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ALLPLAN

ANEMETSCHEK COMPANY

\ ALLPLAN Civil 2026

VASE BIM / CAD / AEC RIESENIE
OD NAVRHU PO VYSTAVBU

S ALLPLAN Civil 2026 vstupuju projektanti a specialisti na infrastrukturu do novej éry pine integrovaného
a automatizovaného modelovania. Ci uz navrhujete mosty, cesty, tunely, zemné prace alebo krizovatky,
ALLPLAN Civil 2026 vam prinasa maximalnu presnost, spolahlivost a efektivitu v kazdej faze

projektu — od prvotného navrhu az po realizaciu.

Preco zvolit ALLPLAN Civil 2026?

> Specializovane nastroje pre efektivny navrh tunelov a dopravnejinfrastruktury

> Precizne prace s komplexnymi 3D modelmi pod plnou kontrolou

> Vykonneé nastroje na Upravu a modelaciu rozsiahlych zemnych prac

> Inteligentny navrh krizovatiek s vysSou presnostou a minimalnou potrebou Upravy

> Prepojenie na programy pre staticku analyzu
www.allplan.com
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Predhovor

Narodna sprava Betén na Sloven-

sku 2022 - 2026 nadvézuje na tradiciu

narodnych sprav, ktoré sa spractuvali
vzdy pri prilezitosti svetového kon-
gresu zdruzenia fib International
(predtym FIP) - ten sa bude tento rok
konat v Portugalsku v Lisabone.

V ramci nasej Narodnej spravy by
sme odbornej verejnosti radi pred-
stavili najzaujimavejsie beténové
stavby, ktoré sa postavili, stavaju
alebo boli naprojektované v obdobi
ostatnych Styroch rokov na Sloven-
sku. Okrem stavieb uvadzame aj
najzaujimavejsie vysledky vyskumu
univerzit a institicii pdsobiacich
v tejto oblasti. Narodnou spravou
sa Slovensko prezentuje aj na
svetovom kongrese fib. Ako jedna
z mala krajin a ¢lenskych organi-
zécii FIP/fib sme pripravili vydania
narodnych sprav na vsetky svetové
kongresy od roku 1994.

Prispevky do Narodnej spravy
boli vybrané z ¢lankov a prezentacii
z celoslovenskej konferencie Betén
na Slovensku 2022 - 2026, ktora sa
uskutocénila v diloch 26. a 27. februéa-
ra 2026 v priestoroch hotela Eliza-
beth v Trencine. Tieto betonarske

konferencie organizuje Slovensky
narodny komitét od roku 1998.
Konferencia sa konala pod zastitou
JUDr. Ing. Jozefa RaZa, ministra
MDV SR, a s podporou generalneho
partnera podujatia, ktorym bola uz
tradi¢ne Slovenska komora staveb-
nych inzinierov.

V ramci konferencie boli odo-
vzdané medaily SNK fib za celozi-
votny prinos k rozvoju beténovych
konstrukcii, ktoré ziskali prof. Ing.
Jaroslav Halvonik, PhD., Ing. Katari-
na Taborska a Ing. Matus Buci, ktory
dostal toto ocenenie ,,post mortem®,
a prevzal ho jeho byvaly kolega.
Okrem tychto oceneni boli udelené
dve ceny za najlepsiu beténovua
konStrukciu za roky 2022 - 2026 a dve
ceny (Cena doc. Zvaru) za najlepsiu
diplomovu pracu z oblasti betéono-
vych konstrukecii.

Pre ucastnikov konferencie bola
zorganizovana exkurzia na vybrané
objekty v ramci rekonstrukcie
mostov ponad Vah a Biskupicky
kanal na ceste I/9 pri Velkych Bie-
rovciach. Blizsie informacie o konfe-
rencii aj ¢innosti SNK fib ndjdete na
webovej stranke www.fib-sk.sk.

Z vybranych prispevkov z kon-
ferencie sme nasledne zostavili
Narodnu spravu. Jej cielom je
nielen propagovat pracu stavba-
rov a vyskumnikov na Slovensku,
ale zaroven uchovavat odborné
dediéstvo tak, aby sa nezabudlo
na tie najzaujimavejsie stavby,
ktoré sa u nas postavili, a na
projektantov, stavbharov a vedcov,
ktori posobili v oblasti beténové-
ho stavitelstva.

Zaverom by som rad podakoval
vSetkym autorom ¢lankov, ako aj
firméam, ktoré konferenciu a vydanie
Narodnej spravy podporili. V nepo-
slednom rade by som rad podakoval
celému Slovenskému narodnému
komitétu fib za ich pracu a podporu.
Som presvedceny, Ze tato nasa
komunita poméaha k budovaniu
dobrych vztahov v ramci firiem,
inStitucii a univerzit a Ze tieto posil-
nené vztahy, odovzdané skiisenosti
a vedomosti posunu beténové sta-
vitelstvo na Slovensku opat o krok
dalej.

Doc. Ing. Peter Paulik, PhD.
prezident SNK fib
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Systém
podpérnych vézi
PERI UP Flex MD

Systém podpérnych vézi PERI UP Flex
MD nachazi uplatnéni zejména v in-
zenyrském stavitelstvi pri realizaci
mostovek a tézkych monolitickych
konstrukci. S maximalnim zatizenim
az 100 kN na sloupek a tuhym stycni-
kovym spojenim nabizi vyjimeénou
stabilitu. Vyhodou je plna kompati-
bilita se stavebnici PERI VARIOKIT,
coz umoznuje vytvaret komplexni
nosna reseni. Flexibilni rastr zajistuje
bezpecny prenos sil i u atypickych
tvart. Jednoducha logika montaze

s minimem komponent zvysuje efek-
tivitu prace a minimalizuje chyby pti
realizaci, ¢cimz prispiva k bezpec¢nosti
a hospodarnosti inzenyrskych staveb.

WwWw.peri.cz

OSMA prinasi na trh novinku:
plnosténnou PVC trubku SN 12

Spolecnost Ostendorf - OSMA
roz$iruje své produktové portfolio

o novou plnosténnou PVC trubku

s kruhovou tuhosti SN 12. Novinka
reaguje na rostouci pozadavky trhu na
vys$si mechanickou odolnost, spolehli-
vost a dlouhou Zivotnost
kanaliza¢nich systémau.

Plnosténna konstrukce trubky

SN 12 zajistuje mimoradnou pevnost

a stabilitu i pfi vysokém statickém

a dynamickém zatizeni. Diky zvySené
kruhové tuhosti je idedlnim feSenim
pro narocné instalace, napriklad

v oblastech s vysokym dopravnim
zatizenim nebo ve vétsich hloubkach
ulozeni.

HLAVNI VYHODY NOVE PVC

TRUBKY SN 12:

» vysoka kruhova tuhost SN 12

» plnosténna konstrukce pro maxi-
malni odolnost

» dlouha zivotnost a vysoka chemicka
odolnost

» jednoducha manipulace a montaz
» kompatibilita se stavajicim systé-
mem OSMA
Novy produkt potvrzuje dlouhodoby
zéavazek spolecnosti Ostendorf
- OSMA prinaset na ¢esky trh ino-
vativni, kvalitni a spolehliva reseni
pro gravitacni kanalizacni systémy.
Vice na https://kanalizacezplastu.cz/
clanky/plnostenna-trubka-osma-vol-
Iwand-sn-12.

Zdroj: Ostendorf - OSMA

i e
OSTENDORF

OSMA
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Dialniény most na D1 pri Bratislave

je dokonceny

Préace na dialni¢nom moste nad Zelez-
nicou na D1 pri Bratislave sa skon¢ili
podla planu. Vdaka tomu sa motoristi
v smere na Trnavu uz mdzu napojit na
dialnicu z cesty I/61 pri Vajnorskom
jazere. Rovnako je vodic¢om k dispo-
zicii aj vetva z D1 na D4 v smere na
Jarovce.

Uz pred koncom aprila mohli zacat
motoristi vyuzivat obojsmerne

zrekonsStruovany a rozsireny tah

D1 pri Bratislave. Vdaka miestami
osemprudovej dialnici sa vyznamne
zvysila bezpecnost a plynulost cestnej
premavky pri vstupe do hlavného
mesta ¢i vystupe z neho. Zasadnym
spbsobom sa predovsetkym znizilo
riziko kolén v krizovatke Bernolédkovo.

Zdroj: NDS, a. s.
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Krivanska estakada ziskala prestizne ocenenie na Stavbe roka

V adoli Krivanskeho potoka mozu
motoristi uz pol roka vyuzivat na
presun autom jedineény most, ktory
je sucastou rychlostného tahu R2. Ide
o najdlhsiu estakadu na Slovensku,
ktora zaroven patri medzi najdlhsie
aj v stredoeurdpskom meradle.

Tato dominantna cestna stavba

sa momentalne pysi uz aj titulom
stavby roka v kategérii inzinierskych
stavieb, kde sa jej podarilo ziskat
hlavnt cenu.

Krivansky most je celkovo dlhy
takmer 4,5 kilometra a pozostava

z troch cCasti. Vynimocny bol aj
spdsob vystavby estakady, pouzili

sa tri rozliéné technolégie: vysuvna
skruz, letma betonaz a vysuvanie
mosta. Pohlad na tito mohutnu
stavbu bol pre miestnych atraktivny
uz pocas vystavby. V sucasnosti maju
motoristi prechadzajuci krivanskou
estakadou k dispozicii jeden z naj-
krajsich vyhladov, ktoré mozno na
slovenskych cestach vidiet.

Z pohladu Narodnej dialni¢nej spo-
lo¢nosti, ktora sa stara o siet dialnic
a rychlostnych ciest, je vzdy na

prvom mieste funkénost a technické
rieSenie cesty. Krivanska estakada

je vSak vynimocna aj na pohlad, a to
nielen u nés, ale aj v celej strednej
Eurdpe. Slovensko sa mo6ze pochvalit
mnozstvom prirodnych kras a prave
tato vyrazna stavba v nasej sprave ich
doplni vdaka posobivym vyhladom
na okolitd krajinu a zaradi sa medzi
najatraktivnejsie rychlostné tseky.
Rychlostnu cestu R2 Krivan - Mytna
odovzdali dialniciari do prevadzky

20. novembra 2025. KedZe je to usek,
ktory plynulo nadvézuje na existu-
juce tahy z oboch smerov, nakladni
motoristi si nan rychlo zvykli a velmi
rychlo presla na rychlostnt cestu
drviva vicsina tazkej nakladnej
dopravy. Hovorime o zhruba 94 %
nakladnych vozidiel, ktoré po otvore-
ni nového useku uz nezatazuju cestu
1/16.

Zdroj: NDS, a. s.

Dodatecné zesileni konstrukci
pomoci uhlikovych kompozitti (CFRP)

Mnoho betonovych stavebnich
objektl bylo navrZeno pro zatizeni
a uzivani, ktera jsou dnes daleko
prekonana. Rostouci vyskyt
dopravy, zmény ve vyuzivani nebo
jednoduse postupny proces starnuti
vedou k tomu, Ze je ohrozena

jejich statika. Dodatecné zesileni
stavebnich ¢asti pomoci systéml
uhlikovych kompozitti (CFRP)
ukazuje, jak lze stavajici stavebni
objekty modernizovat a pripravit na
budoucnost s minimalnim zasahem.

V praxi se projektanti nosnych kon-
strukei pri dodatecném vyztuzovani
stavebnich casti ¢asto uchyluji

k dodatec¢nym ocelovym nosnikiim
nebo strikanému betonu s pridanim
vyztuze. Tyto metody jsou osvédcené,
prinaseji s sebou vsak znaéné nevy-
hody. Vyzaduji prostor, zvysuji hmot-
nost a méni geometrii konstrukci.
Navic jsou tato opatfeni také casove
narocna.

CFRP JAKO MODERNI
ALTERNATIVA

Alternativu zde nabizeji uhlikové
kompozity (CFRP). Umoziuji cilené
zesileni presné tam, kde je to ze sta-
tickych dtivodt potreba: v kritickych
tahovych zénach betonovych staveb-
nich ¢asti. V zavislosti na pozadav-
cich na vyztuzné opatfeni se systémy
CFRP pouzivaji bud jako lamely,
nebo jako flexibilni uhlikové tkaniny
(CF). Obé varianty se vyznacuji velmi
nizkou vlastni hmotnosti, vysokou
pevnosti v tahu a minimalnimi insta-
lacnimi vyskami.

RYCHLY POSTUP STAVBY DIKY
NIZKE HMOTNOSTI

Dalsi praktickou vyhodou systémi
CFRP je jejich snadnd manipulace.
Na zéakladé nizké hmotnosti nejsou
nutné zadna nakladna technicka
opatteni. Vyztuze z uhlikovych
vlaken (CFRP) jsou navic zatizitelné
jiz po nékolika malo dnech. To

vyrazneé snizuje naklady na personal
a dobu vystavby.

PRAKTICKE A VSESTRANNE
POUZITELNE

Systémy CFRP prokazuji své silné
stranky zejména pii slozitych
geometriich. Pruzné tkaniny z uh-
likovych vldken (CF) jsou idealné
vhodné pro sloupy, kulaté nadoby
nebo zaktivené komponenty. Jsou
polozeny celoplosné kolem stavebni
¢asti a aktivuji diky omotani viceosou
unosnost betonu. Lamely z kompo-
zitu vyztuzeného uhlikovymi vlakny
se nabizeji k zesileni dalsich inZenyr-
skych staveb, jako jsou mosty nebo
objekty v oblasti pozemnich staveb. B

MC

BE SURE. BUILD SURE.
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CFRP lamely

a tkaniny od MC

B Zesileni na ohyb a tah
W Zesileni na smyk

H Zesileni sloupti

EXPERTISE
STRUCTURAL STRENGTHENING

MC-Bauchemie s.r.o. - mc-bauchemie.cz

ZESILOVANI KONSTRU
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Novinky

Rok s novym stavebnym zakonom

Cisla potvrdzuju, Ze vystavba na Slo-
vensku prechadza zasadnou zmenou.
Pred viac ako rokom, 1. aprila 2025,
nadobudol G¢innost novy stavebny
zakon, ktory priniesol najvyznam-
nejsiu reformu v oblasti vystavby na
Slovensku za takmer polstoro¢ie. Urad
pre izemné planovanie a vystavbu SR
od prvého dna aktivne implementoval
nové pravidla do praxe. Zaroven spustil
Portal vystavby, v ktorom eviduje viac
ako 31-tisic ziadosti, zacal vykonavat
Statny stavebny dohlad, v ramci
ktorého prijal viac ako 6-tisic podnetov,
a tiez pripravil Sest vyhlasok. Zabezpe-
¢il aj personalne kapacity pre plynuly
vykon rozsirenej agendy a systematic-
ky vzdelaval odbornt verejnost.

Novy stavebny zakon priniesol zasadné
zmeny v stavebnych procesoch. Jednou
z najvyznamnejsich bolo zlicenie po-
volovacich konani do jedného konania
o stavebnom zamere. Zaroven sa rozsiril
okruh stavieb, pri ktorych postacuje
ohlasenie. K urychleniu procesov
povolovania vyrazne prispelo uplatiio-
vanie takzvanej ,fikcie suhlasu®, teda
opatrenia proti necinnosti dotknutych
organov. Aj vdaka tomu boli zrealizo-
vané uz prvé kolaudacie stavieb podla
novych pravidiel.

PORTAL VYSTAVBY

Kltcovou zmenou, ktora zadsadne
ovplyvnila doterajsiu prax, je elek-
tronizacia procesov vo vystavbe. Ta
znizuje administrativnu zataz a zefek-
tiviiuje dorucovanie a komunikaciu
medzi dotknutymi subjektmi. V denl
ucinnosti novej stavebnej legislativy
spustil irad Portal vystavby, ktory je
vyznamnym krokom k buducej digi-

talizacii stavebného sektora. Po roku
jeho fungovania sa portal postupne
stava dolezitou stcastou stavebnych
procesov, co potvrdzuju aj statistiky.
,Plny efekt prinosov a pozitiv staveb-
ného zakona si vyzaduje Cas. Jednym

z prvych hmatatelnych vysledkov je
Portal vystavby, ktory ma uz viac ako
10-tisic pouzivatelov, pri¢om kazdy novy
mesiac nam potvrdzuje narast elektro-
nického podavania ziadosti. Aktudlne
ich v lom evidujeme takmer 31-tisic.
Nasim cielom je, aby praca s portalom
bola pre vsetky dotknuté subjekty co
najjednoduchsia a najefektivnejsia,”
povedal Milan Valasik, predseda Uradu
pre Uzemné planovanie a vystavbu SR.

BUDOVANIE STAVEBNEJ
INSPEKCIE

0d ucinnosti nového stavebného
zakona takisto zanikla Slovenska sta-
vebnad insSpekcia. VSetky kompetencie
stavebnych tradov miest a obci ¢i
stavebnej inspekcie v oblasti Statneho
stavebného dohladu presli pod urad.
Nové podania na vykon Statneho
stavebného dohladu tak uz neriesia

stavebné urady miest a obci, ale
regiondlne urady Uradu pre izemné
planovanie a vystavbu SR. V stvislosti
s roz§irenim agendy urad posilnil svoje
personalne kapacity vratane staveb-
nych inSpektorov na kazdom z jeho
6smich regionalnych pracovisk.
»Stavebné inspektoraty sme budovali
od zakladov. Napriek tomu sa nam od
zacCiatku vykonu Statneho stavebného
dohladu nasimi regionalnymi tiradmi
podarilo uzavriet uz viac ako 3-tisic
podnetov. Celkovo sme ich prijali
okolo 6-tisic. Po viac ako roku mozem
konstatovat, Ze ide o plnohodnotne
fungujicu a personalne stabilizovanu
sucast nasho uradu,” povedal Milan
Vala$ik, predseda Uradu pre izemné
planovanie a vystavbu SR.

VZDELAVANIE A METODICKA
PODPORA

Aby bol prechod na nové pravidla ¢o
najplynule;jsi, irad aktivne pristupil

k vzdelavaniu tych, ktorych sa tyka
nova legislativa. Pocas viac ako roka
vyskolil po celom Slovensku takmer
10-tisic ti¢astnikov vzdelavacich aktivit.
Pravidelne im priblizoval nielen novy
stavebny zakon a stuvisiace vyhlasky,
ale aj to, ako naplno vyuzivat vietky
dostupné funkcionality Portalu
vystavby. Okrem toho tirad pokracuje
v individualnom metodickom usmer-
novani dotknutych subjektov. Rovnako
realizuje odborné vzdelavanie a skusky
pre zamestnancov stavebnych tradov
a stavebnych inSpektorov s cielom
zabezpecit ich odbornu kvalifikaciu.
Urad poskytuje podporu aj prostrednic-
tvom infolinky, ktorti na dennej baze
kontaktuje odborna ¢i laickd verejnost.
Celkovo prijal irad od ti¢innosti
nového stavebného zakona viac ako
9-tisic telefonatov a takmer 7-tisic
e-mailov k agende suvisiacej so staveb-
nou legislativou. Zaroven vydal viacero
metodickych usmerneni a pripravil
Sest vykonavacich vyhlasok, z ktorych
Styri uz nadobudli ti¢innost.

V sucasnosti sa v legislativnom procese
nachadza novela nového stavebného
zakona, ktora reflektuje aj poznatky

z aplikacnej praxe napriec celym staveb-
nym sektorom. Jej cielom je dalsie zjed-
nodusenie a zefektivnenie stavebnych
procesov pre vSetky zucastnené strany.

WWW.uupv.sk
F: iStock.com
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Program Slovensko 2021-2027:
Rezort dopravy lidrom v éerpani

eurofondov

Ministerstvo dopravy SR potvrdzuje
svoju dlhoroénu silnu poziciu pri
investovani eurofondov v ramci
Programu Slovensko. Rezort patri
dlhodobo medzi najvykonnejsie
ministerstva, pricom dosahuje
vyrazné vysledky v celkovom
objeme finanénych prostriedkov
vyhlasenych vo vyzvach,

v zazmluviovani aj v éerpani
finanénych prostriedkov.

K 31. marcu 2026 vyhlasilo minis-
terstvo spolu 30 vyziev v celkovom
objeme 3,08 miliardy eur, ¢o pred-
stavuje az 91 % alokacie rezortu.
Zaroven sa podarilo podpisat zmluvy
na projekty v hodnote 2,49 miliardy
eur a vycerpat viac ako 591 miliénov
eur. Ministerstvo dopravy SR tak

s predstihom splnilo kltcovy milnik
kontrahovania, ktory bol pévodne
stanoveny az na koniec roka 2026.
Tieto vysledky premiena rezort
dopravy na konkrétne projekty - mo-
dernizaciu Zeleznic, vystavbu ciest

a podporu verejnej osobnej dopravy
v regidénoch aj mestach.

ZELEZNICE

V ramci rozvoja siete TEN-T sa

Program Slovensko sustreduje na

hlavné koridory smerom na vychod

a sever.

» Klucové stavby: Prioritou je moder-
nizacia trate v iseku Poprad Tatry
(mimo) - Vydrnik.

» Regiondlna doprava: Na moderni-
zaciu regiondlnych trati, napriklad

dispecerizaciu tiseku Presov - Straz-
ske, a na nakup novych hybridnych
elektrickych jednotiek je vyclene-
nych viac ako 179 miliénov eur. Na Ze-
lezni¢nej zastavke Nové Kosariskd sa
zrekonsStruuju kolaje a vyhybky.

» Obnovia sa viaceré Zelezni¢né
stanice, napriklad Hlavna stanica
v Bratislave, dalej v Ziline, Tren¢ine
¢i vo Vrutkach.

CESTY

» V ramci Programu Slovensko je
zabezpecené financovanie pre vsetky
tri iseky dialnice D3 na Kysuciach.
Konkrétne ide o useky Zilina, Brodno
- Kysucké Nové Mesto, Kysucké Nové
Mesto - O$¢adnica a Oséadnica -
Cadca, Bukov, II. polprofil. Hodnota
eurdpskych grantov dosahuje spolu
viac ako miliardu eur. Realizacia
tychto projektov ma za ciel zasadne
zlepsit kazdodenné cestovanie obyva-
telov, ale tiez dobudovat severojuzné
prepojenie v ramci Eurdpy.

» Usek R2 Kosice, Saca - Kosické
OlSany, II. Usek patri medzi
vyznamné dopravné projekty
podporené z eurofondov v rdmci
Programu Slovensko, pricom od
septembra 2025 sliizi motoristom.

» Cesty I. triedy: Na vystavbu
a modernizaciu ciest a mostov na
cestach I. triedy je vyhradenych
takmer 241 miliénov eur. Z tychto
zdrojov napreduje vystavba dolezi-
tych obchvatov miest Sabinov, Sala
a Prievidza. Ocakava sa spustenie
vystavby obchvatu mesta Stropkov.

VEREJNA OSOBNA DOPRAVA

V Bratislave a jej okoli sa realizuju vy-
znamné projekty zamerané na rozvoj
elektri¢kovej dopravy. Ide najmé

o vystavbu Petrzalskej radialy, moder-
nizaciu Ruzinovskej radialy ¢i obsta-
ranie 20 novych elektriciek. Sti¢astou
investicii je aj modernizacia udrzbovej
zakladne v Krasiianoch, budovanie
prestupnych terminélov, novych vlako-
vych zastavok a zachytnych parkovisk.
Viaceré projekty st uz ukoncené

a sluzia cestujucej verejnosti.

V Ziline sa podpora ststreduje na
ekologizaciu a rozsirenie mestskej
hromadnej dopravy. Projekty zaht-
naju nakup Styroch novych nizko-
podlaznych ekologickych autobusov,
vystavbu novych trolejbusovych
trati, obstaranie 12 trolejbusov a mo-
dernizaciu udrzbovej zdkladne na
spravu vozidiel.

Kosice a ich Sirsie okolie realizuja
modernizaciu elektrickovych trati

v dizke 3,8 kilometra, ako aj obnovu
vozového parku prostrednictvom 30
novych ekologickych autobusov. In-
vesticie smeruju aj do modernizacie
udrzbovej infrastruktiry, o prispeje
k efektivnejsej prevadzke dopravnych
systémov.

V Presove sa projekty zameriavaju na
modernizaciu a vystavbu trolejbuso-
vych trati, nakup deviatich novych
trolejbusov a obnovu udrzbovej
zékladne, ¢im sa posiliiuje kapacita

a kvalita mestskej dopravy. B

Autor a zdroj fotografii: MD SR

Spolufinancovany 0%, PROGRAM MINETERSTVD
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Aktualne

Dialnica D3 na Kysuciach patri medzi
DOStaVba D3 najvyznamnejsie dopravné investicie
2 sucasnosti. Trojica chybajucich usekov
na Kysu CIac h —Zilina, Brodno — Kysucké Nové Mesto,
4 Kysucké Nové Mesto — Os¢adnica
gmen I seve r a Oscadnica — Cadca, Bukov, II. polprofil -
predstavuje spolu priblizne 26 kilometrov
I'ovenSka novej dialni¢nej infrastruktary. Ich vyznam
je nielen celostatny, ale aj eurépsky: po
dokonceni posilnia severojuzné prepojenie
Slovenska v trase D1- D3, zlepsia napojenie
na Polsko a Cesku republiku a odbremenia
jeden z dopravne najzatazenejsich
koridorov v krajine.

T/F: Ministerstvo dopravy SR

Investorom je Narodna dialni¢na
spolocnost, ktora podpisala zmluvy
so zhotovitelmi 30. septembra
2025. Cielovy termin dokoncenia
celého koridoru je rok 2029, pric¢om
financovanie vystavby zabezpecilo
Ministerstvo dopravy SR z fondov
Eurdpskej tinie v ramci Programu
Slovensko 2021 - 2027.

DLH CHYBAJUCEJ
INFRASTRUKTURY

Kysuce patria dlhodobo medzi

"8 Uzemia, kde sa prejavuje absencia
kapacitnej cestnej infrastruktury.
Doprava tu vo velkej miere vedie
po ceste I/11, ktord popri miestnej
i obsluhe plni aj funkciu vyznamnej
medzinarodnej tranzitnej trasy.

| Vysledkom je pretaZenie, zniZena
plynulost premavky, vyssia neho-
dovost, hlukova zataz aj zhorsené

§ Zivotné podmienky v mestach

a obciach, cez ktoré tranzit
prechadza. Prave dobudovanie

D3 m4 tento stav zasadne zmenit

a presmerovat rozhodujicu cast
dopravy na komunikaciu zodpove-
dajticu vyznamu uzemia aj intenzi-
tdm dopravnych prudov.

Vyznam D3 pritom presahuje
hranice regidnu. Ide o sticast eurdp-
: 2 skeho multimodalneho dopravného
D3 Zilina, Brodno - Kysucké Nové Mesto koridoru a transeurépskej doprav-




14-15

nej siete, teda o spojenie, ktoré ma
zésadny vyznam pre vnutro-
Statnu mobilitu aj medzinarodné
hospodarske vztahy. Koridor tvori
sucast zakladnej siete TEN-T a po
dokonceni sa stane prvym dialnic-
nym prepojenim cez masiv Karpat
v tomto koridore - strategickym
¢lankom medzi pristavmi Baltické-
ho a Jadranského mora.

TRI USEKY,

JEDEN STRATEGICKY ZAMER

D3 Zilina, Brodno

- Kysucké Nové Mesto

Tento tsek je najdlhsim z trojice,
ma dizku 10,67 kilometra. Zmluvna
cena je 398,7 miliéna eur bez

DPH. Ide o technicky mimo-

riadne narocnu stavbu vedenu

v izkom priestore rieky Kysuca,
zeleznicnej trate a existujucich
komunikacii. Zahifnia 16 mostov,
rozsiahle protihlukové opatrenia

a vyznamnym prvkom je aj ekodukt
v priestore Kysuckej brany.

Prave tento usek dobre ukazuje,

ze moderna dialni¢nd vystavba
dnes nie je len o samotnom telese
komunikacie, ale o komplexnom
technickom rieSeni Gzemia vratane
preloziek ciest, Uprav inzinierskych
sieti, mostnych objektov aj opatreni
na ochranu okolia.

D3 Kysucké Nové Mesto — Os¢adnica
Nadvézuje na prvy usek a ma
diZku 9,625 kilometra. Zmluvna
cena je 261,3 miliéna eur bez DPH.
Trasa je navrhnuta ako Stvorpru-
dova smerovo rozdelena komuni-
kacia, prevazne v tesnom stibehu

s dnesnou I/11. Stavba zahftia

22 mostov, krizovatku a odpoci-
vadlo Krasno nad Kysucou aj dalsie
vyvolané upravy. Narocnost rea-
lizacie zvysSuje stiesneny udolny
priestor aj potreba etapizovat
vystavbu tak, aby doprava v izemi
bola zachovana aj pocas prac.
Mimoriadnu pozornost si vyziada
tiez budovanie krizovatkového
uzla Krasno nad Kysucou vratane
zasahov do existujucich mostnych
objektov.

D3 Oséadnica - €adca, Bukov,

II. polprofil

Treti projekt predstavuje dostavbu
existujuiceho polprofilu na plnohod-
notné dialni¢né riesenie. Na rozdiel
od ostatnych dvoch tsekov realizo-
vanych podla Cervenej knihy FIDIC

D3 Kysucké Nové Mesto — Os¢adnica

sa tento tisek realizuje formou Zltej
knihy - teda ako design-build, ¢ize
zhotovitel projekt navrhuje, povoli
aj postavi vo vlastnej rézii. Klicovou
stucastou stavby je vystavba pravej
tunelovej rury tunela Horelica

a rekonstrukcia jestvujucej lavej

Inzinierske stavby / InZzenyrské stavby 2/2026

rary. Usek mé dizku 5,329 kilometra,
zmluvna cena je 230,4 miliéna eur
bez DPH. Zahitia nové aj rekonstruo-
vané mostné objekty, odpocivadlo,
stredisko spravy a udrzby dialnice
aj rozsiahle protihlukové opatrenia.
Prave tunel Horelica je dominantou




Aktualne

D3 Osc¢adnica — Cadca, Bukov, II. polprofil

tohto tiseku. Po dokonceni sa odstra-
nia sucasné kapacitné obmedzenia
a vyrazne sa zvysi bezpecnost aj
spolahlivost prevadzky v priestore
Cadce.

EUROFONDY AKO PREDPOKLAD
REALIZACIE

Vystavba kysuckej D3 je ukazko-
vym prikladom toho, aky vyznam
ma eurdpske financovanie pri rea-
lizacii velkych verejnych investicii.
Ministerstvo dopravy SR zabezpeci-
lo pre jednotlivé iseky nenavratny
finan¢ny prispevok z fondov
Eurdpskej unie v ramci Programu
Slovensko 2021 - 2027. Celkové
opravnené vydavky dosahuju

447,1 miliéna eur pre usek Zilina,
Brodno - Kysucké Nové Mesto,
294,3 milidéna eur pre usek Kysucké
Nové Mesto - O$cadnica a 260,6 mi-
libna eur pre usek Oscadnica

- Cadca, Bukov, II. polprofil. Oprav-

nené vydavky zahfiiajd nielen
vydavky na stavebné prace, ale aj
suvisiace naklady projektu (napr.
projektovi dokumentacie ¢i staveb-
ny dozor). Z Programu Slovensko

su tak na dostavbu dialnice D3 pod-
pisané zmluvy o financovani v cel-
kovej sume viac ako miliarda eur,

z toho 85 % pochéadza z EU zdrojov
a 15 % zo Statneho rozpoctu.

PRINOS, KTORY PRESIAHNE
HRANICE STAVENISKA

Prinosy D3 sa po jej dokonceni
nebudd merat iba v kilometroch
novej komunikacie. Klucovy efekt
prinesie presun tranzitu mimo
zastavanych tizemi, zvysenie ply-
nulosti dopravy a zniZenie doprav-
no-bezpecnostnych rizik. V obciach
a mestach na Kysuciach sa o¢akava
citelny pokles intenzit osobnej aj
nakladnej dopravy. Podla analyz
NDS mozno pri Oskerde ocakavat

pokles o viac ako 12 000 osobnych

| a 6000 nakladnych vozidiel za
24 hodin, v ostatnych obciach na

trase sa zniZzenie pohybuje v tisi-
coch vozidiel denne.

Rovnako podstatné su environ-
mentélne opatrenia, ktoré su su-
¢astou jednotlivych stavieb. Patria
k nim protihlukové steny, ekoduk-
ty, Gpravy podporujuce migraciu
zveri, opatrenia na zachovanie
hydrologického rezimu izemia,
ako aj riesenia pre obojzivelniky
a drobnt faunu.

NOVA DOPRAVNA REALITA
SEVERU
Vsetky tri useky D3 na Kysuciach

| su od zadiatku roka 2026 v aktivnej

vystavbe - prace na odlesniovani,
demoléciach a prelozkach cesty I/11

| st v plnom prude. Koridor pritom

nie je izolovanym projektom:

v januari 2026 bola dokoncena aj
rekonstrukcia Zelezni¢ného uzla
Zilina a tseku trate Svréinovec -
$tadtna hranica SR/CR, ¢o spolo¢ne
s D3 komplexne adresuje mobilitu

' celého severného regiénu. Vsetky
| tieto vyznamné investicie boli

pokryté z fondov EU. Vysledkom
bude zasadna zmena dopravnych
pomerov na severe Slovenska,

| lepsie prepojenie regiénov, vyssia

bezpecnost a kvalitnejSie podmien-
ky pre obyvatelov aj hospodarsky
rozvoj. i

THE COMPLETION OF THE D3
MOTORWAY IN THE KYSUCE
REGION WILL TRANSFORM
NORTHERN SLOVAKIA

The D3 motorway in the Kysuce region
is one of the most significant transport
investments of our time. Three missing
sections — Zilina, Brodno — Kysucké
Nové Mesto, Kysucké Nové Mesto —
Os$¢&adnica, and O$c¢adnica — Cadca,
Bukov, 2nd half-profile — together
represent approximately 26 kilometres
of new motorway infrastructure. Their
importance is not only national but also
European: once completed, they will
strengthen the north-south connection
of Slovakia along the D1- D3 corridor,
improve links to Poland and the Czech
Republic, and relieve one of the most
heavily trafficked transport corridors in
the country.
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Vystavba
useku R2 Krivan
- Mytna

Vystavba rychlostnej cesty R2 v Useku Krivan
= Mytna patri bezpochyby medzi najvacsie
projekty z hladiska cestnej infrastruktury na
Slovensku budované v rokoch 2021 az 2025.
Prispevok priblizuje odbornej verejnosti Spe-
cifické stavebné objekty z pohladu realizacie.
Dokoncenim useku sa siet rychlostnych ciest
rozrastie 0 9 104 m. Novovybudovany usek
priamo nadvazuje na existujucu ¢ast R2 Mytna
- Lovinobana - Tomasovce. Jeho suéastou

je mostna estakada s dizkou 4 361 m, ktora
miestami prekonava udolie vo vyske az 45 m.
Zaujimavostou je tiez Siroka skala pouzitych
technoldgii pri vystavbe mostov.

Peter Pazma

Investorom projektu je Narodna dialni¢na spolo¢nost,
a. s. Stavbu realizuje zdruzenie R2 Krivan - Mytna,
zastupené spolo¢nostami Doprastav, a. s., STRABAG,
s. 1. 0., EUROVIA SK, a. s., a EUROVIA CS, a. s.
Prezentovany usek bol odovzdany do uzivania
koncom roku 2025 a plynulo sa napdaja na predcha-
dzajuci isek R2 Pstrusa - Krivan a uz dokonceny
usek R2 Mytna - Lovinobana, Tomasovce. Trasa
novobudovaného useku sice kopiruje cestu I/16,

no vzhladom na geomorfologicku ¢lenitost islo

o pomerne komplikované zadanie. Usek rychlostnej
cesty pozostava z 19 cestnych objektov, 11 mostov,
11 objektov pre tpravu vodnych tokov a z 5 objek-
tov pre oporné a zarubné mury. Charakterizuje

ho vysoka rozmanitost mostnych objektov od
presypanych mostov s vyskou nasypu do 8 m az po
estakadu s dizkou takmer 5 km zloZent s viacerych
technoldgii vystavby. Navrh rozpéati konstrukeii,
ako aj samotnych technolégii zdsadne respektoval
environmentdalne poziadavky okolia Krivinskeho

Construction of
the expressway
R2 Krivan - Mytna

The construction of the R2 expressway between
Krivan and Mytna is undoubtedly one of the
largest road infrastructure projects in Slovakia,
scheduled for completion between 2021 and
2025. This article introduces specific constru-
ction elements to the professional community
from the perspective of implementation. Upon
completion of this section, the expressway
network will expand by 9,104 m. The newly
constructed section directly connects to the
existing R2 section between Mytna - Lovinoba-
na, Tomasovce. This section includes 4,361 m
long overpass, which in some places spans the
valley at a height of up to 45 m. Another point of
interest is the wide range of technologies used
in the construction of the bridges.

The project investor is Narodnéa dialnicna spolo¢nost,

a. s. (National highway company) Construction is being
carried out by the R2 Krivan - Mytna consortium, repre-
sented by the companies Doprastav, a. s., STRABAG

s. r. 0., EUROVIA 8K, a. s., and EUROVIA CS, a. s.

The presented section was opened to traffic at the end
of 2025 and seamlessly connects the previous R2 section
Pstrusa - Krivan with the already completed R2 section
Mytna - Lovinobana, Tomasovce. Although the route

of the newly constructed section follows the I/16 road,
the project was relatively complicated task due to the
geomorphological terrain. The expressway section
consists of 19 road structures, 11 bridges, 11 objects

for river regulation, and 5 retaining and embankment
walls. It is characterized by the high diversity of bridge
structures, ranging from embankment bridges with a fill
height of up to 8 m to a viaduct nearly 5 km long, con-
structed using multiple technologies. The design of the
structural spans, as well as the construction technolo-
gies themselves, strictly adhered to the environmental

Ing. Peter Pazma, PhD., Doprastav, a. s., Driefiova 31, 821 01 Bratislava, tel.: 00421/907 801 928, e-mail: peter.pazma@doprastav.sk
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Obr. 1 Novobudovany usek R2 Krivan — Mytna
Fig. 1 Newly constructed section of the R2 Krivan and Mytna

potoka v Pilianskej doline. V prispevku pribliZujeme
oba tieto exemplarne projekty.

SPECIFICKE MOSTNE OBJEKTY

Presypané ramové mosty

Na prezentovanom useku R2 sa nachadzaju celkom
Styri takéto mostné objekty s oznacenim SO 201, 203,
204 a 207, ktoré st si geometricky velmi podobné.

Pre zjednodusenie budeme prezentovat idaje iba

z objektu SO 201.

Kolma dizka nosnej konstrukcie je v tomto pripade
8,5 m, pricom Sirka mosta je 52,00 m (Sikma Sirka po
osi mosta), resp. 42,50 m (kolma). Stavebna vyska
medzi niveletou R2 a spodnym povrchom priecle NK
v mieste kriZenia je 8,07 m.

Hlavnou charakteristikou tychto objektov je zmena
pri rieSeni ich nosnej konstrukcie. P6vodny navrh
DSP pri vSetkych mostoch pocital s monolitickou
ramovou konstrukciou. Vzhladom na snahu urychlit
¢as vystavby sme zacali uvazovat o zmene techno-
légie. Ako najefektivnejsi variant sa ukazala iprava
na prefabrikovany ram. Spolo¢nost Doprastay, a. s.,
uz mala skusenosti s tymto typom ramovych kon-
Strukcii z nedalekého uiseku R2 Krivan - Lovinobaiia,
Tomasovce, preto bolo prirodzené in§pirovat sa prave
tymto riesenim a dalej ho vylepsit s ohladom na nové
technolégie a materialy.

Na technickom rieSeni sme teda zacali spolupracovat
s projek¢nou kancelariou ConlS, s. r. 0. Predbezné
technické rieSenie umoziovalo iba velmi konzervativ-
ne zmeny v tvare. Zaroven sme chceli naplno vyuzit
prednosti prefabrikécie, preto sme kladli velky doraz
na optimalizaciu hmotnosti segmentov, aby sa ¢o naj-
efektivnejsie vyuzili prepravné kapacity. Touto cestou
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requirements of the area surrounding the Krivan Stream
in the Pila Valley. In this article, we present both of these
exemplary projects.

SPECIFIC BRIDGE STRUCTURES

Cantilever bridges

There are the total of four such bridge structures on the
presented section of the R2, designated SO 201, 203, 204,
and 207, which are geometrically very similar. For sim-
plicity, I will present data only for structure SO 201.

The perpendicular length of the structure in this case is

8.5 m, while the bridge width is 52.00 m (diagonal width
along the bridge axis) and 42.50 m (perpendicular). The con-
struction height between the R2 grade line and the bottom
surface of the NK crossbeam at the intersection is 8.07 m.
The main characteristic of these structures is the modi-
fied design of their structure. The original DSP design
for all bridges envisaged a monolithic frame structure.
In an effort to accelerate the construction timeline, we
began considering a change in construction technology.
The most effective option turned out to be a modification
to a prefabricated frame. Doprastav, a. s. already had
experience with this type of frame structure from the
nearby R2 Krivan - Lovinobana, Tomasovce section, so
it was natural to draw inspiration from this solution and
further improve it with regard to new technologies and
materials.

We therefore began collaborating on the technical solu-
tion with the design firm ConlS; s. r. 0. The preliminary
technical solution allowed only very conservative changes
to the shape. At the same time, we wanted to fully lever-
age the advantages of prefabrication, so we placed great
emphasis on optimizing the weight of the segments, to
make the most efficient use of transport capacity. This led
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Obr. 2 Pohlad na poskladany objekt SO 201 vlavo, prie¢ny rez vpravo
Fig. 2 The assembled SO 201 structure on the left, cross-section on the right

sme dospeli k navrhu ramu skladajiceho sa z masivnej
spodnej dosky, zo stenovych prvkov a z kompaktnejsej
hornej dosky (obr. 2).

Dalsim rozhodujicim aspektom bolo zabezpedenie
tuhého ramového spoja v najviac namahanych
Castiach konstrukcie, s vysokou odolnostou proti ohy-
bovému namahaniu. Ako najvhodnejsie rieSenie sa tu
ukéazala spolupréca so spolo¢nostou Peikko Slovakia,

s. . 0. Do stenovych prvkov boli osadené stipové pitky
Peikko BOLDA® s overenym ETA certifikatom, ktoré

sa nasledne spojili s vysokopevnostnymi skrutkami

s rozkovanou hlavou, zapustenymi do spodnej dosky.
Takéto ramové spojenie muselo splnit velmi prisne po-
ziadavky na presnost, bezpecnost aj spolahlivost pocas
realizacie na stavbe. Vyroba jednotlivych segmentov
podliehala dékladnej vyrobnej kontrole, zaroven bola
realizovana aj skiSobna montaz jedného ramového
celku. Na obr. 3 vidiet zdbery priamo z arealu Prefa
Senec, kde prebehla skiSobna montaz, na pravej
strane vidiet montaz priamo na stavbe.

Prave vyber spojovacich prostriedok zohraval klic¢ovt
ulohu v celkovom koncepte. Vyuzitim tohto systému
sme dokazali zabezpedit moznost rektifikacie steno-
vych elementov a maximalizovat presnost prvkov

Obr. 3 Skusobna montaz - vlavo, realny postup vystavby vpravo
Fig. 3 Test assembly - left; actual construction process - right
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us to a frame design consisting of a solid bottom slab, wall
elements, and a more compact top slab, Fig. 2.

Another crucial aspect was ensuring a rigid frame con-
nection in the most heavily loaded parts of the structure,
with high resistance to bending stress. The most suit-
able solution here was found to be a collaboration with
Peikko Slovakia s.r.o. Peikko BOLDA® column bases with
a verified ETA certificate were installed in the wall ele-
ments, which were then connected using high-strength
bolts with a flanged head, embedded in the bottom slab.
Such a frame connection had to meet very strict require-
ments for precision, safety, and reliability during on-site
installation. The production of individual segments was
subject to thorough quality control, and a test assembly
of one frame unit was also carried out. Fig. 3 shows
images taken directly at the Prefa - Senec site, where

the test assembly took place, along with an image on the
right showing the assembly directly on-site.

The selection of fasteners played a key role in the overall
design. By utilizing this system, we were able to ensure
the adjustability of the wall elements and maximize the
precision of the components during construction. In this
way, the potential of the prefabricated structure was in
the construction schedule maximized, with the total time
for frame assembly not exceeding 12 days.

Overpass SO 209-02 DC1+ DC2

In terms of size and type of technology, the structures
on the SO 209-02 viaduct serve as a counterpart to the
structures described above. Doprastav, a. s. implemented
expansion joints DC1 and DC2 on this structure using

a sliding formwork system (designated MSS) from

BERD - PROJECTO, INVESTIGACAO E ENGENHARIA DE
PONTES, S.A., with a working span of 70 m. This form-
work is not being used in Slovakia for the first time, but
due to the characteristic geomorphological conditions, it
represented a unique technical solution.

Structure SO 209-02 has a total length of 1,600.50 m and
consists of 4 expansion units. The structure is continu-
ously connected to the preceding structure SO 209-01,
which was constructed using the continuous casting
method. The expansion units are thus located between
two different construction technologies. The technologi-
cal division of the structure is described in Tab. 1.
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Tab. 1 Technologické delenie objektu SO 209-02
Tab. 1 Type of building technology SO 209-02

Inzinierske stavby / InZzenyrské stavby 2/2026

209-01
Estakada v km 2,700 - 5,460
Overpass at km

Celkové dizka: 2 760,50 m
Dilata¢ny celok €.
Total length: 2,760.50 m
Expansion joint Nr.

Sposob technoldgie vystavby
Type of construction technology

DC1: 621,00 - 9 poli
DC1: 621.00 - 9 fields

MSS BERD - 70 m rozpatie
MSS BERD - 70-m span

DC2: 745,00 - 6,5 poli

Estakada v km 5,460 - 7,060
Overpass at km
5.460-7.060

DC2: 400,00 - 6 poli
DC2:400.00 - 6 fields

2.700-5.460 DC2: 745.00 - 6,5 fields
DC3: 700,00 - 6 poll Continuous casting method  150-m max spen
DC3: 700.00 - 6 fields 9 P
DC4: 694,50 - 6,5 poli
DC4: 694.50 - 6,5 fields
Celkova dizka: 1 600,50 m Spdsob technoldgie vystavby
Total length: 1,600.50 m Type of construction technology
DC1: 399,50 - 6 poli
209-02 DC1: 399.50 - 6 fields MSS BERD - 70 m rozpitie

MSS BERD — 70-m span

DC3: 400,00 - 7 poli
DC3:400.00 - 7 fields

DC4: 401,00 - 7 poli
DC4:401.00 - 7 fields

Technolodgia vysuvu — 60 m rozpatie
Extension — 60-m span

Estakada SO 209-02 DC1 + DC2

Obr. 4 Objekty SO 203 a SO 204 v celkovej situacii
Fig. 4 Objects SO 203 and SO 204 in the overall layout

pocas realizacie. Takymto spésobom sa v maximalnej
miere vyuzil potencial prefabrikovanej konstrukcie
vzhladom na termin vystavby, pricom celkovy cas
montaze ramov nepresiahol 12 dni.

Protip6lom k spominanym objektom vzhladom

na velkost a typ technolégie st mostné objekty na
estakdde SO 209-02. Spolo¢nost Doprastav, a. s., na
tomto objekte realizovala dilata¢ny celok DC1 a DC2

The sliding formwork technology does not begin at

the abutment embankment, as is typically the case,

but starts in the standard span. In these sections, the
supporting structure reaches a height of approximately
30 m. Other limiting factors included the restricted size
of the construction site for formwork assembly, approxi-
mately 7,500 m®.

The sliding formwork was therefore constructed on tempo-
rary supports designed using the PIZMO system, Fig. 5,
between piers 29 and 30. Given the aforementioned
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Obr. 5 Do¢asna montazna plosina
Fig. 5 Temporary work platform

systémom vysuvnej skruze (ozn. MSS) od spolo¢nosti
BERD - PROJECTO, INVESTIGACAO E ENGENHARIA
DE PONTES, S. A, s pracovnym rozpatim 70 m. Tato
skruz nie je na Slovensku pouzitd prvykrat, no prave

z dévodu charakteristickych geomorfologickych pod-
mienok i$lo o unikatne technické riesenie.

Objekt SO 209-02 ma celkovt dizku 1 600,50 m a sklada
sa zo 4 dilata¢nych celkov. Objekt je stivislo napojeny
na predchadzajuci objekt SO 209-01, ktory bol budova-
ny metédou letmej betonaze. Uvedené dilatacné celky
sa teda nachadzaji medzi dvomi odliSnymi techno-
légiami vystavby. Technologické delenie objektu je
opisané v tab. 1.

Technoldgia vysuvnej skruze sa nezaéina na nasype
opory, ako to byva Standardne zvykom, v beznom poli.
V tychto miestach dosahuje nosné konstrukcia vysku
priblizne 30 m. Dal$imi limitujicimi faktormi bola
obmedzend velkost stavebného pozemku na montaz
skruze, cca 7 500 m?2.

Vysuvna skruz sa teda budovala na doéasnych pod-
perach navrhnutych systémom PIZMO (obr. 5) medzi
piliermi 29 a 30. Vzhladom na spominané obmedzenia
sa montaz skladala z mensich segmentov. Po montazi
hlavného pola a prilahlych konzolovych c¢asti sa okam-

Obr. 6 Pohlad na MSS a montaz dilatacného nosnika
Fig. 6 View of the MSS and installation of the expansion beam

limitations, the assembly consisted of smaller segments.
After the assembly of the main span and the adjacent
cantilever sections, the temporary towers were immedi-
ately dismantled to allow the movement mechanism to
be activated.

It is clear that the installation required a tremendous
amount of effort and cooperation between the formwork
manufacturer, the project designer, and the contractor.
In this case, it is necessary to give special recognition to
the engineering firm Strasky, Husty a partnefis. r. o. for
their proactive approach.

Expansion beam

An expansion beam was installed on building SO 209-01.
The design principle involves the use of a solid steel
section in this case, a pair of 1.5-meter-high welded sec-
tions inside the bridge deck. The purpose of this element
is to minimize transverse deformation in order to main-
tain a smooth connection between the individual expan-
sion units. The concept of the technical solution itself is
relatively unique even from a global perspective. The in-
novation of the solution on the R2 Krivan - Mytna project
lies in the change in the mounting of the steel element,
such that one side of the element is firmly embedded in
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Zite pristupilo k demontazi docasnych vezi z dévodu
aktivacie pohybového mechanizmu.

Je zrejmé, ze montaz si vyzadovala obrovské usilie

a kooperaciu medzi vyrobcom skruze, projektantom
projektu a samotnym realizdtorom. V tomto pripade
treba osobitne vyzdvihnat pracu inzinierskej kance-
larie Strasky, Husty a partneris. r. 0. za ich aktivny
pristup.

Dilatacny nosnik

Na stavebnom objekte SO 209-01 bol inStalovany
dilata¢ny nosnik. Princip rieSenia spociva vo vyuziti
masivneho ocelového profilu, v nasom pripade
dvojicou 1,5 m vysokych zvaranych profilov, vanutri
komory mosta. Ulohou prvku je teda minimalizovat
priecnu deformaciu na zachovanie plynulého nad-
viazania jednotlivych dilata¢nych celkov. Samotny
koncept technického riesenia je pomerne unikatny
aj z celosvetového hladiska. Inovacia rieSenia na
projekte R2 Krivan - Mytna spociva v zmene uloZenia
ocelového prvku, a to tak, Ze jedna strana prvku je
pevne votknuta do jedného pola a opacna strana je
uloZena. V nasom pripade je ocelovy prvok pevne
spojeny osemnastimi 19-lanovymi kablami o stuzuju-
cu stenu vnutri komory. Tym vznika pevny konzolovy
spoj, ktory dokaze plne preniest ohybovy moment
do kotevnej steny. Dokoncenim tohto tiseku sa tak
stal objekt SO 209-01 pilotnym projektom s touto
technolégiou v Eurépe. Systém vyuzitia dilataénych
nosnikov je pomerne znamy aj na Slovensku, no rie-
Senie, ktoré bolo pouzité na tomto projekte, je velmi
unikatne. Podobné bolo pouzité pri vystavbe mosta
Benicia-Martinez Bridge v Kalifornii. Rovnako islo

o navrh prof. Straského z kancelarie SHP.

Kotvenie prefabrikovanych vzpier

V suvislosti s obomi objektami SO 209-01 a 209-02,
ktoré tvoria jadro projektu, sme mali moznost zasiah-
nut aj do navrhu kotvenia prefabrikovanych vzpier.
Ako sme vyssie zmienili, na skruziach alebo vozikoch
letmej betonaze sa realizovala komora mosta a na-
sledne sa most rozsiril pomocou prefabrikovanych

Odvzdusfiovada trubitha - vozif
do kanalika prad betonazou
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Obr. 7 Pohlad na montaz vzpier
Fig. 7 Installation of struts

one span and the opposite side is mounted. In our case,
the steel element is firmly connected to the bracing wall
inside the chamber by eighteen 19-strand cables. This
creates a rigid cantilever connection capable of fully
transferring the bending moment to the anchor wall.
With the completion of this section, structure SO 209-01
became a pilot project using this technology in Europe.
The system of using expansion beams is relatively well-
known in Slovakia as well. However, the solution used in
this project is highly unique. A similar solution was used
in the construction of the Benicia-Martinez Bridge in
California. That was also a design by Prof. Strasky, from
the SHP office.

Anchoring of prefabricated struts

In connection with both structures SO 209-01 and 209-02,
which form the core of the project, we also had the op-
portunity to contribute to the design of the anchoring for
the precast struts. As mentioned above, the bridge deck
was constructed using formwork or slipform carriages,
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Fig. 8 Original strut anchoring solution
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Obr. 9 Finalne rieSenie kotvenia vzpier
Fig. 9 Final solution for strut anchorin

vzpier do findlneho rozmeru. Detail kotvenia bol teda
klicovym pre stddium montaze vzpier. Na obr. 7 vidiet
pohlad na montaz vzpier.

Ako vidiet dalej na obr. 8, pévodné rieSenie bolo
pomerne dost Clenité z hladiska materidlov a tech-
nolégie injektaze, ktord mala zabezpedit konecnu
ochranu vystuze. Pévodny navrh kotvenia nevyhovo-
val nasim poziadavkdm na rychlost vystavby, preto
sme projektantovi ponukli alternativne rieSenia

na prehodnotenie. Najvhodnejsi navrh sa potom
dopracoval do realiza¢nej podoby. Aby sme nemali
my ani investor ziadne pochybnosti o bezpecnosti
vybraného rieSenia, navrhol sa experiment na ove-
renie spolahlivosti, ktory potvrdil spravnost nasho
navrhu.

Nami navrhované rieSenie tiplne eliminovalo potrebu
injektaze, ¢o predstavovalo vyznamné urychlenie
pocas realizacie. Zaroven eliminovalo riziko korozie
vplyvom nedostatoénej injektaze. Ako vidiet na

obr. 9, najmé odvzdusiiovaci otvor je pomerne ne-
vhodne zvoleny. Jednak by bolo zlozité jeho utesnenie,
no nie vzdy by sa tento otvor nachadzal v najvyssom
mieste. Vzduchové bubliny, ktoré sa v injektaznej
malte vyskytuju, by v takomto pripade boli koncentro-
vané v mieste injektazneho krytu kotevnej matice.

ZAVER

Rychlostna cesta v korunach stromov, vyznamna
stiéast juzného tahu s dizkou viac ako 9 km, je jedineé-
na hlavne svojou technolégiou vystavby, vdaka ktorej
sa dnes zaraduje medzi najzaujimavejsie projekty na
Slovensku. Dakujeme v3etkym, ktori sa podielali na
realizacii tohto vyznamného projektu. Spolo¢ne budu-
jeme infrastruktiru, ktora posuva Slovensko vpred.

Literatira

1. PD DSP: Rychlostna cesta R2 Krivan - Mytna, SO 209-02 Estakada v km
5,310 - 7, 062. Dopravoprojekt, a. s., Kominarska 141/2,4, 821 03 Bratislava;
Strasky, Husty a partnefi s. r. 0., Bohunicka 50, 619 00 Brno; 11/2020.

2. PD VTD: M1-70-S.W. BERD - PROJECTO, INVESTIGACAO E ENGENHARIA
DE PONTES, S.A., Edificio Olympus, Av. D. Afonso Henriques, 1462 - 2°,
4450-013 Matosinhos, Portugal, 08/2020.

\— KONTRA MATICA T2020-40

and subsequently, the bridge was expanded to its final
dimensions using precast struts. The anchoring detail
was therefore crucial for the strut installation phase.
Fig. 7 shows a view of the strut installation.

As can be seen in Fig. 8, the original solution was quite
complex in terms of materials and grouting technology,
which was intended to provide final protection for the
reinforcement. The original anchoring design did not
meet our requirements for construction speed, so we
offered the designer alternative solutions for reconsid-
eration. The most suitable proposal was then refined
into a construction-ready design. To ensure that neither
we nor the client had any doubts about the safety of the
selected solution, a reliability verification test was pro-
posed, which confirmed the correctness of our design.
The solution we proposed completely eliminated the
need for grouting, which significantly sped up the
construction process. At the same time, it eliminated
the risk of corrosion caused by insufficient grouting. As
can be seen in Fig. 9, the vent hole in particular is rather
poorly chosen. Not only would sealing it be difficult, but
this opening would not always be located at the highest
point. Air bubbles present in the grout would, in such

a case, be concentrated at the location of the grout cap of
the anchor nut.

CONCLUSION

The tree-top expressway, a key section of the southern
corridor stretching over 9 km, is unique primarily due

to its construction technology, which makes it one of the
most interesting projects in Slovakia today. We would
like to thank everyone who contributed to the implemen-
tation of this significant project. Together, we are build-
ing infrastructure that moves Slovakia forward.
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- lanovy a tycovy
predpinaci systém - zavesové systémy mostov
- hrncové, kalotoveé a - opravy a
elastomeérové loziska - dilatacné zavery s rozsahom do 1450 mm ochrana betanu (reprofilacia, injektaze trhlin, tesniace
- synchrénne zdvihanie a izolacné natery) - ochrana betonarskej vystuze - dodatocné
konStrukcii - vystrojenie pomocnych podpernych konstrukci - zosilnovanie konstrukcii (externé predpatie, uhlikové lamely a tkaniny)
servis hydraulickych zariadeni

PEVNY ZAKLAD
VASEJ STAVBY

Most Valy, Dialnica D3, vyska mostu 84 m.
Spolo¢ne s Doprava a sluzby K&T, spol. s.r.o. Cadca,
30 rokov na Kysuciach.
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Mostna estakada
na rychlostnej
ceste R2 Krivan

- Mytna

Prispevok opisuje mostnu estakadu vybudovant na
useku rychlostnej cesty R2 Krivain — Mytna. Potreba
vybudovat mostnu estakadu v dizke cca1630 m
vyplynula zo stiesnenych pomerov vedenia trasy
rychlostnej cesty v tomto Useku, kde v siibehu

s brehom vodnej nadrze Mytna vedie aj cesta

1/16 a trat Zeleznic SR. Most je v prevaznej miere
situovany medzi vodnou nadrzou Mytna a cestou
1/16, ktoru bolo potrebné v znaénom tseku prelozit
za navrhovanu estakadu. Objekt pozostava

z piatich dilataénych celkov. Dilata¢ny celok 1az

4 st tvorené osempolovym spojitym nosnikom

a celok 5 tvori desatpolovy spojity nosnik. Vsetky
dilataéné celky tvori dvojtramova konstrukcia

s konzolami z dodato¢ne predpatého beténu,

ktora bola realizovana technolégiou budovania na
vysuvnej skruzi.

Elevated R2
expressway

y

section Krivan
- Mytna

The article presents the description of the
elevated section (a flyover bridge) of the R2
expressway between Krivan and Mytna. The
need to elevate the expressway in the length of
around 1,630 m arose from the local unfavourable
topographic conditions, with limited space
available in the narrow valley due to the presence
of the I/16 road and the railway line, both running
parallel along the shore of the Mytna Water
Reservoir. In most of its length, the flyover bridge
runs between the water reservoir and the I/16
road, a significant section of which had to be
relocated behind the flyover. The flyover consists
of five expansion units. Expansion units 1to 4 are
built as an eight-span continuous girder structure,
while unit 5 has a ten-span continuous girder
concept. All the expansion units have a double-T
beam design with cantilevers made of post-
tensioned concrete. Movable scaffolding system

Martin Ondros

Vladimir Grigar

Adrian Chalupec

Most je vybudovany na konci tiseku rychlostnej cesty

R2 Krivan - Mytna, ktory je sicastou medzinarodnych
tahov spajajucich mesta Trenéin - Zvolen - Ko$ice. Usek
ma dizku 9,296 km a vedie medzi pohoriami Slovenského
rudohoria, Polany a Javoria. Jeho zaciatok nadvézuje na
usek R2 Pstrusa - Krivan a koniec na tisek R2 Mytna - Lo-
vinobana - Tomasovce. Vzhladom na zlozitti morfolégiu
terénu Pilanskej doliny so strmymi svahmi a stiesnenymi
pomermi, ktoré v doline vytvaraju chraneny Krivansky
potok a existujlica cesta I/16, tvoria tento usek rychlostnej
cesty najmi mostné objekty, ktorych dizka predstavuje
takmer dve tretiny dizky celej trasy. Na estakade s dizkou
1630 m, ktora premostuje prelozku cesty I/16, Pilansky

technology was used for the construction.

The flyover bridge is situated at the end of the R2
Krivan - Mytna expressway section, which is a part

of the network of international routes connecting the
towns of Trencin, Zvolen and KoSice. The section is
9.296 km long and runs between the boundaries of three
mountain ranges: the Slovak Ore Mountains, Polana and
Javorie. Its beginning is a continuation of the R2 Pstrusa
- Krivan section and its end is followed by the R2 Mytna
- Lovinobana - Tomasovce section. Given the complex
topography of the Pila Brook Valley with its steep slopes
and confined conditions due to the presence of the
Krivan Brook (a water stream protected as a natural
conservation site), and the existing I/16 road, this ex-
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Obr. 1 Pohlad na spodnu stavbu mosta
Fig. 1 A view of the flyover substructure

potok, Kosutovsky jarok, Uhliarsky jarok, polnu cestu
a ucelovi komunikaciu, sa nachadza rychlostna cesta R2.

OPIS A CHARAKTERISTIKA MOSTA

Mostny objekt pozostava z piatich dilata¢nych celkov.
Dizka lavej estakady je 1 633,79 m a pravej estakady

1 625,21 m. VSetky dilatacné celky maji obdobné usporia-
danie a tvori ich spojita dvojtramova konstrukcia s konzo-
lami z dodatocne predpétého beténu. Dilatacné celky st
spojené nad stykovymi medzilahlymi piliermi.

Sirka mosta medzi vonkajs$imi zvodidlami je konstantna,
24,50 m, po oboch stranach mosta je navrhnuty sluzobny
chodnik so Sirkou 0,75 m. Celkova $irka mosta je 27,55 m.
Spodnt stavbu tvori dvojica krajnych opdr navrhnutych
ako Zelezobeténovy ulozny prah a 41 ks medzilahlych
podpier, ktoré s tvorené zakladovym blokom a stenovym
pilierom s vrubovymi kibmi.

TECHNICKE RIESENIE MOSTA

Pocet a rozmiestnenie podpier lavého a pravého mosta
sme urobili tak, aby sme minimalizovali potrebu prekla-
dania krizujucej cesty 1/16, polnej cesty a ucelovej komu-
nikécie k objektom spravcu vodnej nadrze Mytna.

Navrh konstrukcie mosta zohladnoval poziadavku objed-
navatela na minimalny pocet lozisk. Mostna estakada je
na oporach uloZena na kalotovych loziskach a na pilieroch
pomocou vrubovych kibov.

Dilatacné celky 1 az 4 maju 8 poli s maximalnym rozpatim
pola 42,0 m. Dilatacny celok 1 ma rozdielne rozpitia poli
pri lavom a pravom moste. Dilataény celok 5 mé 10 poli

s maximalnym rozpétim pola 42,0 m.

Nosna konstrukcia kazdého dilatacného celku posobi ako
spojita staticky neurcita konstrukcia s kyvnymi stojkami,
ktoré maji vrubové kiby v hornej aj dolnej ¢asti drieku
stenového piliera tak, aby bola mozné ich kontrola. Pevné
ulozenie konstrukcie je zabezpecéené dvojicou pilierov
uprostred dilata¢ného celku. Tieto piliere maji len horny
vrubovy kib v Grovni 0,50 m pod nosnou konstrukciou.

V mieste vrubovych kibov bol prie¢ny rez pilierov uprave-
ny na obdiZnikovy bez vybratia.

Na vonkajsich stranach mosta st osadené ocelové zabra-
delné zvodidla. V strednom deliacom pruhu je pojazdné
nizka rimsa s obojstrannym beténovym zvodidlom

z dovodu zabezpecenia rozhladovych pomerov. Na von-
kajsej rimse pravého mosta je od opory 1 az po pole 36
osadena protihlukova stena. Odvodnenie mostovky je za-
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pressway section consists mainly of bridge structures,
with their length accounting for almost two-thirds of
the entire road. The 1,630-metre-long flyover bridge that
spans a number of obstacles (the I/16 road relocation,
three water streams - the Pila, the Kosutovsky and the
Uhliarsky brooks, an unpaved farm road and a service
road) carries the R2 expressway.

DESCRIPTION AND CHARACTERISTICS

OF THE FLYOVER

The flyover bridge consists of five expansion units. The
length of the left flyover is 1,633.79 m and the length of
its right-side one is 1,625.21 m. All the expansion units
have a similar profile and are designed as a continuous
double-T beam structure with cantilevers made of post-
tensioned concrete. The expansion units are connected
above the intermediate joint piers.

Between the outer barriers the bridge has an even width
of 24.50 m. A 0.75 m wide service walkway runs on both
sides. The total width of the bridge is 27.55 m.

The substructure consists of a pair of abutments
designed as reinforced concrete bearing seats, and 41
intermediate piers, which consist of a foundation block
and a wall pier with hinged joints.

TECHNICAL DESIGN OF THE BRIDGE

The number and layout of the piers for the left and right
bridge sections was designed with a view to minimise
the need for relocations of the intersecting I/16 road, the
country road, and the service road providing access to
the facilities of the Mytna Water Reservoir operator.

The bridge design took into the account the Client’s re-
quirement for a minimum number of bearings. The
flyover rests on spherical bearings on the abutments and
on hinged joints on the piers.

Expansion units 1 to 4 have eight spans with a maximum
span length of 42.0 m. Expansion unit 1 has different
span lengths for the left and right bridge. Expansion unit
5 has 10 spans with a maximum span length of 42.0 m.
The superstructure of each expansion unit is based on
the concept of a continuous hyperstatic structure resting
on socketed piers with hinged joints at both the cap and
foot of the wall pier to facilitate their dynamic response.
Firm support of the structure is ensured by a pair of
piers set in the middle of the expansion unit. These piers
have only the upper hinged joint, installed 0.50 m below
the superstructure. At the locations of the hinged joints,
the cross-section of the pillars has been modified to

a plain un-recessed rectangular shape.

Steel crash barriers are installed on the outer sides of the
bridge. The median strip includes a low and crossable
median parapet with removable Jersey barriers to facili-
tate adequate line of sight for drivers. A noise barrier is
installed on the outer parapet of the right-hand bridge
from pier no.1 to span no.36. Rainwater drainage of the
bridge deck from pier no.l is provided by a collection
pipe with a diameter of 200 to 500 mm behind pier no.43,
into a road drainage shaft.

CONSTRUCTION PROCEDURE

To keep the construction schedule, the bridge was built
using two different types of movable scaffolding system
with the sideways-tiltable form travellers suspended from
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bezpecené odvedenim zrazkovej vody od opory 1 zbernym
potrubim s priemerom 200 az 500 mm za oporu 43 do
Sachty cestnej kanalizacie.

POSTUP VYSTAVBY

Na dodrzanie harmonogramu vystavby bol most budovany
pomocou dvoch rozdielnych vysuvnych skruzi s hornymi
nosnikmi, na ktorych bolo zavesené do stran odklapatelné
debnenie. Odklopené debnenie pravého mosta zasahovalo do
prejazdného profilu cesty I/16, preto bolo potrebné na tomto
useku osadit na vozovku beténové zvodidla ako ochranu
pred narazom vozidiel do debnenia vysuvnej skruze. Nosna
konstrukcia bola budovand od konca lavého mosta smerom
k prvej opore systémom pole a konzola. S vystavbou pravého
mosta sa zacalo az po realizacii tretej etapy lavého mosta.
Vysuvna skruz bola na zaciatku opreta o vopred vybudované
prieéniky vybeténované spolu s piliermi, na konci bola
opreta na konzole uz vybudovaného predchadzajticeho pola.
Na pravom moste, kde bola vysuvna skruz s vysSou inosnos-
tou, bola opreta o prieénik predchadzajicej etapy.

Vystavba poslednej etapy dilatacného celku 1 pozostavala
z betonaze prvého pola na pevnej podpornej skruzi

a sucasne druhého pola na vysuvnej skruzi. Z dévodu
uzkej medzery medzi konstrukciou lavého a pravého
mosta bola na vnutornej konzole lavého mosta vytvorena
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Obr. 2 Usporiadanie lavého mosta v pozdiznom smere (dilataéné celky 1az 5)
Fig. 2 Longitudinal profile of the left bridge (expansion units 1to 5)
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Obr. 3 Usporiadanie v prie€nom smere
Fig. 3 A cross-sectional view

the upper girders. When tilted, the form traveller of the
right-hand bridge extended to the traffic clearance of the
I/16 road. To prevent collisions of vehicles with the tilted
MSS formwork, it was necessary to install Jersey barriers
on the roadway in this section. The sequence of con-
struction of the superstructure was from the end of the
left-hand bridge towards the first abutment using a span-
and-cantilever combination system. Construction of the
right-side bridge did not begin until the construction of
the third stage of the left-side bridge was completed. At
the beginning, the form traveller was initially supported
by crossheams constructed in advance and cast together
with the piers, while at the end the formwork support was
provided by the cantilever of the previously completed
segment. On the right-side bridge, where the form travel-
ler had a higher load-carrying capacity, it was supported
by a crossheam from the previous concreting stage.

