transverse projection of the overhangs is up to 11.00 m.

It is evident that this solution requires not only a careful analysis
and detailing, but also an experienced contractor. Also the construc-
tion and service of these bridges have to be carefully checked and
monitored.

Recent Structures

The first structure of this kind is a 975 m long viaduct across the Hos-
tovsky Creek built on the Expressway R1 near a city of Nitra (Fig. 3,
R1 205). The bridge of the width of 25.66 m has 17 spans of lengths
of 33.0 + 42.0 + 45.0 + 48.0 + 9x69.0 + 480 + 450 + 420 + 33.0 m.
The depth of the girder varies from 4.00 to 2.60 m. The bridge was
opened to traffic in September 2011 [2].

Two bridges of similar arrangement are being built on the section
Fricovce — Svinia near a city of Presov on the motorway D1 (Fig. 3, D1
202 and 203). These bridges built across the Lazny and Stefanovs-
ky Creek have total lengths of 269 m and 182 m; typical span length
is 45 m. Both motorway directions are carried by one bridge of the
total width of 29.5 m. The depth of the girder is 2.60 m. The bridge
decks that are frame connected with H shaped piers form semi-inte-
gral structural systems.

Another two bridges of similar arrangement are also being built
on the section Janovce — Jablonov near a city of Levoca on the mo-
torway D1 (Fig. 3,D1 216 and 217). The bridges across the Lodina and
Doliansky Creek Valley have total lengths of 367 m and 414 m; typi-
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Obr. 2 Konstrukce mostu
Fig. 2 Bridge structure

Nové konstrukce

Prvni konstrukci tohoto systému je 975 m dlouhy viadukt postave-
ny pres Udoli Hostovského potoka na Rychlostni komunikaci R1 po-
bliz Nitry (obr. 3, R1 205). Most sitky 25,66 m ma 17 poli délek 42,0 +
45,04 48,049 %690+ 48,0 + 45,0 + 42,0 + 33,0 m. Vyska nosniku se
méni od 4,00 do 2,60 m. Most byl otevfen v z&f 2011 [2].

Dva mosty podobného uspofadani se nyni stavéji na Useku Fricov-
ce — Svinia pobliz PreSova na délnici D1 (obr. 3, D1 202 a 203). Mosty,
které se stavéji pres potoky Lazny a Stefanovsky, maji celkovou dél-
ku 269 a 182 m; rozpéti typického pole je 45 m. Oba sméry dalnice
jsou vedeny po jednom mosté celkové Sitky 29,80 m. Vyska nosnikd
je 2,60 m. Mostovky mostd, které jsou rdmoveé spojeny s pilifi tvaru
pismene H, tvoff semi-integralni konstrukenf systém.
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Obr. 3 Podélné fezy
Fig. 3 Elevations
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Obr. 4 Pri¢ny fez mostem D1 216
Fig. 4 Cross section of the bridge D1 216
a) uprostied rozpéti, b) u podpory/a) at mid-span, b) at support
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Obr. 5 Zavéseni prefabrikovanych vzpér
Fig. 5 Suspension of precast struts

Obr.6 Bednénf konzol
Fig. 6 Formwork of the overhangs

cal span length is 65 m. Both motorway directions are carried by one
bridge of the total width of 28.70 m. The depth of the girder is from
4.00 to 2.60 m. The bridge decks that are hinge connected with twin
piers form semi-integral structural systems.

The spine girder of all bridges is progressively cast span—-by-span
in the formwork suspended on the overhead gantries. The girders
are cast with overhanging cantilever. The decks of all bridges are lon-
gitudinally prestressed by internal bonded tendons situated within
the basic cross section and by external non-bonded tendons situat-
ed inside the central box. The bonded tendons are coupled in each
construction joint. External cables are anchored at pier diaphragms
and are deviated at pier and span deviators.

In the transverse direction the deck slab is prestressed by tendon
formed by 4 strands lead at flat ducts situated at distance of 1.50 m.
During erection the struts are suspended on two prestressing bars
anchored at outer cantilevers of the basic cross section.

The struts of a nominal width of 3.00 or 2.50 m are supported by
short bottom corbels of the box girder (Fig. 5). The cast-in-place deck
slab was cast in the formwork supported by already erected precast
struts (Fig. 6). After the transverse prestressing of the deck slab is ap-
plied, the longitudinal external cables are post-tensioned.

Static analysis

The structural solution was developed on the basis of very detailed
static and dynamic analyses. The structures were analyzed by a MI-
DAS program system. The bridges were modeled as 3D structures
formed by beam elements and a 3D structure assembled of shell
and solid elements. A detailed time dependent analysis of the pro-
gressively erected structure was also performed (Fig. 7). Also a strut
and tie models were used for checking of important details.

The design of the first structure — the Viaduct across the Hostovsky
Creek Valley - had been performed according to the Slovakia's stand-
ards (STN) valid at the time of design. After that all other viaducts
have been designed according to Eurocode. Since all aspects of the
analysis are presented in [3], only a special problem of the function of
the precast struts (Fig. 8) is discussed here. The results of the analysis
are presented for the Bridge across the Lazny Creek (Bridge D1 203).
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Obr. 7 Vypoctovy model
Fig. 7 Calculation model

Obr. 8 Prefabrikované vzpéry
Fig. 8 Precast struts

Dalsi dva mosty podobného uspofddani se nyni stavéji také na
useku Janovce - Jablonov pobliz Levoci na délnici D1 (obr. 3, D1 216
a 217). Mosty, které se stavéji pres udoli potokd Lodina a Doliansky,
maji celkovou délku 367 a 414 m; rozpéti typického pole je 65 m.
Oba sméry délnice jsou vedeny po jednom mosté celkové Sitky
28,70 m. Vyska nosnikd je od 4,00 do 2,60 m. Mostovky mostd, které
jsou kloubové spojeny s dvojicemi stihlych podpér, tvori semi-integ-
ralnf konstrukenf systém.

Patefni komorovy nosnik je betonovan postupné po polich
s pfecnivajici konzolou do bednéni zavéseném na horni vysuvné
skruzi. Mostovky jsou podélné pfedepnuty vnitfnimi soudrznymi ka-
bely situovanymi v prarezu a vnéjsimi, nesoudrznymi kabely situova-
nymi v komore. Soudrzné kabely jsou spojkovany v kazdé konstruk¢-
ni spéfe. Vnéjsi kabely jsou kotveny v podporovych pfi¢nicich a jsou
v poli ohybany v devidtorech.

V pficném sméru je mostovkova deska predepnuta kabely tvofe-
nymi ctyfmi lany vedenymi v plochych kanalcich situovanych ve
vzdalenosti 1,50 m. Béhem montdze jsou vzpéry zavéseny na dvé
predpinaci tyce, které jsou kotveny v konzolach zékladniho prarezu.

Vzpéry nomindlni sitky 3,00 nebo 2,50 m jsou podporovany krat-
kymi spodnimi konzolami komorového nosniku (obr. 5). Mostovko-
va deska je betonovéna do bednéni podepfeném jiz smontovanymi
vzpérami (obr. 6). Po predepnuti pficnych kabell jsou napnuty po-
délné kabely.

Staticka analyza

Konstrukeni feseni bylo vyvinuto na zakladé velmi detailni statické
a dynamické analyzy. Konstrukce byla analyzovana programovym
systémem Midas. Konstrukce byla modelovéna jako 3D konstruk-
ce sestavena z nosnikovych prvkd a jako 3D konstrukce sestavena
z deskosténovych a prostorovych prvkd. Detailnf ¢asové zavisla ana-
lyza postupné stavéné konstrukce byla také provedena (obr. 7). Pri-
hradové analogie byla uzita pro kontrolu ddlezitych detaild.

Projekt prvni konstrukce — viaduktu pres udoli Hostovského poto-
ka — byl proveden podle Slovenskych norem (STN) platnych v dobé
projektovani. Nasledné ostatni viadukty byly navrzeny podle Euroké-
dd. Protoze vsechny aspekty navrhu jsou uvedeny v [3], je zde dis-
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The struts have a slab section that is stiffened by ribs at the bottom
and side edges. Both, the struts and the corbels are curved (Fig. 9). To
guarantee the struts are supported on side edges during their erec-
tion, a recess was created in the middle portion of the struts bottom
edge. After the casting of the overhangs, the top portion of the joints
is filled with epoxy concrete that guarantees joints’ water tightness.

Struts - Transverse stresses
In the transverse direction of the bridge the struts function as struc-
tural members that are stressed by normal and shear forces and
bending moments. During the erection, the joint between the struts
and the corbels acts as an eccentric hinge. Since during service only
compressing stresses originate at the joint, it is possible to consider
the joint filled with epoxy concrete as a fix connection.

Struts’ bending stresses are significant mainly during casting of
the overhangs when the struts function as a falsework for a movable
formwork (Fig. 10 and 17).

Struts - Longitudinal stresses

Although the outer struts are not mutually connected, they contrib-
ute to resistance of the structure both in the bending and torsion.
Fig. 12 displays a distribution of normal stresses and so called effec-
tive width b, that originate from the Load LM1 at the top and bot-
tom fibers of the deck at the section situated 2.5 m from the inter-
mediate support. Fig. 13 presents a shear flow due to a characteristic
combination of load that creates maximum torsion. The results are
presented for conditions:

e struts are neglected,

e struts are not mutually connected (Fig. 8),

e struts are mutually connected.

Obr. 9 Spojeni vzpér s komorovym nosnikem
Fig.9 Connection of the struts with the box girder
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Obr. 10 Pficny fez — naméhani pfi montazi
Fig. 10 Cross section — Erection stresses
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dead load + tendon
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Obr. 11 Pfi¢ny fez — namahanf za provozu
Fig. 11 Cross section — Service stresses

www.inzinierskestavby.sk



+2,08 MPa

Obr. 12 Pri¢ny fez — normalové napéti
Fig. 12 Cross section — Normal stresses

kutovan pouze specidlni problém funkce prefabrikovanych vzpér
(obr. 8). ysledky analyzy jsou prezentovény pro most pres Lazny po-
tok (Most D1 203).

Vzpéry maji deskovy prlfez, ktery je u spodniho a bocnich okrajl
ztuzen zebry. Jak vzpéry, tak i podporujici konzoly jsou zakfiveny
(obr. 9). Aby pfi montézi byly vzpéry podepfeny jen na krajnich okra-
jich, je stfedni ¢ast doIniho okraje navrzena s vybranim. Po vybetono-
vani konzol je hornf ¢ast spary vyplnéna plastbetonem, ktery garan-
tuje vodotéstnost spary.

Vzpéry - Pfiéné namahani

V pricném sméru mostu plsobi vzpéry jako konstrukeni prvek, ktery
je namahan normdélovymi a smykovymi silami a ohybovymi momen-
ty. PFi stavbé pUsobi spara mezi vzpérou a podporujicim nalitkem
jako mimostfedny kloub. Protoze za provozu vznikaji ve spafe jenom
tlakovéd namahani, je mozné povazovat sparu vyplnénou plastbeto-
nem za pevné spojent.

Vyznamné ohybové namahani vznikéd ve vzpérach hlavné pfi be-
tondzi vnéjsich konzol, kdy vzpéry plsobi jako skruz podporujici po-
suvné bednéni (obr. 10a 11).

Vzpéry - Podélné namahani

Ackoli vzpéry nejsou vzajemné spojeny, pfispivaji k resistenci kon-
strukce jak v ohybu, tak i krutu. Obr. 12 ukazuje rozdéleni normélo-
vych napétf a takzvanou spoluptsobici Sitku b,y kterdvyniké od zati-
Zeni LM1 v hornich a spodnich vldknech mostovky v fezu vzdaleném
2,50 m od vnitini podpéry. Obr. 13 ukazuje smykovy tok od charak-
teristické kombinace zatiZenl, které vyvozuje maximalnf kroucent. Vy-
sledky jsou ukazany pro podminky:

e vzpéry jsou zanedbany,

® vzpéry nejsou vzdjemneé spojeny (obr. 8),

e vzpéry jsou vzdjemné spojeny.
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Obr. 14 Statickd zatézovaci zkouska
Fig. 14 Static loading test
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Obr. 13 Pfi¢ny fez — smykovy tok
Fig. 13 Cross section - shear flow

From the (Fig. 9 and 10) it is evident that not mutually connect-
ed struts contribute to resistance of the structure to the design load
- however, on the condition of the perfect connection of the struts
with the box girders’ corbels. Since the function of the bridge de-
pends on perfect workmanship, following conservative approach
was accepted.

The spine girder was designed without contribution of the struts
both for bending and torsion.

On the other hand the precast struts were designed for the stress-
es that originate on condition of the perfect connection of the struts
with box girders’ corbels. This approach guarantees that the struts
will not be damaged during service of the bridge.

Bridge monitoring during construction and service
The first structure, the Viaduct across the Hostovsky Creek Valley (R1
205), has been carefully monitored during construction, detailed
loading tests and during service.

For monitoring of concrete stresses strain gauges were placed in
four sections (Fig. 14). Two sections (C and D) were in span 6 and
two sections (A and B) were in span 7. Span 6 represents typical span
supported by movable bearings on pier 6 and by concrete hinge
on pier 7; span 7 is a special span hinge connected with pier 7 and
frame connected with pier 8. In both spans one section is situated
at midspan and one section situated at distance 0.5 from the pier ta-
ble.Ten strain gauges were placed in each section. Since longitudinal
strains were measured, the gauges were placed longitudinally at the
middle of the depth of individual slabs. The gauges were connected
with Data Taker situated inside the bridge box. In selected periods
the Data Taker saves frequencies of the individual strain gauges and
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Obr. 15 Dlouhodobé mérenti
Fig. 15 Long term measurement
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Obr. 16 Normélové napéti pfi zatéZovaci zkousce - symerické zatizeni
Fig. 16 Normal stresses during the loading test — symmetrical load
a) pole 7, b) podpéra 7/a) span 7, b) support 7
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Obr. 17 Normélové napéti pfi zatéZzovaci zkousce — nesymerické zatizeni
Fig. 17 Normal stresses during the loading test — asymmetrical load
a) pole 6, b) podpéra 6/a) span 6, b) support 6

Z obr. 9 a 10 je zfejmé, Ze vzdjemné nespojené vzpéry pfispiva-
ji k resistenci konstrukce k ndvrhovému zatizeni — avsak za predpo-
kladu perfektniho spojeni vzpér s podporujicimi nélitky komorového
nosniku. Protoze funkce mostu zavisi na perfektnim provedeni, byl
prijat dale popsany konzervativni pfistup.

Patefni nosnik byl navrzen bez pfispéni vzpér k pfenosu ohybu
i krutu. Naopak, prefabrikované vzpéry byly navrzeny pro naméhani,
které vznika za pfedpokladu perfektniho spojeni vzpér a nalitky ko-
morového nosniku. Tento pfistup garantuje, Zze vzpéry nebudou po-
skozeny pfi provozu mostu.

Sledovani mostu pfi stavbé a za provozu

Prvni konstrukce, viadukt pres udoli Hostovského potoka (R1 205),
byla peclivé sledovdna béhem stavby, pfi zatéZovaci zkousce a je
dale sledovana za provozu.

Pro sledovani napjatosti v betonu byly ve ¢tyfech fezech osa-
zeny strunové tenzometry (obr. 14). Dva fezy (C, D) jsou v poli ¢. 6
a dva fezy (A, B) jsou v poli 7. Pole 6 predstavuje typické pole s kluz-
nym uloZenim na pilifi 6 a s kloubovym uloZenim na pilifi 7; pole 7
je specidlnf pole kloubové spojené s pilifem 7 a rdmoveé spojené s pi-
litem 8.V obou polich je jeden fez umistén uprostred rozpéti a jeden
asi 0,5 m od lice zarodku pil(tG. V kazdém fezu bylo osazeno 10 ten-
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their temperature. Also temperature and humidity inside the bridge

box are monitored.
Beyond routine laboratory tests the following additional speci-

mens from concrete mix of the span 6 were produced:

e 6 prisms 400/100/100 and 6 cubes 150/150/150 for an indepen-
dent checking of the concrete strength and modulus of elasticity.

e 7 prisms 400/80/80 for verification of the rheology; two speci-
mens are used for shrinkage monitoring, two specimens are loa-
ded in special jacks for creep monitoring, one specimens is used
for monitoring of the mass decrease. These specimens are placed
in a laboratory of the Brno University of Technology. Two remai-
ning specimens were cast with strain gauges and were placed in-
side bridge box and connected with Data Taker.

Monitoring of rheological properties in the laboratory and on the
site measurement is still in progress.

After casting the structural members in which strain gauges are
placed, the measurement was performed. After that the measure-
ment were done before and after post-tensioning of bonded ten-
dons, striping of the formwork, erection of the struts, casting the
overhangs and post-tensioning of the external cables, applying of
the additional dead load, loading test and bridge opening. During
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zometr(. Protoze byla méfena podélna pretvofeni, byly tenzometry

uloZzeny podélné uprostied tlousték jednotlivych desek. Tenzometry

byly spojeny s méfici Ustfednou DataTaker situovanou v dutiné mos-
tu. Ve vybranych intervalech méfici Ustfedna ukldda hodnoty frek-
venci jednotlivych strunovych tenzometrt a jejich teplotu. V dutiné
mostu je ddle sledovéana teplota a vihkost vzduchu.

Nad rdmec béznych laboratornich zkousek byly z betonové smési
pole 6 vyrobeny dalsi vzorky:

e 6 hranold 400/100/100 + 6 zkusebnich krychli 150/150/150 pro
nezavislé ovéreni pevnosti a modulu pruznosti betonu,

e 7 hranold 400/80/80 pro ovéfeni reologickych vlastnosti, na dvou
vzorcich je sledovano smrstovani a dva vzorky jsou zatizeny ve
specidlnich lisech pro sledovani dotvarovani, na jednom jsou sle-
dovany hmotnosti Ubytky. Tyto vzorky byly umistény v laboratofi
VUT FAST Brno. Do zbyvajicich dvou hranold byly osazeny strunové
tenzometry. Tyto hranoly byly umistény na stavbé do dutiny mostu
a jsou spojeny s méfici Ustfednou.

Sledovani reologickych vlastnosti v laboratofi i na stavbé stéle probiha.

Po betondzi konstrukenich prvkd, ve kterych jsou umistény ten-
zometry, byla provedena méfeni. Méfeni byla dale provedena pred
a po predepnuti soudrznych kabelQ, po odskruZeni, po montazi
vzpér, po betonazi konzol, po pfedepnutf volnych kabell, po pro-
veden( ostatniho stalého zatiZeni, pfi zatéZovaci zkousce a pfi uve-
deni mostu do provozu. Méfeni jsou déle provadéna dvakréat rocné.
Obr. 15 ukazuje vypocitané a zmérené hodnoty, z nichz je zfejma
dobrd shoda vysledkd.

Pomérné pretvofeni bylo také sledovéno pfi statické zatéZovaci
zkousSce (obr. 14). Pole 5 a 7 byla zatizena 16 vozidly Mercedes pri-
mérné hmotnosti 32,05 t situovanymi symetricky k ose mostu, kterd
vyvodila maximalni kladny moment. Pole 6 bylo zatizeno 8 vozidly si-
tuovanymi na levé strané mostu, kterd vyvodila maximalni kroucent.
Na obr. 16 a 17 jsou uvedeny zméfené a vypocitané hodnoty pomer-
nych pretvofeni vyvozenych pfi zatéZovaci zkousce.

Zaver

Architektonické a konstrukeni fesenf shora popsanych mostd bylo
vypracovano projekéni kanceldfi Strasky, Husty a partnefi, s. r. 0,
(SHP) Brno, kterd také vypracovala provadéci projekty (obr. 18). Sle-
dovani mostd je provadéno Mérici laboratofi SHP. Mosty jsou stave-
ny firmou Eurovia, a. s., zdvod Mosty a konstrukce.
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Obr. 18 Most pres udoli Hostovského potoka
Fig. 18 Bridge across the Hostovsky Creek Valley

service of the bridge the measurement is performed twice a year.
Fig. 15 presents calculated and measured values from which a good
agreement of results is evident.

The strain measurement was performed during the static loading
tests for three loading stages (Fig. 74). The spans 5 and 7 were loaded
by 16 Mercedes Trucks of average weight of 32.05 tons situated sym-
metrically to the bridge axis that created maximum positive bending
moments. Span 6 was loaded by 8 trucks situated only on the left
bridge side that created maximum torsion.

Results of the measurement performed during static load tests
and calculated values are presented in (Fig. 16 and 17).

Conclusions

The architectural and structural solutions of the above bridges were
worked out by the design office Strasky, Husty and Partners (SHP),
Brno, Czech Republic, who also worked out the final designs (Fig. 18).
The monitoring of the bridges is being performed by SHP testing
laboratory. The bridge decks are being built by a firm Eurovia CS, a. s,
zavod Mosty a konstrukce.
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Inovativny pristup k posudeniu raného stadia zakladovych
dosiek, priemyselnych podlah a cementobeténovych krytov
Innovative Approach to the Assement of Base Slabs,
Industrial Floors and Concrete Pavements in early Stage

Pri betondzi zakladovych dosiek, priemyselnych podléh a cemen-
tobeténovych krytov zohrava doélezitu dlohu mnoho faktorov.
Casté byva snaha navrhnut konstrukciu tak, aby trhliny nevznikli
vobec alebo aby mali limitovanu Sirku. Cielom tohto ¢lanku je pred-
stavit termodynamicky a napdtostny numericky model TD & SM,
ktory bol v priebehu poslednych dvoch rokov vyvinuty na Kated-
re beténovych konstrukcii a mostov. Pri pouziti tohto numerické-
ho modelu je mozné vypocitat vyvoj teploty v fubovolnom case
a mieste zakladnej dosky, priemyselnej podlahy alebo cemento-
beténového krytu v ich ranom $tadiu. Nésledne je mozné vypoci-
tat napétost konstrukcie a analyzovat riziko vzniku trhlin.

Teplota a jej priebeh su najvyznamnejsim zatazenim ovplyvriu-
jucim napatost zékladovej dosky v jej ranom stadiu. Pri betondzi
hrubych zékladovych dosiek zohrava dolezitd dlohu hydratacné tep-
lo, ktoré sa uvoltuje pri hydratéacii cementu. Pri subtilnejsich kon-
strukcidch naopak pdsobia na vyvoj teploty prvku najma poveter-
nostné vplyvy. Cielom prispevku je prezentécia termodynamického
numerického modelu, pomocou ktorého mozno komplexne presku-
mat priebeh teploty v lubovolnom case a mieste zakladovej dosky
v jej ranom stadiu. Model pracuje na baze metddy konecnych prv-
kov a zéroven vhodnym spdsobom zohladriuje recepturu betdnu,
osetrovanie aj klimatické vplyvy. Hodnoty vypocitané numericky po-
mocou opisovaného modelu TD & SM sa porovnavali s datami zis-
kanymi experimentélne na redlnych stavbach. Zaujimavostou danej
problematiky je, Ze na statickd Ulohu, ktorou je skimanie vzniku trh-
lin v betdnovej konstrukcii, ma v ranom stadiu vplyv najma zlozenie
betdnu, klimatické ¢initele a spdsob osetrovania.

Termodynamicky a napatostny model TD & SM
Princip vypoctu teploty v beténovej konstrukcii vychddza zo zndmej
diferencidlnej rovnice opisujicej nestacionarne teplotné pole vo vse-
obecnom ortotropnom telese (1).
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Pre potreby analyzy bol odvodeny algoritmus pracujuici na baze
metddy konecnych prvkov, ktory je pomerne fahko naprogramova-
telny a umoznuje skimat vyvoj teploty beténovej konstrukcie v fu-
bovolnom case a mieste po hrubke konstrukcie. Algoritmus teda
rieSi jednorozmerné nestaciondrne teplotné pole s vnutornymi aj
vonkajsimi tepelnymi zdrojmi. Vypoctovy model pozostava zo 45 ko-
necnych prvkov (20 zemina, 20 betdn, 5 tepelnd izolacia). Komplex-
ny vypoctovy model je zobrazeny na obr. 1.

Na vyvoj teploty v ranom $tadiu tuhnutia beténu ma vplyv mno-
ho fyzikalnych, technologickych a klimatickych faktorov, ktorych po-

Many factors play important role during concreting base slabs,
industrial floors and concrete pavements. Often, there is a ten-
dency to design the structure so that the crack does not arise or
arise only with the limited crack width. The aim of this article is
to present a thermodynamic and stress numerical model which
was designed programed and tested at our department. By using
this model it is possible to calculate the development of temper-
ature at any time and place of base slab, industrial floor or con-
crete pavement at their early stage. Then it is possible to investi-
gate the risk of cracking.

Temperature and its development is the most significant load that
influences the stress of a foundation slab in its early stage. In the pro-
cess of concreting of thick foundation slabs, hydration heat released
during the cement hydration plays an important role. On the con-
trary, in more subtle/slender constructions the development of tem-
perature is influenced mainly by weather conditions. The aim of this
article is to present a thermodynamic numerical model which might
be used for complex analysis of the development of temperature at
any time and place of the foundation slab in its early stage. The mod-
el works on the basis of the finite element method and at the same
time appropriately takes into account the concrete composition, its
curing and climatic influences. The values calculated numerically by
the described model are compared with the data obtained experi-
mentally on a real construction. An interesting part of this task is that
in its early stages the static function, which analyses the occurrence
of cracks in a concrete construction, is influenced by the composi-
tion of concrete, climatic impacts and method of curing.

Thermodynamic and stress model TD&SM

The principle of calculation of the temperature in a concrete con-
struction is based on the recognized differential equation describ-
ing a non-stationary thermal field in a general orthotropic body (1).
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For the needs of analysis an algorithm working on the basis of the
finite element method was deduced. This algorithm can be easily
programmed and enables analyzing the course of temperature of
a concrete construction at any time and place considering the thick-
ness of the construction. Hence, the algorithm is solving one-dimen-
sional non-stationary thermal field with the internal and external
heat resources. The calculation model consists of 45 finite elements
(20 represent the soil, 20 represent the concrete and 5 the thermal
insulation). The complex calculation model is shown in Fig. 1.
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diel na vzniku trhlin sa meni v zavislosti od konkrétnych podmienok.
Nie je teda mozné oznacit jeden faktor ako najnepriaznivejsi a takisto
nemozno faktory vieobecne zoradit podla toho, ako vyrazne vplyva-
ju na samotny vyvoj teploty. Uvedeny algoritmus problematiku riesi
komplexne a vplyv samotného parametra mozno analyzovat na kon-
krétnej konstrukcii v konkrétnych podmienkach.

V danom pripade bol algoritmus na béaze kone¢nych prvkov na-
programovany v programe Excel. Samotnd ¢asova integracia pre-
bieha metddou step by step vo volitelnych ¢asovych krokoch. Opti-
malna volba kroku je 3 600 sekund (1 hodina), dostato¢na presnost
vypoltu sa viak dosiahne a2 do dlzky casového kroku 10 800 sekind
(3 hodiny). Pocet vypoctovych krokov je v danom pripade 300, vypo-
¢et vsak mozno jednoducho rozsirit podla potreby. Samotny vystup
znazormujuci vyvoj teploty v ranom $tadiu v pripade vybranej zakla-
dovej dosky hrubej 500 mm pri vybranych podmienkach a receptu-
re beténu vidiet na obr. 2.

Napatostna analyza

Ak tahové napatie v betdne prekroci aktualnu pevnost beténu

v tahu, vznikaju trhliny (obr. 3) [1]. Z ¢asového hladiska sa rozlisuju na:

o skoré trhliny, ktoré vznikaju v prvych hodinach, droch po betonazi
v dosledku ochladzovania beténu po dosiahnuti maximalnej tep-
loty vplyvom hydrata¢ného tepla,

o neskoré trhliny, ktoré vznikaju, respektive zvacsuju svoju sirku po
zvyseni priameho zatazenia konstrukcie a/alebo pocas prvej zimy
po betonazi.

Primarnymi zatazeniami ovplyvriujucimi napatost konstrukcif v ra-
nom $tadiu su priebeh teploty, autogénne zmrastovanie a zmras-
tovanie z vysychania. Stanovit hodnoty pomernych pretvorenf od
zmrastovania mozno podla viacerych predpisov, v danom pripade
bola pouzitd metodika podla [1]. Pomerné pretvorenia spésobené
teplotou su prevzaté z uvedenej termalnej analyzy konstrukcie.

Na obr. 4 je vysledok statickej analyzy konstrukcie v ranom 3tadiu
zatazenej vynutenymi deformdciami. Obrazok zndzornuje riziko vzni-
ku trhlin v fubovonom ¢ase a mieste po hrubke betdnovej konstruk-
cie, pricom pojem riziko vzniku trhlin (%) vyjadruje pomer medzi
vzniknutym tahovym napatim a aktudlnou hodnotou pevnosti be-
tonu v tahu (o, /f,)- Pevnostna analyza konstrukcie v ranom Stadiu
je z matematického hladiska pomerne zloZitd problematika, pricom
jednymi z najdolezitejsich vstupov na vypocet je vhodne zvoleny re-
ologicky model, realistické zatazenie teplotou a zmrastovanim, ako aj
spravny vypocet vyvoja pevnosti beténu v ¢ase a mieste po hribke
betdnovej konstrukcie.

V danom pripade mé& zatazovaci krok ¢as trvania 3 600 sekund
(1 hodina) a pocet vypoctovych krokov je 300, ¢o vedie k matici
dotvarovania s rozmermi 300 x 300 ¢lenov na kazdy beténovy ko-
ne¢ny prvok. Pomocou Arrheniovho zékona bola vycislend tahova
pevnost v Case, ktord zohladnuje skuto¢ni namerand histériu tep-
loty a druh pouzitého cementu, ktoré su spolu s aktudlnou vihkos-
tou hlavnymi faktormi vplyvajicimi na aktuédlnu zrelost betdnu. Cely

(°C)/Temperature (°C)

Teplota

Cas (h)/Time (hr)

Hrabka (m)/
301 Thickness (m)

Obr. 2 Vyvoj teploty na vybranej zékladovej doske s hribkou 500 mm
Fig. 2 Course of temperature in the selected foundation slab — thickness 500 mm
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Obr. 1 Schéma termodynamického a napatostného modelu —TD & SM
Fig. 1 Scheme of thermodynamic and stress model - TD & SM

The development of temperature in the early stages of concrete
setting is influenced by a number of physical, technological and cli-
matic factors. Their role in the occurrence of cracks changes in de-
pendence on particular conditions. So, it is not possible to determine
one factor as the most unfavorable, but at the same time it is not
possible to make a general order of factors according to their im-
pact on the course of temperature. The given algorithm solves the
problem in a complex way and it is possible to analyze the impact
of the parameter itself for a particular construction under particular
conditions.

In this case the algorithm on the basis of finite elements was pro-
grammed in Excel. The time integration itself proceeds by the step
by step method and the time steps are optional. An optimum choice
of the step is 3 600 seconds (1 hour), however, a sufficient accura-
cy of the calculation can be achieved in the period of the time step
of 10 800 seconds (3 hours). In this case the number of calculation
steps is 300, but the calculation can be simply extended if necessary.
In Fig. 2 we can see the output showing the course of temperature in
the early stage for the selected foundation slab with the thickness of
500 mm under selected conditions and concrete formula.
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late cracks

napétia od pr‘\amychzat‘amﬁ)o
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koré trhlin .
skoré trhliny/ tensile strenght of concrete
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load and/or cooling during the first winter
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Cas tvrdnutia beténu/Time of hardening of concrete

Obr. 3 Schematické zndzornenie vyvoja pevnosti betdénu v tahu a tahovych napé-
ti od vynutenych pretvorenf [1]

Fig. 3 Schematic illustration of the development of tensile strength of concrete
and tensile stress by forced deformation [1]

ochladenie v prvej zime/stress from the direct
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Obr. 4 Riziko vzniku trhlin na vybranej zakladovej doske s hribkou 500 mm
Fig. 4 Risks of occurrence of cracks in the selected foundation slab with
a thickness of 500 mm

vypocet opdt prebieha metddou step by step, ¢im sa elegantne vy-
hneme prakticky nerealizovatelnému integrovaniu. V3etky spomenu-
té parametre su vzdy funkciou ¢asu a miesta v konstrukcii (samostat-
ne na kazdy konecny prvok).

Experiment

Ciefom experimentu bolo meranie priebehu teploty od hydratac-
ného tepla a ostatnych faktorov ovplyvriujucich velkost teplotného
zatazenia v ranom S$tadiu tuhnutia betdnu na reédlnych beténovych
konstrukcidch. Zaroven bola snaha zmerat ¢o najviac faktorov, ktoré
mozZu vplyvat na velkost teplotného zatazenia a nasledny vznik trh-
Iin v ranom $tadiu. Pocas betondze a pocas raného stadia sa monito-
roval vyvoj teplot po hridbke prvku a zaroven sa merali poveternost-
né vplyvy. Teploty sa merali na zékladovych a stropnych doskach (t. .
horizontélne doskové konstrukcie), a to z dovodu simulécie jedno-
rozmerného teplotného toku.

Teplota po vyske prvku sa merala na viacerych Urovniach s cielom
urcit vyvoj a priebeh teplot ¢o najpresnejsie. Na meranie teploty sa
pouzili termoclanky (typ K) a datalogger (Pico T-08) napojeny na po-
¢itac. Teploty v jednotlivych meranych bodoch sa automaticky od¢i-
tali kazdu hodinu pocas 5 az 7 dni v zavislosti od hrubky prvku. Vdaka
kontinudlnemu meraniu a zaznamendvaniu Udajov bolo mozné zme-
rat nielen maximalnu teplotu prvku, ale aj vyvoj teplét na jednotlivych
drovniach a v ¢ase na verifikaciu opisaného numerického modelu.

Na meranie poveternostnych vplyvov, ktoré maju velmi vyrazny
vplyv na vyvoj teplét v betdnovej konstrukcii, sa pouzila profesiondl-
na meteorologickd stanica TFA-Sinus a solarimeter Kimo SL-200.

—

Obr.5 Schéma zapojenia

Fig.5 Scheme of connection

1 — betdnova konstrukcia, 2 — termocldnok, 3 — datalogger, 4 — minilaptop,

5 — anemometer, 6 — teplomer a vihkomer, 7 — zrazkomer, 8 — meteostanica,

9 - solarimeter, 10 - modem, 11 — centrdlny pocitac

1 — concreteconstruction, 2 — thermal element, 3 — data-logger, 4 — mini-laptop,
5 — anemometer, 6 — thermometer and humidity meter, 7 - rain gauge,

8 — meteo-station, 9 - solar-meter, 10 — modem, 11 — central computer
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Stress analysis

If the tensile stress exceeds the actual tensile strength of the con-

crete, cracks appear (Fig. 3) [1]. In terms of time we distinguish:

e early cracks, which occur in the first hours, days after casting the
concrete due to concrete cooling, when the maximum tempera-
ture from the hydration heat was reached,

e |ate cracks, which occur or get wider after the construction was lo-
aded directly and/or during the first winter after concreting.

Primary factors that have impact on tension in the construction
in the early stage are the course of temperature, autogenous shrink-
age and shrinkage as a result of drying. It is possible to set values
of strain caused by shrinkage according to several formulas; in this
case method in accordance with [1] was used. The relative deforma-
tion by temperature is adopted from the thermal analysis of the con-
struction shown above.

In Fig. 4 we show the result of static analysis of the construction in
the early stage of forced deformations. The figure illustrates the risk
of occurrence of cracks at any time and level of the concrete con-
struction. At the same time the notion of the risk of occurrence of
cracks (%) represents the ratio between the created tensile stress and
actual value of tensile strength of concrete (/1 ). From a mathe-
matical point of view the strength analysis of the construction in the
early stages is relatively complicated and one of the most impor-
tant inputs for its calculation is an appropriately selected rheological
model, realistic load of temperature and shrinkage and also the cor-
rect calculation of concrete strength in the time and level of the con-
crete construction. In this case the load step will last 3 600 seconds
(1 hour) and the number of calculation steps is 300, which leads to
creep matrix of dimension 300 x 300 members for each concrete el-
ement. With the aid of Arrhenius’ law the tensile strength in time is
calculated. It takes into account the real measured course of temper-
ature and the type of utilized cement, which, together with the ac-
tual humidity, are the main factors influencing the actual maturity
of concrete. Again we do the whole calculation by the step by step
method, which enables us to avoid practically impossible integra-
tion. All the mentioned parameters are always a function of time and
space in the construction (independently for each finite element).

Experiment

The goal of the experiment is to measure the course of tempera-
ture caused by hydration heat and other factors having impact on
the magnitude of the thermal load in the early stage of concrete set-
ting in real concrete constructions. At the same time there was an
attempt to measure most factors that can influence the magnitude
of the thermal load and the following occurrence of cracks in the
early stage. During the concreting and the early stage of concrete
setting the course of temperature at any level of the element was
monitored and at the same time the weather impacts were meas-
ured. The temperatures were measured in the foundation and ceil-
ing slabs (i. e. horizontal slab constructions) to simulate one-dimen-
sional thermal flow.

The temperature along the height of the element was measured
at several levels with the aim to determine the course and develop-
ment of temperatures as accurately as possible. Thermal elements
(type K) and a data-logger (Pico T-08) connected to a computer were
used to measure the temperature. The temperatures in individual
measured points were automatically read every hour within the pe-
riod of 5 — 7 days in dependence on the thickness of the element.
Due to this continual measuring and data registering it was possible
to measure not only the maximum temperature of the element, but
also the course of temperatures at individual levels and time, to ver-
ify the above shown numerical model (TD & SM).

A professional meteorological station TFA-Sinus and solar-me-
ter Kimo SL-200 were used to measure the weather effects, as they
have a substantial impact on the course of temperatures in a con-
Crete construction.
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Zaver

Zlozenie beténu, technologické a klimatické podmienky st rozho-
dujuce faktory vplyvajuce na vyvoj teplot v beténovej konstrukcii.
Viysledky experimentdlnych merani priebehu teplét na piatich drov-
niach po vyske prvku, ktoré sa vykonali na viacerych stavbach, ukaza-
li pomerne dobrud zhodu s hodnotami vypocitanymi numericky po-
mocou TD & SM.

Clanok prezentuje mozny pristup k dimenzovaniu zékladovych
dosiek, priemyselnych podléh a cementobeténovych krytov, na kto-
ré sa kladu zvysené néroky z hladiska medzného stavu pouzitelnosti,
ako su zakladové dosky bielych vani s najprisnejsimi kritériami (trie-
da vyuZivania A [1]). Podobnym spdsobom moZno analyzovat ce-
mentobetdnové kryty vozoviek, pripadne priemyselné podlahy, pri
ktorych je vznik trhlin neziaduci. Upravou okrajovych podmienok
mozno uvedenym spdsobom analyzovat aj iné typy konstrukcii, na-
priklad steny, stropné dosky a podobne. V pripade, Ze sa na spo-
menutych konstrukcidch dovoluje vznik trhlin s limitovanou sirkou,
mozno pomocou TD & SM objektivne minimalizovat velkost vynute-
nych pomernych pretvoren.

Na zaklade spomenutych vypoctov sa d& optimalizovat postup
ndvrhu a zhotovenia konstrukcie z hladiska zlozenia betdnu, teplo-
ty Cerstvého betdnu, vhodného nacasovania betondze, oSetrovania
a tepelnej ochrany konstrukcie tak, aby vysledkom bola hospodarne
navrhnuta konstrukcia spliiajiica pozadované kvalitativne parametre.

Prispevok vznikol s podporou vyskumného projektu VEGA ¢.1/0306/09
Aplikdcia pravdepodobnostnych metéd na obnovenie spolahlivosti be-
ténovych stavieb.
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Conclusion

Compositions of concrete, technological and climatic conditions
are the decisive factors that have impact on the course of tem-
peratures in the concrete construction. The results of experimental
measurements of the course of temperatures in 5 levels of the ele-
ment showed a very good conformity with the values calculated nu-
merically with the aid of TD&SM. The article presents a possible ap-
proach to dimensioning of foundation slabs on which we impose
higher stresses from the point of view of marginal state of usabili-
ty, such as foundation slabs of watertight concrete structures with
the strictest criteria (usage class A [1]). It is possible to analyze ce-
ment-concrete road decks in a similar way, as well as industrial floors
where cracks are undesirable. As it is shown above, we can also an-
alyze other types of constructions, such as walls, floor slabs, etc., if
we adjust boundary conditions. In case cracks of limited width are
allowed in the mentioned constructions, it is possible to minimize
the magnitude of forced relative deformation objectively with the
aid of TD & SM.

On the basis of the mentioned calculations it is possible to op-
timize the process of design and completing the construction in
terms of composition of concrete, temperature of fresh concrete,
appropriate timing of concreting, curing and thermal protection of
the construction, so that the construction is designed economically
meeting required qualitative parameters.

This article was created with the support of the research project VEGA
No.1/0306/09 Application of probability methods for renovation of the
reliability of concrete constructions.

References

[1] Bileik, J. - Ciemanec, P. — Halaga, I. — a kol.: Smernica pre vodonepriepustné
konstrukcie ,Biele vane” Bratislava, 2011.

[2] STN 73 1210: Vodotesny beton a trvanlivy betén osobitnych vlastnosti. N&-
vrh, vyroba a kontrola kvality, september 1996.

[3]1 Lohmeyer, G. - Ebeling, K. : Weisse Wannen - Einfach und sichter. Verlag Bau
+ technik, Marz 2004, 340 p.

[4] DIN 1045-2 Tragwerke aus Beton, Stahlbeton und Spannbeton — Teil 2: Be-
ton-Festlegung, Eigenschaften, Herstellung und Konformitat, Anwendung-
sregeln zu DIN EN 206-1, 2005.

[5] STN EN 1992-1-1: Navrhovanie beténovych konstrukcif. Cast 1-1 : Vieobecné
pravidld a pravidla pre pozemné stavby. Bratislava, 2006.

[6] STN EN 1992-3: Navrhovanie beténovych konstrukcif. Cast 3 : Nadrze na kva-
paliny a zasobniky. Bratislava, 2006.

[71 Cervenka, V. - Jendele, L. - Cervenka, J.: Atena program documentation —
Atena Theory, Cervenka Consulting Ltd, Praha, 2012.

[8] Apel, T. - Flaig, T.: Simulation and mathematical optimalization of the hydra-
tion of concrete for avoiding thermal cracks, Munchen, Germany, 2009, 15 p.

[9] Lienhard, J.: Aheat transfer textbook, Cambridge, Massachusetts, 2012, 755 p.

[10] Necas, J.: Vliv vnejsi teploty na napjatost pfehrad a jinych betonovych masivu,
Aplikace matematiky, Institute of mathematics AS CR, 1956, Czech republic, 118 p.

[11] Prctch, I. - Ignacék, M. — Soltész, J.: Temperature field ananlysis of chosen
structures in their early stage, Ostrava, 11" International conference - Model-
ling in Mechanics 2013, p. 79 - 80, long version 14 p.

133



134

D,
‘n‘

Vladimir Benko

Navrhovanie mostov s ohladom na seizmické ucinky

(N 4

Metoda prekrocenia deformacii

The Seismic Design of Bridges
Pushover Analysis

Mostné konstrukcie mézu byt s ohfadom na ucinky seizmickych
namahani podla eurokédov navrhnuté réznymi metédami. Me-
tédy rozdelujeme na silové a deformacné. Nelinearna staticka
analyza (metdda prekrocenia deformacii - analyza Pushover) sa
pouziva ako jedna z metdd zaloZend na deforméciach. Poskytuje
redlne vysledky vypoctov na pravidelné mostné konstrukcie. Ten-
to prispevok opisuje zékladné principy Eurokédu 8 na navrhova-
nie mostov na seizmické ucinky na priklade realizovanej most-
nej konstrukcie.

Podla metddy zakladného vlastného tvaru (EN 1998-2, bod 4.2.2)
s ekvivalentné statické seizmické sily odvodené zo zotrvacnych sil
zodpovedajlcich prvej vlastnej peridde a tvaru konstrukcie v uvazo-
vanom smere pri pouzitf prislusnej poradnice ndvrhového lokalneho
spektra odozvy. Metéda zahfia aj ziednodusenie na urcenie prvého
vlastného tvaru a odhadu zékladnej vlastnej periédy.

Metdda spektra odozvy (EN 1998-2, 4.2.1) je linedrny dynamicky
vypocet maximalnej hodnoty dynamickych odpovedi vietkych vy-
znamnych vlastnych tvarov konstrukcie za pouzitia prislusnych su-
radnic lokdlneho névrhového spektra odozvy. Celkova odozva sa zis-
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Obr. 1 Prie¢ny a pozdfZny rez mostom
Fig. 1 Cross-section and longitudinal view of the bridge

According to the new Eurocodes, bridge structures can be de-
signed by various methods with regard to the seismic action. The
methods can be divided into deformation-based and force-based
methods. The nonlinear static analysis (pushover analysis) can be
used as a way of deformation-based methods. This method pro-
vides realistic calculation results with conventional regular bridge
structures. This paper explains the fundamental principles of Eu-
rocode 8 and demonstrates the bridge structures based on the
calculation example of the real bridge structure.

According to the fundamental mode method (EN 1998-2, Section
4.2.2) equivalent static seismic loads are derived from the inertia forc-
es corresponding to the fundamental mode and natural period of
the structure in the direction under consideration, using the relevant
ordinate of the site dependent design spectrum. The method also
includes simplifications regarding the shape of the first mode and
the estimation of the fundamental period.

The response spectrum method (EN 1998-2,4.2.1) is an elastic cal-
culation of the peak value of dynamic responses of all relevant sig-
nificant modes of the structure in which the ordinates of the site-
dependent design spectrum may be used. The overall response is
obtained by the statistical combination of maximum modal contri-
butions. Such a calculation can be applied in all cases where a linear
computation is allowed.

Pushover analysis (EN 1998-2, 4.2.5) is a nonlinear static calculation
of the structure under the constant vertical load and monotonically
increasing horizontal loads which are the effects of a horizontal com-
ponent of earthquake. Second order effect should be also taken into
account. The horizontal loads are increased until the target displace-
ment of a reference point is reached.

The bridge structure consists of the three-span reinforced con-
crete plate beam construction with the spans of 22.6 m, 30.0 m and
22.6 m and the width of 19.0 m. There is the usual box abutment to
the bridge ends. Between the abutments there are two pillars that
are founded on as flat footings. There is a slightly skew bridge, which
is founded on gravelly soil. The reference ground acceleration for the
siteis . = 0.91 m/s%. In this paper, the seismic analysis of the bridge
in accordance with EN 1998-1:2005 and EN 1998-2 is demonstrated
and explained.

prof. Dipl.-Ing. Dr. Vladimir Benko, PhD., Stavebna fakulta STU v Bratislave, Radlinského ul. 11, 813 68 Bratislava, tel.: +421 2 59274554, e-mail: vladimir.benko@stuba.sk



ka ako Statistickd kombinacia maximalnych tvarovych prispevkov
odozvy. Takyto vypocet mozno pouzit vo vsetkych pripadoch, kde sa
pripusta linedrny vypocet.

Metdda prekrocenia deformdcii (EN 1998-2, 4.2.5) je staticky ne-
linedrny vypocet parametrov konstrukcie pri konstantnych zvislych
zataZeniach a monoténne rastlcich horizontélnych zatazeniach, kto-
ré su Ucinkami horizontalnej zlozky zemetrasenia. Uc¢inky druhého
radu sa musia pri vypocte zohladnit. Horizontélne zatazenia sa zvy-
Suju az do dosiahnutia cielového premiestnenia referencného bodu.

Mostnu konstrukciu tvori predpétd betdnova doska so Sirkou
19,0 m, ktord je nad loZiskami zosilnend do nosnych trdmov. V poz-
diznom smere ma tri rozpatia: 22,6 m, 30,0 m a 22,6 m. Na koncoch
mosta sU navrhnuté opory mosta, v strednej ¢asti si navrhnuté dve
dvojice pilierov zalozené na patkach. Most na oporach je mierne Sik-
mo uloZeny. Lokalne referen¢né zrychlenie irenia seizmickych vin je
Agr =091 m/s?.

Metody vypoctu

Most bol s ohfadom na seizmické Ucinky analyzovany réznymi me-
tédami:

e metdda zékladného vlastného tvaru,

e metdda spektra odozvy,

e metdda prekroc¢enia deformacil.

Metdda prekrocenia deformacii (Pushover)

Cielové premiestnenie referen¢ného miesta pevnej podpery v po-
zd[Zznom smere mosta je stanovené podla STN EN 1998-2:2006 — pri-
loha H a STN EN 1998-1:2005 - priloha B. Pevné loZiskd v pozdiznom
smere P3L a P3P boli napldnované v tretej osi mosta.

Na obr. 3 je znazornené nelineadrne deformacné spravanie pilie-
rov P3L a P3R s vyskou 7,8 m, vztah medzi narastajucou horizontal-
nou silou a pretvorenim v hornej ¢asti mostnych pilierov v stlade
s EN 1992-1-1. Velkost normalovej sily bola urcena zo seizmickej na-
vrhovej situdcie podla EN 1990. Normdlova sila v zavislosti od verti-
kélnej seizmickej ¢innosti sa pohybuje od 6 331 do 8 633 kN.

Po prislusnych transformdcidch (STN EN 1998-1:2005, rovnica
(3.7)) bol pracovny diagram pilierov transformovany do stradnico-
vého systému ADRS (S, — S,.). Po prvej iterdcii ukazuje priesecnik
s linedrne elastickym spektrom posunutie w = 46 mm pri periéde
T,, = 1,33 s. Ide o itera¢ni metddu, kde iteracie opakujeme, kym sa
deformdcia v pracovnom diagrame piliera rovnd deformdcii priesec-
nika linedrnej casti pracovného diagramu piliera s elastickym spek-
trom odozvy. To sa dosiahlo po tretej iterdcii s hodnotami: prva pe-
rida T,, = 1,94 s, cielové deformécia v hlave piliera w = 67,5 mm
a vodorovnd sila Eg,, = 815 kN.

load - displacement diagram
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Obr. 3 Vztah medzi horizontélnou silou a pretvorenim pilierov P3L a P3R
Fig. 3 Horizontal force - displacement behavior of the pier P3L and P3R
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Obr. 2 Model mosta — podpery a opory
Fig. 2 Modell of the bridge, piers and abutments

Methods of Analysis

The bridge had been investigated by various methods:

e Fundamental mode method,

e Response spectrum method — Linear dynamic analysis,
o Nonlinear static analysis (pushover analysis).

Determination of the Target Displacement
(Pushover)

Determination of the target displacement is performed according to
STN EN 1998-2:2006 — Annex H and STN EN 1998-1:2005 — Annex B,
in the longitudinal direction. Fixed bearing P3L and P3P in the longi-
tudinal direction were planned in the third axis of the bridge.

For the pillars P3L and P3R with a height of 7.8 m the nonline-
ar deformation behaviour (Horizontal force — displacement at the
top of the bridge piers) was determined according to EN 1992-1-1.
The magnitude of the normal force has been set for the seismic load
combination according to EN 1990 with the normal forces accord-
ing to the vertical seismic action between the amount from 6331 kN
to 8633 kN.

After the appropriate transformations (STN EN 1998-1:2005, Eq
(3.7)), the work diagram of the pillars was drawn in the coordinate
system ADRS Spectrum S, — S,.. After the first iteration the intersec-
tion with the elastic spectrum shows the displacement of w = 46 mm
for the period T, , = 1.33 s. Iterations are repeated as far until the dis-
placement of the ADRS spectrum does not correspond to the dis-
placement of the bilinear working line. It will be reached after the
third iteration. The results are as follows: the period is equal 7,, = 1,94
s, the target displacement at the pier head is w = 67.5 mm, and the

horizontal force is £, = 815 kN.
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Obr. 4 ADRS spektrum a transformacia nelinedrneho pracovného diagramu piliera
Fig. 4 ADRS Spektrum and transformation of horizontal force — displacement be-
havior of the pier
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Zaver

Porovnanie vysledkov réznych metdd (metdda zakladného viastné-
ho tvaru, metéda spektra odozvy a metdda prekrocenia deforma-
cif) vykazuje dobru zhodu na priklade uvedeného mosta, kedze ide
0 most so symetriou v podoryse a symetriou mosta v pozdiznom
reze. Pri Sikmych mostoch, kde Sikmost nie je velkd, mozno pouZit aj
zjednodusené metddy a ziskané vysledky budu dostatocne presné
na pouzitie v praxi. Odklon uhla k pozdlZnej osi mosta je asi 80°. Torz-
né vlastné tvary v tomto pripade nemaju velky vplyv na namahanie
pilierov a mozno ich zanedbat.

Prvy vlastny tvar v pozdiznom smere, ako aj druhy vlastny tvar
v prie¢nom smere sU jednoznacne rozhodujlce pri skimanf tc¢inkov
seizmicity na piliere mosta. V metdde spektra odozvy by na vyhod-
notenie vysledkov v kombinacidach modélnych odpovedi takisto po-
stacoval prvy vlastny tvar kmitania konstrukcie.

V metdde prekrocenia deformacii sme dosiahli poZzadovany ciel
pri suciniteli spravania g = 1,69 a pri horizontalnej sile pésobiacej na
most v pozdlznom smere F, = 1 630 kN, ¢o je ovela vi¢$ia hodnota
ako pri metéde spektra odozvy s duktilitou g = 3,50, kde je horizon-
télna sila v pozdiznom smere na most £, = 1 157,9 kN. Predpokladana
duktilita sa pri metdde spektra odozvy zdaleka nedosiahla.

Prispevok vznikol s finan¢nou pomocou Agenttiry na podporu vyskumu
avyvoja MS SR ¢ APVV-0442-12.
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Conclusions

The comparison of the results of the different methods (fundamen-
tal mode method, response spectrum method and pushover analy-
sis) shows good conformity with the presented bridge. This can be
achieved with regard to the bridges with symmetrical floor plan and
elevation, and also with skewed bridges with approximately right an-
gle analogous to the crossing angle of the investigated bridge (about
80°). The torsional modes play no major role and can be neglected.

The first mode shape in the longitudinal direction as well as in the
transverse direction is clearly decisive for the earthquake investiga-
tion. In the combination of modal responses for the response spec-
trum method the first mode in the corresponding direction of oscil-
lation would be sufficient.

With the pushover analysis we have reached the desired target
shift at a ductility of g = 1.69 and a horizontal force of £, =1 630 kN,
which is much higher than that of the response spectrum method
with the ductility of g = 3,50, where the force is F, = 1 157,9 kN, while
although the ductility is assumed far from being achieved in reality.

The paper has been partially supported by the Agency for Science and
Research No. APVV-0442-12.
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Beton Universita vstoupi do 5. ro¢niku
S NoVym seminarem

Problematika vodonepropustnych konstrukci pfitahla pozornost siroké odborné verejnosti k poslednimu ze seminéii Beton University
s nazvem Moderni trendy v betonu I. - Vodotésné betony, ktery probéhl koncem zafi v Jihlavé. Vodotésné betony nahradi v pfistim roce
nové a neméné zajimavé téma, a to Moderni trendy v betonu lll. - Provadéni betonovych konstrukci. Dlouhodoby vzdélavaci projekt
s nazvem Beton University, ktery pofada skupina Ceskomoravsky beton, vstoupi s pfelomem roku do svého patého roéniku.

Na posledni seminaf zaméreny na problematiku vodonepropustnych betonovych konstrukci zavitala fada posluchacl

Na 120 ucastnikl zaplnilo v posledni za-
fijovy ctvrtek konferencni prostory jihlav-
ského EA Business Hotelu a vyuzilo tak po-
sledni moznost poslechnout si pfednasky
odbornikl na téma vodonepropustnych be-
tonovych konstrukci. Po Uvodni pfedndsce
Ing. Milady Mazurové z TBG METROSTAV vé-
nované predevsim historii a vyvoji betonu,
otevrel téma vodotésnych betonl Ing. Vla-
dimir Vesely, feditel spole¢nosti BETOTECH,
kterd provozuje nékolik nezavislych akredito-
vanych laboratofi po celé CR. Sv{j pFispévek
zahdjil problematikou stanovenf{ vodotésnos-
ti betonu a zkouseni tohoto parametru. Ter-
min ,vodotésny beton” totiz neni vzdy totéz
co ,beton pro vodonepropustné konstruk-
ce”. Omezeni prisaku tlakovou vodou je pa-
rametrem pro zajisténi trvanlivosti v daném
prostiedi. Beton pro vodonepropustné kon-
strukce proto musi splnovat jesté dalsi po-
Zadavky, a to vysokou hutnost (pfedpokla-
dem je absence ,hnizd” a shodné parametry
ve véech mistech konstrukce), nizké hydra-
tacni teplo (resp. pomaly nérQst hydratacni-
ho tepla), nizké objemové zmény a vysokou
pevnost v tahu za ohybu. Riziko vzniku hnizd
v betonu Ize minimalizovat dobrou zpraco-
vatelnosti betonu. Pro omezen{ vzniku trhlin
a zvyseni pevnosti v tahu za ohybu je mozné
vyuZit beton s rozptylenou vyztuz, tj. s obsa-
hem ocelovych vldken.

Bila vana - Konstrukce s nosnou

a zaroven tésnici funkci

Z&sadami navrhovani vodonepropustnych
konstrukci proved| posluchace ve druhém
bloku prednasek Ing. Vojtéch Petiik, Ph.D.,

www.inzenyrske-stavby.cz

z ateliéru Helika, a.s. Na néj navazal Ing. Zde-
nék Roska (SIKA) s tématem Utésnéni spér
a detailll u vodonepropustnych konstrukci.
Blok pak uzaviel prednaskou na téma ,Bilé
vany — zasady provadéni, ptiklady realizaci”
Ing. Pavel Kasal, Ph.D. (METROSTAV, divize 6).
Jak uvadi Pavel Kasal ve své prezentaci, obec-
né se,bild vana" fika takové konstrukci, kterd
kromé nosné funkce plni i funkci tésnici proti
prostupu vody bez pouZitf povlakové izolace.
At uz jde o objekty s podzemnimi podlazimi,
dopravni stavby, jako jsou tunely nebo pri-
myslové stavby (zasobniky apod.), mdze dojit
k Uspésné realizaci jen tehdy, pokud zhotovi-
tel dodrZi ur¢ité zasady pro provadéni a tech-
nologické postupy. Ve vztahu k vodotésnosti
je tfeba pro bilou vanu dofesit nékteré speci-
fické detaily nosné konstrukce, a to jiz zminé-
nou vodonepropustnost betonu a zamezenf
nebo omezeni vzniku trhlin, utésnénf pra-
covnich a dilata¢nich spdr a prostupl a sa-
naci pfipadnych poruch.

Knihovna s neomezenym pfistupem
Odpoledni prednasky vénované podzem-
nim sténdm, vzduchotechnickému kandlu
bez izolace, ktery je soucasti komplexu do-
pravnich staveb Blanka, poruchdm u vodo-
nepropustnych konstrukci a zplsobdm sa-
nace, semindf uzaviely. Kromé nacerpanych
informaci a odbornych ¢asopist si Ucastni-
ci mohli odnést také aktualizovanou publi-
kaci ,Priru¢ka technologa — BETON’, kterou
spole¢nost Ceskomoravsky beton nedévno
vydala. | kdyz byl jihlavsky seminaf posled-
nim na téma vodotésnych betond, vsech-
ny prednasky si ve zkrdcené verzi mohou zé-

jemci on-line prohlédnout v sekci Knihovna
na www.betonuniversity.cz.

0 ,betonarské univerzité”
Beton University, dlouhodoby vzdélavaci
projekt vedeny odborniky z oboru, s prelo-
mem roku vstoupf do svého 5. ro¢niku. Také
v roce 2014 bude organizatorem skupina
Ceskomoravsky beton spolu se svymi dcefi-
nymi spole¢nostmi. Jen téma Modernf tren-
dy v betonu I. - Vodotésné betony nahradf
zcela nové téma, a to Moderni trendy v beto-
nu lll. — Provadéni betonovych konstrukci.
Ceskomoravsky beton planuje v prvnim po-
loleti hned dva semindfe na toto nové téma.
Ti, kdo se v letoSnim roce nestihli zicastnit
seminafe Modern( trendy v betonu Il. — Beto-
ny pro dopravni stavby, jej mohou jesté 2x
v prabéhu roku 2014 navstivit.

Podrobnosti o terminech najdou zdjemci
na www.betonuniversity.cz.

Seminéafe Beton University jsou urceny zej-
ména architektdm, projektantlim, zastupcim
stavebnich firem, investordm, stavebnim dozo-
ram a dale studentlim, pedagogtm a Siroké
odborné vefejnosti. Zaroven jsou tradi¢nim
mistem setkavani odbornikd a profesionall
v oboru. Vzdélavaci projekt Beton University
je zafazen do akreditovaného programu
v ramci celozivotniho vzdéldvani pro ¢leny
CKAIT a CKA.

Na seminafe Vs zve skupina Ceskomoravsky
beton spolu s odbornymi a medidlnimi partnery.
Zajemci se mohou hlasit na
www.betonuniversity.cz.
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Niektoré skusenosti z dlhodobého monitoringu mostnych
konstrukcii budovanych technolégiou letmej betonaze

Some experiences from the long-term monitoring on bridges
realised by free cantilever method

Vlystavba betdnovych mostnych objektov technolégiou letmej
betonéze patri v sucasnosti k ¢astym metédam budovania mos-
tov s velkymi rozpétiami. Takéto konstrukcie su citlivé na vykyvy
sposobené zmenou statickej schémy pocas vystavby, samotnym
priebehom technologickych krokov a tiez na teplotné vplyvy
okolitého prostredia. Charakteristické su teda zmeny napatosti
v jednotlivych prierezoch pocas vystavby konstrukcie, ako aj na-
slednd redistribucia napati pocas celej zivotnosti stavby vplyvom
reologickych zmien v beténe.

Dlhodoby monitoring takychto konstrukcii ndm umozriuje zis-
kat redlne informéacie o vyvoji deformdcif a pretvoreni v ¢ase, ako aj
o dalsich efektoch, ktoré ovplyviuju vysledné spravanie konstruk-
cie. Dotvarovanie, zmrastovanie betdnu a ucinky teploty zohravaju
vyznamnu ulohu pri vyvoji pretvoreni v ¢ase. Nespravna predikcia
tychto uUcinkov ¢asto sposobuje nesulad medzi vypoctom a redlnym
spradvanim konstrukcie. V krajnych pripadoch mézu viest nadmerné
deformdcie k problémom, ktoré sa tykaju pouzitelnosti, estetickej
stranky mostnej konstrukcie, pripadne az k predcasnej potrebe re-
konstrukénych prac na moste.

V tomto ¢lanku by sme radi prezentovali niektoré skisenosti s mo-
nitoringom takychto konstrukcii, ktoré sa na Slovensku postavili
v poslednych rokoch. Merané pretvorenia na skuto¢nej konstrukcii
sa porovnavali s numerickym modelom. Konstrukcia sa analyzovala
prostrednictvom systému Midas Civil s reologickymi modelmi v su-
lade s Eurokddom.

Technoldgia letmej betondZe sa aplikuje najmé na premostovania
s velkymi rozpdtiami a v pripadoch, ked je vyuzitie skruzi problema-
tické. Jednotlivé technologické kroky ako betondz prierezov a pred-
pinanie lamiel nosnej konstrukcie definuju rozhodujlce ¢asové kro-
ky vystavby. Konstrukcia sa betdnuje postupne po priereze a dizke
a predpina sa v réznom case. Je teda vyznamne reologicky neho-
mogénna, ¢o rezultuje do prerozdelovania napétosti v prierezoch
s ¢asom. V stcasnosti dostupné vypoctové programy na baze MKP
umoznuju projektantom aplikovat step-by-step prirastkové metddy
na predikciu spravania takychto konstrukcii. Va¢sinou sa pritom opie-
raju o normové pristupy, ktoré definuju priebehy reologickych de-
jov v &ase, vyuzivajuc princip superpozicie reologickych javov. V redl-
nych stavebnych podmienkach vsak ¢asto nemozno dodrzat vietky
predpokladané vypoctové vstupy, respektive ich projektant nema
moznost nasledne ovplyvnit alebo dodato¢ne precizovat. V takychto
pripadoch ma dlhodoby monitoring velky vyznam. Efektivne umoz-
nuje sledovat redlne zmeny napatosti, ktoré prebiehaju v jednotli-
vych ¢asovych krokoch vystavby, ako aj neskor pocas prevédzky na
konstrukcii, a pomerne spolahlivo sa da& predpokladat aj dalsi vyvoj.

Free cantilever method has become a very common method for
the construction of concrete bridges. These structures are very
sensitive to the prediction of deformation during their erection
and service life too. Structure monitoring system during its con-
struction being very important to get a real information about
deformation development in time and other influences that can
affect the complex structural behaviour. The creep and shrinkage
of concrete and temperature influence have been considered as
the main effects to the deformation development in time.

Underestimating of above mentioned effects often causes that
predicted deformation does not corresponded with real recorded
values. In boundary cases the excessive deformations may lead to
the serviceability problems, deterioration of aesthetics, and eventu-
ally early reconstruction of the bridge.

In this paper wed like to present some experiences with the moni-
toring of those structures built on the new highway in Slovakia during
last years. Measured strains and deformations on real structures were
compared with the numerical model results based on the expected be-
haviour of prestressed concrete bridge erected as a non-homogenous
structure. The bridge structures have been analysed using the comput-
er system based on FEM in accordance with the Eurocode approaches.

Bridges built by the free cantilever method are mainly used for
wide spans in places where stationary support cannot be used. Con-
creting and prestressing of concrete are erected step by step by us-
ing the formwork traveller. Consequently, each individual segment
or part of structure have different age of concrete. Rheological
effects like the shrinkage, differential shrinkage and creep have sig-
nificant impact on a stress distribution around the cross-section and
consequently redistribution along the span. Monitoring of such
bridges can offer very valuable information about real behaviour of
structure during construction process and also during the service life
itself. First important output for us is the feed-back from the future
bridge design and the second one to have the actual level of the
stress redistribution along the structure in the future point of view.
In the time when the control or other structural analysis is required,
administrator or contractor will have relevant information about the
stresses in the structure and real structural behaviour.

Therefore we have chosen 2 representatives of this type of bridges
realized by above mentioned construction method at Slovakia on the
highway D1. One bridge (No. 208) has been built recently at 2010 on the
part of D1, near Povazska Bystrica and the second one (No. 205) being
now under construction near the city Zilina. University of Zilina and com-
pany VUIS Bridges, Ltd. have been cooperated on that research works.
Experimental results have been compared to the numerical model.

doc. Ing. Martin Morav¢ik, PhD,, Stavebna fakulta Zilinskej univerzity v Ziline, Univerzitn 8215/1, 010 26 Zilina, tel.: +421 903 175612, e-mail: martin.moravcik@fstav.uniza.sk
Ing. Katarina Dolinajovd, Stavebna fakulta Zilinskej univerzity v Ziline, Univerzitna 8215/1, 010 26 Zilina, tel.. +421 41 5135668, e-mail: katarina.dolinajova@fstav.uniza.sk
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Ing. Jan Kucharik, CSc, VUIS Mosty, s. 1. 0, Kaukazska 2, 852 61 Bratislava, tel: +421 903 752596, e-mail: kucharik vuismosty@stonline.sk

InZinierske stavby / InZenyrské stavby 6/2013

www.inzinierskestavby.sk



o o

b

Measuring on bridge : ] Control
¥

Measuring of concrete || |

temperature ]

| -
| : Mathematical
: ] module

Measuring of concrete L Control of

hydration heat

Comparison
with design

Control of
prestressing

Measuring of prestressing
force in tendons

Concrete quality
control

Measuring of dynamic

1
|
|
|
|
|
|
|
|
|
|
I
] temperature
I
|
I
|
|
|
|
|
|
|
: modulus of elasticity

Tests of concrete static
modulus of elasticity

Tests the concrete creep
and shrinkage effects

Obr. 1 Schéma monitorovacieho systému
Fig. 1 Scheme of the monitoring system

Hodnoty vyslednych prevadzkovych napati su velmi zavislé od pred-
chédzajucej histérie napati. Tymto spdsobom mozno ziskavat spatnu
vadzbu a porovndvat redlne spravanie so zohladnenim histérie zata-
Zovania a postupu vystavby a modelovu predikciu spravania kon-
strukcie zaloZenu na teoretickych vstupoch. V sic¢asnosti sa prave pri
stavbach mostnych konstrukcii poZzaduje aj takzvand kontrolna ale-
bo paritna staticka analyza. Tu nadobuda dlhodobé sledovanie dalsi
rozmer — kontrolny. Ide o redlny podklad pre dodévatela alebo pro-
jektanta, ako aj pre buduiceho spravcu, ktori tak budd mat k dispozicii
relevantné informacie o stave napatosti v rozhodujucich prierezoch
konstrukcie nielen v danom ¢ase, ale aj do buducnosti, a to s pod-
statne vyssou mierou spolahlivosti.

V tomto prispevku sme si zvolili dvoch zastupcov uvedeného typu
mostov. Tieto stavby sa vybudovali na Slovensku na diafnici D1 a boli
alebo su sledované. Jednou je mostny objekt 208, ktory sa realizoval
v roku 2010 na dialnici D1 pri PovaZskej Bystrici, druhou je objekt 205,
ktory je sucastou dialnice D1 pri Ziline a momentélne je v stadiu vy-
stavby. Zilinska univerzita a spolo¢nost VUIS Mosty, s. 1. 0., spolupra-
covali na merani a spracovani vysledkov. Experimentalne merania sa
porovnali s numerickymi modelmi.

Zakladné principy monitorovania mostnych konstrukcii
Pocas stavebnych prac na dialnici D1 sa na niektorych dialni¢nych
mostoch pripravil a aplikoval komplexny monitorovaci systém, ¢o
umoznilo zfskat celkovy obraz o technickom stave mosta v priebe-
hu vystavby a neskér aj v ¢ase uzivania konstrukcie. V minulosti sa na
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Obr. 2 Instaldcia snimaca
Fig. 2 The strain gauge arrangement

Basic principle of the bridge monitoring system
During the construction works on the highway D1 the complex
monitoring system was prepared and applied for several highway
bridges, which enables the acquisition of a complex image of the
bridge technical status during the construction process, as well as on
some bridges in service. In the past only the simple monitoring sys-
tems were applied at Slovakia. The scheme of the actual bridge mon-
itoring system is presented in Fig. 1.

The main monitored values are the stresses in concrete. These are
obtained by means of calculations from the measured quantities
and compared with the values based on the design documents. The
basic concept of the system is measuring strain by means of built-in
vibrating wire gauges (Fig. 2), and measuring forces in the prestress
tendons by magneto-elastic gauges. These two measurements are
performed simultaneously in all operations where either the static
scheme or stresses in the structure have been changed. At the same
time the temperature and dynamic modulus of elasticity are meas-
ured in the monitored cross-section.