The construction of the final stage of expansion unit no.1
was carried out by concreting of the first segment with
the use of a fixed scaffolding system and, simultane-
ously, concreting of the second segment with the use

of MSS. Due to the narrow gap between the left and the
right bridge sections, a longitudinal construction joint
was created on the inner cantilever of the left bridge to
facilitate the movement of the form traveller on the right
bridge. The missing part of the cantilever was not added
until the formwork had been moved to the next stage.
Large-diameter bored piles with a diameter of 900 mm
were designed to support the major part of the bridge.
The designed length of the piles was variable, and was
adjusted during construction based on the position of
the solid semi-rocky subsoil. The foundations for piers
16 to 34 on the right-hand side of the bridge could only
be constructed after the drainage ribs were built; these
were part of the stabilisation measures applied due to
the risk of landslides in the area, and were carried out

in advance, during the relocation of the I/16 road. After
the superstructure was built, the drainage ribs were con-
nected alongside the foundations to the drainage ditches.
The foundations were subsequently covered with stabili-
sation backfill against landslide risks. The abutment no. 1
and the pier no. 2, situated on the slope of a land spur
between the elevated expressway sections, were founded
on micropiles. The abutment at the opposite end of the
bridge is again founded on large-diameter piles set in
the road embankment, which was built as part of the R2
Mytna - Lovinobana project.

Obr. 4 Pohlad na pilier s prie€nikom
Fig. 4 View of a pier with a crossbeam




28 -29

pozdizna pracovna $kara na presun vysuvnej skruze
pravého mosta. Chybajuca ¢ast konzoly bola vybudovana
az po presune skruze do dalsej etapy.

Na zaloZenie vécésej ¢asti mosta boli navrhnuté vitané
velkopriemerové pildty s priemerom 900 mm. Navrhnuta
dizka pilét bola premennd, upravovala sa pocas vystavby na
zaklade urovne pevného poloskalného podlozia. Zaklady
pilierov 16 az 34 pravého mosta bolo mozné vybudovat az
po vystavbe odvodiiovacich rebier, ktoré boli sti¢astou sa-
nacénych opatreni zosuvného tizemia a boli urobené v pred-
stihu pocas prekladania cesty I/16. Po vybudovani nosnej
konstrukcie boli odvodiiovacie rebra prepojené vedla
zakladov a napojené do odvodnovacich priekop. Nasledne
boli zaklady zasypané pritazovacim nasypom zosuvného
uzemia. Opora €. 1 a pilier €. 2, ktoré su situované na svahu
terénneho vybezku medzi mostnymi estakddami, boli
zalozené na mikropilétach. Krajna opora na opac¢nom konci
mosta je zaloZend opét na velkopriemerovych pilétach vy-
budovanych z ndsypového telesa cesty, ktoré bolo postavené
ako sucast stavby R2 Mytna - Lovinobana.

POUZITE MATERIALY

Na vystavbu mostného objektu boli pouzité nasledujtice
objemy stavebnych hmot:

» Betén spodnej stavby: 20 566 m?®

» Betén nosnej konstrukcie: 30 318 m?

» Betonarska vystuz nosnej konstrukcie: 4 230 t
» Betonarska vystuz spodnej stavby: 1770 t

» Predpinacia vystuz: 995t

» Piloty s priemerom 900 mm: 10 900 m

» Mikropil6ty: 2 880 m

Celkova plocha vozovky je 36 600 m>.

ZAVER

Mostn4 estakada je zaujimava svojou dizkou a technicky
preciznou realizaciou s dérazom na funkénost konstruk-
cie s minimalnym poétom lozisk. Dizka objektu spolu so
zabudovanymi objemami hlavnych stavebnych materidlov
robi z objektu stavbu, ktora by sama osebe bola dominan-
tou na akejkolvek inej slovenskej dialnici. Spolu s dal§imi
mostami na useku R2 Krivan - Mytna tvori harmonicky
celok v dizke takmer 6 kilometrov, nazyvany aj ,,dialnica

v korunéch stromov*,

Obr. 6 Pohlad na hotovy most
Fig. 6 A view of the completed elevated section of the expressway
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Obr. 5 Horna vysuvna skruz lavého mosta
Fig. 5 The upper MSS form traveller of the left bridge

MATERIALS USED

The following quantities of construction materials were
used for the construction of the bridge structure:

» Substructure concrete - 20,566 m®

» Superstructure concrete - 30,318 m?

» Reinforcement for the superstructure concrete - 4,230 t
» Reinforcement for the substructure concrete - 1,770 t

» Prestressing reinforcement - 995 t

» 900 mm diameter piles - 10,900 m

» Micropiles - 2,880 m

Total roadway pavement area is 36,600 m?.

CONCLUSION

The elevated expressway section is exquisite for its
length and supreme attention to technical details of the
construction, with emphasis on its functionality and use
of a minimum number of bearings. The length of the
bridge and the volumes of the main construction
materials make it a true highlight among motorway
construction projects in Slovakia. Together with other
bridges on the R2 Krivan - Mytna expressway section, it
forms a harmonious and eye-catching landmark stretch-
ing for almost six kilometres, which has already earned
a well-deserved nickname ‘the treetops motorway’.
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Viadukt Krivan -
Mytnana
rychlostni
komunikaci R2

Viadukt celkové délky 4,36 km je situovan v en-
vironmentalné citlivé horské krajiné mezi obcemi
Krivan a Mytna. Je veden na svazich krasného
udoli Krivanského potoka, ktery nékolikrat krizi.
Viadukt prevadi oba sméry 24,5 m Siroké rych-
lostni silnice R2 na jedné mostni konstrukci Siroké
2750 m. Rozpéti poli je od 60 do 150 m, vyska
podpér je az 35 m. Ackoliv byl viadukt stavén
tfemi rozdilnymi technologiemi, ma po celé délce
jednotné architektonické a konstrukéni feseni.
Viadukt, ktery tvofi semi-integralni konstrukéni
systém, byl postaven jako projekt Design & Build.

Viaduct Krivan -
Mytna on the
expressway R2

The viaduct of a total length of 4.36 km is situated
in an environmentally sensitive mountainous land-
scape between the towns of Krivan and Mytna. It
runs along the slopes of the beautiful valley of the
Krivansky creek, which it crosses several times.
The viaduct carries both directions of the 24.5m
wide R2 expressway on a single 27.50 wide bridge
structure. The span lengths are from 60 to 150 m,
the height of the piers is up to 35 m. Although the
viaduct was built using three different technolo-
gies, it has a uniform architectural and structural
solution along its entire length. The viaduct, which
forms a semi-integral structural system, was built
as a Design & Build project.

N
2

Martin Formanek Petr Novotny

Petr Kocourek

Libor Hrdina

VYVOJ KONSTRUKCNIHO TYPU

Zatimco na obou koncich je viadukt veden po horskych
svazich, stfedni ¢ast nékolikrat kiizi stavajici silnici

a potok (obr. 1). Proto jsou rozpéti krajnich ¢asti viaduktu
od 60 do 70 m, zatimco rozpéti poli ve stfedni ¢asti jsou

v dasledku sikmého ktiZeni potoka a dalnice od 70 do

150 m. Bylo zfejmé, ze krajni ¢asti viaduktu lze betonovat
na vysuvné skruzi, nebo je lze postupné vysouvat, zatimco
stfedni cast vyzaduje letmou betonaz.

0Od zacatku navrhu bylo zfejmé i to, Ze optimalni reSeni
predstavuje mostni konstrukce tvorena paternim komoro-
vym nosnikem s velmi vylozenymi konzolami podeprena
tzkymi pilifi (obr. 2). Tato konstrukce vyzaduje minimalni
vykopové prace na strmych svazich a vytvari prehledné

a Cisté usporadani pilifd, které minimalné narusuji
krasnou krajinu. Projektant v§ak musel prokazat, ze

v pripadé opravy jednoho sméru dalnice 1ze veskerou
dopravu prevést na druhy smér. Po celé délce viaduktu je
sirka spodni desky komorového nosniku 6,50 m.

Jiti Strasky

DEVELOPMENT OF THE STRUCTURAL TYPE

While at both ends the viaduct is led on the mountain
slopes, the central portion crosses the existing highway
and creek several times (Fig. 1). That is why the span
lengths of the viaduct’s side parts are from 60 to 70 m,
while the span lengths of middle part, due to the skew
crossings of the creek and the highway, is from 70 to

150 m. It was evident that the viaduct’s side parts can be
cast in a movable scaffolding or can be incrementally
launched, while the central part requires balanced canti-
lever construction.

From the beginning of the design, it was obvious that
the one structure formed by a spine box girder with
large overhangs supported by narrow piers represents
an optimum solution (Fig. 2). This structure requires
minimum excavation at the steep slopes and creates
clear and clean order of piers minimally disturbing beau-
tiful countryside. However, the designer had to prove
that in the case of repair of one carriageway, the whole
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Obr. 1 Viadukt Krivan - Mytna
Fig. 1 Viaduct Krivan - Mytna

Aby se snizila hmotnost montaznich prostredkd, byla
navrzena postupna vystavba mostovky. Nejprve byl vybe-
tonovan a podélné predepnut patefni komorovy nosnik,
poté byly na paterni nosnik zavéseny prefabrikované
vzpéry, a nasledné byla v jednoduchém bednéni podepre-
ném témito vzpérami postupné vybetonovana deska mos-
tovky (obr. 3). Vzpéry Siroké 2,50 m jsou tvoreny deskami,
ztuZenymi na okrajich Zebry. Zebra jsou umisténa vné;
vnitini povrch je hladky. To nejen zjednodusuje vyrobu,
ale také zvysuje bezpecnost pracovnikd pohybujicich se

Obr. 2 Konstrukce viaduktu
Fig. 2 Viaduct structure

traffic can be transferred to another one. Along the whole
viaduct length, the width of the box girder’s bottom slab
is 6.50 m.

To reduce the weight of the construction equipment, it
was decided to construct the bridge deck incrementally.
At first, the spine box girder was cast and longitudinally
prestressed, then precast struts were suspended on the
spine girder, and the deck slab was progressively cast in
simple formworks supported by these struts (Fig. 3). The
2.50 m wide struts have a slab section stiffened by ribs

at their edges. The ribs are situated outside; the inner
surface is smooth. This not only simplifies production
but also increases the safety of workers moving on their
smooth surface. In addition, this solution contributes

to increasing the aesthetic effect of the viaduct. The
combination of the smooth surface of the piers and the
girder’s bottom slab with the statically necessary ribbing
of the outer struts creates a play of shadows that lightens
the structure (Fig. 4). The struts were placed on short
corbels of the spine girder; their position was secured by
two prestressing rods anchored in the top slab (Fig. 5).
After casting and transverse prestressing of the deck
slab, the space between the struts and the girder’s webs
was filled with a waterproof material (Fig. 5d). This cor-
responds to the different static action of the struts during
construction and service. During construction, the struts
are hinge supported, while during service the struts are
fixed into the box girder.

To simplify structural details and eliminate bearings, the
viaduct was designed as an integral structure. Since piers
formed by twin slender walls guarantee the stability of
the cantilever structures during construction and at the
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Obr. 3 Postupna vystavba nosné konstrukce
Fig. 3 Progressive construction of the deck

po jejich hladkém povrchu. Toto feseni navic prispiva ke
zvySeni estetického efektu viaduktu. Kombinace hladkého
povrchu pilif a spodni desky nosniku se staticky nezbyt-
nym zebrovanim vnéjsich vzpér vytvari hru stint, ktera
konstrukci opticky odlehéuje (obr. 4). Vzpéry jsou ulozeny
na kratké konzoly patefniho nosniku; jejich poloha byla
zajisténa dvéma predpinacimi tycemi ukotvenymi v horni
desce (obr. 5).

Po vybetonovani a pricném predepnuti mostovkové
desky byl prostor mezi vzpérami a stojinami nosniku
vyplnén vodotésnym materidlem (obr. 5d). To odpovida
rozdilnému statickému plsobeni vzpér béhem vystavby

a provozu. Béhem vystavby jsou vzpéry podepreny klou-
bové, zatimco béhem provozu jsou vetknuty do komoro-
vého nosniku.

Pro zjednoduseni konstrukénich detailti a eliminaci
lozisek byl viadukt navrzen jako integralni konstrukce.
Protoze pilife tvofené dvojitymi Stihlymi sténami zarucuji
stabilitu letmo betonovanych konstrukci béhem vystavby
a zaroven umoznuji velky podélny pohyb dokoncené
vicepolové konstrukce, byly pouzity nejen pro letmo
betonované konstrukce, ale také pro krajni ¢asti viaduktu.
Zde dvojité stény podpiraji predem vybetonované podpo-
rové priéniky, na které jsou ulozeny predni nohy horni
vysuvné skruze.

Administrativné je viadukt rozdélen na dva mosty oznace-
né Most 209-01 a Most 209-02 (obr. 6). Prvni most je tvofen
Ctyfmi dilata¢nimi celky DC1 az DC4 délek od 680 do

700 m. Druhy most se sklada ze Ctyt dilata¢nich celkti DC1
az DC4 délek 400 m. Pilife umisténé uprostred dilatac¢nich
celkd jsou ramoveé spojené s mostovkou a patkami, vzda-
lené pilife jsou - podle polohy a vysky pilift - kloubové
nebo ramove spojené s paternim nosnikem a patkami.
Klouby u patek byly béhem vystavby mostovky znehyb-
nény.

Zalozeni mostni konstrukce odpovida rozdilné geo-

logii podél trasy, kde se stfid4 vysoka kvalita podlozi

s horninou niz$i kvality. Viadukt je pfevazné zaloZen na
mikropilotach, nékteré podpéry jsou vsak zalozeny na
velkoprimeérovych pilotach nebo plosné. U dvou podpér
situovanych v blizkosti potoka byla navrzena tryskova
injektaz zlepsujici nekvalitni skalni podlozi.

Mimo dilataéni spary mezi letmo betonovanymi a vysou-
vanymi mosty jsou vSechny ostatni dilatacni spary situo-
vany v mezere mezi koncovymi pri¢niky podeprenymi
stihlymi sténami (obr. 7a).

; ! it
T —

Obr. 4 Vzpéry typického pole
Fig. 4 Typical span’s struts

same time allow large longitudinal movement of the
completed multi-span structure, they were used not only
for cantilever structures, but also for the viaduct’s side
parts. Here the twin walls support an advance construct-
ed pier tables supporting the front legs of the overhead
movable scaffoldings.

Administratively, the viaduct is divided into two bridges
marked Bridge 209-01 and Bridge 209-02 (Fig. 6). The first
bridge consists of four expansion units DC1 to DC4 with
lengths from 680 to 700 m. The second bridge consists of
four expansion units DC1 to DC4 with lengths of 400 m
each. The piers situated in the middle of the expansion
units are framed connected with the deck and footings,
distant piers are —according to position and height of the

boooco

Obr. 5 Zavéseni prefabrikovanych vzpér
Fig. 5 Suspension of the precast struts

BRIDGE 209-01 BRIDGE 209-02
W T 17T T/ 11—
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Obr. 6 Podélné fezy mostl tvoricich viadukt
Fig. 6 Elevations of bridges forming the viaduct
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Obr. 7 Usporadani dilatacnich spar
Fig. 7 Arrangement of expansion joints
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Obr. 8 Dilata¢ni nosniky
a) montaz, b) konstrukeni usporadani
Fig. 8 Expansion beams
a) erection, b) structural arrangement

Dilatac¢ni spary letmo betonovanych konstrukci jsou
situovany uprostred nejkratsich poli (obr. 7b). Deformace
sousednich konzol jsou redukovany ocelovymi nosniky
vlozenymi do komory paterniho nosniku. Nosniky jsou na
jedné strané vetknuty do koncového pricniku a vlozeny do
komory sousedni konzoly, kde jsou podepreny neopreno-
vymi lozisky umisténymi na dvojici ztuzujicich pri¢nik
(obr. 8). Casové zavisl4 analyza prokazala, Ze v dilataénich
polich je deformace uprostred rozpéti polovicni oproti
deformacim konstrukei s klouby uprostred rozpéti.

LETMO BETONOVANE MOSTY

Letmo betonované mosty celkové délky 2080 m (obr. 9

a 10) byly betonovany v symetrickych konzolach. Vyska
nosniku uprostred vSech poli je 3,50 m. Vyska nosniku

u podpér je pro rozpéti do 110,00 m 6,50 m, pro vetsi
rozpéti ma nosnik vysku 9,00 m. Nabéh ma tvar paraboly
druhého stupné. Délka zarodku byla 12,5 m, délka letmo
betonovanych segmentt byla od 2,50 do 5,00 m, délka
stfedniho uzaviraciho segmentu byla 2,50 m.

Mostovka je predepnuta ¢tyfmi systémy kabelti. BEhem
letmé betonaze byly v kazdém segmentu ukotveny
konzolové kabely. Po betonazi uzaviraciho segmentu byly
instalovany a napnuty kabely vedené v poli ve spodni
desce a soudrzné kabely spojitosti. Po betonazi a priéném
predpéti vnéjsich konzol byly osazeny a napnuty vné;jsi
nesoudrzné kabely spojitosti.

Dilatacni celky byly betonovany letmo v symetrickych
konzolach, postupné budovanych od jejich stfedt smérem
k dilata¢nim sparam. Pfed betonazi vSech stfednich spar
byly sousedni konzoly spojeny montaznimi ocelovymi
nosniky, a nasledné svisle vyrovnany. Kdyz byly betono-

| var. 0.10- 1.36

CROSS SECTION

piers - hinge or frame connected with the spine girder
and footings. The hinges at footings were immobilized
during the deck’s construction.

The foundation of the bridge structure reflects the very
different geological conditions along the length of the
route, where a high-quality bedrock alternates with
lower-quality ones. For the foundation of the viaduct
mostly micro-piles were designed, however, some sup-
ports are also founded on large-diameter piles or on
spread footings. Also, jet grouting improves the poor-
quality bedrock of two piers situated close to the creek.
Apart from the expansion joints between cantilevered
and launched bridges, all other expansion joints are
situated in the gap between the units’ end diaphragms
supported by slender walls (Fig. 7a).

The expansion joints of the cantilever structures are situ-
ated at midspans of the shortest spans (Fig. 7b). Deforma-
tions of the adjacent cantilevers are reduced by steel
beams inserted into the spine box. The beams are fixed
into the midspan diaphragm of one cantilever and are in-
serted into the box’s cell of the adjacent cantilever where
the beams are supported by neoprene bearings placed on
the span diaphragms (Fig. 8). The time-dependent analy-
sis has proved that the mid-span deformations of these
expansion spans are one half of the deformations of the
structures with mid-span hinges.

CANTILEVER BRIDGES

Cantilever bridges of a total length of 2,080 m (Figs. 9 and
10) were progressively cast in balanced cantilevers. The
depth of the girder in the middle of all spans is 3.50 m.
The depth of the girder at the supports is 6.50 m for
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Obr. 9 PFi¢né fezy letmo betonovanych mostl
a) uprostred rozpéti, b) u podpéry

Fig. 9 Cross sections of the cantilever bridges
a) at midspan, b) at support

vany stiedni spary vnéjsich poli, byly sousedni konzoly od
sebe rozepreny hydraulickymi lisy. Pilite vnéjsich konzol
byly vychyleny vné - ve sméru opacném Kk jejich pohybu
zptusobenému dotvarovanim a smr$tovanim betonu mos-
tovky. U kloubovych pilift jejich vodorovné vychyleni
zvysilo rotaéni kapacitu vrubovych klouba.

MOSTY STAVENE PO POLICH
Paterni komorovy nosnik dilataéniho celku DC1 mostu
209-01 o délce 680 m a celkit DC1 a DC2 mostu 209-02

Obr. 10 Letmo betonovany most s rozpétim 150 m
Fig. 10 Cantilever bridge with 150 m long span

spans up to 110.00 m, for larger spans the girder depth is
9.00 m. The haunches have a shape of the second-degree
parabola. The length of the pier table was 12.5 m, the
length of the segments was from 2.50 to 5.00 m, the
length of the closure was 2.50 m.

The deck is prestressed by four cable systems. During
the cantilever construction cantilever tendons were
anchored in each segment. After the closure was cast,
the span tendons and internal continuity tendons were
installed and tensioned. After casting and transverse pre-
stressing of the overhangs, the external continuity cables
were installed and tensioned.

The expansion units were constructed in symmetrical
cantilevers progressively built from their centers
towards the expansion joints. Before casting all
closures, the adjacent cantilevers were connected

by erection steel beams and subsequently vertically
adjusted. When the mid-span joints of the outer spans
were cast, the adjacent cantilevers were jacked apart.
The piers of the outer cantilevers were deflected
outwards - in the direction opposite to their move-
ment caused by creep and shrinkage of the concrete

of the deck. In the case of pined piers, their horizontal
deflection has increased the rotational capacity of the
concrete hinges.

SPAN-BY-SPAN CONSTRUCTED BRIDGES

The spine box girder of the expansion unit DC1 of bridge
209-01 with a length of 680 m and of the units DC1 and
DC2 of the bridge 209-02 of lengths of 2 x 400 m were cast
span-by-span with overhanging cantilevers in a form-
work suspended on an overhead movable scaffolding,
which was formed by a tied arch with so called organic
prestressing.

The spine girder is prestressed by internal coupled
tendons situated in the webs and short support tendons
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délky 2 x 400 m byl betonovan po polich s previslymi
konzolami v bednéni zavéSeném na horni vysuvné
skruzi tvorené obloukem s tdhlem s tzv. organickym
predpétim.

Paterni nosnik je pfedepnut vnitfnimi soudrznymi
kabely vedenymi ve stojinach a kratkymi podporovymi
kabely vedenymi v horni desce. Za betonovanymi poli
byly postupné osazeny vnéjsi prefabrikované vzpéry

a v bednéni podepreném témito vzpérami byly v isecich
délky 50 m vybetonovany vnéjsi konzoly. Po jejich
priéném predepnuti byly instalovany a napnuty vnéjsi
kabely spojitosti.

VYSOUVANE MOSTY

Dilata¢ni celky DC3 a DC4 o délce 2 x 400 m mostu
209-02 byly postupné vysouvany. Celky byly
vysouvany od spolecné podpory umisténé v misté
zmény zakiiveni. Vzhledem k tomu, Ze cely prifez
mostu lze relativné snadno vybetonovat a nasledné
vysunout, nebylo nutné mostovku vytvaret postupné.
Proto byl prifrez konstrukce upraven. Vnéjsi

deskové vzpéry byly nahrazeny jednoduchymi pruty
umisténymi v misté vyztuznych Zeber vzpér. Tim byl
zachovan charakter a jednotny architektonicky vyraz
konstrukce.

Béhem vysouvani byla mostovka postupné predpinana
vnitfnimi soudrznymi kabely umisténymi v prifezu
mostovky. Po vysunuti konstrukce byly instalovany

a napnuty vnéjsi spojité kabely situované v komore
nosniku.

Mostovka byla betonovana po usecich délek 30-35 m ve
formé situované v misté prvniho pole celku DC4. Vysuvna
loziska byla umisténa pouze na jedné sténe podpér, vzdy
blize k vysuvnym lisim, druhd sténa byla voln4 a slou-
zila k umisténi hydraulickych listi. Stény byly docasné
vyztuzeny ocelovou prihradou. Po vysunuti celku DC3
byly vysuvné zarizeni a ocelovy nos oto¢eny a DC4 byl
vysouvan v opa¢ném sméru.

ZAVER

Vystavba viaduktu, kterd probéhla bez podstatnych
technickych problémd, zacala v roce 2022 a dokoncena
byla v roce 2025. Viadukt, ktery byl postaven v krasném
udoli v ekologicky citlivé horské oblasti, mél héhem
vystavby minimalni dopad na krajinu. Architektura
stavby byla vyvinuta na zakladé pravdivého konstrukc-
niho reSeni; konstrukce vytvari ekonomicky semi-in-
tegralni konstrukéni systém, ktery vyzaduje minimalni
udrzbu. Ackoliv byly pouzity rizné technologie, méa
viadukt po celé své délce jednotné architektonické

a konstrukeni usporadani. Prestoze je viadukt znacnych
rozmérl, krasnou krajinu neptehlusuje, ale spise ji
doplnuje.

Viadukt byl postaven jako Design & Build Projekt. Jeho
investorem je Narodna dialni¢nd spolo¢nost, Bratislava.
Projekt rychlostni komunikace R2 vypracoval Dopra-
voprojekt, Bratislava. Vlastni projekt viaduktu je praci
projekéni kancelare Strasky, Husty a partnefi, Brno.
Vedouci projektant je Libor Hrdina. Viadukt byl postaven
sdruzenim ,Zdruzenie R2 Krivan - Mytna“ tvorenym
firmami Doprastav, Bratislava; STRABAG, Bratislava;
EUROVIA SK, Kosice, Slovakia a EUROVIA CS, Praha,
Czech Republic.

Inzinierske stavby / InZenyrské stavby 2/2026

led at the top slab. Two spans behind the casting spans,
the precast struts were gradually erected, and the
overhangs were cast into a formwork supported by these
struts in 50 m long sections. After their transverse pre-
stressing, external continuity cables were installed and
tensioned.

LAUNCHED BRIDGES

The expansion units DC3 and DC4 of the lengths of 2 x
400 m of the bridge 209-02 were incrementally launched.
The units were launched from a common support situ-
ated at the point of curvature change. Since the entire
cross-section of the bridge can be relatively easily cast
and subsequently launched, it was not necessary to
create the deck incrementally. Therefore, the cross-
section of the structure was modified. The outer slab
struts were replaced by single bars located in the place
of the struts’ stiffening ribs. Thus, the character and
unified architectural impression of the structure were
preserved.

During launching, the deck was incrementally pre-
stressed by coupled internal tendons situated in the
deck’s cross section. After the structure was launched,
external continuity cables situated inside the box were
installed and tensioned.

The deck was cast in segments of 30-35 m in length in the
casting plant located at the location of the first span of
the DC4 unit. The launching bearings were placed only
on one pier’s wall always closer to the launching jacks,
the other wall support was free and served for placing
the hydraulic jacks. The wall piers were temporarily
reinforced by a steel truss. After the launching of the
DC3 unit, the launching device and the steel nose were
turned and the unit DC4 were launched in the opposite
direction.

CONCLUSIONS

The construction of the viaduct which proceeded
without any significant technical problems began in
2022; completed was in 2025. The viaduct, which was
constructed in a beautiful valley in an environmentally
sensitive mountain area, had a minimum impact on the
countryside during its construction. The architecture
of the structure was developed from the true structural
solution; the structure creates economical semi-integral
structural system which requires minimum mainte-
nance. Although different construction methods have
been utilized, the viaduct has a uniform architectural
and structural arrangement along its whole length. Even
though the viaduct is a considerable size, it does not
overwhelm the beautiful landscape but rather comple-
ment it.

The viaduct was constructed as a Design Build Project,
the client is Narodna dialni¢na spolo¢nost (Road
Construction Company), Bratislava. The expressway
design is work of the firm Dopravoprojekt, Bratislava.
The viaduct was designed by a firm Strasky, Husty

a partnefi, Brno, Czech Republic, the Project Manager
was Libor Hrdina. The Viaduct was constructed by

a Zdruzenie (Joint Venture) R2 Krivan - Mytna formed
by firms Doprastav, Bratislava; STRABAG, Bratislava;
EUROVIA SK, Kosice, Slovakia and EUROVIA CS, Praha,
Czech Republic.
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Viadukt dalnice
D1uobce
Turie -most 202

Viadukt dlouhy 614,0 m je tvoren dvéma
soubéznymi mosty o 14 polich s typickymi
rozpétimi 43,5 m. Oba mosty tvori semi-in-
tegralni konstrukéni systém. Nosné kon-
strukce jsou tvoreny komorovymi nosniky,
které byly betonovany po polich do bednéni
podpiraného spodni vysuvnou skruzi. Zalo-
Zeni mostu bylo ovlivnéno skutecnosti, ze
viadukt je situovan v sesuvném tizemi.

Viaduct of the
motorway D1 near
avillage Turie -

Bridge 202

The 614.0 m long viaduct consists of two parallel bridges
with 14 spans with a typical span of 43.5 m. Both bridges
form a semi-integral structural system. The superstructures
are made of box girders which were cast span-by-span in
formwork supported by underslung movable scaffolding.
The foundations of the bridges were influenced by the fact

that the viaduct is situated in a landslide area.

.

Vladimir Puda

Milan Senkytik

Pavel Svoboda

Pobliz Ziliny je dalnice D1 vedena v krasné krajiné Malé
Fatry. V uiseku Lietavska Lucka - Visiiové - Dubna Skala
vede po nékolika dlouhych mostech (obr. 1). Vystavbu
dalnice, ktera probihala v reZimu Zluté knihy FIDIC, zahéjilo
sdruzeni ,,Zdruzenie SALINI IMPREGILO - DUHA, SdruZeni
striktné pozadovalo, aby vSechny mosty byly navrzeny jako
prefabrikované nosnikové konstrukce.

Vystavba dalnice zacala v roce 2015. Zhotovitel provedl
zaklady, spodni stavby, smontoval prefabrikované nosniky
a vybetonoval sprazené desky nekterych poli nékolika
mostd. V roce 2019 se sdruzeni rozhodlo od stavby odstou-
pit. Vnové soutézi ziskalo zakazku sdruzeni ,,Zdruzenie
SKANSKA - Visnové“. Vzhledem k tomu, Ze vystavba tohoto
viaduktu jesté nezacala, zhotovitel se rozhodl opustit navrh
prefabrikovanych nosnik a vyuzit svych zkusenosti s vy-
stavbou mostt stavénych na vysuvnych skruzich.

ARCHITEKTONICKE A KONSTRUKCNI RESENT

614,0 m dlouhy viadukt vede dalnici pres dlouhé udoli,
retencni nadrze, mistni komunikaci a potok (obr. 2). Viadukt
je tvoren dvéma soubéznymi mosty o 14 polich s typickym
rozpétim 43,5 m. Osa viaduktu je v piidorysném oblouku

s polomérem 1500 m a v proménném podélném sklonu od
4,0 do 1,5 %.

Jifi Strasky

The Slovak motorway D1 near a city of Zilina is situated in
a beautiful landscape of the Mala Fatra Mountains. In the
Lietavska Lucka - Visniové - Dubna Skala section, it runs
on several long bridges (Fig. 1). The construction of the
motorway, which was carried out under the FIDIC Yellow
Book regime, was started by a Joint Venture "Zdruzenie
SALINI IMPREGILO - DUHA’. The Venture strictly required
that all bridges be designed as prefabricated beam struc-
tures.

Motorway construction started in 2015. The contractor carried
out foundations, substructures, erected precast girders and
cast composite slabs of some spans for a few bridges. In 2019,
the Joint Venture decided to withdraw from the construction.
In a new competition a Joint Venture “Zdruzenie SKANSKA -
Visniové” won the contract. Since construction of this viaduct
has not started, the contactor has decided to abandon precast
girder design and utilize his experience with construction of
bridges using a movable scaffolding.

ARCHITECTURAL AND STRUCTURAL DESIGN

The 614.0 m long viaduct carries the motorway over a long
valley; retention ponds, a local road and a creek (Fig. 2). The
viaduct is formed by two parallel bridges with 14 bays of

a typical span length of 43.5 m. The viaduct’s axis is in a plan
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Predpjata betonova mostovka obou mostti je tvorena 2,40 m

vysokym spojitym komorovym nosnikem o 14 polich

(obr. 3). Sitka levého mostu je od 13,55 do 15,05 m; §itka

pravého mostu 14,80 m je po celé délce konstantni. Nad pod-

pérami je nosnik vyztuzen 3 m dlouhymi podporovymi pric-
niky s praleznymi otvory, jejichz vyska 1,5 m postacovala
pro snadnou prepravu bednéni vnitini dutiny komorového
nosniku béhem stavby. Pro kontrolu lozisek byly ve spodni
desce vytvoreny prulezy.

Komorovy nosnik z betonu C35/45 je podélné predepnut

¢tyrmi systémy kabelti Dywidag tvorenymi 12 lany

praméru 0,6":

» Spojité kabely vedené na stojinach nosniku, které jsou
napinany a spojkovany v pracovnich sparach.

» Spojité kabely vedené na stojinach nosniku, které se
prekryvaji nad pilifi a jsou ukotveny na opaénych stra-
nach podporovych pri¢niku.

» Kratké kabely vedené v hornich deskach nad pilifi. Tyto
kabely, které maji nenapinané (mrtvé) kotvy zabetono-
vané v desce za podporovymi priéniky, byly napinany
z pracovnich spar.

» Kratké kabely umisténé na spodni desce s kotvami
v dolnich rozich komorového nosniku.

Pilite jsou tvoreny Stihlymi sloupy osmitithelnikového

prurezu, ktery prechazi do hlavic sloupti. Na pilitich 8, 9

a 10 je mostovka kloubové spojena s hlavicemi, na zbyvaji-

cich pilifich a koncovych opérach je mostovka podeprena

dvojicemi hrncovych lozisek.

Navrh zalozeni viaduktu resi obtizné geotechnické podmin-

ky lokality mostu, ktera je geologicky tvorena paleogennimi

vrstvami piscitych a prachovitych jilovcti a prachovcet,
stridajicimi se s vrstvami piskovci a slepencti. Vzhledem

ke stridani vrstev jiloveti a prachovcel s piskovci jsou svahy

hory v této oblasti nachylné k sesuviim pudy.

Polovina viaduktu (od opéry 1 k pilifi 7) se nachazi

v oblasti prevazné proudovych sesuvli se smykovymi

plochami v hloubce od 5 do 11 m. Na zakladé rozsahlého

geotechnického monitoringu bylo zjiSténo, Ze rychlost
posunt svahu tzce souvisi s kolisanim hladiny podzemni
vody. Proto byla v této oblasti provedena drendz pomoci

120 m dlouhych vrtl, kterd snizuje hladinu podzemni

vody, a nasledné zpomaluje nebo zastavuje sesuvy

svahu. Aktivni sesuvné zény s ¥4 pohybem vsak zistavaji

uopéry 1 a pilif 5, 6 a 7. Proto je opéra 1 zaloZena na

16 m dlouhych vrtanych pilotach a je ukotvena 25 m

dlouhymi horninovymi kotvami. Opéra také umoznuje

dodatecnou instalaci dalSich horninovych kotev. VSechny
podpéry jsou zalozeny na 18 m dlouhych vrtanych pilo-
tach a zaklady pilift 2, 3, 5, 6 a 7 jsou chranény opérnymi
sténami. Tyto stény jsou tvoreny 16 m dlouhymi vrtanymi

LIETAVSKA LUCKA
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Obr. 1 Most 202
Fig. 1 Bridge 202

circle with a radius of 1,500 m and in a variable longitudinal

slope from 4.4 to 1.5%.

The prestressed concrete deck of both bridges consists of

14-span continuous box girder of depth of 2.40 m (Fig. 3). The

width of the left bridge is from 13.55 to 15.05 m; the width of the
right bridge 14.80 m is constant along its entire length. Above
supports the girder is strengthened by 3 m long pier dia-
phragms with man-holes, which heights of 1.5 m was sufficient
for easy transport of the inner cell’s formwork of the box girder
during construction. For inspection of the bearings, manholes
were made at the bottom slab.

The box girder from C35/45 concrete is longitudinally pre-

stressed by four systems of Dywidag tendons of 12-0.6” strands:

» Continuous tendons led at girder’s webs that are coupled
in construction joints.

» Continuous tendons led at the girder’s webs that overlap
above the piers and are anchored at opposite sides of the
diaphragms.

» Short tendons situated at the tops slab above the piers.
These tendons, which have dead anchors in the slab
behind the diaphragms, were tensioned from the con-
struction joints.

» Short tendons situated at the bottom slab with anchors
situated at bottom corners of box girder.

The piers are formed slender columns of the octagonal

cross section that transfer into column’s caps. On piers 8, 9

and 10 the deck is hinge connected with the caps, on remaining

piers and end abutments the deck is supported by couples of

pot bearings.
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Obr. 2 Podélny fez
Fig. 2 Elevation
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Obr. 3 PFi¢ny fez u pilife 5
Fig. 3 Cross section at pier 5

pilotami kotvenymi horninovymi kotvami délky 26 az
30 m.

STAVBA VIADUKTU

Mostovka byla betonovana postupneé po polich s previslymi
konzolami v bednéni podepfeném spodni vysuvnou skruzi
Strukturas (obr. 4). Nejprve byl postaven pravy most ve
smeéru od opéry 15 k opére 1, poté byla skruz otocena

a pouzita pro stavbu levého mostu v opa¢ném sméru. Pro

Obr. 4 Postupna vystavba mostu
Fig. 4 Progressive construction of the right bridge

The design of the viaduct's foundations addresses difficult
geotechnical conditions of the bridge site which is geologically
formed by Paleogene layers of sandy and silty claystones

and siltstones alternating with layers of sandstones and con-
glomerates. Due to the of layers’ alternation of claystones and
siltstones with sandstones, the mountain’s slopes of this area
are prone to landslide movements.

Half of the viaduct (from the abutment 1 to the pier 7)

is situated in an area of predominantly flow landslides
with shear surfaces at a depth of from 5 to 11 m. Based on
extensive geotechnical monitoring it was found that the
rate of slope displacements is closely linked to fluctuations
in the groundwater level. Therefore, a drainage via 120 m
long boreholes was implemented in this area, which de-
creases the groundwater level and a subsequent slowdown
or cessation of the slope’s landslides. However, the active
landslide zones with ¥4 movement remain at the abutment
1 and the piers 5, 6 and 7. That is why the abutment 1 is
found on 16 m long drilled piles and it is anchored by 25 m
long rock anchors. Also, a provision for additional installa-
tion of more rock anchors is prepared. All piers are found
on 18 m long drilled piles and the footings of piers 2, 3, 5,

6 and 7 are protected by walls. These walls are formed by
16 m long drilled piles anchored by rock anchors of length
from 26 to 30 m.

VIADUCT CONSTRUCTION

The bridge deck was incrementally cast span-by-span with
overhanging cantilevers in formwork supported by Strukturas
underslung movable scaffolding (Fig. 4). At first the right
bridge in direction from abutment 15 to abutment 1 was
constructed, then the scaffolding was turned and used for con-
struction of the left bridge in the opposite direction. To speed

>
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urychleni vystavby byla prvni pole betonovana na pevné
skruzi. AZ do dosazeni prvniho pilife s betonovym kloubem
méla stavéna konstrukce docasné pevné uloZeni na prvnim
pilifi.

Komorovy nosnik byl betonovan ve dvou fazich, nejprve
spodni deska a stojiny, poté horni deska. Jakmile byly
napnuty spojkované kabely a kratké kabely nad podpérami,
vysuvna skruz se presunula do dal$iho pole. Zbyvajici kabely
byly dodateé¢né napnuty po dokonceni sousedniho pole.

STATICKA A DYNAMICKA ANALYZA

Ekonomicky navrh viaduktu byl umoznén jeho podrob-
nou statickou a dynamickou analyzou. Vzhledem k tomu,
Ze most tvori semi-integralni konstrukéni systém, byly
detailné analyzovany objemové zmény betonu a stabilita
pilift. Most, ktery byl analyzovan softwarovym systémem
MIDAS, byl modelovan jako 3D konstrukce sestavena

z nosnikovych prvka. Byla provedena podrobna ¢asové
zévisla analyza postupné stavéné konstrukce pro navrzeny
a skutecny stavebni postup.

ZAVER

Viadukt tvofi konstrukéné efektivni a architektonicky
elegantni konstrukci. Vzhledem k tomu, Ze je sestaven ze
stihlych nosnych prvkd, vytvari lehkou a transparentni
konstrukci s minimalnim dopadem na zZivotni prostredi.
Viadukt byl realizovan formou Design Build Project,
klientem je Narodna dialni¢na spolo¢nost, Bratislava.
Navrhla ho firma Strasky, Husty a partnefi, Brno, Cesk4
republika, a postavila firma Skanska SK, a.s., Bratislava,
Slovensko.

CREATIVITY - KNOWLEDGE -
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up the construction the first spans were cast on stationary
scaffolding. Till reaching the first pier with concrete hinge the
erected structure has a temporary fix bearing on the first pier.
The box girder was cast in two stages, at first, the bottom
slab and webs, then the top slab. As soon as coupled continu-
ous tendons and short pier tendons were post-tensioned, the
scaffolding moved into the next span. Remaining tendons
were post-tensioned when the neighboring span was com-
pleted.

STATIC AND DYNAMIC ANALYSIS

The viaduct’s economical design was made possible by its
detailed static and dynamic analysis. Since the bridge forms
a semi-integral structural system, the volume changes and
stability of piers were carefully determined. The bridge,
which was analyzed by the MIDAS software system, was
modeled as a 3D structure assembled from beam elements.
A detailed time-dependent analysis of the gradually erected
structure was performed for the designed and actual con-
struction process.

CONCLUSIONS

The viaduct forms structurally efficient and architecturally
elegant structure. Since the viaduct is composed of slender
structural members, it creates light and transparent structure
that has a minimal impact on the environment.

The viaduct was constructed as a Design Build Project, the
client is Narodna dialnicna spolo¢nost (Road Construction
Company), Bratislava. The viaduct was designed by a firm
Strasky, Husty a partneri, Brno, Czech Republic, and was con-
structed by Skanska SK, a. s., Bratislava, Slovakia.

EXPERIENCE — HARD WORK |

Strasky, Husty a partnefi s. 1. 0., Bohunicka 50, 619 00 Brno, CR,
tel: +420 547 101 811, www.shp.eu, shp@shp.eu

Bridge across the Vltava River at Praha-Suchdol, winning design of the international architectural competition.

SHP




Realizované mostni stavby / Realized bridge structures

Viadukt dalnice
D1nad svaznym
uzemim -
most 204

Viadukt, ktery je tvoren dvéma soubéznymi

mosty délek 254,0 m, prevadi dalnici pres svazné
uzemi, potok a polni cestu. Mosty o Sesti polich

s rozpétimi od 34,50 do 100,0 m jsou tvoreny
dvéma konstrukéné rozdilnymi ¢astmi. Prvni tfi
pole, ktera jsou sestavena z prefabrikovanych
nosnik( a sprazené desky, spojité navazuji na letmo
betonovanou komorovou konstrukci o tfech polich.
Usporadani mostt bylo ovlivnéno skutec¢nosti, ze
viadukt je situovan ve svazném tzemi.

Viaduct of
motorway D1 over

the landslide area
- Bridge 204

The 254.0 m long viaduct, which consists of
two parallel bridges, carries the motorway

over a landslide area, a creek and a rural road.
The six span bridges with spans ranging from
34.50 to 10018 m are made up of two different
structures. The first three spans, which are
formed by precast beams and a composite deck
slab, are connected to a three span cast in place
cantilevered structure. The landslides within the
site influenced the arrangement of the viaducts.

Tomas Dvorak Michal Jurik Pavel Svoboda

Délnice D1 pobliZ Ziliny prochézi krdsnym pohotim Mala
Fatra. V useku Lietavska Lucka - Vistiové - Dubna Skala,
jehoz stavba byla zahéajena v roce 2015, vede dalnice po
nékolika dlouhych mostech (obr. 1). Stavbu, ktera byla
realizovdna v rezimu Zluté knihy FIDIC, ptivodné ziskalo
,Zdruzenie SALINI IMPREGILO - DUHA". Zhotovitel
striktné pozadoval, aby vSechny mosty byly navrZzeny
jako prefabrikované konstrukce. Proto byl viadukt
navrzen jako prefabrikovana nosnikova konstrukce

0 9 polich s rozpétimi od 34,5 do 41,0 m. Geotechnicky
prizkum provedeny na zacatku vystavby dalnice vsak

v misté stavby zjistil pritomnost nékolika aktivnich

a potencialnich sesuvi. Po zvazeni a propracovani rady
alternativ bylo rozhodnuto prekonat nejnebezpecnéjsi
useky poli s velkym rozpétim.

V roce 2019 se sdruzeni rozhodlo od stavby odstoupit. Vnové
soutézi ziskalo zakazku ,,Zdruzenie SKANSKA - Visniové®,
Bylo dohodnuto, Ze most 204 bude postaven podle projektu
vypracovaného predchozim sdruzenim.

ARCHITEKTONICKE A KONSTRUKCNI RESENI

Viadukt dlouhy 354 m prevadi dalnici pres dlouhé udoli
s nebezpecnymi sesuvy, potokem a mistni komunikaci
(obr. 2). Kazdy ze dvou mostd ma vlastni horizontalni

Jifi Strasky

The Slovak motorway DI near a city of Zilina passes through
the beautiful Malé Fatra Mountains. In the Lietavska Lucka -
Visniové - Dubné Skala section, which construction started in
2015, the motorway runs on several long bridges (Fig. 1). The
contract, which was carried out under the FIDIC Yellow Book
regime, was initially undertaken by the Joint Venture (JV)
‘ZdruZenie SALINI IMPREGILO - DUHA'. The Venture strictly
stipulated that all bridges must be designed as prefabricated
structures. Therefore, the viaduct was designed as a 9-span
precast beam structure with spans from 34.5 to 41.0 m long.
However, the geotechnical survey performed upon the start

of the motorway’s construction indicated of the presence of
several active and potential landslides within the site. After
numerous options have been considered and worked out, it
was decided to bridge the most dangerous zones by long spans.
In 2019, the Joint Venture decided to withdraw from the
job. In a new bid, the Joint Venture ‘Zdruzenie 'SKANSKA
- Visnové” won the contract. It was agreed that the
bridge 204 will be constructed according to the project
developed under the previous JV.

ARCHITECTURAL AND STRUCTURAL DESIGN
The 354 m long viaduct carries the motorway over a long
valley with hazardous sliding areas, a creek and a local
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Obr. 1 Most 204
Fig. 1 Bridge 204

a vertikalni usporadani, protoze osa dalnice prechazi

z kruhu o poloméru 2000 m do dvou samostatnych tune-
lovych trub. Vzdalenost mezi levou a pravou stranou se
po prechodové kiivce zvétsuje z priblizné 16 m na vice
nez 23,5 m na konci. Lisi se i vertikalni smér, protoze
usek dalnice pred mostem ma stupiiovity tvar, ktery
odpovida priénému sklonu svahu, zatimco obé tunelové
trouby jsou ve stejné vysce. Vyska pravého mostu se tedy
zveda s konstantnim sklonem 4,0 %, zatimco levy most
musi dohnat strméjsi sklon 4,5 %, po kterém nasleduje
prechodovy vertikalni oblouk, ktery odpovida vysce

a sklonu pravého mostu. Sitka pravého mostu je 15,30 m,
sirka levého mostu je 14,35 m.

Prvni tfi pole obou mostl (rozpéti 35,0 + 2 x 41 m) jsou
sestavena ze dvou metrt vysokych prefabrikovanych
nosniki a sprazené mostovkové desky o tloustce 0,23 m
(obr. 3a). Nasledujici tfi pole (rozpéti 70,0 + 100,0 + 66,0 m)
byla betonovana letmo (obr. 3b). Prefabrikované nosniky
jsou ulozeny na tuloznych prazich tvaru obraceného
pismene T. Na koncich prefabrikované ¢asti, tj. na opére
1 a pilifi 4, se tvar prahu prirozené redukuje na tvar
pismene L. UloZné prahy jsou podepfeny kazdy dvéma
hrncovymi lozisky. Vzhledem k rozdilné $ifce mostt

ma pravy most v prafezu 9 nosnikd a levy most

8 nosniki. Kazdy prefabrikovany nosnik je sestaven ze
tfi segmentd, které jsou vzajemné spojeny predpétim;
spary jsou vyplnény epoxidem.

Letmo betonované konstrukce jsou tvoreny jedno-
komorovymi nosniky proménné vysky od 2,70 m
uprostred rozpéti a u podpor 4 a 7 do 5,20 m u podpér

5a 6. Nabéhy sleduji tvar paraboly 2. stupné. V misté
podpor jsou nosniky vyztuzeny pri¢niky. Nad pilitem 5,
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road (Fig. 2). Each of the two bridges have dedicated hor-
izontal and vertical alignments, as the motorway morphs
from a circle with a radius of 2,000 m into two separate
tunnel tubes. For the most part following a transitional
curve, the horizontal distance between the left and right
grows from about 16 m to over 23.5 m at the end. The ver-
tical alignment is also different, as a stretch of the mo-
torway ahead of the bridge has a stepped configuration,
adhering to a cross slope, while both tunnel tubes are at
the same elevation. Thus, the right bridge elevation rises
at a constant 4.0% gradient, while the left bridge must
catch up with a steeper 4.5%, followed by a transition
vertical arc to match the elevation and grade of the right
bridge. The width of the right bridge is 15.30 m, the width
of the left bridge is 14.35 m.

The first three spans of both bridges (35.0 + 2 x 41 m long)
are assembled of 2.0 m deep precast beams and a com-
posite deck slab 0.23 m thick (Fig. 3a). The following
three spans (70.0 + 100.0 + 66.0 m long) are built by the
balanced cantilever method (Fig. 3b). The precast beams
rest on transverse girders shaped as inverted letter T. At
the ends of the precast section, i.e. on abutment 1 and
pier 4, that inverted T naturally reduces to letter L. The
transverse girders are supported by two pot bearings
each. Due to the different bridges’ width, the right bridge
has 9 beams, and left bridge has 8 beams in a cross
section. Each precast beam is assembled of three seg-
ments, which are mutually connected by prestressing;
the joints are filled with epoxy.

The cantilever structures are made of single-cell box
girders of a variable depth ranging from 2.70 m at
midspan and at supports 4 and 7 to 5.20 m at piers

LIETAVSKA LUCKA VISNOVE
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kde je nosna konstrukce monoliticky spojena se spodni
stavbou, jsou nad sténami déleného pilife umistény dva
pri¢niky tloustky 1,15 m. Nad pilifem 6 prendasi jeden
pricnik tloustky 3,0 m namahani ze stojin do dvou hrn-
covych lozisek. Podobné feseni je nad opérou 7. Vzhle-
dem k mens$im sildm ma zde pti¢nik tloustku jen 1,8 m.
V misté podpory 4 byl komorovy nosnik prfibetonovan
ke sténé pri¢niku tvaru pismene L, ktery také slouzi
jako tlozny prah prefabrikovanych nosnikd sousednich
poli. Kromé toho je komorovy nosnik ptiblizné ve
tretinach rozpéti vyztuzen 0,70 m tlustymi zebry, které
prenaseji radidlni sily z vnéjsich prabéznych kabell do
stojin.

Mostovka je predepnuta tfemi systémy kabeld klasického
usporadani. Behem vystavby byly v kazdém segmentu
instalovany a ukotveny konzolové kabely. Po betonazi
uzaviracich spar byly osazeny a napnuty kabely vedené
ve spodni desce v polich a vnéjsi prtibézné kabely. Vnéjsi
kabely jsou vedeny v komore nosnikl a jsou ohybany

v podporovych priénicich a v Zzebrech situovanych

v polich.

U podpéry 4 je podélna betonarska vyztuz horni desky
komorového nosniku zakotvena ve sprazené desce pre-
fabrikovanych nosnikt. Tato vyztuz spolu s dodate¢nou
vyztuzi podporovych pri¢nikt zarucuje monolitické
spojeni prefabrikovanych a letmo betonovanych poli.
Pilite 5, které jsou monoliticky spojeny s mostovkami
obou mostti, tvori pevné body mostu (obr. 4). Podélné
pohybliva loziska podpiraji mostovku na vSech ostatnich
pilifich. Pilif 5 je tvofen dvéma sténami o tloustce

1,05 m. Ostatni pilife maji prafez ve tvaru pismene H.
Ackoliv se rozmeéry pilira lisi podle zatiZeni a vysky, maji
vizualné uceleny vzhled. VSechny zaklady jsou zaloZeny
na vrtanych pilotach.

Ochranné zdi tvorené kotvenymi vrtanymi pilotami,
které zastavuji sesuv, jsou umistény proti svahu u kazdé
podpéry s vyjimkou opéry 1 a pilife 2.

VYSTAVBA VIADUKTU

Vystavba prefabrikovanych a monolitickych ¢asti
viaduktu probihala soucasné (obr. 5). Po postaveni
pilift byly vybetonovany pri¢niky podpér 1 az 4. Potom
byly osazeny prefabrikované nosniky a postupné byla
vybetonovana sprazena deska. Soucasné byly zhotoveny

(a) (b1) (b2)
14.35 15.30
J80 1175 080, |,080 1300 150,
I TTTT I

5and 6. The haunches follow the shape of the 2nd degree
parabola. At supports the girders are stiffened by inter-
nal diaphragms. Above the pier 5, where the superstruc-
ture is monolithically connected to the substructure, two
diaphragms 1.15 m thick are provided, above the walls
of the split pier. Above pier 6 a single diaphragm 3.0 m
thick transfers the stress from webs into two pot bear-
ings. A similar situation exists above abutment 7. Given
the smaller forces here, the diaphragm is only 1.8 m
thick. At support 4, the girder was simply cast against the
wall of the L-shaped transverse girder provided the seat
for the precast beam in the adjacent span. Furthermore,
0.70 m thick web stiffeners placed at approximately one
third the span length transfer the radial forces from the
external continuity cables to the webs.

The deck is prestressed by three cable systems of a clas-
sical arrangement. During construction cantilever
tendons were installed and anchored in each segment.
After the closures were cast, the span tendons and
external continuity cables were installed and tensioned.
The external continuity tendons, which are situated
inside the box girders, are deviated at pier and span
diaphragms.

At support 4 longitudinal rebars reinforcing the top slab
of the box girder protrude into the composite slab of the
beam structure. This reinforcement, together with ad-
ditional reinforcement of the pier diaphragms, guarantee
the monolithic connection of the precast spans with the
cantilever structures.

Piers 5, which are monolithically connected with the
decks of both bridges, serve as bridge’s fix points

(Fig. 4). Longitudinally movable bearings support the
deck on all other piers. This pier is formed by two

1.05 m thicks walls. Other piers have H-shaped cross
section. The dimensions vary according to loads and
pier height yet provide visually coherent appearance.
All foundations rest on drilled piles. Protecting walls
formed by anchored drilled piles are situated upslope of
each support except abutment 1 and pier 2, to arrest the
landslide movement.

VIADUCT CONSTRUCTION
The construction of precast and cast-in-place sections
proceeded simultaneously (Fig. 5). After construction of

Obr. 3 PFicné fezy
a) prefabrikovana pole, b) letmo betonovana pole,
1- uprostred rozpéti, 2 — u pilife 5

Fig. 3 Cross sections

a) precast spans, (b) cantilevered spans,

1-at midspan, 2 — at pier 5
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Obr. 4 Konstrukce mostu
Fig. 4 Bridge structure

15 m dlouhé zarodky, smontovany betonarské voziky,

stabilita letmo betonovanych konzol nad podpérou 5
byla dana tuhym spojenim mostovky dvousténnym
pilifem, stabilita konzol nad pilifi 6 byla zarucena
docasnymi sloupy podpirajicimi zarodky. Po vybeto-
novani 4,5 m dlouhych uzavirajicich spar uprostred
rozpéti a 3,75 m dlouhych spar u podpéry 4 byly
mostovky predepnuty vnéjsimi spojitymi kabely a ne-
prabéznymi kabely spodni desky. Nasledné byly nad
podpérou 4 vybetonovany sprazené desky.

STATICKA A DYNAMICKA ANALYZA
Ekonomicky navrh viaduktu byl umoznén diky detailni
statické a dynamické analyze. Mosty, které byly analyzo-

3D konstrukce sestavené z nosnikovych prvku. S postup-
nou vystavbou most se méni staticky systém a beton
raznych konstrukénich prvka rizné starne, proto byly
provedeny detailni casové zavislé analyzy rtznych fazi
vystavby pro navrzeny i skuteény stavebni proces.

ZAVER
Viadukt tvori hospodarna konstrukce premostujici
oblasti s rizikem sesuvu ptdy. Ackoliv je sestaven ze dvou

vyzadujici minimalni adrzbu.

tem je Narodna dialni¢na spoloc¢nost, Bratislava. Viadukt
navrhla firma Strasky, Husty a partnefi, Brno, Cesk4 re-
publika, a postavila ho spole¢nost PORR s.r.o., Bratislava,
ve sdruzeni s firmou SKANSKA SK a.s., Bratislava.

a poté byly v symetrickych konzolach postupné vybeto-
novany a predepnuty 2 x 7 segmenty mostovky. Zatimco

vany pomoci softwaru MIDAS FEM, byly modelovany jako

rtznych konstrukénich systémd, tvori spojitou konstrukei

Viadukt byl realizovan formou Design Build Project, klien-
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the piers, the transverse girders of the piers 1 through

4 were cast. Then the precast beams were erected, and
composite slabs were progressively cast. At the same
time 15 m long pier tables were constructed, travellers
were erected and then 2 x 7 deck segments were progres-
sively cast and prestressed in symmetrical balanced
cantilevers. While the stability of the erected cantilevers
above the piers 5 was given by the rigid connection to
the (twin-walled) pier, the stability of the cantilevers
above the piers 6 was guaranteed by temporary columns
supporting the pier tables. After casting the 4.5 m long
mid-span closures and 3.75 m long closures at the piers 4,
the decks were prestressed by span tendons and external
continuity cables. After that, composite slabs above the
piers 4 were cast.

STATIC AND DYNAMIC ANALYSIS

The viaduct’s economical design was made possible by
its detailed static and dynamic analysis. The bridges,
which were analyzed by the MIDAS FEM software, were
modeled as 3D structures assembled from beam ele-
ments. As the bridges are progressively constructed,
the static system changes, and the concrete of different
structural members ages differently, therefore a detailed
time-dependent analyses of the various construction
stages were performed for the designed and actual con-
struction process.

CONCLUSIONS

The viaduct forms structurally efficient structure bridg-
ing the dangerous landslide areas. Although it consists
of two different structural systems, it forms continuous
structure requiring minimum maintenance.

The viaduct was constructed as a Design Build Project,
the client is Narodna dialni¢nda spolo¢nost (Road
Construction Company), Bratislava. The viaduct was
designed by a firm Strasky, Husty a partneri, Brno, Czech
Republic, and was constructed by PORR s. 1. o, Bratislava
in JV with SKANSKA SK a. s., Bratislava.

Obr. 5 Postupna vystavba mostu
Fig. 5 Progressive construction of the right bridge
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Mostny objekt SO
201-00 budovany
technologiou
vysuvnej skruze
v ramci I. etapy
R4 Severného
obchvatu Presova

Hlavnu trasu useku R4 Severny obchvat PreSova,
I. etapa, tvori Stvorpruhova, smerovo rozdelena
komunikéacia kategérie R 245/100 s celkovou
dizkou 4,3 km. Obsahuje 3 mosty, oporné

a zarubné mury, mimouroviovu krizovatku
Presov - sever a dvojrirovy tunel Bikos s dizkou
115 km. Stcastou hlavnej trasy je aj mostny objekt
SO 201-00 Most na R4 v km 1,350 nad udolim

a polnou cestou. Zhotovitelom mosta SO 201-00
bola spolo¢nost VAHOSTAV, a. s., Bratislava.

Mojmir Stefanec

Richard Pucek

Koncom septembra 2023 bol Sirokej motoristickej
verejnosti odovzdany do uzivania usek rychlostnej
cesty R4 Severny obchvat PreSova, I. etapa, ktory
vytvoril priamu spojnicu dialnice D1 s cestou I. triedy
I/68 v smere na Sabinov (obr. 1). Rychlostna cesta R4

je sucastou dopravnej siete Eurépskej unie TEN - T

v smere sever - juh. Objednavatelom stavby bola
Narodna dialni¢néa spoloénost, a. s., a zhotovitelom
ZdruZenie VAHOSTAV - SK - TuCon R4 Severny obchvat
Presova pod vedenim spolo¢nosti VAHOSTAY, a. s.,
Bratislava (dalej VAHOSTAV), a s élenom zdruZenia
spolo¢nostou MARTI, a. s., Zilina. Stavba bola financo-
vana zo zdrojov Eurépskej tinie a zo Statneho rozpoctu
Slovenskej republiky. Usek I. etapy m4 celkovu dizku
4,3 km a bolo na niom vybudovanych spolu 9 mostov,

z toho tri na hlavnej trase. V prispevku blizsie opiSeme
technické rieSenie a realizaciu mostného objektu

Bridge structure
S0 201-00
constructed using
the incremental
launching method
as part of Phase I
of the R4 Presov
Northern Bypass

The main route of the R4 Presov Northern Bypass,
Phase I, consists of a four-lane dual carriageway
of category R 24.5/100 with a total length of

4.3 km. It includes 3 bridges, retaining and wing
walls, the grade-separated junction PreSov

- North, and the twin-tube Bikos tunnel with

a length of 115 km. Part of the main route is also
bridge structure SO 201-00 on the R4 at km 1.350,
over a valley and a field road. The contractor for
bridge SO 201-00 was VAHOSTAV, a.s., Bratislava.

At the end of September 2023, the section of the R4
expressway - PreSov Northern Bypass, Phase I - was
opened to the general motoring public, creating a direct
connection between the D1 motorway and the Class I
road I/68 towards Sabinov (Fig. 1). The R4 expressway is
part of the Trans-European Transport Network (TEN-T)
in the north-south direction. The client for this project
was the Narodna dialni¢na spolo¢nost, a.s., and the
contractor was “ZdruZenie VAHOSTAV - SK - TuCon R4
Severny obchvat PreSova” (VAHOSTAV Consortium - SK
- TuCon R4 PreSov Northern Bypass), led by VAHOSTAY,
a.s., Bratislava (hereinafter referred to as VAHOSTAV),
with MARTI, a.s., Zilina as a consortium member. The
project was financed from European Union funds and the
state budget of the Slovak Republic. The Phase I section
has a total length of 4.3 km and includes a total of nine
bridges, three of which are located on the main route.

Ing. Richard Pacek, VAHOSTAVY, a. s., Priemyselna 6, 821 09 Bratislava, tel.: 041/517 15 95, e-mail: richard.pucek@vahostav.sk
Ing. Mojmir Stefanec, VAHOSTAV,, a. s., Priemyselna 6, 821 09 Bratislava, tel.: 041/517 12 85, e-mail: mojmir.stefanec@vahostav.sk




44 - 45

Obr. 1 Prehladna situacia stavby s umiestnenim mosta SO 201
Fig. 1 Overview plan of the project showing the location of bridge SO 201

SO 201-00 Most na R4 v km 1,350 nad idolim a polnou
cestou v hlavnej trase, ktory zrealizovala spolo¢nost
VAHOSTAV.

OPIS A TECHNICKE RIESENIE MOSTNEHO

OBJEKTU SO 201-00

Most sa nachadza v PreSovskom kraji, okrese Presov, v ka-
tastralnom uzemi Velky Saris. Ide o 7-polovy most v ex-
travilane obce, ktory premostuje hlboké tidolie a polnt
cestu SO 121-03. Prevadzanou komunikéciou na moste je
rychlostna cesta R4 v zakladnom Sirkovom usporiadani

R 24,5/100. Nosna konstrukcia (NK) je z monolitického,
dodatocne predpétého beténového komorového prierezu
s vysSkou 2,6 m, budovana na vysuvnej skruzi. Most je
zalozeny hibkovo - na Zelezobeténovych (ZB) velkoprie-
merovych pilétach @ 900 mm. Krajné opory tvoria zaklady
podopreté ZB pilétami @ 900 mm, na ktoré nadvizuju
¢iastocne vylahcené drieky a tilozné prahy so zavernymi
murikmi a s kridlami. Vnutorné podpery su tvorené zakla-
dom podopretym ZB pilétami - tieZ @ 900 mm - a pilierom
s prierezom priblizne v tvare kosti. Rozpditie poli je

34,0 + 5 x 45,00 + 34,0 m, spolu 293,0 m (obr. 2).

DiZka NK je 295,0 m. Sirka NK lavého (I'M) aj pravého
mosta (PM) je 13,23 m. Sirka lavého mosta je 13,73 m

a pravého 13,88 m. Sirka vozovky medzi zvodidlami

je na lavom aj pravom moste 11,25 m. Celkova dizka
mosta je 306,10 m. Vyska mosta nad dnom tuidolia je pri
LM max. 19,0 m a pri PM max. 18,2 m. Plocha mosta je
pri LM aj PM rovnaka, a to 3 681,15 m? Prieé¢ny sklon
nosnej konstrukcie oboch mostov je jednostranny,

2,5 %. Horné dosky su zalomené v osi odvodnenia, na
konzole je vytvoreny protispad v sklone 4,0 % (obr. 3).
Rychlostna cesta vedie v mieste mosta vo vyskovom
konvexnom zakruzovacom obliku v km 1,231 005

POZOLINY REZ |
v 08I LAVEHO
MOSTA
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This paper describes in more detail the technical solu-
tion and construction of bridge structure SO 201-00 on
the R4 at km 1.350, over a valley and a field road on the
main route, which was carried out by VAHOSTAV.

DESCRIPTION AND TECHNICAL SOLUTION

OF BRIDGE STRUCTURE SO 201-00

The bridge is located in the Presov Region, Presov Dis-
trict, cadastral area of Velky Saris. It is a 7-span bridge
located outside the built-up area, crossing a deep valley
and the field road SO 121-03. The roadway on the bridge
is the R4 expressway in the basic cross-section arrange-
ment R 24.5/100. The superstructure (SS) is a monolithic,
post-tensioned concrete box girder with a structural
depth of 2.6 m, constructed using the incremental
launching method. The bridge is founded on deep
foundations - large-diameter piles made of reinforced
concrete with a diameter of 900 mm. The side abutments
are formed by the foundations supported by reinforced
concrete piles, 900 mm in diameter, followed by partially
lightened stems and bearing seats with back walls and
wing walls. The internal supports consist of a foundation
supported by reinforced concrete piles, also 900 mm in
diameter, and a pier with a cross-section approximately
in the shape of a bone. The span arrangement is

34.0 + 5% 45.0 + 34.0 m, with a total length of 293.0 m (Fig. 2).
The length of the SS is 295.0 m. The width of the SS of
both the left (LB) and right bridge (RB) is 13.23 m. The
width of the left bridge is 13.73 m and that of the right
bridge is 13.88 m. The carriageway width between

the safety barriers is 11.25 m on both the left and

right bridges. The total bridge length is 306.10 m. The
maximum height above the valley bottom is 19.0 m for
the LB and 18.2 m for the RB. The bridge deck area is the
same for both the LB and LB, amounting to 3,681.15 m>.
The crossfall of the superstructure on both bridges is
one-sided, at 2.5 %. The top slabs are kinked along the
drainage axis, and a reverse crossfall of 4.0 % is formed
on the cantilever (Fig. 3). At the bridge site, the express-
way follows a vertical convex curve at km 1.231 005 with
a radius of 20,000 m, with tangent gradients of 3.0 % and
1.49 %, continuing with a constant longitudinal gradient
of 1.49 %. Thus, the longitudinal gradient of the SS is
initially variable, about 2.40 % at abutments 1L/2P, and
becomes constant from support 9L/10P -1.49 %, falling in
the direction of chainage.

The abutments consist of a foundation, a partially lightened
stem, a bearing seat, a pair of bearing plinths (a pair of
bearings for each superstructure), a back wall with a corbel

Obr. 2 Pozdizny rez v osi lavého mosta SO 201-00
Fig. 2 Longitudinal section along the axis of the left bridge SO 201-00
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Obr. 3 Prie¢ny rez mostom SO 201-00
Fig. 3 Cross-section of bridge SO 201-00

s polomerom R =20 000 m, so sklonmi doty¢nic 3,0 %
a 1,49 %, a dalej v pozdiZnom konstantnom sklone

1,49 %. Pozdizny sklon NK je teda spoéiatku pri oporach
1L/2P premenny, priblizne 2,40 %, a cca od podpery
9L/10P konstantny - klesanie -1,49 % v smere stanice-
nia.

Opory tvori zaklad, ¢iasto¢ne vylahceny driek, tlozny
prah, dvojica podloziskovych blokov (pre kazdu
nosnu konstrukciu dvojica lozisk), zaverny mur s kon-
zolkou pre mostny zaver a vybratim pre prechodovu
dosku a dvojica rovnobeZznych zavesenych kridel. Cast
opory pre pravy most je od ¢asti opory pre lavy most
oddilatovana Skarou s hriabkou 20 mm. Pri hornom
povrchu zakladu boli zriadené dva tlozné bloky,
sliziace na podopretie vysuvnej skruze. Opora bola
Sirkovo navrhnuté na celu sirku nosnej konstrukcie -
27,30 m (spolu pre pravy aj lavy most pri 1L/2P), resp.
27,555 m pri 15L/16P. Celé opory (zaklad, driek, ulozny
prah, podloziskové bloky, zaverny mur, plentovacie
muriky aj zavesené kridla) st monolitické Zelezobeté-
noveé.

Zaklady st z monolitického zelezobeténu, obdiznikové-
ho p6dorysu 8,0 x 6,0 m s vyskou 1,8 m, podopreté vel-
kopriemerovymi pilétami @ 900 mm. Pre kazdy most
tvori vnuitornt podperu jeden monoliticky ZB pilier

s prierezom v tvare Sirokého ,,H* na samostatnom
zéklade. Rozmery piliera v priereze su 2,25 x 5,00 m,
stredna stena ma rozmery 2,30 x 0,55 m (obr. 3). Z boku
kazdého piliera boli zriadené kapsy § x v x h = 0,950

% 0,930 x 0,625 m na ulozZenie skruze pocas betonaze
danej etapy nosnej konstrukcie.