The actual temperature is filtered by built-in resistance tempera-
ture gauges while the dynamic modulus of elasticity is recorded by
the ultra-sound apparatus. To determine the development of stress-
es in concrete during a real time interval the mathematical model or
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a) pozdlZny rez, b) prie¢ny rez/a) longitudinal section, b) cross-section of the bridge No. 208
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Obr. 4 Umiestnenie snimacov v objekte 208
Fig. 4 The sensors arrangement on the bridge No. 208

s hodnotami na zaklade projektovej dokumentécie. Zakladnou kon-
cepciou systému je meranie pretvoreni v beténe pomocou zabu-
dovaného strunového tenzometra (obr. 2), na meranie sily v pred-
pinacich kdbloch je pouzity magneticko-elasticky snimac. Strunové
tenzometre, ako aj magneticko-elastické snimace sa na konstrukciu
umiestnovali vo vybranych prierezoch. Merania prebiehali si¢asne,
a to vzdy pri zmene statickej schémy alebo pri stavoch, ked docha-
dza k zmene napéti v konstrukcii.

Sucasne sa zaznamenava teplota a dynamicky modul pruznosti
beténu. Teplota sa zaznamenava pomocou odporového snimaca, za-
tial ¢o dynamicky modul pruznosti beténu pomocou ultrazvukové-
ho pristroja. Na urCenie vyvoja napatia v beténe v redlnom ¢asovom
intervale sa pouziva numericky vypoctovy model. Tento vypocet je
zavisly od viacerych vstupov, ako su hodnoty pretvorenia, skuto¢né
hodnoty modulu pruznosti, velkosti predpinacej sily a jej zmeny, ob-
jemové zmeny betdnu a teplotné zmeny v priereze v danom ¢aso-
vom intervale. Na ziskanie tychto parametrov je potrebné doplruju-
ce laboratérne meranie. Konkrétne vzorky su testované na pevnost,
staticky modul pruznosti, dotvarovanie a zmrastovanie. Toto prebie-
ha nielen podla standardnych skusobnych postupov v laboratériu,
ale aj skuskami v redlnom prostredi konstrukcie za Ucinku okolitych
vplyvov prostredia.

Tieto merania umoznuju kontrolovat napatie pocas vystavby, pri-
padne korigovat jej postup. Vysledky merani su doplnené aj geode-
tickymi meraniami, ktoré su potrebné na nastavenie polohy beténo-
vacieho vozika.

Meranim teploty mézeme sledovat vyvoj hydratacného tep-
la v betone, ¢o je dolezité pri betondrskych pracach najma v horu-
com pocasi. Vyhodnotené vysledky merani pocas procesu vystavby
umoznuju kontrolovat kvalitu prace, ako aj overovat presnost pouzi-
tého modelu. Zabudovany monitorovaci systém mozno vyuZit aj pri
prevadzke mosta, pripadne umozrnuje odhalit konstrukéné nedostat-
ky pri vystavbe alebo pocas jeho Zivotnosti.

Microstrain_upper_L8

Microstrain_middle_L8

numerical is used. This calculation depends on several data: strain val-
ues, actual values of the modulus of elasticity, magnitude of prestress-
ing force and its changes, changes of volume in the concrete, and
the temperature changes within the cross-section over a given time
interval. Complementary laboratory testing has being performed to
gain of these parameters. Concrete samples are tested for strength,
static modulus of elasticity, parameters of creep and shrinkage. This
is realised not only by standardized testing procedures but also by
those carried out in the same environment as the actual construction.

During the construction process the application of this method
enables the control of various technological operations. These re-
sults of measurement, complemented by geodetic measurement of
the position of the completed part of the structure are applied to set
the position of concrete casting carriages.

The evaluated results of measurement during the building pro-
cess enable control of the quality of works, as well as the accuracy of
the applied design model, which can be improved in this way. The
built-in monitoring system will also be used during the operation life
of the bridge. Thus we will be able to identify the behaviour of the
structure over a certain time, its response to the traffic conditions,
climatic changes of an aggressive environment, etc,, from recorded
values. This system can also enable to detect any potential structural
failures during the construction or bridge service life.

Monitoring of the bridge No. 208
The bridge structure has five spans (50 + 64,5 + 96 + 56 + 40 m) and
the mid-span was built by the technology of free cantilevering and
the other spans were built on stationary scaffolding. Cross-section
consists from the single box girder. Longitudinal section and cross-
section presents Fig. 3. There were used concrete C 35/45 and pre-
stressing cables which consist of 19 and 22 tendons, with tendon di-
ameter 15,7 mm, 1 770 MPa.

During the construction works on the bridge No. 208, the sensors
to the decisive cross-sections L1 and L8 near the supports of the can-
tilevers in the first segments were installed, see (Fig. 4).

Numerical analysis of the bridge
The numerical analysis of the bridge was performed in the Midas
Civil according to the STN EN 1992-1-1. The Structure was modelled
using linear beam elements. In the first approach the differential
shrinkage of cross-section wasn't considered. The basic temperature
difference between the cross-section edge fibres was simulated by
the temperature gradient, stages in numerical model are according
to real time schedule. Each segment has an appropriate compressive
strength and modulus of elasticity. One cantilever concreting was di-
vided into 8 stages and each stage took around 10 days. The struc-
tural behaviour during construction phases and in service life de-
pends on the basic properties of concrete such as creep, shrinkage,
modulus of elasticity (aging), prestressing losses etc.

The general and incremental step-by-step method was applied to
that analysis. Very useful for the stress analysis of non-homogenous
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Obr. 5 Vyvoj pomernych pretvoreni v case v lamele L8
Fig. 5 The strains development in time at the cross-section L8
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Obr. 6 Umiestnenie snimacov v objekte 205 - v prvom vahadle

Fig. 6 The sensor arrangement on the bridge No. 205 — in first cantilever
a) pozdfzny rez, b) prie¢ny rez

a) longitudinal section, b) cross-section

Monitoring mostného objektu 208
Mostna konstrukcia pozostava z piatich poli (50 + 64,5 + 96 + 56 +40 m).
Stredné pole sa realizovalo technolégiou letmej betonédze a ostatné
polia sa postavili na podpernej skruzi. Prierez je jednokomorovy, po-
zdizny a prie¢ny rez je na obr. 3. Pouil sa betdn triedy C 35/45, pred-
pinacia vystuZ pozostavala z 19- a 20-lanovych kdblov s priemerom
15,7 mm/1 770 MPa.

Pocas vystavby mostného objektu 208 sa do posudzovanych re-
zov L1 a L8 umiestnili snimace. Oba rezy sa nachadzaju v prvych la-
meldch na oboch vahadlach v blizkosti podpier (obr. 4).

Numerické analyza konstrukcie

Numericka analyza sa vykonala na priestorovom prdtovom modeli
v programe Midas Civil. Objemové zmeny beténu sa zohladnovali
v prvej faze zjednodusenym postupom v sutlade s normou STN EN
1992-1-1.V prvom pripade sa neuvazovalo o diferen¢nom zmrastova-
ni prierezu. Teplotny rozdiel hornych a spodnych vlakien bol zadany
teplotnym gradientom. Vypoctovy model je v sulade s redlnym caso-
vym harmonogramom vystavby. Vystavba vahadla bola rozdelend do
Osmich etap, pricom kazdé etapa trvala priblizne desat dni. Spravanie
konstrukcie pocas vystavby, ale aj v Stadiu Zivotnosti je ovplyvnené
vlastnostami beténu — dotvarovanim, zmrastovanim, modulom pruz-
nosti beténu, ako aj vplyvom strat predpéatia na uvedené hodnoty.

V tejto analyze bola uplatnend vieobecnd a prirastkovd metdda.
Vstlade s STN EN 1992-2, prilohou KK. 101, sa pri analyze napdtia ne-
homogénnych konstrukcif, kde sa dlhodobo menia vlastnosti beté-
nu a prebieha redistribucia napati, odporuca pristup podla zakladnej
rovnice na vypocet pretvorenia v ¢ase

9y

E.(t,)

£.(0)=-22 4 o(t,t,) -2 +2[E] +(p(t't’)JAa(IfHecs(t,rs) ()

E(28) S\ E() E(9)

V rovnici (1) predstavuje prvy vyraz okamzité deformacie od poso-
biaceho napatia v ¢ase t,. Druhy vyraz vyjadruje Ucinky dotvarovania
od poésobiaceho napatia. Treti vyraz predstavuje sucet okamzitych
pretvoren( a pretvoren{ od dotvarovania, spdsobeny zmenami napa-
ti v Case t. Stvrty vyraz definuje pretvorenie od zmradtovania beténu.

Experimentélne a numerické vysledky

Ako prvé sa porovndavaju pretvorenia a vyvoj napati v jednotlivych
bodoch prierezu (obr. 5). V tomto ¢lanku je prezentovana analyza po-
mernych pretvoreni v lamele L8, podobné vysledky sme ziskali aj pri
lamele L1. Porovnali sa numerické vypocty nefazovaného modelu
bez vplyvu redistriblcie napati po priereze, ako aj fazovany vypocet
so zohladnenim tychto Gc¢inkov. U¢inky teploty sa uvazovali podla
opisu v predchadzajucom texte.

Zmena pomernych pretvoreni v ¢asovom Useku okolo 100 dnf je
prezentovana na obr. 5, kde vidiet zhodu medzi numerickymi a expe-
rimentalnymi hodnotami pomerného pretvorenia v posudzovanych
bodoch prierezu. Pomerne dobrt zhodu badat najmé v hornych
a strednych vldknach prierezu, zatial ¢o v dolnych vidknach vidiet isté
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Obr. 7a Budo

Fig. 7a Realization of the bridge

/

Obr. 7b Instalacia snimacov
Fig. 7b The sensors installation

structures is approach: STN EN 1992-2, Annex KK.101. The fundamen-
tal equation for time dependent concrete strain can be defined as

o ! 1 t,t
+o(t,t,) EC(§8) +2[E((n)+ E((zgijmu,)mﬁ(r,g) (1)
In this equation, the first part of the relation (1) represents the in-
stantaneous strain due to a stress applied at ;. The second part of the
relation (1) represents the concrete creep effect due to this stress. The
third part of the relation (1) represents the sum of the instantaneous
and creep strain due to the variation in stresses occurring at instant .
The fourth part of the relation (1) represents the shrinkage effect.

Some experimental and numerical results of the strains
Some results of the strain in concrete are presented in the following
pictures (Fig. 5). For this paper the strains in the cross-section L8 were
selected and similar ones can be observed at the section L1. Nu-
merical analysis was performed for non-phased structure that means
without stress redistribution along the structure due to concrete rhe-
ological effects and for the case where the concrete rheological ef-
fects have been taken into account. Temperature influence has been
considered by method mentioned at the previous chapter and the
differential shrinkage effect was neglected.

The change of the strains during the construction is presented for
the time interval around 100 days (Fig. 5). There can be seen good
coincidence between numerical and experimental values of the
strains in the investigated points of the cross sections. It is appar-
ent for the upper fibres and web fibres. Some differences can be re-
corded at the bottom fibres. The cross section hasn't been divided
to the time phases in numerical model. It could result to the ob-
served differences of bottom strains due to the different shrinkage
effect and mechanical parameters of concrete along the depth. We'd
like to focus on the above mentioned problems in our next research
works. There can be observed that the resultant strains gained from
the non-phased model was significantly underestimated compared
to the phased model ones in Fig. 5.
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Obr. 8 Vypoctovy model vahadla
Fig. 8 Numerical phased model of the cantilever

L <~
% Upper flange

\\ Web

% Bottom flange

727

Obr. 9 Schéma rozdelenia prierezu na vypocet diferen¢ného zmrastovania
Fig. 9 Scheme of the phased numerical model of the cross-section

rozdiely. Tie su do velkej miery spdsobované efektom diferencného
zmrastovania, ako aj vplyvom teploty. Na obr. 5 mozno pozorovat, ze
vysledné pomerné pretvorenia ziskané z nefdzovaného modelu su
vyrazne podhodnotené v porovnani s fazovanym modelom, ktory
zohladnuje efekt postupnej betonaze prierezu. V dalsich vyskumnych
aktivitach by sme chceli aj tento problém hibsie analyzovat.

Monitoring na mostnom objekte 205
Predpéatd mostna konstrukcia ma pat poli (74,99 + 119,97 + 74,98 +
52,99 + 36,99 m) a jej celkova dizka je 362,08 m. Hlavné pole (119,97 m)
sa realizovalo technolégiou letmej betonaze. Ostatné polia su reali-
zované na podpernej skruzi. Dizka vahadiel je 49,25 m. Vahadlo po-
zostava z 11 lamiel s dizkami 4,4 aZ 5,0 m. Prierez je jednokomorovy,
sirka hornej dosky je 13,65 m a spodnej dosky 7,0 m. Vyska priere-
zu sa po dizke menf (2,85 az 6,5 m). Hrubka stien je tieZ premenna
(450 a2 800 mm). Hribka hornej dosky je konstantna po celej dizke,
a to 300 mm. Hrubka spodnej dosky sa meni od 240 do 920 mm.

Pri vystavbe sa pouzil betdn triedy C 40/50. Predpinaciu vystuz tvoria
15-a 18-lanové kable s priemerom 15,7 m s pevnostou v tahu 1 860 MPa.

Objekt 205 je momentélne vo vystavbe. Snimace sa do sledovanej
lamely L1 nainstalovali pred jej betondzou (obr. 7).

Vypoctovy model

Numerickd analyza sa realizovala opét na priestorovom pratovom
modeli v programe Midas Civil v sulade s STN EN 1992-1-1. PouZil sa
len fazovany model, ktory sa uvazoval v sulade s redlnymi etapami
vystavby. V tomto modeli sa efekt diferencného zmrastovania uvazo-
val a prierez sa rozdelil na tri ¢asti, a to hornu, spodnu dosku a stenu
(obr. 9). Kazda ¢ast ma vlastné vstupné parametre na vypocet zmras-
tovania. Z tohto dévodu sa pretvorenie od zmrastovania vypocita-
lo v kazdej faze vystavby samostatne v sulade s pristupom podla
STN EN 1992-1-1.

Do vypoctov zmrastovania beténového prierezu sa zahrnul aj
vplyv diferencovanej teploty. Po vybeténovani posudzovanej lame-
ly sa zaznamenali rozne teploty beténu v jednotlivych castiach. To
bolo spdsobené rozdielnymi hrdbkami dosiek a stien, ako aj faktom,
Ze spodnd doska bola vybeténovand asi s 2- az 3-driovym predsti-
hom. Betonaz prvej lamely L1 prebehla v zimnom obdobi. Najnizsie
teploty boli zaznamenané v spodnej doske, najvyssie teploty si dr-
7ala stena, ¢o bolo spdsobené jej velkou hrdbkou a dihsim priebe-
hom hydratacie. Po tyzdni uz boli teploty namerané v priereze pri-
blizne rovnaké (obr. 10).
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Monitoring of the bridge No. 205
Prestressed concrete bridge No. 205 has five spans (74,99 + 119,97 +
74,98 + 52,99 + 36,99 m), with total length 362,08 m. The main span
(119,97 m) has been realized by the free cantilever method and oth-
er spans on stationary support. Length of each cantilever is 49,25 m.
Cantilever consists of 11 segments with length from 4,4 m to 50 m.
The cross-section is a single box girder with dimension: width of the
top flange is 13,65m, the bottom flange is 7,0 m, height is variable
(from 2,85 m to 6,50 m). Thickness of the webs varies from 450 mm
to 800 mm. The top flange has a constant thickness of 300 mm, the
bottom flange has variable thickness (240 mm to 920 mm).Used ma-
terials are concrete C 40/50 and prestressing cables consist of 15 or
18 tendons with profile 15,7 mm, 1 860 MPa.

Bridge No. 205 is under construction in these days. The sensors in
the first segment L1 have been already installed (Fig. 7).

Structural model of the bridge

The numerical analysis was performed according to STN EN 1992-
1-1. The structure was modelled using linear beam elements. The
finite elements on eccentricity represent the concrete box girder,
prestressed tendons, supports, temporary support system and the
formwork traveller.

All the operations in the construction are respected in the struc-
tural analysis according to the real construction schedule. Previous
numerical model different development of shrinkage in the thinner
top flange and thicker bottom flange and the web were not taken
into account. So in this case the cross-section has been divided into
three parts according to Fig. 9 and each part has different parame-
ters of the shrinkage development in time and environmental con-
ditions. For that reason, differential shrinkage strain was calculated
in each construction stage separately according to the above men-
tioned STN EN 1992-1-1 approaches.

The temperature effect was taken into account at calculation of
shrinkage of concrete. After the first segment concreting the high-
est temperature of concrete was observed in the web, lower in the
top flange and the lowest in the bottom flange due to the fact that
the bottom flange of cross-section L1 was concreted earlier than the
other ones. After some days the temperature of both flanges be-
came unified (Fig. 10). But the temperature of the webs remained
significantly higher longer time. But over the time the temperatures
produced by the hydration process in concrete became declined
and were affected by the ambient temperatures and unified.

Time development of the strains

Some strain results in concrete during the simple cantilever erection
are presented at the follow pictures (Fig. 77). Numerical analysis was
performed only for phased model.

Very good agreement between real monitored and theoretical
values of strains on the top and bottom flange of the cross-section
we can see at in Fig. 11. The model with the differential shrinkage
gives us better results especially in the first time steps. Some differ-
ences between the strains of the numerical model and recorded val-
ues we can observe in the case of the webs. It is mainly caused by
the beam model of the cantilever considering. Beam model can-
not respect the shear deformation of the webs of cross-section. The
next influence can be the massive thickness of the web against oth-
er parts of the cross-section with differential shrinkage course. The
real temperature influences on concrete and the shrinkage propaga-
tion still remain the problem how to take into account in the practi-
cal numerical model.

Conclusions

In this study experimental and numerical results were compared in
the case of two monolithic non-homogenous bridge structures re-
alized by the free cantilever method. The good agreement between
theoretical values and in-situ measurements in the characteristic fi-
bres of the cross-section were observed. In the first case we can see
underestimating of the strains if only the simple model without the
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Obr. 10 Teplota betonu v spodnej doske, stendch, hornej doske a teplota prostredia
Fig. 10 Temperature of concrete in the bottom flanges, webs and the top flanges,
ambient temperature

Vyvoj pretvoreni v ¢ase

Viysledky pomernych pretvoreni su prezentované v grafe (obr. 11).
V tomto pripade sa numericky analyzoval len pripad fazovaného mo-
delu. Vynikajucu zhodu medzi nameranymi vysledkami a numeric-
kym modelom mézeme sledovat v hornej a spodnej doske prierezu.
Model s diferen¢nym zmrastovanim prierezu poskytuje podstatne
lepsie vysledky ako model s ¢asovo jednotne uvazovanym priebe-
hom zmrastovania po priereze. Rozdiely v priebehu badat v stenach
hlavne v prvych fazach merania. Do znacnej miery je to sposobe-
né porovnavanim vysledkov z prutového numerického modelu so
skuto¢nostou, kedze prutovy model nedokéze zachytit pretvorenia
v stenach vplyvom smyku. Dal$im vyznamnym faktorom moze byt aj
samotnd masivnost prierezu stien v prvej lamele a rozdielny priebeh
zmrastovania oproti ostatnej asti prierezu. Problematicky zostava aj
vplyv teploty na konstrukciu a jej celkové zmrastovanie.

Zavery

V tejto $tudii sa experimentdlne a numerické vysledky porovna-
li v dvoch pripadoch monolitickych nehomogénnych beténovych
konstrukcii budovanych technolégiou letmej betondze. Zistila sa
dobra zhoda medzi vypoctom a redlnymi hodnotami pomernych
pretvoreni beténu. V prvom pripade sa preukdzalo podcenenie pre-
tvoren, ak je konstrukcia modelovand ako homogénna s vylicenim
reologickych vplyvov beténu. V druhom pripade je zjavny ucinok di-
feren¢ného zmrastovania prierezu. V standardnom numerickom vy-
pocte je zmrastovanie homogénneho prierezu analyzované ako
zmrastovanie celku, nie ako prierezu zlozeného z prvkov s rézny-
mi hribkami a ¢asom zabudovania. Podcenenie tohto javu méze
viest k nespravnym predpokladom o prerozdelovani napéti v prie-
reze a tiez pozdfz konstrukcie. Zahrnut do vypoctu skutocnu distri-
buciu teplotnych ucinkov po priereze a ich vplyvu na konstrukciu je
v beZnej projekénej praxi problematické. Priebeh teploty a vihkosti
prostredia su vonkajsimi faktormi, ktoré vyznamne ovplyvnuju aj sa-
motné zmrastovanie. Napriek problémom s mnozstvom vonkajsich
vplyvov na konstrukciu umozni systém dlhodobého monitorovania
mostov a nasledné porovnavanie redlnych vysledkov s teoretickymi
modelmi lepsie pochopit aktudline spravanie nehomogénnych beto-
novych konstrukcif a v buduicnosti poskytne spolahlivejsiu predikciu
pretvoren{ a napatf v konstrukcii.

Vyskum prezentovany v tomto ¢ldnku bol podporovany Slovenskou
grantovou agenturou, Grant VEGA ¢ 1/0517/12 a Slovenskou grantovou
agenturou APV, Grant ¢. APVW-0106-11, APVW-0736-12.
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Obr. 11 Vyvoj pomernych pretvoreni

Fig. 11 Time development of the strains

a) v hornej doske, b) v stene a ¢) v spodnej doske
a) in upper flange, b) in webs c) in bottom flange

concrete shrinkage and creep effect was applied. In second case,
there can be seen influence of differential shrinkage on develop-
ment of strains in the cross-section. Underestimation of differential
shrinkage can lead to the wrong assumptions of redistribution of the
stresses in the structure. The real concrete temperature distribution
along the cross-section depth and its influence modelling has been
the problem in the practical numerical beam models. The tempera-
ture and relative humidity are the major environmental factors which
influence the shrinkage itself. In spite of the complicated problems
with many environmental and structural influences our current ex-
periences with monitored bridges and its comparing to theoretical
numerical models have enabled to define and understand the non-
homogenous structures behaviour.

The research work presented in this paper has been supported by the
Slovak Grant Agency, Grant VEGA No. 1/0517/12 and the Slovak Grant
Agency APV, Grant No. APW-0106-11, APVW-0736-12.
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Dlhodoba a prevadzkova napatost extradosed zavesov
Mestskej estakady v Povazskej Bystrici

Long Time Monitoring Force in the Stays at the Extradosed
Bridge Viaduct in Povazska Bystrica, Slovakia

Mestska estakada v Povazskej Bystrici bola uvedend do prevadz-
ky v juni 2010 a je prvym extradosed mostom postavenym na
Slovensku. Na moste boli pouzité 37-lanové zavesy so sedlo-
vym prechodom cez pylény typu DYNA Grip firmy Dywidag. Ked-
Ze projektant mosta stanovil pri jednotlivych $tadidch vystavby
striktné poziadavky na napétost v zavesoch a jednotlivych la-
nach, investor pozadoval od dodavatela, aby zabezpecil podrob-
ny monitoring napatosti vo vybranych zdvesoch. Na sledovanie
napatosti v individualnych lanach zavesov vyvinul realizator mo-
nitoringu, firma PROJSTAR - PK; s. 1. 0., elastomagnetické (EM) sni-
mace sil 37PSS20 a 14PSS20, ktoré su stcastou kotvenia zavesov.
Snimace sily, osadené na 28 zvesoch, umoznili kontinudlne sle-
dovat zmeny napatosti vo vybranych lanach pocas ich aktivacie
a v rozhodujucich etapach vystavby mosta. Zabudované EM sni-
mace umoznuju dlhodobé sledovanie napatosti a zivotnosti lan
extradosed (ED) zavesov. V tomto prispevku st zhrnuté podstatné
vysledky prvého z dlhodobych merani realizovaného v maji 2013.

Monitorovanie sil v ED zavesoch
Pocas vystavby boli na zavesy urcené projektantom osadené EM sni-
mace sily typu 14PSS20 a 37PSS20 (obr. T a 2). Tieto snimace umoz-
nili detailne sledovat silu v jednotlivych lanach zavesov pri ich na-
pinanf (najma stratu sily po zakotveni a rovnomerné rozdelenie sily
medzi jednotlivé land), pri rektifikacii a v dalSich etapach vystavby es-
takady. Snimace PSS37 (spolu 4 ks) su osadené obojstranne na zave-
soch €. 2 a 3 na prvom realizovanom vahadle mosta s pylénom ¢. 11.
Tieto snimace meraju silu v kazdom z 37 1&an zavesu a poskytuju de-
tailnu informaciu o rozdeleni celkovej sily medzi jednotlivé land. Sni-
mace PSS14 (spolu 24 ks) s osadené obojstranne na zavesoch ¢. 5
a 6 na ostatnych pylénoch ¢. 5 aZz 10. Umoznuju merat silu v $trnds-
tich landch zavesu. Tesne pred uvedenim estakady do prevadzky sa
viackrat denne sledoval vplyv teploty na lana zavesov. Po zataZzovacej
skuske sa dra 17. 4. 2010 vykonalo referen¢né meranie na dlhodo-
by monitoring napatosti zavesov. Podrobné vysledky meranf v ¢ase
vystavby pred uvedenim do prevadzky su uvedené v prispevku [1].
Prvé dlhodobé meranie, vykonané v mesiacoch april az maj 2013,
po troch rokoch od uvedenia estakddy do prevadzky, bolo zamera-
né najma na:

The city viaduct in Povazska Bystrica is the first extradosed bridge
built in Slovakia and was put into service in June 2010. Stay ca-
bles (37 x 0,62", DYNA Grip Dywidag) are passing through pylons
in Dywidag saddles. Because the designer of the bridge set strict
requirements for stress in the individual strands the investor de-
manded monitoring of stress in the selected stays provided by
the supplier. For this purpose Projstar-PK, Ltd. developed elasto-
magnetic force sensors 37PSS20 and 14PSS20 designed as a part
of the anchorage. The detailed monitoring of forces was carried
out at 28 ED stays. The EM sensors allow continuous monitoring
of stress in the selected strands during their activation and the
whole serviceable life of the bridge. The installed EM sensors ena-
ble long-term monitoring of stress and durability of the ED stays.
This paper summarizes the significant results of the first long-
term measurements carried out in May 2013 after three years of
the service.

Force monitoring in the ED stays

During assembling the ED stays were equipped with elastomagne-
tic (EM) force sensors 37PSS20 and 14PSS20 (see Fig. 2) on locations
chosen by the designer according Fig. 1. These sensors enabled de-
tailed monitoring of force in the individual strands during prestress-
ing (especially loss due to wedges setting and the uniform distribu-
tion of force between the individual strands) and the rectification.

Obr. 2 Konstrukcia snimaca 37PSS20
Fig. 2 EM sensor 37PSS20

Obr. 1 Pozdl#ny rez mostom, pylény 5 a2 11
Fig. 1 Longitudinal section of the bridge, pylons No. 5 - 11
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Fig. 3 An example of the detailed monitoring the ED stay cable by 14PSS20 EM
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Fig. 6 T emperature effect on change of forces in the strands due to change of
the outside ambient temperature and sun glare. On 10. 4. the sky was clouded,

on 15. 4. the sky was clear.

e statické sily v lanach zavesov a ich zmeny (meranie 17.4.2010). Ide
najma o rozdelenie sily medzi jednotlivé land zavesu a zmeny, kto-

ré nastali za obdobie troch rokov;

o vplyv teploty a premédvky na zmenu sil v jednotlivych landch zvole-
nych zavesov. Podrobne sa sledoval aj vplyv rozdielov medzi den-
nou a no¢nou teplotou, pretoze vplyv teploty na zmenu sil je pod-

statne vyssi ako vplyv preméavky;

e dynamické naméahanie 1an ED zévesu. Toto meranie na estakade
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Obr. 7 Priebeh sily v landch zavesu ¢ 57 na pyldne ¢. 5 a teploty v komore. Vplyv
nerovnomerného rozdelenia teploty. Lano L34 je na hornom povrchu zavesu,
lano L2 je v strede kébla.

Fig. 7 Influence of the non uniform temperature distribution across the stay due
to sun glare. Strand L34 is on the upper surface of the stay and strand L2 in the
middle of the cable cross section.

Sensors PSS37 (4 pieces total) are installed on both anchorages of
the stays ED 2 and 3 at the pylon P 11. These sensors measure force
in each of the 37 strands and provide detailed information about
the forces acting on the strands. Sensors PSS14 (total 24 pieces) are
mounted on both anchorages of the stays ED 5 and 6 at pylons from
P5 to P10. These sensors enable measurement of the force in 14 of
the 37 strands. Just before the viaduct came into operation the effect
of temperature on the stress in the strands of the ED stay was ob-
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Obr. 8 Sila v lanach zavesu ¢. 2Z na pyléne ¢. 11 v zavislosti od teploty 1an a sta-
novenie teplotného koeficientu. Meranie vykonané v droch 2. - 5. 4. 2010.

Fig. 8 Four days force/temperature record and estimation of the temperature co-
efficient of the ED stay. Measurements were performed in April, 2010. The value
0,34 kN/°C'is close to the value due only the thermal expansion of the strand.
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Obr. 10 Casovy zéznam kmitov lana L36 zévesu ¢ 57 na pyléne ¢ 5 pouzity
na kmitoctovu analyzu — detail zdznamu z obr. 9 s vyznacenym vzorkovanim
Fig. 10 The time record with marked sampling points used for the frequency analysis

sa doteraz nerealizovalo. Pouzitd metodika merania umozniuje sle-
dovat rychle zmeny sily v lane a je obmedzend najma rychlostou
vzorkovania vystupného signalu EM snimaca. Pri tomto merani sa
pouzila periéda vzorkovania 50 ms, ¢o umoznuje sledovat zmeny
sily (rozliSenie pod 0,01 kN) s kmito¢tom do 10 Hz. Viysledok mera-
nia umoznil posudit skuto¢nu Unavovd zivotnost ED zavesu.

Statické sily v zavesoch a ich zmeny

ED zavesy su zostavené z 37 stabilizovanych predpinacich lan
& 15,7 mm/1 860 MPa. Land sa napinaju metédou Conten, ktord za-
ruCuje minimalne rozdiely sily medzi jednotlivymi lanami po ich na-
pnuti. Na obr. 3 je na ilustraciu zobrazeny typicky priebeh sily v la-
nach zavesov, na ktorych su osadené EM snimace 14PSS20. Je na
nom detailne zachyteny cely priebeh prvej a druhej etapy napinania
a stavy pri ndslednych meraniach — pred zmonolitnenim konstrukcie
(A), po zmonolitneni konstrukcie (B), po rektifikacii pred uvedenim
do prevadzky (C) a po troch rokoch prevadzky (D).

Na obr. 4 su zobrazené sily v landch zévesov ¢. 3T, 3Z na pyléne
¢. 11, na ktorych st osadené EM snimace 37PSS20. Je na nich znazor-
neny stav pred uvedenim do prevadzky dna 17. 4. 2010 a po troch
rokoch prevadzky dna 8. 4.2013.

Na obr. 5 su porovnané histogramy sily v landch zavesov ¢. 3T, 3Z.
Smernice tykajuce sa napinania zévesov predpisuju maximalne od-
chylky v sildach 15 %, ¢o v nasom pripade predstavuje hodnotu pod
+22 kN. Z obr. 5 je zrejmé, Ze predpinanie po jednotlivych landch sys-
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Obr. 9 Priebeh zmien sily v lane ¢. L36 zavesu ¢. 5Z na pyléne ¢. 5 pocas intenziv-
nej premévky (pondelok 15. 4. 2013 doobeda)
Fig. 9 The course of force changes in the strand during heavy traffic load
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Obr. 11 Spektrum kmitov lana L36 zévesu ¢. 5Z na pyléne ¢. 5
Fig. 11 The frequency spectrum of the heavy dynamic loading

served for several days. After the loading test (on April, 2010) the ref-

erence measurement (the first measurement of the long-term mon-

itoring) was performed [1]. The first long-term measurements were
performed in April and May, 2013 and have been mainly focused on:

e the static forces in the strands and their difference to the referen-
ce measurement especially the distribution of forces between the
individual strands and the changes that have occurred over a pe-
riod of three years;

e influence of temperature and traffic on change of forces in the in-
dividual strands of the ED stay. The effect of change in day and ni-
ght temperatures has been monitored in detail as the influence of
temperature significantly exceeds the change of forces caused by
traffic on the bridge;

e the dynamic loading of the ED stays. The new measurement
method allows the monitoring of rapid changes in forces acting
on the strand and is mainly limited by the sampling rate of the
output signal from the EM sensor. The sampling period of 50 ms
(used for this measurement) enables monitoring of changes in for-
ce with resolution below 0.01 kN at a frequency of less than 10 Hz.
The result of this measurement permits assessment of the actual
fatigue life of ED stays.

Static forces in the ED stays and their changes
ED stays are assembled from 37 stabilized prestressing strands

@ 15,7mm/1 860 MPa. Strands are prestressed using the Conten

www.inzinierskestavby.sk
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Obr. 12 Priebeh zmien sily v lane ¢. L36 zavesu & 5Z na pyldne & 5 pocas slabej
premavky (nedela 5. 5. 2013 napoludnie)
Fig. 12 The course of force changes in the strand during light traffic load

témom Conten bolo mimoriadne kvalitné a zarucilo maximélnu od-
chylku pod £3 kN. Podobné spektrum sil bolo namerané na vietkych
monitorovanych zévesoch.

Ako vidiet aj z priebehu sily na obr. 3 az 5, rozdiel - F ;. sa za tri
roky od uvedenia objektu do prevadzky vyznamne nezmenil, celkova
sila v zavese zavisi najma od vonkajsej teploty a oslnenia. Vetky sle-

dované land v ED zévesoch su v bezchybnom stave.

Vplyv teploty a premavky na sily v jednotlivych
lanach zvolenych ED zavesov

Prvé podrobnejsie meranie vplyvu teploty na sily v landch ED zavesu
sa vykonalo na zavese 2Z pylonu ¢. 11 v diioch 2. - 5. 4. 2010. Mera-
nie potvrdilo skuto¢nost, Ze sily v zdvesoch sa menia najma v dosled-
ku zmeny ich teploty a deformacia tuhej konstrukcie ma minimalny
vplyv. Ako vidiet na obr. 6, teplotny koeficient zavesu je prakticky rov-
naky ako teplotny koeficient pevne ukotveného lana (-0,35 kN/°C).
V pripade oslnenia zavesu (najma po chladnej noci) teplota 1an ne-
bude rovnaka a rozdelenie sily medzi jednotlivé land sa bude mierne
(asi £1 kN) menit. Meranie tuto skuto¢nost potvrdilo. Na obr. 7 je za-
chyteny stav, ked sa land umiestnené pri povrchu zévesu zohrievaju
pri jeho oslnenf rychlejsie ako vnutorné lana, ¢o spdsobuje rozdiely
sily medzi tymito lanami na urovni 0,5 kN. Pri detailnom posudzovani
vysledkov merania treba pocitat aj s tymto vplyvom.

Na obr. 8 je zobrazeny vysledok (s periédou asi 5 s) spojitého mo-
nitorovania sily v lanach L36, L37 zavesov ¢. 57, 6Z na pyléne ¢. 5.
Pri tomto merani bola monitorovana aj teplota vzduchu v komore
(vo vyske 1 m). Na ochrannej rure ED zévesu teplomer nebol nain-
stalovany. Pocasie bolo podobné pocasiu pri merani v roku 2010. Za-
Ciatkom aprila boli velké rozdiely medzi dennou a no¢nou teplotou,
konstrukcia bola este vychladend, teplota v komore sa pohybovala
okolo 5 °C a podstatne sa nemenila. Z vysledkov merania vyplyva,
Ze sila v lanach sa v dosledku zmeny teploty ED kabla moze v prie-
behu niekolkych hodin zmenit v nepriaznivom pripade az o 10 kN
a statické meranie sily v ED kabloch je mozné iba v teplotne ustale-
nom stave.