6975-7190 (TYPICKY 6975) J'

for the expansion joint and a recess for the approach slab,
and a pair of parallel suspended wing walls. The part of the
abutment for the right bridge is separated from the part for
the left bridge by a 20 mm joint. At the top surface of the
foundation, two bearing blocks were provided to support
the launching gantry. The abutment was designed to the
full width of the superstructure - 27.30 m (for both the right
and left bridges at 11/2P), and 27.555 m at 15L/16P. The entire
abutments (foundation, stem, bearing seat, bearing plinths,
back wall, parapet walls, and suspended wing walls) are
monolithic, made of reinforced concrete.

The foundations are made of monolithic reinforced con-
crete, with a rectangular plan of 8.0 x 6.0 m and a height
of 1.8 m, supported by large-diameter piles (diameter of
900 mm). For each bridge, the internal support consists
of a single monolithic reinforced concrete pier with

a wide H-shaped cross-section, founded on an individual
footing. The pier cross-sectional dimensions are

2.25 x 5.00 m, with a central web measuring 2.30 x 0.55 m
(Fig. 3). On each side of every pier, recesses of dimen-
sions w x h x d = 0.950 x 0.930 x 0.625 m were formed to
accommodate the launching gantry during the concret-
ing of each stage of the superstructure.

The SS is supported on the side abutments and all piers

by means of pairs of pot bearings - 32 bearings in total

(2 bridges x 8 supports x 2 bearings per support). The SS of
both the right and left bridges consists of a 7-span continu-
ous box girder with a constant depth of 2.6 m (Fig. 3). The
RB is a mirror image of the LB. It is a structure made of
monolithic post-tensioned concrete with a box girder cross-
section and cantilevers on both sides. The span arrange-
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NK je na krajnych oporach a na vSetkych pilieroch
ulozena na spodnu stavbu prostrednictvom dvojice
hrncovych lozisk - spolu 32 ks lozisk (2 mosty x

8 podpier x 2 loziska na podperu). NK pravého aj lavého
mosta tvori 7-polovy spojity nosnik komorového prie-
rezu s konstantnou vyskou 2,6 m (obr. 3). PM je zrkad-
lovym obrazom LM. Ide o konstrukciu z monolitického,
dodatocne predpiatého beténu komorového prierezu

s vyloZzenymi obojstrannymi konzolami. Rozpétia poli
v osi komunikacie st 34,0 + 5 x 45,0 + 34,0 m. Dizka NK
oboch mostov je rovnaka, 295,0 m. V koncoch NK su
nad oporami vytvorené koncové prieéniky s dizkou

2,0 m. Koncové prie¢niky st masivne plnostenné

so vstupnym otvorom do komory so Sirkou 1,0 m

a s vyskou 1,55 m, ktory je zabezpeceny uzamykatelny-
mi dverami. Komorovy prierez nosnej konstrukcie je
predopnuty systémom pozdizneho dodatoéného stdrz-
ného predpitia z 1an Ls 15,7/1860 zo systému Projstar,
ktory vyraba, montuje a predpina zhotovitel mosta
VAHOSTAV. Pouzité boli 19-lanové kable.

Konstrukcia vozovky na moste v hribke 90 mm je
ziviéna dvojvrstvova, zlozena z modifikovanych zmesi.
Ochranu hydroizolacie (NAIP s hriibkou 5 mm) tvori
liaty asfalt. Na oboch koncoch nosnej konstrukcie st
osadené hrebefniové mostné zavery v elektroizolacnom
vyhotoveni v tiprave so zniZzenou hlu¢nostou.

Na okrajoch nosnej konstrukcie sa nachadzaja
celomonolitické zelezobeténové rimsy. Do vnutornych
rims su zakotvené ocelové zabradelné zvodidla
ZSNH4/H3 s vodorovnou vypliiou. Do vonkajsich rims
su pri obrubniku zakotvené ocelové zabradelné zvo-
didla ZSNH4/H2 bez vyplne a pri okraji ocelové mostné
zabradlie so zvislou vyplnou s vyskou 1,1 m nad pri-
lahlym povrchom rimsy. Zrkadlo v strednom deliacom
pése nad oporami je na dizke 1,5 m prekryté plnou
doskou z kompozitného materialu. Povrch vozovky

a rims je odvodneny pozdiz obruby do odvodiiovacov,
ktoré st zatistené do pozdiZneho potrubia zavesené-
ho pod konzolou NK. Pristup pre reviziu priestoru

pod mostom je zaisteny reviznymi schodiskami po
pravej strane dialnice pri opore 2P a po lavej pravej
strane dialnice pri opore 15L. Terén pod mostom bol
upraveny dodato¢nym prisypom vrstvy drveného
valcovaného Strku. Svahy pod mostom pred oporami
su spevnené lomovym kamenom. Na svahové kuzele
mimo pddorysu mosta sa rozprestrel humus a osiala sa
trava s predpisanym zlozenim.

Podla spracovaného korézneho prieskumu sa zreali-
zovali zakladné ochranné opatrenia na obmedzenie
vplyvu bludnych pradov, t. j. primarna a sekundarna
ochrana s prepojenim vystuze a jej vyvedenie na
povrch konstrukcie. Na vSetkych 252 ks velkoprieme-
rovych pilét boli zrealizované skusky integrity pilot
metddou PIT. Na mostnom objekte sa vykonalo spolu

5 zatazovacich skusok velkopriemerovych pilét. V prie-
behu vystavby mosta bolo nutné merat predpisanym
sposobom, resp. danych intervaloch sadanie pri kon-
solida¢nom nésype opory 1L/2P a geodeticky sledovat
v Case spodnu stavbu (piliere a opory).

VYSTAVBA MOSTA
V do6sledku peticie obéanov mesta Presov, ktora
docasne zamedzila pristup na usek od krizovatky
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ment along the alignment is 34.0 + 5 x 45.0 + 34.0 m. The
length of the SS of both bridges is the same - 295.0 m. At
the ends of the SS, end cross-beams 2.0 m in length are pro-
vided above the abutments. The end cross-beams are solid-
web members with an access opening to the box girder cell,
1.0 m wide and 1.55 m high, secured with lockable doors.
The box girder of the superstructure is prestressed by

a system of longitudinal bonded post-tensioning using Ls
15.7/1860 cables of the Projstar system, supplied, installed,
and stressed by the bridge contractor VAHOSTAV. A total of
19 tendon cables were used.

The road pavement structure on the bridge, 90 mm thick,
consists of a two-layer asphalt system made of modified
mixtures, with mastic asphalt forming the protection
layer of the waterproofing (NAIP, 5 mm thick). At both
ends of the superstructure, finger-type expansion joints
are installed, with electrical insulation and reduced-noise
design. Monolithic reinforced concrete edge beams are
provided along the edges of the superstructure. Steel
parapet safety barriers ZSNH4/H3 with horizontal infill
are anchored to the inner edge beams. Steel parapet safety
barriers ZSNH4/H2 without infill are anchored at the kerb
in the outer edge beams., and steel bridge railings with
vertical infill are installed at the outer edge, with a height
of 1.1 m above the adjacent surface of the edge beam. The
gap in the median over the abutments is covered over
alength of 1.5 m with a solid composite panel. The surface
of the pavement and edge beams is drained along the kerb
into drainage inlets, which discharge into a longitudinal
pipe suspended beneath the SS cantilever. Access for
inspection of the area beneath the bridge is provided by
inspection stairways on the right side of the motorway

at abutment 2P and on the left side at abutment 15L. The
terrain beneath the bridge was adjusted by placing an ad-
ditional layer of crushed rolled gravel. The slopes beneath
the bridge in front of the abutments are stabilised with
riprap. Topsoil was spread on the slope cones outside

the bridge footprint and sown with grass of the specified
composition.

Based on the corrosion survey, basic protective measures
were implemented to limit the effects of stray currents, i.e.
primary and secondary protection, including reinforcement
bonding and its connection to the surface of the structure.
Pile integrity tests using the PIT method were carried out on
all 252 large-diameter piles. A total of five load tests on large-
diameter piles were performed on the bridge structure.
During the construction of the bridge, it was necessary to
monitor settlement of the consolidation embankment at
abutment 1L/2P in accordance with prescribed procedures/
at specified intervals and to carry out geodetic monitoring
of the substructure (piers and abutments) over time.

BRIDGE CONSTRUCTION

As aresult of a petition by the citizens of the city of Presov,
which temporarily prevented access to the section from
the PreSov West - Vydumanec interchange to the future
Bikos tunnel, the Narodna dialni¢né spoloc¢nost, a.s. as the
client handed over the respective part of the project to the
contractor consortium 10 months after the start of con-
struction. To mitigate this delay, the consortium proposed
accelerating construction on bridge SO 201-00 in the af-
fected section by using the incremental launching method,
for which the bridge contractor, VAHOSTAV, owned the
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Presov, zapad, Vydumanec az po budtci tunel Bikos,
odovzdal objednéavatel stavby Narodna dialni¢na
spoloénost, a. s., zmienent Cast stavby do realizacie
zhotovitelskému zdruZeniu 10 mesiacov po zaciatku
stavby. Na elimindaciu tohto sklzu ponuklo zdruZenie

v dotknutom tseku akceleraciu vystavby na moste

SO 201-00, a to pouzitim technoldgie vysuvnej skruze,
ktort vlastnil zhotovitel mosta, spoloénost VAHOSTAV.
Projektovi dokumentaciu zohladnujicu postup vy-
stavby mosta predmetnou technolégiou vypracovala
spoloénost Strasky, Husty a partnefi, s. r. 0., Brno.

Po spoloénom prerokovani zmluvnymi stranami bol
tento navrh zdruzenia na rieSenie vzniknutej situacie
prijaty vydanim pokynu Stavebného dozoru a zacala sa
neodkladne samotna priprava a realizacia mostného
objektu. Docielila sa tak ¢asova tspora 6 mesiacov, do-
lezita na skratenie ¢asu realizacie stavebnych objektov
na kritickej ceste, a to predmetného mosta SO 201-00

a SO 401-00 Tunel Bikos.

Uz v ¢asovom predstihu sa vykonal v dotknutom uzemi
pyrotechnicky a archeologicky prieskum. Zriadila sa
panelova pristupova cesta v smere od krizovatky Vy-
dumanec. Po odhumusovani sa pri opore 1L/2P v ramci
cestného nasypu 101-00 zrealizovala sanéacia podlozia
tvorena Strkovymi pilétami, vybudoval sa do¢asny
konsolida¢ny nasyp, ktory bol po ukonceni jeho poso-
benia zhora odtazeny, a zrealizovali sa piléty krajnej
opory a nasledne samotné opora. Pri opore 15L/16P bol
na navrh zhotovitela z dévodu urychlenia stavebnych
prac konsolidacny nasyp zruseny, takze sa po navitani
pilét zrealizovala iba sanédcia podlozia. V mieste
zékladov sa zriadili pilotazne plosiny. Zrealizovali sa
nesystémové pildty, ktoré boli tispesne odskusané na
pozadované parametre. Nasledne sa zhotovili systé-
mové velkopriemerové piléty, vykopali sa zakladové
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launching equipment. The design documentation reflect-
ing the construction procedure using this technology was
prepared by Strasky, Husty a partnefi s.r.o. Brno. Following
joint discussions, the consortium’s proposal for resolving
the situation was accepted by the contracting parties
through an instruction issued by the construction supervi-
sor, and the preparation and construction of the bridge
structure commenced without delay. This resulted in a time
saving of six months, which was crucial for shortening the
construction period of structures on the critical path of the
project schedule, namely bridge SO 201-00 and tunnel SO
401-00 Bikos.

Pyrotechnical and archaeological surveys were carried
out in advance in the affected area. A temporary access
road made of prefabricated panels was constructed
from the direction of the Vydumanec interchange. After
topsoil removal, ground improvement using gravel
columns was carried out at abutment 1L/2P within
embankment 101-00, followed by the construction of

a temporary consolidation embankment, which was
subsequently removed from the top after its consolida-
tion effect had been achieved; thereafter, the piles of the
side abutment and the abutment itself were constructed.
At abutment 15L/16P, the consolidation embankment
was omitted at the contractor’s proposal in order to ac-
celerate construction works; therefore, after drilling the
piles, only ground improvement was carried out. Piling
platforms were established at the foundation locations.
Trial piles were constructed and successfully tested to
meet the required parameters. Subsequently, permanent
large-diameter piles were constructed, foundation pits
were excavated, and monolithic foundations as well as
piers and abutments forming the substructure were con-
creted. The commencement of deep foundation works
for bridge SO 201-00 represented contractual milestone

2l

Obr. 4 Nasadenie spodnej vysuvnej skruze systému STRUKTURAS na pravom moste SO 201-00
Fig. 4 Deployment of the bottom STRUKTURAS launching gantry system on the right bridge SO 201-00
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jamy a zabeténovali monolitické zaklady a v ramci
spodnej stavby aj piliere alebo opory. Zaciatok prac

na hlbinnom zakladani mosta SO 201-00 predstavoval
zmluvny milnik &. 3, ktory zhotovitel mosta VAHOSTAV
uspesne splnil.

Vystavba NK bola rozdelena do 14 etdp. Na pravej NK
islo o etapy 1 az 7, a na lavej NK to boli etapy 8 az 14.
Kazda etapa predstavovala jedno mostné pole. Etapy
1 az 13 boli budované na vysuvnej skruzi systému
STRUKTURAS so spodnym ulozenim hlavnych nosni-
kov (obr. 4). Etapa 14 (posledné budované pole lavého
mosta) bola zrealizovana na pevnej skruzi z dévodu
urychlenia vystavby opor. Ako prva sa beténovala
NK pravého mosta. Postup vystavby bol na pravej NK
proti smeru stanicenia - od opory 16P k opore 2P, a na
lavej NK v smere stani¢enia - od opory 1L k opore 15L
(obr. 5). Na oporach 16P, 2P a 1L bola skruz uloZena na
ich zakladoch, pricom na kazdom bola zrealizovana
dvojica ZB blokov (16P a 1L centricky, 2P excentricky)
na uloZenie lisov podopierajucich hlavné nosniky vy-
suvnej skruze. V kazdej etape bola najskdr presunuta
skruz s vonkajsim debnenim do potrebnej betonaznej
polohy. Po osadeni betonarskej a predpinacej vystuze
stien bolo vysunuté vnatorné debnenie komory, vyar-
movana hornda doska NK a prierez bol zabeténovany
od prie¢nika smerom k volnému koncu uz existujtcej
NK a dalej smerom k pracovnej Skare medzi etapami.
Prierez bol beténovany v jednom pracovnom takte
bez pracovnych skar medzi stenami a hornou doskou
(okrem etapy 7 a etapy 14). Pri zhotoveni 7. etapy sa

v hornej doske nad komorou vynechal otvor s roz-
mermi 8,4 x 6 m, aby bolo mozné v maximalnej miere

Obr. 5 Realizacia SO 201-00 vysuvnou skruzou, v pozadi juzny portal tunela Biko$
Fig. 5 Construction of bridge SO 201-00 using a launching gantry, with the southern portal of the Biko$ tunnel in the background

No. 3, which was successfully achieved by the bridge
contractor VAHOSTAV.

The construction of the superstructure was divided into

14 stages. Stages 1-7 were carried out on the right SS, and
stages 8-14 on the left SS. Each stage corresponded to 1
span. Stages 1-13 were constructed using the STRUKTURAS
launching gantry system with bottom-supported main
girders (Fig. 4). Stage 14 (the final span of the left bridge)
was constructed on fixed gantry in order to accelerate the
construction of the abutments. The superstructure of the
right bridge was cast first. The construction sequence on
the right SS proceeded against the direction of chainage

- from abutment 16P to abutment 2P - while on the left SS
it followed the direction of chainage - from abutment 1L

to abutment 15L (Fig. 5). At abutments 16P, 2P and 1L, the
gantry was supported on their foundations, with a pair of
reinforced concrete blocks constructed at each location
(centrically at 16P and 1L, eccentrically at 2P) to accommo-
date the jacks supporting the main girders of the launching
gantry. In each stage, the launching gantry with the exter-
nal formwork was first moved into the required casting
position. After placing the casting and prestressing steel of
the webs, the internal formwork of the box was deployed,
the top slab of the superstructure was reinforced, and

the section was concreted from the cross-beam towards
the free end of the previously completed SS and further
towards the construction joint between stages. The cross-
section was cast in a single operation without construction
joints between the webs and the top slab (except for stages
7 and 14). During the construction of stage 7, an opening
measuring 8.4 x 6.0 m was left in the top slab above the
box in order to maximise the use of the internal formwork




Realizované mostné stavby / Realized bridge structures

S

Obr. 6 Pohlad na hotovy most SO 201-00, v pozadi juzny portal tunela Biko$
Fig. 6 View of the completed bridge SO 201-00, with the southern portal of the Biko$ tunnel in the background

vyuzit vautorné debnenie komory pouzivané pri
realizacii typickych poli NK a nasledne ho cez vznik-
nuty otvor odstranit. Po vybrati vntitorného debnenia
komory bol otvor dodatoc¢ne zabeténovany.

ZAVER

Usek rychlostnej cesty R4 Severny obchvat Presova,

I. etapa, uspesne a bezpecne vyuziva Siroka motoris-
ticka verejnost uz treti rok. Do uzivania bol odovzdany
25. septembra 2023, viac ako mesiac pred zmluvnym
terminom ukoncenia stavby, ktory bol zmluvnymi stra-
nami dohodnuty na 31. 10. 2023. Aby sa tak stalo, musel
byt stavebny objekt SO 201-00 Most na R4 v km 1,350
nad udolim a polnou cestou zrealizovany riadne a vcas,
¢o sa podarilo (obr. 6). Zhotovitel mosta VAHOSTAV so
svojim vlastnym odbornym a technologickym zazemim,
v sucinnosti s projektantom daného mostného objektu,
ponukol rieSenie, ktoré si po vzajomnej odbornej

a konstruktivnej diskusii vSetky zicastnené strany
(zdruzenie, stavebny dozor a objednavatel Narodna
dialni¢né spolo¢nost, a. s.) osvojili. Tento zodpovedny
postoj vSetkych ucastnikov vystavby znamenal skrate-
nie ¢asu vystavby nielen tohto mostného objektu o Sest
mesiacov, ale v kone¢nom dosledku aj celej stavby.

Literatira

1. Projektova dokumentdcia stavby v stupni DVP pre 201-00 Most na R4 V km
1,350 nad udolim a polnou cestou, ktoru vypracovala spolo¢nost Strasky,
Husty a partnefi, s. 1. 0., Brno.

2. TECHNOLOGICKY POSTUP Realizicia nosnej konstrukcie na vysuvnej

skruzi MSS, ktory vypracoval Ing. Martin Mazak, VAHOSTAV.
. VAHOSTAV, a. s., Bratislava (vratane fotografif).
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employed for the typical spans of the SS and to allow its
subsequent removal through this opening. After removal
of the internal formwork, the opening was concreted.

CONCLUSION

The R4 expressway section - PreSov Northern Bypass,
Phase I - has been successfully and safely used by the
general motoring public for the third year. It was opened

to traffic on 25 September 2023, more than one month
ahead of the contractual completion date of 31 October 2023
agreed by the contracting parties. To achieve this, bridge
structure SO 201-00 on the R4 at km 1.350 over a valley and
a field road had to be completed properly and on time,
which was successfully accomplished (Fig. 6). The bridge
contractor VAHOSTAV, with its own technical expertise and
technological resources, in cooperation with the designer
of the bridge, proposed a solution that was adopted by all
parties involved (the consortium, the construction supervi-
sor, and Narodna dialni¢na spolocnost, a.s. as the client)
following professional and constructive discussions. This
responsible approach by all project stakeholders resulted
in a reduction of the construction period by six months, not
only for this bridge structure but ultimately for the entire
project.
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. Design documentation at the DVP stage for bridge SO 201-00 on the R4

at km 1.350 over a valley and a field road, prepared by Strasky, Husty
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CONSTRUCTION PROCEDURE Superstructure construction using an MSS
launching gantry, prepared by Ing. Martin Mazdk, VAHOSTAV.
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Budticnost slovenskej
infrastruktury: Nastane éra
beténovych vozoviek?

Slovenska republika sa dlhodobo
bori s chronickym problémom, ktory
trapi nielen vodicov, ale aj Statnu
pokladnicu.

Kazdorocne su investované velké
objemy verejnych prostriedkov do
udrzby, oprav a rekonstrukcii cestnej
siete, no napriek tomu sa znacna
¢ast nasej infrastruktiury nachadza

v neuspokojivom az havarijnom
stave. Pricina tohto stavu nie je len

v nedostatku financii, ale predovset-
kym v samotnej filozofii vystavby.
Slovensko dlhé desatrocia stavia
takmer vylucne na asfaltové tech-
nolégie, ktoré sice ponukaju rychlu
realizaciu, ale vyzaduju si cyklicku
anakladnt obnovu. Zatial ¢o vyspelé
europske ekonomiky buduja trvacne
dopravné tepny, Slovensko zostava
jednym z poslednych ,asfaltovych
ostrovov* v Eurépskej tinii.

EUROPSKY KONTEXT:

PRECO SUSEDIA VOLIA BETON?
Pohlad na mapu Eurépy odhaluje
priepastny rozdiel v pristupe k budo-
vaniu dialni¢nej siete. V Nemecku,
ktoré je povaZzované za eur6pskeho
lidra v kvalite infrastruktury, tvoria
cementobeténové povrchy az 62 %
vSetkych dialnic. Podobny trend
vidime v Rakusku ¢i Spojenom
kralovstve, kde sa podiel beténovych
vozoviek pohybuje na tirovni 50 %.
Nasi priami susedia, Polsko a Ceska

republika, urobili v poslednom de-
satroci v tejto oblasti obrovsky skok
vpred - v Cesku tvori betén priblizne
32 % a v Polsku 22 % dialni¢nej siete.
Slovensko sa v tomto porovnani
ocita na chvoste s podielom niz$im
ako 1 %. Tento stav je paradoxny
najma preto, Ze disponujeme
vSetkym potrebnym: mame vlastné
kvalitné suroviny, moderné ce-
mentarne, Spickové technoldgie

a odborné znalosti. Betonové cesty

u nas napriek tomu stale vnimame
ako drahy produkt, hoci by mali byt
racionalnym Standardom pre vytaze-
né useky.

EKONOMIKA A ZIVOTNOST:
INVESTICIA, KTORA SA VRATI
Hlavnym argumentom v prospech
betdnu je jeho bezkonkurenéna
zivotnost. Kvalitne zrealizovana
beténova vozovka je projektovana na
minimalne 40 rokov prevadzky bez
potreby zasadnych Strukturdlnych
oprav. Pri asfalte sa prvé vazne
trhliny a kolaje objavuju uz po 8 az
12 rokoch v zavislosti od intenzity
dopravy. Ak sa pozrieme na zivotny
cyklus stavby (tzv. Life Cycle Cost),
betén vychadza ako jednoznacny
vitaz. Hoci poc¢iato¢né investi¢né
naklady mo6zu byt mierne vyssie,
absencia potreby neustaleho ,,plata-
nia“, frézovania a kladenia novych
vrstiev v priebehu Styroch dekad
prinésa Statu obrovské tuspory.

EKOLOGIA A UDRZATELNOST

V 21. STOROCI

V ére tlaku na znizovanie emisii

a ochranu klimy pontka betén
rieSenia, ktoré su s asfaltom
nedosiahnutelné. Betén je 100 %
recyklovatelny material vyrabany
z lokalnych zdrojov (vapenca, piesku
a kameniva), ¢o dramaticky znizuje
uhlikovl stopu spojent s dopravou
materidlu na dlhé vzdialenosti.
Zaujimavym a ¢asto prehliadanym
faktom je vplyv povrchu cesty na
spotrebu paliva. Vdaka tuhosti
beténovej dosky nedochadza

k mikro-deformaciam pod kolesami
tazkych nakladnych vozidiel tak,
ako je to pri poddajnom asfalte.
Vysledkom je nizsi valivy odpor

a znizenie spotreby paliva kamiénov
az 0 6 %. V celoploSnom meradle

to znamena usporu miliénov litrov
nafty a tisicok ton CO, ro¢ne.
Navyse, svetla farba beténu bojuje
proti efektu mestskych tepelnych
ostrovov, pretoZe absorbuje menej
slne¢ného tepla. V noci zase lepSie
odraza svetlo reflektorov a pou-
licnych lamp, ¢o umoznuje znizit
intenzitu verejného osvetlenia

az o0 40 % pri zachovani rovnakej
urovne bezpecnosti.

BEZPECNOST: CESTY BEZ KOLAJI
A AKVAPLANINGU

Z pohladu vodica je kltucova
bezpecnost a komfort. Najvacsim
nepriatelom asfaltu je teplo a vysoké
zatazenie, ktoré spésobuju vznik
vyjazdenych kolaji. Tie su v dazdi-
vom pocasi extrémne nebezpecné
pre vznik akvaplaningu. Beténova
vozovka je proti tvorbe kolaji odolna.
Jej povrch zostava rovny a stabilny aj
pocas extrémnych letnych hortcav,
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ked asfalt médkne a deformuje sa.
Moderné metédy upravy povrchu
beténu, ako napriklad technolégia
odhaleného kameniva (tzv. vymy-
vany betén) alebo stijaz, navyse
zabezpecuju vynikajicu protiSmyko-
vost a vyrazne znizuju hlu¢nost, ¢o
bol v minulosti ¢asty mytus spajany
s beténovymi cestami.

PRIKLADY Z PRAXE:

KED TEORIA OZIVA V TERENE
Slovensko uz ma svoje uspesné rea-
lizacie. Vybornym prikladom je re-
konstrukcia cesty II. triedy Malacky
- Rohoznik. Od jej znovuotvorenia
v roku 2019 preslo po tomto useku
viac ako 12 miliénov ton materialu,
prevazne v tazkych nakladnych
vozidlach prepravujucich suroviny
a vyrobky pre troch velkych vyrob-
cov stavebnych materialov v Rohoz-
niku a blizkom okoli. Po siedmich
rokoch extrémnej zataze je povrch
neposkodeny. Ziadne kolaje, Ziadne
trhliny, ziadne vytlky.

Dalsie projekty ukazuju, Ze betén

je nezastupitelny v naro¢nych pod-
mienkach:

. D1 Hubova - Ivachnova: Sucastou

. Tunel Visiové: Najdlhsi slo-

. Letiska Slia¢ a Kuchyna:

tohto 15-kilometrového tiseku

v narocnom horskom teréne je
tunel Cebrat. V tuneli bola reali-
zované beténova vozovka dvoj-
vrstvovou technolégiou ,,mokry
do mokrého“. Dodané mnozstvo
cestného portlandského cementu
CPC 7.0 pre tento projekt bolo
5740t.

vensky tunel (7,5 km) preveril
logistické schopnosti dodavatela
cementu. V ¢ase realizicie ce-
mentobeténového krytu boli
denné dodavky cementu CPC 7.0
z Rohoznika pre mobilnu betona-
ren zabezpecované 10 cisternami,
aby bola mozna plynuld dodavka
cerstvého beténu pre realizaciu
vozovky v Sirke 7,5 metra.

Strategicka infrastruktura,

akou su vzletové a pristavacie
drahy, nepripusta kompromisy.
Rekonstrukcie tychto letisk sa
spoliehaju vyhradne na betén,
ktory dokaze odolat obrovskym
tlakom pri pristdvani a vysokym

Inzinierske stavby / Inzenyrské stavby 2/2026

teplotam vyfukovych plynov
motorov.

4. Mestské tunely: Tunely ako Sitina
v Bratislave alebo BikoS v PreSove
potvrdzuju, Ze v uzavretych
priestoroch s vysokou intenzitou
dopravy a poZiadavkami na
poziarnu bezpecnost je betén
jedinou logickou volbou.

VYZVY: PRECO TO NEJDE SAMO?
Prechod na beténovu technolégiu
vSak nie je bez prekazok. Vystavba
si vyzaduje vyssiu technologicku
disciplinu. Zatial ¢o asfalt chyby

v pokladke ,,odpusta“ a daju sa
relativne lahko opravit, pri beténe
musi byt vSetko perfektné na prvy-
krat - od zloZenia zmesi cez logistiku
dopravy az po pracu finiSerov.
Vyzvou zostava aj pocet domécich
firiem, ktoré vlastnia potrebnui tech-
niku a disponuju dostato¢ne skuse-
nym persondlom. RieSenim je vSak
lizka spolupraca s partnermi z Ceska
a Polska, ktori ndm pomaéahaju preko-
navat pociatocny nedostatok kapacit
a odovzdavajui cenné sktsenosti.
Moderné digitalne riadenie stavieb
a automatizované betonarne dnes
uz dokazu eliminovat vacsinu rizik
spojenych s ludskym faktorom.

ZAVER: STRATEGICKA
NEVYHNUTNOST PRE SLOVENSKO
Slovensko uz d4vno nie je odkdzané
na zastarané technologie. Mame
pristup k $pickovym materialom, ako
je cestny cement z domécich zdrojov.
Méame dobré skusenosti z realizacie
najdlhsich tunelov a najmodernejsich
letisk, ako aj kratSich dialni¢nych
tsekov alebo aj s uz spominanou
cestou Malacky - Rohoznik.

Prechod na beténové vozovky pri vy-
stavbe dialnic a ciest I. triedy nie je len
technologickou volbou, ale strategickou
nevyhnutnostou. Je to cesta k udrzatel-
nej infrastrukture, ktora nebude zatazo-
vat budice generacie neustalymi opra-
vami. Investicia do beténu je investiciou
do bezpecnosti, ekolégie a dlhodobej
prosperity Slovenska. Je ¢as definitivne
opustit filozofiu ,najlacnejsieho riesenia
v ¢ase ndkupu” a nahradit ju filozofiou
,Nnajvyssej hodnoty za peniaze pocas
celej zivotnosti“. B
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Tri prefabrikované
klenbové mosty
na stavbe D3
Zeleny most
Svrcinovec

Potreba vybudovat ekodukt vznikla z dovodu
zasahu stavby Dialnica D3 Svréinovec - Skalité

s prilahlou kriZzovatkou Svréinovec do nadregional-
neho biokoridoru pre velké Selmy a ostatnu zver, ¢o
malo za nasledok jeho zuzZenie. Cielom projektu je
zabezpecit a zachovat tento biokoridor pre velké
Selmy (medved, rys, vlk) a ostatnu zver. Pozostava
z dvoch Easti - dast A, ekodukt nad cestou I/1

a ponad Slahorov potok, a ¢ast B ekodukt nad
medzinarodnou zelezni¢nou tratou v sprave
ZSR.V zmysle stitazného technického riesenia
zhotovitela ide o presypané jednopolové mostné
konstrukcie (klenby so Sirkou 107,38 az 120,38 m

s rozpatim 18,115 az 20,16 m). Nosnui konstrukciu
tvoria prefabrikované Zelezobetonoveé dielce.
Prispevok blizsie predstavi technické rieSenie

a sposob realizacie stavby.

Richard Pucek

Mojmir Stefanec

Objednéavatelom stavby D3 Zeleny most Svréinovec

bola Narodna dialni¢na spoloénost, a. s., Bratislava,
zhotovitelom stavby zdruZzenie Zeleny most Svréinovec
pod vedenim spolo¢nosti VAHOSTAV, a. s., Bratislava

a s druhym ¢lenom spolo¢nostou COMBIN BANSKA
STIAVNICA, s. r. 0., Bansk4 Stiavnica. Stavba sa riadila
zmluvnymi podmienkami FIDIC (ZIt4 kniha) pre diela
projektované zhotovitelom. Projektovu a inziniersku
¢innost pre zdruzenie zabezpecovala spolo¢nost SHP SK,
s. 1. 0., Bratislava, a ¢innost spojent so zivotnym pros-
tredim spolo¢nost HBH Projekt, spol. s r. 0., organizacna
zlozka Slovensko. Stavbu komplexne zrealizovala spo-
lo¢nost VAHOSTAV. Vyhodnocovacim kritériom verejnej

Three prefabricated
arch bridges on

the D3 Svréinovec
green bridge
project

The need to construct the ecoduct arose due to the
impact of the D3 motorway Svréinovec - Skalité,
including the adjacent Svréinovec interchange, on
a supra-regional biocorridor for large carnivores
and other wildlife, resulting in its narrowing. The
objective of the project is to ensure and preserve
this biocorridor for large carnivores (bear, lynx, wolf)
and other wildlife. It consists of two parts — Part

A, an ecoduct over the I/11 road and the Slahorov
stream, and Part B, an ecoduct over the interna-
tional railway track operated by ZSR (Railways of
the Slovak Republic). According to the contrac-
tor's tender design, these are buried single-span
bridge structures (arches with widths of 107.38
t0120.38 m and spans of 18115 to 20.16 m). The
load-bearing structure consists of prefabricated
reinforced concrete elements. This paper presents
in more detail the technical solution and the con-
struction method of the project.

The client of the D3 Svrc¢inovec Green Bridge project was
the company Narodna dialni¢na spoloc¢nost a.s. Brati-
slava, and the contractor was the “Konzorcium Zeleny
most Svréinovec” (Svréinovec Green Bridge Consortium)
led by VAHOSTAV, a.s., Bratislava, with COMBIN BANSKA
STIAVNICA s.r.0., Banska Stiavnica as the second consor-
tium member. The project was executed in accordance
with the FIDIC Conditions of Contract (Yellow Book) for
plant and design-build works. Design and engineering
services for the consortium were provided by SHP SK
s.r.0., Bratislava, while environmental services were
provided by HBH Projekt spol. s r.o., Slovakia branch.
The construction works were carried out in full by
VAHOSTAV. The evaluation criteria of the public tender

Ing. Richard Pagek, VAHOSTAVY, a. s., Priemyselna 6, 821 09 Bratislava, tel.: 041/517 15 95, e-mail: richard.pucek@vahostav.sk
Ing. Mojmir Stefanec, VAHOSTAV,, a. s., Priemyselna 6, 821 09 Bratislava, tel.: 041/517 12 85, e-mail: mojmir.stefanec@vahostav.sk
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timu odbornikov, naklady na prevadzku, obmedzenie
prevadzky na Zeleznici a ceste I/11, trvanie vystavby ¢i
termin vypracovania projektovej dokumentacie. Stavba
sa komplexne pripravovala a projektovala aj v rezime
BIM (angl. Building Information Modelling, v priamom
preklade Modelovanie Informacii o Stavbe; volnym vy-
kladom ide informacény model stavby pocas jej Zivotného
cyklu) ako pilotny projekt stavby dopravnej infrastruktiry
v podmienkach Narodnej dialni¢nej spolo¢nosti. Predmet
zékazky bol financovany zo zdrojov EU a zo $tatneho roz-
poctu Slovenskej republiky. Vystavba sa ukoncila

20. decembra 2024. V prispevku blizsie opiSeme technické
rieSenie a realizaciu stavby so zameranim na mostné
konStrukcie.

OPIS A TECHNICKE RIESENIE STAVBY

Stavba pozostava z dvoch casti - Cast A ekodukt nad
cestou I/11 a ponad Slahorov potok, a ¢ast B, ekodukt
nad medzin4rodnou Zelezni¢nou tratou v sprave ZSR
(obr. 1). Cast A, tvoria dva dominantné mostné objekty
(201-00 Ekodukt nad cestou I/11 a 202-00 Ekodukt nad
Slahorovym potokom), ktoré vedu ponad cestu I/11 a Sla-
horov potok (nachéadza sa v V. stupni ochrany). V ramci
pripravy Uzemia sa zrealizuje asanacia rodinného

domu a suvisiacich drobnych objektov vratane zrusenia
privodu silového vedenia NN k tomuto objektu a zriade-
nia zariadenia staveniska a pristupovych komunikacii.

Z vyvolanych investicii sa vybuduje prelozka koryta
Slahorovho potoka vratane obsluZnej komunikacie pre
spravcu toku a prelozky existujucich sieti technickej
infrastruktury - vodovodu, plynovodu, silového vedenia
VN, telekomunikac¢nych vedeni a informaéného systému
dialnice D3, kde ddjde k presunu stoziara s kamerou

a premenlivej dopravnej znacky. Po presypani mostov sa
zrealizuje nepriehladné oplotenie a vysadi sa ochranna
a navadzacia zelen.

Objektova skladba pozostava z 21 stavebnych objektov.
Obidva mostné objekty tvori rovnaka samostatna kon-
Strukcia, ktora prevadza priestor so Sirkou 80,0 m umoz-
flujuci migraciu zveri cez existujicu cestu /11 a Slahorov
potok, s priamym napojenim na SO 08-33-13 Nadchod
pre zver ZSR z ¢asti B stavby (obr. 2). Mosty st budované
ako novostavby. Celkova Sirka mostov SO 201-00 a 202-00
je 120,38, resp. 115,38 m, rozpétie mostov v smere osi

Nadchod
v niki

A \
Ekodukt nad
cestou /11

Fig. 1 General layout of the D3 Svr&inovec Green Bridge project

Obr. 1 Prehladna situacia stavby D3 Zeleny most Svréinovec
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included not only the lowest total price but also the
quality of the expert team, operating costs, minimisation
of disruptions to railway and road I/11 traffic, construc-
tion duration, and the time required for working out the
design documentation. The project was comprehensively
prepared and designed using BIM (Building Information
Modelling, i.e. an information model of the structure
throughout its life cycle) as a pilot transport infrastruc-
ture project within the company Narodna dialni¢na
spolocnost (National Motorway Company). The project
was financed from European Union funds and the state
budget of the Slovak Republic. Construction was com-
pleted on 20 December 2024. This paper presents in more
detail the technical solution and construction of the
project, with a focus on the bridge structures.

DESCRIPTION AND TECHNICAL SOLUTION

OF THE PROJECT

The project consists of two parts - Part A, an ecoduct
over the I/11 road and the Slahorov stream, and Part B,
an ecoduct over the international railway track operated
by ZSR (Railways of the Slovak Republic) (Fig. 1). Part

A comprises two main bridge structures (201-00 Ecoduct
over road I/11 and 202-00 Ecoduct over the Slahorov
stream), crossing the I/11 road and the Slahorov stream
(located in a level V protected area). As part of site prepa-
ration, the demolition of a family house and associated
minor structures will be carried out, including the dis-
connection of the low-voltage power supply to the prop-
erty and the establishment of site facilities and access
roads. As part of induced investments, a relocation of the
Slahorov stream channel will be carried out, including

a service road for the watercourse administrator, as well
as relocations of existing utility networks - water supply,
gas pipeline, medium-voltage power line, telecommuni-
cations lines, and the D3 motorway information system,
including the relocation of a camera mast and a vari-
able road sign. After backfilling of the bridges, opaque
fencing will be installed and protective and guiding
vegetation will be planted. The project comprises a total
of 21 construction objects. Both bridge structures are
formed by identical independent structures providing

a crossing width of 80.0 m, enabling wildlife migration
over the existing I/11 road and the Slahorov stream,

with a direct connection to structure

SO 08-33-13 Wildlife overpass of ZSR (Railways of the
Slovak Republic) from Part B of the project (Fig. 2). The
bridges are constructed as new structures. The total
width of bridges SO 201-00/202-00 is 120.38/115.38 m, and
their span along the bridge axis is 20.16/19.84 m. Accord-
ing to the contractor’s tender design, the superstructure
consists of a single-span buried arch structure composed
of prefabricated reinforced concrete elements (a total

of 272 units for both arches). The arch (40 pcs) is dry-
jointed onto two wall elements (80 pcs) by means of

a specially shaped hinged joint. At both the beginning
and the end of the bridge, wing walls of variable height
are provided (8 + 8 =16 units). Structural integrity is
ensured by a monolithic footing, constructed on site at
the stage defined in the construction sequence, which
provides connection to a monolithic reinforced concrete
strip foundation founded on jet grouting columns. After
assembly, the arch is waterproofed and backfilled in
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mosta je 20,16, resp. 19,84 m. Ich nosnu konstrukciu tvori
v zmysle sutazného technického rieSenia zdruzenia
klenbova oblikova presypand konstrukcia s jednym
polom zloZena z prefabrikovanych Zelezobeténovych
dielcov (spolu 272 dielcov pre obe klenby). Obltuk (40 ks)
je ulozeny na dvoch stenovych prvkoch (80 ks) nasucho

Na zaciatku a na konci mosta sa nachadzaju kridlové
steny s premenlivou vyskou (8 ks + 8 ks = 16 ks).
Sudrznost konstrukcie zabezpecuje monoliticka patka,
ktora sa zhotovuje priamo na stavbe v ¢ase ur¢enom

v postupe vystavby a zabezpecuje spojenie s monoli-
tickym Zelezobeténovym zakladovym pasom, ktory je
zaloZeny na stipoch tryskovej injektdZe. Po zmontovani
sa klenba zaizoluje a pozadovanym spésobom presype
v zmysle technologického predpisu vyrobcu klenby.

nych pre drendznu funkciu a interakciu nasypu a klenby
(min. 600 mm od povrchu klenby) sa celkové teleso pre-

majitelom je objednavatel. Tento material je uskladneny

D3 Cadca, Bukov - Svréinovec. PouZitie tohto ndsypo-
vého materialu do telesa ekoduktu bolo podmienkou
verejnej sutaze.

Cast B tvori dominantny mostny objekt SO 08-33-13
Nadchod pre zver v NZKM 282,963 ponad medzindrodnt
Zelezni¢nu trat v tiseku Cadca - §tatna hranica CR/SR.
Stigastou nadchodu, resp. ekoduktu nad ZSR je aj
navadzacie oplotenie pre zver, ktoré tvori bariéru pre

mu prechodu ponad trat. Stavba zahfia tiez stabilizaciu

prostrednictvom $pecialne formovaného kibového spoja.

Okrem presne klasifikovanych druhov nasypu nevyhnut-

sypanej konstrukcie bude realizovat z materialu, ktorého

na docasnej skladke v Cadci a pochéadza z vystavby tseku

migrujicu zver a zaroven ju navadza k umelo vytvorené-

Obr. 2 Vizualizacia stavby D3 Zeleny most Svréinovec (pohlad od hranice SR/CR), v pozadi mostny objekt krizovatky sprevadzkovanej
dialnice D3 Svrcinovec - Skalité, hranica SR/PR
Fig. 2 Visualization of the D3 Green Bridge Svréinovec project (view from the Slovak/Czech border), with the bridge structure of the interchange
on the operational D3 motorway Svrcinovec - Skalité, Slovak/Polish border, in the background

accordance with the manufacturer’s technical speci-
fications. Apart from precisely specified fill materials
necessary for drainage function and interaction between
the backfill and the arch (minimum 600 mm above the
arch surface), the entire body of the buried structure
will be constructed using material owned by the client.
This material is stored at a temporary stockpile in Cadca
and originates from the construction of the D3 section
Cadca, Bukov - Svréinovec. The use of this fill material
in the ecoduct structure was a requirement of the public
tender.

Part B comprises the main bridge structure SO 08-33-13
Wildlife overpass at railway km 282.963 over the
international railway track in the section Cadca - state
border Czech Republic/Slovakia. The overpass, i.e. the
ecoduct over the railway, also includes guiding fencing
for wildlife, which forms a barrier for migrating animals
and directs them towards the purpose-built crossing
over the railway. The project also includes stabilisation
of an active landslide, installation of steel structures on
rails for the railway works, and modernisation of the
overhead traction system, which will be dismantled in
the affected section and replaced with a new one. As
part of induced investments, relocations of low-voltage
and high-voltage railway utility systems will be carried
out. After backfilling of the bridges, opaque fencing will
be installed above the railway track and protective and
guiding vegetation will be planted. The project com-
prises a total of six construction objects. The bridge is
constructed as a new structure. The width of the bridge
is 107.85 m and its span along the bridge axis is 18.115 m.
According to the contractor consortium’s tender design,
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aktivneho zosuvu, ukolajnenie ocelovych konstrukcii
pre stavbu ZSR a modernizaciu trakéného vedenia, ktoré
sa v dotknutom useku zdemontuje a nahradi novym.

Z vyvolanych investicii sa zrealizuju prelozky slabopru-
dovych a silnoprudovych rozvodov ZSR. Po presypani
mostov sa v priestore nad zelezni¢nou tratou zrealizuje
nepriehladné oplotenie a vysadi sa ochranné a navadza-
cia zelen.

Objektova skladba pozostava zo 6 stavebnych objektov.
Most je budovany ako novostavba. Sirka mosta je 107,85 m,
jeho rozpitie v smere osi mosta je 18,115 m. KonStrukciu
mosta tvori v zmysle sutazného technického rieSenia
zdruzenia klenbova oblikova presypana konstrukcia

s jednym polom z prefabrikovanych Zelezobeténovych
dielcov (spolu 123 dielcov). Po zmontovani klenby sa zrea-
lizuju ostatné prace obdobne ako pri Casti A.

OPIS A TECHNICKE RIESENIE MOSTA SO 08-33-13
Vsetky tri mostné presypané klenbové konstrukcie maju
s vynimkou technolégie hibkového zakladania obdobné
technické riesenie, ktoré predstavime blizsie formou
opisu mostného objektu SO 08-33-13. Je navrhnuty ako
jednopolovy, prefabrikovany klenbovy most zo Zelezobe-
ténu s presypavkou (obr. 3). Rozpitie mosta v smere jeho
osi je 18,115 m. Celkova dizka mosta je 22,624 m a $irka
107,85 m. Most je zalozeny hlbinne na vystuzenych vel-
kopriemerovych pilétach s dizkou 14/18 m a priemerom
1,2 m. DlhSie 18 m pil6ty st navrhnuté na strane blizsie
ku komunikacii 1/11. Na druhej strane (blizsie k zalesne-
nému svahu) st navrhnuté kratsie 14 m piléty. Zaistenie
vykopovych jam je navrhnuté zaporovym pazenim. Svah
pod Zeleznicou bude upraveny zazubenim - terénnymi
schodmi s vyskou 1 m.

Na pilétach je ulozeny vystuzeny monoliticky zaklad
rozdeleny pracovnymi §karami na jednotlivé celky.

ik ochranny drendiny ohsyp hrd.bm -
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the bridge structure consists of a single-span buried
arch made of prefabricated reinforced concrete ele-
ments (123 units in total). After assembly of the arch, the
remaining works will be carried out in the same manner
as for Part A.

DESCRIPTION AND TECHNICAL SOLUTION

OF BRIDGE SO 08-33-13

With the exception of the deep-foundation technology,

all three buried arch bridge structures have a similar
technical solution, which is presented below through the
description of bridge structure SO 08-33-13. It is designed
as a single-span prefabricated reinforced concrete arch
bridge with backfill (Fig. 3). The span of the bridge along
its axis is 18.115 m. The total bridge length is 22.624 m and
its width is 107.85 m. The bridge is founded on reinforced
large-diameter piles with lengths of 14/18 m and a diameter
of 1.2 m. Longer 18 m piles are designed on the side closer
to road I/11. On the opposite side (closer to the forested
slope), shorter 14 m piles are designed. Excavation pits

are supported by soldier pile and lagging walls. The slope
beneath the railway will be modified by benching - terrain
steps with a height of 1 m. A reinforced monolithic founda-
tion is supported on the piles and divided into sections

by construction joints. It is constructed from concrete
class C30/37 XC2, XD1, XF2 - C1 0.2 - Dmax16 - S4. The piles
are reinforced so as to be rigidly connected (fixed) into

the foundation. The expansion units of the foundations
have a thickness of 0.5 m, widths of 4.75m / 5.25 m, and
lengths of 9.75 m /11.0 m / 11.85 m. The interface between
the monolithic strip foundation and the cast-in-place arch
footing extension must be roughened by placing a dimpled
membrane on the contact surface during concreting. All
concrete surfaces in contact with soil will be coated with

a bituminous layer to protect against ground moisture. The
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Zhotoveny je z beténu triedy C30/37 XC2, XD1, XF2 - Cl

0,2 - Dmax16 - S4. Piléty maju vystuz navrhnutu tak,

aby boli votknuté do zakladu. Dilatacné celky zakla-

dov maju hrabku 0,5 m, $irku 4,75 m/5,25 m a dizku

9,75 m/11 m/11,85 m. Povrch styku monolitického zaklado-
vého pasu s monolitickou dobetonavkou klenbovej patky
je nutné zdrsnit ulozenim nopovej f6lie na stykovany
povrch pri betonazi. VSetky beténové plochy v styku so
zeminou budu opatrené asfaltovym naterom na ochranu
proti zemnej vlhkosti. Nosnu konstrukciu tvoria prefabri-
kované zZelezobeténové dielce (licenéné prvky spolo¢nosti
ABM Mosty, s. r. 0., Bratislava). Konstrukcia sa sklada

v pozdiznom reze z dvoch stenovych prvkov a vrchného
obliika. Obluk je presypany zeminou a tvori tak priamy
prechod pre zver nad tratou ZSR. Na presypanie sa pouZije
viac druhov zeminy v zmysle schvaleného technologické-
ho predpisu.

Mostnu konstrukciu tvori celkovo 123 ks prefabrikova-
nych zelezobeténovych dielcov, z toho 37 ks klenieb,

74 ks boénych dielov a 12 ks kridiel. Najlahsi prvok
(kridlo) ma hmotnost 14,4 t, najtazsi prvok je klenba

s hmotnostou 40,4 t. VSetky dielce boli vyrobené vo
vyrobni spolo¢nosti VAHOSTAV-PREFA, s. 1. 0., Horny
Hricov. Pouzil sa betén triedy C45/55 XC4,XD3,XF4-cl
0,4-Dmax 16-S4.

Jednotlivé prefabrikované prstence nie st spolu priamo
spojené. Sudrznost konstrukcie zabezpecuje monoliticka
pitka, ktora sa zhotovuje priamo na stavbe v case
urc¢enom v postupe vystavby. Skosené boéné prvky tvoria
kridla vstupného portalu. Tieto kridla nie si priamo
spojené s ostatnymi typickymi dielcami, ale cez mono-
liticku Zelezobetonovu patku. ZaloZené sud rovnakym
spdsobom ako typické dielce. Odvodnenie zasypu mosta
je rieSené drendznou PE trubkou s @ 150 mm, umiestne-
nou na rube nosnej konstrukcie. Nosna konstrukcia je

v prevaznej miere izolovana volne poloZenou pasovou
izolaciou AIP natavenou v spojoch + 2x geotextilia, celo-
plosne je natavena v Casti nad zakladom. V mieste Skar
medzi prefabrikatmi je po stranach nataveny 300 mm pas
AIP izolécie. Zatekaniu vody do Skar zabranuje tesniaci
povrazec. Zasypana Cast vnutornej strany prefabrikatu je
chranena izola¢nym naterom 1xAlp (1x penetracny nater)
a 2xNa (2x asfaltovy nater za studena). Izolaény nater sa
konci 200 mm pod upravenym terénom.

Nosna konstrukcia ekoduktu bude presypana zeminou,
¢im sa vytvori prechod ponad cestu/trat ZSR a zelend
zona, ktora bude zatravnena s vysadbou krikov a drob-
nych drevin. Hribka presypania je premennd s mini-
malnou presypavkou 1400 mm. Zasyp bude pozostavat
zo Styroch vrstiev. Na ochranny zasyp (min. 600 mm

od konstrukcie) sa pouzije vyhradne nenamfzava nesu-
drznd zemina. Na zasyp v okoli konStrukcie ekoduktu

(v rozsahu 600 - 5 000 mm od konstrukcie) mozno pouzit
nesudrzné zeminy. Obsah jemnych castic (f + s + g) musi
byt mensi ako 15 %, velkost zrna max. 63 mm. V ojedine-
lych pripadoch mozno pri beznom zasype pripustit pou-
Zitie materialu s va¢sim mnozstvom jemnych Castic, tieto
zeminy je vSak nutné dékladne preskiimat a v pripade
potreby vhodnym spdsobom stabilizovat (STN 73 6125).
Inak bude pre bezny zasyp pouzita zemina vhodna do
nasypu splilujica podmienky STN 73 61 33. Na takto
zrealizovanu zemnu konstrukciu sa rozprestrie vrstva
humusu s hribkou 200 mm.

superstructure consists of prefabricated reinforced con-
crete elements (licensed units of ABM Mosty s.r.o., Brati-
slava). In longitudinal section, the structure consists of two
wall elements and a top arch. This arch is backfilled with
soil, forming a direct wildlife crossing over the railway
track. Multiple types of soil will be used for backfilling

in accordance with the approved technical specification.
The bridge structure comprises a total of 123 prefabricated
reinforced concrete elements, including 37 arch units, 74
side elements, and 12 wing elements. The lightest element
(wing unit) weighs 14.4 t, while the heaviest element is the
arch unit, weighing 404 t. All elements were manufactured
at the production plant of VAHOSTAV-PREFA s.r.0. in
Horny Hricov. Concrete class C45/55 XC4, XD3, XF4 - Cl

0.4 - Dmax 16 - S4 was used. The individual prefabricated
rings are not directly connected to each other. Structural
integrity is ensured by a monolithic footing, constructed
on site at the stage defined in the construction sequence.
The inclined side elements form the wings of the entrance
portal. These wings are not directly connected to the other
typical elements, but are connected through a monolithic
reinforced concrete footing. They are founded in the same
manner as the typical elements. Drainage of the bridge
backfill is provided by a PE drainage pipe with a diameter
of 150 mm, located at the rear face of the superstructure.
The superstructure is predominantly waterproofed with

a freely laid strip AIP membrane, heat-welded at the

joints, combined with two layers of geotextile. It is fully
bonded in the area above the foundation. At the joints
between the prefabricated elements, a 300 mm wide AIP
strip membrane is applied on both sides. Water ingress
into the joints is prevented by a sealing cord. The buried
inner surface of the prefabricated element is protected by
a coating system consisting of 1xAlp (x primer coating) and
2xNa (2x cold-applied bituminous coating) The isolating
coating ends 200 mm below the finished ground level. The
ecoduct superstructure will be backfilled with soil, forming
a crossing over the road and the railway track, as well as

a green zone that will be grassed and planted with shrubs
and small trees. The backfill thickness is variable, with

a minimum cover of 1,400 mm. The backfill will consist of
four layers. For the protective backfill (minimum 600 mm
from the structure), only frost-resistant granular soil will be
used. For the backfill around the ecoduct structure (within
a range of 600-5,000 mm from the structure), granular soils
may be used. The content of fine particles (f +s + g) must
be less than 15%, with a maximum grain size of 63 mm. In
exceptional cases, for general backfill, the use of material
with a higher content of fine particles may be permitted;
however, such soils must be thoroughly investigated and,
if necessary, appropriately stabilised (STN 73 6125). Other-
wise, suitable embankment material complying with STN
73 6133 will be used for general backfill. A 200 mm thick
layer of topsoil will be spread over the completed earth
structure. An inspection staircase is located near the portal
of SO 08-33-13 on the side facing the Slovak/Czech border.
On both sides, horizontal anti-trespass barriers will be
installed in the outer arch elements, following the shape
of the arch segment. Based on the corrosion survey, it is
necessary to implement basic protective measures against
the effects of stray currents at protection level 4 in accord-
ance with TP 081 “Basic protective measures to limit the
effects of stray currents on road bridge structures,” issued




58 - 59

Revizne schodisko je v blizkosti portalu SO 08-33-13 a je
umiestnené na strane smerom k hranici SR/CR. Na oboch
stranach budu v krajnych klenbovych dielcoch osadené
vodorovne protidotykové zabrany, ktoré budd svojim
tvarom kopirovat tvar klenbového dielca. Na zaklade
korézneho prieskumu je na mostnom objekte potrebné
previest zdkladné ochranné opatrenia na obmedzenie
vplyvu bludnych priudov - stupenl 4 podla TP 081 Zaklad-
né ochranné opatrenia pre obmedzenie vplyvu bludnych
prudov na mostné objekty pozemnych komunikacii,
vydanych MDV SR v 09/2013.

Konstrukcia bude pocas vystavby a prevadzky monito-
rovana. Do stenovych dielcov a na vrchu klenby budu
osadené terciky na meranie sadania. Celkom bude osade-
nych 15 geodetickych znaciek (5 rezov, 3 znacky v reze).
Prvé meranie sa vykona pred zasypanim objektu, dalsie
podas zasypania a zhutnenia nasypu po vrstve cca 1,5 m.
Po dokonceni zasypu sa po jednom mesiaci vykonaju
kontrolné merania. Posledné meranie sa uskuto¢ni pred
odovzdanim objektu budicemu spravcovi.

REALIZACIA STAVBY

Na zaciatku vystavby sa vykonal celoplo$ny pyrotech-
nicky a archeologicky prieskum. Zrealizovalo sa odles-
nenie a prekladky inzinierskych sieti vratane ochrany
slaboprudovych rozvodov v priestore Zelezni¢nej trate.
Zriadili sa pristupové cesty z cesty I/11, pretrubnenie
Slahorovho potoka a spolo¢ne so zhotovitelom stavby
modernizacie Zelezni¢nej trate sa v priestore pred
mostnym objektom SO 08-33-13 na strane od Cadce zho-
tovilo docasné Zelezni¢né priecestie, ¢im sa spristupnila
Cast stavby v lesnom teréne za zelezni¢nou tratou.

Po odhumusovani sa v priestore stavby medzi zZe-
lezni¢nou tratou a cestou I/11 zrealizovala vymena

Dl - a

Obr. 4 Montaz prefabrikovanych dielcov Zeriavom s nosnostou 500 t
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by the Ministry of Transport (Slovak Republic), 09/2013.
The structure will be monitored during both construction
and operation. Survey targets for settlement monitoring
will be installed in the wall elements and at the crown of
the arch. A total of 15 geodetic markers will be installed

(5 sections, 3 markers per section). The initial measure-
ment will be carried out prior to backfilling, followed by
measurements during backfilling and compaction in layers
of approximately 1.5 m. After completion of the backfill,
control measurements will be carried out after one month.
The final measurement will be performed prior to handing
over the structure to the future operator.

CONSTRUCTION

At the beginning of the construction, a comprehensive
pyrotechnical and archaeological survey was carried out.
Vegetation clearance and relocations of utility networks
were performed, including protection of low-voltage
installations in the railway corridor. Access roads from
road I/11 were established, the Slahorov stream was
culverted, and in coordination with the contractor of the
railway modernisation works, a temporary railway cross-
ing was constructed in front of bridge structure SO 08-33-
13 on the Cadca side, enabling access to the construction
site in the forested area beyond the railway track. After
topsoil removal, subsoil replacement was carried out

in the area between the railway track and road I/11,
followed by benching of the terrain (1 m high steps)
progressing from the lower levels towards the railway,

to enable construction of a stabilisation embankment
using 0/63 aggregate. Upon reaching the required em-
bankment level, a piling platform and a soldier pile and
lagging wall were constructed to support the excavation
on the side adjacent to the railway embankment. On the

Fig. 4 Installation of prefabricated elements using a crane with a capacity of 500 t
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Obr. 5 Stav na stavbe zaciatkom septembra 2024, vpravo hore zrealizovana ¢ast sanacie zosuvu
Fig. 5 Construction site in early September 2024, with the completed landslide stabilisation visible in the upper right

podlozia a postupom zospodu smerom k Zeleznici aj
zazubenie terénu (terénne schody s vyskou 1 m) na
realizaciu sana¢ného nasypu z kameniva frakcie 0/63.
Po dosiahnuti pozadovanej nivelety nasypu sa zriadila
pilotazna ploSina a zaporové pazenie ako ochrana
zékladovej jamy, a to zo strany blizsie k Zelezni¢nému
telesu. Na druhej strane (blizsie k zalesnenému svahu)
sa zrealizoval vykop a pilotazna plosina. Zhotovili sa
velkopriemerové piléty, vykopali sa zakladové jamy

a zabetdnovali sa monolitické zaklady pod nosnt
klenbovt konstrukciu. Vytvoril sa tiez nevyhnutny
priestor a inosna plosina s predpisanymi parametrami
pre Zeriav s nosnostou 500 t, ktory montoval samotnu
prefabrikovanu zZelezobeténovi nosnu konstrukciu

(obr. 4).

Vystavba mosta SO 08-33-13 prebiehala v uzkej koordi-
nacii s inou realizovanou stavbou, a to modernizaciou
Zelezni¢nej trate v iseku Cadca - hranica SR/CR, ktort
investorsky zastreSovali Zeleznice Slovenskej republiky.
Samotnu modernizaciu realizovalo iné zdruzenie,
ktorého ¢lenom bola aj spoloénost VAHOSTAV, ¢o

v nemalej miere prispelo k hladkému priebehu obidvoch
realizovanych stavieb v mieste ich prieniku.

Na zéaklade Rozkazu o vyluke (ROV) bola v tom case vylu-
¢end kolaj ¢. 1 smerom na Cadcu a presne zadefinované
boli aj vyluky na prevadzkovanej kolaji ¢. 2 (smerom na
hranicu SR/CR) pre potreby montéaZe samotnej Zelezo-
beténovej klenby a suvisiacej prekladky trolejového
vedenia. Zhotovitel mosta, spoloénost VAHOSTAV, dostal
v ramci ROV na montaz nosnej konstrukcie SO 08-33-13

opposite side (closer to the forested slope), excavation
and a piling platform were executed. Large-diameter
piles were installed, foundation pits were excavated, and
monolithic foundations for the arch superstructure were
concreted. A suitable working area and load-bearing
platform of the required parameters were also prepared
for a 500 t capacity crane used for the erection of the pre-
fabricated reinforced concrete superstructure (Fig. 4).
The construction of bridge SO 08-33-13 was carried out
in close coordination with another ongoing project - the
modernisation of the railway track in the Cadca - Slovak/
Czech border section, commissioned by the Railways

of the Slovak Republic. The modernisation works were
executed by a different consortium, of which VAHOSTAV
was also a member, which significantly contributed to
the smooth progress of both projects at their interface.
Based on the Railway Possession Order, track no. 1 in the
direction of Cadca was taken out of service at that time,
and railway possession periods were precisely defined

for the operational track no. 2 (towards the Slovak/Czech
border) to allow installation of the reinforced concrete
arch and the associated relocation of the overhead line
equipment. The bridge contractor, VAHOSTAYV, was al-
located possession windows for the installation of the
superstructure of SO 08-33-13 over the railway track in
September 2023, specifically from 13:20 to 16:40 and from
19:30 to 22:30. The entire installation of the prefabricated
reinforced concrete bridge superstructure was carried
out between 12 and 27 September 2023 within the permit-
ted possession times, with works executed both during
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v mieste premostenia Zelezni¢nej trate k dispozicii
termin vyluk v septembri 2023, a to v ¢asoch od 13.20

do 16.40 hod a od 19.30 do 22.30 hod. Cela montaz nosnej
zelezobeténovej prefabrikovanej mostnej konstrukcie
SO 08-33-13 sa uskutocnila v terminoch povolenych vyluk
od 12. do 27. septembra 2023 v zmysle ROV, pracovalo sa
vo dne aj v noci. Obdobne po zrealizovani stipov trysko-
vej injektaze a zakladovych pasov sa v termine od 11. do
20. decembra 2023 namontovala prefabrikovana nosna
konstrukcia na SO 202-00. Po zrealizovani nevyhnutnych
sanacnych opatreni novovzniknutého aktivneho zosuvu
v Casti stavby v ramci SO 201-00 (ukotveny Zelezobeténo-
vy prah steny z velkopriemerovych pil6t) sa v termine od
19. do 30. augusta 2024 namontovala aj nosna konstrukcia
tohto objektu (obr. 5).

Po zmontovani prefabrikovanych konstrukcii sa dobe-
tonovali monolitické Casti paty klenieb a zrealizoval sa
celoplosny hydroizola¢ny ochranny systém z asfalto-
vych pasov. Nasledne pokracovali prace na nasypovom
telese, filtra¢nom obsype a prechodovych oblastiach
klenbovych konstrukcii v kombinacii s budovanim
nasypového telesa (technolégiou zlepsovania zemin) so
zabudovanim zeminy z depoénie objednéavatela z lokality
v Cadci. Osadilo sa priehladné aj nepriehladné oplotenie
a povrch nasypu sa zahumusoval. Subezne s vybudo-
vanim mostnych klenbovych konstrukcii sa formou
pritazovacich lavic a hibkovych odvodinovacich drénov
(v kombin4cii s odvodnovacimi vrtmi) zrealizovala aj
sanécia zosuvu nad Zelezniénou tratou, prekladka Sla-
horovho potoka a ukon¢ili sa pravy trakéného vedenia
a ukolajnenie.

MODEL BIM

V ramci plnenia zmluvy o dielo v oblasti BIM sa vytvoril
digitalny model stavby, ¢iastkové modely objektov boli
modelované v programoch Revit a Civil 3D. Spracovali

sa modely vSetkych objektov stavby vratane existujucich
preloziek, aby boli vylucené pripadné kolizie a zabezpe-
¢ila sa kompletna koordindcia stavby. Objekty sa doplnili
o negrafické informacie. Pre format tychto negrafickych
informaécii sa pouzil Datovy Standard SFDI. Komunikacia
a sprava dat prebiehala v programe Proconom. Spracova-
li sa simulacie procesu vystavby vo vdzbe na harmono-
gram vystavby (4D) a pre vybrané objekty prepojenie 3D
modelu s polozkovym vykazom vymer. V ramci celého
projektu sa pripravili metodiky BIM pre pripravu a vy-
stavbu stavieb v podmienkach dopravnej infrastruktiry
v stlade s poziadavkami objednavatela.

ZAVER

Stavba ekoduktu prebiehala sibezne s modernizaciou
zelezni¢nej trate v tiseku Cadca - hranice SR/CR, ktora
priamo ovplyviovala vystavbu ekoduktu v ramci Casti
stavby B. Hladkému priebehu pripravy a realizacie
obidvoch stavieb urcite napomohol fakt, ze spolocnost
VAHOSTAV bola sti¢astou obidvoch zhotovitelskych zdru-
zeni. V zmysle sutazného technického riesenia zdruzenia
sa na celej stavbe zrealizovali tri presypané mostné
klenbové jednopolové konstrukcie, zlozené z prefabri-
kovanych Zelezobeténovych dielcov (obr. 5). Licen¢na
vyroba prebiehala nepretrzite od novembra 2022 do jula
2023 vo vyrobni spoloénosti VAHOSTAV-PREFA,

s. 1. 0., Horny Hric¢ov. Okrem prisneho planovania
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the day and at night in accordance with the Railway
Possession Order. Similarly, after completion of the jet
grouting columns and strip foundations, the prefabricated
superstructure of SO 202-00 was installed between 11

and 20 December 2023. Following the implementation of
necessary stabilisation measures for a newly developed
active landslide within a section of the SO 201-00 construc-
tion (anchored reinforced concrete capping beam with

a wall of large-diameter piles), the superstructure of this
structure was installed between 19 and 30 August 2024
(Fig. 5). After assembly of the prefabricated structures,
the monolithic parts of the arch footings were concreted
and a full-surface waterproofing protection system using
bituminous membranes was applied. Subsequently, works
continued on the embankment body, including filter back-
fill and transition zones of the arch structures in combina-
tion with embankment construction (using soil improve-
ment technology) with incorporation of material from the
client’s stockpile in Cadca. Both transparent and opaque
fencing were installed, and the embankment surface was
covered with topsoil. Concurrently with the construction
of the arch bridge structures, landslide stabilisation above
the railway track was carried out using counterweight
berms and deep drainage trenches (in combination with
drainage boreholes), along with the relocation of the
Slahorov stream and completion of the overhead line
modifications and rail-based installation works.

BIM MODEL

As part of the contract implementation in the field of
BIM, a digital model of the project was developed, with
individual object models created using Revit and Civil
3D. Models of all project structures, including existing
utility relocations, were prepared to eliminate potential
clashes and ensure full coordination of the construction
works. The objects were enriched with non-graphical
information. Non-graphical information was structured
in accordance with the SFDI Data Standard. Data com-
munication and management were carried out using the
Proconom program. Construction process simulations
linked to the construction schedule (4D) were developed,
and for selected structures, the 3D model was integrated
with the bill of quantities. As part of the overall project,
BIM methodologies for the preparation and construction
of transport infrastructure projects were also developed
in accordance with the client’s requirements.

CONCLUSION

The construction of the ecoduct was carried out in
parallel with the modernisation of the railway track in

the Cadca - Slovak/Czech border section, which directly
influenced the construction of the ecoduct within Part B
of the project. The smooth progress of the preparation and
execution of both projects was undoubtedly facilitated by
the fact that VAHOSTAV was a member of both contractor
consortia. In accordance with the consortium’s tender
design, three single-span buried arch bridge structures
composed of prefabricated reinforced concrete elements
were constructed across the project (Fig. 5). Licensed pro-
duction was carried out continuously from November 2022
to July 2023 at the VAHOSTAV-PREFA s.r.0. plant in Horny
Hricov. In addition to strict planning of the procurement
and delivery of material inputs for production, it was also
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Obr. 6 Zrealizovany ekodukt D3 Zeleny most Svrcinovec, oktéber 2025
Fig. 6 Completed D3 Svrc¢inovec Green Bridge ecoduct, October 2025

nakupu a dodavky materidlovych vstupov pre vyrobu
bolo nevyhnutné zvladnut aj nelahku logistiku skla-
dovania vyrobenych prvkov, ktorych sa pre tri klenby
pouzilo spolu 395 kusov.