Dynamické namahanie lan ED zavesu

EM snimace 14/37PSS20, nainstalované na lanach ED zavesov, umoz-
nuju merat aj skuto¢né dynamické naméhanie 1an v zdvesoch — pres-
nejsie normalovd zlozku napatosti lana. Systém Projstar EMD vyuzi-
va pri tom remanentny magnetizmus lana, ktory zostal po statickom
merani. Pri dynamickom merani sa vystupné napdatie EM snimaca,
indukované v snimacom vinuti pri zmene napatosti lana, integru-
je elektronickym integratorom a zaznamena vhodnym zariadenim
(rychly datalogger). Snimace 14/37PSS20 v dynamickom rezime sa
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Obr. 13 Casovy zaznam kmitov v lane ¢ 136 zavesu ¢ 57 na pyléne ¢. 5 pouzity
na kmitoctovu analyzu
Fig. 13 The time record with marked sampling points used for the frequency analysis
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Obr. 14 Spektrum kmitov v lane ¢. L36 zavesu ¢. 5Z na pylone ¢. 5

Fig. 14 The frequency spectrum of the light dynamic loading. The frequency
component 4.57 Hz is probably the own frequency of ED stays. According the
simple string equation the own frequency of the 40 m strand under 150 kN tensi-
le force is equal to 4,5 Hz.

method which guarantees the minimum difference between forc-
es in the individual strands after prestressing. Fig. 3 illustrates in detail
the whole course of the first and second stage of prestressing and
the following measurements - after finishing the superstructure B,
after the final rectification C and after three years of service D.

EM sensors 37PSS20 also enabled detailed analysis of the force dis-
tribution between the individual strands of the ED cable. Fig. 4 shows
the reference forces in all 37 strands of stays 3 on P11 and forces after
three years of service. On fig. 5 shows the distribution of forces in the
strands and comparison with the reference distribution. The guide-
lines for extradosed bridges prescribe the maximum deviation from
the average force +15 %, in our case +22 kN. Fig. 5 confirms that the
deviation is much lower (£3 kN) thanks to prestressing the individual
strands by the Conten system. As can be seen the difference Fmax —
Fmin did not change significantly after three years of service and the
total force in the stay depends mostly from the ambient temperature
and sun glare. All monitored strands in the stays are in the perfect
condition. For the detailed description of the measurements during
the prestressing work see papers [2] and [3].

Influence of the temperature

The first detailed measurement of the temperature effect on forces
in the single strands was done during April, 2010. Measurement con-
firmed that forces in stays are changing mostly due to changes of
temperature and the deformation of rigid construction has minimal
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kalibrovali v laboratérnych podmienkach. Vysledkom je dynamicka
citlivost EM snimaca 17,1 kN/V, ¢o umoznuje merat dynamické na-
méhanie mensie ako 0,001 kN. Casové rozli$enie je limitované len
rozliSenim pouzitého dataloggera. Pri merani sme pouzili periodu
vzorkovania 50 ms, ¢o dovoluje registrovat dynamické namahanie
s kmito¢tom do 10 Hz.

Vysledky dynamického merania su zndzornené na obr. 9 az 14.
Dynamické meranie sa vykonalo v ¢ase hustej premévky dna 15. 4.
2013 (v pondelok doobeda) a v ¢ase riedkej premévky dria 5. 5. 2013
(v nedelu napoludnie). Ako vidiet, ziskané zaznamy umoznili nielen
stanovit velkost dynamického namahania 1an ED zavesov, ale aj zistit
kmitoctové spektrum dynamického naméhania.

Na obr. 11 je zobrazené spektrum kmitov lana L36 zavesu ¢. 5Z na
pyléne ¢. 5 ziskané Fourierovou transformdaciou zdznamu z obr. 10.
Zlozka s kmitoctom 4,57 Hz je sposobend vlastnymi kmitmi ED z3-
vesu. Z rovnice struny vychddza pre kmitocet lana 40 m dlhého a na-
pnutého silou 150 kN hodnota 4,5 Hz. Na obr. 12 a7 14 je zobrazeny
priebeh zmien sily v lane L 36 toho istého zdvesu pocas slabej pre-
mavky (nedela 5. 5. 2013 napoludnie).

Ani v ¢ase hustej premavky nie je amplitida dynamického namé-
hania 1dn ED zévesu vécsia ako 2 kN. Pri priemernej sile v lane 140 kN
je dynamické naméhanie na Urovni 1,5 %, teda prakticky nespdso-
buje Unavu lan ED zévesov. Namahanie v dosledku zmien teploty je
na Urovni 7 %, ale pocet takychto cyklov nebude asi presahovat 100
za jeden rok.

Zaver

Meranie dlhodobej a prevadzkovej napatosti ED zévesov realizova-
né po troch rokoch od otvorenia estakady potvrdilo vysoku spolah-
livost systému a kvalitu vykonanych prac. Pri ndvrhu a statickom po-
stdeni nosného systému mosta sa predpokladalo, Ze vysoké tuhost
trdmu zabezpedi velmi maly dnavovy rozkmit v ED zdvesoch. Name-
rané hodnoty pri prevadzkovom zatazeni mosta dopravou su velmi
daleko od predpokladanej maximalnej hodnoty 25 MPa. Je preto na-
mieste pokracovat v tychto meraniach a nadalej spresriovat existuju-
ce navrhové kritéria pre extradosed mosty.
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impact. Fig. 6 shows that the temperature coefficient of the whole
stay is very close to the temperature coefficient of the single strand
(0,35 kN/°Q). In the case of non-uniform temperature distribution
across the strands of the stay (especially sun glare after a cold night)
the distribution of forces acting on individual strands will differ slight-
ly (@about £1 kN). Measurement confirmed this fact. Fig. 7 displays the
state when the surface strands warm up faster than the inner strands
what causes the difference in the forces about 0,5 kN. The precise
analysis of the results must take into account also such effects.

Fig. 8 shows the results of continuous monitoring of forces (with
a period of about 5 seconds) in the eight strands of the ED stay. The
weather in 2013 was quite similar to the weather during measure-
ment in 2010. In early April there were large differences between the
day and night temperatures, the structure was still cold, the temper-
ature in the bridge box was around 5 °C and did not have substantial
change. Measurement results show that the force acting on strands
can change during a few hours due to temperature change in an un-
favorable case up to 10 kN. The precise static force measurement in
ED cables is possible only in a steady state of temperature.

Dynamic loading of the ED stays

EM sensors installed at the strands enable also measurement of the
dynamic load. The normal component of the stress in the strand can
be measured precisely by the Projstar EMD system. It is based on the
changes of strand remanence due to stress change. Calibration of
EM sensors 14/37PSS20 in the dynamic mode was carried out in the
laboratory conditions. The resulting dynamic sensitivity of the EM
sensor 17.1 kN/V enables measurement of dynamic loads less than
0,001 kN. The time resolution is limited only by the used data logger.
For measurements we used the sampling period 50 ms which allows
registration of dynamic load at frequencies below 10 Hz.

Results of the dynamic measurements are shown at Fig. 9 to 14.
Dynamic measurements were made at a time of heavy traffic (Mon-
day morning) and a time of light traffic (Sunday noon). As we can see
the obtained results allow not only estimate the dynamic load ampli-
tude but also calculate the frequency spectrum of the dynamic load.

Even during the heavy traffic the amplitude of dynamic loading
of the strand is less than 2 kN what is about 1.5 % of the static force.
Such dynamic loading practically causes no fatigue effects. Stress
due to large temperature changes equals 7 %, but the number of
such cycles will probably not exceed 100 times per year.

Conclusion

The long time measurement of the ED stays confirmed the high re-
liability of the system and quality of prestressing work. The design of
the superstructure assumed that the high rigidity of the bridge box
will assure very low amplitude of fatigue loading. The result of meas-
urement during the heavy traffic load is much lower than the maxi-
mum expected value 25 MPa. The further measurements will be very
valuable for the improvement of the existing design guidelines for
the Extradosed bridges.
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Jan Kucharik - Lubica Chalaniova

Poruchy cestnych betdnovych tunelov a ich diagnostika
Damages in Concrete Road Tunnels and their Diagnostics

Na sekundarnom osteni novych tunelov zhotovenom zo Zelezo-
betonu sa pocas vystavby a prevadzky zaregistrovali viaceré po-
ruchy. Niektoré maju 3pecificky charakter. K $pecifikdm patri aj
prostredie v tuneli, ktoré predstavuje vyznamny degradacny
vplyv na beténovu konstrukciu tunelov. V tuneloch sa vyskytli aj
poruchy, ktoré maju svoj pévod v technologickych nedostatkoch.
Pozornost sa venovala najma vzniknutym trhlindm. V prispevku
je opisana diagnostika beténového ostenia v tuneli Horelica, me-
tody diagnostického prieskumu zameraného na kontrolu kvality
krycej beténovej vrstvy (pevnost, hibka karbonizécie, obsah chlo-
ridov) a stav betonarskej vystuze. Zdokumentované su vysledky
diagnostiky. Prekvapenim bolo zistenie vysokého obsahu chlori-
dov v krycej beténovej vrstve. Na zéklade tychto zisteni sa sfor-
mulovali zavery, ktoré obsahuju odporucania na navrhovanie
a zhotovovanie tunelov, ktorych vystavba sa pripravuje, ako aj
odportcania do manudlu udrzby tunelov.

Obr. 1 Pohlad na tunel Horelica
Fig. 1 View of the Horelica tunnel

Cestné betonové tunely su naro¢né inzinierske diela a s ich vystav-
bou na Slovensku neboli vécsie skisenosti. S rozsirovanim dialni¢nej
siete vznikla potreba realizacie takychto objektov. Priekopnickym ¢i-
nom bola vystavba dialni¢nych tunelov Branisko a Horelica (obr. 1),
na ktoré nadviazali stavby tunelov Sitina a Borik. Tieto tunely su dnes
v prevadzke a predstavuju objekty s vysokym dopravnym zatazenim.
Na sekundarnom ostenf, zhotovenom z prostého a Zelezového beté-
nu, boli zaregistrované viaceré poruchy. Mnohé su svojim charakte-
rom $pecifické, dané skuto¢nostou, ze tunel ako podzemny objekt je
Specificky zataZzeny a namdahany, osobity postup vystavby a doprava
sa uskuto¢riuju v relativne uzavretom priestore.

Poruchy v betonovom sekundarnom osteni

V tuneloch Horelica (obr. 1) a Branisko boli zaregistrované zvislé trhli-
ny priblizne v strede 10-metrovych blokov sekundarneho ostenia do
vysky asi 4 m od péaty ostenia a Sirky od 0,05 do 1 mm (obr. 2). Pri roz-

On the new tunnel lining made of reinforced concrete, multiple
damages were observed during the construction, as well as the op-
eration of the tunnels. Some of them are specific in nature. Anoth-
er factor influencing tunnel construction is the environment which
presents an important degradation effect on the concrete tun-
nel structure. The tunnels encountered the damages which were
caused by the technological faults. A special attention was paid to
the tunnel cracks. The paper describes the diagnostics of concrete
tunnel lining in Horelica, the methods of diagnostics research,
aimed at the quality control of the concrete cover (strength, depth
of carbonization, chloride content), as well as the condition of re-
inforcement. The diagnostics results were documented, showing
a surprisingly high chloride content in the concrete cover. Based
on our findings, conclusions were formulated to contain recom-
mendations for design and construct tunnels, whose construction
is preparing a manual for the maintenance tunnels.

Concrete road tunnels are sophisticated engineering structures,
and in Slovakia there were not enough experiences with their con-
struction. With the expansion of highway network there is a need to
build more tunnels. The pioneer activities in this field were building
highway tunnels Branisko and Horelica (Fig. 1) followed by the tun-
nels Sitina and Borik. These tunnels are now in operation and repre-
sent the objects with high transport load. On the secondary lining
from reinforced concrete and basic concrete several types of dam-
ages have been observed. Some of them have specific features, due
to the fact that the tunnel, as an underground object, is exposed to
specific loads and stresses, and the manufacturing procedure takes
place in a relatively closed space.

Damages in secondary concrete tunnel lining

In Horelica (Fig. 1) and Branisko tunnels vertical cracks were ob-
served, approximately in the centre of 10 m blocks of secondary lin-
ing to the height of 4 m from the foot of the lining, with the crack
width of 0,05 to 1 mm (Fig. 2). To determine the methods of repair it
was necessary to monitor the crack activity. The measurements con-
firmed a stable state of the cracks. The specialists agree that these
cracks are created as a result of hydration heat and volume chang-
es in concrete, together with the influence of the structure’s weight.
This opinion is supported by the crack parameters, such as direction
and density. Thus, they are not the proof of insufficient load bear-
ing capacity of this concrete element. This phenomenon is unwant-
ed from the point of view of durability of the structure and therefore
they were repaired by an elastic material.

In Branisko tunnel, in the upper vault of non-reinforced blocks of
tunnel lining, horizontal cracks were detected during the construction
of the tunnel. Their width and the subsequent development has been
monitored. To measure the changes in the crack width we use a me-
chanical eformometer. The measurements have shown that in the de-
velopment of cracks in time (change of width compared to the basic
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Diagnostics and Monitoring of Concrete Structures, Bridges and Tunnels

Obr. 2 Trhliny v ostenf tunela Horelica
Fig. 2 Cracks in the line in Horelica tunnel

hodovani o spbsobe sanacie bolo déleZité monitorovat aktivity trh-
Iin. Merania potvrdili ich stabilizovany stav. Medzi zainteresovanymi
odbornikmi plati ndzor, ze vznikli nasledkom posobenia hydratacné-
ho tepla a objemovych zmien beténu s prispenim posobenia vlast-
nej tiaze. Tento nazor podporuju aj parametre trhlin (smer a hustota).
Nie su teda prejavom nedostatocnej unosnosti tohto betdnového
prvku. Ich vyskyt sa povazoval za neZiaduci z hladiska trvanlivosti ob-
jektu, preto sa opravili pruznou hmotou.

Vo vrchole klenby nevystuzenych blokov ostenia tunela Branisko
sa eSte pocas vystavby zistili horizontalne trhliny. Ich $irka a nésled-
ny vyvoj sa monitoruje. Na meranie zmien 3irky trhlin sa pouzivaju
nalepené terciky a prilozny deformometer. Doterajsie merania pre-
ukazali, ze pre vyvoj deformécii v ¢ase (zmeny Sirky trhlin oproti po-
¢iatoc¢nym hodnotam) su charakteristické velmi malé plusové a mi-
nusové prirastky. Pri budovani tunelov nebol problém s dosiahnutim
pozadovanej pevnosti beténu. Ako problémovy parameter sa ukaza-
la StruktUra povrchovych vrstiev, od ktorej zavisi priepustnost beténu
vo vztahu ku kvapalindm a plynom. Pri vizudlnej kontrole sa na nie-
ktorych miestach na povrchu beténu zistili kaverny a pri podrobnej-
som prieskume nadmerny vyskyt pérov v povrchovej betonovej vrs-
tve. Viyskyt takychto porich mé zésadny vplyv na Zivotnost tunela,
kedZe ovplyvriuje vznik a rozvoj kordzie vystuze.

Posobenie agresivnych latok na betén tunela

Je vieobecne zndme, Ze betdn tunela je vystaveny zvysenym ata-
kom zo strany dopravného priestoru. V roku 2009 sa merala kvalita
ovzdusia v tuneli Horelica. Ovzdusie a kondenzat steceny z ostenia
tunela sa analyzovali v méji. Vysledky maximalnych hodinovych hod-
not su v tab. 1.

Na betén tunelového ostenia pdsobia koncentrované vyfukové
plyny, kondenzat a v zimnych mesiacoch rozmrazovacie soli. Vyfu-
kové plyny obsahuju oxid uhlicity, ktory sposobuje karbonizaciu be-
ténu. Jej prejavom je znizenie pH a zniZenie alkalickej ochrany pro-
ti vzniku korézie. Rozmrazovacie soli obsahuji zmes chloridov. Tie sa
do priestoru tunela dostévaju v kvapalnej forme na koleséch auto-
mobilov. Chloridy, ktoré difunduju do povrchovych vrstiev beténu
v spodnej ¢asti ostenia, spésobuju degradaciu beténu a vytvéraju
prostredie priaznivé pre vznik kordzie vystuze. Napriek skuto¢nosti,
Ze vo vnutri tunela sa posypové rozmrazovacie soli neaplikujy, slana
voda sa dostava do tunela na kolesach aut a je rozstrekovana hlav-
ne na steny sekundarneho ostenia do vysky asi 1 m. Betony na tej-
to drovni su preto vystavené posobeniu agresivnych kvapalnych 13-
tok. Posypové soli obsahuji zmes chloridov. Slany roztok prenikd do
vnutra povrchovej vrstvy. Uvolnené chloridové iony spdsobuju de-
gradaciu povrchovych vrstiev betonu. Reaguju s betondrskou vystu-
70U a spbsobuju kordziu, ktorej priebeh je rychlejsi ako pri korézii od
Ucinkov vihkosti.
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Obr. 3 Odber vzoriek z ostenia tunela Horelica
Fig. 3 Drilling of core samples in tunnel

values) there are very small positive and negative increases. During
the tunnel construction there was no problem with acquiring the re-
quired concrete strength. The only problem was the structure of the
surface layers which influences the permeability of concrete to liquids
and gases. During the visual inspection caverns were found in several
places on the concrete surface, and during a more detailed inspection
an excess of pores was detected in the surface layer. The occurrence
of this type of damages has a decisive influence on the life of the tun-
nel, as it influences the development of the reinforcement corrosion.

The influence of aggressive substances on tunnel
concrete
It is a well-known fact that the tunnel concrete is attacked by the
transport influences. In 2009 measurement of the air quality in the
Horelica tunnel was made. The analysis of condensate from the tun-
nel lining was made in May 2009. The results can be seen in Tab. 1.
The concrete of tunnel lining is exposed to exhaust gases, conden-
sate and in winter months also defrosting salts. Exhaust gases contain
carbon dioxide which causes carbonatization of concrete. It is demon-
strated by lowering pH and thus decreasing alkali protection against
corrosion. Defrosting salts contain the mixture of chlorides, which get
into the tunnels in a liquid form on car wheels. The chlorides which de-
fund into the surface layers of concrete in the lower part of the tunnel
lining cause degradation of concrete and create the conditions for the
reinforcement corrosion. In spite of the fact that defrosting salts are
not applied inside the tunnels, salt water gets into the tunnel on the
car wheels and is sprayed on the walls of secondary lining up to the
height of Tmeter. The concrete in this level is exposed to the aggres-
sive liquid substances. Defrosting salts contain a mixture of fluorides.
As the solution penetrates into the surface layer, chloride ions are re-
leased, thus causing the degradation of the concrete surface layers.
There they react with the reinforcement and cause corrosion, which is
more aggressive and faster than corrosion caused by humidity.

Tab. 1 Vysledky merania kvality ovzdusia tunela Horelica
Tab. 1 The results of measurement of the air quality in the Horelica tunnel

co

pug/m? 2095
Ovzdusie/ NO ug/m? 2600
Alr NO pg/m? 2903
o, ppm 662
dusi¢nany/nitrates mg/I 1,16
Kondenzat/ . .
e E—— chloridy/chlorides mg/I 1,76
sirany/sulphates mg/I 21
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Diagnostika stavu vystuze a krycej betonove;j
vrstvy sekundarneho ostenia

Pri Standardnej diagnostike tunelového ostenia sa kontroluje stav
vystuze a jej ochrany. Takdto diagnostika zahfiia zistovanie pevnos-
ti betdnu na povrchu, hribky krycej vrstvy, stavu vystuZe z hladiska
jej korézie, hibky karbonizacie a obsahu chloridov v krycej beténovej
vrstve, Pevnost beténu sa zistuje nedestruktivne tvrdomernou meté-
dou. Skusky sa vykonavaju podfa STN EN 12504 a STN 73 1373 a slu-
Zia na posudenie kvality beténu (pevnost, rovnorodost), pripadne
na odhalenie zacinajlcej degradacie. Viyskyt trhlin sa zistuje vizual-
ne. Trhliny sa zakresluju a ich $irka sa meria optickym trhlinomerom.
Zmena sirky trhlin sa sleduje mechanickym deformometrom. Hrib-
ka krycej vrstvy sa zistuje bud nepriamo pomocou profometra, alebo
priamo. Priamy sp6sob sa pouziva na tych miestach, kde sa vizudine
kontroluje stav vystuze. Na mieste, kde sa nachadza vystuz, sa zhoto-
vi jadrovy vrt s priemerom 30 mm. Vrt sa vedie aZ po Uroven vystuze
(obr. 3). Ziska sa tak sondazny otvor, ktory umoziiuje posudit vyskyt
korozie. Na takomto mieste je mozné priamo odmerat hrdbku krycej
vrstvy a nakalibrovat profometer.

Hrubka karbonizécie sa stanovuje néstrekom roztoku fenolftaleinu.
Postupuje sa podla normy STN EN 14630. Na Cerstvo vyvitany vyvrt
sa nastrieka roztok a na troch miestach sa meria hribka nesfarbene;j
vrstvy. Obsah chloridov sa stanovuje metédou rapid chlorid test. So
sledovanej vrstvy sa vitanim ziska beténovy prasok. Potom sa 1,5 g
prasku zmiesa s analytickym roztokom. Obsah chloridov sa zistuje
pomocou ponorenej sondy napojenej na meraci pristroj.

Vysledky diagnostiky ostenia tunela Horelica
Dialni¢ny Tunel Horelica dlhy 605 m je sucastou obchvatu mesta
Cadca. Prava tunelové rura bola uvedend do prevadzky v roku 2004
s obojsmernou premavkou. V roku 2012 sa vykonala diagnostika se-
kundérneho ostenia tunela. Ostenie pozostava z 52 blokov a diag-
nostika prebehla na polovici z nich. Vysledky z kazdého bloku sa
spracovali do tabulky, v grafe su zndzornené obsahy chloridov v jed-
notlivych vrstvach beténu a je tam vyznacend aktudlna poloha vy-
stuze (zelena farba). Grafy obsahuju aj trendové ¢iary na postdenie
stavu prostredia v mieste vystuze. Na obr. 4 su vysledky diagnostiky
z bloku 5 v blizkosti portélu.

Na obr. 5 s vysledky z bloku 29 v strede tunela. V beténe tohto
bloku boli zaznamenané poruchy (trhliny a kaverny). Hribka krycej
vrstvy je tu 70 mm a koncentracia chloridov v jej okoli sa bliZi ku kri-
tickej hranici.

Analyza vysledkov

Pri analyze vysledkov je na prvy pohlad zrejmé, Zze betdn tune-
la je vystaveny extrémnemu naméhaniu od okolitého prostredia
(vyfukové plyny, rozstrekovand voda s obsahom rozmrazovacich
solf). Dokumentuju to aj vysledky merania hibky karbonizacie, kto-
ra je vzhladom na vek konstrukcie (osem rokov) zna¢na. Alarmu-
juce su vysledky merania obsahu chloridovych iénov difundova-
nych do krycej betdnovej vrstvy. Z Udajov a grafov vyplyva, ze keby
bola hrubka krycej vrstvy v stlade s projektom (40 mm), vystuz by
sa nachddzala v silne agresivnom prostredi. V povrchovej vrstve
(0 @z 10 mm) dochadza umyvanim stien sekundarneho ostenia, ako
aj ucinkom rozstrekovania dazdovej vody dopravou k ciasto¢nému
vyplavovaniu difundovanych chloridov. Maximalne hodnoty obsa-
hu difundovanych chloridov (v % hmotnostnych jednotiek beténu)
sa zistili v hibke 10 az 20 mm. V hibke 30 az 40 mm, ¢o je projek-
tovand vrstva nad vystuZou, je koncentracia 0,12 az 0,20 %, ¢o nie-
kolkondsobne prevysuje limitnd hodnotu 0,05 %, ktora sa povaZzuje
za hranicu, od ktorej je pravdepodobny vznik korézie vystuze. Zis-
tend kvalita betdnu poukazuje na to, ze betén je pomerne nerov-
norody (jeho pevnost vykazuje znacny rozptyl). Priemerné hodno-
ty v jednotlivych blokoch su vyssie ako projektovana trieda betdnu.
Na odobratych jadrovych vyvrtoch sa zistil nadmerny vyskyt vidi-
telnych porov, ¢o urychluje prenikanie agresivnych latok do beto-
nu. Existujuce trhliny pri vizudinej kontrole vykazovali znaky pasiv-
neho spravania.
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Diagnostics of the state of reinforcement and
concrete cover layer of the secondary lining

In standard diagnostics of the tunnel lining the state of reinforce-
ment and its protection is checked. This diagnostics includes the
analysis of concrete strength on the surface, thickness of the cover
layer, state of reinforcement from the corrosion point of view, depth
of carbonatization and chloride content in the concrete cover lay-
er. The strength of concrete is tested by a non-destructive rebound
hammer method. Testing is carried out according to the standards
STN EN 12504 and STN 731373. The purpose is to evaluate the qual-
ity of concrete (strength and homogenity) and to discover its degra-
dation. The cracks are inspected by a visual method. They are marked
and their width is measured by an optic crack meter. The changes in
the crack width is followed by mechanical deformometer. The thick-
ness of the cover layer is measured either indirectly by profometer, or
directly. The direct method is used on the spot where the state of re-
inforcement is checked regularly. We make a drilled core with 30mm
diameter, which reaches to the depth of the reinforcement (Fig. 3),
thus creating a probe hole which enables to test the state of corro-
sion. In that place we can measure the thickness of the cover layer
and calibrate the profometer.

The thickness of carbonatization is measured on a core by spray-
ing phenolphthalein solution, in accordance with the standard STN
EN 14630. The thickness of non-coloured layer is measured in 3 plac-
es. The chloride content is measured by a rapid chloride test. From
the measured layer concrete dust is drilled. 1,5 g of dust is mixed
with the analytic solution. The chloride content is detected by an
electrode connected with the measuring device.

The results of diagnostics in Horelica tunnel lining
The highway tunnel Horelica with 605 m length is built on the by-
pass of Cadca town. The right tunnel tube was put into operation in
2004 (both ways). In 2012 diagnostics of secondary lining was carried
out. The tunnel lining consisted of 52 blocks, half of them were in-
spected. The following table presents chloride contents in the partic-
ular concrete layers and actual position of reinforcement is marked
in green colour. The graphs contain the trend lines for evaluation of
the actual state of the environment in the place of reinforcement.
Fig. 4 shows the diagnostics results from Block 5 near the portal.

In Fig. 5 the results are from the central part of the Block 29. In this
block damages in concrete — cracks and caverns — we rerecorded.
The thickness of the cover layer is 70 mm and the chloride concen-
tration is close to critical value.

Analysis of results

From the results it is clear that the tunnel concrete is exposed to
extreme loads from the surrounding environment (exhaust gases,
sprayed on water with defrosting salts content, etc.) It was proved
also by the results of measuring the carbonatization depth, which is,
regarded the age of the structure (8 years) considerably high. The re-
sults of measuring chloride ion contents diffused into the cover layer
are alarming. From the data and the graphs it is clear that if the thick-
ness had been in accordance with the design (40 mm), the reinforce-
ment would have been placed in highly aggressive environment.In
the cover layer (0 — 10 mm) the diffused chlorides are partially ex-
tracted by washing the tunnel lining walls, as well as by the effects of
rain water sprayed on by the transport. Maximum values of diffused
chlorides are in the depth of 10 — 20 mm (in % of weight units of con-
crete). In the depth 30 — 40 mm, a designed value over the reinforce-
ment, the concentration is 0,12 — 0,20 %, a multiple of the limit value
of 0,05 %, which is considered to be the border value for the occur-
rence of reinforcement corrosion.The detected quality of concrete
has shown that the concrete is quite heterogeneous (the concrete
strength shows considerable variations. The average values in the
blocks are higher than the designed concrete class. On the drilled
cores we detected an excess of visible voids, which enables fast pen-
etration of aggressive elements into concrete. During the visual con-
trol, the existing cracks showed the signs of passive behaviour.
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Tab. 2 Blok R5/ Block 5

1 Hrubka krycej vrstvy/Thickness of concrete cover (mm) 90

2 Stav vystuze/Reinforcement state Bez korézie/No corrosion

Rororiem’ R Remin/ Remi Trieda beténu/Concrete class
3 Pevnost beténu/Concrete strenght (MPa) Dhprient _cav Shrmin”_cruin
58 47 C 40/50
Hrubka skarbonizovanej vrstvy/ A B ¢ Priemer/Average
4 X R
Thickness of carbonatization layer (mm) 7 8 7
5 Obsah chloridov v beténe (% hm. j. b.)/ 0-10 10-20 20-30 30 -40 50 -60 60-70
Chloride content in concrete (% w. u. of c.) 0,25 0,43 0,34 0,19 0,076
Obsah chloridov/Chloride contents Obsah chloridov/Chloride contents
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Obr. 4 Vysledky merani v bloku ¢. 5 tunela Horelica
Fig. 4 Measurement results in Block 5 near the portal

Tab. 3 Blok R29/ Block 29

1 Hrubka krycej vrstvy/Thickness of concrete cover (mm)
2 Stav vystuze/Reinforcement state

R

3 Pevnost beténu/Concrete strenght (MPa)
4 Hrabka skarbonizovanej vrstvy/
Thickness of carbonatization layer (mm)
5 Obsah chloridov v beténe (% hm. j. b.)/ 0-10
Chloride content in concrete (% w. u. of c.) 0,28
Zaver

Viysledky pozorovani preukdzali enormné zatazenie tunela agresiv-
nymi plynnymi a kvapalnymi ldtkami. V tuneli Horelica sa zistilo, ze
na sledovanej Urovni je krycia vrstva v dosledku poklesnutia vystuze
vyrazne hrubsia ako projektovana (40 mm). Vdaka nadmernej hrib-
ke krycej vrstvy zatial nedoslo k jej korézii. Z vysledkov diagnosti-
ky vyplynulo, Ze projektovana hrubka krycej vrstvy vystuze je v tu-
neli Horelica nedostato¢nd. Pri navrhovani novych tunelov treba
zvazit primerané zvacienie krycej vrstvy. Pri zhotovovani najma vy-
stuzenych blokov sekunddrneho ostenia sa treba zamerat aj na skva-
litnenie vietkych stupriov betondrskych prac. Riesenim je aj sekun-
darna ochrana beténu vhodnym materidlom, aby boli zohlfadnené
i prevadzkové poziadavky v tuneli. Aktudina je poziadavka sledova-
nia stavu beténu sekundarneho ostenia tunelov a ochrany vystuze
skuskami v primeranych intervaloch a tuto poZiadavku treba zakom-
ponovat do manualov na udrzbu tunelov.
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Obr. 5 Vysledky merani v bloku ¢. 29 tunela Horelica
Fig. 5 Measurement results in Block 29 in the middle

70

Bez korézie/No corrosion

- Remin/ Remin Trieda beténu/Concrete class
57 C45/55
B C Priemer/Average
6 7 6
10-20 20-30 30-40 50-60 60 - 70
0,42 0,32 0,14 0,036
Conclusions

The results of observation have proved enormous loading of the
tunnels by aggressive gaseous and liquid substances. In Horelica
tunnel we have found that due to the lowering of the reinforcement
the cover layer is considerably thicker than the designed position of
the layer (40 mm). Due to the excessive thickness of the cover lay-
er corrosion has not occurred. The results of diagnostics have shown
that the designed thickness of the cover layer in the Horelica tunnel
is insufficient. In the design of new tunnels an increase of the cover
layer should be considered. When producing the reinforced blocks
of the secondary tunnel lining, the quality of all kinds of concrete
works should be higher. Another solution is to apply an appropriate
secondary concrete protection by means of an appropriate material,
so that the operation conditions in the tunnel are considered. There
is a requirement to observe the actual state of concrete in the sec-
ondary tunnel lining, as well as the reinforcement protection by test-
ing in appropriate intervals. This should be included in the manual
for the maintenance of tunnels.
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Vzduchopriepustnost vysokohodnotného vlaknobeténu
The Air Permeability of High Performance Fiber Reinforced Concrete

Clénok sa zaobera vysledkami vyskumu vzduchopriepustnos-
ti vysokohodnotného vlaknobeténu (VHVB) metédou Torrent.
Ziskat hodnoverné parametre charakterizujuce vzduchoprie-
pustnost zatvrdnutého beténu si vyzaduje spolahlivé skisobné
zariadenie a testovacie metddy, ktoré su univerzélne pouzitel-
né. Jednym z takychto komercne dostupnych zariadeni je prave
Torrent permeability tester. Vzduchopriepustnost a niektoré dal-
Sie fyzikalne vlastnosti sa merali na kockovych vzorkach beténu
bez posobenia a s pdsobenim urcitej drovne tlakového namaha-
nia pocas testu. Skusobné kocky boli vyhotovené z VHVB, pricom
sa lisili mnoZstvom vldknovej vystuze.

Plynopriepustnost betdnu sa povazuje za jeden z hlavnych indika-
torov jeho trvanlivosti. Meranie plynopriepustnosti sa robf na vzor-
kdch, ktoré spravidla nie su vystavené (pred alebo pocas skusky)
ur¢itym vonkajsim zatazeniam, ktoré by sposobili mikrotrhliny v za-
tvrdnutej cementovej matrici. V pripade redlnej konstrukcie je v betd-
ne vzdy urcitd hladina napatosti a v takomto pripade je priepustnost
betdnu spravidla ovplyvnend pritomnostou mikrotrhlin. Poznat obi-
dva pripady, priepustnost beténu bez trhlin a priepustnost beténu
obsahujuceho urcité mnozstvo mikrotrhlin, je zékladnym predpokla-
dom na spravne hodnotenie trvanlivosti betonu. Existuju rézne me-
tédy na meranie parametrov, ktoré charakterizuju priepustnost beto-
nu vo vztahu k plynopriepustnosti [2], [3]. Rozdiely su v postupoch
testovania, ako aj v samotnej podstate sledovanych parametrov prie-
pustnosti. Aby bolo mozné ziskat realisticky obraz o trvanlivosti ne-
jakej beténovej konstrukcie, je dolezité poznat fyzikalne vlastnosti jej
povrchovych vrstiev do hibky priblizne 50 mm. Od tychto vlastnost
zavisf trvanlivost a prevadzkova Zivotnost konstrukcie. Postupy zho-
tovovania beténovej konstrukcie su spojené s bezne znamymi jav-
mi ako,potenie” cerstvého betdnu, akumuldcia cementového mlieka
v kontakte s formou debnenia (oznacované ako stenovy efekt), dalej
so spdsobom zhutrovania cerstvého beténu, zmenami na povrchu
v dosledku Uniku cementového mlieka alebo s moZznou segregdciou
kameniva.V dosledku vplyvu tychto faktorov su charakteristiky beté-
nu v blizkosti debnenia a vo vnutornom objeme prvku rozdielne. To
je hlavny dévod, preco treba posudzovat povrchové vrstvy zatvrdnu-
tého betdnu konstrukcie pomocou takych nedestruktivnych testova-
cich pristrojov, ktoré zabezpecia rychle a spolahlivé vysledky merani.
Takéto poziadavky spiha v sicasnosti testovacia metéda pomocou
komeréne dostupného pristroja Torrent Permeability Tester (TPT).

Meraci pristroj TPT a testovacia metdda

Meraci pristroj TPT pozostava z vékuovej pumpy, dvoch komor va-
kuovej hlavice s tesniacimi krdzkami, kontrolnej jednotky a jednot-
ky automatického vyhodnocovania meranych hodnét (obr. 7). Prin-
cip pristroja je zaloZzeny na meranf ¢asovo zavislého zvy3ovania tlaku
vo vnutornej komore po vyvolan{ stavu védkua pomocou vakuovej
pumpy. Vonkajsia komora slizi na odvedenie falosného vzduchu
vnikajuceho po obvode hlavice. Tymto spdsobom sa dosiahne to, ze
smer vzduchu vnikajuceho do vnutornej komory je kolmy na plo-

The paper is dealing with the research of the air permeability
of high performance fiber reinforced concrete (HPFRC) evaluat-
ed by the Torrent method. To obtain reliable parameters charac-
terizing the gas permeability of hardened concrete, reliable test
equipment and testing methods are required. One of these com-
mercially available equipments is the Torrent permeability test-
er. Air permeability was measured on the concrete cube speci-
mens with and without applied compressive stress. Experimental
cube specimens made of HPFRC varied in the amount of fiber re-
inforcement.

Gas permeability of concrete is a property, which is recognized as
one of the basic indicators of its durability. Measurements of air per-
meability are mostly carried out on samples, which are not exposed,
before or during the test, to any certain external loads. These loads
would cause microcracks in the hardened cement matrix and thus
affect the permeability of the concrete specimens. This fact should
be kept in mind because in the case of real structures there is al-
ways some stress level and thus the concrete permeability is usual-
ly affected by microcracks. To know both, permeability of sound con-
crete and the permeability of concrete containing certain amount of
microcracks, is the basic assumption for correct evaluation of its du-
rability.

There are different methods for measuring the parameters which
are characterizing the permeability of concrete in relation to gas per-
meability [2], [3].The differences are in testing procedures as well as
in the nature of the observed permeability parameters. In order to
obtain a realistic view on the durability of some concrete structure, it
is important to know especially the physical properties of its surface
layers up to the depth of approx. 50 mm. On these properties the du-
rability and the service life of the structure depends. One of the rea-
sons is the fact that the execution procedures of concrete structures
are accompanied by commonly known phenomena like "bleeding”
of fresh concrete, cement milk accumulation in the contact with
the formwork (known as "the wall effect"), the way of fresh concrete
compaction, surface modifications of freshly poured concrete or
possible aggregate segregation. As the consequence of these fac-
tors the characteristics of fresh and hardened concrete are different
near the formwork and in the mass of the concrete elements. This
is the main reason why it is necessary to evaluate the surface layers
of hardened concrete structures by using some non-destructive test
equipment which guaranties fast and reliable test results. Such re-
quirements could be fulfilled also by the commercially available TPT
equipment (Torrent Permeability Tester).

TPT Measurement device and testing method

TPT measuring device consists of a vacuum pump, two chamber
vacuum cell with sealing rings, control unit and automatic evalua-
tion unit (Fig. 7). The principle of the device is based on measuring
the time-dependent increasing of the pressure in the inner cham-
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Obr. 1 Suprava Torrent Permeability Tester
Fig. 1 Set of the Torrent Permeability Tester device

chu v komore vystavenej Uc¢inkom vékua (obr. 2). Vyhodou pristroja
TPT je jeho prenosnost, ¢o umozZnuje jednoduché meranie paramet-
rov priepustnosti povrchu beténovych vrstiev konstrukcie priamo na
mieste stavby.

Pristroj zabezpecuje priamy tok vzduchu do vnitornej komory hla-
vice a vypocet spravnych hodnot koeficientu priepustnosti kT. Vypo-
Cet je zalozeny na teoretickom modeli, ktory je vyjadreny vzorcom

2
P, + AP
In| ===
u P —AP

2
kT:(ﬁj .
A) 2P | A=,

kde KT je koeficient permeability betonu (m?),

V. — objem vnutornej komory (2,2 . 10° m?),

A - plocha vndtornej komory (19,6 . 104 m?),

u — viskozita vzduchu pri 20 °C (1,84 . 10° Ns/m?),
E - teoretickd porovitost beténu (0,15),

Pa - atmosféricky tlak (1 000 Pa),

AP — zmena tlaku vo vnutornej komore (20 N/m2),
t, — zaciatok merania (60 s),
T - celkovy ¢as merania (maximélne 720 s).

Namerané hodnoty priepustnosti kT a hibky penetracie vékua L
zavisia od vlhkosti povrchovej vrstvy beténu. Pri zvysujlcej sa vih-
kosti namerana hodnota koeficientu priepustnosti kT klesa. Stc¢astou
meracieho pristroja TPT je tieZ senzor na meranie vihkosti obsiahnu-
tej v povrchovej vrstve betdnu, ktorym sa meria elektricky odpor p.
Pre sucinitel priepustnosti kT vihkého, respektive mladého betonu
sa urcuje opravna hodnota k7. Na tento Ucel sa pouziva nomogram
na urcenie hodnoty elektrického odporu p. Tento nomogram vyvi-
nul vyrobca pristroja TPT [5]. Celkové hodnotenie merani priepust-
nosti povrchovych vrstiev beténu, vyuzivajuce faktor priepustnosti
kT a hibku penetrécie vakua L, sa ukon¢i klasifikiciou povrchovej vrs-
tvy beténu, t. j. ur¢enim triedy beténu podla tab. 1.

Tab. 1 Kvalitativna trieda povrchovej vrstvy beténu [5]
Tab. 1 Quality classes of the concrete surface layer [5]

Kvalita povrchovej vrstvy beténu/

Velmi zla/Very bad 5 >10
Zla/Bad 4 1,0-10
Bezna/Normal 3 0,1-1,0
Dobra/Good 2 0,01 -0,1
Velmi dobra/Very good 1 <0,01
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Obr. 2 Princip fungovania dvoch komér vakuovej hlavice
Fig. 2 The function of the two chamber vacuum cell

ber after the vacuum is generated by the pump. The outer chamber
serves for the purpose of draining "fake" air flowing from the circum-
ference of the two chamber cell. By the outer chamber it is achieved,
that the direction of the air flowing into the inner chamber is in per-
pendicular direction to the vacuum cell plane Fig. 2. The advantage
of TPT equipment is also its portability, which allows to measure per-
meability parameter of the concrete surface layers directly on con-
struction site.

Calculation is based on a theoretical model expressed by the formula:
2
P, +AP
In|
P.—AP

2
kT:(ﬁJ M
A) 2.eP | A=yt

m

where kT je the coefficient of permeability of concrete (m?),
V. — the volume of inner chamber (2,2 . 10° m?),
A — area of the inner chamber (19,6. 104 m?),
u — viscosity of air at 20 °C (1,84 . 10° Ns/m?),
E — theoretical porosity of concrete (0.15),
Pa — atmospheric pressure (1 000 Pa),
AP - change of the pressure in the inner chamber (measu-
red value 20 N/m?),
t, — the beginning of the measurement (60 s),
T — the total time of the measurement (max. 720 s).

Vakuova pumpa
Vaccum pump

—

Ventily
Tlakomer Valves
Unit for pressure

measuring

]

LI

Vyrovnavat tlaku
Pressure compensator

Dvojkomorova hlavica
Cell with two chambers

Beton
Concrete

Obr. 3 Schéma pristroja Torrent Permeability Tester
Fig.3 Scheme of the TPT device
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J Materialy

Obr. 4 Meranie vzduchopriepoustnosti na beténovych kockovych vzorkach (skdska
vzduchopriepustnosti na kockovych vzorkach vystavenych tlakovému namahaniu)
Fig. 4 Air permeability measurement on concrete cube specimens (air permeabi-
lity test on cube specimens exposed to compressive load)

Vzduchopriepustnost neporusenych vzoriek
betonu vystavenych tlakovému namahaniu

Pristroj TPT sa pouziva naj¢astejsie na testy vzduchopriepustnosti po-
vrchovych vrstiev vystuzenych alebo predpatych beténovych kon-
strukcif. Pocas prevadzkovej zivotnosti tychto konstrukcii je v ich po-
vrchovych vrstvach na réznych miestach urcitd napatost, ktord zavisf
od miesta a velkosti pdsobiaceho zataZenia. Existuje len relativne
malo skdsenosti s meranim plynopriepustnosti na vzorkach z vyso-
kohodnotného vidknobetdnu vystaveného urcitej hladine napatos-
ti. Napriklad Picadent a kol. [2] merali priepustnost plynu cez vzorky
obycajného, vysokohodnotného betdnu a vldknobetdnu, ktoré boli
narezané z valcov (priemer 110 a 220 mm) a vystavené striedavému
tlaku v hodnote 60 a 90 % medznej hodnoty pevnosti v tlaku. D6-
sledky Urovne napétosti na plynopriepustnost v pravouhlom sme-
re boli monitorované na neporusenych vzorkach. Adamek, J. a kol.
[1] monitorovali zmeny koeficientu priepustnosti kT v ¢ase (s vyuzi-

Tab. 2 Pevnost betonu v tlaku (stredné hodnoty)
Tab. 2 Compressive strength of concrete (mean values)

. Pevnost v tlaku/
Typ Mnozstvo f o ee0 (MPa)

&

beténu/ | vlaknovej vystuze/
Vek: 180 Vek: 10
dni/ rokov/
A 1,37 60,63 68,71 69,40
0 50,98 56,78 76,80
C 2,74 51,85 63,75 74,90

Tab.3 Dynamicky modul pruznosti (stredné hodnoty)
Tab. 3 Dynamic modulus of elasticity (mean values)

Dynamicky modul pruznosti/

Typ Mnozstvo
beténu/ | vladknovej vystuze/ )
Vek: 28 dni/ Vek: okov/
A 1,37 41,49 47,11
0 41,78 45,70
C 2,74 43,63 48,90
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The measured permeability values, kT and the depth of vacuum
penetration L are dependent on the moisture of the surface layer. By
increasing the moisture of concrete the measured value of the per-
meability coefficient kT is decreasing. As the part of the TPT measur-
ing device there is also a sensor for measuring the moisture content
of the concrete surface layer by using electrical resistance. Permea-
bility coefficient kT for wet or for young concrete is determined by
correction of the kT value. For this purpose the nomogram of elec-
trical resistance p value can be used. The nomogram was developed
by the TPT equipment manufacturer [5]. The overall evaluation of the
permeability measurements is accomplished by classification of the
surface layer into quality class according Tab. 1.

Air permeability of sound concrete specimens
exposed to compressive stress

TPT equipment is most commonly used for testing the air perme-
ability of surface layers of reinforced or prestressed concrete struc-
tures. During service life of these structures there is always a certain
level of stress, which is dependent on the position and magnitude
of the actual loads.

There is relatively only little experience with the measurements
of gas permeability on the high-strength fiber-reinforced concrete
specimens subjected to some stress level. For example, Picadent, V.
et al. [2] measured the gas permeability on normal, high perfor-
mance and on fiber-reinforced concrete specimens, which were cut
from cylinders (110 mm and 220 mm in diameter) exposed to cycli-
cal pressures with magnitude reaching 60 and 90 % of the ultimate
compressive strength. The impact of stress level on gas permeabili-
ty was monitored on unloaded samples in perpendicular way to the
cross section. Adamek, J. et al. [1] were monitoring the changes of
the permeability coefficient kT in time (by using of TPT method) on
normal strength concrete. Several types of drainage foils attached to
the moulding were used.

Research results presented in our paper are focused on the moni-
toring of the air permeability (by using the TPT method) on high-per-
formance concrete specimens, without and with different amounts
of fiber reinforcement exposed to different stress levels. Measure-
ments were provided on a concrete cubes in perpendicular direction
to the direction of the casting and applied pressure forces (Fig. 4b).
Cubes with the edge of 200 mm were used for the tests in accord-
ance with the requirements for the TPT method [5]. All cubes were
made of high-performance concrete (type B) and high-performance
fiber-reinforced concrete (type A and C). The specimens were stored
in time span of 10 years on free air in laboratory environment. As
fiber reinforcement the FIBRAFLEX metal fibers (French origin) were
used. Basic parameters of the compressive strength and dynamic
modulus of elasticity of the tested concrete cubes are given in Tab. 2
and Tab. 3.

Mean values of the air permeability coefficient kT and the depth of
vacuum penetration L on concrete specimens measured on different
types of concrete (A, B and C) under different compressive stress lev-
els are presented in Tab. 4. Measurements were carried out at com-
pression stress levels equal to 0 %, 30 % and 60 % of the mean com-
pressive strength of the concrete at the actual time, expressed by the
f./f.., ratio. Air permeability was also measured after unloading of the
samples (from the 30 % and 60 % of f_, stress level), but these values
are not presented in this particular paper. After the measurements of
the air permeability kT and the depth of vacuum penetration L were
done, measuring of the dynamic modulus of elasticity £, was car-
ried out by ultrasound device. The values of the dynamic modulus
of elasticity are shown in tab. 5 at different compression stress lev-
els. On each sample 3 measurement were carried out for each type
of concrete (A, B and C) along its diagonal and then the average val-
ue had been computed.

[tis possible to express the measured changes of permeability val-
ues by the relative values presented in Tab. 6 and 7.

Graphic presentation of the air permeability coefficient kT is shown
in Fig. 5,6 and 7.

www.inzinierskestavby.sk
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Tab. 4 Hodnoty koeficientu vzduchopriepustnosti kT a hibky penetracie vékua L (stredné hodnoty )
Tab. 4 Values of air permeability coefficient kT and the depth of vacuum penetration L (mean values)

Hladina zatazenia 30 % f_,/ Hladina zatazenia 60 % f_ ./

Nezatazené/
Vzorka/
C 0,371 40,6
B 0,321 389
A 1,159 534

tim metddy TPT) na betdne s beznou pevnostou. Pri vyrobe skusob-
nych vzoriek sa na stenu formy debnenia pouzili rézne druhy dre-
naznych folit.

Vysledky vyskumu prezentované vysledkami skisok v tomto ¢lan-
ku boli zamerané na vzduchopriepustnost (s pouzitim TPT metody)
vzoriek vysokohodnotného beténu bez vldken a s obsahom rézne-
ho mnozstva vldken vystavenych réznej Urovni napdtosti. Meralo sa
na beténovych kockéch v smere kolmom na smer beténovania a pé-
sobiacej tlakovej sily (obr. 4). Kocky s hranou 200 mm sa pouzili na
skusky v zhode s poziadavkami metody TPT [5].

Vsetky kocky boli vyrobené z vysokohodnotného betdnu (typ B)
a vysokohodnotného vldknobeténu (typ A a C). Vzorky boli ulozené
10 rokov na volnom vzduchu v prostredi laboratéria. PouZila sa kovo-
va vldknova vystuz Fibraflex (franctzska vyroba). Zékladné parametre
pevnosti beténu v tlaku a dynamického modulu pruznosti zistované
na beténovych kockach su uvedené v tab. 2 a 3.

Stredné hodnoty koeficientu vzduchopriepustnosti kT a hlbky
penetracie vakua L meranych na vzorkach rézneho typu betéonu A,
B, C pri posobeni réznej hladiny tlakového namahania su uvedené
v tab. 4. Ciastkové merania sa vykonali pri hladine tlakového naméa-
hania rovnej 0 %, 30 % a 60 % zo strednej hodnoty pevnosti beténu
v tlaku v aktudlnom veku, ¢o je vyjadrené pomerom f_/f, . Vzducho-
priepustnost sa merala aj po odlah¢eni kazdej vzorky od hladiny na-
patosti30 % a 60 % zf,,.

Po uskuto¢neni meranf vzduchopriepustnosti kT a hlbky penetra-
cie vakua L sa pomocou ultrazvukového pristroja meral dynamicky
modul pruznosti £_ 4.V tab. 5 si uvedené namerané hodnoty dyna-
mického modulu pruznosti na kazdy z troch druhov beténu A, Ba C
pri réznych hladinach tlakového namdhania. Pri kazdej vzorke beto-
nu typu A, B, C sa vykonali tri merania pozd[# uhlopriecky steny kocky
a z nich sa urcila priemerna hodnota. Namerané zmeny priepustnos-
ti mozno vyjadrit relativnymi hodnotami (tab. 6 a 7). Grafické znazor-
nenie koeficientu vzduchopriepostnosti kT, ktory sa zvysuje (respek-
tive znizuje) podfa mnozstva vldknovej vystuze a Urovne tlakového
namahania, uvadzaju obr. 5 az 7.V tab. 8 su uvedené hodnoty dyna-
mického modulu pruznosti £, . pri napdtosti 30 % a 60 % z hodno-
ty f..

Grafické znazornenie vztahu medzi dynamickym modulom pruz-
nosti a mnozstvom vystuze je na obr. 8 (hodnoty platia na drovni na-
patosti rovnej 30 % z hodnoty f_,).

Tab. 8 Vplyv mnozstva vldknovej vystuze na dynamicky modul pruznosti £,

¢, dyn

Hladina zataZenia 30 %/

Vzorka/

C1

48,5
c3 47,2
B1 44,5

44,9
B2 45,3
v 46,7

46,7
A1 48,2
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0,616 46,7 2,464
0,320 38,9 7,529 90,1
1,823 59,5 17,650 118,0

Tab. 5 Dynamicky modul pruznosti £, (stredné hodnoty)
Tab. 5 Dynamic modulus of elasticity £, (mean values)

Hladina zatazenia 30 % f_,/ | Hladina zatazenia 60 % f, /

Vzorka/

Ec, dyn (GPa) Ec, dyn (GPa)
48,5 53,3

B 44,9

47,6

A 47,5 50,6

Tab. 6 Relativne zvysenie permeability pri zvyseni zatazenia na 30 a 60 % f_,
Tab. 6 Relative increase of permeability caused by increased loading at 30 and

60%of f,,,
C 1 1,660 6,642
B 1 0,997 23,455
A 1 1,573 15,229

Tab. 7 Relativna zmena napdtosti po odlahceni vzorky od hladiny zatazenia
30a60%zf,,
Tab. 7 Relative change of permeability after unloading from 30 and 60 % of £,

Hladina zatazenia/ (%)

= —_“
C 1,660 6,642
B 1 0,997 23,455
A 1 1,573 15,229

Tab. 8 presents the dynamic modulus elasticity £, at 30 and

60 % of f_,. Graphic presentation of the relation between dynamic
modulus of elasticity and the fiber reinforcement amount is shown
in fig. 8 (values are at stress level equal to 30 % of f_ ).

pri hladine namahania 30 % a 60 % z hodnoty f_,
Tab. 8 Effect of the fibre reinforcement amount on the dynamic modulus of elasticity £,

< 4n @t 30and 60 % of ., stress level

Hladina zatazenia 60 %/

49,8

'/’

53,3 1,098
53,1
47,4

47,6 1,060
478
50,3

50,3 1,077
50,8
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Obr. 5 Zavislost medzi zvysenim relativnej priepustnosti (Uroven tlakového nama-
hania zvysend z 30 % na 60 % z hodnoty f, ) a mnozstvom vldknovej vystuze

Fig. 5 Relation between relative permeability increasing (compressive stress level
increasing from 30 to 60 % of f_) and the amount of fibre reinforcement
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Obr. 7 Relativne zvysenie priepustnosti po odlah¢eni od naméhania na trovni 30
a 60 % z hodnoty f_,

Fig. 7 Relative increase of permeability after unloading from 30 and 60 % of f_ ,
stress level

Zavery

e So zvysujucim sa mnozstvom vlaken v betdne sa vyrazne znizuje
jeho priepustnost pri pdsobeni tlakového naméahania. Cim je v be-
téne viac vldken, tym menej to ovplyviiuje priepustnost pri zvysu-
jucom sa zatazeni. Priepustnost beténu bez vldken je 23-krat vys-
dia, ked' sa hladina namahania zvysi z 30 % na 60 % Urovne f_..
Ten isty betdn s 2,74-percentnym mnozstvom vidken vykazuje len
4-ndsobne vyssiu priepustnost pri rovnakom zvyseni namahania.

o Kvalita spracovania beténu ma viak ovela vacsi vplyv na jeho prie-
pustnost ako samotnd vldknova vystuz.

e Pocas zvysovania hladiny tlakového namdahania sa na niektorych
skusobnych vzorkdch objavili trhliny. Tento jav vyrazne ovplyvriu-
je vysledky skusok. Ak sa na vzorke objavila okom viditelna trhlina
(pri hladine naméhania 30 % a 60 % z hodnoty f_), tento vysledok
sa nepouzil pri vyslednom vyhodnoteni. Po odlahceni od tlakové-
ho naméhania sa trhlina uzavrela a nebola okom viditelna. Na zak-
lade vysledkov merani mozno konstatovat, Ze priepustnost mera-
nd na povrchu porusenom viditelnou trhlinou sa nemédze pouzit
pri hodnoteni vysledkov.

e Po odlah¢eni vzorky sa regeneracia priepustnosti prejavuje efektiv-

nejsie pri betdne bez vldknovej vystuze. V tomto pripade sa prie-

pustnost znizi 8-krat. Na druhej strane, priepustnost beténu s ob-
sahom 2,74 % vldken sa regeneruje len 2,4-krat.

Pri betédnovej vzorke bez vldknovej vystuze bola redukcia relativ-

nej priepustnosti (0,66-krat) pozorovana pri hladine naméhania

30 % z hodnoty f_..V pripade vldknobeténu sa tento fenomén ne-

prejavuje a priepustnost betdnovych vzoriek pri hladine namaha-

nia 30 % z hodnoty ., bola priblizne rovnaka ako pri nezatazenych
vzorkach.

e Vplyv mnozstva vldknovej vystuze bolo tiez mozné pozorovat na
hodnotach priepustnosti beténovych vzoriek po odlahéeni. Vzorky
bez vldken, ktoré boli zatazené na Urovni 60 % z hodnoty ., a n&-
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Obr. 6 Relativne zvysenie priepustnosti pri hladine namahania 30 % a 60 %
zhodnoty f_,
Fig. 6 Relative increasing of permeability at 30 and 60 % of f_, stress level
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Obr. 8 Zavislost medzi dynamickym modulom pruznosti a mnozstvom vldknovej
vystuzZe (hodnoty pri hladine tlakového naméhania rovnej 30 % z hodnoty f_)
Fig. 8 Relation between dynamic modulus of elasticity and the fibre reinforce-
ment amoun (values are at compressive stress level equal 30 % of f_ )

cm:

Conclusions

e |n relation with the increasing amount of fibers in concrete, there is
a significant reduction of its permeability under the compressive
load. More fibers in the concrete reduce the permeability increase at
increasing load. Tested concrete without fibers had more than 23-
times bigger permeability after increasing the stress level from 30 to
60 % of f_... The same concrete with the fibers amount of 2.74 % showed
only 4-times bigger permeability after the same load increasing.

e The quality of concrete mix compaction had much bigger impact
on the permeability than the fiber reinforcement amount.

e During increasing of the compressive load level, crack had occur-
red on some specimens. This fact strongly influenced the test re-
sults. If a visible crack had developed (at the stress level 30 or 60 %
of 1) this result was not used for the test result calculation. After
unloading the specimens the crack closed and was not visible by
naked eye. From the measurements results, it can be concluded
that the permeability measured at the surface with a visible crack
cannot be used in the evaluation of the results.

o After the compressive load has been removed, the regeneration of
permeability was bigger on concrete specimens without fiber re-
inforcement. Permeability measured on specimens without fiber
reinforcement decreased more than 8-times after unloading. On
the other hand, the permeability of concrete with a fiber content
of 2.74 % regenerated only 2.4-times.

e In concrete specimens without fiber reinforcement, relative per-
meability reduction (0.66-times) was observed at the stress level

of 30 % of f_.. In the case of fiber reinforced concrete this pheno-

menon doesn’t occurred and the permeability of concrete speci-
mens at stress level of 30 % of f_, was approximately the same as
the permeability of the unloaded concrete specimens.

e The impact of the fiber reinforcement amount was also observed
on permeability values of the concrete specimens after unloading.
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sledne odlahcené, vykazovali 4,3-ndsobné zvysenie priepustnosti
v porovnani so stavom po odlahceni od hladiny namahania 30 %
zf,,. Na druhej strane, ten isty betén s obsahom vldken 2,74 % vy-
kazoval v tom istom pripade len 2,4-ndsobné zvysenie priepust-
nosti.

e Dynamicky modul pruznosti je ovplyvneny hladinou tlakového
namahania, ako aj mnozstvom vidknovej vystuze v beténe. Ked sa
tlakové naméhanie zvysilo na hodnotu 60 % z dUrovne f_, dyna-
micky modul sa tiez zvysil (1,1-krdt pri vzorkdch s obsahom vldken
2,24 % a 1,06-krét pri vzorkdch bez vldknovej vystuze).

o Dynamicky modul pruznosti pri Grovni 30 % namahania z hodnoty
f.., bol vyssi pri vzorkdch s vidknovou vystuzou (dosledkom vyssie-
ho obsahu vldken je vy33i dynamicky modul pruznosti). Po odlah-
Ceni od urcitej hladiny tlakového naméhania zostdva dynamicky
modul pruznosti na tej istej Urovni ako pred odlahcenim.

e Pri Urovni tlakového namdhania 60 % z hodnoty f_,, bol namerany
dynamicky modul pruznosti v strede vzorky (kocky) vyssi ako pri
okraji (rozdiel medzi nameranymi hodnotami bol asi 15 %).

Literatura

[11 Adédmek, J. - Jurdnkova, V. - Stehlik, M.: Influence of drainage cover
arrangement on the concrete surface layer properties, In: Proceeding of the
Conference CONCRETE DAYS 2006, Bratislava, s. 173 — 178 (dostupné v cestine).
Picadent, V. — Khelidj, A. - Bastian, G.: Gas permeability of mechanically
damaged concrete, In: Proceeding of Third International Conference on
Concrete Under Severe Conditions, Edited by N. Banthia, K. Sakai and

O. E. Gjory, Vancouver, Canada 2001.

Bagel, I'. - Zivica, V.: Relationship between Pore Structures and Permeability
of hardened Cement Mortars: On the Choice of effective Pore Structures
Parameter, Cement and Cement Research, 1997/98, ¢. 27,s.1 225 — 1 235.
Hudoba, I. - Mugkova, L.: Final report on control test results of mechanical and
physical properties of fibre concrete for container production, Faculty of Civil
Engineering STU, april 1999 (dostupné v slovencine).

Permeability tester TORRENT, Operating Instructions — PROCEQ.

Banthia N. - Bhargava, A.: Permeability of Stressed Concrete and Role of Fiber
Reinforcement, In: ACl Materials Journal, 2007.

www.inzenyrske-stavby.cz

The specimens without fibers, which have been loaded to stress
level of 60 % of f_, and consequently unloaded showed 4.3-times
increasing of the permeability in comparison with the state after
unloading from stress level 30 % of f_... On the other hand, the sa-
me concrete containing 2.74 % fibers, showed in the same case
only 2.4-times increased permeability.

The dynamic modulus of elasticity was influenced by compressive
stress level as well as by the amount of fiber reinforcement. When
the stress level was increased to 60 % of f_,, the dynamic modulus
of elasticity also increased (1.1-times in the specimens with 2.74 %
of fiber reinforcement and 1.06-times in the specimens without fi-
ber reinforcement).

The measured dynamic modulus of elasticity at the stress level
of 30 % of f_,, was higher on specimens with fiber reinforcement
(higher amount of fiber reinforcement induced higher measured
values of dynamic modulus of elasticity). After unloading from
a certain compressive stress level, the dynamic modulus of elasti-
city remained at the same level as before loading.

On stress level of 60 % of f_, the measured values of dynamic mo-
dulus of elasticity were higher at the middle part of the specimen
(cube) than at the edges (the difference between measured valu-
es was approx. 15 %).
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Pavol Tekula — Lubomir Lasan

Prefabrikovana zelezobeténova nosna konstrukcia

- hangar Letiska M. R. Stefanika v Bratislave
Prefabricated Reinforced-Concrete Structural Framing
- Hangar at M. R. Stefanik Airport in Bratislava

Nosné konstrukcia prvého Hangéra VIP Handling na Slovensku
na bratislavskom Letisku M. R. Stefénika je vytvorena kombina-
ciou ocelovych a beténovych prvkov. Ocelové prvky sa pouzili na
vytvorenie strednej konstrukcie a ocelovych stuzeni v obvodo-
vych stendch, ktoré su priamo spojené so zvislymi beténovymi
konstrukciami — prefabrikovanymi zelezobeténovymi stipmi. Na
miestach ukotvenia vstupnych segmentovych vrat zabezpecuju
horizontélnu stabilitu stuzujuce veze vytvorené z prefabrikova-
nych stipov spojenych monolitickymi Zelezobeténovymi stenami.

Opis objektu

V suvislosti s rekonstrukciou a modernizaciou termindlu Letiska
M. R. Stefanika v Bratislave sa realizovalo aj viacero sUvisiacich objek-
tov. Jednym z nich je Hangar VIP Hangling. Je navrhnuty ako velko-
priestorova hala s poddorysnymi rozmermi 150 X 50 m, ktord je vnu-

The first VIP Handling Hangar both in Bratislava and Slovakia, sit-
uated at M. R. Stefanik Airport with its structural framing made
of a combination of steel and concrete elements. The latter ones
are used to create a roof structure and steel reinforcements in the
perimeter walls and are directly connected with vertical concrete
structures — prefab reinforced concrete columns. At the place
where the segmental entrance gates are anchored, horizontal sta-
bility is secured by reinforcing towers made of prefab columns
that are interconnected with monolithic reinforced concrete walls.

Structure description

Reconstruction and modernisation of M. R. Stefanik Airport termi-
nal in Bratislava covered several items, VIP Handling Hangar being
among them. It is designed as a large-volume hall with 150 x 50 m
area that is divided into 3 separate hangars by internal partition walls

- [
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Zakladné udaje o stavbe/

Basic specifications of structure

Projektant architektonicko-stavebnej casti/Designer of architectural
and constructional stages: PIO-Keramoprojekt Trencin, a. s.
Investor/Investor: VIP Handling, a. s.

Dodavatel/Supplier: ZIPP BRATISLAVA, spol. s r. 0.

Objem prefabrikatov/Volume of prefabs: 398 m?

Zabudovana vystuz/In-built reinforcement: 82,5 t

Zabudované kotevné platne/In-built anchorage slabs: 18,481 t
Objem stavebnych prac/Price of constructional work: 7,1 mil. eur
Cas vystavby/Duration of construction: 14 mesiacov/14 months

tornymi prieckami variabilne delend na tri prevadzkovo samostatné
hangére vybavené vstupnymi segmentovymi vratami so svetlou Sir-
kou = 38,2 m a svetlou vyskou = 13,3 m.

Zvisli nosnu konstrukciu tvoria prefabrikované stipy s monolitic-
kymi stuzujucimi stenami (jadrami), ktoré zéroven zabezpecuju ho-
rizontalnu statickd stabilitu objektu v stene so vstupnymi segmen-
tovymi vratami. Po ostatnom obvode je stabilita zaistend systémom
pomerne mohutnych ocelovych stuzenf medzi stipmi.

Vodorovnu nosnu konstrukciu zastresenia tvoria velkorozponové
ocelové priehradové vazniky (L = 50,0 m), na ktorych je lahky velko-
rozponovy stresny plast (L = 13,0 m). Fasada je z lahkého skladaného
kovoplastického plasta. Prioritnu Ucelnost a UZitkovost objektu zvon-
ka esteticky dotvara zakrivena stre$nd rovina a zvnutra Sikmo tvaro-
vané hlavné modulové stlpy. Spolu s dalsimi doplnkami tak stavba
nadobuda dynamicky charakter vhodne kore$pondujuci s lietanim.

Objekt je s ohfadom na geologické pomery a posobiace velké si-
lové Ucinky zaloZzeny na velkopriemerovych Zelezobeténovych pi-
l6tach. Do monolitickych hldv pilét st prefabrikované stipy ukotve-
né cez ocelové patky Peikko. Takéto ukotvenie zabezpecuje staticky
efekt votknutia prefabrikovanych zelezobeténovych stlpov.

Prefabrikacia
Prefabrikované prvky su reprezentované obvodovymi nosnikmi
a nosnymi stipmi. Obvodové nosniky s zateplené a maju sendvi-
¢ovu skladbu: vnutorna nosné vrstva + tepelnd izolacia + vonkajsia
membrana (150 + 60 + 80 = 280 mm). Zaroven plnia funkciu parape-
tu hornej stavby. Maju teda zvycajnu konstrukciu s beznym riesenim
spodného osadenia na tff a horného rohového pripojenia k stlpu
pomocou prikotvovacieho uholnika do zabudovanych prvkov HTA.
Vacsiu pozornost si zaslUzia nosné zelezobetdnové prefabrikované
stipy. Podla G¢elu, umiestnenia v objekte a stvisiaceho odlisného
tvaru prierezu ich mbzeme rozdelit do piatich charakteristickych skupin:
e hlavné modulové stlpy — v obvodovej osi J po 13 m, nestce streé-
né ocelové vazniky, su dynamicky tvarované od girokej obdZni-

www.inzenyrske-stavby.cz

- equipped with segmental entry gates with 38.2 m internal width
and 13.3 minternal height.

Vertical structural frame is made of prefab columns with mono-
lithic reinforcing walls (cores) which also secure horizontal stability of
the building with segment entry gates built into the wall. Stability in
the rest of the perimeter is secured by a system of relatively massive
steel reinforcements between the columns.

Horizontal framing of the roofing is made of large-span steel truss
beams (L = 50.0 m), with a large-span roof cladding laid out over
them (L= 13.0 m). The facade is made of a light, layered metal-plastic
skin. Purpose and efficiency of the building is aesthetically contribut-
ed by a bent roof surface on the outside and main module columns
shaped askew in the interior. Together with other features, the build-
ing gains dynamics that corresponds with flying.

Considering the geological features and big forces, the building
sits on large reinforced concrete bearing piles. Prefab columns are
anchored into monolithic heads of piles using PEIKKO steel footings.
Such anchoring secures a static effect of cantilevered reinforced con-
crete columns.
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kovej paty 2 100 x 500 mm, zuzujuc sa smerom hore na prierez
803 x 500 mm a obltkom prechadzajic do mohutnej konzoly $i-
rokej 1400 mm a vysokej 1 220 mm; hore sa koncia atikovym zU-
Zenim 300 x 500/1 900 mm. Ich celkova vyska je 12,44 m.V spod-
nej polovici je stlp odlaheny tyrmi otvormi s réznym prierezom
(950, 700, 550 a 400 mm). Piaty otvor s priemerom 400 mm je v te-
le konzoly. Tieto otvory zéroven slUzia na prechod vedenia médif
(napriklad elektriny, vody a podobne). Na stipy bolo potrebné vy-
robit Specidlne formy, upravit do paty osadzované patky Peikko
a nasledne specificky riesit ich vystuzenie;

e be?né obvodové medzimodulové stlpy — maju obdlZnikovy prie-
rez 500 x 700 mm a vysku 12,66 m;

InZinierske stavby / InZenyrské stavby 6/2013

Prefabrication
Prefab elements are represented by perimeter carrier beams and
support columns. Perimeter carrier beams are thermally insulated,
with sandwich composition of internal supporting layer + thermal
insulation + outer membrane: 150 + 60 + 80 = 280 mm. They also
serve as a sill for the upper structure. They are in line with the usual
solution — installed onto a pin at the bottom and connection to col-
umns in top corner using an anchoring angle piece into inbuilt HTA
elements.