Na stavbe sa vyskytli aj nové nepriaznivé geotechnické
skutoc¢nosti, ktoré sa na zdklade odborného navrhu
zhotovitela a jeho projektanta a zodpovednej a konstruk-
tivnej komunikacie s dozorom a objednavatelom stavby
podarilo eliminovat riadne a v¢as. V ramci vystavby sa
vybudovali nielen opatrenia na aktivne sledovanie zveri
(stopovy pas z piesku, fotopasce a pod.), ale aj ochranné
a navodiace opatrenia pre plynuly a bezpecny prechod
zveri novym ekoduktom (jazierko pre napajanie, navo-
diaca vzrastla zelen, nepriehladné oplotenie v miestach
s intenzivnou dopravou a pod.), ktoré pomahaja zacho-
vat v danej lokalite nerusend migraciu vSetkych druhov
zveri, velké Selmy nevynimajuc, pretoze migracné
koridory zveri tu boli ddvno pred nami. Clovek pre svoje
potreby zacal menit krajinu a ovplyvriovat tak spdsob
zivota zivo¢iSnych druhov. Je spravne a nevyhnutné
zaroven, ze vyspeld spolo¢nost hlada cestu, ako aspon
sCasti napravit tento zdsah. Je poteSitelné, ak sa pri
naprave tohto stavu podari odstranit aj ina neziaduca
skutocnost, ked skladkovany prebyto¢ny materidl z inej
ukoncenej stavby najde uplatnenie v nasypovom telese.
To sa podarilo pri vystavbe ekoduktu D3 Zeleny most
Svréinovec (obr. 6). Preto sa zrejme opravnene domnie-
vame, zZe uvedenie tejto stavby do prevadzky mozeme
hodnotit ako zretelny prispevok vyspelej spolo¢nosti

k nasej udrzatelnej buducnosti.
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necessary to manage the demanding logistics of storing
the manufactured elements, of which a total of 395 pieces
were used for the three arches. New adverse geotechnical
conditions were encountered on the construction site;
however, these were successfully mitigated in a timely
manner based on expert proposals by the contractor and
its designer, together with responsible and constructive
communication with the supervising engineer and the
client. The project included not only measures for active
wildlife monitoring (such as sand tracking strips, camera
traps, etc.), but also protective and guiding measures to
ensure safe and smooth wildlife crossing via the new
ecoduct (watering ponds, guiding mature vegetation,
opaque fencing in areas with heavy traffic, etc.), helping
to preserve undisturbed wildlife migration in the area,
including large carnivores. Because wildlife migration
corridors existed here long before human intervention.
Humans have altered the landscape to meet their needs,
thereby affecting the way animal species live. It is both
appropriate and necessary that an advanced society seeks
ways to at least partially mitigate these impacts. Itis
encouraging that, in addressing this issue, another unde-
sirable condition was also resolved - the reuse of surplus
material stockpiled from a previously completed project
within the embankment body. This was successfully
achieved during the construction of the D3 Svréinovec
Green Bridge ecoduct (Fig. 6). It can therefore be reason-
ably concluded that the commissioning of this project
represents a clear contribution of an advanced society
towards a sustainable future.
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Rychlostna cesta
R3, Tvrdosin

- Nizna, stavebné
objekty mostov
206, 210, 211, 212

Celkova dizka useku, ktory bol odovzdany do
uzivania v juni 2025 a odbremeni frekventovanu
dopravnu tepnu v Tvrdosine, predstavuje 5,2 km.
Na stavbe bolo spolu 98 stavebnych objektov,

z toho 12 mostov. Prispevok opisuje blizsie
stavebné objekty mostov 206, 210, 211, 212, ktorych
projektantom bola firma Link projekt SK; s.r. o.

R3 Expressway,
Tvrdosin
—Nizna, bridge
structures 206,
210, 21, 212

The total length of the section, which was opened
to traffic in June 2025 and relieves the heavily
traffic transport corridor in Tvrdosin, is 5.2 km.
The project comprised a total of 98 structural
objects, including 12 bridges. This paper provides
a more detailed description of bridge structures
206, 210, 21, and 212, which were designed by
Link projekt SK, s.r. o.

Peter Bucek

Petr Svadbik Martin Kollar

Obr. 1 Umiestnenie stavby v ortofotomape
Fig. 1 Location of the Project

Rychlostna cesta R3 Tvrdosin - Nizna sa napaja na existujuci
obchvat Trstenej a vedie zvlnenym clenitym terénom prevaz-
ne v extravilane. Na konci useku vedie po vetve krizovatky

a prostrednictvom privadzaca Nizna sa pripaja na sucasnu
cestu I/59 cez okruznu krizovatku pred vjazdom do NizZnej.
Celkova dizka tiseku predstavuje 5,2 km (4,0 km trasa R3, kri-
zovatkové vetvy 0,5 km, privadzac 0,7 km). Na danej stavbe
bolo celkovo 98 stavebnych objektov, z toho 12 mostov.
Budovany usek je v polovi¢nom profile.

The R3 Expressway section Tvrdos$in - Nizné connects
to the existing Trstena bypass and traverses undulating,
diverse terrain, predominantly outside urban areas. At
its downstream end, the section ties into a branch of the
interchange and links to the existing I/59 road via the
Nizna access road and a roundabout before entering the
municipality of Nizna.

The total length of the section is 5.2 km (including 4.0 km
of the R3 route, 0.5 km of interchange branches, and

0.7 km of access road). The construction comprised 98
structures in total, of which 12 were bridges. The com-
pleted section was built as a half-profile carriageway.
The project was developed by the National Motorway
Company (Narodna dialni¢na spolocnost a. s.) as the investor.
The contractor was a consortium consisting of Hochtief SK
Ltd., PORR Ltd., and Hydroekol Ltd. Geoconsult Ltd. served
as the general designer, with Link Projekt SK Ltd. providing
subcontracted design work for selected bridge structures.
The company Link Projekt SK Ltd. had the opportunity
to participate in the design of several bridge structures
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Tab. 1 Prehlad stavebnych objektov v kompetencii Link projekt SK
Tab. 1 Overview of bridges under the Responsibility of Link Projekt SK
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Nazov SO Rozpatie Pocet poli Sirka Typ konstrukcie Postup vystavby
Structure No. Span (m) No. of spans Width (m) Type of structure Construction method
SO 32,0 1 6,9 tyCové prefabrikaty montaz prefabrikatov
200.02 32.0 6.9 prestressed precast beams precast beams installation
15,2 predpaty dvojtram pevna skruz
S0 206 26+35+26 9 15.2 prestressed double T beam fixed formwork
15,2 predpaty jednotram pevna skruz
50210 26+35+26 < 15.2 prestressed single T beam fixed formwork
letma betonaz 15 etap
19,7-24,9 predpata komora + pevna skruz
so211 2x88 e 19.7-24.9 prestressed box girder balanced cantilever method
15 stages + fixed formwork
12,2-13,7 predpaty dvojtram pevna skruz, 2 etapy
S0212 24+3x31+24 R 12.2-13.7 prestressed single T beam fixed formwork — 2 stages

Investorom stavby bola Narodna dialni¢na spolo¢nost,

a. s. Zhotovitelom bolo zdruzenie Hochtief SK, s. r. 0., PORR,
S. I. 0., a Hydroekol, s. r. 0. Generalny projektant bol Geo-
consult, s. 1. 0., a v subdodavke projektovej ¢innosti Casti
mostnych objektov Link projekt SK, s. r. o.

Firma Link projekt SK, s. r. 0., mala moznost podielat sa

na projektoch ¢asti mostnych objektov rychlostnej cesty

R3 Tvrdosin - Nizna. V pripade troch mostov ide o typické
rieSenie troj- az patpolovych predpatych Zelezobeténovych
dosiek/tramov v dizkach 97 - 155 m. Pri SO 200.02 ide o in-
tegrovany ram. V pripade SO 211 je to dvojpolovy komorovy
most budovany pomocou technoldgie letmej betonaze cez
rieku Oravu v celkovej dizke 196 m.

Objekty v kompetencii Link projekt SK st zhrnuté v tab. 1.

MOSTNE OBJEKTY SO 206, SO 210, SO 212, SO 211

SO 206 Most na R3 v km 4,2 nad udolim s potokom

a polnymi cestami

Most umoznuje prevedenie R3 nad tidolim a potokom

v druhom poli. R3 lezi na moste v lavostrannom obliku

s R=806 m. Niveleta klesa v hodnote 0,87 %. Priecny sklon
vozovky je jednostranny, 4,5 %. R3 je budovana v polovic-

on the R3 Expressway Tvrdosin - Nizné. For three of the
bridges, this involved typical solutions consisting of

3 - 5-span prestressed reinforced concrete slab or girder
structures with total lengths ranging from 97 to 155m.
Structure SO 200.02 is designed as an integrated frame
bridge. Structure SO 211 is a two-span box-girder bridge
constructed using the cantilever launching method over
the Orava River, with a total length of 196 m.

Structures under the responsibility of Link Projekt SK are
summarized in Tab. 1.

BRIDGE STRUCTURES SO 206, SO 210, SO 212, SO 211
SO 206 Bridge on the R3 at km 4.2

The bridge carries the R3 Expressway over a valley,
crossing a stream in the second span. Along the
bridge, the expressway follows a left-hand horizontal
curve with a radius of 806 m. The longitudinal grade
descends at 0.87 %, and the roadway features a one-way
transverse slope of 4.5 %. The R3 is being constructed
as a half-profile, forming the right-hand carriageway.
The total length of the bridge is 98.7m, with an overall
width of 15.2m.

Obr. 2 SO 206
Fig. 2 SO 206
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nom profile - pravy most. Celkova dizka mosta je 98,7 m,
jeho sirka je 15,2 m.

Nosna konstrukcia je spojita dvojtramova z predpétého
beténu s 3 polami s rozpatiami 26 + 35 + 26 = 87 m. PrieCny
rez nosnou konstrukciou predstavuje dvojtram s vyskou

2,0 m, s osovou vzdialenostou tramov 7,3 m a konzolami

s dizkou 2,6 - 2,8 m.

Spodna stavba zahia krajné opory a jednoduché zdvojené
vntitorné obdiZnikové stipové podpery. Na stredovych pod-
perach je nosna konstrukcia uloZena na pevnych loziskach,
na oporach na posuvnych loziskach.

Zalozenie mosta je hibkové - na mikropilétach. Postup vy-
stavby prebiehal na pevnej skruZzi - v jednej etape. Vystavbu
mostného objektu nesprevadzali ziadne problémy ani zdrza-
nia. Ukoncend bola na jesen 2024.

SO 210 Most na vetve C v km 0,3 nad udolim s potokom
a polnou cestou

Most premostuje tidolie s potokom a lokalnou polnou cestou.

Vetva C lezi na moste v prechodnici a pravotoc¢ivom obluku
s R =90 m. Niveleta na moste je v zostupnici so sklonom
-6,00 %. Celkova dizka mosta je 98,8 m. Sirka mosta je pre-
menna, 9 az 10 m. Prieény sklon vozovky je jednostranny,
premenny, do 4 %.

Nosna konstrukcia je spojita jednotramova z predpétého
betdénu s 3 polami s rozpatiami 26 + 35 + 26 = 87 m. Prie¢ny
rez nosnou konstrukciou je jednotram s vyskou 1,75 m a kon-
zolami s dizkou 3,0 - 3,5 m.

Spodna stavba zahriiuje krajné opory a jednoduché vnu-
torné osemuholnikové stipové podpery. Na stredovych
podperéch je nosna konstrukcia ulozend na pevnych
loziskach (rozperovy systém), na oporach na posuvnych
loziskach. ZaloZzenie mosta je hibkové - na mikropi-
l6tach.

Postup vystavby prebiehal na pevnej skruzi - v jednej etape.
Vystavbu mostného objektu nesprevadzali zZiadne problémy
ani zdrzania. Ukoncené bola na jesenl 2024.

SO 212 Most na privadzaéi (vetvy A) nad polhou cestou,
tratou ZSR a suéasnou cestou I/59

Most prevadza Privadzac ,,Niznd“ ponad cestu 1/59, Ze-
lezni¢nt trat a polnu cestu. Privadzac ,Niznd“ je na moste
najskor v lavotocivej prechodnici, nasledne v pravotocivej
prechodnici s nadvazujucim pravotocivym oblukom

s R =350 m. Most sa nachadza vo vyskovom obluku

Obr. 3 SO 210 pocas vystavby
Fig. 3 SO 210 during construction

The superstructure consists of a continuous, prestressed
girder with three spans of 26 +35+26=87m. The cross-
section in a double-T shape comprises two prestressed
concrete girders with a structural depth of 2.0m, a cent-
er-to-center spacing of 7.3m, and cantilevers ranging
from 2.6 to 2.8 m.

The substructure consists of end abutments and simple
paired rectangular piers. The superstructure is support-
ed on fixed bearings at the central piers and on sliding
bearings at the abutments.

The bridge is founded on micropiles. Construction
proceeded on fixed formwork in a single stage. The
execution of the bridge structure progressed smoothly
and without delays, with completion achieved in autumn
2024.

SO 210 Bridge on Branch C at km 0.3

The bridge crosses a valley containing a stream and

a local rural road. Branch C runs across the bridge
along a transition curve followed by a right-hand

curve with a radius of 90m. The longitudinal grade on
the bridge descends at -6.00 %. The total length of the
bridge is 98.8 m, and the width varies between 9 and

10 m. The roadway has a one-sided transverse slope

of up to 4 %.

The superstructure consists of a continuous single-

cell prestressed concrete girder with three spans of
26+35+26=87m. The cross-section consists of a single
1.75 m deep girder with cantilevers ranging from 3.0 to
3.5m.

The substructure comprises end abutments and simple
octagonal piers. The superstructure is supported on fixed
bearings at the central piers and on sliding bearings at
the abutments.

The bridge has a deep foundation consisting of micro-
piles. Construction was carried out on fixed formwork
in a single stage. The construction progressed smoothly
and without delays, with completion achieved in autumn
2024.

SO 212 Bridge on the Access Road (Branch A)

The bridge carries the Nizna access road over the I/59
road, a railway line (ZSR), and a rural road. Along the
bridge, the Niznéa access road first follows a left-hand
transition curve, then a right-hand transition curve,

Ty
[ \,

Obr. 4 SO 212
Fig. 4 SO 212
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s R =2 500 m, niveleta na moste stiipa s premennym

menn4, 9,0 - 10,6 m. Priecny sklon vozovky je jednostran-

konci mosta.
Nosna konstrukcia je spojita jednotrdmova z predpétého

Priecny rez nosnou konstrukciou predstavuje nabeho-
vany jednotram s vyskou 1,5 m a konzolami s dizkou
3,8-4,5m.

Spodna stavba zahfiia krajné opory a architektonicky
stvarnené hribové podpery. Na podperach P3 a P4 je
nosna konstrukcia ulozena na pevnych loziskach (roz-
perovy systém), na ostatnych podperach a oporach na
posuvnych loziskach. Zalozenie mosta je hibkové - na
mikropilétach.

Postup vystavby prebiehal na pevnej skruzi - v dvoch
etapach. Vystavbu mostného objektu nesprevadzali ziadne
problémy ani zdrzania. Ukoncena bola na jeseni 2024.

SO 211 Most na privadzaci ,,Nizna” (vetvy A)

v km 0,500 cez rieku Oravu

Most umoznuje premostenie rieky Orava a jej inunda¢ného
uzemia. Inundécia rieky spolu s protipovodrnovou hradzkou
su situované v prvom mostnom poli, v druhom poli sa
nachadza rieka.

Privadzac ,Niznad“ je v zakladnom usporiadani navrhnuty
ako dvojpruhova, smerovo nedelena komunikacia s volnou
sirkou 9,0 m. V mieste mosta sa k privadzaci pripajaju a od
neho odpéjaju pruhy vetvy C a D, tam je zakladné dvojpru-
hové usporiadanie rozsirené na stvorpruhové. Privadzac
,,Nizna“ a vetva A sl v iseku mosta smerovo vedené

v priame;j. Niveleta na moste sa nachadza v idolnicovom

ci s hodnotou stipania 4,0 %.
Nosna konstrukcia predstavuje komorovy beténovy

o dvojpolovu staticky neurciti konstrukciu s rozpéatim

tornom pilieri P2 je uloZenie konstrukcie v pozdiznom

Obr. 6 SO 211, odstranenie vozikov letmej betonaze po poslednej etape
Fig. 6 SO 211, finished balanced cantilever

sklonom. Celkova dizka mosta 154,7 m. Sirka mosta je pre-

ny, na moste sa preklapa z lavostranného s hodnotou 3,2 %
na zacdiatku mosta az na pravostranny s hodnotou 3,0 % na

beténu s 5 polami s rozpéatiami 24,5 + 3 x 31 + 24,5 = 142 m.

obluku s polomerom R =5 500 m a v nadvazujicej vzostupni-

predpity most s dvomi polami s pozdiznym nabehom. Ide

88,0 + 88,0 m zloZenu z jedného dilata¢ného celku. Na vnu-

Inzinierske stavby / InZzenyrské stavby 2/2026

Obr. 5 SO 211, zarodok s 2. etapou letmej betonaze
Fig. 5 SO 211, balanced cantilever during construction

continuing into a right-hand circular curve with a radius
of 350 m. The bridge itself is situated on a vertical curve
with a radius of 2,500 m, and the longitudinal profile
rises with a variable gradient. The total bridge length is
154.7 m, and its width varies from 9.0 to 10.6 m. The cross-
fall is one-sided, transitioning from a 3.2 % left-hand
slope at the beginning of the bridge to a 3.0 % right-hand
slope at the end.

The superstructure is a continuous, single-cell prestressed
concrete girder with five spans measuring 24.5+ 3 x 31 +
24.5 =142 m. The cross-section consists of a single 1.5 m
deep girder with cantilevers ranging from 3.8 to 4.5 m.
The substructure comprises end abutments and architec-
turally designed piers. The superstructure is supported

on fixed bearings at piers P3 and P4, while sliding bear-
ings are used at the remaining piers and the abutments.
The foundations are supported by micropiles.
Construction was carried out on fixed falsework in two
stages. The bridge structure was completed smoothly and
without delays. Construction was finished in autumn 2024.

SO 211 Bridge on the “NiZna" Access Road (Branch A)
atkm 0.500 over the Orava River

The bridge enables the crossing of the Orava River and
its floodplain. The river’s floodplain, together with

a flood protection embankment, is located within the
first bridge span, while the Orava River itself flows
beneath the second span.

The Nizné access road is originally designed as a two-
lane, undivided carriageway with a clear width of 9.0 m.
At the bridge, lanes from branches C and D merge with
and diverge from the access road, expanding the basic
two-lane configuration to four lanes on the bridge.
Branch A of the Niznéa access road runs straight across
the bridge. The longitudinal profile follows a valley
curve with a radius of 5,500 m, transitioning into an
ascending gradient of 4.0 %.

The superstructure is a prestressed concrete box girder
with two spans and a longitudinal haunch. It is a two-
span structure with spans of 88.0 + 88.0 m, designed as
a single expansion unit. At the internal pier P2 there is
a fixed connection between the pier and superstructure,
while at the end abutments the bearings are longitudi-
nally movable.

The cross-section of the bridge is a single box girder

with 6.0m cantilevers supported by struts. The height of
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Obr. 7 SO 211, dokoncena stavba
Fig. 7 SO 211, completed structure

smere navrhnuté ako monolitické, pevné a na krajnych
oporach pozdizno-posuvné.

Prie¢ny rez mostom tvori jednokomorovy prierez s kon-
zolami 6,0 m podopieranymi vzperami. Vyska komory
je premenna, od 3,2 m v poli po 6,6 m nad vautornym
pilierom. Betén nosnej konstrukcie je C 35/45. Vzhladom
na tvar a typ konstrukcie bolo navrhnuté pozdizne aj
prieéne predpitie (pri OP3). Pozdizne predpitie tvori
kombinécia vnutornych konzolovitych a hupovych
kéblov, ako aj externych kadblov umiestnenymi v komore
mosta.

Spodna stavba zahfiia dve krajné opory a stredova
podperu. Opory tvoria neodstupiiované ulozné prahy,
driek, zaklady a rovnobezné kridla. Pilier je tvoreny
stenovym prvkom tvarovaného prierezu, ulozeny je na
obdiznikovom zaklade. Zvisla predpinacia ukotvovacia
vystuz je navrhnutd v priecniku P2 s prechodom do
piliera P2.

Postup vystavby predstavovala kombinacia letmej betonaze
(zarodok 12 m + 2 x 15 etdp, lamela 4,0 m) a dobetonavok

s dizkou 22 m (pri krajnych oporach) na pevnej skruzi.
PrieCny rez mosta bol budovany na 3 etapy (spodna doska,
steny a vzpery, horna doska).

Mierne zdrzanie vystavby mostného objektu predstavovala
komplikacia stability pre kotveny svah pod OP3. Vystavba
bola ukoncend na jar 2025.

ZAVER

Nova ¢ast R3 odbremeni frekventovanu dopravnu tepnu
v Tvrdosine. Obchvat mesta prispeje k bezpecnosti

a plynulosti cestnej preméavky. Novym tisekom R3

by malo prechadzat 6 500 vozidiel denne, vyhladovo

9 500 vozidiel denne. Usek odlahéi aj zvy$né obce

v regidéne Oravy, ktorymi prechadza kamiénova
doprava do Polska.

Investorom stavby bola NDS, a. s. Generalnym dodéavatelom
stavby bol Hochtief SK, s. r. 0., lenmi zdruZenia boli PORR,
s. I. 0., a Hydroekol, s. r. 0. Generalnym projektantom bol

Link projekt SK, s. 1. o.

S vystavbou sa zacalo v 03/2021, isek bol odovzdany do
uzivania v 06/2025. Predpokladana cena stavby bola 62 mil.
eur, celkova cena stavby 76 mil. eur.

Zalozenie mosta je navrhnuté ako hibkové na mikropilétach.

Geoconsult, s. 1. 0. Projektantom ¢asti mostnych objektov bol

Obr. 8 SO 211, detail
Fig. 8 SO 211, detail

the box varies from 3.2m in the spans to 6.6 m above the
internal pier. The concrete class of the superstructure is
C35/45. Due to the geometry and structural requirements,
both longitudinal and transverse prestressing were de-
signed (only at Abutment3). The longitudinal prestressing
consists of a combination of internal tendons, as well as
external tendons placed inside the box.

The substructure consists of two end abutments and

a central pier. The pier is a wall-type element with

a shaped cross-section, founded on a rectangular footing.
Vertical prestressing extending from superstructure
cross beam into pier P2 was provided for reduction of
reinforcement in the joint. The bridge foundations are
supported on micropiles.

The construction method combined the balanced can-
tilever method (initial 12m starting section + 15seg-
ments 4.0m long) with a cast in place section of 22m

at the end abutments, constructed on fixed formwork.
The bridge cross-section was executed in three stages:
bottom slab, webs and struts, and finally the top slab.

A minor construction delay occurred due to slope stabil-
ity issues at the anchored embankment below Abut-
ment 3. Construction was completed in spring 2025.

CONCLUSION

The new section of the R3 Expressway will relieve the
heavily trafficked route passing through Tvrdosin. The
city bypass is expected to improve road safety and
enhance traffic flow. The new R3 section is projected to
carry approximately 6,500 vehicles per day, with future
traffic volumes anticipated to increase to around 9,500 ve-
hicles per day. This new alignment will also reduce traffic
burdens in other municipalities of the Orava region that
are currently affected by truck transport to Poland.

The project investor was the National Motorway
Company (NDS a. s.). The general contractor was
Hochtief SK Ltd., working in consortium with PORR Ltd.
and Hydroekol Ltd. The general designer was Geoconsult
Ltd., while Link Projekt SK Ltd. was responsible for part
of the bridge design.

Construction began in March 2021, and the section was
opened to traffic in June 2025. The estimated project cost
was € 62million, with the final construction cost amount-
ing to € 76 million.
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Realizacia mosta
SRT - Valaliky

V ramci projektu nového strategického prie-
myselného parku Valaliky sa muselo pristupit
aj k modernizacii Zelezni¢nej infrastruktury.
Stavebny objekt predstaveny v prispevku ma
za ciel zabezpecit bezpecéné krizovanie novo-
vybudovanej cesty III. triedy a existujuceho
telesa nasypu v km 83,219 v tratovom Useku
Hornad - Haniska pri Kosiciach SRT. Pévodny
koncept navrhu krizovania podital s montazou
prefabrikovanych dielcov do otvoreného
vykopu nasypu. Vzhladom na strategicky
vyznam stavby a snahu o eliminaciu dizky
¢asu vyluky bola do realizacie ponuknuta
technolégia vystavby pomocou zasuvania
nosnej konstrukcie priamo do telesa nasypu.

Peter Pazma

Investorom projektu je Valaliky Industrial Park,

s. r. 0. Stavbu realizuje zdruZenie firiem Doprastav,

a.s., a STRABAG, s. 1. 0.

Vystavba nového priemyselného parku na vychode
Slovenska sa ani v tomto pripade nezaobide bez moder-
nizacie a rozsirenia cestnej infrastruktury. Priemyselny
park sa nachadza v katastralnom uizemi obce Valaliky,
pricom zo severnej strany je ohraniceny Sirokorozchod-
nou tratou fungujicou ako zasobovacie spojenie pre

U. S. Steel KoSice, s. r. 0. Objekt je navrhnuty v mieste
existujuceho telesa nasypu v km 83,219 v tratovom
tseku Hornad - Haniska pri KoSiciach SRT, kde bude
preklenovat novo vybudovant cestu III. triedy I11/3813
v sprave Kosického samospravneho kraja (obr. 1).

POVODNY KONCEPT DSP A OKRAJOVE PODMIENKY
Povodné riesenie DSP pocitalo s nosnou konstrukciou
mosta ako zelezobeténovou, raimovou dvojpolovou,
pricom kazdé pole reprezentovalo otvor pre jeden
jazdny smer. Kazdy otvor bol navrhnuty zo samostat-
nych polramovych prefabrikatov ulozenych na pilie-
roch. Horny povrch dosky mal mat strechovity sklon

s hrubkou 0,800 m v strede rozpétia. Svetla Sirka priecle

Construction
of the SRT Bridge
- Valaliky

As part of the project for the new strategic
industrial park Valaliky, it was also necessary to
modernize the railway infrastructure. The con-
struction object I would like to present in this
contribution aims to ensure the safe crossing of
the newly built third-class road and the existing
embankment body at km 83.219 on the Hornad
- Haniska pri KoSiciach railway section (SRT).
The original design concept for the crossing
envisaged the installation of prefabricated
elements into an open excavation within the
embankment. Given the strategic importance of
the parties involved and the effort to minimize
the overall duration of the track closure, the
technology of box pushing directly into the em-
bankment body was offered for implementation.

Obr. 1 Poloha krizovania novej cesty I11/3813 s pdvodnou Zeleznicou
Fig. 1 Location of the new road III/3813 crossing with the original
railway line

The investor of the project is Valaliky Industrial Park,

s. 1. 0. The construction is being carried out by

the association of companies Doprastav, a. s. and Strabag

s. 1. 0. The development of the new industrial park in
eastern Slovakia also requires the modernization and
extension of the road infrastructure. The industrial park
is situated in the cadastral area of Valaliky and is bordered
to the north by the broad-gauge railway line, which func-
tions as a supply link for U.S. Steel KoSice, s. 1. 0.

Ing. Peter Pazma, PhD., Doprastav, a. s., Driefiova 31, 821 01 Bratislava, tel.: +421 907 801 928, e-mail: peter.pazma@doprastav.sk
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Obr. 2 Schéma prie€¢neho rezu riesenia DSP
Fig. 2 Schematic cross-section of the original DSP solution

bola 14,500 m, pri¢om jeden segment mal mat Sirku
1,235 m. Piliere mali mat tvar oto¢eného pismena ,,T*
Priecle boli na pilieroch uloZené pomocou kibového
ulozZenia. Schematicky je priecny rez v ramci povodné-
ho rieSenia zobrazeny na obr. 2. Ako je z neho zrejmé,
pri NK sa pocitalo s vystavbou v otvorenom vykope

s uvazenim spitného zasypu v mieste prechodovych
oblasti. Prave toto miesto v nas vzbudzovalo najvacsie
obavy v suvislosti s okrajovymi podmienkami projektu.
V tomto pripade bolo smerodajné stanovisko do-
tknutého ¢lena U. S. Steel, ktory svoje poziadavky
definoval v takomto stanovisku: ,Ziadame, aby
nepretrzita odstavka, tzv. N-vyluka Sirokorozchod-
nej trate (dalej len SRT) nepresiahla dizku trvania
maximalne 10 dni. Presny termin odstavky poza-
dujeme dohodnut s USSK v dostatoénom ¢asovom
predstihu, najmenej 6 mesiacov vopred.”

V tejto suvislosti sme ako najkritickejsi bod celej rea-
lizacie definovali ¢asovy faktor. Montaz prefabrikatov
a uprava podlozia pod NK nepredstavovali hlavny
¢asovy problém, no prave realizacia spatného zasypu,

& km 83,219.112
AHANISKA p. KOSICIACH  sropasne o RUSKOV >
______________________________ _T________________
r—-————"7""77 'I :’ __________ q
| |
A
! ¢ANA Tt KOSICE |
ZASYP KONSTRUKCIE / k CESTA 11173813 (RIESI SO 111) \_ZASYP KONSTRUKCIE
Zi 7 E 7 Z
Zrovnavacia rovina 187.0 m n.m.
PODKLADNY BETON PODKLADNY BETON
hr. 300mm . 300mm

The structure has been designed within the existing
embankment at km 83.219 on the Hornad - Haniska
pri Kosice section of the SRT broad-gauge railway.
Here, it will bridge the newly built third-class road
111/3813 administered by the Kosice Self-Governing
Region.

ORIGINAL DSP CONCEPT AND BOUNDARY CONDITIONS
The original design concept according to the DSP
(Documentation for Building Permit) considered the
bridge superstructure as a reinforced concrete frame
structure with two spans, where each span accommodated
one carriageway direction.

Each span was designed using separate semi-frame pre-
fabricated elements placed on piers. The top surface of the
deck was designed with a pitched (roof-shaped) slope and
a thickness of 0.800 m at the mid-span. The clear width of
the cross member was 14.500 m, and each segment had

a width of 1.235 m. The piers were designed in the shape
of an inverted “T”. The cross members were supported on
the piers using hinged bearings.

Obr. 3 Pohlad na rozostavany objekt SO 421
Fig. 3 Construction progress — structure SO 421
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200 Jacking Length 3891 m
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Obr. 4 Schéma postupu vystavby
Fig. 4 Construction schedule overview

ktora je aj z kvalitativnej stranky velmi spojena s atmo-
sférickymi vplyvmi, predstavovala najvacsie riziko.
Tieto faktory nas nutili hladat také technické riese-
nie, ktoré bude predstavovat minimalne riziko pre
investora a zaroven nam ako realizatorovi pontukne
dostatok casu.

Ako najlepsi variant sa v tej situacii ukazalo rieSenie
vybudovat celtl nosnt konstrukciu ako monolit
vedla jestvujucej trate a nasledne ju zasunut popod
fungujtiicu SRT. S podobnym projektom sme mali
skusenost uz pri realizacii kriZovania novobudova-
nej cesty popod dialnicu D1 Bratislava - Triblavina.

NOVE TECHNICKE RIESENIE

Technické rieSenie pozostava z tychto piatich hlav-
nych bodov:

» Realizacia zdkladov pre pomocnu stuzujicu konstrukciu
» Vybudovanie novej nosnej konstrukcie

» Realizacia stuzenia jestvujlicej kolajovej trate

» Samotné zasuvanie konstrukcie

» Demontaze pomocného stuzenia

Obr. 5 Faza zatla€ania konstrukcie do telesa nasypu
Fig. 5 The construction stage of pushing the structure

into the embankment body

Obr. 6 Montaz stuzenia kolajovej trate
Fig. 6 Installation of railway track stiffness reinforcement

To be demolished at
the end on the push
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A schematic cross-section of the original solution is
shown in Fig. 2. As can be seen from the figure, the load-
bearing structure was planned to be constructed in an
open excavation with backfilling in the transition zones.
It was precisely this aspect of the solution that raised the
greatest concerns in relation to the project’s boundary
conditions.

In this case, the decisive opinion was provided by

the relevant representative of U.S. Steel, who defined
their requirements in the following statement: ,We
require that the continuous shutdown, the so-called
N-possession of the broad-gauge railway line (herein-
after referred to as SRT), does not exceed a maximum
duration of 10 days. The exact date of the shutdown
must be agreed with USSK well in advance, at least

6 months prior to the event.” In this context, we iden-
tified the time factor as the most critical aspect of the
entire implementation.

The installation of the prefabricated elements and the
preparation of the subgrade beneath the load-bearing
structure did not represent the main time constraint.
However, the execution of the backfilling - which is also
highly dependent on weather conditions from a qualita-
tive perspective - posed the greatest risk.

These factors compelled us to seek a technical solution
that would present the minimum risk for the investor
while, at the same time, providing us, as the contractor,
with sufficient time for execution.

The best solution in this situation proved to be the con-
struction of the entire load-bearing structure as a mono-
lithic box next to the existing railway line, followed by
pushing this structure underneath the operational SRT.
We had prior experience with a similar project when
constructing the crossing of a new road beneath the D1
motorway near Triblavina (Bratislava).

NEW TECHNICAL SOLUTION

The proposed technical solution consists of the following

five main stages:

» Construction of foundations for the auxiliary bracing
structure

» Erection of the new load-bearing structure

» Strengthening (stiffening) of the existing railway track

» Pushing of the structure under the operational SRT track

» Removal of the temporary auxiliary bracing structure

In this case, the entire execution can be completed

without a 10-day continuous line closure. The works

carried out within the track area lasted a maximum of

4 days continuously. Micropiles for the reinforcement

of the railway superstructure were installed simul-

taneously with the construction of the bridge's load-

bearing structure. Once the load-bearing structure
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Obr. 7 Tvar do¢asného nosa
Fig. 7 Shape of the temporary launching nose

Cela realizacia sa v takomto pripade zaobide bez
10-dnovej nepretrzitej vyluky. Zaroven prace, ktoré sa
realizovali v kolajisku, trvali maximalne Styri dni nepre-
trzite. Sucasne s budovanim nosnej konstrukcie mosta

sa realizovali mikropiloty pre stuzenie kolajového zvrsku.

Po uplnom dokonceni nosnej konstrukcie s izolaciami sa

pristupilo k demontazi Casti zvrsku a nasledne doplneniu

o pomocné stuzujtce prvky. Podobny systém stuzenia
uz bol raz na Slovensku pouzity, a to pri realizacii Casti
useku D4/R7 v okoli Bratislavy, no v nasom pripade ide
o modernizovany systém stuzenia pomocou ocelovych
elementov. Velmi prehladne je cely postup zobrazeny
na obr. 4, kde ¢iernou farbou vidiet poc¢iatocny stav NK
a Cervena farba zobrazuje findlnu polohu konstrukcie.
Pre samotny posun bolo nevyhnutné pripravit zapo-
rovy mur, ktory bol este pritazeny zemnym nasypom.
Nasledne sa medzi mur na nosnu konstrukciu vlozila
séria hydraulickych valcov, ktoré zabezpecuju pohyb

konstrukcie do telesa nasypu. Podrobne je cela ststava

zobrazena na obr. 5, kde je na lavej strane uz zasuvana
konstrukcia a na pravej strane vidiet zaporovy mur.
Material z nasypu, ktorym konstrukcia prechadza, sa
priebezne odstranuje cez jestvujice otvory.

Na zabezpecenie plynulého pohybu a zaroven
ochranu finalnej konstrukcie bola nosna konstruk-
cia docasne doplnend o predny nos, na obr. 4 je tato
¢ast zndzornend zltou farbou. Ked konstrukcia do-
siahne finalnu polohu, tato Cast sa odstrani. Predné
nosy sa nachadzaji po celom obvode konstrukcie

v smere pohybu so sklonom 45 °, ako je to zobrazené
na obr. 7. Rovnako steny nosov maju skosené hrany,
ktoré zlepsuju penetraciu zeminy.

ZAVER

Aktuélne sa realizacia blizi do svojej findlnej fazy.
V januari prebehla zatazovacia skuska stuzujicej
konstrukcie podla navrhu Technickej univerzity
v Ziline a nasledne sa trat obnovila. V sti¢asnosti
prebieha postupné zatlacanie konstrukcie do
nasypu bez nutnej vyluky na trati.
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and its insulation were fully completed, a section of
the superstructure was dismantled, followed by the
addition of auxiliary reinforcing elements. A similar
reinforcement system has been used in Slovakia

once before, during the construction of a section

of the D4/R7 highway near Bratislava; however,

in our case, it is a modernized reinforcement system
utilizing steel elements. The entire procedure

is clearly illustrated in Fig. 4, where the initial state

of the load-bearing structure is shown in black

and its final position in red.

For the sliding process itself, it was necessary to prepare
a soldier pile wall, which was further weighted by an
earth embankment. Subsequently, a series of hydraulic
cylinders was inserted between the wall and the load-
bearing structure to facilitate the movement of the
structure into the embankment body. The entire system
is shown in detail in Fig. 5, where the structure being
inserted is on the left, and the soldier pile wall is visible
on the right. The material from the embankment, through
which the structure passes, is continuously removed
through existing openings.

To ensure smooth movement and simultaneously protect
the final structure, the load-bearing structure was tempo-
rarily fitted with a launching nose. In Fig. 4, this compo-
nent is illustrated in yellow, and it will be removed once
the structure reaches its final position. These noses are
located along the entire perimeter of the structure in the
direction of movement, at a 45 ° inclination, as shown in
Fig. 7. Likewise, the walls of this nose have conical shaped
edges to improve soil penetration.

CONCLUSION

The execution is currently approaching its final phase.
In January, a load test of the reinforcement structure was
conducted according to the design by the University of
Zilina, after which the track was reopened for service.

At present, the gradual pushing of the structure into the
embankment is underway without requiring any further
line closures.
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Realizované mostné stavby

Priecny
zasun
mosta pri
Valalikoch

a sposob jej realizacie.

Ing. Filip Glovina, PhD., LKM Consult

Sucastou budovania dopravnej
infrastruktury Valaliky Industrial
Parku (tovaren na vyrobu automobi-
lov zn. VOLVO) je aj nové mimourov-
nové krizovanie Zelezni¢ného nasypu
Sirokorozchodnej trate (SRT) s novou
komunikaciou I11/3813, ktora bude za-
bezpecovat napojenie nového arealu
na jestvujucu cestnd siet. Objekt
SO 421 bol navrhnuty v mieste krizenia
tejto komunikécie a trate SRT Hornad
- Haniska pri KoSiciach. Ide o trvaly
Zelezni¢ny most s dvomi otvormi s cel-
kovou dizkou mosta 31,740 m a dizkou
premostenia cca 30 m.

Na prvy pohlad ide o konstrukéne
jednoduchy ramovy most. Jeho
nezvycajnost vSak spocivala v tom, ze
musel byt navrhnuty tak, aby bola jeho
vystavbou obmedzena Zelezni¢na pre-
véadzka v diZke maximélne 5 dni, kedZe
tato kolaj sliizi na zasobovanie Zeleziar-
ni U. S. Steel KoSice Zeleznou rudou.
Tato poziadavka zasadne ovplyvnila
celt koncepciu objektu a viedla k volbe
technoldgie vystavby, pri ktorej sa

RUSKOV

V strategickom tizemi Valaliky vzniklo viacero
dopravnych objektov, ktoré museli spliat naro¢né
technologické podmienky vystavby. Objekt SO
421Zelezniény most SRT nad cestou II1/3813 patri
medzi tie objekty, pri ktorych bola rozhodujuca
nielen vysledna konstrukcia, ale najma rychlost

T/F: Ing. Mati$ Uhlik, Ing. Marian Marcin, PhD., REMING CONSULT, a. s.;

most najprv zhotovil mimo telesa
zelezni¢ného nasypu a nasledne sa vo
viacerych fazach prieéne zasunul do
definitivnej polohy. Priecny zasun bol
realizovany pomocou docasného most-
ného provizdria (systém Verona), ktoré
bolo navrhnuté na zvislé zataZenie, ale
sluzilo zaroven ako prie¢ne stuzenie
proti ii¢inkom trenia pri zasivani kon-
Strukcie. Z hladiska vyluk na trati boli
na realizaciu mosta potrebné tri bloky
vyluk pocas 5 dni.

KONCEPCIA MOSTA

Most bol navrhnuty ako Sikma
monoliticka zelezobeténova uzavreta
ramova konstrukcia s dvomi polami.
Dimenzie jednotlivych nosnych

Nazov stavby: Strategickeé Uzemie
Valaliky faza 1 - externa infrastruktura
— dopravna infrastruktura — Krizovanie
SRT s cestou III/3813

Stavebnik: Valaliky Industrial

Park, s. r. o.

Generalny projektant stavby: REMING
CONSULT, a. s.

Zhotovitel stavby: ZDRUZENIE
VALALIKY SRT, Doprastay, a. s.

— veduci ucastnik zdruzenia, STRABAG,
s. I. 0. — UCastnik zdruzenia

Projektant objektu SO 421:

LKM Consult, s. r. 0.

Zhotovitel objektu SO 421:

STRABAG, s. r. 0., Oblast Stred

prvkov mosta (doska, steny, priecla)
boli navrhnuté na docasny stav (vysu-
vanie pomocou hydraulickych lisov)
a na trvaly stav hlavne od u¢inkov
dopravy na Sirokorozchodnej trati
(stucinitel a =1,46). Z hladiska udrzby
ide o objekt bez lozisk, mostnych
zaverov a prechodovych dosiek.

- Pisovi izoldcia s tvrdou ochranou

Most krizuje pozemnu komu-
nikaciu pod uhlom priblizne
82,75°, pricom trat vedie na moste
v priamom smerovom vedeni a vo
vyskovom stipani. Svetlost jednot-
livych otvorov dosahuje priblizne
14,6 m, ¢o zodpoveda poziadavkam na

Haniska pri Kos1c1§ch
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Obr. 1 Pozdizny rez mostom
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Obr. 2 Prie¢ny rez mostom

vedenie Stvorpruhovej komunikacie
vratane prilahlych priekop.

Z hladiska projektovej dokumenta-
cie bolo potrebné riesit nielen finalnu
dokumentéciu mosta (tvar, vystuz,
staticky vypocet), ale aj docasné
konstrukcie potrebné na zhotovenie
a zasun mosta.

Prechodové oblasti pred mostom
a za nim neboli zriadené, na zabezpe-
Cenie dostatocnej tuhosti boli pouzité
podpodvalové podlozky Getzner
s roznou tuhostou. Skladba izolacie
mostovky je zrejma z obr. 2.

ZAKLADANIE
Objekt je zalozeny plosne, bez
vymeny podlozia. V zakladovej Skare
sa nachadzaju piescité ily a piescité
silty mékkej aZ tuhej konzistencie.
Navrh zakladania vychéadzal z pred-
pokladu, Ze priestor v mieste pity
jestvujuceho nasypu zelezni¢ného
telesa je za desiatky rokov prevadzky
dostato¢ne skonsolidovany, a teda
unosny.

Navrh zakladania vSak nebol len
otazkou unosnosti, ale aj deformacii.
Posudenie druhého medzného stavu

potvrdilo prijatelné sadania, pricom
pre potreby navrhu nadvysenia sa
pocitalo s maximalnym sadnutim
30 mm a s rezervou 20 mm. KedZe ide
o objekt realizovany nestandardnou
technoldgiou, projekt predpokladal
priebezné meranie a vyhodnocovanie
realnych sadani pocas vystavby.
Vyznamnu ulohu zohrala aj
hladina podzemnej vody, ktora bola
v mieste mosta narazena priblizne na
arovni 189,02 m n. m., ustalena na
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189,52 m n. m. Tato skutoc¢nost sa
premietla jednak do navrhu osadenia
spodnej hrany nosnej konstrukcie,
ako aj pri ndvrhu odvodnenia sta-
vebnej jamy a organizacii vykopov.
Vykopy boli realizované pri trvalom
éerpani podzemnej vody v priestore
stavebnej jamy.

NOSNA KONSTRUKCIA MOSTA
Nosnu konstrukciu tvori Zelezobetd-
novy ram pozostavajuci zo spodnej
dosky, z krajnych stien (opor), zo
strednej podpery a z hornej dosky.
Vzhladom na $ikmost mosta bola kon-
strukcia mosta modelovana pomocou
doskostenovych prvkov. Spodna
doska mé hribku 750 mm, v miestach
podpier je zosilnena kratkymi
nabehmi a na ¢ele bola prispésobena
technoldgii zdsunu. Horna doska je
navrhnutd s premennou hrubkou od
850 do 1150 mm, pricom pri oporach
a strednej podpere sa vyska konstruk-
cie linearne zvac¢suje nabehom. Steny
opodr P1 a P3 aj stredna podpera P2
maju totoznd hriubku 850 mm.

Usporiadanie kolajového 16zka na
moste je otvorené so zachovanim
mostného prechodového prierezu
MPP 3,0. Medzi temenom kolajnice
a hornym povrchom nosnej kon-
strukcie je vytvoreny priestor pri-
blizne 1,58 m pre Zelezni¢ny spodok
a zvrSok. Tento priestor bol takisto
vyuzity na osadenie priecnych oce-
lovych nosnikov, ktoré pocas zasunu
mosta tvorili podpery pre mostné
provizérium.

Najvyraznejs$im Specifikom nosnej
konstrukcie bol docasny Zelezobet6-
novy raziaci stit. Ten bol navrhnuty
ako nevyhnutna stucast technolégie
prie¢neho zasunu. Tvorili ho predize-
né mostné kridla, stipy, $ikmé vzpery
a horna trdmova doska vytvorena tro-

Obr. 3 Mostné provizérium (systém Verona) po&as prevadzky na SRT
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Obr. 4 Zasun mosta (01/2026)

Obr. 5 Stav mosta pred realizaciou vozovky objektu komunikacie SO 111

jicou dodatocne predpéatych tramov.
Takto vznika docasny ,,vysuvny nos
ktory umoziiuje bezpecny vstup
konstrukcie do nasypu zZelezni¢ného
telesa. Zatazenie od dopravy a most-
ného provizdria sa meni v réznych
polohach po prieCnom reze na
raziacom Stite a zvysuje to staticka
néarocénost na rieSenie montaznych
stavov, pricom finalny stav je vlastne
ovela jednoduchsi ako stavy pocas
vysunu mosta. Po ukonceni zadsunu sa
raziaci Stit odstranil metddou rezania
po uroven trvalych kridel.
Materialovo je objekt zrealizo-
vany prevazne z betéonu C40/50,
rimsy st z beténu C35/45 a vystuz
z ocele B500B. Pre vysuvny nos
bolo navrhnuté sudrzné predpaitie
pomocou 12-lanovych jednotiek z lan
Y1860-S7-15.7. KonStrukcia zaroven
zohladnuje poziadavky na ochranu
proti bludnym pridom (prevarenie
vystuze a meracie vyvody), ktoré bolo
potrebné zohladnit v danom tizemi.

REALIZACIA MOSTA

Prave realizacia robi z objektu SO 421
technicky mimoriadne zaujimavé
dielo. Most sa nebudoval priamo

v mieste budiceho premostenia pri
vyluceni dopravy, najskor bol vybe-

ténovany v tesnej blizkosti nasypu

v docasnej polohe. AZ nasledne

sa v niekolkych etapach priecne
zasunul do definitivnej polohy pod
prevadzkovant kolaj (celkovy posun
predstavoval cca 39 m).

Postup vystavby bol rozdeleny do
viacerych faz. Po priprave Uzemia,
zriadeni stavebnej jamy, doc¢asného
oporného bloku a vysuvnej dosky
nasledovala betonaz vlastnej spodnej
dosky mosta, stien a hornej dosky
ramu. Nasledne sa zhotovili podpery
vysuvného nosa, hornd tramova doska
a aktivovalo sa predpétie. Pocas bu-
dovania mosta sa za opornym blokom
zrealizoval nasyp s presne urcenymi
parametrami, ktory slazil ako pasivny
odpor pri zastvani mosta. Po montazi
mostného provizoéria (systém Verona)
od firmy Petrucco sa most vaziaci cca
4 300 ton posunul pred Vianocami
2025 prvykrat, aby sa v novom roku
zasunul v dvoch etapach do svojej
finalnej polohy. Posun zabezpecilo
30 kusov hydraulickych lisov. Jednotli-
vé fazy zasunu boli neustale geodetic-
ky monitorované a sprevadzané odko-
povymi pracami priamo v priestore
mosta pojazdnymi bagrami pod ochra-
nou raziaceho stitu. Po dosiahnuti
konecnej polohy mosta boli odstra-

nené docasné konstrukcie, vybural

sa vysuvny raziaci §tit a dokondila sa
izolacia mosta, priecne drenaze, rimsy
so zabradlim a zasypy Zelezni¢ného
spodku a zvrsku.

Takto zvolena technolégia si
vyzadovala mimoriadnu presnost.
Zhotovitel musel splnit zvySené
poziadavky na presnost rovinatosti
vysuvnej dosky, 3D kontrolu geo-
metrie mosta a priebezné meranie
deformacii a sadani pocas vystavby.
Zaroven musel zabezpecit stabilitu
nasypového telesa pocas vsetkych
faz vystavby. Prevadzka vlakov bola
pocas zasunu znizena na rychlost
10 km/h.

ZAVER
Zelezni¢ny most SO 421 nad cestou
111/3813 predstavuje priklad kon-
strukéne raciondlneho, no realizacne
velmi premysleného mostného
objektu. Na jednej strane ide o Stan-
dardne pouzivany monoliticky
zelezobeténovy ram, ktory svojou
jednoduchostou a absenciou lozisk
¢i mostnych zaverov vytvara pred-
poklad na spolahlivii a nenaro¢nt
prevadzku a udrzbu. Na druhej strane
ide o most, ktorého hodnota spociva-
la v technoldgii realizacie.

Tento projekt ndm ukazal, Ze
sucasné mostné stavitelstvo nie je
iba o samotnom navrhu nosnej kon-
Strukcie, ale ¢oraz viac aj o schopnosti
prisposobit konstrukéné riesenie pod-
mienkam vystavby, prevadzke a obme-
dzeniam tzemia. V pripade mosta SO
421 sa ukazala ako klucova bezproblé-
mova spolupraca medzi projektantom
a zhotovitelom pri nevsednom rieseni
zlozitej vystavby zeleznicného mosta.
Verime, Ze toto rieSenie sa mo6ze
uplatnit aj v inych pripadoch v ramci
modernizacie Zelezni¢nej infrastrukta-
ry na Slovensku. B

TRANSVERSE BRIDGE EXTENSION
NEAR VALALIKY

Several transportation structures have
been built in the Valaliky strategic area,
all of which had to meet demanding
technical construction requirements.
Structure of building object no. 421, the
broad-gauge railway bridge over Road
II1/3813, is one such structure where
not only the final design but, above all,
the speed and method of its construc-
tion were critical.
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REMING CONSULT a.s. je moderna spoloé¢nosft,
ktora poskytuje komplexné sluzby pre projekty dopravnej infraStruktuary,
objektov pozemnych stavieb, hal a arealov uz od roku 1997.
Vysokou uUrovhou poskytovanych sluzieb sa radi
medzi najvacsSie a najuspesSnejsSie spolonosti v tejto oblasti na Slovensku.

www.reming.sk
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Realizované mostné stavby

Ekologicky

beton na R2

Vystavba rychlostnej cesty R2 Krivan
— Mytna bola pre STRABAG jednou
z klucovych realizacii v poslednych
rokoch. Firma sa vyrazne podielala

Kriva’ﬁ — My'tn a nielen na zhotoveni viacerych mostnych

objektov, ale tiez na vyrobe beténovych
zmesi pre tento projekt.

MOBILNE PROJEKTOVE
BETONARNE

V mieste staveniska boli zriadené
dve mobilné betonarne - SBM
EUROMIX a ELBA AMMANN.

Na projekte boli v prevadzke od

1. 5. 2022 do 31. 3. 2025. Obe mali
horizontalnu dvojhriadelovd mie-
Sacku s objemom mieSacieho jadra
2,25 m?, Stitkovy maximéalny vykon
100 m®*/hod a disponovali riadiacim
systémom SIMMA. Dal$ou sti¢as-
tou oboch betonarni bol radovy
zasobnik kameniva na viaceré
frakcie a sila sltiziace na sklado-
vanie spojiva (cement, popolcek

a pod.). Vzimnych obdobiach bola
doplnend mobilné kontajnerova
kotoliia na vyrobu teplej zdmeso-
vej vody a hortceho vzduchu pre
ohrev kameniva. V ramci bezodpa-
dového hospodarstva bolo pouzité
mobilné recyklacné zariadenie na

T/F: STRABAGs. 1. 0.

betonarni sa betén dovazal z pre-

Ktucove udaje pri vyrobe vadzky v Ludenci a na prepravnej
beténu pre R2 Krivai - Mytna trase sa vyprodukovalo minimdlne
Betonove zmesi: cca 165 000 m? 2,5-krat viac emisii. Vzajomn4 bliz-
Kamenivo: cca 300 000 t kost betonarni zaroveti poskytovala
Cement: cca 67 000 t mozZnost nasadit len jeden kolesovy

nakladac, ¢o v tomto pripade pred-

stavovalo znizenie uhlikovej stopy

o polovicu.
vymyvanie domiesavacov a recyk-
laciu zvyskov beténovych zmesi. SETRENIE EMISIi

Dalsie emisie sa uSetrili pri zasobo-
STRATEGICKA POLOHA vani betonarni elektrickou energiou.
Umiestnenie betonarni bolo Namiesto Standardne pouzivanych
zvolené s ohladom na hospodarnost dieselovych agregatov zvolila firma
aj udrzatelnost v osi buducej rych- pripojenie na pevnu elektricku
lostnej cesty, vedla seba. Strategic- siet, hoci to pre fiu znamenalo
ké poloha v bezprostrednej blizkos- absolvovat byrokraticky zlozitejsi
ti stavebnych objektov umoznovala proces. Terénne Upravy pre betonar-
nasadenie mensieho poctu domie- ne anajazdové rampy pre nakladac
Savacov a prekonavanie kratsich sa realizovali zrecyklovanych mate-
dopravnych vzdialenosti. Pred ridlov, vyburanych cestnych zlabov
spustenim tychto projektovych apredrveného prebytoc¢ného beténu

zprevadzky v Lucenci. Steny boxov
pre kamenivo boli vybudované
zbeténovych lego kociek, pricom
niektoré z nich boli vyrobené z vra-
teného beténu.

EKOLOGICKY PRISTUP

PRI VYBERE DODAVATELOV
Ekologicky pristup hral délezita
rolu aj pri vybere dodavatelov
vstupnych surovin. Velky déraz
sa kladol na vyuzivanie lokalnych
zdrojov. Napriklad v pripade
kameniva boli receptury vyroby
beténu upravené tak, aby sa dalo
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pouzit kamenivo zblizkeho lomu
Tuhar.

Vzhladom na narocnost projektu
acelkové parametre beténu na
tejto stavbe nebolo jednoduché
vybrat dodavatela cementu. Volba
nakoniec padla na spolo¢nost
CEMMAC.

CEMENT

CEMMAC, rovnako ako STRABAG,
sa dlhodobo zameriava na znizova-
nie vplyvu stavebného priemyslu
na zivotné prostredie - hlada
inovativne riesenia, investuje do
modernych technolégii. V roku
2022 ako prvy na Slovensku zavie-
dol ekologicky cement s vipencom,
ktory oproti tradicnému portland-
skému cementu zniZuje emisnu
stopuo47%.

Na stavbe R2 Krivan - Mytna pouzil
STRABAG 67 tisic ton cementu.
Najvacsi podiel tvoril portlandsky
troskovy cement CEM II/A-S 42,5R
(viac na www.cemmac.sk), vhodny

pre vysokopevnostné betény. Tam,
kde to bolo mozné, sa do receptir
vyuzili aj cementy CEM III (napri-
klad do CBGM). Vzhladom na vacSiu
prepravnt vzdialenost bola s cielom
znizenia uhlikovej stopy zabezpece-
na pravidelna preprava cementu po
elektrifikovanej Zeleznici.

CELKOVA PRODUKCIA

BETONU

Pocas takmer trojro¢ného nasade-
nia na R2 Krivan - Mytna vypro-
dukovali mobilné betonarne pre
potreby stavby bezmaéla 165 000 m?
beténovych zmesi, pricom sa
precerpalo zhruba 128 500 m®.
Priblizne 3 900 m® z vyrobeného
mnozstva tvorili cementom
stmelené zmesi CBGM. Najvacsimi
odberatelmi beténu boli zhotovite-
lia, ktori stavbu realizovali v ramci
zdruZenia (Doprastav, STRABAG,
EUROVIA CS a EUROVIA SK). Cast
vyrobenych kubikov sa pouzila
pre rozne subdodavky a urcité

Stavebnictvo
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mnozstvo aj pre iné drobné trhové
zakazky.

ZAVER

Stavba R2 Krivan - Mytna naplno
vytazila obe betonarne takmer na

3 roky. V sucasnosti sa Euromix
vyuziva pri vystavbe novej Fakult-
nej nemocnice s poliklinikou F. D.
Roosevelta v Banskej Bystrici, ktora
realizuje STRABAG Pozemné stavi-
telstvo. AMMANN bol po ukonceni
vyroby v Krivdni nasadeny v Ceskej
republike. B

ECO-FRIENDLY CONCRETE

FOR R2 KRIVAN - MYTNA

The construction of the expressway
R2 Krivan — Mytna was one of STRA-
BAG's key projects in recent years.
The company played a significant role
not only in the construction of bridge
structures but also in the production of
concrete for this project.

buducnosti prichadza
uz dnes. My sme
pripraveni.

Precitajte si viac o nasej vizii udrzatelného

stavebnictva a spdsoboch, ako sa k nemu
chceme priblizit.

STRABAG s.r.o0.
Miynské Nivy 61/A
825 18 Bratislava
www.strabag.sk

STRABAG

WORK ON PROGRESS




Advertoridl

R2 Krivan - Mytna: Moderna
dialnica na pevnych zakladoch
z cementu CEMMAC

Vystavba novych dialnic nie je

len technickym projektom, ale
predovsetkym investiciou do
budtcnosti krajiny. Kazdy novy usek
prinasa rychlejsie a bezpecnejsie
spojenie, odlahéenie pretazenych
ciest a nové prilezitosti pre rozvoj
regiénov. Usek R2 Krivai — Mytna
patri medzi tie stavby, ktoré

spajaju technicku preciznost,
moderné rieSenia a doraz na kvalitu
materialov — a prave tieto faktory

z neho robia dielo, ktoré bude sluzit
motoristom celé desatrocia.

Prace na tomto useku sa zacali na
jar 2020, kratko po tom, ako bola
14. februara podpisana zmluva

so zhotovitelskym zdruzenim
Doprastav, STRABAG, EUROVIA SK
a EUROVIA CS. Usek mé dizku 9,1
kilometra a jeho cielom je zlepsit
dopravné prepojenie medzi stred-
nym a juznym Slovenskom, skratit
Cas cestovania a zvysit bezpecnost
na cestach.

Okrem samotného odlahcenia exis-
tujucich tras méa dialnica prispiet

k ekonomickému oziveniu regiénu.
Lepsie napojenie na dopravnu siet

znamena rychlejSie zdsobovanie,
efektivnejsiu logistiku a nové moz-
nosti pre podnikatelské aktivity.

Stavba je z inzinierskeho hladiska
zaujimava najmi vdaka mnozstvu
mostnych objektov. Na useku sa
nachadzaju tri estakady, pricom
ta najvyraznejsia dosahuje dizku
priblizne 4,36 kilometra. V najvys-

Som mieste sa tyci az 45 metrov
nad terénom, Co z nej robi nielen
funkény, ale aj vizualne posobivy
prvok celej trasy.

Pri vystavbe sa uplatnili moderné
technolégie, ktoré su zarukou
presnosti a trvacnosti - letma
betonaz, vysuvna skruz a postupné
vysuvanie. Tieto met6dy umoznuju
realizovat aj naro¢né konstrukcie

s minimalnym dosahom na okolie.

Na kvalitu vysledného diela ma
obrovsky vplyv aj kvalita pouzitych
materidlov. Spolo¢nost CEMMAC
dodala na tento tsek priblizne

73 000 ton cementu. Najvacsi podiel

m: W

-y
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- aZ 61 000 ton - tvoril vysokopev-
nostny cement CEM II/A-S 42,5R,
urceny pre konstrukcie, kde sa
vyzaduje rychly narast pevnosti

a dlhodob4 odolnost.

Tento cement sa stal zdkladom pre
mosty, estakady a dalsie klticové
objekty stavby. Vdaka svojim
vlastnostiam umoznil rychlejsie
napredovanie prac a zarudil, ze
beténové konstrukcie budd odolavat
naroénym klimatickym a prevadz-
kovym podmienkam.

Z dodaného cementu sa vyrobilo
pribliZzne 200 000 m® beténu. Aby
sa zabezpecila maximalna Cerstvost
a konzistencia materialu, betén sa
mieSal priamo na mieste v dvoch
projektovych betonarnach umiest-
nenych pri stavbe.

Tento pristup priniesol viacero
vyhod. Eliminovala sa potreba
prevozu beténu na velké vzdiale-
nosti, o vyrazne znizilo logistické
néaklady, riziko znehodnotenia
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materialu pocas dopravy aj uhli-
kovt stopu celého projektu. Menej
kamidénov na cestach navyse zname-
nalo aj niz$iu zataz pre okolie a obce
v regiéne.

Usek R2 Krivan - Mytna nie je

len dalSou stavbou v cestnej sieti.
Je symbolom toho, Ze moderna
infrastruktira méze byt vysledkom
kombindécie inovativnych techno-
16gii, kvalitnych materialov a zod-
povedného pristupu k zivotnému
prostrediu.

Pre motoristov znamena rychlejsie
a bezpeclnejsie cestovanie. Pre
podnikatelov lepSie napojenie na
obchodné trasy a nové prilezitosti.
A pre cely regién novy impulz,
ktory moze priniest investicie, pra-
covné miesta a vyssiu kvalitu zivota.

Usek R2 Krivai - Mytna je
ukazkou toho, ako sa moze prepojit
$pickova technolégia, désledna
priprava a dlhoroc¢né skusenosti.

A prave vdaka tymto pilierom sa
podarilo vybudovat cestu, ktora
bude nielen dopravnou tepnou,

ale aj trvalou hodnotou pre celé
Slovensko. B

www.cemmac.sk




Realizované mostni stavby

Dvorecky
most -
technicka
vyzva

v srdci
Prahy

Vystavbu mostu realizovala v letech
2022-2026 spole¢nost Metrostav
TBR jako lidr zhotovitelského
sdruzeni, jehoz dal§imi ¢leny byly
spolec¢nosti Strabag a Firesta FiSer.
Architektonicky navrh vzesel ze
studia Atelier 6, stavbu financovalo
hlavni mésto Praha.

NAROCNOST VYSTAVBY

Vyrazné atypické tvarovani mostu,
jak spodni stavby, tak i nosné kon-
strukce, podle vitézného navrhu
architektonicko-konstrukéni
soutéZe predstavovalo jiz od
samého pocéatku mimoradnou
vyzvu pro projektanty i stavitele.
jektu a realizace patfily navrh

a provedeni predpinaci vyztuze pri
dané geometrii nosné konstrukce,
zajisténi predepsanych elektroizo-
lac¢nich vlastnosti systému predpéti
a soucasné i velmi vysoky stupen

T: Ing. Maros Hires
F: Metrostav TBR

Prazsky Dvorecky most, devatenacty most ¢eské
metropole, je od 18. dubna 2026 v ostrém provozu.
Jeho stavba byla mimoradné naro¢na kvdli vyrazné
atypickému kubistickému tvarovani konstrukce,
vysokym naroklm na kvalitu pohledového bilého
betonui slozitému navrhu a realizaci predpinaci
vyztuze pfi komplikované geometrii a silném
vyztuzeni. Komplikované bylo i zakladani piliii

v haro¢nych geologickych podminkach a realizace
stavby v husté zastavéném méstském prostredi

s omezenym prostorem, slozitou koordinaci
dopravy i dalsich projekttl. Most je uréen pro
tramvaje, autobusy, cyklisty a pési. Tim se

stalo vyuziti mostu kontroverznim tématem.
Divodem nemoznosti vyuzZiti mostu pro osobni
automobilovou dopravu je nedostatec¢na dopravni
kapacita navazujicich kfizovatek a komunikaci na
obou predmostich, omezena Sirka mostovky dana
okolni zastavbou a rovnéz pozadavek méstské casti
Praha 4 uplatnény jesté pred vydanim stavebniho
povoleni (ochrana rezidencnich ¢tvrti pred hlukem
a zvySenim imisni zatéze z automobilové dopravy).

Nazev stavby: Stavba ¢. 42821
Dvorecky most

Stavebnik: Hlavni mésto Praha
Architektonické reseni:

ATELIER 6, s.r.o.

Realizacni dokumentace: Spole¢nost
PGP/Pontex — Dvorecky most - RDS
Generalni zhotovitel: Spole¢nost
.Metrostav TBR a.s. + Firesta +
Strabag — Dvorecky most"

Vedouci spolec¢nik: Metrostav TBR a.s.

Realizacni tym vedouciho
spolecnika: Ing. Robert Broz, Ph.D.,
Ing. Petr Koukolik, Ing. Maro$ Hires,
Ing. Jakub Vesely, Ing. Vit Némcic

vyztuzeni nosné konstrukce,”

tika Ing. Petr Koukolik, vedouci
projektu ze spole¢nosti Metrostav
TBR. Do vyctu patri také zakladani
tiénich pilitt pod trovni dna feky

na pilotach a vystavba docasnych
tésnénych jimek v narocnych
podminkach geologického zlomu.
To vSe se vyrazné promitlo do tech-
nické i ¢asové narocnosti projekc-
nich praci i stavebnich ¢innosti.
Realizace probihala v intravilanu
metropole, takze v bezprostredni
blizkosti zastavby, dopravné
vytizenych komunikaci a trati,
frekventované ri¢ni plavebni drahy,
v misté znac¢ného poctu riznych
inzenyrskych siti. K dispozici bylo
jen omezené stavenisté, stejné jako
pristupy na stavbu. Zaroven bylo
nutné koordinovat postup praci,
minimalné na tirovni dopravnich
opatfeni a vyluk, s jinymi stavbami
v lokalité mésta, jako byla napf.
vystavba obytného komplexu
Lihovar Smichov JIH a administra-
tivni budovy River Business Centre
¢. 2 v tésné blizkosti mostu anebo
rekonstrukce nedalekého Barran-
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dovského a Branického mostu. ,,Pro
realizaci takové stavby v téchto
podminkach bylo tfeba vyuzit
invencnich reseni, jako napriklad
zaplavovani podpérnych skruzi

pro realizaci hlavnich poli nad
fekou pomoci pontond,” dopliuje
Ing. Petr Koukolik.

NAVRH MOSTU

Navrh se védomeé hlasi k tradici
prazskych obloukovych mostd;
nosna konstrukce je proto navrzena
bez prvkd nad drovni mostovky.
Most je navrzen jako socharsky tva-
rovany objekt, jenz vytvari Citelny
motiv ,bilé brany“ pti vstupu do
mésta. Nosnou konstrukei tvori
spojita tramova konstrukce z pred-
pjatého betonu o délce 337,8 m

se Sesti poli. Vyniké atypickym
trojuhelnikovym tvarovanim vSech
viditelnych ¢asti z bilého betonu,

pricemz vozovku pro MHD dopliiuji
Siroké chodniky pro pési a cyklisty.
Osa mostu je z divodu napojeni

na stavajici komunikace na obou
brezich vedena Sikmo k fece; most
ji prekracuje dvéma rficnimi pilifi
orientovanymi po proudu, které
jsou jako jediné ramové spojeny

s nosnou konstrukei. Hlavni pole

o rozpéti 87 m zajistuje plavbu na
fece jedinym mostnim otvorem,
pricemz v kolmém sméru k ose
toku je plavebni profil omezen
pribliZzné na 80 m, a most soucasné
prekonava ulice Strakonicka

a Nadrazni, objekty lodénic a napo-
juje se na stavajici tramvajové traté
na obou brezich.

ZAKLADOVE POMERY MOSTU

Na zakladeé vysledkt provedenych
prizkumu byly zdkladové poméry
mostu vyhodnoceny jako kompli-
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kované. Jsou ovlivnény stridanim
geotechnicky rozdilnych celkt

v podzakladi, velkou mocnosti
navazek na obou brezich a vysokou
hladinou podzemni vody. Podlozi
je tvoreno navazkami, zvodnélymi
néplavy a terasovymi Stérky, které
spocivaji na masivu bridlic a kie-
menct liteniského a kosovského
souvrstvi; tento masiv je misty
zvétraly a vyrazné tektonicky
poruseny.

HLUBINNE ZALOZENI MOSTU
Pilife i opéry byly zaloZeny na
vrtanych velkopramérovych
pilotach, pricemz nejvétsi kom-
plikace prinesl pilif P4 v oblasti
geologického zlomu s proménlivou
kvalitou hornin, coz si vyzadalo
upravu navrhu zalozeni i doplitko-
vy geotechnicky prizkum. B€hem
vystavby se objevily také necekané
problémy mimo koryta feky,
napriklad tniky betonu do histo-
rickych dutin v navazkach, které
vedly k ipravam technologického
postupu zakladani.

V koryté feky byly u pilift P4
a P5 jesté pred realizaci docasnych
tésnénych jimek provedeny piloty
z vodni hladiny pomoci vrtnych
souprav umisténych na lodich,
resp. pontonech. Piloty byly
navrzeny s jednotnym primeérem
a zhotovovany do pazenych vrtd za
pouziti ocelové paznice.

DOCASNE TESNENE JIMKY

V KORYTE REKY

Pred zahéjenim praci se ukazalo,
Ze puvodné navrzené tésnéné
dvouplastové jimky nelze realizo-
vat kviili nemoznosti dostatec¢né
zaberanit Stétovnice do skalniho




Realizované mostni stavby

podloZi. Reseni proto pieslo na
jednoplastové jimky se Stétovni-
cemi v predvrtech vyplnénych
jillocementem, které se béhem
vystavby osvéddily jako dostatecné
tésné. P1asté tésnénych jimek byly
v pribéhu realizace zajistény oce-
lovymi rozpérnymi ramy ve dvou
vyskovych trovnich. Po odvodnéni
jimek nasledovalo odtézeni na
uroven zakladové spary, odstranéni
hlav pilot a nasledné betonaz pod-
kladniho betonu a zakladové desky.