What needs to be highlighted are the support reinforced concrete
prefab columns. By their purpose, their location in the building and
different cross-section shapes, they can be divided into 5 basic
groups:

e group 1 — main module columns in J perimeter axis, 13 met-
res, supporting the concrete roof trusses, dynamically shaped in-
to a wide rectangular 2 100 x 500 mm base, getting narrower
upwards ending with 803 x 500 mm cross-section and an arch
that changes into a massive bracket (W = 1400 mm/H = 1220
mm), narrowing in the attic into 300 x 500/1 900 mm. Total height
is 12.44 m. In its bottom part, the column is hollowed by 4 opening
with different cross-sections (950, 700, 550, and 400 mm). The 5th
opening, 400 mm diameter, is located in the bracket body. These
openings also serve as ducts for various lines (e.g. power, water,
etc.). Special moulds had to be manufactured for these columns,
PEIKKO footings had to be modified at the place of anchoring and
then additionally reinforced;

e group 2 consists of usual perimeter intermodule columns with 500
% 700 m rectangular cross-section, height = 12.66 m;

e group 3 - top columns with average heights: a) smaller H = 13.39
- 15.54 m, 500 x 700 mm rectangular cross-section, b) bigger H =
16.44 - 18.59 m, 500 x 850 mm rectangular cross-section;

www.inzinierskestavby.sk



e ititové stlpy s premennou vyikou — nizdie maju vysku 13,39 a2
15,54 m a obdlznikovy prierez 500 x 700 mm, vyssie maju vyiku
16,44 az 18,59 m a obdiznikovy prierez 500 x 850 mm;

e rohové stipy — ich obdiZnikovy prierez je 500 x 500 mm a vyska
1551 m;

e stlpy na stuzujlce veZe — st spojené pomocou monolitickych stien
s prierezom 500 X 500 mm s rozsirenou hlavou v tvare kladiva
950 x 1100 mm a s vyskou 15,51 m.

Vietky stipy maju osadené patky Peikko na ukotvenie do zakladov
- bud beZné typové, alebo Specidlne upravené do celych blokov,
ktoré boli navrhnuté v spolupraci firmou Peikko — SK. V stipoch su
v potrebnej miere vychadzajlcej z poziadaviek ukotvenia ocelovych
stuzovadiel zabudované pomerne mohutné ocelové platne.

Zaver

Nosnd konstrukcia objektu Hangar VIP Handling vyuZila spojenie
ocelovej a betdnovej Casti s cieflom vytvorit velké priestory na parko-
vanie rozne velkych lietadiel. Vzhladom na velkd podorysnd plochu
haly (50,0 x 150,0 m) sa navrhla fahkéd ocelova konstrukcia strechy,
uloZena na prefabrikované Zelezobeténové stipy, ktoré svojim tva-
rom nenarusaju lahkost celého nosného systému.

Z hladiska prenosu vodorovnych sil z ocelovych prekladov na seg-
mentové vrata dominuju stuzujlce veze vytvorené z prefabriko-
vanych Zelezobeténovych stipov a stien z monolitického beténu.
Lahkost ocelovej konstrukcie osobitne doplifaju hlavné modulové
prefabrikované Zelezobeténové stipy atypického tvaru a vytvaraju
tak opticky priaznivy dojem z objektu.

www.inzenyrske-stavby.cz

e group 4 — corner columns, with 500 x 500 m rectangular cross-sec-
tion, height = 1551 m;

e group 5 — columns for reinforcing towers, connected with mo-
nolithic walls with 500 x 500 mm cross-section, with a widened
950 x 1 100 mm hammer-shaped head; 15.51 m height.

All columns have PEIKKO footings installed for anchoring into
foundations — either common type or specially modified into blocks
and designed in cooperation with PEIKKO — SK. There are also mas-
sive steel plates installed inside the columns as necessary for anchor-
ing of steel reinforcing elements.

Conclusion

Structural framing of VIP Handling Hangar uses a combination of
steel and concrete structures in order to create large areas where
various-sizes aircrafts can be parked. Considering the 50 x 150 m
area of the hall, a light steel roof structure was designed to be laid
onto prefab reinforced concrete columns the shape of which con-
tributed to the lightness of the entire framing. In terms of transfer of
horizontal forces from steel beams into segmental gates, there are
reinforcing towers created from prefab reinforced concrete columns
and walls made of monolithic concrete. Especially the main module
prefab reinforced concrete columns contribute to lightness of the
steel structure with their unusual shape, thus creating a favourable
optical impression of a building that serves to park aircrafts.
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Jan Kusnir — Michal Gramblicka — Otakar Hasik

Zelezni¢ny tunel Turecky vrch
Railway Tunnel Turecky vrch

Jednym zo strategickych cielov Slovenskej republiky v procese
eurdpskej integracie je napojenie dopravnych vazieb Slovenska
na eurépsku dopravnu siet. PoZiadavka modernizacie vybranych
Zelezni¢nych trati ZSR vychéadza z koncepcie eurépskych doprav-
nych koridorov definovanych na II. Paneurdpskej konferencii mi-
nistrov dopravy, konanej na Kréte v roku 1994. Nadvézovala na
snahy Eurépskej Unie o rozvoj novej zeleznicnej politiky, ktora by
vyjadrovala aj integracné snahy o zjednotenie celého Zelezni¢né-
ho systému, harmonizaciu kvalitativnych ukazovatelov, zékono-
darnych opatreni a zvy3ovanie vykonnosti Zeleznic vo vietkych
eurépskych statoch aj mimo EU. Na spomenutej konferencii boli
definované dopravné koridory aj v strednej a vychodnej Euré-
pe, z ktorych tri sa tykaju siete ZSR. Na jednom z nich, koridore
¢ Vv tseku vetvy A Bratislava - Zilina - Cierna nad Tisou, sa na-
chadza tunel Turecky vrch.

Zdovodnenie stavby
Na zakladné koncepcné suvislosti nadvazuje rozvojovy dokument
rozhodujuci pre Slovensku republiku: DIhodoby program rozvoja ze-
lezni¢nych ciest, schvéleny uznesenim vlady SR ¢. 166/93 a aktualizo-
vany uznesenim vlady ¢. 686/97, v ktorom boli definované zakladné
smery rozvoja zelezni¢nej dopravy na Slovensku do roku 2010 a na-
¢rtnuty dalsi vyvoj. Ako jedna z priorit je stanovena modernizacia Ze-
lezni¢ného koridoru Bratislava — Zilina — Cadca — Skalité — $tatna hra-
nica s Polskou republikou.

Aj stavba ZSR Modernizacia zelezni¢nej trate Nové Mesto nad Vahom
- Puchoyv, zkm 100,500 - 159,100 pre tratovu rychlost do 160 km/h je
sUcastou uvedenych medzinarodnych koridorov a vybraného tahu
Bratislava — Zilina — Cadca — Skalité — tatna hranica s Polskou repub-
likou. Podla predbezného ¢lenenia ide o sucast koridoru €.V, vetva
A2, Usek Nové Mesto nad Vahom — Plchov v dizke asi 60 km.

Zakladné udaje o stavbe

|. etapou stavby 7SR Modernizécia Zelezni¢nej trate Nové Mesto nad
Vdhom - Puchov, Zkm 100,500 — 159,100 pre tratovu rychlost do 160
km/h je medzistani¢ny Usek Nové Mesto nad Vdhom — Trencianske
Bohuslavice, zkm 100,500 — 105,245. Tato etapa nadvazuje na pred-
chéddzajuci II. isek Trnava — Nové Mesto nad Vahom, ktory sa koncil
v Zelezni¢nej stanici Nové Mesto nad Véhom v Zkm 100,500. Koniec
. etapy stavby je pred Zelezni¢nou stanicou Trencianske Bohuslavi-
ce v zkm 105,245.

Smerovo a vyskovo je modernizovand trat vedend v maximalnej
miere na podvodnom zZelezni¢nom telese s prihliadnutim na dodrza-
nie pozadovanych rychlostnych parametrov, zdkladnych podmienok
na priechodnost a priestorovu Upravu podfa STN 73 6201 (najma vo
vztahu k nadjazdom), ako aj dodrZanie pozadovanej Unosnosti mos-
tov a priepustnost pre storo¢né hladiny vody nad vodnymi tokmi.

Najvyraznejsim prvkom I. etapy stavby je zelezni¢ny tunel cez Tu-
recky vrch, ktory bol navrhnuty na dosiahnutie pozadovanej rychlosti

One of the strategic objectives of the Slovak Republic in the pro-
cess of European integration is connection of Slovak transport
communications to the European transport network. A require-
ment for modernisation of selected railway lines of ZSR is based
upon a concept of the European transport corridors defined at
the 2" Pan-European Conference of Ministers of Transportation
that was held on Crete in 1994. It was a continuation of EU efforts
for development of new railway policy, which would indicate also
integration efforts for union of the whole railway system, harmo-
nisation of quality indicators, legal measures and increase of rail-
way performance in all European countries outside the EU. At the
mentioned conference, the transport corridors were defined also
in central and Eastern Europe; three corridors relate to ZSR lines.
Tunnel Turecky vrch is located in one of them, in the corridor no.V,
in the sector of the branch A Bratislava - Zilina - Cierna nad Tisou.

Reasoning of the project

Decisive development document for the Slovak Republic: Long-term
program for development of the railway lines, approved by the gov-
ernment decree no. 166/93 and updated by the government decree
no. 686/97, is based upon the basic concept relations. In this docu-
ment, there were defined the basic directions of the development
of railway transport in Slovakia up to 2010 and there was also out-
lined the following development. Modernization of the railway corri-
dor Bratislava — Zilina — Cadca — Skalité - state border with Poland is
determined as one of the main priority.

Also the project of 7SR, Modernization of railway line Nové Mes-
to nad Véhom - Puchoy, railway kilometre (rkm) 100,500 — 159,100
for line speed up to 160 km/h is a part of mentioned international
corridors and the selected line Bratislava — Zilina - Cadca — Skalité —
state border with Poland. According to the preliminary classification
it is a part of the corridor no. V, branch A2, section Nové Mesto nad
Vdhom — Puchov with length of approx. 60 km.

Basic data about the construction

The first section of the project ZSR, Modernization of railway line
Nové Mesto nad Vahom — Puchov, rkm 100,500 - 159,100 for line
speed up to 160 km/h is the line section Nové Mesto nad Vdhom -
Trencianske Bohuslavice, rkm 100,500 — 105,245. The first section is
a continuation of the previous 2nd project Trnava — Nové Mesto nad
Vahom, which ended in the railway station Nové Mesto nad Véhom
in rkm 100,500. The end of the section 1 is in front of the railway sta-
tion Trencianske Bohuslavice in rkm 105,245.

Regarding the horizontal and vertical alignment, the modernized line
is led in maximal possible volume on the original railway body with con-
sideration of required speed parameters, basic negotiability conditions
and spatial arrangement according to STN 73 6201 (mainly with regard
to the overbridges) and in order to meet carrying capacity of bridges
and throughput above the water courses for hundred-year water levels.
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Tunel Turecky vrch v prevadzke
Tunnel Turecky vrch during operation

160 km/h, vyhladovo 190 km/h, pri pouZiti konvennych stprav bez
nakldpace] techniky. Dfzka tunela je 1 775 m (zkm 102,485 — 104,260).
Navrhnuta nové trat tu opusta povodné teleso, pretoze bez rozsiah-
lych novych zaberov izemia sa neda realizovat pozadovany rychlost-
ny parameter.

Zakladné udaje o tuneli

Tunel prekondva masiv Tureckého vrchu vo dvoch protismernych ob-
ldkoch, priblizne rovnobezne so smerom $tatnej cesty /61 a ochran-
nej hradze Biskupického kandla, v smere stanicenia novej trate od
juhu na sever. Trasa vychadza z velmi stiesnenych pomerov jestvu-
juceho skalného odrezu pred vjazdovym (juznym) portdlom s velmi
malym odklonom (maximélne 15°) od prevladajuceho smeru vrstev-
nic. Zelezni¢ny dvojkolajovy tunel ma dfzku 1 775 m, razend cast je
dlhd 1 740 m. Stavba tunela pozostava z komplexu povrchovych (hi-
benych) a razenych (podzemnych) stavebnych objektov. Sticastou su
aj zarubné steny pred portalmi.

Technolodgia vystavby respektovala horninové prostredie masi-
vu tvorené velmi pevnymi vapencami a dolomitmi. Projekt navr-
hol uplatnit zésady tzv. Novej rakuskej tunelovacej metddy s pouZi-
tim rozpojovania hornin pomocou trhacich prac. Zvysok sa realizoval
v otvorenych stavebnych jaméach, presypanych tak, aby sa povrch
nad tunelom vrétil v maximalnej miere na pévodnu uUroven. Tech-
nické rieSenie reSpektovalo pévodny charakter prostredia. Navrhom
zarubnych murov z opracovaného kamena na oboch portéloch po
vrch klenby tunela a pripravou na ozelenenie na vrchnej Urovni sa
vytvorila moznost na prirodzené rozsirenie prirodného prostredia le-
sostepi ¢o najblizsie k Zzelezni¢nej trati.

Razeny dvojkolajovy zelezni¢ny tunel je navrhnuty na priechod-
ny prierez UIC C s osovou vzdialenostou kolaji 4 200 mm vo dvoch
protismernych obltkoch R 2 000 m (1 995 m) a medzipriamej pri mi-
nimalnych pozdiznych sklonoch 3,5 a 4,9 %o. PoZiadavka stavebni-
ka navrhnut tunel tak, aby bol pripraveny na prevadzku stprav dosa-
hujucich 200 km/h bola splnend tym, Ze projektant pri posudzovani
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The most distinctive element of the section 1 of construction is
the railway tunnel thought the hill called Turecky vrch, which was
designed for reaching the required speed of 160 km/h, with a pos-
sibility to reach 190 km/h when using conventional train sets with
tilting technology. The length of the tunnel is 1 775 m (rkm 102,485
- 104,260). In this area, the newly designed track leaves the original
body, in which there is impossible to perform required speed param-
eter of the track without new extensive territory utilization.

Basic data about the tunnel

The tunnel runs through the massif of Turecky vrch in two reversed
curves, approximately in parallel way with the state road I/61 and
with the earth bank of Biskupicky kanal, in direction of stationing
of the new line from the south to the north. The route comes out
from very restricted conditions of existing rocky cut-off in front of
entrance (southern) portal with very small diversion (max. 15°) from
prevailing direction of level lines. The railway, double track tunnel
has a length of 1 775 m, the tunnelled part is of length 1 740 m. The
tunnel construction consists of the complex of surface (excavated)
and tunnelled (underground) construction objects. It consists also of
breast walls in front of portals.

The building technology respected a geological environment of
the massif, consisting of very solid limestone and dolomites. The de-
sign for construction utilized principles of the New Austrian Tunnel-
ling Method for rock disintegration by blasting. The rest of works
were performed in opened construction pits by cut-and-cover so
that the surface above the tunnel was returned to the original con-
dition in maximal possible scope. The technical solution respect-
ed the original character of the environment and by the design of
breast walls on both portals of square stone up to the tunnel arch
and by preparation for planting of greenery on the upper level, it cre-
ated a possibility for natural spreading of the natural character of for-
est environment up to the minimal distance from the railway track.

A driven double-track railway tunnel is designed for the gauge
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navrhu prie¢neho rezu tunela bral do Uvahy aerodynamiku sdprav
(sticasnych aj pripravovanych) a jej akustické Ucinky na cestujucich
pri rychlosti dopravy v = 200 km/h. Podkladom na navrh bola sprava
ERRIC 218/DT 368 z juna 1998 o technickom rieseni nvrhu prierezu
Zelezni¢nych tunelov pre uzavreté slpravy pri uvazovani aerodyna-
miky (European Rail Research Institute — ERRI).

Vjazdovy (juzny) portdl je umiestneny v nzkm 102,485, vyjazdovy
(severny) v nzkm 104,260. Nadlozie v osi tunela dosahuje minimal-
nu hodnotu v mieste juzného razeného portélu, najvyssie je v nzkm
103,500 a dosahuje priblizne 100 m.

Profil vyrubu vratane nadvylomov mé plochu od 110 do 118 m?
(pri pouZitf protiklenby), je Siroky 13,20 m a vysoky od 8,90 do 10,06 m
(s protiklenbou). Tunel sa dispozi¢ne pripravil na instalaciu trak¢ného
vedenia, kdblovych kandlov, osvetlenia, zabezpecovacieho zariade-
nia a odvodnenia. Na obidvoch stranéch je komunikacny priestor so
sirkou 1200 mm, umoznujuci unik oséb. V sluzobnych chodnikoch
tunela sa nachadzaju potrubia poZiarneho vodovodu s nadzemny-
mi hydrantmi umiestnenymi vo vyklenkoch, umoznujlice napojenie
hasi¢skej hadice pri zdsahu v tuneli. Tvar konstrukcie je podkovovity
s kruhovou klenbou, v oblasti portélov a na miestach s vyskytom po-
rich podlozia sa zrealizovala spodnd klenba. Zelezobeténovi kon-
strukciu tvori docasné (primarne) ostenie zo striekaného beténu a tr-
valé (sekundarne) ostenie z monolitického beténu. Docasné a trvalé
ostenie oddeluje drendZna medzivrstva tvorena Specidlnou drendz-
nou féliou. Odvodnenie tunela je zabezpecené pozdiznym sklonom
tunelovej rary. V smere stanicenia stupa 0,489 % od vjazdového por-
talu az do km 103,500, odkial niveleta klesa 0,350 % na Useku dlhom
700 m do km 104,200 a nasledne 0,472 % do konca tunela smerom
k severnému portalu.

Razend unikova $tolha umozni cestujucim opustit ohrozeny
priestor zelezni¢ného tunela, pripadne aj nastup hasi¢ského zachran-
ného zboru. Stélfa je dlha 240 m a na tunel je napojend v nzkm
103,483. VyUstuje v mieste starého nadjazdu v szkm 104,00. Razend
stolna ma podkovovity profil s plochym dnom a je vybavena systé-
mom nutenej ventildcie a poZiarnymi dverami.

Prieskum a geologické pomery

InZinierskogeologicky a hydrologicky prieskum (IGHP) na mieste tu-
nela vykonala v obdobi januar az m&j 2003 spolo¢nost GEOFOS, s.r. 0.,
Zilina. Predmetom IGHP bolo dokumentovanie vlastnosti zemin
a hornin v podloZi, ako aj vyskyt a agresivita podzemnej vody pri po-
sobeni na konstrukcie z beténu a ocele. V zmysle STN 73 0036 patrf
skimané Uzemie do rajénov s maximalne pozorovanou seizmickou
intenzitou 6 — 7° MSK-64.

Vysledkom inZinierskogeologického prieskumu bolo ¢lenenie ma-
sivu, v ktorom sa tunel razil, na kvdzi homogénne bloky, ktoré sa po-
¢as razenia stalou sluZbou geotechnického monitoringu priebezne
upravovali podfa skuto¢nych podmienok na Celbe.

Tunel sa zacal razit zo severného portalu v komplexe kvartérnych
sedimentov eolitického a deluvidlneho pévodu. Ich mocnost sa sme-
rom k svahu zmensovala. V tomto Useku sa razilo postupne na verti-
kdlne aj horizontélne rozdelenej celbe. Razenie tunela preslo zo ze-
min do zvetraného skalného masivu, ktory sa nachadzal postupne
v celom vyrube. Prechodovy Usek tvorili v dne a jadre vrstvy dolomi-
tov prekryté stvrstvim vapencov. Okrem niekolkych zlomov s vysko-
vymi posunmi a vplyvu zvetrania sa ni¢ nezvycajné neobjavilo, pred-
pokladané krasové vplyvy sa zo severnej strany nepotvrdili.

Razenie z juzného portélu prebiehalo v kvalitnejsich podmien-
kach, masfv tvorili tektonicky porusené vapence, ktorych vlastnosti
sa s hibkou postupu zlepsovali. Od juzného portélu sa v uréitych Use-
koch pri odkryvani dna objavili hiboké ryhy vytvorené krasovou cin-
nostou a vyplnené sedimentmi.

Skalny masiv Tureckého vrchu tvorili mezozoické suvrstvia karbo-
natickych hornin (dolomitov a vdpencov). Karbonaticky masiv vrata-
ne zon tektonického porusenia a rozvolnenia hornin bol minimalne
zavodneny. V masive Tureckého vrchu sa nenarazilo na ziadne vyvery
podzemnych vod ani rozptylené pritoky. Mozno konstatovat, Ze tu-
nel bol suchy.
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UIC C at axial line distance of 4 200 mm in two reversed curves of R
2000 m (1 995 m) and inter-straight at the minimal longitudinal gra-
dients 3,5 and 4,9 %o. A requirement of the Employer to design the
tunnel the way that it is prepared for operation of the train sets with
the speed of 200 km/h was achieved so that the designer considered
the design of the tunnel cross-section with consideration of train set
aerodynamics (existing and future) and its acoustic impacts on pas-
sengers at the transport speed v = 200 km/h. A basis for the design
was a report ERRIC 218/DT 368 from June 1998, on Technical solution
of railway tunnel cross-section design for closed train set with con-
sidering the aerodynamics (ERRI - European Rail Research Institute).

The entrance (southern) portal is located in new rkm (nrkm) 102,485,
the exit (northern) portal in nrkm 104,260. The overburden in tunnel
axis has the minimal value in the area of the southern driven portal,
the maximal value is in nrkm 103,500 and it is approximately 100 m.

The profile of excavation including overbreak has a surface from
110 up to 118 m2 (when using counter-vault); it is 13,20 m wide and
from 8,90 m to 10,06 m high (with counter-vault). The tunnel was
prepared for installation of catenary, cable channels, lighting, safe-
ty device and drainage. On both sides of the tunnel, there will be in-
stalled a communication space with width 1 200 mm that will ena-
ble escaping of persons from the tunnel. In the service pavements of
the tunnel, there is located piping of fire-fighting main with above
ground hydrants located in the niches, which enable connection
of the hose for an action in the tunnel. The construction is a horse-
shoe shaped with a circular vault; an invert vault was performed in
the area of portals and in the area with occurrence of sub-soil de-
fects. Iron concrete construction is created by temporal (primary) lin-
ing made of sprayed concrete and by permanent (secondary) lining
made of monolithic concrete. Temporal and permanent lining are di-
vided by drainage intermediate layer consisting of special drainage
foil. The tunnel drainage is provided by longitudinal gradient of the
tunnel tube. In the direction of stationing it rises 0,489 % from the
entrance portal up to the km 103,500, then it falls 0,350 % on the
length 700 m to km 104,200 and subsequently 0,472 % up to the
end of the tunnel towards the northern portal.

Excavated escape tunnel enables passengers to leave an endan-
gered space of the railway tunnel and it also enables entry of the fire-
fighting and emergency teams. The escape tunnel has length 240 m,
it is connected to the tunnel in nrkm 103,483 and it ends in the area
of the old overbridge in old rkm (orkm) 104,00. The excavated escape
tunnel is horse-shoe shaped with a flat bottom. The escape tunnel is
equipped with a system of forced ventilation and with fire-safety doors.

Survey and geological conditions
Technical-geological and hydrological survey (TGHS) for the tunnel
was performed from January to May 2003 by the elaborator GEOFOS,
s.1.0, Zilina. The aim of TGHS was to document characteristic of soils
and rocks in the sub-soil, as well as occurrence and aggressiveness of
the ground water against constructions made of iron concrete and
steel. According to STN 73 0036, the examined location belongs to
regions with the maximal observed seismic intensity 6 — 7° MSK-64.
The result of the technical-geological survey was division of the massif,
in which the tunnel was excavated, into the quasi-homogenous blocks,
which were permanently modified during driving by the permanent
geotechnical monitoring according to the real conditions at the face.
Beginning of the tunnel driving from the northern portal was in
the complex of quaternary sediments of Eolithic and Deluvial origin.
Their thickness decreased towards the centre of the massif. In this
section, the driving was performed gradually on vertically and hori-
zontally divided face. When driving continued, the whole excavating
came into the weathered rock massif. The transition section consists,
in the bottom and in the core, of the layers of dolomites covered by
the layers of limestone. Except several faults with vertical displace-
ments and influence of weathering, nothing extraordinary occurred.
Expected carst influences from the northern side were not confirmed.
Driving from the southern portal was performed in more quali-
tative conditions; the massif was created by tectonically corrupted
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Pevnd jazdna draha v tuneli Turecky vrch
Solid track in tunnel Turecky vrch

Nadlozie v osi tunela dosahuje minimalnu hodnotu, asi 3 m
v mieste juzného razeného portdlu (nZkm 102,510), najvyssie je
v nzkm 103,500 a dosahuje priblizne 100 m.

Technické rieSenia
Prie¢ny rez tunelom
Projektovanie jednotlivych stupriov sprevadzala diskusia o spravnej
velkosti tunela. Svetly profil bol na dané obdobie (rok 2002 - do-
kumentdcia na Uzemné rozhodnutie) navrhnuty pomerne velkory-
50 so $irkou 12,2 m a plochou 80,6 m?. Osova vzdialenost kolaji sa
navrhla na 4,20 m. Vac¢si profil vychadzal z poziadavky stavebnika
(ZSR), aby bolo vyhladovo mozné prevadzkovat stpravy s rychlos-
tou az 200 km/h, zatial ¢o dneSné predpisy umoznuju najvyssiu rych-
lost 160 km/h.

Navrh prie¢neho rezu bol posudeny z hladiska aerodynamiky
a splnal lekarske kritérium maximalnej zmeny tlaku 10 kPa v priebe-
hu jazdy vlaku tunelom a tym aj poZziadavky na tlakovy komfort ces-
tujucich vnutri vlaku. Vo va¢som profile vznikéd aj mensi aerodyna-
micky odpor, ¢im dochddza k nizsej spotrebe energie a je potrebny
mensi trakény vykon.

Technické Specifikacie interoperability (TSI SRT)

Rozhodnutim eurdpskej komisie zo dia 20. decembra 2007 — TSI SRT
Bezpecnost v zelezni¢nych tuneloch sa stanovuju niektoré zdvazné
prvky tykajuce sa bezpec¢nosti. V dvojkolajovom tuneli su predpisané
Unikové chodniky na oboch strandch tunela siroké najmenej 0,75 m.
Vzhladom na navrhnutd velkost prie¢neho rezu sa tieto poZziadav-
ky v projekte a nasledne na stavbe splnili a priecny rez, ako aj dalsie
nadvaznosti nebolo potrebné menit.

limestone, characteristic of which improved with the depth of ap-
proach. Deep grooves created by carst activity and filled with sed-
iments occurred in some sectors during uncovering of the bottom
from the southern portal. The rock massif of Turecky vrch was creat-
ed by Mesozoic strata of carbonatic rocks (dolomites and limestone).
The carbonatic massif, including the zones of tectonic corruption
and loosening of the rocks, was minimally watered. In the massif of
Turecky vrch, no effluxes of ground water were drilled, nor dispersed
influxes. It can be concluded that the tunnel was dry.

The hanging wall in the tunnel axis reaches a minimal value ap-
prox. 3 m in the area of the southern drived portal (nrkm 102,510),
the highest s in nrkm 103,500 and it reaches the value approx. 100 m.

Technical solutions
Cross-section of the tunnel
Designing during the individual stages was accompanied with the
discussion about the right size of the tunnel. The clear cross section
with width 12,2 m and surface of 80,6 m? was designed very gen-
erously for that period (year 2002 documentation for territorial de-
cision). The axial distance between the lines was proposed to be
4,20 m. The greater profile arouse from the Employer's (ZSR) require-
ment to enable operation of the train set with speed up to 200 km/h,
whereby current regulations enable maximal speed to be 160 km/h.
The design of the cross-section was assessed regarding aerody-
namics and it met the medical criteria for the maximal change of
pressure 10 kPa during travel in the train and it met also the pressure
comfort of the passengers inside the train. In the larger profile, the
lower aerodynamic resistance is created, and thus lower energy con-
sumption is achieved and also lower traction performance is needed.

169



170

Pevnd jazdna draha
O pevnej jazdnej drahe (PJD) sa rozhodlo v projekte na stavebné
povolenie. PJD mé oproti klasickému strkovému 16zku niekolko vy-
znamnych pozitiv. Je to predovsetkym dlhodoba stabilita kolajnic
upevnenych v beténovej doske PJD a z toho vyplyvajice minimali-
zacie udrziavacich prac, ktoré najma v tuneli znamenaju vyluky pre-
mavky. PJD umoznuje aj jazdu automobiloy, ¢o je v pripade tunelov
vhodné na rychly zasah jednotiek hasi¢ského a zéchranného zboru.

Dalsim prinosom je znizenie konstrukénej vysky Zelezni¢ného
zvrsku, ¢o zmensuje plochu nutnd na vyrub tunela. Mensia plocha
vyrubu spolo¢ne z nizsimi ndkladmi na udrzbu znamenaju Usporu
celkovych investi¢nych nadkladov, hoci zriadovacie ndklady na PJD su
asi 1,5-krét vyssie.

Pri realizacii stavby sa zvolil systém PJD RHEDA 2000 s mensou
konstrukénou vyskou, ako uvazoval projekt, to viak umoznilo zdvih-
nut dno tunela az 0 400 mm a tym este viac zmensit vyrub.

Vypustenie zadchrannych vyklenkov
Vo vsetkych stuprioch projektovej dokumentécie boli navrhované
po celej dizke tunela zachranné vyklenky v osteni tunela po oboch
strandch vo vzdjomnej vzdialenosti 20 m. Takéto vyklenky sa navr-
hovali od ¢ias Rakusko-Uhorska a sluzili na prec¢kanie zamestnan-
ca v tuneli pocas prejazdu vlaku. Pri rychlosti 160 km/h a vyssej uz
vyklenky bezpecnost nezaistia (tlakova a podtlakové vina od vlaku
by mohla osobu vytiahnut), a preto je potrebné prehliadky a prace
v tuneli zabezpecit inym spdsobom - organizac¢ne, kratkodobymi
vylukami.

V priebehu realizacie tunela sa podarilo prerokovat zmenu oproti
povodnej projektovej dokumentacii a vyklenky sa z realizacie vyne-
chali, ¢im sa podstatne zjednodusila konstrukcia samotného tunela.

Razeny tunel

Tunelova rdra razeného Useku mé dizku 1 740 m (nzkm 102,510 —
104,250) a nadvazuju na nu hibené Useky juzného portalu s dizkou
25 m a severného portalu s dizkou 10 m. V celej dizke (az na dve
miesta v strede tunela) je pouzity jednotny prierez dvojkolajového
tunela. Priblizne v strede su zhotovené dve napinacie komory na
trak¢né vedenie dihé 10 m.

Uprostred tunela v km 103,483.00 je napojend 244,7 m dlha raze-
nd Unikova $tolna Ustiaca do priestoru byvalého nadjazdu dnes uz
opustenej cestnej komunikdcie cez pdvodnu Zelezni¢nu trat.

Konstrukcia tunela je dvojplastova (primdrne a sekundarne oste-
nie) s medzilahlou féliovou izoldciou, ktord je chrdnend pred drsnym
povrchom primarneho ostenia ochrannou geotextiliou.

Primdrne (doc¢asné) ostenie je zo striekaného beténu C 16/20
s premenlivou hrdbkou 150 az 400 mm. Podla vystrojovacich tried je
okrem betdnu tvorené aj z priehradovych ocelovych nosnikov, zva-
ranej siete s rbznym priemerom a rastra, distancnych telies a ocelo-
vych, respektive sklolamindtovych svornikov.

Asymetricky zatazené sekunddrne ostenie je z monolitického
vystuzeného, pripadne nevystuzeného beténu C 25/30 — XCT,
XF1-Cl020-D,,.22 - S3 hrubého 300 mm a viac.

Napriek tomu, Ze sa v projekte uvazovalo pouZit vo vépencoch
a dolomitoch v priebehu celého tunela ploché dno so zakladovy-
mi pasmi, v odkrytych Usekoch s mohutnymi poruchami vyplneny-
mi flovitou vypliou s dizkou aj viac ako 3 m, bolo potrebné na z-
klade odporucania geotechnického dozoru doplnit spodné klenby.

Juzny (vjazdovy) portal

V Useku zarubného mura pred vjazdom do tunela sa nova trasa trate
velmi pomaly odklana od starej a vyzaduje si tak skalny odrez v p6-
vodnom strmom svahu z pevnych vapencov. Aj ked bol skalny odrez
relativne stabilny, zarubny mur z kamenného muriva v sklone 5: 1 za-
brani naslednej erdzii a zvetraniu skalného masivu. Miesta, ktoré boli
VO vacsej miere zvetrané, sa zaistili striekanym beténom s ocelovy-
mi sietami a tycovymi svornikmi. Nad beténovou korunou mura, na
ktorej je osadené bezpecnostné zabradlie, sa pdvodny svah spevnil
antikorovou sietou Tecco® s hydroosevom. Nad Urovriou takto spev-
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Technical specification of interoperability (TSI SRT)

The decision of the European Commission dated December 20,
2007 — TSI SRT ,Safety in railway tunnels” determines some manda-
tory safety elements. In the double track tunnel, it prescribes escape
pavements on both sides of the tunnel with minimal width 0,75 m.
Regarding the designed cross-section size, this requirements was ful-
filled in the project and in the construction, so it was not necessary
to modify the cross-section or other parameters.

Solid track

A decision regarding the slab track (ST) was made in the project for
the building permission. The slab track has in comparison with the
classic underlayer of ballast several significant advantages. It is main-
ly the long-term stability of rails fixed in the concrete slab of the ST
and resulting in minimization of maintenance works, which means
traffic closure, especially in tunnels. The slab track enables also travel
of automobiles, which in case of tunnels enables quick access of fire-
fighting and emergency units.

Another advantage is lowering of the constructional depth of the
permanent way, which decreases the necessary surface of the excava-
tion of the tunnel. The smaller surface of the excavation, together with
lower maintenance costs, means savings of the total investment costs,
although first costs for the ST are approximately 1,5 times higher.

For realization of the construction, a system RHEDA 2000 for ST
was chosen with smaller constructional depth as considered in the
project, which enabled to raise the tunnel bottom by 400 mm and
thus even more reduce the excavating.

Omission of safety niches
In all stages of the project documentation, safety niches were de-
signed on the whole length of the tunnel in the tunnel lining on
both sides in mutual distance 20 m. Such niches have been de-
signed since Austria-Hungary and they were used by railway em-
ployees to wait until train passes by. For train speed of 160 km/h and
higher, the niches will not provide safety anymore (shock and vacu-
um wave from the train could drag out the person) and therefore it
is necessary to secure inspections and works in the tunnel by some
other means — organisationally, short-term closures.

During realization of the tunnel, a change was made in the orig-
inal design and the niches were omitted from the realization, by
which also the individual design of the tunnel was made simpler.

Driven tunnel

The tunnel tube of the driven section has length 1 740 m (nrkm
102,510 — 104,250) and cut and cover sections of the southern por-
tal with length of 25 m and northern portal with length of 10 m.
In the whole length, except two areas in the tunnel centre, unified
cross-section of the double track tunnel is used. Approximately in
the centre, there are two 10 meters long tension chambers for trac-
tion mains.

In the tunnel centre, in rkm 103,483 00, there is connected 244,7
m long escape tunnel ending in the area of the former overbridge of
the abandoned road through the original railway track.

The tunnel construction is a two-casing (primary and secondary
lining) with the intermediate membrane, which is protected against
the rough surface of the primary lining by the protective geo-textile.

The primary (temporal) lining is made of sprayed concrete C 16/20
with varying thickness 150 to 400 mm. According to support classes, it
is created, except of concrete, by steel truss girders, welded net of vari-
ous diameters and raster, spacers and steel or fibreglass laminate bolts.