SPODNI STAVBA

Veskeré prvky spodni stavby jsou
navrzeny jako monolitické Zelezo-
betonové konstrukce. Pohledové
plochy jsou tvarové ¢lenény sousta-
vou rizné se shihajicich hran do
trojahelnikovych poli, ¢imz odka-
zuji na principy kubistického tva-
roslovi. Krajni opéry mostu tvarové
navazuji jak na nosnou konstrukci,
tak na prilehla kridla fesSena jako
opérné zdi. Opéra O1 na smichov-
ské strané je vyrazné Sikma v pu-
doryse a svou orientaci reaguje na
usporadani komunikaci vedenych
pod mostem; Celni licova plocha
jejiho driku je uklonéna a dale
¢lenéna do diléich trojuhelniko-
vych ploch. Dfik opéry s tlozZnym
prahem a kryci plentovaci zidky
byly betonovany v jedné etapé, aby
se v exponovanych pohledovych
plochach vyloucil vznik pracovnich
spar. Pilife P2, P3 a P6 maji v ptido-
rysu sevieny kosodélnikovy tvar,
ktery se po vysce v obou smérech
plynule proménuje. Naproti tomu
pilife P4 a P5 v koryté reky Vltavy
se od brehovych pilift lisi tvarem

i konstruk¢énim charakterem: jsou

ramoveé spojeny s nosnou kon-
strukci mostu, orientovany sikmo
podle kiizeni osy mostu s tokem
feky a vyznamné se podileji na cel-
kovém architektonickém vyznéni
stavby. Jejich konstrukci tvofi
sténovy drik v celé sifce mostovky,
pricemz dfik ma po vysce promén-
ny mnohouhelnikovy tvar a izké
boéni plochy jsou vedeny rovno-
bézné s podélnou osou mostu.
Celni licova plocha dfiku opéry O7
je obdobné tvarovana jako u opéry
01 - je rizné uklonéna a spolu

s bo¢nimi plochami ktidel ¢lenéné
do trojuhelnikovych segmentd.

NOSNA KONSTRUKCE

Nosnou konstrukci mostu tvori
Zelezobetonova predpjata tramova
konstrukce s tfikomorovym
priénym prafezem, v némz jsou dvé
hlavni vnitfni nosné stény promeén-
né vysky propojeny horni a spodni

vvvvvv

staticky ptisobi jako vzpéry
chodnikovych konzol. Pricny rez

se v podélném sméru promeénuje

a respektuje kubistické tvarovani
nosné konstrukce, charakteristické
prostorovym priblizovanim a vzda-
lovanim jednotlivych hran, které
vytvareji nepravidelné trojuihelniko-
vé a lichobéznikové plochy - kazdy
priény rez je unikatni. Vedeni
predpinacich kabelt se prostoroveé
promeénuje jak ve svislém sméru
mezi deskami a nosnymi sténami,
tak i v pficném sméru od osy nosné
konstrukce ke krajim a zpét. Nosna
konstrukce je podélné predepnuta
kabely tvorenymi predpinacimi
jednotkami o 27 lanech Y1860

S7 15,7 se soudrznosti. S ohledem

na elektroizolaéni pozadavek
stupné PL3 a velmi vysoky stupen
vyztuzeni nosné konstrukce se
jednalo o mimoradné technologicky
narocny proces. Realizace probihala
po kratkych usecich v fadu nékolika
metrli, pficemz se postupné stridala
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montaz meékké vyztuze a provadéni
predpéti. V prabéhu vystavby
bylo nutné pribézné a opakované
korigovat polohu i vyskové vedeni
predpinacich kabell v zavislosti na
aktualnim postupu praci.

Most byl budovan soubézné
z obou bfehti proti sobé. Pro rea-
lizaci prvniho a Sestého pole nosné
konstrukce byla zvolena prostorova
prihradova konstrukce. Pole 2 a ¢ast
pole 3 byly provadény na nosnikové
skruzi tvofené docasnymi barkami
ze systému pilift PIZMO a ocelo-
vych I nosniku. Vystavba poli nad
korytem feky probihala pomoci
dolni presuvné skruze z ptivodné
armadniho systému ZM16, ulozené
na docasnych podpérach. Presun
skruze byl zajiStovan specidlnimi
plovoucimi pontony, které umoznily
jeji dopravu z vyrobny ve Velké
Chuchli na stavenisté i nasledné
manipulace v rdmci stavby.

RECEPTURA BILEHO BETONU,
BEDNENI A KVALITA
POHLEDOVYCH PLOCH

Zadavaci podminky stanovily
pouziti bilého pohledového betonu
z bilého cementu pro vSechny
exponované ¢asti Dvoreckého
mostu, pri¢emz pozadovand kvalita
a pohledovost byly zavazné urceny
projektovou dokumentaci a Tech-
nickymi pravidly CBS 03. Barevnost
betonu musela byt dosazena
vyhradné sloZenim betonové smési
bez dodate¢nych povrchovych
uprav a vysledny odstin podléhal
schvaleni architektem na zakladé
referen¢nich vzorkd odsouhlase-
nych stavebnikem a autorskym
dozorem. Pozadovanych vlastnosti

bylo dosazeno optimalizovanou
recepturou bilého betonu s bilym
cementem a svétlym kamenivem.
Vzhledem k vys$imu hydrata¢nimu
teplu bilého cementu bylo nutné

u masivnéjsich ¢asti spodni stavby
a nosné konstrukce aplikovat
aktivni chlazeni, zatimco u Stih-
lejsich prvka nebylo chlazeni
vyzadovano. Jako chladici médium
byla pouzita voda z feky Vltavy,
vedend integrovanymi hadicemi

v konstrukci béhem betonaze i po
jejim dokonceni. Soucasné byla
prijata opatfeni ke snizeni teploty
Cerstvé betonové smési, zejména
chlazenim kameniva a temperaci
cementu.

Architektonického vyrazu pohle-
dovych ploch bylo dosazeno pou-
zitim nesusSeného nehoblovaného
prkenného bednéni s priznanymi
sparami, pri¢emz hrany konstrukci
byly dasledné lemovany prkny kla-
denymi rovnobézné s hranou pro
jejich jednoznacéné optické vyme-
zeni. Pro vystavbu spodni stavby
inosné konstrukce bylo vyuzito
systémové bednéni doplnéné in-
dividualné navrzenymi ramenaty,
které byly podle konkrétni situace
bud montovany primo na stavbé,
nebo predem predmontovany na
tesarné a nasledné sestavovany
na misté. Obdobné pozadavky na
strukturu a kvalitu povrchu betonu
byly uplatnény u vSech pohledové
exponovanych c¢asti konstrukce.

ZAVER

Dvorecky most rozsiti soubor
prazskych mostt pres Vitavu, které
jsou z velké ¢asti vyjimecné. Diky
svému vyraznému tvaru a poloze
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na okraji centra, v blizkosti histo-
rickych pamatek, ma ambici stat
se dalsi neprehlédnutelnou ikonou
mésta.

DVORECKY BRIDGE - A TECHNICAL
CHALLENGE IN THE HEART OF
PRAGUE

Prague’s Dvorecky Bridge, the nineteenth
bridge of the Czech capital, has been

in full operation since 18 April 2026.

Its construction was exceptionally
demanding due to the distinctly atypical,
cubist shaping of the structure, stringent
requirements for high-quality exposed
white concrete, and the complex design
and execution of prestressing tendons
within a complicated geometry and
heavily reinforced sections. Further
challenges included the foundation of
the piers in difficult geological conditions
and the execution of the project within

a densely built urban environment,
characterized by limited space, complex
traffic coordination, and the need to
interface with other concurrent projects.
The bridge is designated for trams,
buses, cyclists, and pedestrians. This
multimodal use has made its function

a subject of public debate. The exclusion
of private passenger car traffic is due to
insufficient capacity of the connecting
intersections and road network at both
bridgeheads, the limited deck width
constrained by surrounding develop-
ment, and a requirement imposed by the
Prague 4 municipal district prior to the
issuance of the building permit (aimed at
protecting residential areas from noise
and increased emissions associated with
car traffic).
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Integrované

spriahnuté

ocelobetonoveé

mosty ako

trvacne riesenie

mostnych
konstrukcii

F: SAGASTA SK, s. 1. 0.

Integrované mosty predstavuju
konstrukcie, kde je nosna cast mono-
liticky spojené s oporami bez lozisk
a mostnych zaverov, pricom pozdizne
deformaécie vyvolané teplotou a reo-
logickymi u¢inkami sa prenasaju do
prilahlej zeminy. Tento koncept sa
uspesne uplatiiuje pri spriahnutych
ocelobeténovych mostoch s malymi
a strednymi rozpatiami (20 - 50 m),
ktoré kombinuju stihlu ocelovi kon-
Strukciu s beténovou doskou a umoz-
nuju efektivne riesenie z hladiska
statiky, realizacie a Zivotnosti. Absen-
cia lozisk a mostnych zaverov znizuje
néklady na udrzbu, eliminuje poruchy
a minimalizuje riziko korézie. Precho-

o

Integrované mosty patria medzi
progresivne typy mostnych konstrukcii,
ktoré reaguju na rastuce poziadavky na
trvacnost konstrukcie a minimalizaciu
prevadzkovych nakladov. Eliminacia
lozisk a mostnych zaverov odstranuje
tradi¢né konstrukéné prvky, ktoré su
casto identifikované ako naj¢astejSie
zdroje poruch pocas zivotnosti mosta.
Tento pristup vyznamne znizuje
stavebno-prevadzkoveé naklady na most
a zvySuje jeho zZivotnost.

T: Jozef Babuliak, Adam Grman, Patrik Sabik, Lucia Miroskynova
(ide zaroven o autorov projektu)

dové oblasti s vystuzenou zeminou,
optimalny tvar opdr, pripadne lokalne
upravy tuhosti pilét umoziuju kontro-
lované deformacie konstrukcie a tiez
vhodné prerozdelenie vnutornych sil
v konStrukcii.

PretoZe napojenie nosnej konstruk-
cie na spodnt stavbu je spravidla
ramové, integrované mosty su ¢asto
oznacované aj ako ramové mosty. Ich
aplikacia je obzvlast vhodna pri spriah-
nutych ocelobeténovych mostoch
s malymi a strednymi rozpatiami,
kde umoznuju efektivne vyuzitie
materialov, Stihle konstrukcéné rieSenia
a rychlu realizaciu. Integrované mosty
sa stali velmi popularne v mnohych

Obr. 1 Pohlad na nosnu konstrukciu po¢as osadzania debnenia spriahajucej dosky

eur6pskych krajinach. Nahradzuju
tradi¢né tramové mosty s jednym ¢i
viac polami s kratkymi a strednymi
rozpdtiami.

Spravne navrhnuté integrované
spriahnuté mosty predstavuju trvacne
a perspektivne rieSenie, ktoré znizuje
naroky na prevadzku a zabezpecuje
spolahlivi prevadzku pocas celej Zi-
votnosti. Realizované objekty v Ceskej
republike potvrdzuju vyhody tohoto
systému.

STATICKE POSOBENIE

Odlisnosti oproti tradi¢nym tramovym
mostom sa prejavuju $pecifickym sta-
tickym posobenim, ktoré zahfia vy-
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tvorenie ramového rohu medzi nosnou
konstrukciou a spodnou stavbou,
spolup6sobenie nosnej konstrukcie so
spodnou stavbou a s prilahlou zeminou
a obmedzenie volnych dilatacii hlavne;j
nosnej konStrukcie.

Pri teplotnom rozpinani st opory
zatla¢ané do prilahlej zeminy, o
vyvolava pasivne zemné tlaky a spo-
sobuje vzajomné spolup6sobenie
nosnej konstrukcie, spodnej stavby
a zasypu v prechodovej oblasti. Toto
spolupdsobenie sa vyjadruje pomocou
modulov reakcii podlozia kh, kz a kx
- vo vodorovnom smere na oporach,
vo zvislom smere pod zakladom a vo
vodorovnom smere pod zakladom.
Tieto efekty je nevyhnutné detailne
zohladnit vo vypoc¢tovom modeli
vratane nelinearneho spravania sa
zeminy a spravne nastavenych pruzi-
novych charakteristik.

Monolitické prepojenie nosnej
konstrukcie s oporami vSak prinasa
Specifické naroky na navrh systému,
najmé v stvislosti s prenosom pozdiz-
nych deformacii do zakladovej pody
a so spravanim sa prechodovych oblasti.
Spravny navrh integrovaného systému
si preto vyzaduje zohladnenie interakcie
konstrukcie so zeminou, vhodnu volbu
tuhosti nosnej konstrukcie a opodr, ako
aj optimalizaciu dispozi¢ného rieSenia
mosta. D6lezitym aspektom je aj navrh
prechodovych oblasti, ktoré zabezpecu-
ju plynuly prenos sil do podlozia, mini-

Obr. 2 Pohlad na most SO 221 nad D6 Lubenec — obchvat (SO 3-101) po odskruzeni

malizujui koncentracie vnatornych sil

a znizuju riziko praskania vozovky pri
dlhodobej prevadzke. Sktsenosti z rea-
lizovanych objektov potvrdzuju, Ze tieto
aspekty st rozhodujtce pre spravnu
funkciu a spolahlivost integrovanych
spriahnutych mostov.

D6 PETROHRAD - LUBENEC,

II. ETAPA, SO 221 NADJAZD
POLNEJ CESTY V KM 73,642
Mostny objekt SO 221 prevadza
komunikaciu - polnu cestu (SO 3-152)
v kategorii P4/30. Krizujucou prekaz-
kou je dialnica D6 Lubenec - obchvat
(SO 3-101), kategdrie D 25,5/130. Most
je navrhnuty ako jednopolova integ-
rovana spriahnuta ocelobeténova
konstrukcia. Dizka nosnej konstrukcie
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je 41,20 m, dizka premostenia 35,00 m
a celkové dizka mosta 60,70 m. Rozpi-
tie jednotlivych nosnikov je 35,043 m
prilavom nosniku (N1) a 35,143 m pri
pravom nosniku (N2). Volna sirka
medzi zvodidlami je 6,00 m, celkova
sirka mostnej konstrukcie je 7,60 m.
Objekt zabezpecuje krizovanie polnej
cesty v ramci vystavby dialnice D6

a predstavuje typicky priklad stihlej
spriahnutej kon$trukcie s integrova-
nymi oporami.

Priecny rez nosnou konstrukciou
pozostava z dvoch plnostennych komo-
rovych ocelovych nosnikov v tvare II
s osovou vzdialenostou 3,20 m, ktoré su
monoliticky spojené so Zelezobet6no-
vou doskou s hrubkou 300 mm. Kazdy
nosnik je zloZeny z troch montaznych

ZRSYP ZARLADY - ZEMIA VHOD DO NASTRU DLE
5473 6133 00 MAX. ZFA 90 mm - G

« WUTHENT PO VRSTVACH MAX. 300 nm

- REMOET MiRA ZHITHEN | = 05

Obr. 3 Pozdizny rez mostom SO 221 nad D6 Lubenec - obchvat (SO 3-101) v osi komunikéacie mosta
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Obr. 4 Prieény rez mostom SO 221 nad D6 Lubenec - obchvat (SO 3-101) v strede rozpatia mosta

dielov, ktoré sa zvarili priamo na Zené zvislymi vnutornymi vystuhami, doskou pomocou spriahajicich tfmov,
stavbe na doc¢asnych podperach. v oblasti opdr doplnené aj vonkajsimi v oblasti ramovych rohov je spolupéso-
Vyska ocelovych nosnikov je zvislymi vystuhami. Komory su vzdu- benie s oporou zabezpecené pomocou
premenna, s ndbehmi od 1,69 m nad chotesné a vybavené odvzdusinovacimi | spriahajicich tftiov a betonarskej
oporami po 0,86 m v strede rozpétia, ventilmi, ¢o zaistuje trvacnost a spolah- | vystuzZe, ktord je prevleCend cez otvory
¢o umoziuje optimalne rozlozenie livost ocelovych nosnikov proti klima- v nosnikoch. Tlakova sila v spoji je
ohybovych momentov po dlzke mosta. | tickym vplyvom. Nosniky st spojené prenéasana pomocou tlacenej ocelovej
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Obr. 5 Pozdizny rez mostom SO 221 (Hofovice) v osi lavky

VELKOPROMEROVA 78. PILOTA
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na oporach vyplnené beténom. Takéto
rieSenie spolahlivo zabezpecuje uéinné
prerozdelenie zataZenia z nosnej
konstrukcie do spodnej stavby. Poc¢as
montaze a betonaze spriahajicej dosky
st konce nosnikov spojené prie¢nymi
montaznymi stuzidlami.

Spodnaé stavba je navrhnutd z masiv-
nych Sikmych opdr s hribkou 2,50 m
a so Sikmostou 58,0°. Do drieku op6r
st votknuté Zelezobeténové kridla
s diZkou 10,00 m. Konstrukcia je
zalozena plosne pomocou masivnych
zakladov s rozmermi 8,50 x 10,00 m
a vyskou 2,30 m. Vystavba mosta pre-
biehala na docasnych podpernych
skruziach a ¢iastocne na pevnej skruzi
a podvesenom debneni na ocelovej
konstrukcii. Podperné skruze boli
umiestnené v tretinach rozpitia, kde
sa zaroven realizovali montazne zvary
nosnikov. Betonaz spriahajicej dosky
prebiehala v troch etapach: najprv
hlavné pole mosta, nasledne krajné
Casti spolu s riamovymi rohmi.

Most je navrhnuty ako integrovana
konstrukcia. Prechodové oblast je
rieSend s vleCenymi prechodovymi
doskami, ktoré st navrhnuté a vy-
stuzené tak, aby bolo zabezpecené
prenesenie vsetkych zvislych zatazeni
cez oblast aktivneho klinu za oporou.
Napojenie prechodovej dosky musi
zaroven preniest sily vznikajtice v do-
sledku dilata¢nych pohybov nosnej
konstrukcie a umoznit plynuly prenos
pozdiznych deforméacii nosnej kon-
Strukcie do opdr a podlozia. Vo vozovke
st v prechodovych oblastiach navrh-
nuté rezané skary, ktoré zabezpecuju
kontrolované prejavenie pozdiznych
deformacii mostnej konstrukcie a za-

Obr. 7 Pohlad na lavku SO 221
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Obr. 6 Prie¢ny rez mostom SO 221 (Hofovice) v strede rozpatia

1I/14, I11/117 HOROVICE, VYCHODNY
OBCHVAT, SO 221LAVKA PRE
PESICH A CYKLISTOV V KM 0,906
Mostny objekt SO 221 je navrhnuty
ako jednopolova integrovana
spriahnuta ocelobeténova konstruk-
cia urcena pre pesich a cyklistov.

branuju nekontrolovanému popras-
kaniu vozovky. V pripade potreby sa
odporuca zvazit vystuzenie vozovky,
ak posun konca mosta Ah presiahne

10 mm pri vykonovej triede komunika-
cie VT1 a 15 mm pri vykonovej triede
komunikacie VT2.




Realizované mostné stavby
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Obr. 8 Pozdizny rez mostom SO 205 v osi komunikacie mostu

Dizka nosnej konstrukcie je 24,40 m,
dizka premostenia 22,00 m a celkova
dizka mosta 40,40 m. Rozpitie mosta
je 23,20 m. Objekt je sucastou stavby
11/114, 11/117 Hofovice - vychodny
obchvat a zabezpecuje prekonanie

pozemnej komunikécie. Konstruk-
cia predstavuje Stihle rieSenie

s hornou mostovkou, vhodné pre
menSie dopravné stavby s dérazom
na trvacnost a minimalizaciu
uadrzby.

Nosnu konstrukciu tvori dvojica zva-
ranych ocelovych nosnikov I-prierezu
s dizkou 23,20 m a premennou vyskou
od 0,65 m v strede rozpatia po 0,95 m
nad oporami. Nosniky st spriahnuté
so Zelezobeténovou doskou mostovky
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Obr. 9 Prie€ny rez mostom SO 205 v strede rozpatia mosta
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v hriabke 220 - 240 mm, pricom ich
osova vzdialenost je 1,50 m. V pozdiz-
nom smere st nosniky navrhnuté

s nabehmi pri oporach. Pozdizny sklon
nosnej konstrukcie kopiruje spad
nadvézujucej komunikacie v rozsahu
od +7,0 % do -7,0 %. Lavka je v pddoryse
navrhnuté vo vrcholovom obliku

s polomerom R =150 m, s maximalnym
vzopidtim v strede rozpétia.

Hlavné nosniky su zhotovené
v dielni a na stavbu dodané v celku.
So spriahajucou doskou a s oporami
su spojené pomocou ocelovych
tffov a betonarskou vystuzou,
ktora prechadza otvormi v stenach
zabeténovanej ¢asti nosnikov. Zele-
zobeténova doska ma Sirku 3,00 m
a je navrhnuta s prieénym sklonom
horného povrchu 2,5 % k tizlabiu
v osi lavky. Dolny povrch dosky
medzi nosnikmi je vodorovny,
sklony povrchov krajovych konzol
sa mierne rozbiehajt. Betonaz
zelezobetonovej dosky je navrhnuta
v dvoch etapach z dévodu zabez-
pecenia stability dvojice nosnikov
pocas vystavby, pricom v prvej
etape sa beténuje ramovy roh a Cast
dosky v dizke 1,00 m a v druhej
etape sa betonuje zvysna Cast dosky
v poli. Do dosky su prostrednic-
tvom kotevnych 6k zabeténované
ocelové rimsy s kotevnymi prvkami
zabradlia.

Spodnt stavbu tvoria dve vysoké
krajné opory s vleCcenymi precho-
dovymi doskami. Vo vozovke st
v prechodovych oblastiach navrhnuté
vystuzné prvky. V mieste napojenia
prechodovej dosky na nosnt kon-
Strukciu st vo vozovke riesené rezané
skary, ktoré umoznuju kontrolovany
prenos pozdiznych deformacii
konstrukcie. Hrtibka drieku op6r
je 1,20 m, Sirka opdr je zvacSend na
5,00 m z dévodu rozsirenia priechod-
ného priestoru v predpoliach lavky.
Na opory nadvézuju samostatné
oddilatované kridla z beténovych tva-
roviek s pohladovou licnou plochou
a vystuznou geomrezou. Prechodové
oblasti su z vystuzenej zeminy vratane
obalovanych ¢iel. Na pravé kridlo
opory Ol nadvézuje oporny mur
s dizkou 21,6 m, rovnako realizovany
z beténovych tvaroviek a vystuznej
geomreze.

Zalozenie mosta je hlbinné, na vel-
kopriemerovych pilétach s priemerom
900 mm a dizkou 7,50 m pri opore O1
a 8,40 m pri opore 02, zaloZenych na
tuhom podlozi zdravych bridlic.

D6 ZALMANOV - KNINICE, SO 205
MOST NA CESTE II/198 V KM 4,260
Most SO 205 je navrhnuty ako in-
tegrovand jednopolova konstrukcia

s rozpatim pola 38,0 m. Most prevadza
prelozku komunikacie 11/198 (SO 123)
ponad dialnicu D6. Most je navrhnuty
so Sirkovym usporiadanim kategérie
S7,5/90. Rozpitie a usporiadanie mosta
je navrhnuté tak, aby zohladnovalo
vedenie prekazky pod mostom a geo-
logické pomery, ktoré sa nachadzaja
pod mostom. Celkové dizka nosnej
konstrukcie je 394 m, jej Sirka je 8,5 m.

Nosna konstrukcia je spriahnuta,
ocelobeténova, tramova. Priecny rez
nosnou konstrukciou tvori $est nosni-
kov v tvare I, spriahnutych so Zelezo-
beténovou doskou s hribkou 250 mm
a votknutych do ramovych stojok. So
spriahajicou doskou a s oporami st
spojené pomocou spriahajicich tfnov
a betonarskej vystuze. Vyska nosnikov
v pozdiznom smere je od 1,20 m
v mieste votknutia do ramovych stojok
do 0,90 m v strede rozpitia. Ich osova
vzdialenost je 1,42 m. Hlavné nosniky
st zhotovené z troch montaznych
dielov, ktoré sa zvarili na stavbe na
docasnych podperach.

Betondaz spriahajucej dosky je navrh-
nuta po Castiach. Prva bude vybeto6-
novana stredna cast dosky a nasledne
krajné Casti spolu s ramovymi rohmi.
Pocas betonaze su nosniky spojené
prieénymi docasnymi stuzidlami.
Ocelové nosniky st uloZené na ocelové
stoli¢ky, ktoré budu osadené na
pracovnej Skare na rozhrani ramovej
stojky a ramove;j priecly.

Spodnu stavbu tvoria dve krajné zele-
zobeténové ramové stojky, do ktorych
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st votknuté Zelezobeténové zavesené
kridla. Ramové stojky su zalozené na
velkopriemerovych pilétach s prie-
merom 1200 mm a dizkou 15,0 m.
Opory sa skladaju z drieku, ramovej
priecly a rovnobeznych zavesenych
kridiel. Sicastou spodnej stavby su
aj samostatné oddilatované kridla

v tvare ,,U%, ktoré sa nachadzaju za
zavesenymi kridlami. V rdmovom
rohu je vybratie na uloZenie vlecenej
prechodovej dosky.

ZAVER

Z ukazok realizovanych mostov je
zrejmé, Ze integrované spriahnuté
ocelobeténové konstrukcie predsta-
vuji vhodnu technolégiu pre rézne
typy objektov. Pri nadjazdoch nad
dialnicami umoznuju jednopolové
usporiadanie bez podpier, ¢o zjedno-
dusuje vystavbu a znizuje naklady
na prevadzku v podmienkach
obmedzenej dostupnosti a vysokého
dopravného vytaZzenia. St vhodné aj
pre mensie stavby, ako st cyklolavky,
kde si1 obmedzené prostriedky na
prevadzku a zaroven je potrebna dlha
Zivotnost konstrukcie. m

Zdroje

1. Realiza¢na dokumentacia stavby (RDS):

D6 Lubenec - obchvat II. etapa: SO 221
Nadjezd polni cesty v km 73,642, SAGASTA,
S. r. 0., 2025.

. Realiza¢nd dokumentécia stavby (RDS):
1I/114, 11/117-Hotovice, vychodni obchvat:
SO 221 Lavka pro pési a cyklisty
v km 0,906, SAGASTA, s. r. 0., 2025.

. Realiza¢na dokumentacia stavby (RDS): D6
Zalmanov - Kninice: SO 205 Most na silnici
11/198 v km 46,260, SAGASTA, s. 1. 0., 2026.

. Ministerstvo dopravy: Technické podminky
TP 261 - Integrované mosty, srpen 2017.

. KRIZEK, J.: Integrované mosty -
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INTEGRATED STEEL-CONCRETE COMPOSITE BRIDGES AS A DURABLE

SOLUTION FOR BRIDGE STRUCTURES

Integral bridges are structures where the superstructure is monolithically con-
nected to the abutments without the use of bearings or expansion joints. In this
system, longitudinal deformations caused by thermal expansion and rheological
effects are transferred directly into the adjacent soil. This concept is successfully
applied to composite steel-concrete bridges of small to medium spans (20-50 m),
combining a slender steel structure with a concrete deck to provide an efficient
solution in terms of statics, construction, and durability. The absence of bearings
and joints significantly reduces maintenance costs, eliminates common structural
failures, and minimizes corrosion risks. Transition zones with reinforced soil, op-
timized abutment geometry, and local stiffness adjustments of the piles allow for
controlled structural deformations and favourable redistribution of internal forces.
Properly designed integral composite bridges represent a durable and progressive
solution that lowers operational demands and ensures reliability throughout the
entire design life. Existing projects in the Czech Republic confirm the practical

advantages and viability of this system.
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Doka Slovakia - spolahlivy
partner pre moderné a technicky
naroéné mostné stavby

Mostné stavby patria medzi
technologicky najnaroénejsie
konstrukcie dopravnej infrastruktuary
akladu vysoké naroky na statiku,
bezpeénost apresnost realizacie.
Spoloénost Doka Slovakia sa
vrokoch 2022-2025 podielala na
realizacii viacerych vyznamnych
mostnych projektov na Slovensku

aj vCeskej republike, pri¢om
poskytovala nielen debniace
systémy, ale aj komplexné technické
rieSenia prispésobené konkrétnym
technolégiam vystavby.

LETMA BETONAZ

Vyznamnym prikladom vyuzitia
technolégie letmej betonaze bol most
cez rieku Orava na iseku R3 Tvrdo-
§in-Nizna. Most SO 211 je dvojpolovy
komorkovy predpaty most srozpa-
tiami 88+88 m, realizovany pomocou
jedného paru vozikov letmej
betonaze. Kvoli nadstandardne;j Sirke
konzol mostovky boli konzoly lokalne
podopreté prefabrikovanymi vzpera-
mi, ¢o je pre metédu vystavby letmou
betonazou netypické, a preto zhotove-
nie 4-metrovej lamely trvalo 2 tyzdne
namiesto typickych 8 az 10 dni. Doka
Slovakia zabezpecila navrh a projek-
tovi dokumentaciu vozikov letmej
betonéze vratane nasadenych debnia-
cich systémov Top 50, Framax Xlife
aStaxo100. Okrem toho stavba
vyuzila sluzbu predmontaz debnenia

Obr. 1 Most nad riekou Orava na R3 Tvrdosin — Nizna nad Oravou,
SO 211 sa realizoval pomocou Doka-vozikov pre letmu betondz.

a podporu stavby Doka-montdznym
majstrom priamo na stavbe.
Technoldgia letmej betonaze zohrala
klucov ulohu aj pri vystavbe
rychlostnej cesty R2 Krivan-Mytna,
kde vznikla najdlhsia estakada na Slo-
vensku sdizkou 4,374km. Na objekte
S020901 boli na dilatacnom celku DC4
nasadené tri pary vozikov Doka letmej
betonaze. Jednokomorova predpita
konstrukcia s premenlivym prierezom
si vyziadala precizne navrhnuté deb-
nenie avysoky bezpec¢nostny Standard
zabezpeceny uzavretymi pracovnymi
plosinami a zachytnymi sietami.
Okrem toho sa pred kazdou betondzou

vykonavali hydraulické skiSobné
zatazenia ukotvenia vozikov. Pracovny
cyklus 5-metrovej lamely trval 8 az 10
dni. Sucastou dodavky boli aj sluzby
montazneho majstra atechnika
priamo na stavbe.

VYSUVNA SKRUZ

Na tom istom tiseku sa v dilata¢nych
celkoch DC1 aDC2 pri realizacii
objektu SO 20902 uplatnila aj
technoldgia vysuvnej skruze BERD.
Konkrétne islo o skruz s hornym nos-
nikom, ktora je jednou znajvacsich
vysuvnych skruzi vEurdpe uréena
pre rozpétia do 70 m. Tato skruz podo-
pierala Doka nosnikové debnenie Top
50 Specidlne navrhnuté na pédorysné
zakrivenie mosta alimitnii hmotnost
debnenia 95 ton. Vdaka Specialnej
posuvnej prilozke vyrobenej na
mieru sa dalo boéné debnenie stien
komorkového prierezu rektifikovat
vo vodorovnom smere s milimetro-
vou presnostou, a tak kompenzovat
rozdiel medzi mostnou konstrukciou
v obluku a debnenim na priamej
vysuvnej skruzi BERD.

SPRIAHNUTE MOSTY

Doka Slovakia sa ispesne uplatnila aj pri
vystavbe spriahnutych ocelovobeténo-
vych mostov. Na uiseku dialnice D3 Hodé-
jovice-Ttebonin dodala dva spriahnuté
debniace voziky s dizkou 24 m pre lavy

a pravy most, v kombinacii s nosniko-
vym debnenim Top 50. ISlo o betonaz
11-polového tramového mosta cez tidolie
Plavnice. Zhotovenie 21 m dlhého taktu
trvalo 14 dni. Celkova hmotnost vozika

s debnenim hola cca 70 ton.

Rovnaky princip sa uplatnil aj

pri vystavbe estakady na D1 Riko-

Obr. 2 Vystavba R2 Krivan — Mytna, SO 209 01 realizovany pomocou 3 parov Doka-vozikov pre letmu betondz.
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vice-Prerov, kde boli nasadené
spriahnuté voziky na 941m dlhom
moste s premenlivou §irkou. Dizka
taktu bola 24 m a jeho zhotovenie
trvalo 10 az 12 dni. Celkova hmotnost
vozika s debnenim pre SirSiu nosnt
konstrukciu bola cca 90 ton.

TECHNOLOGIA POZDLZNEHO
VYSUVANIA

Medzi vyznamné projekty patrila

aj ucast na vystavbe najvicsieho
zaveseného mosta v Ceskej republike
na ceste I/36 vPardubiciach. Most
S0 203 bol realizovany technolégiou
pozdizneho vystivania a Doka
Slovakia dodala debniace rieSenia
pre spodnu stavbu, pylén aj hornt
nosnu konstrukciu s dérazom na
bezpecnost a presnt koordindciu sta-
vebnych faz. Z pohladu realizacie ide
o zadebnenie, vystuzenie, odliatie
mostovky po jednotlivych lamelach
pred oporou v takzvanej ,,vyrobni*

a nasledné pripnutie a vysunutie
zhotovenej konstrukcie pomocou
hydrauliky.

REKONSTRUKCIE MOSTOV
Portfélio realizacii doplnili aj rekon-
Strukcie mostov, ktoré si vyzaduju
citlivé zosuladenie novych konstruke-
nych rieSeni sexistujucim stavom.
Prikladom bola rekonstrukcia
Strananského mosta vMichalovciach,
kde sa vyuzilo ramové debnenie
FramiXlife a podperny systém
Staxo100, kotveny do existujucich
pilierov pomocou chemickych kotiev.

DOCASNE PREMOSTENIA
Okrem trvalych konstrukcii sa
Doka Slovakia podielala aj na
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Obr. 3 Usek R2 Krivafi — Mytna, SO 209 02 sa realizoval pomocou vysuvnej
skruze BERD v kombinacii s Doka nosnikovym debnenim Top 50.

Obr. 4 Doka-spriahnuté debniace voziky pri vystavbe D1 Rikovice - Pferov, SO 209

realizacii docasnych premostenti,
napriklad pesej lavky v Seredi.
Nosna konstrukcia bola vytvorena
zmodulového leSenarskeho systému
Doka Ringlock, pouzitim samostatne
stojacej priestorovej konstrukcie
sdlzkou priblizne 80 m. Systém preu-
kézal svoju univerzalnost a vhodnost
aj pre staticky abezpecnostne
naroc¢né docasné riesenia. Technic-
kou zaujimavostou bolo rozpéatie

Obr. 5 Pohlad na ,vyrobiu" vysuvania a odliatie lamely mostovky na ceste
1/36 Pardubice, Trnova — Fablovka — Dubina.

flexibilitu rieSeni aodborné zazemie

hlavného pola lavky ponad Zeleznicu
az 20,5 m.

DOCASNE PODOPRETIE MOSTOV
Sucastou portfélia Doka st aj tazké
podperné systémy vhodné na docasné
podopretie mostov vhavarijnom stave,
kde je rozhodujtca rychlost zasahu
avysoka unosnost. Jednym z tychto
systémov, ktory bol prvykrat nasadeny
na Slovensku v roku 2025, bol systém
Doka UniKit. Jeho uspesné nasadenie
potvrdilo potencial tohto systému pre
prenos extrémne velkych zatazeni.

DOKA JE SPOLAHLIVY

PARTNER PRE VASE PROJEKTY
Mostné projekty zrokov 2022-2025
potvrdili Siroké technické portfolio,

spolo¢nosti Doka Slovakia. Sktisenos-
ti sletmou betonazou, spriahnutymi
konstrukciami, vysuvnymi skruzami,
pozdiZznym vystivanim aj zavesenymi
mostmi dokazujui schopnost posky-
tovat technicky precizne abezpecné
rieSenia pre najnaroc¢nejsie mostné
stavby vsulade sdlhodobymi cielmi
rozvoja beténovych konstrukcii pod-
porovanymi Slovenskym narodnym
komitétom fib. m




Mosty vo vystavbe / Bridges under construction

Vystavba mostov
na dialnici
D1Bratislava

- Triblavina,
rozsirenie

Prispevok opisuje navrhy mostnych objektov

v budovanej krizovatke prepojenia dialnic D1

a D4. Spolu ide o 21 objektov, pri navrhu ktorych
boli pouzité r6zne typy konstrukcii s ohladom na
prekonavané prekazky. Su to viacpolové spojité
konstrukcie z vopred predpatych prefabrikovanych
nosnikov, jednopolové ramové konstrukcie

s ocelovymi nosnikmi, rozperakové konstrukcie

s vopred predpatymi nosnikmi a jednopolové
Zelezobeténové ramové konstrukcie.

Construction

of bridges on

the Bratislava

- Triblavina D1
motorway section
(road widening
and extension)

The article presents the design of bridge
structures at the interchange of the D1and D4
motorways. In total, there are 21bridges at the
interchange (which is now under construction).
Taking into account the obstacles on the Project
sites, various types of bridge structures were
incorporated in the design: multi-span continuous
bridges with pre-stressed precast girders, single-

Jan Kroc¢ka

Jaroslav Guoth

Usek dialnice D1 z Bratislavy do Senca je druhou najstar-
Sou dialni¢nou stavbou na Slovensku. Budovat sa zacala

v roku 1972 a do uzivania bola odovzdana o tri roky neskor
ako Stvorpruhova dialnica v kategérii D 26,5. Odvtedy
vsak doslo k rapidnemu narastu automobilovej dopravy

a dnes sa jej denné intenzity blizia k poc¢tu 70 000 vozidiel.
V désledku toho uz povodné sirkové usporiadanie kapacit-
ne aktualnej doprave nevyhovuje a vyzaduje si zvacSenie
poctu jazdnych pruhov.

V roku 2009 tsek presiel ¢iasto¢nou rekonstrukciou,
ktorej vysledkom bolo zvysenie poctu jazdnych pruhov
zo Styroch na Sest na ukor spevnenej Casti krajnice, ktora
bola minimalizovana, ¢im sa sice zvysila kapacita dialni-
ce, ale vyrazne znizila bezpecnost z d6vodu nemoznosti
odstavit vozidlo v pripade nevyhnutnosti.

Vyznamnou dopravnou trasou, ktora medzi¢asom na
uzemi pribudla a ktora vyrazne ovplyviuje priestorové
usporiadanie dialnice D1, je dialnica D4. Do uzivania bola
odovzdana v roku 2021, ale bez krizovatkového prepojenia
s dialnicou D1. Komplexny navrh prestavby dialnice D1,
ktory pocital uz aj s dialnicou D4, bol spracovany v doku-
mentéacii na stavebné povolenie v roku 2016 a pravoplatné
stavebné povolenie ziskal v rokoch 2020, resp. 2021. Stavba

span frame structures with steel girders, strut-
braced bridges with pre-stressed girders, and
single-span reinforced concrete frame bridges.

The Bratislava - Senec section of the D1 motorway is the second
oldest motorway in Slovakia. Its construction began in 1972,
and it was opened to traffic three years later as a four-lane
motorway of the D 26.5 category. Since then, there has been
arapid increase in road traffic, with its daily volumes now ap-
proaching 70,000 vehicles. As the original cross-section profile
of the motorway no longer meets the capacity requirements of
current traffic, addition of new lanes has become necessary.
In 2009, the motorway section underwent partial reconstruc-
tion, resulting in an increase in the number of lanes from
four to six at the expense of the hard shoulder, which had

to be reduced to a minimum width. Although this solution
increased the motorway’s capacity, it significantly reduced
the road safety by limiting the lay-by space for drivers.

In the meantime, a new major transport route significantly
influencing the layout and alignment of the D1 motorway
has been constructed in the nearby area - the D4 motorway.
Opened to traffic in 2021, the D4 had been designed without
an interchange connection to the D1 motorway. A compre-
hensive proposal for the reconstruction and upgrade of the
D1 motorway, now also taking the D4 motorway connection
into account, was drawn up in the Building Permit Docu-
mentation in 2016. The valid Building Permit for the Project

Ing. Jaroslav Guoth, DOPRAVOPROJEKT, a. s., Bratislava, divizia Zvolen, M. R. Stefinika 4724, 960 01, Zvolen, tel.: 045/520 33 01, e-mail: guoth@dopravoprojekt.sk
Ing. Jan Kro¢ka, DOPRAVOPROJEKT, a. s., Bratislava, divizia Zvolen, M. R. Stefanika 4724, 960 01, Zvolen, tel.: 045/520 33 01, e-mail: krocka@dopravoprojekt.sk
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Obr. 1 Situacia krizovatky D1a D4
Fig. 1 Layout of the D1 and D4 junction

je momentalne v pokrocilom stadiu, pricom vac¢sina most-
nych objektov je uz vybudovanych a sltizia svojmu tcelu,
resp. st pred dokoncenim.

Objednavatelom stavby je Narodna dialni¢na spoloc¢nost,

a. s., Bratislava. Stavbu realizuje polska spolo¢nost Budimex
S. A. Projektovi dokumentaciu na vykonanie prac vypracu-
va spolo¢nost DOPRAVOPROJEKT a SHP SK. Vystavba sa
riadi zmluvnymi podmienkami zltej knihy FIDIC.

OPIS MOSTNYCH OBJEKTOV

Rozperakové konstrukcie

Na stavbe je s rozperdkovym téinkom navrhnutych péat
mostnych objektov. Tri mosty st na zacdiatku useku, a to
na dialnici D1 ponad ulicou Pri mlyne, a dva na kolekto-
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was obtained in 2020 and 2021 respectively. The Project is
currently at an advanced stage, with most of the bridge struc-
tures either already built and in use, or nearing completion.
The Client for the Project is Narodna dialni¢nd spolocnost,
a. s. Bratislava (the National Motorway Company, Slovakia).
The Construction Contractor is BUDIMEX S.A., Poland. The
suppliers of the Construction Design are DOPRAVOPRO-
JEKT and SHP SK. The Project is based on the contractual
conditions of the FIDIC Yellow Book.

DESCRIPTION OF BRIDGE STRUCTURES

Strut-braced structures

Five bridge structures with a strut-bracing effect have been
designed for the Project. Three bridges are situated at the
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Obr. 2 Pozdizny rez rozperakovou konstrukciou
Fig. 2 Longitudinal section of the strut-braced bridge
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Obr. 3 Most na kolektorovych pasoch ponad ulicu Pri mlyne,
vystavba mosta na D1

Fig. 3 Bridge on collector roads over Pri mlyne Street,
construction of the bridge on the D1

rovych pasoch ponad tou istou ulicou. Dalsie dva vedti na
dialnici D1 ponad Ciernu vodu a na uéelovej komunikacii,
takisto ponad Ciernou vodou.

Ide o konstrukcie s jednym polom s rozpétim 19,7 m

(17,5 m kolmo). Nosnu konstrukciu mostov tvori 13 az 16 ks
typovych, vopred predpéatych tyéovych prefabrikatov

s dizkou 20,37 m. Nosniky sti spojené spriahajiicou Zelezo-
beténovou doskou s hribkou 200 mm a koncovymi priec-
nikmi, ktoré st spojené so spodnou stavbou pomocou
vrubovych kibov.

Spodna stavba je tvorena Zelezobeténovymi stenami

a zelezobetonovymi zakladovymi pasmi. ZaloZzenie mosta
je hibkové na velkopriemerovych pilétach.

Vystavba mostov prebiehala pocas prevadzky na miestnej
komunikicii. Cesta bola uzavreta len pocas burania exis-
tujuceho mosta na D1 a kladenia nosnikov na mostoch.

Ramova konstrukcia - ocelobetonova

Ponad Zelezni¢nu trat si navrhnuté na D1 a kolektoroch
tri mostné objekty.

Zo statickej stranky predstavuju tieto mosty ramovu
konstrukciu s jednym polom s rozpéatim v priemere 39,5 m
(20,2 m kolmo). Nosnt konstrukciu mosta tvori v dvoch
pripadoch 14 ks a v jednom pripade 18 ks ocelovych nos-
nikov s priemernou diZkou 29,20 m. Nosniky st spojené
spriahajicou Zelezobeténovou doskou s hribkou 250 mm.
Ocelové nosniky aj so spriahajucou zelezobeténovou
doskou st votknuté do nabehu krajnych op6r. Spodna

PR B L BRATSLAVA

beginning of the section - the D1 motorway section passing
over Pri mlyne Street, and two on the collector roads
passing over the same street. The other two are on the D1
motorway section crossing the Cierna voda river and on

a service road (also crossing Cierna voda).

The bridges are single-span structures with a span of 19.7 m
(17.5 m perpendicular). Their superstructures consist of

13 to 16 standard-type pre-stressed precast concrete beam
elements, with a length of 20.37 m each. The girders are con-
nected by a 200 mm thick reinforced concrete deck and end
cross-beams, connected to the substructure by hinged joints.
The substructure consists of reinforced concrete walls and
reinforced concrete strip footings. The bridges have deep-
set foundations with large-diameter piles.

The works on the bridges were carried out while the local
road remained open to traffic and was closed only during
the demolition of the existing bridge on the D1 and during
the laying of the bridge girders.

Frame bridges - steel-and-concrete structures

The design includes three bridges on the D1 and collector
roads passing over the railway line.

From the structural point of view, the bridges have the
concept of a single-span frame structure with an average
span of 39.5 m (20.2 m perpendicular). In two cases, the
bridge superstructures consist of 14 steel girders, and one
bridge has 18 steel girders. The girders have an average
length of 29.20 m, and are connected by a 250 mm thick com-
posite deck of reinforced concrete. The steel girders, together
with the composite deck of reinforced concrete, are embed-
ded in the haunched ramp of the abutment. The substructure
consists of reinforced concrete abutments. The bridge on the
collector roads has a deep-set foundation with large-diameter
piles. The foundations on the D1 are a combination of large-
diameter piles and micropiles. The micropiles were designed
at the foundation locations of the original bridge.

Frame structures

At the D1-D4 junction, eight frame bridge structures are de-
signed to span the junction branches. Their superstructures
are made of reinforced concrete decks of even thickness,
with haunched ramps at the abutments. The substructure
of the bridges consists of reinforced concrete abutments on
shallow foundations.

Composite continuous structures

Four bridge structures are designed over the Sursky Canal
on the D1, on the collector roads and on the unpaved
country road.

The superstructures are five-span, continuous, beam-type
structures made of pre-stressed precast girders, with
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Obr. 4 Pozdizny rez ramovou ocelobeténovou konétrukciou
Fig. 4 Longitudinal section of the steel-and-concrete frame bridge
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stavba je tvorena zelezobeténovymi oporami. ZaloZenie
mosta na kolektorovych pasoch je hibkové, na velkoprie-
merovych pilétach. ZaloZenie na D1 je kombinované s¢asti
na velkopriemerovych pilétach a sc¢asti na mikropildtach.
Mikropiléty boli navrhnuté v miestach zakladu pévodné-
ho mosta.

Ramové konstrukcie

V krizovatke D1 s D4 je navrhnutych osem mostnych
ramovych objektov, ktoré premostuju krizovatkové vetvy.
Nosnou konstrukciou je Zelezobeténova doska s konstant-
nou hrubkou s ndabehom pri oporach. Spodnt stavbu
mostov tvoria plosne zaloZené Zelezobetdénové opory.

Spriahnuté spojité konstrukcie

Ponad Strsky kanal st navrhnuté na D1, na kolektorovych
péasoch a na polnej ceste Styri mostné objekty.

Nosné konstrukcie s 5-polové, spojité, tramové, z vopred
predpatych prefabrikovanych nosnikov, ktoré st zmono-
litnené v miestach priecnikov na podperach a oporach

a spriahnuté so zelezobeténovou doskou s hrtiibkou

200 mm. Rozpatie mostov v osi je 15,0 + 3 x 18,5 + 15,0 m.
Nosnu konstrukciu mosta tvori 7 az 17 ks typovych,
vopred predpitych tyéovych prefabrikatov s dizkou

20,37 m. Opory a Styri medzilahlé piliere st zaloZené
plosne. Medzilahlé podpery maju dve, resp. tri stojky

v zavislosti od sirky mosta.

Dal$ou spriahnutou spojitou konstrukciou je nadjazd
na ucelovej komunikacii ponad dialnicu D1. Je na-
vrhnuty ako 2-polovy, spojity, z vopred predpitych
prefabrikovanych nosnikov so zmonilitiiujacimi priec-
nikmi a spriahnutou Zelezobeténovou doskou s hriabkou
200 - 365 mm.

Rozpitie mosta v osi je 29,9 + 299 m. Nosnu konstrukciu
mosta tvori 6 ks typovych, vopred predpétych tycovych
prefabrikatov s dizkou 29,95 m. Spodna stavba pozostava
z krajnych opor a zo stredového piliera, zalozenych na
velkopriemerovych pilétach s priemerom 1 200 mm.

Uprava kridel a prislu$enstva na existujlicom moste
V ramci PPP projektu pre vystavbu dialnice D4 bol posta-
veny most na D1 zohladiiujuci jej rozsirenie a krizujuci

Obr. 6 Most na D1 a kolektorovom pase ponad krizovatkové vetvy
Fig. 6 Bridge on the D1 and collector road spanning the junction branches

i .
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Obr. 5 Most na kolektorovom pase ponad Zeleznicou
Fig. 5 Bridge on the collector road passing over the railway

cast-in-situ closure at the crossbeams on the piers and
abutments and tied to a 200 mm thick reinforced concrete
deck. The bridge spans in the centreline are 15.0 + 3 x 18.5 +
15.0 m. The superstructure consists of 7 to 17 standard-type
pre-stressed precast beam elements, each 20.37 m long.

The abutments and the four intermediate piers are set on
shallow foundations. The intermediate piers have two or
three columns, depending on the width of the bridge.
Another composite continuous structure is the flyover

on the service road over the D1 motorway. It is designed

as a two-span, continuous structure made of pre-stressed
precast girders with cast-in-situ crossbeams and a composite
reinforced concrete deck with a thickness of 200 - 365 mm.
The bridge span in the centreline is 29.9 + 29.9 m. The bridge
superstructure consists of six standard-type pre-stressed
precast beam elements, with a length of 29.95 m each. The
substructure consists of end abutments and a central pier,
founded on large-diameter piles with a diameter of 1,200 mm.

Modification of the wing walls and accessories

on the existing bridge

As part of the PPP project for the construction of the D4
motorway, a bridge was built on the D1 in consideration of
its widening. The bridge intersects the D4 motorway. In this
project, the D1 bridge wing walls that did not correspond

to the widening of the D1 motorway had to be removed

Obr. 7 Most na kolektorovom pase veduci ponad Sursky kanal
Fig. 7 Bridge on the collector road over the Sursky Canal
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dialnicu D4. V tejto stavbe sme na tomto moste na D1
odstranovali kridla, ktoré nezodpovedali rozsireniu
dialnice D1, a dopliiali nové kridla. Kridla boli navrhnuté
ako vystuzené svahy, tento systém bol navrhnuty na celej
stavbe. Zaroven bolo potrebné navrhnut nové prislusen-
stvo, pricom sme museli vyhoviet poziadavke nezasahovat
do nosnej konstrukcie, preto sme nemohli pouzit klasické
odvodiiovace. Na odvodnenie boli pouzité zlaby z nehr-
dzavejticej ocele, zatistené do pozdizneho odvodiiovacieho
potrubia.

ZAVER

Néavrhy mostnych konstrukcii vychadzali z potrieb pre-
konavat jednotlivé prekazky s dérazom na ich efektivnost
z pohladu stavebnych nakladov a ¢asu vystavby pri res-
pektovani plnenia vSetkych poziadaviek na ich prevadzku.
Pri ich navrhu sme prihliadali na minimalny zasah do
existujuceho nasypu D1.

Predmetny usek dialnice je v realizacii od konca roku
2022.V sucasnosti su v prevadzke mosty na kolektorovych
pasoch. Na mostoch na D1 prebiehaju zaverecné prace na
upravach pod mostmi. Predpokladany termin odovzdania
stavby do uzivania je uréeny na rok 2026.

Cielom vystavby prezentovanej stavby je vyriesit hlavny
dopravny problém spocivajici v chybajicom prepojeni
dialnic D1 a D4. Tym sa umozni plné vyuzitie dialnice D4,
ktora doplia dialnicu D1, druht najstar$iu na Slovensku,
prechadzajicu mestom.

Rozsirenie dialnice D1 zlepsi dopravnu situaciu na vjazde
do Bratislavy a vyjazde z nej smerom na Trnavu v ¢ase
dopravnych Spiciek.

Za kazdou stavbou je pribeh
stavebného inziniera

CING 2026 - prihlasovanie projektov je otvorene.

Za kazdym projektom je viac nez len vysledok.

SU to rozhodnutia, skisenosti a zodpovednost’, ktore
formuju kvalitu stavieb okolo nas.

Sut'az Cena Inzinierskej komory vo vystavbe - CING

2026 — ocenuje diela, ktore reprezentuju vysoku Uroven
stavebneho inZinierstva na Slovensku.

Slovenska komora stavebnych inZinierov

www.sksi.sk | www.cenaing.sk

and new wing walls had to be added. The wing walls were
designed as reinforced slopes. This system was applied
throughout the entire construction. It was also necessary
to design new accessories and to comply with the require-
ment not to interfere with the existing superstructure.
Therefore, it was not possible to use conventional drains.
Instead, stainless steel conduits discharging into a longitu-
dinal drainage pipe were used.

CONCLUSION

The designs of the bridge structures were prepared with
regard to the obstacles to be addressed on the Project site,
with emphasis on the cost-efficiency and duration of the
construction, and on compliance with all operational
requirements. In the design, we took into account the need
for minimal interference with the existing D1 embank-
ment.

The section of the motorway in question has been under
construction since the end of 2022. The bridges on the
collector roads are already in use now, while final modifica-
tion works beneath the bridges on the D1 are still in pro-
gress. The anticipated date for the handover of the Project
for use is set for 2026.

The aim of the Project is to address the main traffic
problem caused by the absence of connection between
the D1 and D4 motorways. Elimination of this problem
would facilitate the full use of the D4 motorway, which
creates a network with the D1 motorway passing through
the Slovak capital. The widening of the D1 motorway will
improve the traffic situation at the entry and exit points
between Bratislava and Trnava during peak traffic periods.

Prihlasovanie do 3. rocnika sut'aze je otvorene
od 27. aprila 2026.

Ak ste sa podielali na projekte, ktorg ma svoj vgznam,
je €as ho predstavit' odbornej verejnosti.

Ukazte pracu, na ktort mozete byt hrdi!

Cena inzinierskej

kamory vo
vystavbe
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Cement prevereny casom

Cement je po vode druha
najcéastejSie pouzivana surovina
vo svete. Vzhladom na neustaly
rast svetovej spotreby beténu

z dévodu rastu svetovej populacie
bude potreba cementu nad'alej
rast. Vyroba cementu je podla
expertov zodpovedna za vznik

7 -8 % celkovych emisii CO, vo
svete vyprodukovanych ludskou
¢innostou.

Potencidl pre redukciu emisii CO,
privyrobe cementu a beténu je
velky. V ramci Eurdpskej klimatickej
dohody si EU stanovila zavizny ciel
dosiahnut klimatickt neutralitu do
roku 2050. Ako medzistupen ku kli-
matickej neutralite zvysila EU svoje
ambicie v dokumente ,,FIT FOR 55
tym, Ze si stanovila ciel znizit emisie
CO, do roku 2030 aspol o0 55 % oproti
referenénému obdobiu z roku 1990.

Povazska cementaren berie zavazok
ochrany zivotného prostredia pre
budtice generacie ako prioritnu
spoloc¢ensku zodpovednost. Zavadza-
nim najmodernejsich dostupnych
technoldgii na vyrobu cementu,
prispoésobovanim procesov a v spolu-
praci so svojimi zdkaznikmi neustéle
znizuje emisie sklenikovych plynov

vo vyrobe (hlavne CO,). Vysokokva-
litnymi zmesovymi cementami

s podielom trosky a vapenca Povaz-
ska cementaren uspesne nahradila
vysokoemisné portlandské cementy.

Vyuzivanim alternativnych surovin
a materialov pri vyrobe cementu,
kontinualnym zvySovanim podielu
alternativnych paliv, ktoré by inak
boli zatazou pre zivotné prostredie,
a neustalym energetickym zefektiv-
novanim vyrobného procesu patri
cementaren v Ladcoch uz dlhé roky
medzi lidrov v uvadzani nizkoe-
misnych cementov na stavebny trh
strednej Eurdpy. Jednym z hlavnych
cielov je o najviac eliminovat
vyuzivanie fosilnych paliv v procese
vyroby. V Ladcoch sa podarilo znizit
vyuzivanie fosilnych paliv o viac ako
80 %! Aj na ukor ziskovosti st vyuzi-
vané alternativne paliva s vysokym
obsahom biomasy.

Povazska cementaren uz dnes

spiiia ciele zniZenia CO, pri vyrobe
cementu vychadzajice z dokumentu
,»FIT FOR 55“. Dobrou spravou je, ze
pri vyrobe zmesovych cementov

sa v Ladcoch vyuziva mnozstvo
alternativnych surovin na ukor
portlandského slinku. Vdaka vysokej

stabilite vyroby a sofistikovanej
kontrole vyrobného procesu dosa-
huji zmesové cementy kvalitativne
parametre klasickych portlandskych
cementov a tym su plnohodnotnou
zelenou alternativou voci konvenc-
nym cementom.

Nizkoemisné zmesové cementy

z Ladiec su Ziadané nielen na Sloven-
sku. S vyuzitim bezemisnej Zeleznic-
nej prepravy si nasli velké uplat-
nenie pri vystavbe infrastruktary

a naroc¢nych stavebnych projektoch
v stredoeurépskom regiéne. Spicko-
va kvalita zmesovych cementov je
vysoko cenena na mnohych naroc¢-
nych stavebnych dielach s vysokou
celospoloc¢enskou hodnotou.
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Povazska cementaren uz viac ako
135 rokov prinasa na stavebny trh
nielen kvalitné cementy, ale aj
zodpovedné, inovativne a hlavne
dlhodobo udrzatelné rieSenia. V 135-
rocnej histérii ladc¢ianskych cemen-
tarov nebol zisk prioritnym tcelom,
ale prostriedkom na dosiahnutie
vécsieho dobra. Pribeh ladcianskej
cementarne, popri zabezpecovani
uloh v zlozitom hospodarskom pro-
stredi s dominanciou nadnarodnych
koncernov, je dlhodobo postaveny

na spolocenskych, duchovnych

a etickych hodnotach. Na Slovensku
patri k firmam s najvacsou dove-
ryhodnostou a spitia najprisnejsie
kritéria spolahlivosti a stability na
stredoeurdopskom trhu.

Kazdy ma vlastnu cestu a moznost
nieco zmenit, aby sa svet stal oby-
vatelnejsi a ludskejsi. Ludia si ¢asto
myslia, Ze ¢iny, ktoré davaju nadej,
by mal robit niekto iny. Pre lad¢ian-
skych cementarov je podnikanie

v oblasti vyroby cementu nieco
vyssie a vzneSenejsie. Je to moznost
zachovania hodnoét pre buduce gene-
racie, ktoré preveril ¢as. B

www.pcla.sk
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Novy cestny
nadjazd na Ulici
1. maja v Ziline

Prispevok informuje o aktualnom stave vystavby
cestného nadjazdu v Ziline, ktory je budovany

ako predlzenie Ulice 1. maja a prevadza mestsku
komunikaciu Qad ez(istujucou zastavbou, ktoru
tvori 16 kolaji ZST Zilina a 3 miestne komunikacie.
Nosnu konstrukciu mosta tvori sedem poli

s celkovou dizkou mosta 331,5 m, v prieénom reze
ide o predpaty dvojtram, odlah¢eny v zavesenom
poli a typicky v nadvazujucich estakadovych
poliach. Nosna konstrukcia je nad jednotlivymi
podporami stuzena pomocou spodnych eliptickych
dosiek. Dvojtram je symetricky zaveseny

v hlavnych poliach s dizkou 75 m pomocou dsmich
parov zavesov cez pylén v tvare ,V* s vyskou 27 m.
Prispevok je zamerany na podrobnosti samotnej
vystavby mosta.

A new road
overpass

on 1. May Street
in Zilina

The article provides information about the
current state of construction of the road
overpass in Zilina that is being built as an
extension of 1. May Street. It carries the city
road over the existing infrastructure consisting
of 16 tracks at the Zilina railway station and 3
local roads. The bridge's supporting structure
consists of seven spans with a total length of
3315 m; in cross-section, it is a prestressed
double-girder bridge, with a lightened design in
the suspended span and a standard design in
the connecting viaduct spans. The supporting
structure is braced above the individual supports
using lower elliptical plates. The double-girder
bridge is symmetrically suspended in the main
spans, each 75 m long, using eight pairs of

Filip Glovina

Matus Uhlik Libor Konecny

Zaverom roka 2025 bola dané do uzivania nova autobu-
sova stanica v Ziline, v nadviznosti na ¢o sa rozbehla
dostavba nového cestného sedempolového nadjazdu

v Ziline. Etapa II zahffia prelozky inZinierskych sieti

a nasledne dobudovanie nadvézujucej estakady

s napojenim na Ulicu 1. méja (tri podpery a mostné
polia 1a 2 s konzolovym presahom do pola 3).

Most bude po dostavbe prevadzat dvojpradovi mestskt
komunikéciu kategdrie MZ 8,5/40 (bez verejnych chodni-
kov) z centra mesta ponad kolaje Zelezni¢nej stanice Zilina
a dve komunikacie a napoji sa krizovatkou na komuni-
kéciu I/61 (Lavobrezna ulica). Celkova dizka cestného
prepojenia bude takmer 635 m.

hangers attached to a 27-meter-high V-shaped
pylon. This text will focus on the details of the
bridge's construction.

Due to the fact that the new bus terminal in Zilina was

put into service at the end of 2025, construction of a new
seven-span road overpass in Zilina has begun. Phase II
includes the relocation of utility lines and the subsequent
completion of the connecting overpass with a connection
to 1. May Street (three supports and bridge spans 1 and 2
with a cantilevered extension into span 3).

Once completed, the bridge will carry a two-lane urban
road of category MZ 8.5/40 (without public sidewalks) from
the city centre over the tracks of the Zilina railway station
and two other roads and will connect via an intersection to
Road I/61 (Lavobrezn4 Street). The total length of the road
connection will be nearly 635 m.
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Obr. 1 Postup vystavby mosta — rozvinuty pohlad
Fig. 1 Bridge construction process — plan

i

Obr. 2 Celkovy pohlad na most (zdroj: GEFOS Slovakia, s. r. 0.)
Fig. 2 General view of the bridge (source: GEFOS Slovakia, s. r. 0.)

KONCEPCIA MOSTA

Podorysné a vyskové vedenie mosta muselo byt prispd-
sobené existujuicej ceste na Ulici 1. maja a budove, ktora
spravuje ZSSK pri krizovatke Ulice 1. maja a Hviezdoslavo-
vej ulice. Konstrukcia mosta zaroven prechadza vo vyske
7 m nad niveletou kolaji, ¢o bola poZiadavka ZSR na zabez-
pecenie dostato¢nej podchodnej vysky nad zrekonstruo-
vanou tratou zilinskej stanice. Medzilahlé podpery mosta
bolo mozné umiestnit iba v osiach néstupist. Na Uholnej
ulici bola polohou klicového kanalizacného zberaca DN
1200 obmedzena moznost jeho presunu, ¢o ovplyvnilo
rieSenie napojenia konca mosta. Okrem technickych
poziadaviek bolo potrebné, aby most esteticky zapadol

do intravilanu mesta a bol v stilade s priemyselnym
charakterom okolia Zelezni¢nej stanice. Hlavnym cielom
navrhu bolo, aby bol most nielen funk¢ny, ale aby svojim
vzhladom dopirial a obohatil architektonicku scenériu
mesta (obr. 2).

STATICKY A DYNAMICKY VYPOCET MOSTA

V ramci programového systému Midas Civil vypracovala
firma LKM Consult podrobnu staticktl a dynamicka
analyzu. Vzhladom na zlozitli geometriu mosta, postupna
vystavbu a pouzity typ prierezu bola nosna konstrukcia
modelovana ako priestorovy rost. Na overenie rozdelenia
napiti v prieénom reze, vyhodnoteni lokalnych oblasti
kotvenia zavesov, rebier a oblasti podpdr bol vytvoreny

BRIDGE DESIGN

The bridge’s plan and elevation had to be adapted to the
existing road on 1. May Street and the building managed
by ZSSK at the intersection of 1. May and Hviezdoslavova
Streets. The bridge structure also passes 7 meters above
the track level, which was a requirement of investor
(Slovak railways) to ensure sufficient clearance height
over the reconstructed track at the Zilina station. The
intermediate bridge supports could only be placed along
the axes of the platforms. On Uholna Street, the location
of the key DN 1200 sewer collector limited the possibil-
ity of relocating it, which influenced the design of the
bridge’s connection at the end.

In addition to technical requirements, it was necessary
for the bridge to blend aesthetically into the cityscape
and harmonize with the industrial character of the area
surrounding the railway station.

The main objective of the design was for the bridge

to be not only functional but also to complement

and enrich the city’s architectural landscape with

its appearance.

STATIC AND DYNAMIC BRIDGE ANALYSIS

Using the Midas Civil software package, LKM Consult
conducted a detailed static and dynamic analysis. Given
the bridge’s complex geometry, phased construction,
and the type of cross-section used, the load-bearing
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doskovo-stenovy 3D model celej konstrukcie. Vel'ka
pozornost sa venovala podporovym oblastiam dvojtramov
s doplnenou spodnou doskou, vystavbe zavesenych poli
aich postupnému napinaniu pomocou sudrznych predpi-
nacich kablov. Pylény boli poc¢itané nelinearnou analyzou
so zohladnenim tc¢inkov 2. radu. Vystupy z podrobného
priestorového modelu nosnej konstrukcie vratane seiz-
mickych ucinkov slizili na dimenzovanie spodnej stavby
(lozisk, navrhu pilierov a zaloZenia).

S ohladom na postupnt vystavbu, zmeny statického
systému a rozdielny ¢as vzniku konstrukénych prvkov
bola vykonana detailna ¢asovo-zavisla analyza nosnej
konstrukcie. Tieto vypocty sluzili na stanovenie redistri-
bucie statickych uéinkov, urcenie reakcii na montazne
podpery a analyzy ucinkov od reologickych javov, ako st
dotvarovanie a zmrastovanie.

Statickym postudenim sa preukazalo splnenie medznych
stavov pouzitelnosti a inosnosti, splnenie poziadavky na
dekompresiu v oblasti predpinacich kéblov v ¢astej kom-
binacii a doplnenie betonarskej vystuze na obmedzenie
§irky trhlin v prierezoch, v ktorych bola v charakteris-
tickej kombinécii prekrocena tahova pevnost (typicky

v dvojtramoch spodné vlakna pri vnutornych podperach).
Celkovo vysoka hladina normalovych napiti koreSpondu-
je s pouzitim vysokopevnostného beténu pre mostovku aj
pylon.

Pomocou dynamickej analyzy sa dalej vy¢islili vlastné
tvary konstrukcie a preukazalo sa, Ze zavesend odlahcena
konstrukcia ma prijatelnt odozvu na dynamické budenie.
Samotné zavesy boli dalej posidené na inavové rozkmity
napditia a vhodnym konstrukénym usporiadanim zavesov
sa znizili rizika spojené s kmitanim zavesov vplyvom
vetra.

VYSTAVBA MOSTA - ETAPA I

Zakladanie

Vzhladom na zataZenie, geoldgiu a typ konstrukcie mosta
bolo navrhnuté hlbinné zakladanie mosta. S vynimkou
podpery P4 je spodna stavba zaloZzena na velkopriemero-
vych pilétach @ 900 mm. Zaklad pod pylénom je zaloZeny
na mikropilétach vzhladom na trakéné vedenie a stazeny
pristup vrtnej supravy v priestore Zelezni¢nej stanice, ktora
musela zostat po cely Cas vystavby mosta v prevadzke.
Zhotovitel pouzil mikropiléty s ty¢ovou vystuzou ANP-SAS
@ 57,5 mm ST670/800 s dvojitou protikordznou ochranou.

Obr. 3 Eliptické spodné dosky - pilier P5 (zdroj: Jarmila Uhlikova)
Fig. 3 Elliptical base plates - P5 pillar (source: Jarmila Uhlikova)

structure was modelled as a spatial truss. To verify the
stress distribution in the cross-section and evaluate the
local anchorage areas of the hangers, ribs, and support
areas, a 3D plate-and-wall model of the entire structure
was created. Great attention was paid to the support
areas of the double-girder sections with a supplemen-
tary bottom plate, the construction of the suspended
spans, and their gradual tensioning using cohesive
prestressing cables. The pylons were analysed using
nonlinear analysis, taking into the account second-order
effects. The results from the detailed spatial model of

the supporting structure, including seismic effects, were
used to design the substructure (bearings, pillar design,
and foundations).

Given the phased construction, changes to the static
system, and the varying construction schedules of the
structural elements, a detailed time-dependent analysis
of the load-bearing structure was performed. These
calculations were used to determine the redistribution of
statical effects, identify reactions on temporary supports,
and analyse the effects of rheological phenomena such as
creep and shrinkage.

The structural analysis demonstrated compliance with the
serviceability and ultimate limit states, compliance with
the decompression requirement in the area of prestress-
ing cables under frequent load combinations, and the
addition of concrete reinforcement to limit crack widths
in cross-sections where tensile strength was exceeded
under characteristic load combinations (typically in the
lower fibers of double-beam girders at internal supports).
The overall high level of normal stresses corresponds to
the use of high-strength concrete for both the bridge deck
and the pylon.

Using dynamic analysis, the natural modes of the struc-
ture were further quantified, and it was demonstrated that
the suspended lightweight structure exhibits an accept-
able response to dynamic excitation. The hangers them-
selves were further evaluated for fatigue stress cycles, and
the risks associated with wind-induced vibration of the
hangers were reduced through an appropriate structural
arrangement of the hangers.

BRIDGE CONSTRUCTION - PHASE I

Bridge foundation

Given the loads, geology, and type of bridge structure,
deep foundations were designed for the bridge. With the
exception of support P4, the substructure is founded on
large-diameter piles (@ 900 mm). The foundation under
the pylon is based on micropiles, due to the overhead
power lines and the difficult access for the drilling rig
in the area of the railway station, which had to remain
in operation throughout the entire construction of the
bridge. The contractor used ANP-SAS @57.5 mm ST670/800
bar-reinforced micropiles with double anti-corrosion
protection.

Substructure

The bridge substructure consists of two end supports and
six intermediate piers, of which pier No. 4 has an atypical,
wider shape because it serves to support the pylon. The
abutments consist of a foundation slab, wings, and a retain-
ing wall, in front of which is a pier of the same shape as the
intermediate piers.
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Spodna stavba

Spodnu stavbu mosta tvoria dve krajné opory a Sest me-
dzilahlych pilierov, z ktorych pilier P4 je tvarom atypicky

a §irsi, pretoZe slizi na podoprenie pylénu. Opory su tvorené
zékladovou doskou, kridlami a opornou stenou, pred ktorou
je predsadeny pilier s rovnakym tvarom, ako majui medzi-
lahlé piliere.

Nosna konstrukcia

Najvacsou vyzvou pre zhotovitela bola bezpochyby vystavba

nosnej konstrukcie mosta, a to z viacerych dévodov:

1. Postup vystavby musel byt skoordinovany s postupom
vystavby ZelezniCnej stanice, zaroven musela byt zacho-
vana prevadzka minimalne na dvoch kolajach: Zmestia sa
docasné nosniky a debnenie nosnej konstrukcie medzi
prejazdny profil vlaku a spodnd hranu vodorovnej kon-
Strukcie?

2. Pouzitie beténu triedy C60/75 pre nosnu konstrukciu
a pylén: Podari sa ho betonarke v nasich podmienkach
vyrobit a dodat v pozadovanej kvalite?

3. Silné vystuzenie konstrukcie v zakrivenych Castiach
mosta: Bude mozné dostatoc¢ne previbrovat/prehutnit
spodnu plochu tramov?

4. Komplikovany a stale sa meniaci tvar priecnych rebier,
ktorych tvar bol odvodeny od sklonu zavesu: Najde
zhotovitel dostato¢ne Sikovnych tesarov na vyrobu ich
debnenia?

Postup vystavby etapy I bol rozdeleny na vystavbu dvoch

samostatne stojacich konstrukcii (obr. 1). Vo faze 1 bolo

Obr. 4 Betonaz pola 4 (zdroj: STRABAG, s. 1. 0.)
Fig. 4 Concrete pouring for Field 4 (source: STRABAG s. r. 0.)
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Superstructure

The greatest challenge for the contractor was undoubtedly

the construction of the bridge’s superstructure, for several

reasons:

1. The construction process had to be coordinated with the
construction of the railway station, while maintaining
operations on at least two tracks - would the temporary
beams and formwork for the supporting structure fit
between the train’s clearance profile and the bottom
edge of the horizontal structure?

2. Use of C60/75 concrete for the supporting structure and
pylon - will the concrete plant be able to produce and
deliver it in the required quality under our conditions?

3. Heavy reinforcement of the structure in the curved
sections of the bridge - will it be possible to sufficiently
vibrate/compact the bottom surface of the beams?

4. The complex and constantly changing shape of the
transverse ribs, whose shape was derived from the slope
of the suspension - will the contractor find sufficiently
skilled carpenters to construct their formwork?

The construction process for Phase I was divided into the

construction of two separate structures (Fig. 1). In Phase 1,

a strongly curved span 5 with cantilevers was constructed

on the supporting formwork from SAFE company. Subse-

quently, a 67-meter-long suspended span 4 with a small
cantilever into span 3 was reinforced and concreted

(Phase 2). In this span, the bridge’s cross-section contains

transverse ribs used for anchoring and transferring forces

from the hangers. In the next phase (Phase 3), spans 6
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Obr. 5 Pohlad na sklonené pylény mosta (zdroj: Jarmila Uhlikova)
Fig. 5 A view of the bridge's sloping pylons (source: Jarmila Uhlikova)

na podpernej skruzi od firmy SAFE vybudované podo-
rysne silne zakrivené pole 5 s presahmi (konzolami).
Nasledne sa vystuzilo a vybeténovalo 67 m dlhé zavesené
pole 4 s malym presahom do pola 3 (faza 2). V tomto

poli sa v prieénom reze mosta nachadzaju priecne rebra
sluziace na kotvenie a prenos sil zo zavesov. V dalsej

faze (faza 3) sa dobudovali v jednom zabere polia 6 a 7.
Po vyzreti betéonu bol samostatny celok 1 predopnuty
kablami spojitosti od firmy VSL (v elektricky izolovanom
prevedeni). V priestore koncov zavesenej ¢asti boli
vybudované docasné ocelové stojky, ktoré zabezpecovali
stabilitu vahadla. Po predopnuti pola 4 sa zacala vy-
stavba sklonenych pylénov mosta (faza 4). Vzhladom na
jednotny tvar pyléna mohol zhotovitel pouzivat debnenie
od firmy PERI opakovane raz na jednej a raz na druhej
strane mosta.

Jedna strana mosta tak bola neustale v predstihu o jeden
takt oproti druhej. Celkovo boli pylény rozdelené na
sedem zaberov. Vzhladom na vlastnu tiaz a sily v zave-
soch bolo nevyhnutné vyrobit pylény nadvysené. Toto
bola jedna z najvacsich vyziev pre projektanta, zhoto-
vitela a geodeta stavby, pretoze aj nosna konstrukcia
zaveseného pola bola vyrobend nadvysena.

V pylénoch sa vo vyssich taktoch s chirurgickou presnos-
tou osadzali ocelové sedla pre zavesy, ktoré museli byt
nastavené tak, aby bolo po vystavbe pylénov mozné most
bez problémov zavesit (trafit sa s lanami do chranicky

a kotvy zavesu v rebrach). Az po predopnuti 6smich
zavesov mosta (kazdy zaves mé 37 lan od firmy VSL) most
a pylén nadobudli svoj projektovany tvar.

Stcasne s budovanim pylénov prebiehala vystavba
druhého zaveseného pola 3 (faza 5). Po jeho dokonceni

a predopnuti kablami spojitosti s polom 4 sa postupne
aktivovali zavesy mosta. Najkratsie zavesy neboli
dopnuté na 100 % projektovanej sily s ohladom na
obmedzenie tahov pri spodnych vlaknach pred pylénom
a ich dopnutie je viazané na dokoncenie prislusenstva
alebo dokoncenie etapy 2. Ostatné zavesy sa napli na in-
Stalac¢né sily (1 MN). Nasledne sa dobudovala uzatvaracia
lamela s dizkou 5 m (faza 6), ktora spojila celky 1a 2 do
spojitej konstrukcie. Deaktivaciou docasnej stojky pri
uzatvaracej lamele sa ukondéila vystavba 1. etapy nosnej
konstrukcie estakady, ktord ma momentalne dizku
bezmadla 240 m.

Obr. 6 Vysledny vzhlad mosta nad tratou (zdroj: Jarmila Uhlikova)
Fig. 6 Final appearance of the bridge over the railway track (source: Jarmila Uhlikova)

and 7 were completed in a single pour. After the concrete
had cured, the separate unit 1 was prestressed with VSL
continuity cables (in an electrically insulated design).
Temporary steel supports were erected at the ends of the
suspended section to ensure the stability of the cantilever.
After prestressing span 4, construction of the bridge’s in-
clined pylons began (Phase 4). Due to the uniform shape
of the pylon, the contractor was able to reuse PERI form-
work, alternating between one side of the bridge and the
other.

One side of the bridge was thus constantly one cycle

ahead of the other. In total, the pylons were divided into
seven sections. Due to their own weight and the forces

in the suspension cables, the pylons had to be built with

a superelevation. This was one of the greatest challenges
for the designer, contractor, and surveyor, as the support-
ing structure of the suspended span was also built with

a superelevation.

In the pylons, steel saddles for the suspension cables
were installed with surgical precision at higher levels;
these had to be positioned so that, once the pylons were
constructed, the bridge could be suspended without any
problems (ensuring the cables aligned with the protective
sleeves and suspension anchors in the ribs). Only after
the eight bridge suspension cables were pre-tensioned
(each suspension cable consists of 37 strands from VSL
company) did the bridge and pylon assume their designed
shape.

Concurrently with the construction of the pylons, work
proceeded on the second suspension span (Span 3,

Phase 5). Following its completion and the pre-tensioning
of the cables connecting it to Span 4, the bridge’s suspen-
sion cables were gradually activated. The shortest spans
were not tensioned to 100 % of the design force due to
tension limitations on the lower strands in front of the
pylon, and their tensioning is contingent upon the
completion of accessories or the completion of Phase 2.
The remaining stays were tensioned to installation forces
(1 MN). Subsequently, a 5-meter-long closure slab

(Phase 6) was completed, connecting Sections 1 and 2 into
a continuous structure. With the deactivation of the tem-
porary support at the closure slab, construction of the first
phase of the flyover’s supporting structure was completed;
it currently spans nearly 240 m.
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PrisluSenstvo mosta

Nosné konStrukcia je na spodndu stavbu ulozena pomocou
hrncovych lozisk od firmy MAGEBA. Pod pylénom na
pilieri P4 je umiestnené pevné lozisko s pozadovanou
zvislou inosnostou 26 MN. To zodpoveda dodanym
loziskam s rozmermi 900 x 900 mm. VSetky lozisk4, hlavne
na opore OP8, museli byt osovo nasmerované na pevné
lozisko.

Na dokonéenom konci mosta nad OP8 bol nainstalovany
lamelovy (rostovy) mostny zaver rovnako od firmy
MAGEBA umoznujuci Sikmy pohyb konca konstrukcie.
Mostny zaver musel byt teda prednastaveny nielen
pozdiZne, ale aj prie¢ne.

Ako poslednym instalovanym prvkom v I. etape bolo
postupné armovanie a betonaz monolitickych rims.

Na ich vystavbu pouzil zhotovitel ocelové ramenaty,
ktoré kotvil cez docasné chemické kotvy do mostovky
mosta.

Monitoring mosta

Samostatnu kapitolu si zasltizia merania, ktoré boli

na moste vykonavané a budu sa aj dalej realizovat:

1. Do velkopriemerovych pilét boli osadené
snimace sledujice napétie v beténe a vystuz pildt
a do spodnej stavby boli napojené na snimace
vyvedené do meracich skriniek nad terén,
umoznujuce zmeranie hladiny bludnych pradov
v konstrukciach.

2. Na kotvy sudrzného predpitia boli osadené elektro-
magnetické snimace umoznujuce trvalé merania
poklesu napatia; vyvedené boli do meracej skrine na
mostovke pri pylone.

3. Na kotvy zavesov boli osadené elektromagnetické
snimace umoznujuce trvalé merania poklesu napétia;
vyvedené boli do meracej skrine na mostovke pri
pyléne.

4. Vystuz nosnej konstrukcie bola napojena na snimace
vyvedené do meracej skrine na mostovke pri pylone;
snimace umoziuju zmeranie hladiny bludnych
prudov v konstrukciach.

5. Na moste bude nainstalovany kamerovy systém na
sledovanie situacie na moste so Sirsim zaberom na
okolie a s inStalaciou jednej meteorologickej stanice
na sledovanie atmosférickych veli¢in.

Merania boli navrhnuté s cielom trvalého sledovania

spravania sa nesStandardnej konstrukcie mosta. Za-

bezpecovanie a vyhodnocovanie merani bude tlohou
budticeho spravcu mosta - Mesta Ziliny.

ZAVER

Kltcovym pre rychly postup na stavbe sa ukazal 3D
model tvaru mosta. Na vytvorenie komplikovaného
tvaru nosnej konstrukcie pouzil projektant program
EasyBridge od firmy BlueberryS. Ten zahfnal nielen
komplikované priecne preklapanie mostovky, ale aj
postupné zuiZzenie nosnej konstrukcie mimo zavesov
mosta, zmeny Sirky trdmov a ostatné detaily mosta (na-
priklad naliatky). Geodet stavby tak mohol pomocou
tohto modelu vytycit aktikolvek cast mosta a zhotovitel
mohol pracovnikom vytlacit (aj vizualne) kazdy
nejasny detail v nosnej konstrukcii. Termin dokonce-
nia mosta (koniec etapy II) sa predpoklada v polovici
roka 2027.
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Bridge accessories

The supporting structure is supported on the substructure
by pot bearings from MAGEBA. A fixed bearing with a re-
quired vertical load-carrying capacity of 26 MN is located
beneath the pylon on pier P4. This corresponds to the
supplied bearings measuring 900 x 900 mm. All bearings,
particularly those on support OP8, had to be axially aligned
with the fixed bearing.

At the completed end of the bridge over OPS8, a laminated
(grating) bridge abutment, also from MAGEBA, was
installed to allow for diagonal movement of the struc-
ture’s end. The bridge abutment therefore had to be pre-
adjusted not only longitudinally but also transversely.

The final element installed in Phase I was the progressive
reinforcement and concreting of the monolithic cornices.
For their construction, the contractor used steel formwork,
which was anchored to the bridge deck via temporary
chemical anchors.

Bridge monitoring

The measurements that have been and will be taken on the

bridge deserve a separate section.

1. Sensors monitoring stress in the concrete were installed

in the large-diameter piles; the reinforcement of the piles

and the substructure were connected to the sensors, which
were routed to measurement boxes above ground level,
enabling the measurement of stray current levels in the
structures,

2. Electromagnetic sensors were installed on the cohesion
prestressing anchors to enable continuous measure-
ment of stress drop; these were routed to a measure-
ment box on the bridge deck near the pier,

3. Electromagnetic sensors were installed on the suspen-
sion anchors to enable continuous measurement of
voltage drop, with signals routed to a measurement box
on the bridge deck near the pylon,

4. The reinforcement of the supporting structure was con-
nected to sensors, with signals routed to a measurement
cabinet on the bridge deck near the pylon, enabling the
measurement of stray current levels in the structures,

5. A camera system will be installed on the bridge to
monitor the situation on the bridge with a wider view of
the surroundings, along with the installation of a single
weather station to monitor atmospheric parameters.

Meassures were designed to continuously monitor the

behavior of the bridge’s non-standard structure. The future

bridge administrator - the City of Zilina - will be responsi-
ble for conducting and evaluating these measurements.

CONCLUSION

The 3D model of the bridge’s shape proved to be key to
rapid progress on the construction site. To create the
complex shape of the supporting structure, the design-

ers used the EasyBridge program from BlueberryS. This
included not only the complex transverse tilting of the
bridge deck but also the gradual tapering of the supporting
structure away from the bridge’s hangers, changes in beam
width, and other bridge details (e.g., abutments). Using this
model, the construction surveyor was able to stake out any
part of the bridge, and the contractor could highlight (even
visually) any unclear details in the supporting structure for
the workers. The bridge is expected to be completed (end of
Phase II) in mid-2027.
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Cestna konferencia 2026

VvV zhamenhi noviniek

Nahradi umela inteligencia
cestarov? Aké si moznosti
uplatnenia umelej inteligencie

v cestnej doprave? Co vietko
prinasaju projekty Programu
Slovensko pre rozvoj cestnej siete
na Slovensku? O tychto a dalsich
témach diskutovalo viac ako dvesto
odbornikov z celého Slovenska

a Ceskej republiky na Cestnej
konferencii 2026.

Slovenska cestna spoloc¢nost zor-
ganizovala v diloch 24. - 25. marca
2026 v hoteli Park Inn v Bratislave
najvyznamnejsie odborné podujatie

v oblasti cestného stavitelstva a hos-
podarstva na Slovensku - Cestni
konferenciu 2026. Na slavnostnom
otvoreni konferencie sa zucastnili
predseda Uradu pre tizemné plano-
vanie a vystavbu SR Milan Valasik,
generalny riaditel Sekcie cestnej
dopravy a pozemnych komunikécii
Ministerstva dopravy SR Peter Tvrdon,
investi¢ny riaditel Narodnej dialni¢nej
spolocnosti Julius Mihalik, podpredse-
da Ceské silini¢ni spole¢nosti Zdenék
Komirka a predseda Slovenskej
cestnej spolo¢nosti a odborny garant
podujatia Jan Sedivy.

Tento ro¢nik sa niesol v znameni
noviniek. Konferencia sa uskuto¢nila
v novom priestore na nabrezi Dunaja
v hoteli Park Inn, v pozmenenom
formate a sicastou konferencia bola
aj technicka exkurzia na obchvat
Bratislavy D4R7. Pocas otvorenia kon-

ferencie bola slavnostne podpisana
Dohoda o spolupraci medzi Sloven-
skou cestnou spolo¢nostou a dal§imi
siedmimi stavovskymi odbornymi
spolo¢nostami pésobiacimi v oblasti
cestného hospodarstva a inZinier-
skeho stavitelstva. Cielom dohody je
vzajomna spolupraca a koordinacia
odbornych aktivit a ¢innosti zucéast-
nenych aktérov dohody.

Cena Slovenskej cestnej spolo¢nosti
za mimoriadny prinos v oblasti me-
dzinarodnej spoluprace za rok 2026
bola udelena generalnemu riaditelovi
Reditelstvi silnic a dalnic CR Radkovi
Matlovi a predsedovi redakénej rady
Silni¢niho obzoru Ondfejovi Vo-
hradskému. Pocas konferencie bola
odovzdana aj cena za najlepsiu dizer-
taénu pracu absolventovi Stavebnej
fakulty Zilinskej univerzity v Ziline
Ing. Filipovi Ciganovi, PhD., za pracu
s nazvom Pouzitie neurdénovych sieti
v ramci pokrocdilych konstituénych
modelov zemin. Jednym z bodov
programu bolo aj vyhodnotenie
Mostéarskej modelarskej stutaze, ktorej
cielom bolo navrhnut a vytvorit
model priehradového mosta, ktory
prenesie Co najvicsie zatazenie.
Sutaziaci mohli pouzit len predpisany
materidl - listy z balzového dreva

a lepidlo. Vitazom sa stal most, ktory
preniesol az 45 kg zavazia. Postavili
ho byvali spoluziaci, absolventi Sta-
vebnej fakulty Technickej univerzity
v KoSiciach, ktori sa stutaze zacastnu-
ja pravidelne.

Sleveasks
cestng spelecnost

Pozornost odbornej ¢asti bola
zamerana na pripravu, financovanie
a vystavbu cestnej infrastruktury,
inovacie a technicky rozvoj pri sprave
a udrzbe cestnej siete, vystavu dialnic
z pohladu investorov a zhotovitelov

a vyznam umelej inteligencie

v cestnej doprave. Cestné konferencia
je dodlezitou platformou pre Siroku
odbornu verejnost na vymenu
najnovsich informaécii a poznatkov

z cestného stavitelstva a hospodar-
stva na Slovensku.

Zastitu nad konferenciou prijal
minister dopravy SR Jozef Raz.
Konferencia sa konala v spolupraci
s Ministerstvom dopravy SR a s pod-
porou Programu Slovensko. Tento
narodny eurofondovy program je
klticovym nastrojom na zlepsenie
kvality zivota v slovenskych regi6-
noch. Na dostavbu a modernizaciu
cestnej dopravy je vyc¢lenenych

viac ako 1,2 miliardy eur. Peniaze
smeruju do dostavby chybajtcich
usekov dialnice D3, rychlostnej
cesty R2, R3 a do vystavby obchva-
tov miest Sala, Sabinov, Prievidza

¢i Stropkov. Ministerstvo dopravy
je lidrom v ¢erpani eurofondov.

V absolutnych ¢islach dosahuje
spomedzi vSetkych rezortov naj-
vyssiu uroven vyhlasenych vyziev,
zazmluvnenych prostriedkov aj
cerpania.

Odborné zavery z Cestnej konferencie

su zverejnené na www.cestnaspol.sk.
Dakujeme partnerom podujatia za podporu
a vSetkym ucastnikom konferencie a teSime
sa na stretnutie na Cestnej konferencii
2027.

Slovenska cestna spoloc¢nost




Budujeme infrastrukturu
pre lepsi zivot

Sme odbornici na vystavbu
dopravnych, vodohospodarskych
a ekologickych stavieb
na Uzemi Slovenskej republiky.
Nase projekty vieme realizovat
uz od fazy navrhu.
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CONSTRUCTION

Projektujeme infrastrukturu
pre lepsi zivot

Sme projektova kancelaria
Specializujuca sa na dopravné
a inZinierske stavby.
Pomahame od napadu
az po realizaciu.

Sucast Skupiny ‘ vINCI {{

CONSTRUCTION



Mosty vo vystavbe / Bridges under construction

Rekonstrukcia
mostov ponad
Biskupicky kanal
a Vah na ceste
I/9 vo Velkych
Bierovciach

V roku 1965 boli v ramci vystavby tseku cesty

L. triedy I/9 (podla starého oznacenia I/50)
uvedené do prevadzky dva mostné objekty ponad
Biskupicky kanal a Vah, budované toho ¢asu novou
technolégiou letmej betonaze nosnej konstrukcie.
Mosty st oddelené 90,0 m dlhym nasypom

s vyskou 5,0 m. S ohladom na zavazné poruchy

a havarijny technicky stav sa mosty dostali na
hranicu svojej Zivotnosti. Od roku 2022 prebiehala
ich rekonstrukcia, v roku 2024 sa pristupilo

k demolacii mostov a aktualne prebieha komplexna
prestavba s realizaciou novych mostnych
konstrukcii.

Reconstruction of
the bridges over
the Biskupice
Canal and the Vah
riveronroad I/9in
Velké Bierovce

In 1965, as part of the construction of the 1st
class road section I/9 (formerly designated
1/50), two bridge structures over the Biskupice
Canal and the Vah river were put into operation,
built at that time using the new technology of
cantilever casting (free cantilever method) of
the superstructures. The bridges are separated
by a 90.0 m long embankment with a height of
5.0 m. Due to serious defects and emergency
technical conditions, the bridges reached the
end of their service life. Reconstruction of the
bridges has been underway since 2022; in 2024,
their demolition was initiated, and currently,

a comprehensive reconstruction is taking place
involving the implementation of new bridge

Miroslav Strieska

Tatiana Bacikova

Cesta I/9 tvori hlavnd dopravnu tepnu v smere zapad

- vychod (CR - R1) v regiéne okresov Trenéin, Banovce
nad Bebravou, Prievidza a Ziar nad Hronom. Cesta I/9

je zaradena do siete TEN-T. Z dévodu vysokého stupna
poskodenia a deformacii cementobeténového krytu sa

v roku 2022 zacalo s rekonstrukciou cesty I/9 v useku
Chocholna - Mnichova Lehota. V ramci predmetnej
stavby boli navrhnuté prestavby a rekonstrukcie siedmich
mostov. MensSie 1-polové mosty boli zdemolované a posta-
vili sa nové konstrukcie. V pripade dvoch viacpolovych

a narocnejsich mostov - ev. ¢. 50-080 cez Biskupicky kanal
a ev. €. 50-081 ponad Vah - sa zahajila rekonstrukcia so
zosilnenim nosnej konstrukcie. V case projektovej pripra-
vy rekonstrukcie mostov a komunikacie predmetnej trasy
malo vyhladovo vyznamny vplyv na intenzitu dopravy
vybudovanie rychlostnej cesty ,,R2 tisek D1 - Chocholna“

structures.

Road I/9 forms the main transport artery in the West-East
direction (CZ - R1) in the region of the Trenc¢in, BAnovce
nad Bebravou, Prievidza, and Ziar nad Hronom districts.
Road I/9 is included in the TEN-T network. Due to a high
degree of damage and deformation of the cement-concrete
pavement, the reconstruction of road I/9 in the Chocholna
- Mnichova Lehota section was launched in 2022. Within
the subject construction project, the rebuilding and
reconstruction of seven bridges were designed. Smaller
single-span bridges were demolished and new structures
were built. In the case of two multi-span and more complex
bridges, reg. no. 50-080 over the Biskupice Canal and reg.
no. 50-081 over the Vah, reconstruction with the strength-
ening of the superstructure was initially started. During
the design preparation phase for the reconstruction of the
bridges and the road of the subject route, the construction

Ing. Tatiana Bacikova, VIADESIGN, s. r. 0., Nova cesta 1550/17, 140 00 Praha 4, tel.: +420 604 522 188, e-mail: tatiana.bacikova@vinci-construction.com
Ing. Miroslav Strieska, PhD., Valbek SK, spol. s . 0., Eurovea Central 1, Pribinova 4, 811 09 Bratislava, tel.: +421 940 645 186, e-mail: miroslav.strieska@valbek.sk
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v koridore cesty I/9 (planované uvedenie R2 do prevadzky
najskor v roku 2025). V priebehu vystavby vsak doslo

k prehodnoteniu technického riesSenia rekonstrukcie
mostov ponad Biskupicky kanal a Vah z dévodu vaznych
portch, havarijného technického stavu a prehodnotenia
zameru zahajenia vystavby rychlostnej cesty R2, ktora sa
odlozila na neurcité obdobie.

Na realizaciu rekonstrukcie stavby ,,Cesta I/9 v useku
Chocholna - Mnichova Lehota“ vybral objednavatel
Slovenska sprava ciest, $. p., vo verejnej sutazi zhotovitela
zdruzenie stavebnych firiem SMS; a. s., a VIAKORP, s. 1. 0.
Na realizacii mostnych objektov sa podielali SMS, a. s.,
PREFA PRO, a. s., FREYSSINET CS, a. s., ¢lenovia skupiny
VINCI Construction CS. S ohladom na vyznam cesty I/9 je
stavba ¢iastoéne financovana zo zdrojov EU a realiz4cia sa
uskutocnuje zmluvnymi podmienkami ,,Cervenej knihy“
FIDIC. Vystavba prebieha podla dokumentécie, ktort spra-
covala projekéna kancelaria Valbek SK, spol. s . o.

SO 201 REKONSTRUKCIA MOSTA - MOST EV. €. 50-080
NAD KANALOM

Povodny stav

Povodny mostny objekt (obr. 1) tvorila trojpolova staticky
uréita nosnd konstrukcia s kibom v strede druhého pola.
Posuvny kib s ocelovymi pohyblivymi loziskami zabezpe-
¢oval spojitost zvislych deformacii. Rozpitia jednotlivych
poli boli 23,01 m + 61,209 m + 22,836 m. Nosna konstrukcia
mosta bola tramova s dvojkomorovym priecnym rezom

s premennou vyskou. Pre vystavbu prvého a tretieho pola
sa pouzila technolégia vystavby nosnej konstrukcie na
pevnej skruzi. Druhé pole bolo budované od pilierov tech-
noldgiou nesymetrickej letmej betonaze. V strednom poli
sa v zaverecénej faze realizovalo ,.kibové spojenie konzol
nosnej konstrukcie“. Nosné konstrukcia bola predpéta
predpinacou vystuzou z patentovanych drotov @ 7,0 mm,
ktoré boli ulozené v otvorenych zlaboch v hornej doske
komorového prierezu. Krajné polia budované na pevnej
skruzi mali sudrznu predpinaciu vystuz v stenach komo-
rového prierezu vedenu v kanalikoch. Stenové piliere boli
s nosnou konstrukciou spojené pomocou vrubového kibu.
Na nabrezné krajné opory bola nosna konstrukcia ulozena
cez kyvné stienky.

V ramci pévodnej rekonstrukcie bolo v projektovej doku-
mentacii DRS (11/2019) navrhnuté odstranenie stredovej
degradovanej ¢asti s kibom, zmonolitnenie vahadiel

a zosilnenie nosnej konstrukcie externymi predpinacimi
kéablami vedenymi v deviatoroch v strede hlavného pola.
Bola planovana vymena mostného zvrsku a sanacia
spodnej stavby.

Obr. 1 Pohlad na pévodny most nad Biskupickym kanalom
Fig. 1 View of the original bridge over the Biskupicky Canal

Inzinierske stavby / InZzenyrské stavby 2/2026

of the "R2 expressway section D1 - Chocholnd" in the I/9
road corridor (planned commissioning of the R2 no earlier
than 2025) was expected to have a significant impact on
traffic intensity. During construction, the technical solution
for the reconstruction of the bridges over the Biskupice
Canal and the Vah was re-evaluated due to serious defects,
emergency technical conditions, and the reassessment of
the intent to start construction of the R2 expressway, which
was postponed indefinitely.

For the implementation of the reconstruction of the project
"Road I/9 in the Chocholna - Mnichova Lehota section,"

a consortium of construction companies SMS a. s. and
VIAKORSP, s. 1. 0. was selected by the employer, Slovenska
sprava ciest, $. p. (Slovak Road Administration), through

a public tender. SMS a. s., PREFA PRO a. s., FREYSSINET

CS a. s.,, members of the VINCI Construction CS group,
participated in the construction of the bridge structures.
Considering the significance of the road I/9, the project

is partially financed by EU funds and implementation is
carried out under the FIDIC "Red Book" contract conditions.

SO 201RECONSTRUCTION OF BRIDGE NO. 50-080

OVER THE CANAL

Original condition

The original bridge structure consisted of a three-span
statically determinate superstructure with a hinge in

the middle of the second span. A sliding hinge with steel
movable bearings ensured the continuity of vertical
deformations. The spans of individual fields were 23.01 m
+61.209 m + 22.836 m. The bridge superstructure was

a beam type with a two-cell box cross-section of variable
height. For the construction of the first and third spans, the
technology of casting on fixed scaffolding was used. The
second span was built from the piers using the technology
of asymmetrical free cantilever casting. In the middle span,
a "hinged connection of the superstructure cantilevers" was
implemented in the final phase. The superstructure was
prestressed with prestressing reinforcement made of pat-
ented ¢ 7.0 mm wires, which were placed in open troughs
in the top slab of the box section. The outer spans built on
fixed scaffolding had bonded prestressing reinforcement
in the walls of the box section guided in ducts. The wall
piers were connected to the superstructure by means of
anotched hinge. On the embankment end abutments, the
superstructure was supported via rocker walls.

Within the original reconstruction, the Detail Design
Documentation (DRS 11/2019) proposed the removal of the
central degraded part with the hinge, making the balanced
cantilevers monolithic, and strengthening the superstruc-

T

Obr. 2 Demoldcia stredného pola po odstrele
Fig. 2 Demolition of the central span after blasting
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Obr. 3 Montadz nosnikov stredného pola nad kanalom
Fig. 3 Installation of the beams of the central span over the canal

V priebehu rekonstrukcie pé6vodného mosta po odstra-
neni pravého mostného zvrsku a degradovanej zalievky
kéblovych zlabov na povrchu komorovej nosnej kon-
Strukcie doslo postupne pocas diia 19. 4. 2023 k uvolneniu
a pretrhnutiu niekolkych nosnych predpinacich drétov.
Uvolnenie predpinacich drdtov reagovalo na zataZenie
mostnej konstrukcie i¢inkami dopravy (vedenej po
polovici mosta). Po vyhodnoteni vsetkych bezpecnost-
nych rizik bol stanoveny havarijny technicky stav mosta
a urcilo sa okamzité uzavretie pre vsetku dopravu. Sta-
vebné prace na rekonstrukcii a zosilneni boli zastavené.
Na mostnom objekte nasledne prebiehali diagnostické
prace a monitoring konstrukcie. Vysledky potvrdili
havarijny technicky stav existujicej nosnej konstrukcie.
Na zéaklade vyhodnotenia vykazovalo 85 % predpinacej
vystuze poskodenie. Most je na konci svojej zivotnosti,
Investor stavby rozhodol o odstraneni existujicej kon-
Strukcie.

Demolacia pévodného mosta

S ohladom na nové technické rieSenie mosta nad Bisku-
pickym kanalom bola nevyhnutna kompletna demolacia
povodnej mostnej konstrukcie okrem zakladov krajnych
opor a hlbinného zakladania pilierov. Demolacné prace
boli zahajené v 01/2025 odstranenim mostného zvrsku

a uvolnenim kibového spojenia v strede hlavného pola.
Na demolaciu oboch konzolovych ¢asti komorovej nosnej
konstrukcie nad kanalom bola s ohladom na vysku

a nedostupnost pouzita technolégia riadeného odstrelu

s pouzitim trhaviny, ktora sa umiestnila do prierezu pred
piliere a do koncovej oblasti konzol (obr. 2). Zvy$na cast
nosnej konstrukcie, prvé a druhé pole, bola zdemolovana
mechanicky pomocou Celustovych rypadiel z irovne
terénu. Sut z mosta bola triedend a recyklovana na dalsie
vyuzitie v rdmci stavby.

Po demolacii objektu sa nad kanalom vedla mosta na
vtoku zriadilo staveniskové do¢asné mostné provizérium,
ktoré zaistilo pristup k stavbe na druhom brehu kanala

a k susednému mostu cez Vah.

Nova mostna konstrukcia ponad Biskupicky kanal

Novy most je navrhnuty ako semi-integrovany 3-polovy
spojity s rozpatim poli 25,655 + 55,180 + 26,110 m. Ide

o spriahnutt zelezobeténovu konstrukciu s vyuzitim
dodatoéne a hybridne predpétych nosnikov typu ,,SMP
Petra“ s dizkou 31,5 m v krajnych poliach a 40,0 m v stred-

ture with external prestressing cables guided in deviators
in the middle of the main span. A replacement of the bridge
deck and rehabilitation of the substructure were planned.
During the reconstruction of the original bridge, after
removing the right bridge deck and the degraded filling of
the cable troughs on the surface of the box superstructure,
several load-bearing prestressing wires gradually loosened
and snapped during the day on April 19, 2023. The release of
the prestressing wires reacted to the loading of the bridge
structure by traffic effects (guided over half of the bridge).
After evaluating all safety risks, an emergency technical
state of the bridge was declared, and an immediate closure
for all traffic was ordered. Construction work on the
reconstruction and strengthening was halted. Diagnostic
work and monitoring of the structure subsequently took
place on the bridge. The results confirmed the emergency
technical condition of the existing superstructure. Based
on the evaluation, 85% of the prestressing reinforcement
showed damage. The bridge is at the end of its service life;
the Investor of the project decided to remove the existing
structure.

Demolition of the original bridge

With regard to the new technical solution of the bridge over
the Biskupice Canal, a complete demolition of the original
bridge structure was necessary, except for the foundations
of the end abutments and the deep foundations of the piers.
Demolition works were started in 01/2025 by removing
the bridge deck and releasing the hinge connection in the
middle of the main span. For the demolition of both canti-
lever parts of the box superstructure over the canal, con-
sidering the height and inaccessibility, controlled blasting
technology using explosives was used, which were placed
into the section in front of the piers and in the end area of
the cantilevers. The remaining part of the superstructure,
the first and second spans, were demolished mechanically
using jaw excavators from ground level. Debris from the
bridge was sorted and recycled for further use within the
project.

After the demolition of the object, a temporary site bridge
was established over the canal next to the bridge at the
inlet, which ensured access for construction to the other
bank of the canal and to the neighbouring bridge over the
Véh.

New bridge structure over the Biskupice Canal

The new bridge is designed as a semi-integrated 3-span con-
tinuous structure with spans of 25.655 + 55.180 + 26.110 m.

It is a composite reinforced concrete structure utilizing
post-tensioned and hybridly prestressed beams of the "SMP
Petra" type with a length of 31.5 m in the outer spans and
alength of 40.0 m in the middle span. The position of the
piers and end abutments was kept in the original locations,
considering the spatial arrangement and the requirements
of the Biskupice Canal administrator.

The piers have a notched hinge in the lower part and are
fixed (monolithic frame connection) into the monolithic
cross-beams of the superstructure at the top. On the abut-
ments, the upper structure is supported on a pair of pot
bearings.

In the cross-section, the bridge consists of 6 prefabricated
T-shaped beams with a height of 1.8 m, which are placed

on a cross-beam starter in the area above the internal piers
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nom poli. Poloha pilierov a krajnych op6r bola zachovana
v povodnom umiestneni s ohladom na priestorové
usporiadanie a poziadavky spravcu Biskupického kanéla.
Piliere st v dolnej ¢asti spojené s vrubovym kibom, hore
su ramovo votknuté do monolitickych prie¢nikov nosnej
konstrukcie. Na oporach je horna stavba ulozena na
dvojici hrncovych lozisk.

V prie¢nom reze tvori most 6 prefabrikovanych nosnikov
v tvare T s vyskou 1,8 m, ktoré su v oblasti nad vantutornymi
piliermi ulozZené na prie¢nikovy zarodok a na plastmaltu
s naslednym dobeténovanim monolitickych prie¢nikov.
Nosniky st vyrobené z beténu C55/67 - XC4, XD1, XF2 (SK)
- Cl 0,1 - Dmax16 - S4. Spriahnutie je zabezpecené Zelezo-
beténovou doskou z beténu C35/45 - XC4, XD1, XF2 (SK)

- C1 0,4 - Dmax16 - S4 s premennou hrubkou ~ 250 mm.

V krajnych poliach ide o jednodielne hybridne predpité
nosniky s dizkou 31,5 m. V strednom st nosniky s dizkou
40,0 m zloZené z 3 kusov zopnutych na stavbe dodatoénym
predpétim. Po zmonolitneni celej nosnej konstrukcie
vratane stredovych a koncovych priecnikov boli oboj-
stranne napinané kable spojitosti, ktoré zaistuju spojitost
konstrukcie v pozdiZznom smere. Pouzity je certifikovany
predpinaci systém od dodavatela Freyssinet pre 7 a 13 1an
s priemerom 15,7 mm z ocele St1640/1860 s velmi nizkou
relaxaciou.

Nové krajné opory su zalozené na mikropilétach s prie-
merom vrtu 220 mm a pouzitymi vystuznymi rdarami
108/16 mm z ocele $355 s dizkou 9,0 m. Stredové piliere st
zalozené hlbinne na velkopriemerovych pilétach s prie-
merom 620 mm, spolu je to 47 ks pre kazdy pilier. Piloty
na pilieroch boli vitané pomedzi existujice zachované
baranené piloty.

Prislusenstvo mosta tvoria obojstranné celomonolitické
chodnikové rimsy, do ktorych je kotvené zvodidlo, zab-
radlie a optické zabrany proti vtdkom. Dal$§imi sucastami
st odvodnenie, dilata¢né mostné zavery a upravy pod
mostom. Vozovka na moste je dvojvrstvova s hrubkou

90 mm so strechovitym sklonom 2,5 %.

Na zaklade korézneho prieskumu sa na mostnom objekte
uskutoc¢nili ochranné opatrenia na obmedzenie vplyvu
bludnych prudov ,stupen ¢. 4“ podla TP 081.

SO 202 REKONSTRUKCIA MOSTA

-MOST EV. C. 50-081 NAD VAHOM

Povodny stav

Mostny objekt s dizkou 280,05 m sa skladal z dvoch
dilata¢nych celkov. Prvy z 3 poli mal rozpétia 49 + 70,3 +
49 m, druhy rozpétia 33 + 33 + 33 m. Nosna konstrukcia
mosta prvého dilatacného celku nad riekou Vah bola
tramova s dvojkomorovym priecnym rezom s premen-
nou vyskou. Na vystavbu sa pouzila technoldgia letmej
betonéze, dve vahadla na pilieroch P2 a P3. Vahadla boli
v zavereénej faze kibovo spojené. Realizovalo sa stdrzné
pozdizne aj prie¢ne predpitie vedené v kanalikoch. Nosnti
konstrukciu druhého dilatacného celku tvorili vopred
predpité tycové nosnikové prefabrikaty I-67 s vyskou

1,4 m, na ktorych bol zhotoveny vyrovnavajici betén.

V prie¢nom reze tvorilo kazdé pole Sest nosnikov, roznos
bol zabezpeceny prieénym predpatim. Spodnu stavbhu
mosta tvorilo pét pilierov a dve opory. Piliere P2 a P3 boli
ramovo spojené s nosnou konstrukciou vahadiel. Nosna
konstrukcia z nosnikov bola ulozena na hrncové loziska.
Spodna stavba bola plosne zalozena.
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and set on plastic mortar with subsequent casting of mono-
lithic cross-beams. The beams are made of concrete C55/67
- XC4,XD1, XF2 (SK) - C1 0.1 - Dmax16 - S4. The composite
action is ensured by a reinforced concrete slab made of
concrete C35/45 - XC4, XD1, XF2 (SK) - Cl 0.4 - Dmax16 - S4
of variable thickness ~ 250 mm.

In the outer spans, these are single-piece hybridly pre-
stressed beams 31.5 m long. In the middle span, these are
40.0 m long beams composed of 3 pieces tensioned on-site
by additional post-tensioning. After making the entire
superstructure monolithic, including the central and

end cross-beams, continuity cables were tensioned from
both sides, ensuring the continuity of the structure in the
longitudinal direction. A certified prestressing system
from the supplier Freyssinet is used for 7 and 13 strands of
15.7 mm diameter made of St1640/1860 steel with very low
relaxation.

The new end abutments are founded on micropiles with

a borehole diameter of 220 mm and used reinforcing pipes
108/16 mm of S355 steel with a length of 9.0 m. The central
piers are founded deeply on large-diameter piles of 620 mm
diameter, a total of 47 units for each pier. The piles at the
piers were drilled between the existing preserved driven
piles.

Bridge accessories consist of bilateral fully monolithic
sidewalk cornices, into which the crash barriers, railings,
and optical bird barriers are anchored. Furthermore, drain-
age, expansion joints, and modifications under the bridge
are included. The pavement on the bridge is double-layered
with a thickness of 90 mm and a roof-shaped slope of 2.5 %.

SO 202 RECONSTRUCTION

OF BRIDGE NO. 50-0810VER THE VAH RIVER

Original condition

The bridge structure with a length of 280.05 m consisted
of 2 expansion units. The first of 3 spans with spans of 49
+70.3 + 49 m, the second of 3 spans with spans of 33 + 33

+ 33 m. The bridge superstructure of the first expansion
unit over the Vah river was a beam type with a two-cell
box cross-section of variable height. For construction,

free cantilever casting technology was used, two balanced
cantilevers on piers P2 and P3. The balanced cantilevers
were hinge-connected in the final phase. Prestressing

was implemented as bonded, both longitudinally and
transversely, guided in ducts. The superstructure of the
second expansion unit consisted of pre-tensioned I-67
beam prefabricated units with a height of 1.4 m, on which
levelling concrete was cast. In the cross-section, each span
was formed by six beams, with distribution ensured by
transverse prestressing. The bridge substructure consisted
of five piers and two abutments. Piers P2 and P3 were
frame-connected to the superstructure of the balanced
cantilevers. The beam superstructure was supported on pot
bearings. The foundation of the substructure was shallow.
Within the original reconstruction, the Detail Design
Documentation (DRS 11/2019) proposed strengthening the
superstructure of the first expansion unit with external
prestressing cables guided by deviators in the section cells.
In the second expansion unit, strengthening of the prefab-
ricated structure by implementing a composite slab was
planned. A replacement of the bridge deck and rehabilita-
tion of the substructure with concrete encasement of the
piers were planned.
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Obr. 4 Pohlad na pévodny most nad Vahom
Fig. 4 View of the original bridge over the Vah River

V ramci povodnej rekonstrukcie bolo v projektovej
dokumentécii DRS (11/2019) navrhnuté zosilnenie nosnej
konstrukcie prvého dilataéného celku externymi predpi-
nacimi kablami vedenymi deviadtormi v komorach priere-
zu. Vdruhom dilatacnom celku bolo planované zosilnenie
prefabrikovanej konstrukcie realizaciou spriahajicej
dosky. Bola planovand vymena mostného zvrsku a sanacia
spodnej stavby s obeténovanim pilierov.

V priebehu rekonstrukcie mostného objektu 09/2023 boli

v hornej doske komorovej nosnej konstrukcie vytvorené
otvory pre budice deviatory a kotvenie dodato¢nych ex-
ternych kablov. V miestach vytvorenych otvorov boli odha-
lené pévodné pozdizne, ako aj prieéne predpinacie kable.
Vykonala sa prehliadka a pasportizacia odkrytej predpina-
cej vystuze, zdokumentovali sa koréziou napadnuté lana,
uplne prekorodované predpinacie kanaliky a lana pozdiz-
neho predpétia najma v oblasti konzol nosnej konstrukcie.
V kanélikoch pozdizneho predpitia sa preukézali uvolnené
predpinacie lana. Pri endoskopickej kontrole predpinacich
kanalikov sa ukazalo, ze takmer vSetky kanaliky priecneho
predpitia hornej dosky st bez injektaze a lana st napad-
nuté silnou koréziou. Zaroven sa spristupnili komory
medzi prefabrikovanymi nosnikmi v druhom dilatacnom
celku. Vrchna dobetonavka a priruby nosnikov boli

uUplne rozpadnuté a bolo obnaZené priecne predpétie bez
injektaze kanalikov s koréziou lan. S ohladom na zistené
vazne poruchy pévodnej nosnej konstrukcie nebolo mozné
zabezpecit pozadovanu zivotnost a trvanlivost mostného
objektu. Z tohto dévodu sa rozhodlo o zmene koncepcie
rekonstrukcie, spoc¢ivajucej v demolécii povodnej nosnej
konstrukcie a jej nahradeni novou.

Demolacia pévodného mosta

Na demolaciu nosnej konstrukcie sa pouzili dve techno-
légie - riadeny odstrel a mechanické biiranie. Vzhladom
na vysku cca 17,0 m nosnej konstrukcie vahadla P2 nad
tokom Vah a priestorové usporiadanie koryta sa na demo-
laciu vahadla P2 pouzila trhavina s riadenym odstrelom
mostnej konstrukcie a jej pAdom pod most. Nasledne

sa beténova sut drvila buracim rypadlom. Zvysna Cast
nosnej konstrukcie, druhé vahadlo a ¢ast mosta s nosnou

During the reconstruction of the bridge structure in
09/2023, openings were created in the top slab of the box
superstructure for future deviators and anchoring of
additional external cables. In the locations of the created
openings, original longitudinal as well as transverse pre-
stressing cables were exposed. An inspection and inventory
of the exposed prestressing reinforcement were performed;
corrosion-affected strands, completely corroded prestress-
ing ducts, and longitudinal prestressing strands, especially
in the area of the superstructure cantilevers, were docu-
mented. Loose prestressing strands in the longitudinal pre-
stressing ducts were proven. During endoscopic inspection
of the prestressing ducts, it was discovered that almost all
transverse prestressing ducts of the top slab were without
grouting and the strands were affected by severe corrosion.
At the same time, the cells between the prefabricated
beams in the second expansion unit were accessed. The top
concrete topping and the beam flanges were completely
disintegrated, with exposed transverse prestressing
without duct grouting and with corrosion of the strands.
Given the serious defects discovered in the original super-
structure, it was not possible to ensure the required service
life and durability of the bridge structure. For this reason, it
was decided to change the reconstruction concept, consist-
ing of the demolition of the original superstructure and its
replacement with a new one.

Demolition

Two technologies were used for the demolition of the
superstructure - controlled blasting and mechanical demo-
lition. Due to the height of approximately 17.0 m of the P2
cantilever superstructure over the Vah flow and the spatial
arrangement of the riverbed, explosives with controlled
blasting of the bridge structure and its fall under the bridge
were used for the demolition of balanced cantilever P2.
Subsequently, the concrete debris was crushed by a demoli-
tion excavator. The remaining part of the superstructure,
the second balanced cantilever, and the part of the bridge
with the beam prefabricated superstructure were demol-
ished mechanically using jaw excavators from ground
level. Within the substructure, piers P4 to P6 were retained
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konstrukciou z tyCovych prefabrikatov boli zdemolované
mechanicky, pomocou Celustovych rypadiel z irovne
terénu. V ramci spodnej stavby sa ponechali piliere P4 az
P6, ktoré sa opétovne vyuzili ako podpery pre novo na-
vrhovand mostnd konstrukciu. Sut z mosta bola triedena
a recyklovana na dalSie vyuzitie v ramci stavby.

Nova mostna konstrukcia ponad rieku Vah

a inundacné tzemie

Nova nosné konstrukcia mosta je navrhnuté ako 7-polova
spojita spriahnuté s pouzitim hybridne a dodato¢ne
predpétych prefabrikovanych nosnikov typu ,,SMP Petra‘“.
Rozpétie poli mosta je 42,02 + 42,4 + 424 + 42,41 + 33,46 +
32,895 + 32,855 m. V prvych Styroch poliach majui nosniky
dizku 42,0 m a v dal$ich troch poliach dizku 33,0 m. Vzhla-
dom na dizku jednotlivych nosnikov bol medzi oporu O1
a povodny pilier P4 doplneny novy pilier, ¢im sa pocet
podpier zvysil z povodnych pat na Sest.

V priecnom reze tvori most 6 prefabrikovanych nosnikov
v tvare T s vySkou 1,85 m, ktoré st nad podperami uloZené
na prefabrikovanych prieénikovych doskach. Nosniky sa
vyrobené z beténu C55/67 - XC4, XD1, XF2 (SK) - C1 0,1

- Dmax16 - S4. Spriahnutie je zabezpecené Zelezobeténo-
vou doskou z beténu C35/45 - XC4, XD1, XF2 (SK) - C1 0,4

- Dmax16 - S4 s premennou hribkou ~ 250 mm.

V poliach 2, 3, 4 v rozsahu toku Vah maji nosniky dizku
42,0 m a st zloZené z 3 kusov zopnutych na stavbe doda-
to¢nym predpétim. V poliach 5, 6 a 7 ide o jednodielne
hybridne predpité nosniky s dizkou 33,0 m beténované
vcelku. Spojitost nosnej konstrukcie je zabezpecena
monolitickymi nadpodporovymi zelezobeténovymi priec-
nikmi a spriahajicou doskou. Pouzity je certifikovany
predpinaci systém od dodévatela Freyssinet.

Spodnu stavbu mosta tvori Sest medzilahlych pilierov

s vyskou 6,5 ~ 13,0 m a dvomi krajnymi oporami. Piliere P2,
P3, P4 st nové vratane zakladania, tvori ich dvojica stipov
Sestuholnikového tvaru. Drieky pilierov P5, P6, P7 st pone-
chané z p6vodného mosta, vykonalo sa ich obeténovanie

anasledne sa na hornt Cast zrealizovali nové priecne stativa.

Nosné konstrukcia je uloZena na spodnu stavbu dvojicou
hrncovych lozisk, pricom pevné loziska st umiestnené

na pilieroch P3 a P4. Krajné opory st navrhnuté v polohe
povodnych ako masivne Zelezobeténové konstrukcie.

Nové krajné opory su zalozené na mikropilétach s prie-
merom vrtu 220 mm a pouzitymi vystuznymi rdrami
108/16 mm z ocele S355 s dizkou 12,0 m. Stredové piliere
P2, P3, P4 su zalozené hlbinne na velkopriemerovych
pilétach s priemerom 1 200 mm, spolu je to 6 ks pre kazdy
pilier. ZaloZenie povodnych pilierov P5, P6, P7 sa na
zaklade geotechnického posuidenia zachovalo ako plosné.
Prislusenstvo mosta tvoria obojstranné celomonolitické
chodnikové rimsy, do ktorych je kotvené zvodidlo, zab-
radlie a optické zabrany proti vtdkom. Dal$imi sucastami
st odvodnenie, dilata¢né mostné zavery a upravy pod
mostom. Vozovka na moste je dvojvrstvova s hrubkou

90 mm a so strechovitym sklonom 2,5 %.

Na zaklade korézneho prieskumu sa na mostnom objekte
uskutoénili ochranné opatrenia na obmedzenie vplyvu
bludnych prudov ,stupen ¢. 3“ podla TP 081.

REALIZACIA PRESTAVBY MOSTNYCH OBJEKTOV
Realizacia a projektova priprava rekonstrukcie a pre-
stavby mostnych objektov bola naro¢na z pohladu
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and reused as supports for the newly designed bridge
structure. Debris from the bridge was sorted and recycled
for further use within the project.

New bridge structure over the Vah and floodplain

The new bridge superstructure is designed as a 7-span
continuous composite structure using hybridly and post-
tensioned prefabricated beams of the "SMP Petra" type.
The spans of the bridge are 42.02 + 42.4 + 42.4 + 4241 + 33.46
+32.895 + 32.855 m. In the first four spans, there are beams
with a length of 42.0 m, and in the next three spans, the
beams have a length of 33.0 m. Due to the length of the indi-
vidual beams, a new pier was added between abutment O1
and the original pier P4, increasing the number of supports
from the original five to six.

In the cross-section, the bridge consists of 6 prefabri-

cated T-shaped beams with a height of 1.85 m, which are
supported on prefabricated cross-beam slabs over the
supports. The beams are made of concrete C55/67 - XC4,
XD1, XF2 (SK) - C1 0.1 - Dmax16 - S4. The composite action
is ensured by a reinforced concrete slab made of concrete
C35/45 - XC4, XD1, XF2 (SK) - Cl 0.4 - Dmax16 - S4 of vari-
able thickness ~ 250 mm.

In spans 2, 3, and 4 within the range of the Vah flow, these
are 42.0 m long beams composed of 3 pieces tensioned
on-site by additional post-tensioning. In spans 5, 6, and 7,
these are single-piece hybridly prestressed beams 33.0 m
long cast in one piece. The continuity of the superstructure
is ensured by monolithic over-support reinforced concrete
cross-beams and a composite slab. A certified prestressing
system from the supplier Freyssinet is used.

The bridge substructure consists of six intermediate piers
with a height of 6.5 ~ 13.0 m and two end abutments. Piers
P2, P3, and P4 are new, including foundations, consisting
of a pair of hexagonal-shaped columns. The shafts of piers
P5, P6, and P7 are retained from the original bridge; their
concrete encasement was performed, and subsequently,
new transverse pier heads were implemented on the upper
part. The support of the superstructure on the substructure
is carried out by a pair of pot bearings, with fixed bearings
placed on piers P3 and P4. The end abutments are designed
in the positions of the original ones as massive reinforced
concrete structures.

The new end abutments are founded on micropiles with

a borehole diameter of 220 mm and used reinforcing

pipes 108/16 mm of S355 steel with a length of 12.0 m. The
central piers P2, P3, and P4 are founded deeply on large-
diameter piles of 1200 mm diameter, a total of 6 units for
each pier. The foundation of the original piers P5, P6, and
P7 is preserved as shallow based on geotechnical assess-
ment.

Bridge accessories consist of bilateral fully monolithic
sidewalk cornices, into which the crash barriers, railings,
and optical bird barriers are anchored. Furthermore,
drainage, expansion joints, and modifications under

the bridge are included. The pavement on the bridge is
double-layered with a thickness of 90 mm and a roof-
shaped slope of 2.5 %.

IMPLEMENTATION OF THE BRIDGE RECONSTRUCTION
The implementation and design preparation for the
reconstruction and rebuilding of the bridge structures
were challenging from the perspective of unpredictable
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Obr. 5 Demolacia nosnej konstrukcie nad Vahom stav po odstrele
Fig. 5 Demolition of the superstructure over the Vah River after blasting

nepredvidatelnych okolnosti, ktoré nastali v ivodnych
fazach vystavby zosilnenia pévodnych nosnych kon-
strukcii. Bol nutny zdihavy proces prerokovania, vyjad-
reni od dotknutych organov a vyzadovalo sa stavebné
povolenie na demolaciu, nové objekty stavby a vyvolané
investicie.

Vplyv predmetnej stavby na dopravu je pre lokalitu
zasadny. Bolo nevyhnutné operativne zaistit bezpec¢nost
dopravy na ceste I/9 v ¢ase ndhleho mimoriadne hava-
rijného technického stavu mostov s odklonom dopravy
na obchadzkovu trasu po miestnych komunikéciach.
Zaroven boli na pévodnych mostoch zavesené vyznamné
inZinierske siete vedenia VN a vodovodu, ktoré zaso-
bovali okoliti obytnt zastavbu, a musela sa urgentne
realizovat ich prelozka pretlakom popod Biskupicky
kanal a Vah.

Mostné objekty krizuju vyznamné vodné toky s kompli-
kovanym pristupom, co si vyzadovalo atypicky navrh
technického riesenia a technoldgie realizacie nielen
novych mostov, ale aj demolaciu pévodnych konstruk-
cii.

Na demolaciu pévodnych mostov sa vyuzila dosial ne-
Standardna technoldgia s pouzitim trhaviny s riadenym
odstrelom nosnej konstrukcie a jej pAdom pod most.
Technolégiu uskutocnila spolo¢nost DETONICS S.A.

Na dosiahnutie rychlosti a efektivnosti vystavby

a vzhladom na nedostupny terén pod mostmi boli pre-
fabrikované konstrukcie jasnou volbou. Prefabrikované
nosniky ,,SMP Petra“ sa vcelku, resp. po Castiach dovazali
z vyrobne PREFA PRO v Brandyse nad Labem, vzdialenej
360 km od miesta stavby. Nosniky st individualne navrh-
nuté a vyrobené podla poziadaviek nutnych na prenos
zatazeni v sulade s technologickymi pravidlami a pozia-
davkami konkrétneho projektu. Pri individualne navrhnu-
tych nosnikoch spriahnutych zelezobeténovou doskou ide

circumstances that occurred in the initial stages of the
construction of the strengthening of the original super-
structures. A lengthy process of negotiation, statements
from affected authorities was necessary, and building
permits for demolition, new construction objects, and
induced investments were required. The impact of the
subject construction on traffic is fundamental for the
location.

It was necessary to operatively ensure traffic safety on road
I/9 at the time of the sudden, extraordinary emergency
technical condition of the bridges with the diversion of
traffic to a detour route along local roads. At the same time,
significant utility networks, HV lines, and water mains
were suspended on the original bridges, which supplied
the surrounding residential areas, and their relocation had
to be urgently implemented via microtunneling under the
Biskupice Canal and the Vah.

The bridge structures cross significant watercourses with
complicated access, which required an atypical design of
the technical solution and implementation technology not
only for the new bridges but also for the demolition of the
original structures.

For the demolition of the original bridges, a previously
non-standard technology using explosives with controlled
blasting of the superstructure and its fall under the bridge
was used. The technology was performed by the company
DETONICS S.A.

To achieve construction speed and efficiency and given
the inaccessible terrain under the bridges, prefabricated
structures were a clear choice. Prefabricated "SMP Petra"
beams were transported in whole or in parts from the
PREFA PRO plant in Brandys nad Labem, located 360 km
from the construction site. The beams are individually
designed and manufactured according to the require-
ments necessary for load transfer in accordance with
technological rules and specific project requirements.
For individually designed beams composited with a rein-
forced concrete slab, it is a proven variable and economic
system with a long service life and a favourable appear-
ance. The service life is mainly influenced by the high
quality of the concrete.

In the open area within the temporary construction site
occupancy between the bridges, a site area was established
for storage, preparation, and additional tensioning of the

Obr. 6 Nova mostna konstrukcia nad Vahom
Fig. 6 New bridge superstructure over the Vah River
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o overeny variabilny a ekonomicky systém s dlhoro¢nou
Zivotnostou a priaznivym vzhladom. Zivotnost ovplyviiuje
najmaé vysoka kvalita beténu.

Na volnom uzemi v docasnom zabere stavby medzi
mostmi bola zriadené staveniskova plocha na usklad-
nenie, pripravu a dodato¢né zopinanie prefabrikatov.
Zaroven sa na tejto ploche rozlozil pasovy Zeriav LR 1750

s nosnostou 750 t, ktorym sa realizovala zaverecna montaz
nosnikov hlavnych poli oboch mostov.

Ukladanie nosnikov realizované firmou Hanys - Jerab-
nické préce, s. r. 0., sa zacalo na moste SO 201 polozenim
nosnikov 1. a 3. pola mobilnym autoZeriavom Liebherr
LTM 1500 s nosnostou 500 t. Nasledne prebiehala montaz
na SO 202 v inundaé¢nom Uzemi rieky Vah, kde uvedeny
pasovy zeriav LR 1750 zmontoval postupne od piliera P2

k opore 08 6 poli. Nasledne sa pasovy zZeriav rozobral,
previezol po obchadzkovej trase na stranu mosta SO 201,
odkial sa zo staveniskovej plochy montovali nosniky

pre 2. pole mosta SO 201 nad kanalom a 1. pole mosta SO
202 nad Vahom. Podarilo sa dosiahnut vysoku rychlost
ukladania nosnikov, jedno pole sa montovalo priemerne
1,5 dnia, za jeden den sa ulozili max. 4 nosniky. Celkom
bolo polozenych 60 nosnikov.

V zavere roka 2025 boli dokoncené betonaze monolitic-
kych prieénikov a spriahajticej dosky na oboch mostoch,
na moste nad kanalom boli predopnuté kable spojitosti.
Nosné konstrukcie st touto etapou dokoncené. Aktudlne
prebiehaju pripravné prace na realizaciu mostného prislu-
Senstva a Upravy v okoli mostnych objektov.

ZAVER
Uplatnenie predpatého beténu v mostnom stavitelstve
a rozvoj mimoriadnej technoldgie letmej betonaze
v 60. rokoch minulého storodia priniesli vyznamné zmeny
v budovani mostnych konstrukcii a moznost realizovat
mosty s vA¢Simi rozpatiami cez nepristupny terén. Dodnes
ide o najefektivnejsiu metédu budovania mostov velkych
rozpati.
Predpité letmo beténované mosty prvej generacie
vsak v stiCasnosti preukazuju poruchy, ktoré pramenia
z urovne technickych znalosti, ako aj technologickych
moznosti doby, ked boli konstrukcie budované. Preto
aj napriek snaham o ich udrzatelnost sa tieto mosty na
hranici svojej zivotnosti. Ako sa ukazalo pri prezento-
vanych mostoch vo Velkych Bierovciach, pozadovant
unosnost a dlhodobt zivotnost na frekventovanej
ceste I. triedy nebolo mozné dosiahnut.
Prestavba predmetnych mostov bola velkou vyzvou nielen
pre projektanta a zhotovitela, klucovu rolu zohral pristup
Slovenskej spravy ciest ako investora stavby, ktory zaujal
profesionalny pristup a v slede udalosti nastavil proces
pre dalsiu vystavbu, zaistil bezpec¢nost dopravy na ceste
I/9 a rozvoj regiénu v zaujmovom uzemi. Cesta I/9 v useku
Chocholna - Mnichova Lehota tak bude po rekonstrukcii
v 06/2026 opét plne prejazdna.
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prefabricated units. At the same time, a crawler crane LR
1750 with a capacity of 750 t was deployed on this area,
which was used for the final assembly of the beams of the
main spans of both bridges.

The laying of the beams, carried out by the company
Hanys - Jerabnické prace, s. r. 0., was initiated on bridge
SO 201 by laying the beams of the 1st and 3rd spans using
a mobile crane Liebherr LTM 1500 with a capacity of

500 t. Subsequently, assembly took place on SO 202 in the
inundation area of the Vah river, where the aforemen-
tioned crawler crane LR 1750 gradually assembled 6 spans
from pier P2 to abutment O8. Subsequently, the crawler
crane was disassembled, transported along the detour
route to the side of bridge SO 201, from where the beams
for the 2nd span of bridge SO 201 over the canal and the
1st span of bridge SO 202 over the Vah were assembled
from the site area. A high speed of beam placement was
achieved; one span was assembled on average in 1.5 days,
with a maximum of 4 beams per day. A total of 60 beams
were laid.

At the end of 2025, the casting of monolithic cross-beams
and the composite slab on both bridges was completed;
on the bridge over the canal, the continuity cables were
prestressed. The superstructures are completed with this
stage. Preparatory work is currently underway for the
implementation of bridge accessories and modifications in
the vicinity of the bridge structures.

CONCLUSION

The application of prestressed concrete in bridge engineer-
ing and the development of the extraordinary "free canti-
lever" technology in the 1960s brought significant changes
in the construction of bridge structures and the possibility
to implement bridges of larger spans over inaccessible
terrain. To this day, it remains the most effective method
for building large-span bridges.

However, first-generation prestressed cantilever-cast
bridges currently show defects stemming from the level of
technical knowledge as well as the technological possibili-
ties of the era when the structures were built. Therefore,
despite efforts for their sustainability, the bridges are at the
end of their service life. As demonstrated by the presented
bridges in Vel'ké Bierovce, it was not possible to achieve the
required load-bearing capacity and long-term durability on
a busy 1st class road.

The reconstruction of these bridges was a great chal-
lenge not only for the designer and the contractor; a key
role was played by the approach of the project investor
"Slovenské sprava ciest", who took a professional ap-
proach and, in the sequence of events, set the process for
further construction, ensured traffic safety on road I/9,
and the development of the region in the area of interest.
Road I/9 in the Chocholna - Mnichova Lehota section

will thus be fully passable again after reconstruction in
06/2026.
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Opravy a rekonstrukcie / Repairs and reconstructions

Komplexna
rekonstrukcia
Marcheggského
viaduktu v zkm
37,910

Mostny objekt sa nachadza na zelezni¢nej

trati z Bratislavy do Viedne. Vystavba mosta
prebiehala v rokoch 1845 az 1850, svojou dizkou
474 m patril tento most medzi najdlhsie svojej
doby. V rdmci stavby ,Komplexna rekonstrukcia
mostného objektu v zkm 37,910 trate st. hr.
(Marchegg) - Devinska Nova Ves, TU 2805, DU 02,
§t. hr. OBB Devinska Nova Ves" bola predmetom
rekonstrukcie klenbova ¢ast mosta na slovenskej
strane s dizkou 188,40 m. Premostuje inunda¢né
uzemie rieky Morava a medzinarodnu cyklotrasu
Eurovelo 13. Pri navrhu rekonstrukcie mosta

bolo potrebné zohladnit poziadavku navrhovej
rychlosti 120 km/h, komplexnu elektrifikaciu trate,
zvysenie bezpecénosti a plynulosti zelezni¢nej
dopravy. Zaroven sa uvazuje o zachovani povodnej
konstrukcie tehlovych klenieb a pilierov tak, aby sa
zachoval historicky charakter mosta.

Comprehensive
reconstruction
of the Marchegg
viaduct at km
37.910

The bridge is situated on the railway line from
Bratislava to Vienna. Construction of the bridge took
place between 1845 and 1850, and with a length

of 474 metres, it was one of the longest bridges

of its time. As part of the project ‘Comprehensive
reconstruction of the bridge structure at km 37.910 of
the state border railway line (Marchegg) — Devinska
Nova Ves, TU 2805, DU 02, OBB Devinska Nové

Ves, the 188.40-metre-long arched section of

the bridge on the Slovak side was the subject of
reconstruction. It spans the floodplain of the River
Morava and the Eurovelo 13 international cycle route.
When designing the bridge reconstruction, it was
necessary to take into the account the requirement
for a design speed of 120 km/h, comprehensive
electrification of the line, and improvements to

the safety and flow of rail traffic. At the same time,
consideration is being given to retaining the original
structure of the brick arches and piers in order to
preserve the bridge's historical character.

Vladimir Gelanyi

Cielom tejto rekonstrukcie mosta a trate je zvysenie bez-
pecnosti jazdy a tratovej rychlosti na 120 km/h (v désledku
statickej poruchy bola na moste tratova rychlost znizena
na 20 km/h). ZniZenie nékladov na prevadzku trate

a udrzbu mosta su dalsim vysledkom rekonstrukcie.

Most v zkm 37,910 cez rieku Morava je dominantnym objek-
tom Zeleznic¢nej trate Devinska Nova Ves - Statna hranica.
Nosnu konstrukciu mosta tvoria tri samostatné dilata¢né
celky. Dilatacny celok 1 tvori Zelezobeténovy klenbovy
10-polovy viadukt na izemi Rakuskej republiky, dilatacny
celok 2 je ocelovy dvojpolovy priehradovy most uloZzeny na
stredovom pilieri v rieke Morava a na spolo¢nych pilieroch
oboch klenbovych mostov a dilata¢ny celok 3 je murovany
klenbovy 10-polovy viadukt na tzemi Slovenskej republiky.
Prave dilata¢ny celok 3 (DC3) je predmetom tohto ¢lanku.

The aim of this bridge and track reconstruction is to improve
safety and increase the track speed to 120 km/h (due to

a structural defect, the track speed on the bridge was reduced
to 20 km/h). Reduced track operating costs and bridge main-
tenance costs are further benefits of the reconstruction.

The bridge at km 37910 across the River Morava is the domi-
nant structure on the Devinska Nova Ves - State Border railway
line. The bridge’s supporting structure consists of three sepa-
rate expansion units. Expansion unit 1 comprises a reinforced
concrete 10-span arch viaduct on the territory of the Republic
of Austria, expansion unit 2 is a steel two-span truss bridge
supported by a central pier in the River Morava and by shared
piers of both arch bridges, and expansion unit 3 is a masonry
10-span arch viaduct on the territory of the Slovak Republic. It
is expansion unit 3 (EU3) that is the subject of this article.

Ing. Vladimir Gelanyi, DOPRAVOPRPOJEKT, a. s., Kominarska 141/2,4, 832 03 Bratislava - Nové Mesto, tel.: 02/502 342 79, e-mail: gelanyi@dopravoprojekt.sk
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HISTORIA MOSTA

Stavba mosta sa zacala v novembri 1846, ukonc¢ena bola

na jesenl 1847. Most dlhy 474 m medzi stanicami Marchegg

a Devinska Nova Ves cez rieku Morava patril k najvacsim

vo vtedajSej monarchii. Pozostaval z desiatich inundac¢nych
tehlovych klenieb so svetlostou 10 x 15 m po oboch stranach,
strednu Cast ponad rieku Morava tvorila drevend, dvojnasob-
ne zloZend priehradova konstrukcia s rozpatiami 2 x 43 m.
Drevenu Cast mosta znicila za prusko-rakiskej vojny

v roku 1866 ustupujica rakuska armada. Po jeho provizor-
nej oprave bola prevadzka na moste obnovena 27. 8. 1866.
Definitivna obnova sa skoncéila az v roku 1868, pricom
drevené provizérium bolo nahradené spojitou ocelovou
priehradovou konstrukciou s rozpitiami 2 x 43 m. Zeleznti
priehradovu konstrukciu s hornou mostovkou z roku 1868
vyhodili do vzduchu ustupujuci fasisti 6. 4. 1945. Provizo-
rium mosta na rychlost 10 km/h postavila Cerven4 armada
v roku 1946. Po zdihavyrch spoloénych rokovaniach medzi
ceskoslovenskou a rakuskou stranou bola vystavba defini-
tivneho mosta schvalena az v decembri 1959 [1].