Asymmetrically loaded secondary lining is made of monolithic re-
inforced eventually plain concrete C 25/30 — XC1, XF1 - Cl 0,20 —
D22 — S3 with thickness of 300 mm and more.

Despite the fact that in the design it was considered to use flat bot-
tom with strip foundations in the whole tunnel in limestone and dolo-
mites, it was necessary, in uncovered sections with large defects filled
with clay filling with length sometimes over 3 m, to supplement the
invert vaults upon recommendation of the geotechnical inspection.

www.inzinierskestavby.sk



Turecky vrch — severny portal
Turecky vrch — the northern portal

neného svahu sa vybudovala linia ochrannych dynamickych bariér
proti padaniu predovsetkym kamennych blokov do priestoru trate.

Najvacsi problém predstavovalo rozpojovanie horniny odrezu
v tesnej blizkosti prevadzkovanej trate, navyse komplikované Urov-
novym Zelezni¢nym prejazdom na stavenisko. Zhotovovatel si viak
pri postupnom odtazovani na Urover paty zarubného muru erudo-
vane poradil aj bez predpokladanych trhacich prac, len s pomocou
rypadiel a ochrannych stien z prefabrikdtov. Tymto krokom sa znac-
ne zredukoval planovany rozsah vyluk.

Hibeny tunel je vybudovany pomocou kontradebnenia a debnia-
ceho vozu vysunutého z tunela v zrezanom tvare s limcom po obvo-
de. Jeho povrch je s¢asti obnazeny, chrdneny striekanou izolaciou na
béze Zivic a scasti obeténovany beténom s malym obsahom cemen-
tu (tzv. prostym) s povrchovou Upravou ru¢ne ukladanych drétoka-
mennych matracov. Ponad hlbeny tunel sa zrealizoval aj kameriom
vydldzdeny rigol na odvedenie povrchovych véd do poziarnej nadr-
Ze situovanej v tesnej blizkosti.

Severny (vyjazdovy) portal

Ako uz bolo spomenuté, severny portél sa nachadza v kvartérnych
sedimentoch Vahu a potoka Bo$éacky, ich mocnost je viac ako 40 m
a zasahuje az pod zakladové konstrukcie. V strmom portdlovom sva-
hu tvorenom prevazne sprasovymi hlinami bolo potrebné pocitat
s moznostou aktivécie svahovych pohybov, ¢o sa viak nepotvrdilo.

V tychto podmienkach bolo ndro¢né zvolit vhodny postup pri
zaistovani portalovej jamy. Zhotovovatel nakoniec zvolil racional-
ny sposob prace, ktorého podmienkou bolo vytvorenie pracovného
priestoru na zaistovanie kazdej Urovne odkopu a kotvenie. Prace sa
zacali vybudovanim pristupovej komunikacie na strmy svah tak, aby
bolo mozné vitat a zabudovat prvé mikropildty stien, pramencové
kotvy a tri zelezobetdnové prievlaky. Prieviaky lemujuce terén sa re-
alizovali po Castiach a zaroven vytvorili definitivnu stuzujicu koru-
nu portélovych stien kotvenu trvalymi horninovymi kotvami. Viyko-
py a zaistovanie jamy pokracovali postupne nadol po jednotlivych
etdzach s vyskou asi 3 m az na druhu kotevnu Uroven. Odtial sa vita-
li piloty severnej a juznej pildtovej steny, ktoré boli kotvené, a medzi
nimi sa vybudovala spodnd rozperna doska a spodna klenba hibené-
ho tunela, obe zo Zelezobeténu. Postup hibenia a zaistovania staveb-
nej jamy bol Uzko viazany za zaciatok razby tunela.

Definitivny zarubny mur z beténu C 25/30 lemuje steny jamy.
Sklon licaje 5: 1 a tak ako portédlové steny, aj steny jamy su oblozené
lomovym kamennym murivom. Koruny st ukonc¢ené rimsami pre-
kryvajucimi sucasne trvalé prievlaky. VSetky steny portalu su kotvené
v hornej &asti trvalymi kotvami, z ktorych vybrané su prispdsobené
na sledovanie deformécii pomocou dynamometrov.

Portalovy blok hibeného tunela je ukoneeny zvislo, ¢ast je obna-
Zend a pokrytd striekanou izolaciou, ¢ast je obetdnovana a oblozena
kamennym murivom.

www.inzenyrske-stavby.cz

Turecky vrch — juzny portal
Turecky vrch — the southern portal

Southern (entrance) portal

In the sector of the breast wall before the entrance to the tunnel, the
new route of the track slowly turns away from the old one and requires
a rocky off-cut in the original steep uphill made of solid limestone.
Even if the rocky off-cut was relatively stable, the breast wall made of
stone work with the slope 5 : 1 shall prevent erosion and weathering
of the rocky massif. Areas that were weathered in greater range were
secured by sprayed concrete with steel nets and bar bolts. Above the
concrete crown of the wall, on which a safety railing is installed, the
original uphill was reinforced by stainless net Tecco® with hydro-seed-
ing. Above the level of the reinforced uphill, a line of protective dy-
namic barriers against falling of rock blocks onto the track was built.

The main problem was excavation of the cut-off rocks at close
nearness of the operated track complicated even more by the lev-
el railway crossing to the construction site. The contractor solved this
problem professionally by using of excavators and pre-cast protec-
tive walls during gradual unloading up to the level of the breast wall
base even without expected blasting operations. By this step, the
planned traffic closures were significantly reduced.

Cut and cover tunnel is built by means of the lap shuttering and
the formwork car shifted from the tunnel in a cut shape with a col-
lar on the circumference. Its surface is partially uncovered protect-
ed by sprayed proofing based upon bitumens and partially covered
by plain concrete with a surface treatment made of manually placed
rock-wire boards. Above the cut and cover tunnel, there is built also
a stoned gutter for drainage of surface water into the fire reservoir lo-
cated in the near distance.

Northern (exit) portal

As mentioned before, the northern portal is in the quaternary sed-
iments of the Vah river and Bosacka stream, their thickness is more
than 40 m and it reaches up to under the foundation structures. In
the steep portal uphill created mainly by loess loams, it was neces-
sary to consider the possibility of activation of the uphill movements,
but this was not confirmed.

In these conditions, it was difficult to choose the suitable process
for securing the portal pit. Finally, the contractor chose a rational
method of work, condition of which was creation of working space
for securing of each level of excavation and anchoring. The works
started with building of the access road to the steep hill in order
to be possible to drill out and to install the first micro-piles of walls,
strand anchors and three iron concrete girders. The girders edging
the terrain were realized in parts and they created a final reinforced
crown of the portal walls anchored by the permanent rock anchors.
Excavations and securing of the pit continued gradually downwards
by the individual etages with height of approx. 3 m up to the second
anchoring level. From that, piles of the northern and southern pile
walls were bored and anchored and between them a lower spacer
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Vybavenie tunela

Sucastou tunela ako funkéného celku je jeho technologické vyba-

venie umoznujuce samotnu prevadzku a udrzbu a zabezpecujuce

bezpecné podmienky pri vietkych stavoch a situdcidch, ktoré v fiom
mozu nastat. Medzi zrealizované technologické vybavenie tunela
patria:

e bezpecnostné drzadld z nehrdzavejucej ocele umiestnené oboj-
stranne,

e adaptacné osvetlenie, prevadzkové osvetlenie a nudzové LED
osvetlenie umiestnené v drzadlach, osvetlenie vchodu do Uniko-
vej $télne,

e zdsuvkovy rozvod pre potreby Udrzby a zadsah bezpecnostnych

zloziek,

vyzarovaci kdbel na $irenie radiového a telefénneho signaly,

tlacidla elektropoZiarnej signalizacie,

liniovy poziary hlasi¢ zrealizovany na Styroch drovniach,

poziarny vodovod s nadzemnymi hydrantmi,

bezpecnostné znacenie Uniku z tunela,

kamery sledujuice oblasti portdlov tunela a vstup z tunela do uni-

kovej stolne,

zariadenie na napinanie trakcie,

o rozvody ukolajnenia trakéného vedenia,

e zabezpelovacie zariadenia (navestidld, vzdialenostné upozorrio-
vadl3, balizy),

o pretlakové vetranie $toIne atd.

Vacsina zariadent je riadend, respektive napdjana kablami, ktoré su
umiestnené v chodnikoch v kdblovych kandloch. Delia sa v kablo-
vych Sachtach a k samotnym aktivnym prvkom st vedené v ostenf
v zabetdnovanych chrani¢kach. Riadiace a napajacie zariadenia su si-
tuované mimo tunela v technologickych domcekoch na oboch por-
taloch.

Pristupové komunikacie

K vsetkym vstupom do tunela sa vybudovali pristupové komunikacie
slUZiace na Udrzbu, prevadzku a bezpecnost tunela. V rdmci nich su
vytvorené nastupné plochy v pripade zdsahu poziarnych a zachran-
nych zloziek.

Zaver

MoéZeme konstatovat, Ze projektantovi v spoluprdci so zhotovovate-
[om sa podarilo Uspedne navrhnut a realizovat dielo, ktoré reprezen-
tuje posledné trendy tunelového stavitelstva na zelezniciach. A nie je
to len vdaka stavebnej casti, ku ktorej patria velkost tunela na rych-
lost 200 km/h, pevnd jazdna draha, odstrdnenie zdchrannych vyklen-
kov atd, ale treba spomenut aj moderné technologické vybavenie, ku
ktorému patri nidzové osvetlenie umiestnené v antikorovych drzad-
lach, poZziarna nadrZ napajana priamo zo susediaceho toku, nezavod-
neny poziarny vodovod kombinovany z HDPE a liatiny alebo poZiar-
ne dvere do Unikovej stélne odolavajuce aerodynamickym tlakom.
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board and invert vault of cut and cover tunnel were built, both made
of reinforced concrete. Process of excavation and securing of the
construction pit was closely related to the start of the tunnel boring.

The final breast wall made of concrete C 25/30 edges the pit walls.
The slope of the face is 5 : 1 and, similarly as the portal walls, it is tiled
with quarry stone. The crowns are finished by edge beams overlapping
at the same time also the permanent girders. All portal walls are an-
chored in the upper part by the permanent anchors, selected ones of
which are modified for monitoring of deformations by dynamometers.

The portal block of the cut and cover tunnel is ended vertically,
one part is exposed covered with sprayed proofing, the other part is
covered with concrete and tiled with stone.

Tunnel equipment

A part of the tunnel as a logical unit is its technological equipment

that enables the individual operation and maintenance of the tun-

nel and also safety conditions in all states and situations which could
occur in the tunnel. The following belongs among executed techno-
logical equipment of the tunnel:

o safety handles made of stainless steel placed on both sides,

e adaptation lighting, operational lighting and emergency LED ligh-
ting installed in the handles, lighting of the entrance to the esca-
pe tunnel,

e socket distribution for the needs of the maintenance and opera-

tion of safety units,

radiation cable for spreading radio and telephone signal,

buttons of electro-fire signalisation,

line fire alarm installed on 4 levels,

fire water-supply with above-ground hydrants,

safety marking for escape from the tunnel,

cameras recording areas of the tunnel portals and entrance from

the tunnel to the escape tunnel,

device for traction stretching,

wiring of traction mains earthing,

interlocking (signalling devices, distance warning devices, balises),

pressure ventilation of the escape tunnel, and other.

Majority of devices is controlled, or supplied by cables, which
are placed in the pavements in the cable channels. They are divid-
ed in the cable shafts and they are lead to the individual active ele-
ments in the lining in the cable tubes buried in concrete. Control and
supply devices are located outside the tunnel, in the technological
buildings on the both portals.

Access roads

Access roads are executed to all tunnel entrances. These roads are
used for maintenance, operation and safety of the tunnel. Within the
access roads, there are created surfaces for operation of fire-fighting
and emergency units.

Conclusion

Regarding the construction, we can conclude that the designer to-
gether with the contartor successfully designed and constructed
piece of work, which represents the last trends in the tunnel build-
ing on the railways. This was achieved not only due to the construc-
tion part, to which belonge the size of the tunnel for the speed 200
km/h, slab tract, tunnel without niches and other, but it is necessary
to mention also modern technological equipment, which is repre-
sented by the emergency lighting installed in the stainless handles,
fire reservoir fed directly from the adjacent stream, unwatered fire
water-supply combined with HDPE and cast iron, or fire doors for the
escape tunnel that can withstand the aerodynamic pressures.

www.inzinierskestavby.sk
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Frantisek Brlit - Stefan Choma

Rekonstrukcia oblukového zelezobetonového mosta

v Dolnych Plachtinciach

Reconstruction of Reinforced Concrete Arch Bridge

in Dolné Plachtince

V rokoch 2010 az 2011 sa rekonstruoval oblikovy zelezobet6no-
vy most v Dolnych Plachtinciach v okrese Velky Krtis. Projekt ob-
sahoval kompletnu rekonstrukciu mosta z roku 1937 - stavebno-
-technicku a staticku -, ako aj vyrieSenie dopravnych problémov
v tomto uzle na ceste I/75 v obci Dolné Plachtince.

Most s evidencnym cislom 052 sa nachddza v intravilane obce
Dolné Plachtince a prevadza komunikéciu 1/75 z Velkého KrtiSa po-
nad Plachtinsky potok. Je situovany za odbockou na Horné Plach-
tince v smere z Velkého Krtisa, nedaleko obecného uradu. Jestvu-
juci most bol postaveny v roku 1937 po povodni v roku 1936, ktord
strhla dvojtrdmovy beténovy most s rozpatim 20 m, pévodne stoja-
ci na mieste dne$ného mosta. Pre potreby rekonstrukcie sme v Stat-
nom narodnom archive nasli kompletnu projektovd dokumentaciu,
podla ktorej bol most postaveny. Dokumentécia dokonca obsahova-
la policajny spis z vySetrovania zodpovednosti za spadnutie povod-
ného mosta.

Opis konstrukcie a dovod rekonstrukcie

Ide o jednopolovy Zelezobetdnovy mostny objekt s rozpatim 33,0 m.
Hlavnym nosnym prvkom mosta je dvojica vrchnych oblikov vystu-
Zenych nezévislym ocelovym obeténovanym tahadlom. Na obliku
je pomocou rdmovych zévesov zavesend mostovkova doska vystu-
Zena sustavou pozdiznych tramov a prie¢nikov nadvézujicich na za-
vesy. Aby doska nepdsobila ako tahadlo, v miestach za krajnymi za-
vesmi je vytvorend dilata¢nd skara s viozenymi mostnymi zavermi.

olBABSIA - 58

In the years 2010 - 2011, reinforced concrete arch bridge in Dolne
Plachtince, District of Velky Krtis, was reconstructed. The project
included complete reconstruction of the bridge from 1937, con-
structional, technical and structural, solving traffic problems in
this node on the road I/75 in the village of Dolne Plachtince.

The bridge No. 052 is located within the boundaries of the village
of Dolne Plachtince, on the road 1/75 from Velky Krtis over the stream
Plachtinsky potok. The bridge is located behind the turn of the road to
Horne Plachtince in the direction from Velky Krtis, near the municipal
office. The existing bridge was built in 1937, after flood in 1936, which
broke down the original two-joist concrete bridge with a span of 20 m.
For the needs of reconstruction, the complete design documentation,
according to which the bridge was originally built up, was found in
State National Archives. The documentation even included the police
file from the investigation of responsibility for the original bridge crash.

Description of structure and reason for
reconstruction

It is a one-span reinforced concrete bridge structure with a span of 33
m. The main structural members of the bridge are the two upper arch-
es stiffened with a steel tie rod in concrete encasement. The bridge
deck slab, reinforced with a system of longitudinal and transverse
beams, is suspended in the arch through frame suspensions. In plac-
es behind external suspensions a dilatation joint with embedded ex-
tension joints is created for the reason of the slab not to act like a tie.
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Prehladna schéma mosta
Summary bridge scheme

Ing. Frantisek Brlit, CEMOS, s. 1. 0., Mlynské nivy 70, 821 05 Bratislava, tel.: +421 2 56363134, e-mail: brlit@cemos.sk
Ing. Stefan Choma, CEMOS, s. 1. 0, Mlynské nivy 70, 821 05 Bratislava, tel.: +421 2 58104218, e-mail: choma@cemos.sk
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Stav mostného objektu v roku 2005
Building condition of the bridge structure in year 2005

Stavebny stav mosta bol na zéklade hlavnej prehliadky definovany
ako zly (V. stuperi). Most vykazoval tieto poruchy:
e spodna stavba:
= znedistenie,
= opadavanie fazetovej omietky a narusenie vonkajsej vrstvy
beténu;
e nosnd konstrukcia:
= rozpad fazetovej omietky,
= narusenie vrchnej beténovej vrstvy,
= odhalenie a kordzia betonarskej vystuZe oblika a zavesoy,
= nedostato¢né krytie betonarskej vystuze,
= zatekanie na miestach krajnych ozubov mostovkovej dosky
(miesta dilata¢nych skar),
= rozpadnutd betdnova vrstva okolo ocelového tahadla,
= kordzia tahadla,
= znecistenie konstrukcie;
e mostny zvrsok a vybavenie mosta:
= trhliny na vozovke na miestach predpokladanych mostnych
Zaverov,
= znecistené, nefunkéné a skorodované odvodriovace,
= hrdzavejlce zébradlie, nefunkéné posuvné ulozenie drZiakov
zébradlia do beténu obltika a zavesoy,
= porusené opevnenia svahov pod mostom a svahovych kuzeloy,
= naplaveniny pod mostom.

ZataZitelnost mosta bola stanovend statickym prepoc¢tom na drovni:
e normalna zatazZitelnost: V.=121(37,5%),
e vyhradna zatazitelnost: V,=171(212%),
e vynimocna zatazitelnost: V., =711 (36,2%).

Okrem uvedenych nedostatkov bola doprava na moste obme-
dzovand jeho sirkovym usporiadanim. Sirka medzi obrubnikmi bola
5,4 m. Na moste neboli chodniky pre chodcov, na prechod pesich sa
vyuZzivali odrazové pruhy so sirkou 1,0 m alebo vozovka.

Z uvedenych dévodov sa sprdvca mosta rozhodol most rekon-
struovat. Cielom rekonstrukcie bolo dosiahnut triedu zatazitelnosti A

www.inzenyrske-stavby.cz

Building condition of the bridge, based on the main inspection was
defined as bad (grade V). The bridge showed following disorders:
e substructure:
= pollution,
= falling of the bezel plaster and disruption of the outer layer of
concrete;
e bearing structure:
= decomposition of the bezel plaster,
= disruption of the outer layer of concrete,
= uncovering and corrosion of concrete reinforcement of arch
and suspensions,
= insufficient concrete cover of reinforcement,
= leakage in places of extreme barbs of bridge deck slab (places
of dilatation joists),
= disintegrated concrete layer around the steel tie,
= tie corrosion,
= structure pollution;
o the bridge superstructure and bridge equipment:
= cracks on the carriageway in places of projected expansion joints,
= polluted, dysfunctional and corroded drainers,
= usted handrail, dysfunctional shifting bedding of handrail
handles to the concrete of arch and suspensions,
= broken fortifications under the bridge slopes and slope cones,
= silts under the bridge.

The bearing capacity of the bridge was determined according to
static calculation on the level of
e normal capacity: V. =121t(37.5%),
e sole capacity: V,=171(21.2 %),
e exceptional capacity: V,=711(36.2%).

In addition to these shortcomings the traffic across the bridge was
limited by the width arrangement of bridge. Width between curbs
was 5.4 m. There were no footpaths on the bridge, for pedestrian
transition the reflective stripes with the width of 1.0 m or carriage-
way were used.
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Pévodné ocistené tahadlo, nové tahadlo, nalepend ocelova pasnica
Original, cleaned tie, new tie, bonded steel flange

podla vtedy platnej normy STN 73 6203 (plnd neobmedzena za-
tazitelnost). Dalej sa mal dosiahnut taky stavebny stav mosta, kto-
ry nebude mat vplyv na zniZenie zatazitelnosti. Z mosta sa mala vy-
lUcit pesia doprava. Zaroven bolo potrebné respektovat poziadavku
sprdvcu na zachovanie pévodného vzhladu mosta, ktory je domi-
nantou blizkeho okolia.

Tieto ciele sa dosiahli statickym zosilnenim nosnej konstrukcie, d6-
kladnou celoploSnou sandciou povrchu beténu a skorodovanej vy-
stuze a zhotovenim novej lavky pre pesich v tesnej blizkosti jestvuju-
ceho mosta a rovnobezne s nim.

Po rekonstrukcii je svetld Sirka medzi obrubnikmi 5,75 m, ¢o zod-
povedd dvom jazdnym pruhom Sirokym 2,875 m. Obrubnik s vys-
kou 120 mm je tvoreny vrchnou ¢astou nosného pozdizneho tra-
mu, ktory prechddza do pévodnej chodnikovej ¢asti. Do tohto tramu
sa nemohlo zo statického hladiska zasahovat, preto nebolo mozné
ani zvacsit svetld Sirku medzi obrubnikmi. Svetld Sirka medzi zaves-
mi obltka je 7,4 m.

Projektova dokumentacia a priprava

Projektové prace sa zacali v roku 2005. Prvotnym problémom bolo
vyriedenie obchddzkovej trasy stavby. Prevadzand komunikacia je
cesta |. triedy, po ktorej musela prechadzat doprava bez vyrazného
obmedzenia. Prvy ndvrh vychéddzal z vyuZitia jestvujucich komunika-
cif v obci, s ich miernou Upravou a do¢asnym premostenim Plachtin-
ského potoka. Pri priprave sutaznych podkladov investor prehodnotil
vyuZitie projektovanej lavky pre pesich tak, aby ju v pripade potreby
bolo mozné pouzit na prejazd vozidiel. Jej parametre (Sirkové uspo-
riadanie a Unosnost) sa upravili tak, aby bolo mozné tuto lavku vyu-
Zit pocas vystavby ako obchadzkovu trasu striedavo pre oba smery.
Doprava bola riadend svetelnym signalizacnym zariadenim. Toto rie-
Senie na jednej strane predislo problémom v doprave na prevadza-
nej komunikacii, na druhej strane zvysilo naroky na zhotovovatela pri
zriadenf staveniska a pri realizacii prac na oprave. Zaroven bolo po-
trebné upravit aj niektoré technické riesenia opravy mosta (riesenie
nového tahadla), ktoré boli zavislé od postupu vystavby.

Zaciatok realizacie stavby sa niekolkokrat posuval z dévodu prob-
lémov s prekladkou plynového potrubia pévodne uloZzeného na
moste a z dovodu pldnovania finan¢nych prostriedkov na rekon-
strukciu mosta. So samotnymi pracami sa zacalo az v roku 2010, pét
rokov po vypracovani projektovej dokumentécie. Preto bolo nevy-
hnutné nanovo prehodnotit stav mosta, ktory sa vzhlfadom na posun
terminu viditelne zmenil. Zmenil sa rozsah poskodenia jednotlivych
Casti a tomu sa muselo prisposobit aj technické riesenie.

Projekt rekonstrukcie bol spracovany na podkladoch pévodnej re-
aliza¢nej dokumentécie, ¢o znac¢ne spresnilo a ulahcilo pripravu sta-
tickej analyzy. Na navrh zosilnenia sa pripravil velmi presny a pomer-
ne komplikovany priestorovy vypoctovy model konstrukcie. Pouzil
sa vypoctovy systém Nexis (metdda konecnych prvkov), ktory do-
kézal vyuzitim fazovanych prierezov namodelovat zosilnenie mos-
tovky dodatoc¢nou spriahajicou doskou. Takouto analyzou sa zisti-
lo niekolko zaujimavych skuto¢nosti a statickych rezerv konstrukcie.
Preukdzalo sa aj nie celkom spravne pouzitie statickych schém v po-
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For these reasons, the bridge administrator decided to recon-
struct the bridge. The goal of the reconstruction was to achieve the
bearing capacity of "A” capacity class according to just then applica-
ble standard STN 73 6203 (full unlimited load capacity). Next, such
a building condition of the bridge should be achieved, which will
not affect the reduction in load capacity. Pedestrian traffic should
be excluded from the bridge. It was also necessary to respect the re-
quirement of administrator to maintain the original appearance of
the bridge, which dominates in the surrounding area.

These goals were achieved by structural strengthening of bear-
ing structure, careful full-area rehabilitation of concrete surface and
of corroded reinforcement and by construction of a new pedestrian
bridge very close to the existing bridge, in parallel with it.

After reconstruction the clear width between curbs is 5.75 m,
which is equivalent to two lanes of the wide of 2.875 m. The curb of
the height of 120 mm is formed by the top of the supporting longi-
tudinal beam, which passes to the initial pavement part. For structur-
al reasons, it was impossible to interfere to this beam and that is why
it was impossible to enlarge the clear width between curbs. Clear
width between arch suspensions is of 7.4 m.

Project documentation and preparation
Reconstruction designing started in 2005. The initial problem was
the solution of construction detours. The present commmunication is
a way of class |, along which the transport has to be allowed with-
out significant restriction. The first draft was based on the use of
existing roads in the village, with the slight modification and tem-
porary bridging of stream Plachtinsky potok. When preparing the
tender specifications, investor reconsidered the use of the projected
pedestrian bridge so that if necessary, it could be used for the pas-
sage of vehicles. Its parameters (width arrangement and carrying
capacity) were adjusted so that the bridge can be used like a de-
tour, alternately for both directions, during construction. Transport
was controlled by traffic signals. This solution, on the one hand pre-
vented any problems in transport on present communication, on
the other hand it increased demands on the contractor in estab-
lishment the site and in the implementation of work on repairs. It
was also necessary to modify some technical solutions of bridge re-
pairs (design of new tie), which were dependent on the progress
of construction.

The beginning of construction realization was delayed sever-
al times because of problems with transhipment of gas pipeline lo-
cated on the bridge and because of funds planning for bridge re-
construction. The works started in 2010, five years after project
documentation working-out. That is why it was necessary to re-
consider once again the conditions of bridge, which changed visi-
bly in the view of schedule delay. The extent of damage of individ-
ual parts changed and so the technical solution had to be adapted
to this fact.

The reconstruction project was worked-out on the basis of the
original implementation documentation, what greatly specified and
facilitated the preparation of structural analysis. For strengthening
design a very precise and complicated spatial computational mod-
el of the structure was prepared. Computational system NEXIS (finite
element method), which allowed the modelling of bridge deck slab
strengthening with additional composite slab by the use of phased
cross-section, was used. By such analysis there were found out some
interesting facts and structural reserves of the structure. A not quite
correct use of static schemes in original structural calculation was
showed, especially for longitudinal beams of bridge deck slab. These
elements were originally designed like continuous beams with rigid
supports and strong influence of the elastic support from the arch
flexibility was neglected.

On the basis of calculation, structural strengthening of the struc-
ture was designed by three methods:
e strengthening of vertical suspensions by reinforcement bars pla-
ced inside suspensions cross-section,
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Pohlad na rekonstruovany most tesne pred odovzdanim
View to the reconstructed bridge just before handing

vodnom statickom vypocte, predovietkym pri pozdiznych trdmoch

mostovkovej dosky. Tieto prvky boli pévodne dimenzované ako spo-

jité nosniky s tuhym podoprenim, pricom dost vyrazny vplyv pruz-

ného podoprenia od poddajnosti obluka bol zanedbany. Na zdklade

vypoctu sa navrhlo statické zosilnenie konstrukcie, ktoré sa dosiah-

lo troma spdsobmi:

o zosilnenim zvislych zavesov ty¢ovou vystuZou umiestnenou v prie-
reze zavesov,

e doplnenim nového tahadla do jestvujuceho oblika - z predpina-
cich 1an ukotvenych do obluka v mieste krajnych opér,

e zhotovenim spriahajlcej dosky mostovky, ktord zarover vytvorila
prie¢ny sklon vozovky a zosilnenim pozdiznikov mostovky pomo-
cou lepenych ocelovych pasnic.

Spravnost predpokladov vypoctu a realizovanych oprav sa po
skonceni prac preukdzala statickou zatazovacou skuskou.

Realizacia prac

Rekonstrukené prace realizovala spolo¢nost STRABAG, s. 1. 0., PJ Luce-
nec, s poddodavatelom predpinacich prac — spolo¢nostou SM 7, a. s.
Prace prebiehali v rokoch 2009 a7 2011.

V prvom kroku sa vybudoval objekt lavky pre pesich, ktory docasne
sluzil presmerovanej doprave. Nosnd konstrukcia lavky je monolitic-
kd, trdmova z dodatocne predpétého beténu s jednym polom s roz-
patim 32,7 m. Prierez nosnej konstrukcie lavky tvorf trdm s konstant-
nou vyskou 1 450 mm so symetrickymi obojstrannymi konzolami.

Buracie prace
Po presmerovani dopravy sa zacalo s buracimi pracami na mostnom
objekte. Buracie prace zahffali viacero operacii, ktorych cielom bolo
odstranit z mostného objektu vietky mechanicky aj chemicky poru-
sené Casti. Pozostavali z niekolkych etdp. V prvej faze sa z nosnej kon-
strukcie mosta odstranil mostny zvrsok vratane obrubnikov, odvod-
novacoyv, izolacie, vozovkovych vrstiev, vyrovnavacich vrstiev — aj na
chodnikovych castiach az na pdvodnu nosnu konstrukciu. Tykalo sa
to aj vdetkych Casti z predchadzajucich ciastkovych oprav.

Samotné Cistenie betdnovych povrchov sa realizovalo vo dvoch
etapach. V prvej sa vykonalo mechanické ocistenie povrchu. Odstra-
nila sa rozpadnuta fazetovad omietka a poruseny betén. Pri Cistenf sa
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e completion of existing arch tie by a new tie from prestressing
cables anchored in the arch in places of outermost abutments,

e execution of composite slab of bridge deck, which creates the
transverse gradient of the road and strengthening of longitudinal
beams with the help of bonded steel flanges.

Regularity of assumptions, calculation and implemented repairs
after completion of the work was demonstrated by a static load test.

Works execution

Reconstruction works were executed by STRABAG, s. 1. 0., PJ Lu¢enec
corporation with subcontractor of prestressing works SM 7, a. s..
Works went on in 2009 - 2011.

In the first step, pedestrian bridge, serving for the redirected traf-
fic, was built. The pedestrian bridge has cast-in-situ prestressed con-
crete joist bearing structure of one span of 32.7 m. The cross-section
is made of beam of constant height of 1 450 mm with symmetrical
cantilevered parts on both sides.

Demolition works

After redirecting of transport, demolition works started on the bridge
structure. Demolition works consisted of several operations, the aim
of which was to eliminate all of the bridge structure mechanical-
ly and chemically broken parts. They consisted of several stages. In
first stage, the bridge superstructure was removed, including curbs,
drainers, insulation, layers of carriageway, levelling layers even on the
pavement parts to the original bearing structure. This also applies to
all parts of the previous partial repairs.

The actual cleaning of concrete surfaces was executed in two
stages. In the first one, the mechanical surface cleaning was pro-
vided. Falling of the bezel plaster and damaged concrete were re-
moved. The cleaning had to proceed with caution and works were
coordinated so as to avoid additional violations in massive concrete
due to vibrations.

After mechanical one, the cleaning of the surface with high pres-
sure water jetting (pressure of 100 — 300 MPa) followed to remove
disrupted concrete to healthy core of concrete structure. This clean-
ing and following testing of surface strengths showed higher values
of concrete strengths as assumed in calculation at many places of
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postupovalo opatrne a prace sa koordinovali tak, aby vplyvom vib-
racii nedochéadzalo k dodato¢nym poruseniam v celistvom betoéne.

Po mechanickom ¢isteni nasledovalo ocistenie povrchu vysokotla-
kovym vodnym li¢om (tlak 100 az 300 MPa), ktorym sa odstranil na-
ruseny betén po zdravé jadro beténovej konstrukcie. Toto Cistenie
a nasledna realizécia skusok povrchovych pevnosti preukdzali na
mnohych castiach konstrukcie (najma v spodnej asti) vyssie hodno-
ty pevnosti betdnov, ako sa predpokladalo v statickom vypocte. Pred
nanasanim reprofila¢nych materidlov sa konstrukcia docistila tlako-
vou vodou (tlak asi 20 MPa).

Po dokonceni buracich prac jednotlivych prvkov sa vzdy prizvali
projektant a zastupcovia investora, ktorf zhodnotili stav konstrukcie,
pripadne upravili technické riesenie.

Zosilnenie zvislych zavesov

Zosilnenie sa realizovalo dodato¢nym osadenim celozavitovych pred-
pinacich ty¢f @ 32 mm do drézky vysekanej pozdiz celého zavesu. Pri
osadzovani ty¢f sa zachovala povodna strmenova betondrska vystuz
zavesov bez porusenia. V obluku sa vytvorili kapsy na kotevné mati-
ce zosilnenia. Ty¢e sa osddzali zasUvanim za pdvodnu nosnu vystuz
obluka a strmenovu vystuz zavesov zvrchu. Ukotvili sa v hornej ¢as-
ti prostrednictvom manzety vlepenej do drazky epoxidovym lepid-
lom. V spodnej ¢asti sa ty¢ ukotvila pomocou kotevnej dosky a matice
v miestach pod jestvujucou vystuzou. Predpinacie tyce sa aktivova-
li dotiahnutim matic. Po osadenf a aktivovani vsetkych tyci sa drazky
a kapsy vyplnili tekutym sanac¢nym systémom so zvysenou pevnostou
v tlaku, s predchéddzajicim antikoréznym néterom ocelovych casti.

Doplnenie tahadla obluka
Povodné tahadlo tvoria ocelové pésnice spdjané skrutkami, chra-
nené obeténovanim. Vzhladom na nepreukézatelné pevnosti spo-
jov a ukotvenia v patach oblukov, ako aj potrebu vnesenia aktivac-
nej sily do obltka sa pévodné tahadlo po oprave doplnilo novymi
tahadlami. Tie sa na oboch obltkoch zhotovili z nesudrznych kéblov
zloZenych z 12 1dn typu monostrand Y 1860 S7 15,7 mm kotvenych
v prie¢nikoch 2 a 9, pretoze v krajnych prie¢nikoch nebolo z priesto-
rového hladiska mozné osadit kotevé objimky a nasledne realizovat
predpétie. Z tychto priecnikov sa tahové sila preniesla do péaty ob-
lukov v krajnych poliach dvojicou predpinacich ty¢i Dywidag 36WR.
Prvky tahadla prechadzaju cez prie¢niky vo vyvitanych otvoroch.
Predpinacie tyce su kotvené na prie¢niku 1 a 10 prostrednictvom
roznasacej podlozky a matice 36WR. Tyce sa na priecnikoch 2 a 9 kot-
vili prostrednictvom kotevnej zostavy obopinajlcej priecniky z obi-
dvoch stran. Kotevnéa zostava je spoloc¢né aj na kotvenie lan tahadla.
Predpinanie sa realizovalo po zostavenf a zainjektovani celého ta-
hadla v niekolkych etapéch tak, aby sa sila postupne a rovnomerne
vniesla do celej konstrukcie.

Zosilnenie mostovkovej dosky

Zosilnenie mostovkovej dosky prebiehalo vo dvoch etapéach. Prva
etapa pozostavala zo zosilnenia pozdiZnikov mostovky pomocou
lepenych ocelovych pasnic. V druhej sa zhotovila spriahajica do-
ska mostovky, ktord sucasne vytvorila prie¢ny sklon vozovky. Vlastna
tiaz spriahajlcej dosky zarover aktivovala ocelové pasnice nalepené
a ukotvené v prvej etape.