STRUCNA CHARAKTERISTIKA DC3

DC3 tvori tehlova klenbova nosna konstrukcia, ktora
premostuje inundac¢né Gzemie rieky Morava, cyklotrasu
a polnu cestu. Piliere a opory su zhotovené z opracované-
ho kamena. Celkova dizka DC3 je 201,40 m.

Nosnu konstrukciu tvori 10 tehlovych klenieb so svet-
lostou 15,0 m. Sirka mosta je 5,95 m a vyska 10,60 m.
Minimalna hrubka presypavky s kolajovym 16zkom (KL)
je priblizne 1,55 m.

Kolaj ma na moste Zelezni¢ny zvrsok z kolajnic tvaru S49
na beténovych podvaloch VUS a smerovo vedie v priame;j.

KONCEPCIA MOSTA V DOKUMENTACII STAVEBNEHO
ZAMERU VEREJNEJ PRACE (DSZVP)

Pred zacdatim prac na rekonstrukcii mosta bola vykonana
podrobna prehliadka mosta, podrobna technicka diag-
nostika mosta a realizoval sa staticky prepocet tehlovych
klenieb (Vyskumny a vyvojovy Ustav Zeleznic, Sekcia
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HISTORY OF THE BRIDGE

Bridge construction began in November 1846. It was com-
pleted in the autumn of 1847. The 474-metre-long bridge
between the stations of Marchegg and Devinska Nova Ves
across the River Morava was one of the largest in the mon-
archy at that time. It consisted of ten brick flood-resistant
arches with a span of 10x15 m on both sides, and the central
section over the Morava River was formed by a wooden
double-truss structure with a span of 2 x 43 m.

The wooden section of the bridge was destroyed by the re-
treating Austrian army during the Prussian-Austrian War in
1866. Following its temporary repair, operations resumed on
27 August 1866. The final restoration was completed only in
1868, when the temporary wooden structure was replaced by
a continuous steel truss structure with spans of 2 x 43 metres.
The iron truss structure with an upper deck dating from 1868
was blown up by retreating fascists on 6 April 1945. A tempo-
rary bridge, designed for a speed of 10 km/h, was built by the
Red Army in 1946. Following protracted joint negotiations
between Czechoslovakia and Austria, the construction of the
permanent bridge was not approved until December 1959 [1].

BRIEF DESCRIPTION OF EU3

EU3 consists of a brick arch supporting structure that
spans the floodplain of the River Morava, a cycle path

and a country road. The piers and abutments are made of
dressed stone. The total length of EU3 is 201.40 m.

The supporting structure consists of 10 brick arches with
a span of 15.0 m. The bridge is 5.95 m wide and 10.60 m high.
The minimum thickness of the ballast with the track bed
(TB) is approximately 1.55 m.

The track on the bridge has a railway superstructure con-
sisting of S49-shaped rails on VUS concrete sleepers and is
laid in a straight line.

BRIDGE DESIGN IN THE PUBLIC WORKS
CONSTRUCTION PROJECT DOCUMENTATION (DSZVP)
Before work began on the bridge reconstruction, a detailed
inspection of the bridge was carried out, along with a de-

i TOTAL LENGHT OF BRIDGE 188.400m

i LENGHT OF SUPER:STRUETURE 184.000m

18,020 b 18,020
I STEEL-CONCRETE DECK —\ ] SLAB TRACK SYSTEM I
Eo NEW CONCRETE SUPPORT T ORIGINAL MASONRY ARCH b
g L i
Ban PROTECTIVE SHELL CRITh ORGNAL PIER — [riL0y

(LEARANCE BETWEEN ABU

TMENTS 179.570m

L 1]I

|

I

|

I
I I
I I

Obr. 1 Pozdizny rez mostom v DSZVP
Fig. 1 Longitudinal section of the bridge in the DSZVP
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Obr. 2 Prie¢ny rez mostom v DSZVP
Fig. 2 Cross-section of the bridge in the DSZVP

zelezni¢nych trati a stavieb, Stredisko diagnostiky mostov,

Ondrej Kridla, 12/2018), ¢o sluzilo ako podklad pre navrh

rekonstrukcie.

Z vysledkov podrobnej prehliadky DC3 podla predpisu

Zeleznic Slovenskej republiky (ZSR) S5 (Sprava Zelezni¢-

nych mostnych objektov) vyplyvalo nevyhovujiace

hodnotenie klenbovej ¢asti mosta v prvom poli. Pri
podrobnej technickej diagnostike bola zistena staticka
porucha - prasklina vo vrchole klenby v prvom poli.

Tato prasklina bola spésobena dynamickymi u¢inkami

pri prejazde jednotlivych naprav kolajovych vozidiel

cez dilata¢né zariadenie medzi DC2 a DC3. Na zaklade

tychto zisteni bola znizen4 tratova rychlost na moste na

20 km/h a klenba bola provizérne podopreta konstruk-

ciou PIZMO. V z4veroch statického prepoc¢tu bola uvedena

prechodnost nizsieho prevadzkového zatazenia (C3 - 20 t/

ndprava), ako pozaduje ZSR, a to pri maximalnej rychlosti

len 70 km/h.

Z tychto dovodov bolo nevyhnutné vypracovat projekt

rekonstrukcie mosta, ktory musel respektovat vsetky

poZiadavky investora stavby ZSR. Medzi tieto poZiadavky
patrili hlavne:

» Navrhntt novi nosnud konstrukciu mosta, ktora pre-
vezme statickd funkciu nosnej konstrukcie tehlovych
klenieb mosta.

» Zachovat povodné klenby mosta, aby sa zachoval archi-
tektonicky vzhlad mosta.

» Navrhntt nosnt konstrukciu na vyssie prevadzkové
zatazenie (KZZ D4) a prevadzkovu rychlost 120 km/h.

» Pocitat s pevnou jazdnou drahou na moste.

» Sanovat spodnt stavbu a pdvodné tehlové klenby
a kamenné rimsy mosta.

» Rozsirit prechodovy prierez na moste z 2,50 m na 3,00 m.

Na zaklade vsetkych tychto podkladov a poziadaviek sme

pre investora DSZVP pripravili na rekonstrukciu DC3. Na-

vrhnuta bola nova nosnd konstrukcia ,vnutri“ pé6vodného
mosta. Po obnazeni pévodnych klenieb mosta sa tieto
klenby osetria a ochrania proti vode pasovou hydroizo-
laciou, ktora bude chranend Zelezobeténovou Skrupinou

s premennou hrubkou. Rovnakym spdsobom sa ochrania

povodné Celné stienky klenby. Nad existujicimi podpe-

rami mosta sa vybuduji nové Zelezobeténové podpery,

na ktorych bude uloZzena nova nosné konstrukcia. Nové

podpery mosta budud spriahnuté s pévodnymi podperami

tailed technical assessment of the bridge and a structural

analysis of the brick arches (Railway Research and Devel-

opment Institute, Railway Lines and Structures Section,

Bridge Diagnostics Centre, Ondrej Kridla, 12/2018), which

served as the basis for the reconstruction design.

The results of the detailed inspection of EU3 in accordance

with Slovak Railways (ZSR) Regulation S5 (Management of

Railway Bridge Structures) indicated an unsatisfactory as-

sessment of the arch section of the bridge in the first span.

During the detailed technical diagnosis, a structural defect

was identified - a crack at the apex of the arch in the first

span. This crack was caused by dynamic effects during the
passage of individual axles of rail vehicles over the expan-
sion joint between EU2 and EU3. Based on these findings,
the track speed on the bridge was reduced to 20 km/h and
the arch was temporarily supported by a PIZMO shoring
system. The conclusions of the structural analysis indicated

a lower operational load capacity (EU3 - 20 t/axle) than

required by ZSR, at a maximum speed of only 70 km/h.

For these reasons, it was necessary to draw up a bridge

reconstruction project that had to comply with all the

requirements of ZSR as the investor. These requirements
included, in particular:

» Design of a new load-bearing structure for the bridge,
which will take over the structural function of the lo-
ad-bearing structure of the bridge’s brick arches,

» The original arches of the bridge will be retained to
preserve the architectural appearance of the bridge,

» The supporting structure must be designed for a higher
operational load (KZZ D4) and an operational speed of
120 km/h,

» A fixed carriageway on the bridge should be considered

» Reconstruct the substructure, the original brick arches
and stone cornices of the bridge,

» Widen the clear span on the bridge from 2.50 m to
3.00 m.

Based on all these documents and requirements, we

prepared a design (DSZVP) for the investor for the rehabili-

tation of EU3. A new supporting structure was proposed

‘inside’ the original bridge. Once the original bridge arches

have been exposed, they will be treated and protected

against water by strip waterproofing, which will be pro-
tected by a reinforced concrete shell of variable thickness.

The original end walls of the arches will be protected in the

same way. New reinforced concrete supports will be con-

structed above the existing bridge supports, upon which
the new supporting structure will be placed. The new
bridge supports will be connected to the original supports
using bonded reinforcement. The new supporting structure
will be hinged on the supports.

The new bridge supporting structure is designed as

a 10-span structure comprising simple spans. The cross-

section consists of six HEB 700 steel girders encased in

concrete within a solid slab 0.80-0.83 m thick. The upper
surface will have a 2% gradient and will be insulated. The

total width of the supporting structure will be 3.35 m.

Load-transferring stops will be fitted to the upper edge of

the supporting structure to transfer loads from the fixed

carriageway to the structure.

New reinforced concrete cornices will be constructed on

the original end walls of the arches. Steel railings 1.10 m

high and cable ducts will be mounted on the cornices. Steel

grated walkways will be installed between the cornices and
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pomocou lepenej vystuze. Nova nosna konstrukcia bude
kibovo uloZena na podperéach.

Nova nosna konstrukcia mosta je navrhnuta ako 10-polova
z prostych poli. Prie¢ny rez tvori Sest ocelovych nosnikov
HEB 700 zabeténovanych do masivnej dosky s vyskou

0,80 - 0,83 m. Horny povrch bude v spade 2 % a bude
zaizolovany. Celkova sirka nosnej konstrukcie bude

3,35 m. Na hornej hrane nosnej konstrukcie budi osadené
zarazky na prenos zatazenia z pevnej jazdnej drahy do
konStrukcie.

Na pévodnych Celnych stienkach klenieb sa vybuduju
nové zelezobeténové rimsy. Na rimsach bude namonto-
vané ocelové zabradlie s vyskou 1,10 m a kdblové zlaby.
Medzi rimsami a nosnou konstrukciou sa osadia ocelové
pochddzne rosty, cez ktoré bude zabezpecené odvodnenie
povrchu nosnej konstrukcie aj rims. Zrazkova voda bude
zachytavana do zlabov a odvedena popri pilieroch mimo
konStrukcie.

KONCEPCIA MOSTA V DOKUMENTACII NA STAVEBNE
POVOLENIE A REALIZACIU STAVBY (DSPRS)

Oproti prechadzajucemu stupiiu PD (DSZVP) nastala

v technickom rieSeni DSPRS mostného objektu zasadna
zmena. P6vodne sa na moste pocitalo s pevnou jazdnou
drahou, ¢omu bola prispésobend aj nosna konstrukcia
mosta. Na pracovnych poradach s investorom sa vSak
dospelo k zaveru, Ze pevna jazdna draha na moste nie je
potrebn4, preto bolo potrebné zmenit typ nosnej kon-
Strukcie. P6vodne navrhnuté konstrukcia masivnej dosky
so zabeténovanymi ocelovymi nosnikmi bola nahradena
zelezobeténovou klenbou s hornou doskou.

Nosna konstrukcia mosta bola navrhnuté ako 10-polova
klenbova Zelezobeténova s hornou doskou. Pozostavala
z pity klenby, zo samotnej klenby, z pozdiZnych a prieé-
nych stien a z hornej dosky so zvislymi stenami (dalej
»Zzelezobeténova vana“).

Nad podperami by sa vybeténovali masivne Zelezobe-
ténové pity klenby na Sirke 4,650 m, vyske cca 2,000 m
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the supporting structure, through which drainage of the
surface of both the supporting structure and the cornices
will be ensured. Rainwater will be collected in the gutters
and drained along the piers away from the structure.

BRIDGE DESIGN IN THE DOCUMENTATION FOR THE
BUILDING PERMIT AND CONSTRUCTION (DSPRS)
Compared to the previous stage of the design documenta-
tion (DSZVP), a fundamental change occurred in the techni-
cal solution of the bridge structure in the DSPRS stage of
design documentation. Originally, a fixed carriageway was
envisaged for the bridge, to which the bridge’s supporting
structure was also adapted. During work meetings with the
client, it was agreed that a fixed carriageway on the bridge
was not necessary, and therefore the type of supporting
structure had to be changed. The originally proposed
structure of a solid slab with embedded steel girders was
replaced by a reinforced concrete arch with a top slab.

The bridge’s supporting structure was designed as a 10-span
reinforced concrete arch structure with a deck. It consisted
of the arch footing, the arch itself, longitudinal and trans-
verse walls, and the deck with vertical walls (hereinafter
“reinforced concrete trough”).

Massive reinforced concrete arch footings, 4.650 m wide,
approx. 2.000 m high and of variable width (depending

on the shape of the original brick arch), would be cast in
concrete above the supports. Subsequently, new reinforced
concrete arches 0.700 m thick would be constructed on the
original brick arches, resting on the already constructed
arch footings. Longitudinal (0.35 m thick) and transverse
(0.30 m thick) walls would rest on the arches. The width of
these structures in cross-section would be 4.650 m. During
the construction of the new load-bearing structure, the
original arches would have to be supported by a temporary
support structure. Before the construction of the footing,
arch and walls, reinforcement bars would be drilled into
and bonded to the original bridge structure, which would
ensure interconnection once the new load-bearing struc-

TOTAL LENGHT OF BRIDGE 204.180m

LENGHT OF SUPERSTRUCTURE 163.980m
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Obr. 3 Pozdizny rez mostom v DSPRS
Fig. 3 Longitudinal section of the bridge in DSPRS




Opravy a rekonstrukcie / Repairs and reconstructions

a s premennou Sirkou (podla tvaru pévodnej tehlovej
klenby). Nasledne by sa na péovodnych tehlovych klen-
bach zrealizovali nové Zelezobeténové klenby v hribke
0,700 m, ktoré by sa opreli do uz zhotovenych piet
klenby. Na klenbach by stali pozdizne (hribka 0,35 m)

a prie¢ne (hrtibka 0,30 m) steny. Sirka tychto konstrukcif
v prie¢nom reze by bola 4,650 m. Pocas vystavby novej
nosnej konstrukcie by museli byt p6vodné klenby po-
dopreté podpernou konstrukciou. Pred realizaciou paty,
klenby a stien by sa do povodnej konstrukcie mosta
navrtali a nalepili vystuZze, ktoré po realizacii novej
nosnej konstrukcie zabezpecia vzajomné prepojenie.
VSetky priestory medzi klenbou, pédtou a stenami by sa
vyplnili beténom. Na klenbe a stenach by bola ulozena
»Zelezobeténova vana“, v ktorej by bol ulozeny Zeleznic-
ny zvrSok mosta. Celkova Sirka ,zelezobeténovej vane“
mala byt 6,500 m. Horné hrana vane mé mat v prieCnom
aj pozdiznom smere spad k odvodiiovac¢om, to znamens,
ze hrubka dosky ,,zelezobetonovej vane“ by bola
premennd (210 - 460 mm). Sirka stienok vane ma byt
0,200 m. Prava stienka by bola nad podperami ¢. 4,7 a 10
rozéirend na $irku 0,900 m, v diZke 0,900 m, s nabehmi.
Tato rozsirené Cast by slizila na osadenie stoziarov
trakéného vedenia.

KONCEPCIA MOSTA V ZMENOVEJ

DOKUMENTACTI DRS (ZDRS)

Nasledne investor vybral vo verejnej stitazi zhotovitela
rekonstrukcie mosta a daného tiseku trate. Po odkopani
Zelezni¢ného zvrsku vsak zhotovitel objavil vnutri mosta
skutocénosti, ktoré neboli zndme pocas projektovania
predchadzajucich stupnov projektovej dokumentacie
aneodhalil ich ani stavebnotechnicky prieskum mosta.

S najvacsou pravdepodobnostou nosné konstrukcia mosta
uz presla rekonstrukciou v 60. rokoch pocas vystavby di-
lata¢ného celku 2. Rekonstrukcia pozostavala z polozenia
hydroizolacie vnutri mosta a nasledného ochranenia tejto
izolacie vrstvou beténu. Vzhladom na vysoku pevnost
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Obr. 4 Prie¢ny rez mostom v DSPRS
Fig. 4 Cross-section of the bridge in the Building Permit
and Construction Documentation (DSPRS)

ture is in place. All spaces between the arch, footing and
walls would be filled with concrete. A “reinforced concrete
trough” would be placed on the arch and the walls, within
which the railway superstructure of the bridge would be
laid. The total width of the “reinforced concrete trough”
was to be 6.500 m. The upper edge of the trough was

to slope towards the drains in both the transverse and
longitudinal directions, meaning that the thickness of

the “reinforced concrete trough” slab would be variable
(210-460 mm). The width of the walls of the trough is to be
0.200 m. The right-hand wall would be widened to a width
of 0.900 m above supports No. 4, 7 and 10, over a length of
0.900 m, with ramps. This widened section would serve for
the installation of overhead catenary line masts.

BRIDGE DESIGN IN THE AMENDED

CONSTRUCTION DOCUMENTATION (ZDRS)
Subsequently, the investor selected a contractor for the
reconstruction of the bridge and the relevant section of
the track through a public tender. After excavating the

TOTAL LENGHT OF BRIDGE 204.030m
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Obr. 5 Pozdizny rez mostom v zmene DRS
Fig. 5 Longitudinal section of the bridge in the DRS modification
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Obr. 6 Prieény rez mostom v zmene DRS
Fig. 6 Cross-section of the bridge in the amended detailed design (DRS)

tychto beténov sa mostna konstrukcia pri ich barani
nadmerne otriasa, preto zhotovitel z d6vodu obavy nena-
vratného poskodenia mosta prace zastavil.

Z tohto dévodu nebolo mozné postavit konstrukciu tak,
ako bola navrhnutd, a bolo potrebné navrhnuat novia
koncepciu rekonstrukcie mosta, ktora by zohladnovala
uvedené nové skutocnosti.

Buracie prace pneumatickymi kladivami boli nahradené
buranim pomocou chemickej latky CEVAMIT. CEVAMIT je
nevybusnd, suchd, praskova zmes urcenda na rozpojovanie
pevnych Struktir, ako st betén, skala atd. Touto metédou
bolo mozné rozpojit a odstranit betén nad klenbami, nie
vsak nad podperami. Nad podperami bolo nutné posunut
uroven zaloZenia Zelezobeténovej klenby cca 0 1,50 m
vyssie. ZvySenim urovne zaloZenia péaty klenby doslo

k zniZeniu klenbového ti¢inku na konstrukcii. To malo
zasadny vplyv na statickil schému mosta - nové statické
pbsobenie konstrukcie viac pripominalo nosnikové
poOsobenie, preto bolo potrebné nové statické posidenie
konstrukcie. Z nového postdenia konstrukcie vyplynulo
hlavne zasadné zvySenie mnozstva betonarskej vystuze

v pite klenby a v samotnej klenbe.

DalSou skutoénostou, ktord ovplyvnila statické posudenie
mosta, bolo zizenie nosnej konstrukcie vnutri mosta

z dévodu obavy o stabilitu pévodnych celnych stienok
klenby. Nova sirka nosnej konstrukcie je 4,05 m oproti
4,65 m v predchadzajucom stupni dokumentacie.

ZAVER

Aj tento prispevok ukazuje, Ze rekonstrukcia vzdy prekva-
pi. Preto je nesmierne doélezité mat pred zacatim navrhu
rekonstrukcie maximalne mnozstvo informacii vSetkého
druhu (dokladové, historické zaznamy, vyjadrenia byva-
lych zamestnancov investora, diagnostické a prieskumné
diela r6zneho charakteru a rozsahu a pod.), ktoré mozno
o konstrukcii ziskat a ktoré je nevyhnutné vyhodnotit,
aby tvorili jeden do seba zapadajuci celok. Rovnako je
dolezité, aby kazda poziadavka na nové dielo vyplyvala

z analyzy existujucich poznatkov o konstrukcii. Verime,
Ze rekonstrukciou tohto doélezitého mosta sme vytvorili
estetickd a funkcént historickt dopravnu stavbu, ktora
ocenia nielen odbornici, ale hlavne bezni ludia, pre
ktorych zostane most vizualnou, no najma funk¢nou
dominantou.

Zdroje
1. https://www.vlaky.net/galerie/1106/marcheggsky-viadukt/.
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railway superstructure, the contractor discovered condi-
tions inside the bridge that were unknown during the
design of the previous stages of the project documenta-
tion and had not been revealed by the structural survey
of the bridge. In all likelihood, the bridge’s supporting
structure had already undergone reconstruction in the
1960s during the construction of expansion unit 2. The
reconstruction consisted of laying waterproofing inside
the bridge and subsequently protecting this waterproof-
ing with a layer of concrete. Due to the high strength of
this concrete, the bridge structure vibrates excessively
during demolition, and therefore the contractor halted
work out of concern for irreversible damage to the
bridge.

For this reason, it was not possible to construct the struc-
ture as originally designed, and it was necessary to devise
a new concept for the bridge reconstruction that would
take these new circumstances into account.

Demolition work using pneumatic hammers was re-
placed by demolition using the chemical agent CEVAMIT.
CEVAMIT is a non-explosive, dry, powder mixture
designed to break up solid structures such as concrete,
rock, etc. Using this method, it was possible to break up
and remove the concrete above the arches, but not above
the supports. Above the supports, it was necessary to
raise the foundation level of the reinforced concrete arch
by approximately 1.50 m. Raising the foundation level of
the arch’s footing reduced the arch effect on the structure.
This had a fundamental impact on the bridge’s structural
scheme; the new structural behaviour of the structure
more closely resembled that of a girder, and therefore

a new structural assessment of the structure was
required. The new structural assessment resulted primar-
ily in a significant increase in the amount of concrete
reinforcement at the footing of the arch and within the
arch itself.

Another factor that influenced the structural assessment of
the bridge was the narrowing of the supporting structure
inside the bridge due to concerns about the stability of
the original end walls of the arch. The new width of the
supporting structure is 4.05 m, compared to 4.65 m in the
previous stage of documentation.

CONCLUSION

This paper also demonstrates that reconstruction always
holds surprises. It is therefore of the utmost importance,
prior to commencing the design of a reconstruction, to
have the maximum amount of information of all kinds
(documentary evidence, historical records, statements
from former employees of the client, diagnostics and
surveys of various types and scopes, etc.) that can be
obtained regarding the structure and which must be evalu-
ated to form a coherent picture. It is equally important
that every requirement for the new structure stems from
an analysis of existing knowledge about the structure. We
believe that through the reconstruction of this important
bridge, we have achieved an aesthetically pleasing and
functional historic transport structure that will be ap-
preciated by experts, but above all by ordinary people,
for whom the bridge will remain a visual, but above all

a functional, landmark.

References
1. https://www.vlaky.net/galerie/1106/marcheggsky-viadukt/.
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Dialnica v Sanghaiji

Nova vyvys$ena dialnica na
predmesti Sanghaja vytvara

velmi potrebné spojenie medzi
dvoma vyznamnymi existujucimi
rychlostnymi komunikaciami

a dilatacné zavery mageba
TENSA°POLYFLEX®, pouzité pri
vystavbe, st idealne pre tato husto
obyvanu lokalitu.

Novo vybudovany most Jiamin-Hujia,
vyvySena dialnica na severozapade
Sanghaja s celkovou dizkou priblizne
jeden kilometer, spaja dve klacové
severojuzné cestné komunikacie

- dialnicu S5 Shanghai Jiading a vy-
vySenu cestu Jiamin - s pdsobivymi
mimourovnovymi krizovatkami na
oboch koncoch, ktoré umoznuju
plynuly tok dopravy.

Nova konstrukcia si vyzadovala
mostné dilata¢né zavery schopné
absorbovat posuny az do 135 mm na
14 miestach tejto dialnice, a preto bol
zvoleny pokrodily elasticky polyu-
retanovy zalievkovy dilataény zaver
TENSA®POLYFLEX® Advanced PU od
spolo¢nosti mageba - nielen pre jeho
schopnost prisposobit sa zloZitym
pohybom a rotaciam konstrukcie,

ale aj pre jeho vynimoc¢nu tichost pri
zatazeni dopravou.

Zalievkové mostné zavery POLY-
FLEX® ADVANCED PU st novym
systémom na baze elastickych poly-
mérov. Predstavuji novu generaciu
elastickych dilatacnych zaverov (DZ).
Tento flexibilny zalievkovy DZ je

Novovybudovany spojovaci most Jiamin-Hujia na vyvysenej dialnici
v severozapadnom predmesti Sanghaja, tvori velmi potrebné spojenie
medzi dvoma délezitymi existujucimi rychlostnymi cestami.

ovela lepsou alternativou s vyhodami
asfaltového DZ, eliminujicim jeho
nevyhody, ako st napr. pukliny, de-
formaécie, tvorba vyjazdenych kolaji,
deformaécie v désledku pretazenia
atd. Ide o Uplne novy standard, ¢o

sa tyka kvality, zivotnosti, jazdného
komfortu, vodotesnosti a nizkej
hlucnosti.

Novy polyuretanovy material je
plne elasticky a vysoko odolny proti
poskodeniu. Perforované ocelové
uholniky chrania prilahlé steny DZ
pred brzdnymi a tahovymi silami.
Ocakavana zivotnost je viac ako
dvojnésobne vyssia nez zivotnost
prilahlych vrstiev asfaltu. Tato
modernu verziu zalievkového DZ,
zaloZenu na vyuziti elastického
materidlu na baze polyuretanu,

je mozné pouzit na akykolvek typ
konstrukcie. Je extrémne pevna

a vykazuje vynimo¢nt geometricku
flexibilitu. Zaroven pontka mnoho
vyhod v suvislosti s instalaciou,
najma pri rekonstrukciach. Umoz-
nuje vymenu poévodného DZ po
¢astiach s minimalnym dosahom
na premavku. Tento aspekt byva
klucovy a zasadny. Vytvara dokonale
rovny prechod medzi vozovkou

a samotnym DZ. Pouzity PU material
preukazal svoju trvanlivost a funk¢-
nost pri rozsiahlych laboratérnych
testoch, ¢o viedlo v roku 2012

k udeleniu eurépskeho technického
osvedcenia. Neprekonatelny jazdny
komfort dotvarajui aj ROBO®DUR

hluk pri prejazde.
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asfaltové spevnujtce rebra, za-
branujice deformacie asfaltovych
povrchov na oboch stranach DZ.
Minimalizuju sa narazy kolies a zod-
povedajice dynamické zatazenie DZ.
Dokonale hladky povrch odborne
nainsStalovaného dilatacného zaveru
tohto typu zabraniuje ndrazom

a vibraciam, ¢im sa hluk znizuje na
absolitne minimum. Tieto vyhody st
dobre zname mostarskej komunite

v Sanghaji, kde bol rovnaky typ dila-
tacného zaveru v minulosti pouzity
na mnohych projektoch - vratane
mosta najazdu S32 Puxing Road,
rekonstrukcie Taihe Road na vonkaj-
Som okruhu a projektu zdvihnutia
vychodného vonkajsieho okruhu
Sanghaja len v uplynulom roku.

Sme radi, ze sme mohli opét prispiet
k zvysenej kvalite Zivota obyvatelov
tejto Casti najvacsej ¢inskej metro-
poly - najmai tym, Ze sme im pomohli
zabezpecit pokojny noény spanok. B

www.mageba-group.com

Instalacia jedného zo 14 DZ
TENSA®POLYFLEX®Advanced PU.

Kompletne nainstalovany DZ TENSA°POLYFLEX®Advanced PU
na novej estakade s hladkym jazdnym povrchom, ktory minimalizuje
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Lupci
Most na ceste prvej triedy 1/66 patri medzi
klucové objekty, ktorych uzavretie by znamenalo
obchadzky dlhé niekolko desiatok kilometrov.
Prave z tohto dévodu bolo potrebné urcit po
zhodnoteni jeho velmi zlého technického stavu
podmienky dalej prevadzky do €asu, kym sa
dokoncéi predlzenie rychlostnej cesty R1po
Slovensku Lupéu. V prispevku je opisana cielena

diagnostika predpatia, ako aj koncept nasadeného
online monitoringu.

Diagnostics of
post-tensioning
tendons and
online monitoring
of the bridge near
Slovenska Lupca

The bridge on the first-class road I/66 is one of
the key structures whose closure would require
detours of several tens of kilometers. For this
reason, after assessing its very poor technical
condition, it was necessary to define conditions
for its continued operation until the extension
of the R1expressway to Slovenska Lupca is
completed. This paper describes targeted
diagnostics of post-tensioning tendons as

well as the concept of the implemented online

Jakub Rubint

Peter Paulik

Jakub Gasparek

Most (M2717) sa nachadza na frekventovanej ceste, spaja-
jucej Bansku Bystricu a Brezno, kde premostuje mensie
udolie a Zelezni¢nd trat. Ide o spojitu, patpolovi konstrukciu
tvorent nosnikmi zo spinanych prefabrikatov (typ I-67),

¢im most zaradujeme medzi vysokorizikové konstrukcie.
Maximalne rozpétie pola je 34 m.

Velmi zly technicky stav mosta si vyziadal vykonanie nie-
kolkych diagnostik, ktorych ulohou bolo overit, ¢i je mozné

most aj napriek takému stavu nadalej docasne prevadzkovat.

V pripade uzavretia mosta by totiz mala obchadzkova trasa
dizku az niekolko desiatok kilometrov, ¢o pri takej frekven-
tovanej ceste predstavuje obrovské komplikacie.

Pri tomto type konstrukcie je potrebné vykonat vzdy tzv.
cielenu diagnostiku zamerand na stav predpétia, ktoré
determinuje zvyskovi inosnost mosta. Na danom moste
bola tato kontrola vykonana v oktébri 2023, pricom okrem
overenia celkového stavu predpinacich kablov sa zaroven

monitoring system.

Bridge (M2717) is located on a busy road connecting
Banska Bystrica and Brezno, spanning a small valley and
a railway line. It is a continuous five-span structure com-
posed of post-tensioned segmental precast girders (type
1-67), which classifies it as a high-risk bridge structure.
The maximum span length is 34 m.

Due to the very poor technical condition of the bridge,
several diagnostic investigations were carried out to
determine whether the bridge could continue to operate
temporarily despite its condition. Closure of the bridge
would result in detours of several tens of kilometers,
posing major complications regarding the heavy traffic
volume.

For this type of structure, it is always necessary to
perform targeted diagnostics focused on the condition of
post-tensioning tendons, which determines the residual
load-bearing capacity of the bridge. This assessment was

doc. Ing. Peter Paulik, PhD., Stavebna fakulta STU v Bratislave, Katedra beténovych konstrukcii a mostov, Radlinského 11, 810 05 Bratislava,
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vyhodnotili najhorsie skary, na ktoré sa nasledne osadili
snimace pre dlhodoby monitoring. Stav predpétia mosta sa
hodnotil na zaklade odkrytia kablov vizualnou kontrolou
stavu chraniciek kablovych kanalikov, stavu drotov a in-
jektaze. Cielene sa odkryli tie kdble, kde vonkajsie poruchy
indikovali mozné problémy s predpinacimi lanami. Zaroven
sa nahodne prezreli aj dalsie kable tak, aby sa pokryla cela
konstrukcia a vSetky typy predpinacich kdblov. Okrem
kontroly stavu predpétia mosta bola podrobne prehliadnuta
aj jeho hornd a spodna stavba so zameranim sa na pripadny
vyskyt statickych trhlin.

ZHODNOTENIE VIZUALNEJ PREHLIADKY MOSTA
Predpété spinané prefabrikaty vykazuju celoplo$ne nizke
krytie vystuze, ktora vyrazne koroduje, ¢cim dochadza

k delaminacii krycej vrstvy a lokdlne k obnazovaniu
kablovych kanalikov. Kor6ziou ocelovych tenkostennych
chraniciek prisli kdble o sekundarny prvok ochrany, takze
dochédza k postupnej karbonatizacii injektaznej malty
anasledne ku korozii predpinacich dr6tov. Horné stavba
mosta vykazuje znaky zatekania, pricom voda preteka

cez celd konstrukciu. Na niektorych prefabrikatoch su
viditeIné inkrustované pozdizne trhliny (na spodnej pasnici
aj na stenach), ktoré kopiruju geometriu zabudovanych
kéblovych kanalikov. Voda presakujtca cez trhliny, pripad-
ne cez oblast kotiev, transportuje ku kablovym kanalikom
a k predpinacej vystuzi chloridy, pévodom z cestnych soli
pouzivanych na zimnu udrzbu. Najrozsiahlejsie zatekanie
hornej stavby nastava v oblasti odvodnovacich ruar, ktoré
boli uz v minulosti vymenené za plastové, a na krajnych
nosnikoch. Nespravne osadené odvodnovacie rary a zle
rieSené detaily hydroizolacie viedli k rozsiahlemu zateka-
niu a st jednou z hlavnych pri¢in zlého stavu mosta.

-

Obr. 1 Pohlad na most
Fig. 1 View of the bridge
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carried out in October 2023. In addition to verifying the
overall condition of post-tensioned tendons, the most
critical joints were evaluated and subsequently equipped
with sensors for long-term monitoring.

The condition of the prestressing tendons was assessed
by drills and conducting visual inspections of duct
sheathing, wire corrosion, and grout quality. Tendons
were selectively exposed where external defects in-
dicated potential problems. Additional tendons were
randomly inspected to ensure coverage of the entire
structure and all types of prestressing tendons.

In addition to this diagnostic, both the superstructure
and substructure were thoroughly inspected, with par-
ticular focus on the presence of structural cracks.

EVALUATION OF VISUAL INSPECTION

The precast girders exhibit generally insufficient con-
crete cover, leading to significant corrosion. This results
in delamination of the cover layer and local exposure of
cable ducts.

Due to corrosion of thin-walled steel ducts, the cables
have lost their secondary protection, leading to progres-
sive carbonation of the grout and subsequent corrosion
of prestressing wires.

The bridge deck shows clear signs of water leakages,
with water penetrating through the entire structure.
Some precast girders show small cracks (both in the
bottom flange and webs) following the geometry of cable
ducts.

Water seeping through cracks or anchor zones trans-
ports chlorides from de-icing salts to the cable ducts
and prestressing reinforcement. The most significant
leakage occurs near drainage pipes and at the edge

. e !
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Obr. 2 Prie¢ny rez mostom - schéma z mostného zosita
Fig. 2 Cross-section of the bridge — schematic from the bridge documentation
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Obr. 3 Pozdizny rez mostom — schéma z mostného zosita
Fig. 3 Longitudinal section of the bridge — schematic from the bridge
documentation

CIELENA DIAGNOSTIKA PREDPATIA

Predpétie sa overilo na vzorke 45-tich kablov (odkryté +
delaminéciou obnazené), pricom boli objavené len dva tplne
nezainjektované kablové kanaliky a len v jednom pripade
doslo k pretrhnutiu niekolkych drétov.

Pocas cielenej diagnostiky predpétia boli zistené skutoc-
nosti, ktoré maji vplyv na zatazitelnost a Zivotnost mosta.
Na zaklade ziskanych tidajov existuje vysoka pravdepodob-
nost, Ze priblizne 20 % zdvihanych kablov (polygonéalne)
vedenych v stendch prefabrikatov je v hornych polohach

(v blizkosti opér a pilierov) nedoinjektovanych a dochadza
kich korézii. Zaroven je pravdepodobné, Ze priblizne 10 %
zo vSetkych zdvihanych kablov nie je zainjektovanych vobec
a dochadza k ich korozii.

V pripade priamych kablov spinajucich segmenty, vedenych
v ich dolnych pasniciach, nebol objaveny taky kabel, ktory
by vykazoval znaky nezainjektovania. Pocas diagnostiky boli
objavené obnazené priame kable, ktoré vplyvom koroézie
ocelovych chraniciek prisli o sekundarnu ochranu a uz
dochédza k postupnej karbonatizacii injektaznej hmoty
chraniacej droty predpinacich kablov. Tieto kéable st vyraz-
nejsie nachylné na vznik kordzie a ich zZivotnost je vyrazne
skratena.

V Ziadnom poli mosta nebola objavena trhlina, ktora by
indikovala pokles miery predpitia.

.(C1 STOUKY

girders. Improper installation of drainage pipes and
poorly designed waterproofing details have led to
extensive leakage and are among the main causes of the
bridge’s deterioration.

TARGETED DIAGNOSTICS OF THE POST-TENSIONING
TENDONS

State of the prestressing tendons was evaluated on

a sample of 45 tendons (exposed by drills or uncovered
due to delamination). Only two completely ungrouted
ducts were identified, and only one case of broken pre-
stressing wires was observed.

However, several findings affecting load-bearing capacity
and service life were identified. There is a high probabil-
ity that approximately 20% of polygonal tendons in the
webs of precast girders are insufficiently grouted in the
upper zones (above piers and abutments near anchorage
zones), leading to corrosion. Additionally, around 10% of

Obr. 4 Diagnostika predpétia
Fig. 4 Prestress Diagnostics
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Obr. 6 Pohlad na obnazené kablové kanaliky K5.7 a K5.8 v piatom poli
mosta - kablové kanaliky su skorodované, kable su zainjektované.

Fig. 6 View of the exposed cable ducts K5.7 and K5.8 in the fifth span of
the bridge — the cable ducts are corroded, the cables are grouted.

Obr. 5 Nizke krytie strmenov, rozsiahla delaminacia krycej vrstvy
zapri¢inend expanziou korozivnych splodin s naslednym obnazenim
kablovych kanalikov

Fig. 5 Insufficient concrete cover, extensive delamination of the cover
layer caused by expansion of corrosion products, with subsequent
exposure of cable ducts

Stav predpitia mozno na zaklade zistenych skuto¢nosti
oznacit ako zly, nie vSak kriticky.

Obr. 7 Nezainjektovany kabel s korodujucimi a pretrhnutymi predpinacimi
drétmi v zdvihanej Casti
Fig. 7 Ungrouted tendon with corroding and broken prestressing wires

MONITORING
Na zaklade cielenej diagnostiky predpétia bol navrhnuty
anasledne v oktébri 2023 nasadeny systém monitoringu

vybranych kritickych skar medzi segmentmi prefabrikatov. all polygonal tendons may be completely ungrouted and
Vybrané boli tie skary, ktoré boli pri miestach zistenych subject to corrosion.
nedostatkov v ramci diagnostiky a prehliadky mosta. Okrem | For straight tendons connecting precast segments of
snimacov boli na skary umiestnené aj sadrové a sklené the girders in the bottom flanges, no ungrouted tendons
terciky, ktoré by mali potvrdit tidaje zo snimacov v pripade were identified. However, some exposed straight tendons
otvorenia Skar. Monitoring je napojeny na ustrediu, ktora have lost secondary protection due to duct corrosion,
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Obr. 8 Ukazka schémy rozmiestnenia snimacov na vybrané Skary v prvom poli
Fig. 8 Example of the sensor placement layout on selected joints in the first span
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Obr. 9 Pohlad na jednu z monitorovanych skar
Fig. 9 View of one of the monitored joints

udaje priebezne vyhodnocuje. Kazdé tri mesiace sa zaroven
kona vizualna prehliadka konstrukcie a kazdy mesiac sa
podava sprava z monitoringu.

ZAVERY

Hlavné priciny zlého stavu mosta mézeme zhrntt do nasle-

dujtcich bodov:

» Nespravne rieSené prvky hydroizolacie a odvodiiovacie-
ho systému, ktoré viedli k rozsiahlemu zatekaniu mosta.

» Nizke krytia vystuze (10 mm), ktoré sa v ¢ase vystavby
mosta povazovalo za Standardné (nedostatok vedomosti
o degradacii zelezobeténovych konstrukcii v ¢ase vy-
stavby).

» Vyskyt nezainjektovanych kablovych kanalikov.

» Nedostato¢né idrzba mosta (nedostato¢nda idrzba
odvodnenia, nerieSenie portch v Case, ked este neboli
rozsiahle).

V suicasnosti viedol zly stav mosta k ziZzeniu jazdnych
pruhov na moste a nasadeniu monitorovacieho systému.
Monitoring mosta zabezpecuje bezpecnt prevadzku az

do ¢asu, ked by bolo zaznamenané otvorenie niektorej

zo Skar medzi prefabrikatmi (Skary st monitorované
online a vyhodnocované na tyzdennej baze). V pripade
zaznamenania pohybu niektorej zo skar by bolo nutné
pristupit k dalsim krokom, ako napriklad k uzavretiu
jedného z jazdnych pruhov alebo, v extrémnom pripade,
aj celého mosta. Most je tiez pod sprisnenym dohladom
vizualnych prehliadok v trojmesacnych intervaloch.
Podobné riesenie sa odporuca pre vsetky rizikové mosty
(mosty zo spinanych prefabrikatov), pri ktorych sa na
zaklade cielenej diagnostiky predpitia zistilo, Ze dochadza
ku kordzii predpinacich kablov.

Zaroven sa pre vSetky mosty zo spinanych prefabrikatov,
ako aj pre segmentové mosty postavené pred rokom

1990 odporuca vykonat cielent diagnostiku predpétia

a nespoliehat sa len na vizualne prehliadky, ktoré nedo-
kazu vcas objavit kor6ziu predpitia. Vdaka véasnému
objaveniu problémov s predpétim ziska spravca mosta ¢as
na pripravu na uzavretie a prestavbu mosta a predide tak
necakanym komplikaciam v pripade nutného okamzitého
uzavretia mosta, alebo, v horSom pripade, jeho necakané-
ho kolapsu.

Literatira

1. Sprava z cielenej diagnostiky predpétia mosta a instalacie monitoringu,
Most ev. ¢. M2717 na ceste 1/66 cez Zelezniénu trat pri odbocke do Biotiky
Sl. Lupca, 2023.

and carbonation of grout has begun. These tendons are
more susceptible to corrosion and have significantly
reduced service life.

No cracks indicating a reduction in prestressing force
were detected.

Overall, the condition of prestressing tendons can be
classified as poor, but not critical.

MONITORING

Based on the targeted diagnostics, a monitoring system
was designed and installed in October 2023 to track
selected critical joints between precast segments of the
girders.

The monitored joints were selected based

on identified deficiencies. In addition to electronic
sensors, plaster and glass indicators were installed

to visually verify joint movements signalized

by the electronic system.

The monitoring system is connected to a central unit that
continuously evaluates the data. Visual inspections are
conducted every three months, and monitoring reports
are issued monthly.

CONCLUSIONS

The main causes of the bridge’s poor condition can be

summarized as follows:

» Improper waterproofing and drainage design leading to
extensive water leakages.

» Insufficient concrete cover (approximately 10 mm),
which was considered standard at the time of construc-
tion.

» Presence of ungrouted cable ducts.

» Inadequate maintenance (especially maintenance of the
drainage system and delayed repair of defects)

Due to the current condition, traffic lanes on the bridge
have been narrowed and a monitoring system has been
implemented. Monitoring ensures safe operation until
any joint opening is detected. Joints are monitored
online and evaluated weekly.

If any movement in the joints between the segments is
detected, further measures will be taken, such as closing
another traffic lane or, in extreme case, closing the entire
bridge. The bridge is also subject to enhanced visual
inspections at three-month intervals.

This approach is recommended for all high-risk bridges
(constructed from post-tensioned precast segments)
where corrosion of prestressing tendons has been identi-
fied.

It is also recommended that all segmental bridges built
before 1990, should undergo targeted diagnostics of the
prestressing tendons rather than relying solely on visual
inspections, which cannot detect prestressing corrosion
early in time.

Early detection of corrosion of prestressing tendons
allows bridge owners to prepare for the bridge closure
and its reconstruction, avoiding unexpected complica-
tions or, in the worst case, sudden structural collapse.

References

1. Report on targeted diagnostics of the post*tensioning tendons and
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Od laboratéria po stavbu:
digitalne riesenia pre
spracovatelov betonu

Digitalne technoldgie prinasaju do
stavebného priemyslu revoluciu.
Pracovné postupy sa dnes opieraju
o presné data a algoritmy. Pre
vyrobcov beténu to znamena
rychlejSie rozhodovanie, menej
strat a udrzatelnejsiu vyrobu. Sika
pripravila nastroje, ktoré prepajaju
laboratérne znalosti s efektivhou
pracou na stavbe - od mobilnej
analyzy kameniva azZ po sledovanie
kvality beténu v realnom ¢ase.

SIKA SANDAPP: ANALYZA
KAMENIVA

Kamenivo je zakladom dobrého
beténu a kvalitné zdroje s Coraz
vzacnejsie. Producenti beténu ¢asto
nepracuju s idealnymi materialmi.
Sika vyvinula aplikdciu SandApp,
ktora dokaze zmenit sitova skusku
kameniva na rychly proces. Aplikacia
vyuziva fotografiu vzorky na to, aby
urcila velkostnu krivku, tvarové
parametre a obsah jemnych castic.
Tradi¢né sitové skusky moézu trvat

aj pol hodiny a vyzaduju zariadenie
a vela Usilia na vazenie jednotlivych
prepadov sitami, nehovoriac o ich
umornom Cisteni. SandApp prinasa
vysledky asi za Stvrtinu doby a po-
skytuje udaje aj o tvarovom indexe
kameniva, sférickosti, stranach zfn
a o hladkosti ich povrchu. Tieto vy-
sledky bezné sitovanie neposkytuje
a vyzadovali si by drahé meracie
pristroje.

Aplikécia generuje prehladné proto-
koly vo formate .pdf aj .csv pre dalsie
spracovanie a ziskané krivky mozno
priamo importovat do navrhu zmesi
v aplikacii Sika MixDesign, zdielat
data s inymi uzivatelmi a porovnavat

| aj v mobile na stavbe, pricom prepi-

az Sest meranych ¢i referencnych
kriviek. Vyrobca méze ihned upravit
pomer piesku a kameniva, aby do-
siahol lepsiu spracovatelnost, nizsiu
spotrebu cementu a nizsiu uhlikova
stopu. Aplikacia umoziuje vykona-
vat merania priamo pri nakladke
surovin, v betonarke alebo na stavbe.

SIKA MIXDESIGN APP:
OPTIMALNY RECEPT VZDY PORUKE
Navrhnut beténovd zmes tak, aby
spinala poziadavky na pevnost,
trvanlivost, spracovatelnost, bola
ekonomicka a minimalizovala envi-
ronmentalnu stopu, je dnes naroc-
nejsie ako kedykolvek predtym. Sika
MixDesign umoznuje optimalizovat
zmes na zaklade vykonu, triedy ex-
pozicie alebo dostupnych materialov.
Aplikaciu mozno pouzivat na pocitaci

nanie medzi verziami je plynulé.
Zaujimavostou je, Ze aplikdcia ponuka
Siroku paletu testov Cerstvého aj
zatvrdnutého beténu a tidaje, ktoré je
mozné v aplikacii zbierat a vyhodnoco-
vat. Pouzivatel si mo6ze ukladat r6zne
receptury, priradit k nim vysledky
skusok a sledovat, ako zmena zloZenia
ovplyviiuje vysledné vlastnosti.
Okrem samotného navrhu zmesi ob-
sahuje Sika MixDesign aj rozsirujtice
moduly.

Nastroj LCA Calculator umoznuje
vyhodnotit vplyv zmesi na zivotné
prostredie pocas celého zZivotného
cyklu a zobrazuje globalny potencial
oteplovania aj kumulativnu energe-
ticki naroc¢nost.

Shotcrete App pontika sledovanie
nabehov tuhnutia striekaného
beténu. Dokaze importovat data

Inzinierske stavby / InZenyrské stavby 2/2026

z pristrojov a vytvorit graf vyvoja
pevnosti v redlnom ¢ase priamo na
mieste aplikacie.

TANK LEVEL MANAGEMENT:

ABY NIKDY NECHYBALA PRISADA
Digitalne rieSenia nepokryvaju len
navrh zmesi, ale aj logistiku. Sika
vybavila zasobniky prisad inteli-
gentnymi senzormi, ktoré sleduju

stav naplnenia v redlnom c¢ase. Tank
Level Management pouziva radarové
senzory na vonkajsich nadrziach

s objemom od 2 000 do 30 000 litrov

a ultrazvukové senzory na vnutornych
nadrziach s objemom od 1 000 do 5 000
litrov. Senzory st autonémne, napa-
jané batériou a vybavené modemom
pre mobilné datové siete. Ak hladina
klesne na definovant uroven, systém
odosle upozornenie a umozni okamzi-
te vytvorit objednavku.

VIZIA BUDUCNOSTI - AI SENZORY
Sika v roku 2025 investovala do spo-
lo¢nosti Giatec, ktora vyvija senzory
a platformy s umelou inteligenciou.
Ich bezdrétové snimace SmartRock
meraju teplotu a pevnost. Snimace
MixPilot sleduju konzistenciu beténu
pocas prepravy a spolu s platformou
SmartMix dokazu optimalizovat
mnozstvo cementu a kameniva algo-
ritmami umelej inteligencie. Tym sa
znizuja naklady aj emisie CO,.
Digitalne nastroje spolo¢nosti Sika
spajaju presnost laboratérnych
merani s efektivnym riadenim vyroby
a logistiky. Spolu vytvaraju ekosys-
tém, v ktorom vyroba beténu presta-
va byt umenim a stava sa planovanym
procesom podporenym datami. B

Autor: Ludovit Sido,
BU Concrete Manager, Sika Slovensko

BUILDING TRUST
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Sucasneé poznatky
o pricinach zlého
technického

stavu dodatocne
predpatych
priehradovych
vaznikov

Dodatocne predpaté segmentové prefabrikované
stresné priehradové vézniky predstavovali v druhej
polovici minulého storocia v Ceskoslovensku
popularne rieSenie zastresenia hal, ktoré si vzhladom
na svoj Ucel vyZadovali velké rozpatia. Vazniky sa
zhotovovali zo 6-metrovych segmentov, najcastejsie
do finalnej dizky 18 alebo 24 m. Postupom éasu

sa vSak ukazalo, ze tieto konstrukéné prvky trpia
viacerymi poruchami, predovsetkym koréziou
predpinacich drétov, sposobenou nedostato¢nou
alebo uplne chybajucou injektazou kablovych
kanalikov. Désledkom tychto nedostatkov boli
zaznamenané viaceré kolapsy predmetnych vaznikov
na uzemi Ceskej republiky aj Slovenska. Tieto udalosti
vyvolali znaéné znepokojenie odbornej verejnosti

a poukazali na potrebu doslednej diagnostiky,
statického prepoctu a pripadného zosilnenia tychto
konstrukcii. Prispevok sa zaobera zhodnotenim stavu
dodatocne predpatych vaznikov, ktoré sa v minulosti
¢asto pouzivali. Obsahuje opis naj¢astejsich poruch
a nedostatkov zistenych pocas viacerych diagnostik
obsahujucich endoskopické prieskumy.

Vladislav Bure$

Jakub Kralovanec

Martin Moravéik Petr Mynarcik

Currentinsights
into the causes

of poor technical
condition

of post-tensioned
truss beams

Post-tensioned segmental precast roof trusses
represented a widely used structural solution

for covering industrial and public halls in
Czechoslovakia during the second half of the
20th century, particularly in structures requiring
large spans. These trusses were manufactured
from 6-m-long precast segments and were

most commonly assembled to achieve final
spans of 18 m or 24 m. With increasing age of
these structures, however, various defects have
been identified. The most critical issue is the
corrosion of prestressing wires, which is primarily
associated with insufficient or completely missing
grouting of the cable ducts. As a consequence of
these deficiencies, several failures and collapses
of such trusses have been recorded in both the
Czech Republic and Slovakia. These incidents
raised significant concern within the professional
engineering community and highlighted the
necessity for detailed diagnostic investigations,
structural assessment, and, where required,

the strengthening of these structural members.
This paper focuses on the assessment of the
condition of post-tensioned truss beams that were
commonly used in the past. The study includes

a description of the most frequent defects and
deficiencies identified during several diagnostic
surveys, including endoscopic inspections.
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Obr. 1 Ukazka dodato¢ne predpatého priehradového vaznika SPP12(13) - 18/6
Fig. 1 Example of a post-tensioned truss beam SPP12(13) - 18/6

Dodatoc¢ne predpaté vazniky stresnych konstrukeii

(obr. 1) predstavujd vyznamnu etapu vyvoja pozemného
stavitelstva, najma pri priemyselnych halach budovanych
v rokoch 1960 - 1980. ISlo o predpité priehradové nosniky
vyrabané z viacerych segmentov (zvycajne troch az
Styroch), ktoré sa na stavbe spajali pomocou predpinacich
kéablov vedenych v dolnom pase, krajnych diagonalach

a stabiliza¢ne aj v hornom pase. Po napnuti kablov mali
byt ich kanéaliky zainjektované maltou na ochranu vystuze
pred koréziou, co sa vSak v mnohych pripadoch nerealizo-
valo alebo len ¢iasto¢ne. To mé vyrazny vplyv na spolah-
livost a Zivotnost tychto konstrukcii. Dodatoc¢ne predpété
vazniky sa preto dnes povazuju za systémovu poruchu,
kedZe boli masovo pouzivané pri halach s rozpétim 18

a 24 m najmé v byvalom Ceskoslovensku a mnohé z nich
su v prevadzke uz viac ako 40 az 60 rokov [1, 2].
Najcastejsimi typmi védznikov, ktoré sa vo velkom mnoz-
stve pouzivali a dodnes st v prevadzke, su vazniky typov
SPP 6-18/6, SPP 12-18/6 a SPP 8-18/6 s modulovym rozpéatim
18,0 m (3 x 6,0 m), pricom ich osova vzdialenost bola 6,0 m.
Vsetky tieto vazniky maju rovnaky tvar. Vazniky SPP 6-18/6
a SPP 12-18/6 boli navrhnuté s podvesnou dopravou so
zeriavovymi drazkami, vAznik SPP 8-18/6 bol navrhnuty
bez podvesnej dopravy. Typ SPP 12-18/6 (z roku 1969) je
novsou verziou starsieho vdznika SPP 6-18/6 (z roku 1961),
pri¢om zohladnoval aktualizované poziadavky na zataze-
nie. Vazniky SPP 6-18/6 a SPP 8-6/18 sa vyrabali z beténu
triedy 400 a boli navrhnuté na stale zatazenie od vlastnej
tiaze stre$ného plasta 2,10 kN/m? a na zataZenie snehom
0,75 kN/m?. Vazniky SPP 12-18/6 sa vyrabali z beténu triedy
500 a boli navrhnuté na stale zatazenie od vlastnej tiaze
streSného plasta 2,50 kN/m? a na zataZenie snehom

1,00 kKN/m? [3].

Hlavnym rizikom spolahlivosti tychto vaznikov je kordzia
predpinacej vystuze spdsobené zatekanim vlhkosti do
nedostatoc¢ne alebo nekvalitne injektovanych kanalikov.
Korézia znizuje mechanické vlastnosti predpinacich
drotov a moze viest az k nahlemu zlyhaniu konstrukcie,
¢asto bez zretelnych varovnych priznakov. V praxi uz bolo
zaznamenanych viacero havarii dodato¢ne predpatych
viznikov, napriklad v zdpadnych Cechéach v rokoch 2010,
2018 a 2024, v severnych Cechach v roku 2023, na vychod-
nom Slovensku v roku 2017 a na zapadnom Slovensku

v roku 2024 [2].

Diagnostické prieskumy sa zameriavaju najma na stav
predpinacej vystuze a kvalitu injektaze kanalikov, ¢asto
pomocou endoskopie. Vysledky ukazuji vyrazné rozdiely
v rozsahu kordzie, pricom sa casto preukazuje ¢iastocna
alebo Uplna absencia injektaze. To vedie ku koréznym
ubytkom vystuze najma v krajnych diagonalach

a v miestach kotvenia kablov, ktoré su z hladiska statickej
bezpecnosti kritické. Na obr. 2 je zndzornené typické
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Post-tensioned segmental trusses (Fig. 1) used in roof
structures represent an important development in civil
engineering, particularly in industrial halls built between
1960 and 1980. Due to transportation limitations, these
post-tensioned trusses were constructed from three to four
precast segments and assembled on site using prestressing
cables located in the bottom chord and outer diagonals,
with an additional stabilizing cable in the top chord. After
tensioning, the cable ducts were intended to be grouted to
ensure bonding and protect the prestressing steel from cor-
rosion. In many cases, however, grouting was incomplete
or omitted, which has negatively affected the reliability
and durability of these structures. Today, post-tensioned
segmental trusses are considered a systemic deficiency

of a once widely used structural system, particularly in
industrial halls with spans of 18 m and 24 m in the former
Czechoslovakia. Many of these structures have now been in
service for 40-60 years [1, 2].

The most commonly used truss types, which were widely
applied and remain in service today, are SPP 6-18/6, SPP
12-18/6, and SPP 8-18/6. All of these trusses have a modular
span of 18.0 m (3 x 6.0 m) and are typically arranged with

a spacing of 6.0 m. Despite differences in their design pa-
rameters, the trusses share the same geometric configura-
tion. The SPP 6-18/6 and SPP 12-18/6 trusses were designed to
allow overhead handling using crane grooves, whereas the
SPP 8-18/6 truss was designed without provisions for over-
head transport. The SPP 12-18/6 type, introduced in 1969,
represents a newer version of the earlier SPP 6-18/6 truss
(introduced in 1961), reflecting updated load requirements.
The SPP 6-18/6 and SPP 8-18/6 trusses were manufactured
from C40 concrete and designed for a permanent load
from the self-weight of the roof covering of 2.10 kN/m?* and
a characteristic snow load of 0.75 kN/m?. In contrast, the
SPP 12-18/6 trusses were produced using C50 concrete and
designed for a permanent load from the roof covering of
2.50 kN/m? and a snow load of 1.00 kN/m? [3].

The primary reliability risk associated with these trusses is
the corrosion of the prestressing wires, which is caused by
moisture ingress into cable ducts that were insufficiently
or improperly grouted. Corrosion of the prestressing wires
progressively reduces their mechanical capacity, which
may ultimately lead to sudden structural failure. Collapse
of this part of the roof structure often occurs without
clearly visible warning signs. In practice, several failures
of post-tensioned trusses have already been documented.
Reported cases include collapses in western Czechia in

Obr. 2 Zvycajné kritické miesto dodato¢ne predpatych vaznikov
Fig. 2 Typical critical location of a post-tensioned truss
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kritické miesto - napojenie krajnej diagonaly na sty¢nik
(zhlavie) [2, 5].

Dal3ou déleZitou sucastou hodnotenia je identifikacia
rizikovych faktorov ovplyvnujucich spolahlivost vdznikov,
ako st dodatoc¢né zatazenia zo stresnych uprav, podhladov
¢i vyssie nez povodne uvazované klimatické a techno-
logické zatazenia. Z hladiska odolnosti konstrukcie st
rozhodujlice najma stopy po zatekani vody, rozsah kordzie
predpinacej vystuze, priehyby, trhliny, nezainjektované
kanaliky a vyrobné alebo montazne nedokonalosti [1].

Z tychto dovodov sa sucasny vyskum zameriava na rozvoj
diagnostickych metdd, hodnotenia rizik a navrhu opatreni
na zabezpecenie alebo zosilnenie dodato¢ne predpatych
priehradovych viznikov s cielom predizit ich dalsie vyu-
zitie [2].

CASTE PORUCHY

Zakladnym varovnym znakom su stopy po dlhodobom
zatekani do oblasti zhlavia vaznika, kde st zakotvené
predpinacie kéble. Zavaznt poruchu predstavuju priecne
tahové trhliny cez cely prierez na krajnych predpétych
tahanych diagonalach, pripadne aj na dolnom pase
véaznika (obr. 3).

Tahova trhlina znadi, Ze z krajnych diagonal viznika
vymizlo predpétie. To mo6ze znamenat, ze kable neboli

pri predpinani viznika dostatocne predopnuté alebo zZe
predpitie zaniklo v dosledku velkych strat predpétia,
napriklad v désledku preklzu v kotve. M6ze to vSak byt

aj nasledkom koroézie predpinacej vystuze, korézneho
ubytku prierezu vystuze, a tym aj ubytku sily v predpina-
cich kdbloch. V kazdom pripade ide o kritickl poruchu,
na ktoru je potrebné bezodkladne reagovat, pretoze tento
stav moze pri pokracujticej kor6zii viest az k havarii
véznika.

Vo vSetkych zdokumentovanych havariach doslo k pretrh-
nutiu silne skorodovanej predpinacej vystuze v blizkosti
kotvy v zhlavi véznika. Preto sa prie¢na tahova trhlina na
krajnej predpétej diagonale povazuje za kriticka poruchu.
Zaroven vsak ani absencia trhlin na krajnych diagonalach
alebo dolnom pase nezarucuje, Ze vystuz v zhlavi nie je
skorodovana. Boli zaznamenané aj havarie bez viditelnych
trhlin. Stvisi to s tym, Ze vézniky sa vyrabali z kvalitného
beténu triedy 400 (C28/35) alebo 500 (C35/45) s relativne

Obr. 3 Tahova trhlina v krajnej diagonale vaznika
Fig. 3 Tensile crack in the outer diagonal of the truss

2010, 2018, and 2024, in northern Czechia in 2023, in eastern
Slovakia in 2017, and in western Slovakia in 2024 [2].
Diagnostic surveys mainly focus on evaluating the condi-
tion of the prestressing steel and the quality of duct grout-
ing, often using endoscopic inspection. The results vary
significantly, but many cases reveal partial or complete
absence of grout in the ducts. Consequently, corrosion
losses in the prestressing steel occur, especially in the outer
diagonals and at cable anchorages—critical zones for the
structural safety of the trusses. Fig. 2 shows a typical criti-
cal detail: the connection of the outer diagonal to the end
joint (node) [2, 5].

Another important aspect of the assessment is the iden-
tification of risk factors affecting the reliability of the
post-tensioned trusses, such as additional loads resulting
from roof modifications, suspended ceilings, or climatic
and operational loads exceeding the values originally con-
sidered in the design. From the perspective of structural
durability, the most critical indicators include evidence of
water ingress, the extent of corrosion of the prestressing
steel, excessive deflections, cracking, ungrouted ducts,

and possible manufacturing or assembly imperfections

[1]. For these reasons, current research focuses on the
development of diagnostic methods, risk assessment proce-
dures, and the design of measures to secure or strengthen
post-tensioned segmental trusses in order to extend their
remaining service life [2].

COMMON DEFECTS

A primary warning sign of potential structural deteriora-
tion is evidence of long-term water ingress at the truss
nodes, where the prestressing cables are anchored. A more
serious defect is the presence of transverse tensile cracks
extending across the full cross-section of the outer post-
tensioned diagonals, and in some cases also affecting the
bottom chord of the truss (Fig. 3).

The tensile crack indicates a loss of prestressing in the
outer diagonals of the truss. This may result from insuffi-
cient initial tensioning during the post-tensioning process,
or from significant prestress losses due to factors such

as slip at the anchorage. Alternatively, the defect may be

a consequence of corrosion of the prestressing steel, which
reduces the effective cross-section of the reinforcement
and, consequently, the force in the prestressing cables. In
any case, this represents a critical structural defect that
requires immediate attention, as continued corrosion
under these conditions may ultimately lead to truss failure.
In all failure cases documented by the authors, collapse
was linked to the rupture of heavily corroded prestressing
wires near the anchorage at the truss node. This highlights
why a transverse tensile crack in the outer post-tensioned
diagonal is considered a critical defect. However, the
absence of visible cracks in the outer diagonals or bottom
chord does not guarantee that the prestressing steel at the
node is intact or that the truss remains reliable. Several
collapses occurred without prior visible cracking. This is
largely due to the relatively high tensile strength of the con-
crete used - C40 (now C28/35) or C50 (now C35/45) - which
allows the tensile force to gradually transfer to the concrete
as the prestressing wires corrode, masking the deteriora-
tion until sudden failure occurs.

Structural analysis indicates that the characteristic force in
the post-tensioned diagonal, resulting from the typical per-
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Obr. 4 PozdiZzna trhlina na krajnej predpétej diagonale
so stopami korézneho vytoku

Fig. 4 Longitudinal crack in the outer post-tensioned diagonal
with corrosion traces

vysokou tahovou pevnostou, takze pri postupnej korézii
vystuze moze tah docCasne prendsat samotny betdn.

Zo statického vypoctu vyplyva, ze charakteristicka sila

v tahanej diagonale od obvyklého staleho zatazenia
strechy (2,5 kN/m?) je pribliZzne rovnaka ako odolnost taha-
ného prostého beténu diagonaly pri uvazovani priemernej
pevnosti beténu v prostom tahu. Potom staci akykolvek
nahodny impulz (napriklad ndhla zmena teploty) a prosty
bet6n tahanej diagonaly sa ndhle krehko porusi a vaznik
sa bez predchadzajiiceho varovania (trhlin, priehybov)
Zrati.

Zévaznym varovnym znakom su trhliny v predpétych
prutoch so stopami koréznych produktov (,hrdzavym®
sfarbenim) vytekajticich z trhliny. Priklad pozdiznej
trhliny kopirujicej kdblovy kandlik so stopami ,hrdzavé-
ho“ vytoku je na obr. 4.

Na krajnych tahanych diagonalach a niekedy aj na dolnom
pase sa asto vyskytuju pozdizne trhliny sledujiice

drahu kablovych kanalikov, a to pri zainjektovanych

aj nezainjektovanych kandlikoch. Priklad diagonaly so
zainjektovanym kandlikom je na obr. 5. Tieto trhliny st
vécésinou spésobené zmrastovanim beténu a pokial sa

v nich neobjavuju stopy vytekajticej vody z kanalikov,
samy osebe nepredstavuju vyznamné riziko.

K porucham, ktoré mozno kontrolovat vizudlne bez
pouzitia Specialnych diagnostickych metéd, patria
nadmerné priehyby. Typicky konecny priehyb predpa-
tého viaznika s modulovym rozpitim 18 m sa pohybuje

v jednotkach milimetrov. Pri vdznikoch, ktoré maja
problémy s predpdtim (nedostato¢né predpétie pri
vyrobe, straty predpétia rézneho druhu, kordzia pred-
pinacej vystuze), sa vyskytuju priehyby okolo 50 mm aj
viac. Najma velké rozdiely v priehyboch jednotlivych
véaznikov v jednej hale poukazuji na mozné problémy

s predpatim vaznikov.

ENDOSKOPICKY PRIESKUM

Endoskopicky prieskum smerovany dovnutra kanalikov
urcenych na vedenie predpinacej vystuze sa osvedcil ako
efektivna metdda poskytujuca dolezité informacie na
hodnotenie stavu problematickych viznikov. V ramci en-
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Obr. 5 Rez kablovym kanalikom s injektaZzou
Fig. 5 Section of a cable duct with grouting

manent roof load (2.5 kN/m?), is approximately equal to the
tensile strength of the plain concrete in the diagonal, based
on the average concrete tensile strength. Consequently, any
random impulse - such as an abrupt temperature change

- can cause the concrete in the post-tensioned diagonal to
fail in a brittle manner. This may lead to a sudden collapse
of the truss without prior warning signs, such as visible
cracks or excessive deflections.

A serious warning sign is any crack in post-tensioned truss
members showing corrosion products, with a character-
istic “rusty” appearance. Fig. 4 shows a longitudinal crack
along a cable duct with rusty exudate. Such cracks are com-
monly observed in the outer post-tensioned diagonals and
occasionally in the bottom chord, following the layout of
the cable ducts, in both grouted and ungrouted members.
An example of a diagonal with a grouted duct is shown in
Fig. 5. These cracks are mainly caused by concrete shrink-
age and, without water exudation from the ducts, generally
do not pose a significant hazard on their own.

Defects that can be identified visually, without the use

of specialized diagnostic methods, include excessive
deflections. For a post-tensioned truss with a modular
span of 18 m, the typical final deflection is on the order

of a few millimetres. In trusses affected by prestress-

ing issues - such as insufficient initial post-tensioning,
various prestress losses, or corrosion of the prestressing
steel - deflections of approximately 50 mm or more may

be observed. Notably, significant differences in deflections
among individual trusses within the same hall can indicate
potential problems with truss prestressing.