Princip zosilnenia ocelovymi pasnicami spocival v tom, ze k po-
zdiznikom mostovky nosnej konstrukcie sa epoxidovym lepidlom
prilepila vonkajsia nosna vystuz vo forme ocelovych pasnic. Lepidlo
prenasa deformdciu z konstrukcie na pasnicu a zabezpecuje konti-
nualnu sudrznost medzi pasnicou a beténovou konstrukciou, ¢im sa
pasnica stava sucastou prierezu. Tym sa v plnej miere zapdja do jeho
unosnosti. Pasnice, ktorymi su vystuzené Useky medzi jednotlivymi
prie¢nikmi, vzajomne spolupdsobia. Je to zabezpecené prostrednic-
tvom zédvitovych ty¢i M24 prechaddzajlcich cez prie¢niky, ktorymi su
jednotlivé pasnice na pozdfznych trdmoch spojené.

Zakladny postup prac pri zosiliovan{ spocival v tom, Ze sa nos-
né konstrukcia ocistila od skorodovanych a porusenych casti betonu
a odstranil sa mostny zvrsok, ¢im sa konstrukcia maximalne odlahci-

InZinierske stavby / InZenyrské stavby 6/2013

structure (almost in bottom part). Before applying the repair
materials, the structure was cleaned by pressure water (pressure of
about 20 MPa)

After completion of the demolition of individual elements, design-
er and investor have always been invited to assess the state of the
structure and to make any adjustments to the technical solution.

Strengthening of vertical suspensions

The strengthening was executed by additional installation of full
thread prestressing rods of diameter of 32 mm to the groove cut
along the whole suspension. When fitting the rods, the original con-
crete reinforcement of links of suspensions was maintained without
damaging. In the arch, pockets for anchoring nuts of strengthening
were made. Rods were embedded behind original bearing reinforce-
ment of the arch and links of suspensions from above. They were an-
chored in the upper part by a sleeve bonded with epoxy adhesive
into the groove. At the bottom, the rod was anchored by the help of
anchorage plate and nut in places under the existing reinforcement.
Prestressing rods were activated by fastening of nuts. After embed-
ding and activation of all rods, grooves and pockets were filled by lig-
uid rehabilitation system with increased compressive strength, with
a previous anticorrosive paint of steel parts.

Completion of arch tie
The original tie is made of steel strips, jointed with screws, protect-
ed by concreting. Considering unverifiable joint strengths and an-
chorages in arch foots and the need for introducing the activation
force to arch, the original tie was added by new ties. New ties at both
arches were made of non-cohesive cables from 12 tendons of type
“Monostrand Y 1860 S7 15.7 mm” anchored in transverse beams 2
and 9, because in outmost transverse beams there was impossible to
embed the anchorage sleeves and to execute the prestressing. From
these beams the tensile force was transferred to arch foots in out-
most spans by a couple of prestressing rods Dywidag 36WR. Tie el-
ements go through the beams in drilled holes. Prestressing rods are
anchored in beams 1 and 10 by the bearing washer and nut 36WR.
Anchoring of rods 2 and 9 is carried out by anchoring system, en-
circling transverse beams from both sides. Anchoring system is also
common for anchoring of tie cables.

Prestressing was carried out after mounting and grouting of all ties
in several stages so the force was gradually and evenly transferred to
the whole structure.

Strengthening of bridge deck slab

Strengthening of bridge deck slab was carried out in two stages. The
first stage consisted of strengthening of longitudinal beams of the
deck using bonded steel flanges. In second stage, the composite
bridge deck slab was created along with transverse gradient of the
road. The self-weight of composite slab activated steel flanges bond-
ed and anchored in first stage.

Steel flanges strengthening principle was that external steel rein-
forcement in the form of steel flanges was bonded with epoxy ad-
hesive to the longitudinal beams of bearing structure bridge deck
slab. The adhesive transfers deformation from structure to flange and
ensures continual bond between flange and concrete structure, so
the flange becomes a part of cross-section. It is fully integrated to
carrying capacity. Flanges, by which the parts between transverse
beams are stiffened, work together. It is ensured through threaded
rods M24, passing through transverse beams, by which the flanges
are joined at longitudinal beams.

The basic procedure of works was that bearing structure was
cleaned from corroded and damaged concrete parts and bridge su-
perstructure was removed, so the structure was maximally unload-
ed. Bottom parts of bridge deck slab were cleaned and repaired.
Missing parts of concrete were repaired so that the unevenness of
surface in longitudinal direction was not more than 2 mm. To bot-
tom surfaces of longitudinal beams the steel flanges were bonded
by epoxy adhesive, before bonding they were cleaned by abrasion
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la. Spodné plochy mostovky sa ocistili a nasledne reprofilovali. Chy-
bajluce Casti betdnu sa po ocisteni reprofilovali tak, ze nerovnosti po-
vrchu v pozdfznom smere boli maximalne 2 mm. Na spodné plochy
pozdiznych trdmov sa epoxidovym lepidlom nalepili ocelové pésni-
ce, ktoré sa bezprostredne pred lepenim ocistili abraziou na stupen
S2,5. Na pasnice sa nanieslo lepidlo v poZzadovanej hribke a pripev-
nili sa k nosnej konstrukcii. Pred vytvrdnutim lepidla sa na pasnicu
vyvinul pritlak na dokonalé spojenie pasnice s betdnovou konstruk-
ciou. Dotiahli sa kotevné pripravky a pospéjali sa jednotlivé Useky.
Pasnice sa ochrdnili sanac¢nym systémom s pouzitim kontaktného
mostika, ¢o zabezpecilo, Ze zosilnenie nie je viditelné.

Dal$im prvkom zosilnenia mostovky je spriahajtica doska z beténu C
35/45 XD1, XF2, realizovana v druhej etape. Vystuzend je betondrskou
vystuZou triedy 10 505 (R) uloZenou v pozdiznom aj prie¢nom sme-
re.V miestach dilatacnych $kér spriahajica doska kopiruje tvar pévod-
nej nosnej konstrukcie. V spriahajuiicej doske su zabetdnované taniere
na odvodnovace a drendzne tvarovky na odvodnenie povrchu izolacie.

Zlepsenie stavebného stavu mosta

Zlepsenie stavebného stavu mosta sa dosiahlo dokladnou celoplos-
nou sandaciou povrchov beténu a skorodovanej vystuze. Pouzili sa
pripravky firmy BASF, a to viac ako 20 druhov sanacnych materidlov.
Pri vybere a aplikacii tychto materidlov sa okrem technickej vhodnos-
ti pouzitia a hospodérnosti klddol déraz aj na vyslednu estetiku vidi-
telnych sanovanych povrchov.

Po skonceni sanacnych prac na nosnej konstrukcii sa realizoval
mostny zvrsok. Osadili sa prvky na odvodnenie — odvodriovace a od-
vodniovacie tvarovky. Zhotovila sa izola¢nd vrstva s pouzitim striekanej
izolacie. Izola¢nad vrstva sa zhotovila v priecnom smere kontinualne aj
na rimsovych ¢astiach, kde vytvorila povrchovu izoldciu. Nasledne sa
polozili vozovkové vrstvy. Na moste su Styri asfaltové mostné zavery.

Vzhladom na kvalitu a nizky stupen korézie ocelovych casti za-
bradlia a loZisk sa pristupilo len k ich dékladnému ocisteniu, sfunke-
neniu a aplikacii antikoréznych néterov.

Zaver
Rekonstrukciou sa splnili vSetky poziadavky investora definované
v zadani. Pri zachovani povodnej konstrukcie sa sfunkcnil dany do-
pravny uzol na vyznamnej komunikacii, ceste 1/75. Rekonstrukcia za-
bezpetila zvyienie zatazitelnosti a predizenie Zivotnosti mostného
objektu na mieru pozadovanu slovenskymi technickymi predpismi.
Rekonstrukcia je dbkazom, Ze vhodnym pristupom ku konstrukcii
mozno zachovat vyznamné technické diela ako ukazku technickej
vyspelosti nasich predchodcov a zabezpecit ich funkénost aj pri te-
rajsich nérokoch.

to 52.5 level. Adhesive was coated to flanges in needed thickness
and they were then bonded to bearing structure. Before adhesive
hardening, pressure was made to flange to perfect connection of
flange with concrete structure. Anchoring agents were fastened and
individual parts were mounted together. Flanges were protected by
repair system of contact bridge, which ensured that strengthening
is not visible.

Next element of bridge deck slab strengthening is a composite
slab made of concrete C 35/45 XD1, XF2, executed in second stage.
It is reinforced with concrete reinforcement steel 10 505 (R) embed-
ded in longitudinal and also transverse direction. In places of dilata-
tion joints, the composite slab is copying the shape of original bear-
ing structure. In composite slab, drainer plates and drainage fittings
are embedded.

Improving the construction condition of the bridge
Improving the construction condition of the bridge was carried out
by thorough full renovation of concrete surfaces and corroded re-
inforcement. Materials of BASF corporation were used. There were
used more than 20 types of repair materials for individual stages of
reconstruction. At the selection and application of these materials,
the emphasis was given not only to technical suitability for use and
economic aspects but also to final aesthetics of visible repaired
elements.

After finishing repair works on bearing structure, the bridge super-
structure was executed. Drainage elements (drainers and drainage
fittings) were embedded. Insulation layer by the use of sprayed insu-
lation was constructed. It was carried out in transverse direction con-
tinually at cornice parts, were it formed a surface insulation. Subse-
quently the carriageway layers were laid down. There are four asphalt
expansion joints on the bridge.

Due to the quality and the low degree of corrosion of steel railing
parts and bearings, they were only cleaned thorough, operational-
ized and anti-corrosion coatings were applied.

Conclusion

All investor requirements defined in the contract were fulfilled by re-
construction. While preserving the original structure, the transport
node on the important 1/75 road was operationalized. The recon-
struction ensured increase in load capacity and extension of life time
of bridge structure required by Slovak technical standards.

This reconstruction is the proof, that by a suitable approach to the
structure, significant technical works can be maintained functional
also for today needs, as a preview of engineering achievement of our
predecessors.
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Rastislav Pisarcik — Jozef Hanuliak

Rekonstrukcia mosta na ceste 1/59 ponad rieku Oravu

v meste Tvrdosin

Bridge Reconstruction on the Road /59 over the River Orava

in the Town Tvrdosin

Prispevok sa zameriava na opis a poznatky z rekonstrukcie most-
ného objektu ponad rieku Oravu v meste TvrdoSin na medziné-
rodnej ceste E77 (I/59) metddou zosilnenia nosnej konstrukcie
pomocou vonkajsej nesudrznej predpinacej vystuze.

Povodny stav mosta
Old state of the bridge

Tvrdosinsky most je jeden z najdoélezitejsich mostnych objektov
cez rieku Oravu na medzindrodnej ceste I. triedy ¢. 59 (E77), ktory sa
do znacnej miery vyuZiva ako hlavny koridor na tranzitné spojenie
medzi Slovenskou republikou a Polskom. Vyznam mosta umocriuje
aj fakt, ze rieka Orava rozdeluje mesto na dve casti a tento most je
ich jedinym cestnym prepojenim. Podla scitania dopravy z roku 2010
je intenzita dopravy na danom Useku vacsia ako 12,5 tisica vozidiel za
24 hodin a z tohto poctu pripadd na nakladnu dopravu 2,8 tisica vo-
zidiel. Mostny objekt je v sprave IVSC SSC Zilina.

Charakteristika mosta a dovody rekonstrukcie
Ide o trojpolovy mostny objekt s rozpatiami poli 22,15 + 27,63 +
22,15 m. Nosnd konstrukcia je riesend ako spojitd rdmova susta-
va v priecnom reze s piatimi hlavnymi nosnikmi spojenymi doskou.
Hlavné tramy su stuzené prie¢nikmi v nadpodporovych oblastiach
a Styrmi, respektive piatimi prie¢cnymi stuzovadlami v poli. Spodnu
stavbu tvoria masivne krajné beténové opory a medzilahlé zelezobe-
ténové podpery s kamennym obkladom. ZaloZenie mosta je plosné.
Na moste vzniklo viacero poruch, ktoré znizovali funkénu schop-
nost objektu a ohrozovali jeho Zivotnost. Stav mosta bol vzhlfadom
na druh a rozsah portch hodnoteny ako zly, t. . stupen V, a most si
vyzadoval okamzitu opravu. Samotnému nadvrhu rekonstrukcie most-
ného objektu predchéddzala v roku 2009 rozsiahla diagnostika, ktora
podrobne Specifikovala stav konstrukcie a rozsah poruch.

The report focuses on the description and data of the bridge ob-
ject reconstruction over the river Orava in the town Tvrdosin on the
international road E77 (I/59) by the method of amplification of the
main structure with the usage of external non-cohesive tendon.

Most po rekonstrukcii
Bridge after reconstruction

Tvrdosin bridge is one of the most important object bridges over
the river Orava on the international road of the first I. class no. 59
(E77) which is predominantly used as the main corridor for the tran-
sit connection between the Slovak Republic and Poland. The im-
portance of the bridge is enhanced by the fact that the river Orava
divides the town into two parts and the bridge is the only road con-
nection. According to census traffic from 2010 is the traffic intensity
in a given part of more volume than 12,5 thousand vehicles/24 and
from that amount 2,8 thousand vehicles falls to freight traffic. The
bridge object is in the report IVSC SSC Zilina.

Bridge characteristics and the reasons of
reconstruction
It is about 3 pole bridge object with the span of poles 22,15 + 27,63
+ 22,15 m. The supporting structure is designed as a continuous
frame system in a cross section with 5 main beams connected with
the board. The main beams are reinforced in upper supporting parts
and with 4, resp. 5 transverse reinforced objects in a field. The sub-
structure consists of massive lateral concrete pillars and intermedi-
ate ferroconcrete supports with stone cladding. The establishment
of the bridge is flat.

On the bridge occurred multiple defects that reduced functional
ability of the object and threatened its lifespan. In regards to the type
and extent of the defects, the state of the bridge was rated as poor,

Ing. Rastislav Pisarcik, Valbek, s. r. 0., Obrancov mieru 3, 040 01 Kosice, tel.: +421 552 304030, e-mail: pisarcik@valbek.sk
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Zavesné lesenie nad Oravou
Hanging scaffolding over Orava

Poruchy spodnej stavby

Stav beténovej spodnej stavby bol vyrazne ovplyvneny intenzivnym
zatekanim. Kamenny obklad mal vypadanu maltu v $karach. Na opo-
rach plnili funkciu pohyblivych lozisk kyvavé beténové bloky. V do-
sledku zatekania bol ich beton znacne zdegradovany a vystuz po-
znacena rozsiahlou koréziou.

Poruchy nosnej konstrukcie

Aj stav nosnej konstrukcie ovplyviovalo intenzivne zatekanie. Najvy-
raznejsie sa to prejavilo pod rimsami, kde sa betén krajnych konzol
rozpadol a vystuz skorodovala. V désledku nefunkcnej izoldcie bola
celd nosnd konstrukcia zatecend, vysledkom ¢oho boli vykvety vypla-
veného spojiva viditelné zospodu v doske mostovky. Hrubka krycich
vrstiev bola na viacerych miestach nulova, priecna vystuz ¢asto vy-
stupovala az k povrchu. NajzdvaZznejsou poruchou nosnej konstruk-
cie boli zvislé trhliny. Hojne sa vyskytovali v krajnych trémoch, lokal-
ne aj vo vnutornych. Sirka trhlin bola 0,2 az 0,5 mm. Ich poévod sa
nedal jednoznacne urcit a vzhlfadom na charakter a rozmiestnenie
bolo mozné konstatovat, Zze neslo o typické ohybové trhliny. UZ pri
pohlade volnym okom vyzerali hlavné tramy v strede pola prehnuté.

Poruchy mostného zvrsku a vybavenia mosta
Vdzne poruchy sa zistili aj na mostnom zvrsku a prislusenstve mosta. Di-
lata¢né skary boli na oboch strandch zablokované, mostné zavery ne-
funkéné a vozovka na mieste dilatacnej Skdry bola pretrhnutd. Kryt vo-
zovky a kryt chodnikov boli poSkodené trhlinami a vytlkmi. Na vozovke
boli vyjazdené kolaje. Odvodriovacie rdrky boli kratke a degradacné
procesy vyrazne zasiahli aj betonovd rimsu. Zdbradlie napadla kordzia.
Viykonany diagnosticky prieskum sa stal podkladom na prepo-
et zatazitelnosti, ktory sucasne sluzil aj na stanovenie zatazitelnosti
mosta. Na prepocet mosta sa vytvoril priestorovy vypoctovy model,

EETY : il
Docasné podopretie konstrukcie pomocou lisov
Temporary support of construction with the usage of presses
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Vyburanie kdps na betondaz uloznych blokov pod lisy
Removal of pockets for concreting of storage blocks below presses

which is degree "V" and the bridge required immediate repair. The
actual reconstruction of the bridge object preceded extensive diag-
nostics in 2009, which in detail specified the state of the construction
and the extent of defects.

Substructure defects

The state of the concrete substructure was significantly influenced by
the intensive leaking. Stone cladding had missing mortar in joints. The
function of movable bearings at abutment was performed by swing-
ing concrete blocks. Because of leaking the concrete was significant-
ly degraded and the reinforcement impacted by extensive corrosion.

Supporting structure defects

The state of the supporting structure was also influenced by the in-
tensive leaking. It was mostly reflected under ledges where the con-
crete of lateral consoles was fragmented and the reinforcement
corroded. As a result of dysfunctional insulation was the whole sup-
porting structure flowed, the result of it were the pieces of binder
visible from the bottom of the bridge deck. The thickness of coat-
ings was in several places at zero point, transverse reinforcement of-
ten went up to the surface. The most serious defects of the support-
ing structure were the vertical cracks. They occurred predominantly
in the lateral beams, locally also in the internal beams. The width of
cracks was 0,2 - 0,5 mm. It was not possible to clearly identify its ori-
gin and in relation to the character and presence of the cracks it was
possible to state that they were not typical flexural cracks. The main
beams look at a first sight as bended.

Bridge superstructure defects and bridge equipment
The serious defects were also found in the state of the bridge su-
perstructure. Dilated cracks were on both sides blocked, bridge end-
ings dysfunctional and the road at the place of dilated crack was de-
stroyed. Coating of the road was damaged by cracks and patholes.
In the road were ruts. Drainage pipelines were short. Concrete ledge
was affected by the degrading processes. Coating of the sidewalks
was damaged by cracks and patholes. The railing was corroded.

The performed diagnostic survey was the basis for the calculation
of carrying capacity which also served for the determination of car-
rying capacity of the bridge. For the calculation of the bridge was
created the spatial analysis model which captured the real structure.
The following resiliencies emerged from it: Normal 20,2 t, Exclusive
39,9 t, Exceptional 132,6 t. From the above stated reasons the bridge
manager decided for the reconstruction. It was expected from the
reconstruction of the bridge to reach the carrying capacity of the
class 'A" according to applicable standards at that time and achieve
such structural conditions of the bridge which will have no effect
on the reducing of the carrying capacity. On the basis of the cal-
culation, the static construction strengthening was designed which
was achieved by the usage of external no cohesive reinforcement,
strengthening of the pillars over supportive parts, strengthening of
transverse reinforcement, creating of consorting desk which created
the transverse gradient of the road and also by the total remediation
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Abrazivne cistenie nosnej konstrukcie vodnym li¢om
Blasting of the structure with the waterjet

ktory ¢o najvystiznejsie zachytaval skuto¢nu konstrukciu. Vyplynuli
z neho tieto zatazitelnosti: normélna 20,2 t, vyhradna 39,9 t a vyni-
mocna 1326 t.

Z uvedenych dévodov sprdvca mosta rozhodol o jeho rekonstruk-
cii. Rekonstrukciou mosta sa mala dosiahnut zataZitelnost triedy
A podla vtedy platnej normy a dosiahnut taky stavebny stav mosta,
ktory nebude mat vplyv na znizenie zatazitelnosti. Na zaklade vypoc-
tu sa navrhlo statické zosilnenie konstrukcie, ktoré sa dosiahlo pouzi-
tim vonkajsej nesudrznej predpinacej vystuze, zosilnenim prie¢nikov
na podporach, zosilnenim prie¢nych stuzovadiel, zhotovenim spria-
hajucej dosky, ktord zaroven vytvorila priecny sklon vozovky a doklad-
nou celoplosnou sanéciou povrchu beténu a skorodovanej vystuze.

Spravnost predpokladov vypoctu a realizovanych oprav sa po
skoncenf prac preukdzala statickou zatazovacou skdskou.

Realizacia prac

Rekonstrukéné préce realizovala spolo¢nost Hastra, s. 1. 0, Zilina. Sa-
motné stavebné prace na mostnom zvrsku prebiehali po polovi-
ciach pocas premavky. Doprava na moste bola riadend prenosnym
dopravnym znacenim a prenosnym signaliza¢nym zariadenim, pri-
¢om doprave spristupnili polovicu mosta, na ktorej neprebiehali sta-
vebné prace. Z tohto dévodu sa rekonstrukcia rozdelila na dve etapy.

V prvej etape sa ako prvé postavilo leSenie popod celd nosnu kon-
strukciu mosta s tym, Ze sa zacalo v krajnych poliach a pokracovalo
sa ponad koryto rieky Oravy. V mieste priecnikov sa osadili podper-
né lisy, ktoré pocas stavby prevzali funkciu lozZisk nosnej konstrukcie.

Po vymedzeni pracovného priestoru dopravnym znacenim sa
zacala frézovat vozovka na moste a prilahlé Useky za oporou. Re-
alizovalo sa paZenie miest za oporami a urobili sa vykopy spojené
s odvodnenim rubu opér a budovanim novej prechodovej oblasti
s prechodovou doskou. Odstranili sa staré zavery a zaverné muriky.
Sucasne sa demontoval mostny zvrdok s mostnym vybavenim, t. j.
odstranilo sa zébradlie, chodnikové rimsy, zostatkovy asfalt, izolacia
a zdegenerovany betén hornej dosky. Po postaveni ledenia a podo-
preti nosnej konstrukcie lismi sa zacali prace na odburani Uloznych
prahov pilierov, asti z opor a kridel do vysok pozadovanych na vy-
budovanie novych ¢asti spodnej stavby. ISlo o zlozity proces, ktory si
v prvom rade vyzadoval vyburanie ¢asti tloznych prahov na vytvore-
nie beténovych blokov a osadenie zdvihacich lisov. Po betondzi blo-
kov sa zosilnili priecniky a nasledne sa nosna konstrukcia podoprela
pomocnymi podpernymi lismi (lisy sa iba aktivovali, nosna konstruk-
cia sa nedvihala).

V daldej faze sa vyburali zvysné Casti existujucej opory do vysok
predpisanych na vybudovanie nového Glozného prahu. Dalej sa na
zostavajucu Cast opdr a pilierov navftali kotevné tfne na prepoje-
nie novych a starych casti spodnej stavby. Cely povrch sa edte oset-
ril maltou s cementovym spojivom a vldknami na plo$né opravy. Dal-
Sia praca spocivala v debnenf a vystuzovani Uloznych prahov, kridel
a naslednej betondzi. Stcastou Ulozného prahu boli aj tlozné bloky
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Dobeténovanie prie¢nych stuzovadiel
Concreting of cross bracings

of the concrete surface and corroded reinforcement. Correctness of
the calculation assumptions and implemented repairs was proven
after the finishing works by the static load test.

Implementation of the works

Reconstruction works were performed by the company Hastra L.t.d.,
Zilina. The actual construction works on the bridge superstructure
took place after the halves during the traffic. The traffic on the bridge
was directed by portable traffic signs and portable signaling device,
while the traffic was moved to the second part of the town where
no construction works took place. Therefore, the reconstruction was
divided into two phases.

In the first phase, the first was constructed a scaffold under the whole
supporting structure of the bridge and it started to be constructed
at lateral poles and continued over the bed of the river Orava. At the
place of crossbeams were supporting presses which took the func-
tion of the bearings of supporting structure during the construction.

After defining of the workspace by traffic signs it was proceeded in
milling of the pavement on the bridge and adjacent sections behind
the strut. Earthwork support was made behind the strut and the ex-
cavations were connected to the drainage of struts and construction
of a new transitional area with the transitional board. Removed were
also old closings and closing masonries. At the same time disman-
tled was the bridge superstructure with the bridge equipment, e.i.
removed was the railing, sidewalks ledges, remaining asphalt, insu-
lation and degenerated concrete of the upper board. After construct-
ing the scaffold and leaning of supporting structure with presses, the
works started on removing of the storage threshold pillars, parts from
the supports and wings requiring heights for constructing new parts
of the substructure. The phase of demolition of storage threshold pil-
lars and supports was defined as complicated which required dem-
olition of the parts of storage thresholds for concreting of concrete
blocks for installation for hoisting list. After concreting of the blocks
came to increasing in strenght of the crossbeams and subsequent
supporting of the supporting structure on supportive presses (press-
es were just activated). In the next phase demolished were remaining
parts of the existing supports to the prescribed heights for the con-
struction of a new storage threshold. Furthermore, the anchor spines
were drilled on the remaining parts of the mainstays and pillars to link
the old and new parts of the substructure. The whole surface was also
treated with mortar and cement connection and fibers for flat correc-
tions. Next was boarding up and reinforcing of the storage thresh-
old, wings and subsequent concreting. The parts of storage thresh-
old were also storage blocks for installation of bearings. Subsequently
were installed bearings on which were saved the main beams. Con-
sequently, applied was the blast for high-pressure water jet. The re-
inforcement was cleaned and treated with the protective coating
and coupling. The reprofiling of the surface was made with reprofil-
ing mortar with connecting to the bridge. In the area of overprotec-
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Pohlad na mostny zvrsok pred dokoncenim
View of the bridge superstructure before completion

na osadenie lozisk. Osadili sa loziskd, na ktoré sa ulozili hlavné tramy.
Nésledne doslo k abrazivnemu ocisteniu povrchu vysokotlakovym
vodnym lti¢om. Odhalend vystuz sa osetrila ochrannym a spojova-
cim naterom. Vykonala sa reprofildcia povrchu reprofilatnou maltou
so spojovacim mostikom. V oblasti nadpodporovych prie¢nikov sa
vyburali otvory na osadenie kotiev predpatia. Pridala sa vystuz na zo-
silnenie prie¢nikov. Nadpilierové priecniky sa takisto zosilnili pridav-
nou vystuzou a vyvftali sa otvory na ulozenie HDPE rurok na vedenie
externého predpatia. Novd vystuz na zosilnenie, ako aj HDPE rurky sa
osadili aj na prie¢nych stuzovadlach. Po osadeni ocelovych devidto-
rov a ¢iastocnom predopnuti nosnej konstrukcie sa na vsetky plochy
naniesol zijednocujuci nater.

Dalsie prace, ktoré sa vykonali na spodnej stavbe, stviseli s o¢iste-
nim kamenného obkladu opér a pilierov a s preskarovanim maltou.
Povrch hornej dosky sa ocistil a pred betondzou vrstvy spddového
betdnu sa nan poloZila kari siet. Na miestach, kde bola mald vyska na
betonaz, sa povrch upravil sanacnou plastmaltou. Vyvftali sa aj otvo-
ry na osadenie mostnych odvodnovacov a na odvodriovacie rurky
izolacie. Sucasne sa vykondvali prace na prechodovej oblasti. Po do-
siahnuti dostato¢nej pevnosti spaddového betdnu sa osadili mostné
povrchové zavery s protihlukovou Upravou. Dalej sa vykonalo osade-
nie a kotvenie rimsovych prefabrikatov a debnenie a vystuz monoli-
tickych ¢&asti rimsy. Potom sa uloZili jednotlivé vrstvy vozovky, najprv
lozné ako ochrana izolacie a potom obrusné. V prechodovej oblasti
sa uloZilo nové vozovkové suvrstvie.

V zavere prac sa na mostnom vybaveni osadilo zébradlie a vybu-
dovali sa sklzy z beténovych Zlaboviek, ukoncené vsakovacimi jamami.

Po dokonceni prvej etapy sa pomocou dopravného znacenia pre-
viedla doprava na zrekonstruovanu stranu mosta. Bola vedena po-
dobne ako v I. etape, pomocou svetelnych signaliza¢nych zariadenf
a docasného dopravného znacenia.

Stavebné ¢innosti sa vykondvali podobnym spésobom ako pri
. etape. Prace na jednotlivych rekonstruovanych sucastiach mosta
prebiehali rovnako alebo velmi podobne.

Zaver

Rekonstrukené prace boli nesmierne komplikované. Jednotlivé ¢in-
nosti bolo potrebné prispdsobit ndro¢nym podmienkam. Na kvali-
tu a postup prac mali stéle velky vplyv otrasy od kamiénovej dopra-
vy. Osobitne ndro¢né bolo to, Ze polovica mosta bola v jednej chvili
uloZzend na lisoch a druhd polovica bola na pévodnych loZiskach
a naopak. V druhej etape bol most spolovice uloZzeny uz na no-
vych loziskach a spolovice na lisoch. V druhej etape uz bolo pomo-
cou volnych kédblov ciasto¢ne aktivované dodatocné predopnutie
prvej polovice mosta, ¢o malo vplyv na geometriu nosnej konstruk-
cie a najméa na prednastavenie mostného zaveru, ktory sa, samozrej-
me, realizoval takisto po poloviciach. Cez otvory v nosnej konstruk-
cii sa robila aj betonéz zosilnenia prie¢nikov, a to pomocou $pecidlne
upravenej receptury beténovej zmesi.

www.inzenyrske-stavby.cz

L S
Pohlad na volné kéble predpétia
View of the loose cables of bias

tive crossbeams were openings drilled for the installation of anchor of
bias. The reinforcement was added for reinforcing crossbeams. Over
pillars crossbeams also increased in strength by additional reinforce-
ment and drilled openings for placing HDPE pipes for conducting ex-
ternal bias. Installation of the new reinforcement for strength as well
as HDPE pipes was conducted also on transverse reinforcement. After
installation of the steel deviators and partial connection of support-
ing structure were all the surfaces unanimously painted.

Further works carried out at the substructure were related to the
cleaning of stone cladding of supports and pillars and connection
of joints with mortar. The surface of the upper board was cleaned
and on it was placed curry network before concreting of the lay-
er of gravity concrete. At the places where was the height small for
concreting was the surface modified with the remediation of plas-
tic concretes. The openings were also drilled for installation of the
bridge drainages and drainage pipes of insulation. Simultaneously
were works carried out on transitional area. After achieving of the
adequate solidness of gravity concrete it was applied on the bridge
surface closures with the anti noise modification. Then the installa-
tion was carried out and anchoring of prefabricated parapet, board-
ing up and reinforcement of monolithic parts of the ledges. Subse-
quently particular layers of the road were positioned, firstly loading
layer as the protection of the insulation and then brushed layer. New
road layer was positioned into the transitional area.

At the end of the works on the bridge equipment was installed
the railing. Finally were also constructed slides from the concrete
gutters with the seepage pit. After finishing of the first phase the
traffic was moved to the reconstructed part of the bridge by traffic
signs. The traffic was similarly moved as in the I. phase by the light-
ing signaling devices and temporary traffic signs.

Particular construction activities were carried out in a similar man-
ner as in the |. phase. Works on particular reconstructed parts of the
bridge were reconstructed in the same or similar design.

Conclusion

The reconstruction works were extremely complicated. It was nec-
essary to adjust particular activities to complicated conditions. The
quality and progress of the work was largely influenced by the vibra-
tions from the truck transport. Complicated was the fact that the first
part of the bridge was supported by the presses and the second part
of the bridge by the original bearings and vice versa in the second
phase was the bridge situated on the new bearings and on presses.
At the same time in the second phase was the additional tension of
the first part of the bridge partially activated which had the influence
on geometry of the supporting structure and mainly on the preset-
ting of the bridge closure which was of course realized after halves.
At the same time concreting of strengthening of crossbeams was re-
alized through openings in the supporting structure with the help of
specially modified formulation of concrete mixtures.
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Internetovy portal ASB.sk poskytuje
profesionalom z oblasti architektury,
stavebnictva a developmentu
uceleny prehlad o aktudlnom diani
v oblasti architektury a stavebného
podnikania.

NOVA LANOVKA

NA SKALNATE PLESO =

— BUDOVAT ALEBO CHRANIT?
Dokonca ani po blizSom preskumani
problematiky nie je lahké jednoznacne
sa priklonit na stranu priaznivcov
alebo odporcov.

LIETAJUCA STRECHA S ROZMERMI
FUTBALOVEHO IHRISKA

Hlavnym zamerom architektov bolo
vytvorit dielo so strechou, ktord nie je

len strohou konstrukciou, ale Zivym
architektonickym prvkom. ‘

STADION PRE
RYCHLOKORCULIAROV

V MESTE INZELL

Dvesto metrov dlha a devatdesiat
metrov Siroka aréna bola naprojektovana
bez vnttornych stlpov.

PERSPEKTIVY DREVOSTAVIEB

NA SLOVENSKU

V suvislosti so stéle rastucim povedomim
o prevddzkovych nakladoch na byvanie
rastie aj zdujem o nizkoenergetické

a energeticky pasivne rodinné domy.

WwWww

realizace
odborné clanky
firemni novinky

REVITALIZACE PRUMYSLOWCH
SKLADU

V historii nasaklém prostredi staré
lodénice a velkych pramyslovych skladu
vznikl rozsadhly komplex pro soucasnou
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RECYKLOVANA BUDOVA MUZEA
NAMORNIKU
Snad jesté zajimavéjsim prvkem, nez
charakteristicky tvar strechy, je dfevéné
vertikalni oblozeni celé budovy, které stini
jinak plné prosklenou fasadu.

ZELEZOBETON BEZ ZELEZA
Kladnymi vlastnostmi FRP jsou velkd
pevnost pii kratkodobém i dlouhodobém
a Unavovém zatiZeni, odolnost proti
elektrolytické korozi, mald objemova
hmotnost, magneticka neutralita.

PASIVNE, SOCIALNE, EKOLOGICKY...
PassivHaus architekta Pascala Gontiera,
ktery vyrostl v revitalizované ekologické
Ctvrti Fréquel-Fontarabi, je prvnim
pasivnim bytovym domem v Pafizi.
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New Dash 8 Series

Zavolajte svojho Specialistu pre maximalnu
produktivitu pri minimalnej spotrebe paliva.

Kuhn-Bohemia a.s.,155 00 Praha 5- Stodulky, JeremidSova 947, tel.:+420 251613264, fax.:+420 251610211, e-mail: komatsu@kuhnbohemia.cz

Nové rypadla KOMATSU radu PC-8 zvysuji troven po-
ziadaviek priemyslu na rypadlo s vynikajicou ekondomiou
prevadzky. Pod krytom motora najdete motor Ecot3, na-
vrhnuty a vyvinuty u firmy KOMATSU. Vykonny, s ¢istou
prevadzkou a naviac ekonomicky motor umoziuje znizit
spotrebu paliva az o 10%! Tieto jedine¢né rypadla posky-
tuji bezkonkurenéné vyhody. Nova kabina SpaceCab™ nie
je len celosvetovo najbezpecnejSou kabinou rypadla, ale je
tiez najtichSiou - tich jako kabina priemerného osobného
automobilu. Satelitny navigacny systém Komtrax s vel-
kym monitorom prinasa do kabiny vodica potrebné infor-
macie a poskytuje kl'ud v préaci. U znatky KOMATSU tiez

ocenite prediZené intervaly Gdrzby.

To su vlastnosti naSich rypadel.
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