ENDOSCOPIC SURVEY

Endoscopic surveys conducted within the cable ducts have
proven to be an effective method for obtaining critical
information for the assessment of problematic trusses. Two
key aspects are evaluated during such surveys. The first is

|
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Obr. 6 Stav predpinacej vystuze

Fig.6 The condition of the prestressing steel

Prvym faktorom je postdenie miery ochrany predpinacej

rozsahu kor6zneho napadnutia predpinacej vystuze [7].
Prieskum sa vykonava kontrolnym vyvrtom s priemerom
10 mm. Tento priemer je zvoleny zamerne, aby bol diag-
nosticky zasah do konstrukcie ¢o najSetrnejsi a aby sa mi-
nimalizovalo riziko poskodenia alebo dokonca previtania
drotov predpinacej vystuze. Dolezita je aj poloha vyvrtu.
Z analyzy havarii vaznikov je zname kritické miesto, kde
dochadzalo k iniciacii kolapsu - kotevna oblast predpina-
cej vystuze a jej bezprostredné okolie v sty¢niku krajnej
Sikmej diagonaly a horného pasu védznika. Kontrolné
vyvrty sa preto realizuju ¢o najblizsie k tejto oblasti, teda

dat detektorom vystuze, najCastejsie na elektromagnetic-
kom principe. Spoliehanie sa iba na rozmery z pévodnej
projektovej dokumentacie moze byt nepresné vzhladom

a) vystuz zanesena povlakom injektaZznej malty, bez znamok kordzie, b) lokalne korézne produkty na predpinacej vystuzi, viditelné stopy
po zatekani, kanalik bez injektaze, c) predpinacia vystuz plo$ne pokrytad kor6znymi produktmi, kanalik bez injektaze, d) viditelné zmeny tvaru
predpinacej vystuze a vyskyt viacvrstvovych koréznych produktov, kanalik bez injektaze

a) reinforcement coated with grouting mortar, with no signs of corrosion, b) local corrosion products on the prestressing reinforcement,
visible traces of water ingress, ungrouted duct, c) prestressing reinforcement extensively covered with corrosion products, ungrouted duct,
d) visible deformation of the prestressing reinforcement and occurrence of multi-layered corrosion products, ungrouted duct

doskopického prieskumu sa hodnotia dva zasadné faktory.

vystuZze injektdznou maltou a druhym faktorom je analyza

ku kotevnej doske a kuzelovym kotevnym prvkom. Polohu
predpinacej vystuze je potrebné pred vitanim vzdy vyhla-

the degree of protection of the prestressing steel provided
by the cement grout, and the second is the extent of corro-
sion of the prestressing wires [7].

The survey is performed through an inspection core drilled
with a diameter of 10 mm. This diameter is deliberately
chosen to ensure that the diagnostic intervention is mini-
mally invasive and to avoid significant damage to the pre-
stressing wires, or in extreme cases, drilling through them.
The location of the drilled core is another critical consid-
eration. Analysis of truss failures has identified a key area
where collapse typically initiates: the anchorage zone of
the prestressing steel and its immediate vicinity, located at
the joint of the outer inclined diagonal and the top chord of
the truss. Inspection cores are therefore drilled as close as
possible to this critical location, near the anchorage plate
and the conical anchor elements. Locating the prestressing
steel should always be carried out using a reinforcement
detector, most commonly based on electromagnetic princi-
ples, since relying solely on original design documentation
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na dobové vyrobné odchylky a pracovnu disciplinu.
Vyhodnotenie endoskopického prieskumu moéze byt do
urcitej miery subjektivne a poskytuje informéacie len

o bezprostrednom okoli kontrolného vrtu. Preto je potreb-
né jeho vysledky chapat ako ¢iastkovy zdroj idajov, ktory
vSak vyznamne prispieva k vytvoreniu celkového obrazu
o stave konstrukcie. Na obr. 6 st uvedené ilustra¢né
snimKky stavu predpinacej vystuze ziskané pocas endosko-
pického prieskumu.

ZAVERY

Na zéaklade analyzy a Studia viacerych pripadov havarii

alebo vykonanych diagnostik na poskodenych vaznikoch

mozno konstatovat, Ze najrozsirenejSou a aj najnebezpec-
nejSou poruchou, ktora sa navyse mébze vyvijat v Case, je
korézia predpinacej vystuze. Jednou z najviac pouziva-
nych metdd na kontrolu kordzie vystuze je endoskopické
vySetrovanie kablovych kanalikov. Vo velkej vacsine
pripadov tato vystuz nie je v kanalikoch injektovana, ¢o
znamena, zZe je pomerne dobre aj vizualne kontrolovatel-
na. Vyhodnocovanie samotného dosahu korézie na spo-
lahlivost predpinacej vystuze je velmi zlozitd problemati-
ka, ktora sice je zaloZena na rozsiahlej vyskumnej baze, no
stale nie je v plnej miere zjednotena vo vystupoch. Dosial
mozno hlavné désledky koroézie na predpinaciu vystuz
definovat v podobe:

» redukcie skutoénej plochy prierezu - efektivna plocha
prierezu, vznik povrchovych vrubov a ryh - ,,pitting
corrosion®,

» zmeny fyzikalno-mechanickych vlastnosti a pracovného
diagramu ocele ,reinforcement hardening®,

» potencialneho rozvoja vodikovej degradacie ,hydrogen
embrittlement” - zmena lomovych vlastnosti ocele,

» urychlenia inavovych poskodeni,

» redukcie alebo Uplnej straty sudrznosti beténu
a vystuze.

Prispevok vznikol s podporou Vedeckej grantovej agentury
MSVVa$ SR a SAV (VEGA) &islo 1/0118/25 a podporou
Agentury na podporu vyskumu a vyvoja na zaklade
zmluvy €. APVV-23-0626.
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is unreliable due to historical manufacturing tolerances
and variations in workmanship. It should be noted that in-
terpretation of endoscopic surveys can be highly subjective
and provides information only about the immediate vicin-
ity of the inspection bore. Therefore, the results should be
considered a partial source of information, though they
provide essential data to complete the overall assessment.
Fig. 6 presents illustrative images of the condition of the
prestressing steel obtained during an endoscopic survey.

CONCLUSION

Based on the analysis of multiple failure cases and diag-
nostic surveys of damaged trusses, it can be concluded that
the most widespread - and also the most critical - defect
developing over time is corrosion of the prestressing steel.
One of the most commonly employed methods for monitor-
ing steel corrosion is endoscopic inspection of the cable
ducts. In the vast majority of cases, the prestressing steel

is ungrouted, which facilitates direct visual inspection.
Evaluating the actual impact of corrosion on the reliability
of prestressing steel, however, remains a complex task. Al-
though there is a substantial body of research on the topic,
the findings have not yet been fully standardized. To date,
the primary consequences of corrosion on prestressing
steel can be summarized as follows:

» reduction of the actual cross-sectional area - effective

cross-sectional area, formation of surface pits and
grooves (“pitting corrosion”),

» changes in the physical-mechanical properties and the

stress-strain behaviour of the steel (“reinforcement
hardening”),

» potential development of hydrogen-induced degradation

(“hydrogen embrittlement”) - alteration of the fracture
properties of the steel,

» acceleration of fatigue damage,
» reduction or complete loss of bond between concrete

and reinforcement.

This work was supported by the Scientific Grant Agency
(VEGA) under Grant No. 1/0118/25; and by the Slovak Research
and Development Agency under Grant No. APVV-23-0626.
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Metody skusok
na stavebne
dokoncenych

pilotach

Skusky vyhotovenia pildt su
beznou sucastou kazdej velkej
stavby. Najbeznejsou skuskou tes-
tujucou kvalitu vyhotovenia pilét je
skuska integrity pilét metédou PIT
(Pile Integrity Test). Ide o relativne
rychlu metédu, ktora je zalozena
na analyze elastického vinenia
vybudeného poklepom kladivka

po hlave pildty. Tato metdda nevy-
zaduje zabudovanie Specialnych
prvkov (napr. ultrazvukovych
sond) pocas betonaze, co vyznamne
zvysuje jej operativnost a ekono-
micku efektivnost.

Menej beznou skuskou je skuska
CHA (Cross Hole Analysis), no
oproti skuske PIT spolahlivejsie
zhodnoti kvalitu vyhotovenia piloty
a do znac¢nej miery obmedzuje sub-
jektivitu spracovatela nameranych
dat. Na druhej strane je vSak nutné
sktuisku CHA stavebne pripravit,

a teda je nutné planovat vybavenie
piléty na vykon skusky CHA. Sledo-
vanym parametrom je ¢as prichodu
prvej vlny z vysielacej sondy do
sondy prijimacej (FAT - first arrival
time) a Uutlm signalu, ktory je
priamo viazany na kvalitu beténu.

Statickd zatazovacia skuska pilot
predstavuje jednu z najspolahli-
vej$ich metdd experimentalneho
overovania unosnosti hlbinnych

skuska.

Neinvazivhe metddy testovania na overenie
kvality vyhotovenych pilét predstavuju
moderny a efektivny sposob posudzovania
kvality vyhotovenia zakladov pre rozsiahle
stavebné projekty. Clanok predstavuije tri
klu¢ové metody testovania vykonavané

na vyhotovenych pilétach: skuska integrity
pilot (PIT - Pile Integrity Test), skiiska CHA
(CrossHole Analysis) a staticka zataZovacia

T: Ing. Adrian Celko, RNDr. Michal Gring, PhD., INSET s.r.o0.
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Obr. 1 Aparatura pripravena na vykon skusky piléty metédou PIT

zékladov. V geotechnickej praxi
zohrava nezastupitelnu ulohu,
kedZe umoznuje priamo sledovat
spravanie piléty pri postupne na-
rastajucom zatazeni v konkrétnych
zékladovych pomeroch. Na rozdiel
od vypoctovych postupov, ktoré
vychadzajua z idealizovanych pred-

pokladov, poskytuje realne vysled-
ky zaloZené na merani deformacii
a napéti v teréne.

SKUSKA PIT

Skuska integrity pilét metdédou
PIT je zaloZena na analyze odozvy
telesa piloty na silovy impulz
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Obr. 2 Priklad vysledku dosiahnutého metédou PIT na stavebne dokoncenej piléte

bez konstrukénych chyb

aplikovany na hlave piléty. Silovy
impulz je vyvolany iderom S$pe-
cialneho kladivka umoznujtiiceho
snimanie ¢asového priebehu sily
v mieste uderu. Meranie je zaloZené
na principe registracie casového
priebehu sily tideru, vytvoreného
Specidlnym kladivom, a nasledne
aj odozvy piloty, monitorovanej
snimacom rychlosti kmitania.

Na zdzname ¢asového priebehu
kmitania mozno identifikovat
prichody odrazov od vyraznejsich
nehomogenit v tele pildty vratane
odrazu od paty piléty. Pri znalosti
rychlosti $irenia pozdiznych elas-
tickych vin v beténe mozno uréit
celkovt dizku piléty a lokalizovat
pripadné defekty v jej tele. Kladiv-
ko aj snima¢ su prislusenstvom
meracej aparatury (obr. 1).

Doplnkovu diagnostickti hodnotu
poskytuje frekvencnd analyza
chvenia hlavy piléty, ktora je
charakteristicka pre konkrétnu
geometriu a materialové para-
metre. Porovnanim teoretickej
a experimentalnej odozvy mozno
vytvorit model pildty urcujuci jej
priemer, hustotu a rychlost $irenia
pozdiznych elastickych vin, ako
aj identifikovat z6ny s narusenou
integritou.

Pouzitd meracia technika je
mobilna, nenaro¢na na obsluhu
anevyzaduje externé napajanie.
Meranie mozno realizovat po
uplynuti vhodného casu po
betonazi, pri¢om jeho predbezné
vyhodnotenie je dostupné okam-
zite a finalne vysledky st do 48
hodin. Metdéda umoznuje vysoku

efektivitu - denne mozno otes-
tovat niekol'ko desiatok pilét, ¢o
vytvara predpoklad pre komplexné
preskimanie celych skupin pilét.
Pri véasnej identifikacii defektov
mozno nasledne pristupit k miest-
nym opravam hornej Casti piléty,
pripadne k odvftaniu a injektaznej
sanéacii pri hlbsich poruchach.
Vykonanie skusky integrity pilét
mozno realizovat len na stavebne
dokoncenej pildte s vyzretym
beténom. Piléta je hodnotena ako
vyhovujuica, teda bez konstruk¢-
nych chyb ¢i defektov vtedy, ked je
dobre citatelny prejav sekundarne-
ho reflexu, ktory je prejavom paty
piléty spésobenym prichodom po-
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zdiZnej viny do snimada a zaroveil
je prejav mobility podobny modelo-
vému pripadu pre danu pilétu

(obr. 2). Oba sledované parametre
musia byt v tesnej zhode.

METODA CHA

Skuska CHA spolahlivejsie

testuje kvalitu zhotovenia piléty
ako metdda PIT, je vSak drahsia

a casovo narocnejsia na pripravu

a spracovanie. Vysledky sktusky su
vSak menej naro¢né na schopnosti
a skusenosti interpretatora, a teda
test dokaze spolahlivejsie vyhodno-
tit kvalitu zhotovenia piloty.

Do pripravenych rurok je zava-
dzana vysielacia a prijimacia sonda
(obr. 3). Vysielacia sonda vysiela
ultrazvukové pulzy, ktoré precha-
dzaju cez betdn, a na druhej strane,
v dalSej meracej rurke, je ultrazvu-
kovy signal registrovany. Meranie
je spustané odometrom, ktory
zabezpecuje jednak povel na spus-
tenie merania, kontrolu vzajomnej
polohy, ale aj prejdent (prekonanu)
vzdialenost jednotlivych sond
vnutrom rurok. Pri vyhodnoteni
zaujima interpretatora cas pricho-
du priamej vlny - kvantitativny pa-
rameter (FAT - First Arrival Time),
ako aj utlm signalu - kvalitativny
parameter. Sondy mézu byt vedené
zdola nahor alebo aj naopak. Tento
postup sa opakuje, az sa vycCerpaju
vSetky vzdjomné kombinécie.

Hodnotenie zaznamov je zalo-
zené na analyze casu prechodu

Obr. 3 Meracia aparatira zostavend na vykon skusky CHA s obsluhou
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Obr. 4 Spracovany zaznam CHA, ukazka
zdznamu - piléta je hodnotend ako neporusena,
dobra (G).

ultrazvukového signalu cez driek
piléty, ide teda o to, za aky Cas
prejde signal cez betén od vysiela-
cej sondy k prijimacej. Vzdialenost
na povrchu je zndma, je teda velmi
jednoduché urcit rychlost signalu
v skimanom prostredi. Pre betén
sa rychlost pohybuje typicky od
3500 do 4 200 m/s v zavislosti od
triedy beténu. Znizenie ¢asu pri-
chodu priamej viny je doésledkom
nespravneho vyhotovenia pildty,
zvacsa je sprevadzané aj utlmom
signalu. Utlm signdlu sa prejavuje
v zazname ako zniZenie amplitad
meraného signalu. Znizenie FAT

v intervale od 11 do 20 % je hodno-
tené ako otazna kvalita, od 21 do
30 % ako (P/F) - s vyskytom trhlin
- anad 31 % ako (P/D) - nevyhovu-
jaca, porusena piléta.

Piléta bez vyraznych zmien
v naraste FAT v celom meranom
stipci (do 10 %) a rovnakym pre-
javom (utlmom) je hodnotena ako
vyhovujuica, a teda kvalita zhotove-
nia je dobra, presla testom (obr. 4).

Skuska CHA si vsak vyZaduje
dlhsi ¢as na pripravu ako zhoto-
vitela skusky, tak aj zhotovitela
piléty. Zhotovitel pildty musi pevne
zabudovat rarky pozdiz celého
armokosa zvnttra a zabezpedit
ich vnutorny priestor az do ¢asu
skusky piléty. V tejto faze zvyknu
nastat dva druhy problémov, ktoré
neskor negativne ovplyviuju
priebeh skusky.

Prvym problémom zvykne byt
znecistenie vnatorného priestoru
rurok, ktoré je najcastejsie sposo-
bené ich chybnym blendovanim.
Zvacsa su to materialy ako polysty-

Obr. 5 Zatazovacia konstrukcia poc¢as skusky

rén, styrodur, félia a podobne.
Nevhodne zvoleny material potom
moze sposobit upchanie meracich
rur alebo spdsobi natecenie
beténu dovnutra, ¢o znemozni
prechod sond jej vautrom v celom
stipci. Spravne zabezpedenie prie-
chodnosti meracich rurok v plnej
dizke by malo byt vyhotovené za-
varenim ocelovej ¢iapky na hlave
a péte piléty. Druhym Castym
problémom je nedostato¢né pripu-

tanie meracich rurok k armokosu
a ich nasledné vychylenie, ¢o
sposobi skratenie ich vzajomnych
vzdialenosti a nasledny narast
seizmickych rychlosti. Dalgim
¢astym problémom, uz po betona-
Zi, je prerazenie meracich rurok
pri uprave hlavy pildty zbijanim,
Sramovanim hlavy piléty, o ma
Casto za nasledok ohyb steny rurky
smerom dovnttra a znepriechod-
nenie rurky pre sondu.

Obr. 6 Ukotvenie pomocou predpinacich lan alebo GEWI tyc¢i
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Obr. 7 Pracovny diagram piloty

STATICKA ZATAZOVACIA SKUSKA
PILOTY
Princip statickej zatazovacej skusky
spociva v aplikacii skiSobnej sily
na hlavu piléty, pricom sa sucasne
meria jej pretvorenie, najc¢astejsie
vo forme sadania hlavy piléty, pri-
padne zvislého normalového napétia
v drieku piléty. ZataZenie sa realizuje
po krokoch pomocou hydraulického
lisu, ktory pdsobi proti reakénej
konstrukcii. Spolo¢nost INSET s.r.o.
pouziva zatazovaci most kotveny do
kotevnych pildt, pripadne systém
s protizatazou.

Z hladiska ucelu sa statické zata-
zovacie skusky delia na systémové
a nesystémové. Systémové skusky
sa vykonavaju na pilétach, ktoré
su sucastou samotnej stavby. Ich
cielom je overenie spravnosti ndvrhu
a kvality realizacie. Tento typ skusok
sa v prevaznej miere vyuziva na
Slovensku. Naopak, nesystémové
skusky sa realizuju na samostatnych
skusobnych pilétach este pred zaciat-
kom vystavby a ¢asto sa vykonavaju
v Ceskej republike. Tieto skusky
Casto prebiehaju az do dosiahnutia
porusenia, ¢im poskytuju detailné
informaécie o skuto¢nej inosnosti
zakladovej pody a umoziuju optima-
lizaciu navrhu pilétového zaloZenia.

Pre nizsie skiSobné sily sa vyuzi-
vaju jednoduchsie mosty s mensim
poctom kotevnych prvkov, zatial ¢o
pri vysokych zatazeniach ide o ro-
bustné ramové konstrukcie schopné
preniest sily v tisicoch kN. Zatazo-
vacia konstrukcia spolo¢nosti INSET
s.r.0. je navrhnuté na vSestranné
vyuzitie pri roznych typoch static-
kych zatazovacich skasok. Zakladna
zatazovacia konstrukcia je navrhnuta
pre nizsie sily do 5 000 kN a kotvenie
do dvoch reakénych pilét. Rozsire-
nim zatazZovacieho mosta mozno

skusat velkopriemerové pildty

az do maximalnej skuSobnej sily
10 000 kN s ukotvenim do Styroch
kotevnych pilot.

Ukotvenie zatazovacej konstruk-
cie do reakénych pilét zabezpecuju
prevazne predpinacie lana. V po-
slednom cCase sa Coraz CastejSie
pouziva kotvenie pomocou zavi-
tovych GEWI ty¢i (obr. 6). Proces
zabudovania do kotevnej pildty je
pri zavitovych tyciach jednoduchsi.
Casovo menej naro¢né pri tomto
type kotvenia je aj uchytenie k zata-
zovacej zostave. ZvySené naroky sa
vSak kladu na zvislost osadenia.
Vysledkom zataZzovacej skusky je
pracovny diagram sktsanej piléty,
ktory zobrazuje zavislost zvislého
zatlacenia od posobiacej sily
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vratane ¢asu ustalovania zatlacenia
na jednotlivych zatazovacich
stupnioch, a sliizi na urcenie alebo
overenie jej medznej a ndvrhovej
unosnosti. Pri zabudovani ten-
zometrov do viacerych trovni
ziskame priebeh zvislého norma-
lového napétia v drieku skuiSobnej
piléty.

Vyhodnotenim nameranych
udajov sa ziskava komplexny obraz
o interakcii medzi pilétou a horni-
novym prostredim. Staticka zatazo-
vacia skuska pildt tak predstavuje
klucovy nastroj geotechnického
inzinierstva. Jej spravne navrhnutie
a realizacia umoznuju optimalizo-
vat navrh zakladov, znizit naklady
a zaroven zvysit bezpecnost a spo-
lahlivost stavebnych konstrukcii. m

20:38:24 23:02:24

¢as [h:min:s]

TESTING METHODS QUALITY VERIFICATION OF CONSTRUCTED PILES
Non invasive testing methods quality verification of constructed piles represents

a modern and efficient assessment of the construction quality of foundations for
large scale construction projects. This paper presents three key testing methods
performed on fully constructed piles: the Pile Integrity Test (PIT), Cross-Hole
Analysis (CHA), and the Static Load Test. The PIT method is a widely used, rapid,
and economically efficient diagnostic technique based on the analysis of elastic
wave propagation induced by a hammer impact on the pile head. It enables the
detection of significant inhomogeneities and estimation of pile length without the
need for embedded instrumentation. The CHA method, although less common and
more demanding in terms of preparation and cost, provides a more reliable asses-
sment of pile construction quality. Using ultrasonic wave transmission between
embedded tubes, it allows objective evaluation of concrete integrity through first
arrival time and signal attenuation parameters. The static load test represents the
most reliable experimental method for verifying pile load-bearing capacity, as it
directly observes pile behaviour under controlled loading conditions in situ. The
paper discusses principles, execution requirements, common issues, and inter-
pretative criteria for each method. Together, these methods form a comprehensive
toolkit for verifying pile integrity, material quality, and ultimate geotechnical per-
formance across different stages of construction.
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kotvenia prefabrikovanych
zelezobetonovych stipov

VYVOJ KOTVENIA
PREFABRIKOVANYCH STLPOV

A PRECHOD NA SKRUTKOVE SYSTEMY
V minulosti sa prefabrikované zele-
zobeténové stipy najéastejsie osadzo-
vali do kalichovych zakladov alebo

sa spoj so zakladovou konstrukciou
realizoval pomocou zvaranych spojov
vystuze a nasledného dobeténovania.
Tieto rieSenia sice zabezpecovali
spolahlivy prenos zataZenia, no vyza-
dovali vacsie rozmery zakladovych
konstrukcii, do¢asné podopretie
stipov pocas montaze a ¢as potrebny
na zatvrdnutie beténu. S rasttiicimi
poziadavkami na rychlost a efektivitu
vystavby sa preto postupne zacali
uplatnovat skrutkové kotevné
systémy. Tie umoznuju presné osade-

Detail skrutkovych spojov stipov
v jihlavskej aréne

Peikko Designer”
BOLTED CONNECTION

2

£

Alternativa 1: spoj stip-
stlp s dlhymi skrutkami

Alternativa 2: spoj stip-zaklad
so skrutkami s hlavou

nie prefabrikovanych prvkov, rychlu
montaz bez potreby docasného
podopretia a zaroven zabezpecuju
spolahlivy prenos sil medzi stipom

a zakladovou konstrukciou. Sekun-
darnym prinosom pouzitia kotevnych
skrutiek je aj zniZenie spotreby
betéonu v désledku mensich rozmerov
zékladovych konstrukcii, a s tym su-
visiaca redukcia objemu vykopovych
prac.

SYSTEMY SKRUTKOVYCH SPOJOV
OD SPOLOCNOSTI PEIKKO
Spolo¢nost Peikko patri medzi po-
prednych vyrobcov systémov skrut-
kovych spojov pre prefabrikované
konstrukcie na ¢eskom i slovenskom
trhu. Vo svojom portféliu pontika
viacero typov kotevnych skrutiek
urcenych pre kotvenie Zelezobe-
ténovych prvkov do zédkladovych
konstrukcii. Do tejto skupiny patria
najméi kotevné skrutky HPM®

v kombindcii so stipovou pitkou
HELKA® a kotevné skrutky PPM®

a HULCO®, ktoré sa kombinuju so
stipovymi patkami BOLDA®. Tieto
systémové rieSenia umoznuju rychlu
a presnd montaz prefabrikovanych

{ stipov a zabezpecuju spolahlivy

prenos zatazenia do zakladov. Vyssie
uvedené kotevné skrutky sa vyrabaju
PRODUCTS

REFERENCES CONTACT US

v roznych velkostnych variantoch,

¢o umoziuje ich pouzitie v Sirokom
spektre navrhovanych spojov. Vyber
konkrétneho typu skrutky zavisi od
viacerych parametrov a charakteru
spoja. K dispozicii su kotevné skrutky
s rozkovanou hlavou, ako aj predize-
né kotevné skrutky, ktoré sa zalievaju
do beténu na pozadovanu kotevnu
dizku. Kotevné skrutky a rovnako aj
stipové pitky st vyrabané na Sloven-
sku, ¢o zabezpecuje ich skladovu do-
stupnost a rychle dodanie na stavbu.

NAVRH A POSUDENIE SPOJOV
POMOCOU NASTROJA PEIKKO
DESIGNER®

Navrh a posuidenie spojov podla ak-
tuédlne platnych noriem mozno reali-
zovat prostrednictvom online nastro-
ja Peikko Designer®. Tento néstroj
umoziuje pouzivatelovi dimenzovat
spoj na zaklade konkrétnych vstup-
nych parametrov a poziadaviek
projektu. Kazdy spoj je nasledne
posudzovany z hladiska medznych
stavov unosnosti a medznych stavov
pouzivatelnosti, a to v montaznom
stadiu aj v Stadiu uzivania. Sucastou
postdenia je aj overenie poziarnej
odolnosti spoja. Dalsou vyhodou na-
stroja je moznost navrhu doplnkovej
vystuze s ohladom na r6zne mecha-
nizmy porusenia beténu.

REALIZACIA SKRUTKOVYCH
SPOJOV STLPOV V PRAXI
Skrutkové spoje umoziuja rychlu
a efektivnu montaz bez potreby
zvarania priamo na stavbe, ¢im
sa vyrazne skracuje ¢as vystavby
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Kotvenie stipov v MVM Dome, Budapest

a znizuju naroky na technologické
prestavky. Tento aspekt je obzvlast
vyznamny pri rozsiahlych projek-
toch, ako st napriklad multifunkéné
arény, kde je doraz kladeny na
presnu koordindciu jednotlivych faz
vystavby. Pri realizacii modernych
stadiénov na Slovensku sa kotvenie
zelezobeténovych stipov pomocou
skrutkovych spojov osvedcilo aj

v praxi. D6kazom st napriklad
rieSenia pouzité na Narodnom futba-
lovom Stadiéne v Bratislave ¢i v Ko-
Sickej futbalovej aréne v KoSiciach.
Skrutkové spoje v projekte Narodné-
ho futbalového Stadiéna predstavo-
vali klucovy prvok rieSenia detailu
napojenia prefabrikovanych stipov
na monolitické konstrukcie, pricom
umoznili efektivny, presny a spolah-
livy prenos zatazenia. V navrhu boli
vyuzité dlhé kotevné skrutky HPM®
(typ P), zabudované do monolitic-
kych prvkov, pri ktorych bola osobit-
nda pozornost venovana optimalizacii
stykovacej dizky s nosnou vystuzou
zelezobeténového prvku - rozho-

Horacka multifunkéna hala, Jihlava

dujucemu parametru z hladiska
bezpecnosti a inosnosti detailu.
Projekéna spolupraca zahrfiala aj
navrh kotevnej platne WELDA® strong
vratane jej optimalizovaného dovy-
stuzenia pridavnou vystuzou. Kotevna
platiia, sliziaca ako nosny prvok

pre ocelové prestresenie tribuny
prostrednictvom ¢apového spoja,
bola navrhnuté na zaklade vopred
definovanych zatazovacich stavov.
Vzhladom na excentrické pdsobenie
pripojeného ocelového profilu bolo
potrebné uvazovat kombinaciu
tahovych aj tlakovych sil, ¢o kladlo
zvysSené naroky na navrh kotvenia.
Na prenos zatazenia boli pouzité
tfne s rozkovanou hlavou, ktoré boli
kotvené az za hlavnt vystuz stipa.
Toto rieSenie vyznamne prispieva

k elimindcii potencidlnych portch
beténu sposobenych tahovym na-
mahanim kotiev. Kotvy boli zaroven
dimenzované aj na u¢inny prenos
Smykovych sil.

Posudenie tinosnosti a poru-
chovych mechanizmov beténu

Inzinierske stavby / Inzenyrské stavby 2/2026

prebehlo v stillade s vtedy platnou
technickou $pecifikaciou CEN/TS
1992-4-2, pri¢om ako najkriticke;jsi
sa ukazal mechanizmus porusenia
beténového okraja rovnobezného
so smerom pdsobiacej sily. Na-
vrhnuté rieSenie preto reflektuje
nielen poziadavky na inosnost, ale
aj na dlhodobt spolahlivost a bez-
pecnost konstrukcie.

Podobné principy navrhu a realizacie
detailov skrutkovych spojov sa uplat-
nuju aj pri vyznamnych sportovych
projektoch v Ceskej republike. Pri-
kladom takychto stavieb st T-Mobile
multifunkénd aréna v Brne a Horacka
multifunk¢énd aréna v Jihlave, ktoré
reprezentuju sucasné trendy v navrhu
rozsiahlych konstrukcii. V tychto
projektoch zohravaju skrutkové spoje
dolezitu ulohu z hladiska spolahlivého
prenosu zatazenia, konstrukénej
variability a celkovej kvality realizo-
vaného riesenia. Na projekte arény

v Jihlave bolo aplikované zaujimavé
a zaroven konstrukéne efektivne
rieSenie, pri ktorom kotevné skrutky
prechadzali pozdiz celej vysky stipa
a Ciastocéne tak preberali funkciu jeho
hlavnej nosnej vystuZze.

Dal$im zaujimavym projektom je
stavba multifunkcénej arény MVM
Dome v madarskej Budapesti,

ktora predstavuje najvacsiu mul-
tifunként halu v Eurépe a patri
medzi najvyznamnejsie stavebné
projekty v Madarsku. Cely projekt
bol realizovany v rezime Design &
Build, ¢o znamenalo vysoké naroky
na koordinaciu vystavby a plynulost
dodavok. Kotevné skrutky tak museli
byt dodavané v kratkych terminoch
a presne podla harmonogramu,
pric¢om klucovt tlohu zohravala ich
dostupnost zo skladovych zasob.

KOTVENIE STLPOV AKO STANDARD
MODERNYCH KONSTRUKCII
Uvedené projekty, ako aj dalsie stavby
velkého rozsahu, potvrdzuju, ze
kotvenie stipov predstavuje moderné
a spolahlivé rieSenie pre sucasnu sta-
vebnu prax. Toto rieSenie umoznuje
efektivne riesit naro¢né technické
poZziadavky a zaroven zabezpecuje
vysoku kvalitu a dlhodobt Zivotnost
konstrukcie. V kontexte rastticich
narokov na efektivnost a presnost
realizécie tak kotvenie stipov zohrava
¢oraz vyznamnejsiu tlohu pri navrhu
modernych konstrukcii. B

www.peikko.sk
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Vyskum v oblasti
predpatych
beténovych
konstrukciina STU

Bratislava v rokoch
2022 -2026

Clanok prezentuje vyskum Katedry beténovych
konstrukcii a mostov STU v Bratislave

v dvoch klucovych oblastiach predpatého betonu.
Prva ¢ast experimentalne potvrdzuje priamy
pozitivny vplyv osove;j sily na Smykovu odolnost
nosnikov. Tento poznatok je zasadny najma pri
diagnostike, ked'Zze suc¢asny Eurokoéd 2 zohladiuje
tento vplyv len nepriamo a zna¢ne konzervativne.
Druha ¢ast analyzuje aplikaciu vysokopevnostnej
predpinacej ocele (nad 1860 MPa). Numerické
analyzy preukazali, ze vyuzitie vySSej pevnostnej
triedy dokaze zvysit inosnost nosnikov o 15 az
30 % pri plnom zachovani potrebnej duktility.
Tieto zistenia spolo¢ne naznacuju perspektivu
pre navrhovanie bezpecnejSich a materialovo
subtilnejsich konstrukcii, ¢o bude predmetom
dalSieho overovania.

Research on
prestressed
concrete
structures at
STU Bratislavain
2022 -2026

Research at the Department of Concrete
Structures and Bridges (STU Bratislava)
focuses on two key areas of prestressed
concrete. The first part experimentally verifies
the direct positive impact of axial force on the
shear capacity of beams - a finding crucial
for diagnostics, as Eurocode 2 remains highly
conservative in this regard. The second part
evaluates ultra-high-strength prestressing
steel (above 1860 MPa). Numerical analyses
show that higher strength classes can
increase load-bearing capacity by 15-30%
without compromising ductility. These results
offer a pathway toward safer, more material-
efficient structures.

|
il et

Jaroslav Baran

Zuzana Hassova

Viktor Borzovic¢

Predpité betonové konstrukcie predstavuju klicové
rieSenie pre mosty a inzinierske stavby velkych rozpo-
nov, pricom ich technolégia mé na Slovensku dlhoroc-
nu tradiciu. Aktualny vyskum na Katedre beténovych
konstrukcii a mostov STU v Bratislave sa v tejto oblasti
zameriava na dve prioritné témy: diagnostiku existu-
juacich objektov a materidlovi optimalizaciu novych
prvkov.

Prestressed concrete structures represent a key solu-
tion for bridges and long-span engineering structures,
with a long-standing tradition of this technology in
Slovakia. Current research at the Department of Con-
crete Structures and Bridges of the Slovak University
of Technology (STU) in Bratislava focuses on two prior-
ity areas: the diagnostics of existing structures and

the material optimization of new structural elements.
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tel.: 00421/2/32 88 87 05, e-mail: jaroslav.baran@stuba.sk
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Prva oblast vyskumu, ktorej sa teoreticky aj experimen-
talne venoval Jaroslav Baran [1], analyzuje vplyv osovej
sily na $mykovt odolnost prvkov so §mykovou vystuzou.
Stcasné navrhové postupy totiz vplyv predpatia zohlad-
nuju len nepriamo cez volbu sklonu tlakovej diagonaly 6.
Tento pristup vsak nie je kompatibilny s navrhovymi
postupmi podla predchadzajicich noriem ststavy STN

a CSN. To spdsobuje prave pri posudzovani existujticich
mostov znacné problémy s uréenim zatazitelnosti.
Druhé oblast vyskumu, rozpracovana Zuzanou Hassovou
[2], sa orientuje na aplikaciu vysokopevnostnej predpina-
cej ocele s parametrami presahujlicimi suc¢asné normové
predpisy. Hoci vysoka pevnost materialu ponika
potencial pre efektivnejsie a subtilnejsie konstrukcie,

jej implementécia naraza na otvorené otazky ohladom
duktility. KedZe pevnejsie materialy vykazuju krehkejsi
charakter poruSenia, vyskum sa sustreduje

na zabezpecenie dostato¢nej deformacnej kapacity
nosnych prvkov pri plnom vyuziti ich pevnostného
potencialu.

VPLYV OSOVEJ SILY NA SMYKOVU ODOLNOST
PREDPATYCH PRVKOV SO SMYKOVOU VYSTUZOU

Uvod do problematiky a teoretické vychodiska

Smykovéa odolnost Zelezobeténovych a predpétych
prvkov je v porovnani s ohybovou odolnostou komplex-
nejsi fyzikalny jav. Pri prvkoch so Smykovou vystuzou je
unosnost ovplyvnena nielen rozmermi prierezu a mnoz-
stvom vystuze, ale aj dalsimi faktormi, ako je inosnost
tlacenej zony beténu, zaklinenie zfn kameniva ¢i hmoz-
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Obr. 1 Schéma vystuzenia experimentalnej vzorky v prie€nom reze
a zatazovacia schéma nosnika
Fig. 1 Cross-sectional reinforcement layout and beam loading scheme
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The first research area, investigated both theoretically
and experimentally by Jaroslav Baran [1], analyses

the influence of axial force on the shear capacity of
members with shear reinforcement. Current design
procedures account for the effect of prestressing only
indirectly through the selection of the compression
field inclination angle 8. However, this approach is not
compatible with the design methods used in previous
STN and CSN standards. This discrepancy causes sig-
nificant difficulties in determining the load-carrying
capacity, particularly during the assessment of exist-
ing bridges. The second research area, developed

by Zuzana Hassova [2], focuses on the application

of high-strength prestressing steel with parameters
exceeding current standard specifications. Although
the high strength of the material offers potential for
more efficient and slender structures, its implementa-
tion faces open questions regarding ductility. Since
higher-strength materials exhibit a more brittle failure
mode, the research focuses on ensuring sufficient
deformation capacity of the structural members while
fully utilizing their strength potential.

AXIAL FORCE INFLUENCE ON SHEAR CAPACITY

OF PRESTRESSED MEMBERS

Introduction and theoretical background

Shear resistance of reinforced and prestressed con-
crete members is a more complex physical phenom-
enon compared to flexural resistance. For members
with shear reinforcement, the load-bearing capacity

is influenced not only by cross-sectional dimensions
and the amount of reinforcement but also by other
factors, such as the capacity of the concrete compres-
sion zone, aggregate interlock, and the dowel action of
the longitudinal reinforcement. Determining the exact
contribution of these components is challenging, as it
varies depending on the stress level.

Current design procedures according to Eurocode 2
(2004) utilize the truss analogy model with a variable
angle of the compression field 6. In this model, the
shear resistance V,, _is determined based on the area
of shear reinforcement, its yield strength, and the co-
tangent of the angle 6, while the maximum capacity of
the compression strut V,, depends on the concrete
strength and cross-sectional geometry. The inclination
of the compression strut is limited within the range
1< cot < 2.5, corresponding to angles from 22° to 45°.
Although the positive effect of axial force in prestressed
members is recognized, Eurocode 2 accounts for it only
indirectly through the selection of the compression field
inclination. Since the code does not provide an exact cal-
culation procedure for determining this angle, designers
often rely on literature recommendations. Experimental
results, however, confirm that the actual inclination of
principal stresses varies between 30° and 60°, depending
on the magnitude of the compressive force.

When assessing existing bridges, it is crucial to un-
derstand the transition from legacy standards (based
on the allowable stress method and principal tensile
stresses) to current limit states. While older standards
required only minimum constructive reinforcement

if 75 % of the concrete tensile strength was met,
today's stricter criteria often classify such reinforce-
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dinkovy efekt pozdiznej vystuze. Stanovenie presného
prispevku tychto komponentov je naro¢né, pretoze sa
meni v zavislosti od irovne namahania.

Stcasné navrhové postupy podla Eurokddu 2 (2004)
vyuzivaju model priehradovej analdgie s premenlivym
sklonom tlakovej diagonaly 6. V tomto modeli sa
$mykové odolnost V,, - urci na zdklade plochy $mykovej
vystuze, jej medze klzu a kotangensu uhla 6, zatial co
maximalna Gnosnost tlakovej diagonaly V, . zavisi od
pevnosti beténu a geometrie prierezu. Sklon tlakovej
diagonaly je limitovany v rozmedzi 1 < cotf < 2,5, ¢o zod-
poveda uhlom od 22° do 45 °.

Hoci sa pozitivny vplyv osovej sily pri predpétych
prvkoch uznava, Eurokdd 2 ho zohladiiuje len nepria-
mo cez volbu sklonu tlakovej diagonaly. KedZe norma
neposkytuje exaktny vypoctovy postup na stanovenie
tohto sklonu, projektanti sa ¢asto spoliehaji na odpo-
rucania z literatary. Experimentalne vysledky pritom
potvrdzuju, Ze skuto¢ny sklon hlavnych napéti sa v za-
vislosti od velkosti tlakovej sily pohybuje v rozmedzi
30°az60°.

Pri posudzovani existujucich mostov je klucové chapat
prechod od historickych noriem (zalozenych na metéde
dovolenych namahani a hlavnych tahovych napétiach)
k sicasnym medznym stavom. Kym starSie normy
vyzadovali pri splneni podmienky 75 % pevnosti beténu
v tahu len minimalnu konstrukénu vystuz, dnesné spris-
nené kritéria tuto vystuz Casto klasifikuju ako nepostacu-
jacu. Prave tato metodicka diskrepancia v zohladiiovani
vplyvu osovej sily na Smykovu odolnost spésobuje pri
diagnostike starsich konstrukcii zdsadné problémy

s urCenim ich redlnej zatazitelnosti.

Experimentalna kampan

Experimentalny program bol navrhnuty s cielom
skiamat vplyv velkosti osovej sily na §mykovu odolnost
na vzorkach v redlnej mierke. Testovanych bolo Sest
vopred predpétych nosnikov s prierezom v tvare I
(typizovany nosnik pre cestné mosty) s vyskou 600 mm
a dizkou 7,0 m. Efektivne rozpitie pocas testovania
bolo 4,9 m. VSetky nosniky mali rovnaky stupen $my-
kového vystuzenia, 0,477 %, tvoreného dvojstriznymi
strmenmi s priemerom 8 mm v rastri 125 mm. Schéma
vystuzenia je uvedena na obr. 1. Premennym para-
metrom bola troven predpitia. Pri plnom predpati
(100 %) bolo napitie v lanach pocas zatazovacej skusky
priblizne 1 300 MPa. Pri polovicnom predpéti (50 %)
bolo napétie v lanach cca 650 MPa. Pri minimalnom
predpdti (takmer Zelezobetén, 5 %) bolo napitie

v lanach cca 65 MPa.

Vysledky a diskusia

Nosniky boli zatazované v trojbodovej schéme.

Na jednom nosniku sa vykonali dve zatazovacie skusky
Smykovej odolnosti (obr. 1). Sledoval sa vznik a rozvoj
trhlin, priehyb a maximalna dosiahnuta sila. Vznik
prvych trhlin bol priamo zavisly od urovne predpitia
(posun od 200 kN do 600 kN). Po vzniku trhlin vykazovali
krivky zatazovania (obr. 2) podobn tuhost, ¢o potvrdzu-
je vplyv identického stupnia vystuzenia.

Experimenty preukézali pozitivny vplyv osovej sily

na $mykovt odolnost. Smykova odolnost sa s iroviiou
rasticej osovej sily zvysovala. Experimentalne dosiah-
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Obr. 2 Priebeh zataZovania nosnikov so 100 %, s 50 % a 5 % predpatim
Fig. 2 Load-displacement response of beams with 100 %, 50 %
and 5 % prestressing level

ment as insufficient. It is precisely this methodological
discrepancy in accounting for the effect of axial force
on shear resistance that causes fundamental problems
in determining the real load-carrying capacity during
the diagnostics of older structures.

Experimental investigation

The experimental program was designed to investigate
the influence of axial force magnitude on the shear
resistance of full-scale specimens. Six pre-tensioned
I-beams (a standardized type for road bridges) with

a height of 600 mm and a length of 7.0 m were tested.
The effective span during testing was 4.9 m. All beams
shared an identical shear reinforcement ratio of

0.477 %, consisting of double-leg stirrups with a diam-
eter of 8 mm at 125 mm spacing. The reinforcement
layout is shown in Fig. 1. The variable parameter was
the prestressing level: full prestressing (100 %) with

a strand stress of approximately 1300 MPa during the
load test; half-prestressing (50 %) with a strand stress
of approximately 650 MPa; and minimal prestressing
(near-reinforced concrete level, 5 %) with a strand
stress of approximately 65 MPa.

Results and discussion
The beams were loaded in a three-point loading
configuration. Two shear resistance tests were con-
ducted on each beam (Fig. 1). Crack initiation and
propagation, deflection, and the maximum reached
load were monitored. The onset of the first cracks was
directly dependent on the prestressing level (shifting
from 200 kN to 600 kN). Following crack initiation, the
load-displacement curves (Fig. 2) exhibited similar
stiffness, confirming the influence of the identical
reinforcement ratio.
Experiments demonstrated a positive influence of
axial force on shear resistance, with shear capacity
increasing alongside the axial force level. The average
experimentally obtained shear capacities were com-
pared with theoretical predictions according to EC2:
» 100 % prestressing: experimental resistance 796.6 kN
(model uncertainty factor: 1.32),
» 50 % prestressing: experimental resistance 760,9 kN
(model uncertainty factor: 1.18),
» 5 % prestressing: experimental resistance 709,1 kN
(model uncertainty factor: 1.10).
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nuté priemerné Smykové odolnosti sa zaroven porovnali

s teoretickou predikciou podla EC2:

» 100 % predpétie: experimentalna odolnost 796,6 kN
(spolahlivost modelu: 1,32),

» 50 % predpdtie: experimentdlna odolnost 760,9 kN (spo-
lahlivost modelu: 1,18),

» 5 % predpétie: experimentalna odolnost 709,1 kN (spo-
lahlivost modelu: 1,10).

Zaver

Pokles predpinacej sily zo 100 % na 50 % spdsobil pokles

Smykovej odolnosti 0 4,5 %. Pokles predpinacej sily zo

100 % na 5 % viedol k poklesu odolnosti o 11,0 %. Dolezitym

zistenim je, Ze teoreticky vypocet podla EC2 predikoval pre

tieto konkrétne vzorky narast odolnosti pri nizSom pred-
péti (zo 603 kN na 645 kN), ¢o bolo spésobené len vysSou
pevnostou ocele v sérii s niz§im predpétim. Experiment
vsak ukazal, ze fyzikalny vplyv straty osovej sily prevazil
nad vplyvom materialovych rozdielov a skuto¢na inosnost
klesla.

Clanok [3] potvrdil, Ze osova sila ma preukézatelny pozi-

tivny vplyv na Smykovu odolnost predpétych prvkov so

Smykovou vystuzou.

» Navrhovy model podla EC2 (2004) sa ukazal ako bezpec-
ny, priCom miera spolahlivosti klesala spolu s klesajiicou
uroviou predpitia (od 1,32 do 1,10).

» Hoci sucasna norma tento uc¢inok explicitne vo vzorci
pre vystuz nezahfna (na rozdiel od starSich noriem
pracujtcich s hlavnymi napétiami), experimentalne
vysledky potvrdzujd, Ze pritomnost predpétia redlne
zvysuje Smykovud unosnost.

VYSOKOPEVNOSTNA PREDPINACIA OCEL AKO NASTROJ
NA OPTIMALIZACIU BETONOVYCH KONSTRUKCII
Uvod do problematiky a teoretické vychodiska
Moderné stavebnictvo si vyzaduje vyssiu efektivitu
a subtilnost nosnych prvkov, co podmieniuje rozvoj
predpétého beténu. Kym sucasnym Standardom su lana
s pevnostou 1 860 MPa, technologicky vyvoj uz umoz-
fuje vyrobu lan s pevnostou az 2 400 MPa. Nasadenie
takychto vysokopevnostnych materidlov prinasa klucové
vyhody, ako su:
» redukcia materidlu: umoziuje znizit mnozstvo vystuze
arozmery prierezov,
» staticka efektivita: zvySuje inosnost, znizuje deforméacie
a umoziuje prekonavat vicsie rozpitia,
» ekonomika: niz$ia hmotnost prefabrikatov vedie
k tsporam pri doprave a montazi.
Napriek potencialu existuju bariéry pre SirSie uplatne-
nie, najma absencia dlhodobych studii (inava, korozia,
duktilita pésobenia) a nedostatok overenych navrhovych
modelov pre pevnosti nad 2 160 MPa v sucasnych
normach.

Metodika nelinearnej analyzy

Na posudenie vplyvu vysokopevnostnej ocele na statické
pbsobenie nosnych prvkov sa vykonala séria nelinear-
nych numerickych analyz [4]. Predmetom analyzy je
18-metrovy predpity beténovy nosnik typu DPS VP /10
(bezne pouzivany mostny prefabrikat

na Slovensku). Pouzité materialy su betén C55/67

a 7-dr6tové predpinacie lané (priemer
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Conclusion

A reduction in prestressing force from 100 % to 50 %

resulted in a 4.5 % decrease in shear resistance. Fur-

thermore, dropping the prestressing force from 100 %
to 5 % led to an 11.0 % decline in capacity. A critical
finding is that theoretical calculations according to EC2
for these specific specimens predicted an increase in
resistance at lower prestressing levels (from 603 kN to

645 kN), attributed solely to the higher steel strength in

the lower-prestress series. However, the experiments

demonstrated that the physical impact of the axial force
loss outweighed the influence of material differences,
causing the actual load-bearing capacity to decrease.

Article [3] confirmed that axial force has a demon-

strable positive influence on the shear resistance of

prestressed members with shear reinforcement.

» The design model according to EC2 (2004) proved to be
safe, with the safety margin decreasing as the prestres-
sing level was reduced (from 1.32 to 1.10).

» Although the current standard does not explicitly
account for this effect in the shear reinforcement
formula (unlike older standards based on principal
stresses), experimental results confirm that the presence
of prestressing effectively increases shear capacity.

STRUCTURAL OPTIMIZATION THROUGH
HIGH-STRENGTH PRESTRESSING STEEL

Introduction and theoretical background

Modern construction demands greater efficiency and
increased slenderness of structural members, which drives
the development of prestressed concrete. While the current
standard is 1860 MPa strands, technological advancements
now enable the production of strands with strengths up to
2400 MPa. The implementation of such high-strength ma-
terials offers key advantages: material reduction, increased
structural efficiency (longer spans and lower deformations),
and improved economy during transport and assembly due
to lower self-weight. Despite its potential, wider adoption is
hindered by a lack of long-term studies (fatigue, corrosion,
ductility) and the absence of verified design models for
strengths above 2160 MPa in current standards.

Non-linear analysis

A series of nonlinear numerical analyses [4] was
performed to assess the impact of high-strength steel
on the structural behaviour of load-bearing members.
The subject of the analysis is an 18-meter prestressed

F - Force
Load position
—

Axis of symmetry
—

Obr. 3 Vypoctovy model nosnika DPS v nelinearnom MKP softvéri Atena,
tvar a vystuzenie nosnika

Fig. 3 Numerical model of the DPS beam in the nonlinear FEM software
ATENA: geometry and reinforcement layout
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15,7 mm) s pevnostami 1 860, 2 160 a 2 460 MPa. Analyza
bola vypracovana v softvéri ATENA na baze metédy ko-
necnych prvkov s vyuzitim nelinearneho modelu beténu
a vystuze. Zatazenie predstavovala stvorbodova ohybova
skuska. Vypocétovy model je zndzorneny na obr. 3.
Analyza prebiehala na troch skupinach nosnikov, aby sa
izolovali vplyvy réznych parametrov:

» 1. skupina - vplyv napdtového pomeru k: konstantna
pevnost lana (1 860 MPa); premenny parameter k v hod-
notach 1,05; 1,10 a 1,15. Cielom bolo sledovat vplyv
k na plastick oblast pésobenia nosnikov kratko pred
zlyhanim.

» 2. skupina - vplyv pevnosti pri konsStantnom napéti:
konstantné predpinacie napétie o, =1450 MPa; rézne
pevnosti 1an 1 860, 2 160, 2 460 MPa. Cielom bolo skimat
vplyv pevnosti materialu pri rovnakej pociatocne;j sile.

» 3. skupina - vplyv pevnosti pri proporciondlnom
predpdti: predpinacie napitie stanovené pomerom
k pevnosti (80 %): O max = O,S-fp . rézne pevnosti 1an 1 860,
2160, 2 460 MPa. Cielom bolo porovnat u¢inok, ked sa
predpinacia sila zvySuje umerne s kvalitou predpinacej
ocele.

Vysledky analyz a diskusia

Priebeh zavislosti zatazenia a priehybu v strede rozpétia
nosnika pri jednotlivych alternativach je uvedeny na
obr. 4. Vysledky simuldcii v ramci parametrickej Studie
odhalili vyznamné rozdiely v pdsobeni nosnikov v zavis-
losti od sledovanych parametrov.

Vplyv napdtového pomeru k (1. skupina)

Analyza ukazala inverzny vztah medzi inosnostou a duk-

tilitou pri zmene parametra k:

» zniZenie Unosnosti: s rasticim pomerom k
(z 1,05 na 1,15) doslo k poklesu maximalneho zatazenia
71,01 MN na 0,96 MN;

» zlepSenie duktility: vyssia hodnota k mala priaznivy
vplyv na pdsobenie v plastickej oblasti. Nosniky vyka-
zovali vac¢Sie deformacie (narast z 0,38 m na 0,44 m),

a tym lepsiu schopnost redistribticie vnttornych sil pred
porusenim.

Vplyv pevnosti ocele pri konstantnom predpéti

(2. skupina)

V tomto scenari sa ukazali limity samotného zvySovania

pevnosti ocele bez tipravy ndvrhu predpétia:

» narast unosnosti: pouzitie pevnejsich lan zvysilo inos-
nost (z 0,98 MN pri beZznej oceli na 1,23 MN pri oceli
2 460 MPa);

» problém s vyuzitim materialu: pri oceli s pevnostou
2 460 MPa nedoslo k plastizacii, kedZe rozhodujicim
mechanizmom bolo drvenie beténu; potencial vysoko-
pevnostnej ocele tak zostal v tomto pripade nevyuzity.

Optimdalny pristup: Proporcionalne predpétie
(3. skupina)

Tento variant sa ukazal ako najefektivnejsi z pohladu
celkovej optimalizacie navrhu. Predpinacia sila bola
nastavena ako 80 % charakteristickej pevnosti:

» priama timera: pevnost 1an sa takmer linedrne premietla
do zvySenej unosnosti nosnika; nosnik s najpevnejSou
ocelou dosiahol najvyssiu inosnost zo vsetkych testova-
nych vzoriek (1,25 MN);

concrete I-beam, type DPS VP 1/10 (a standardized

precast bridge element commonly used in Slovakia).

Materials used: concrete C55/67 and 7-wire prestress-

ing strands (15.7 mm diameter) with strengths of 1860,

2160, and 2460 MPa. The analysis was conducted using

ATENA software, based on the finite element method

(FEM) with nonlinear models for both concrete and

reinforcement. The loading consisted of a four-point

bending test. The numerical model is shown in Fig. 3.

The analysis evaluated three parameter groups:

» Group 1 investigated the stress ratio k (1.05, 1.10, 1.15) at
a constant 1860 MPa strength to observe plastic beha-
viour.

» Group 2 examined varying strand strengths
(1860, 2160, 2460 MPa) under a constant prestressing
stress of o, . =1450 MPa.

» Group 3 analysed proportional prestressing, where the
initial stress was set to 80% of the respective tensile
strengtho, =081 .

Analysis results and discussion

Simulation results (Fig. 4) revealed significant be-
havioural differences depending on the investigated
parameters.

Influence of the stress ratio k (Group 1)

The analysis revealed an inverse relationship between
capacity and ductility. Increasing the k ratio (from 1.05
to 1.15) improved plastic behaviour and internal force
redistribution due to larger deformations (0.38 m to
0.44 m). However, this slightly reduced the ultimate
maximum load from 1.01 MN to 0.96 MN.

Influence of steel strength at constant

prestressing (Group 2)

Using higher-strength strands without adjusting pre-
stressing increased the capacity (from 0.98 MN to

1.23 MN for 2460 MPa steel). However, concrete crush-
ing became the governing failure mechanism before
the 2460 MPa steel could yield, leaving its material
potential underutilized.

Optimal approach: proportional prestressing
(Group 3)

Setting the prestressing force to 80 % of the character-
istic strength proved to be the most effective optimiza-
tion. The strand strength translated almost linearly

——Beam |A
Beam 1B
Beam 1C
= + =Hes
=+ =Hen B

=+ =Beam 2C
=== Beam 34
====Beam IB

=== Beam 3C

Load [MN]

Dieflection [m]

Obr. 4 Graf vyjadrujuci zavislost zataZenie - priehyb
(1., 2. a 3. skupina analyzovanych parametrov)
Fig. 4 Load-deflection curves at mid-span for groups 1, 2 and 3
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» zachovana duktilita: aj pri vysokych zatazeniach
zostala zachovana prijatelna aroven deformacii,
¢o signalizuje bezpecné posobenie konstrukcie
pred kolapsom.

Tento spésob navrhu umoziuje maximalne

vyuzit pevnostny potencial materidlu pri zachovani

bezpecnosti.

Zavery z parametrickej Studie

Vyuzitie vysokopevnostnej predpinacej ocele

(nad 1 860 MPa) je klicom k StihlejsSim a uspornejSim

konstrukciam. Z vyskumu vyplyvaju tieto zavery:

Parameter kje délezity. Hodnota napatového pomeru je

kriticka na zaistenie duktility. Hoci vy$si parameter k

(napr. 1,15) mo6Ze mierne znizit medznt inosnost,

vyrazne zlepsuje plastické pésobenie konstrukcie, co je

z hladiska bezpecnosti prioritou.

1) Nutnost optimalizacie predpétia: prosté nahradenie
beznej ocele vysokopevnostnou (bez Gpravy predpi-
nacej sily) nevedie k optimalnym vysledkom, pretoze
casto dojde k pred¢asnému zlyhaniu beténu.

2) Idealny navrh: najlepsie vysledky sa dosahujua pri
definovani pociatoénej predpinacej sily ako podielu
maximalnej pevnosti o, = 0,8-f . Tento pristup
zabezpecuje rovnovahu medzi vysokou inosnostou
a dostatocnou deformacnou kapacitou.

Teoreticky vyskum potvrdzuje, Ze spravny navrh

zohladniujici vztah pevnosti a duktility prindsa narast

unosnosti o 15 az 30 % oproti konvenénym rieSeniam.

Tieto vysledky budu v dalsej faze overené laboratérnymi

experimentmi.

ZAVERY

Vyskum v oblasti predpétych konstrukcii ma na Katedre
beténovych konstrukcii a mostov Slovenskej technickej
univerzity v Bratislave bohatt histériu. Predstavené
vyskumné aktivity st jej pokracovanim.

Realizacia experimentov s predpatymi konstrukciami je
naro¢na na priestor aj technologické vybavenie. Dakuje-
me preto partnerom za podporu - spolo¢nosti Doprastav
za vyrobu vzoriek, firme Inset za monitoring predpinacej
sily a spolo¢nosti Bekaert Hlohovec za dodanie vysoko-
pevnostnych lan.

Praca vznikla s podporou vyskumného projektu VEGA
€. 1/0483/26 Inovativne vystuze pri navrhovani a zosiliovani
betonovych konstrukcii s dérazom na pouzivatelnost.
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into increased beam capacity, achieving the maximum
of 1.25 MN. Crucially, this approach maintained an ac-
ceptable deformation level and a safe structural response
prior to collapse, allowing for maximum exploitation of
the UHSS potential without compromising safety.

Conclusions from the parametric study

The use of ultra-high-strength prestressing steel

(above 1860 MPa) is the key to slenderer and more

cost-effective structures. The research yields the fol-

lowing conclusions.

The value of the stress ratio is critical for ensuring

ductility. Although a higher k (e.g., 1.15) may slightly

reduce the ultimate load-bearing capacity, it signifi-
cantly enhances the plastic behaviour of the structure,
which is a priority for structural safety.

1) Necessity of prestressing optimization: simply re-
placing conventional steel with high-strength steel
(without adjusting the prestressing force) does not
lead to optimal results, as it often results in prema-
ture concrete failure.

2) Ideal design: the best results are achieved by
defining the initial prestressing force as a ratio of
the ultimate strength, o, . =0.8-f . This approach
ensures a balance between high load-bearing capac-
ity and sufficient deformation capacity.

Theoretical research confirms that a proper design,

accounting for the relationship between strength and

ductility, yields a 15 % to 30 % increase in load-bearing
capacity compared to conventional solutions.

CONCLUSIONS

Research in the field of prestressed structures has

a long and rich history at the Department of Concrete
Structures and Bridges at the Slovak University of
Technology in Bratislava. The research activities pre-
sented here serve as a continuation of this tradition.
The execution of experiments involving prestressed
structures is highly demanding in terms of both space
and technological equipment. We would therefore like
to thank our partners for their support: Doprastav for
the fabrication of the test specimens, Inset for moni-
toring the prestressing force, and Bekaert Hlohovec
for the supply of the high-strength strands.

This work was supported by the Scientific Grant Agency
VEGA under the contract No. VEGA 1/0483/26.
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Experimentalny Experimental
vyskum vyuzitia study on the
recyklovanych application of
materialov recycled materials
v betone na in concretein
Slovensku v rokoch Slovakiain the
2022 -2025 years 2022 - 2025

Prispevok je zamerany na vyskum pouzitia The paper focuses on research into the use of
recyklovanych materialov v betdne, ktory prebiehal recycled materials in concrete, which has been
v poslednych rokoch na Slovensku. V prvej ¢asti ongoing in recent years in Slovakia. In the first part,
prezentuje vysledky vyskumu zameraného na the paper presents the results of research focused
vplyv recyklovaného kameniva v beténe na on the impact of recycled aggregates in concrete
mechanické vlastnosti beténu a vlastnosti spojené on the mechanical properties of concrete and
s trvanlivostou. V recepturach beténov sa hrubé properties associated with durability. In concrete
prirodné kamenivo nahradzalo za recyklované. recipes, coarse natural aggregate was replaced
Druha ¢ast prispevku pribliZuje experimentalne with coarse recycled aggregate. The second part
programy zamerané na skusanie beténovych of the paper presents experimental programs
prvkov vyrobenych z beténu s ndhradou prirodného focused on testing concrete members made of
kameniva recyklovanym a vplyv materialu na concrete with recycled aggregates and the impact
vyslednu odolnost. of the material on the resulting durability.
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K pouzivaniu recyklovanych materidlov sa Coraz viac
priblizujeme nielen vdaka ich ekologickej a ekonomickej
stranke, ale vzhladom na hroziaci nedostatok prirodnych
zdrojov, ktoré sa postupne nahradzaju pouzitim recyk-
lovanych nahrad. Sir$ie skimanou témou je pouZitie
recyklovaného kameniva (Recycled Aggregate — RA)

v beténe ako nahrady prirodného kameniva (Natural
Aggregate - NA). Produkcia betdnu je kazdoroéne vysoka
a na Slovensku a tiez v niektorych eurépskych krajinach
hrozi nedostatok NA. Jeho najvhodnejsiu nahradou sa
zda byt RA. Predmetom skiimania st vlastnosti beténu

s pouzitim beténového a tehlového recyklatu a ich vplyv
na odolnost beténovych konstrukcii. Beténové recyklo-
vané kamenivo (Recycled Concrete Aggregate - RCA) sa
ziskava zo stavebného odpadu, ktory sa drvi na mensie
Casti, pricom vystuz a pripadné chemické znecistenie sa
odstrania, a nasledne sa znova drvi a triedi podla jednot-
livych frakcii. Tehlovy recyklat (Recycled Brick Aggre-
gate - RBA) sa ziskava z tehlového stavebného odpadu
drveného na menSie Casti. Takto roztriedené RCA a RBA
mozno uskladnit alebo okamzite pouzit na najblizsej
stavbe, Co skracuje prepravné vzdialenosti kameniva.

VPLYV BETONOVEHO RECYKLOVANEHO

KAMENIVA NA VLASTNOSTI BETONU

Predmetom skimania bol vplyv nahrady prirodného
kameniva (NA) recyklovanym beténovym kamenivom
(RCA) na vlastnosti beténu. Zmesi RCA-U100 a RCA-U70
s0 100 % a 70 % nahradou nedosiahli pozadovanu
spracovatelnost pre vysoku nasiakavost RCA (3-nasobne
vyssia pri frakcii 0/4 mm), spdsobenej pérovitostou
prilnutej malty, a 13-nasobne vys$si obsah prachovych
¢astic < 0,063 mm. Boli navrhnuté optimalizované
zmesi: RCA-CA56 so selektivnou nahradou hrubych
frakcii 4/8 a 8/16 mm (56 % celkového kameniva)

a RCA-OPT71 s kombinovanou ndhradou hrubych
frakcii a ¢iasto¢nou ndhradou jemnej frakcie

(RCA 0/4 = 200,6 kg/m?>, cca 30 % jemného kameniva).
Zmes RCA-OPT71 (71 % néahrada, optimalizovana zrni-
tost) mala upraveny vodny sucinitel w/c = 0,34 - 0,33.

Tab. 1 Vlastnosti zmesi
Tab. 1 Mix design characteristics

Inzinierske stavby / InZzenyrské stavby 2/2026

Obr. 1 Hrubé beténové recyklované kamenivo, tehlovy recyklat
Fig. 1 Coarse recycled concrete aggregate and recycled brick aggregate

Recycled materials are increasingly used not only due

to their ecological and economic aspects, but also due to
the approaching shortage of natural resources. A more
widely researched topic is the use of recycled aggregate
(RA) in concrete as a substitute for natural aggregate
(NA). Concrete production is high every year, and there is
a threat of a shortage of NA in Slovakia and also in some
European countries. RA seems to be the most suitable
substitute for NA. The properties of concrete using con-
crete and brick recycle aggregate and their impact on the
durability of concrete structures are investigated. RCA is
obtained from construction waste, which is crushed into
smaller parts, reinforcement and any chemical contami-
nation are removed, and then crushed again and sorted
into individual fractions. Recycled Brick Aggregate
(RBA) is obtained from brick construction waste crushed
into smaller parts. The RCA and RBA thus sorted can be
stored or used immediately at the nearest construction
site, which shortens the transport distances of the ag-
gregate.

THE EFFECT OF RECYCLED CONCRETE

AGGREGATE ON CONCRETE PROPERTIES

The effect of replacing natural aggregate (NA) with re-
cycled concrete aggregate (RCA) on concrete properties

Pevnostna
Trieda pacich
Zmes RCA Konzistencia f E, q (%) XF4 KAC*
. o w/c g G < Compressive 5 o
Mixture (%) Workability (MPa) (GPa) Air (%) (mm/vd)
strength
content
class
0,00 0,38 46,63 36,5 4,9 0,168
REF-0 0.00 | 0.38 s3 46.63 36.5 30737 4.9 80 0.168
56,12 | 0,34 57,10 34,5 4,6 0,107
HEAHEE 56.12 0.34 S4 57.10 34.5 e 4.6 23 0.107
71,10 0,33 49,33 32,5 4,6 0,040
e 71.10 0.33 sS4 49.33 325 Cety 4.6 18 0.040
100,00 | 0,38 nizka 43,43 27,5 0,0%* 1,132
HEAECRY 100.00 0.38 insufficient 43.43 27.5 ConEy 0.0** 0 1.132
70,00 0,38 nizka 41,10 _ 2,2 1,102
e 70.00 0.38 insufficient 41.10 CzEE 2.2 0 1.102

* KAC - koeficient akcelerovanej karbonatizacie
* KAC - accelerated carbonation coefficient

** Zmes nebola prevzdusnena (prirodzeny obsah vzduchu nebol merany)
** The mixture was not aerated (the natural air content was not measured)
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Obr. 2 ZloZenie kameniva a obsah vody v beténovych zmesiach
Fig. 2 Aggregate composition and water content of concrete mixtures

Na kompenzaciu nasiakavosti RCA bolo zvysené mnoz-
stvo vody a davka superplastifikatora.

Pre vSetky zmesi boli stanovené mechanické a tr-
vanlivostné vlastnosti (karbonatizacia podla STN

EN 12390-12 [1], mrazuvzdornost XF4 podla STN EN
12390-9). Zmes RCA-CA56 dosiahla pevnost 57,1 MPa
(narast o dve triedy oproti REF-0) vdaka drsnému
povrchu RCA vytvarajuicemu mechanicky zamok v ITZ,
zlepSenej zrnitosti a vnuitornému oSetrovaniu [2].
Zaznamenany bol pokles modulu pruznosti v désledku
mikrotrhlin v starej malte. Zmesi bez prevzdusnenia sa
pri sktiske XF4 rozpadli. Po pridani prevzdusinovacich
prisad dosiahli RCA-CA56 a RCA-OPT71 len 23 % a 18 %
rezidualnej pevnosti (vyrazne menej nez REF-0). Odol-
nost proti karbonatacii bola lepsia (KAC = 0,107 a 0,040
vs. 0,168 mm/y/dni) vdaka pufrovému mechanizmu

- prilnuta malta obsahuje rezidualne alkalické zlozky
(portlandit, C-S-H, slinok) viazuce CO,. Pri RCA nad

70 % prevazuje chemicka pufrova kapacita nad nevy-
hodami pérovitosti [3]. Selektivna nahrada hrubych

Tab. 2 Mechanické vlastnosti beténovej zmesi
Tab. 2 Mechanical properties of the concrete mix

Kockova Valcova
Vek tlakova tlakova Tahova Modul
beténu pevnost pevnost pevnost | pruznosti
(dni) Cubic Cylinder Tensile | Modulus of
Age | compressive | compressive | strength | elasticity
(days) strength strength (MPa) (GPa)
(MPa) (MPa)
7 34,6 33,8 _ 19,6
34.6 33.8 19.6
o 40,3 40,3 1,93 18,8
40.3 40.3 1.93 18.8
52 44,6 42,2 2,34 20,9
44.6 42.2 2.34 20.9

Water content
(A - absorbed water by aggregate)

m Total water m Effective water
A=71 ,
250 A=53 230 A=61
_ A=50 215
A=20 188 191
T i
=11}
= 150
=
2
=
S 100
5
o
= 50
0

was investigated. The RCA-U100 and RCA-U70 mixtures,
with 100 % and 70 % replacement, did not achieve the
required workability due to the high water absorption of
RCA (3 times higher for the 0/4 mm fraction), caused by
the porosity of the bonded mortar and a 13 times higher
content of dust particles < 0.063 mm. The following opti-
mized mixtures were proposed: RCA-CA56 with selective
replacement of the coarse fractions 4/8 and 8/16 mm

(56 % of total aggregate) and RCA-OPT71 with combined
replacement of the coarse fractions and partial replace-
ment of the fine fraction (RCA 0/4 = 200.6 kg/m?®, approx.
30 % fine aggregate).

Mixture RCA-OPT71 with 71 % replacement and op-
timized grain size had an adjusted water-to-cement
ratio of w/c = 0.34-0.33. To compensate for the water
absorption of RCA, the water content and the dosage of
superplasticizer were increased.

The mechanical and durability properties were
determined for all mixtures (carbonation according

to STN EN 12390-12 [1], frost resistance XF4 according
to STN EN 12390-9). The RCA-CA56 mixture achieved

a strength of 57.1 MPa (an increase of two classes com-
pared to REF-0) due to the rough surface of the RCA
creating a mechanical interlock in the ITZ, improved
grain size distribution, and internal curing [2]. A de-
crease in the modulus of elasticity was observed due
to microcracks in the old mortar. Mixtures without
air-entraining agents disintegrated during the XF4
test. After adding air-entraining agents, RCA-CA56 and
RCA-OPT71 achieved only 23 % and 18 % of residual
strength (significantly less than REF-0). Resistance

to carbonation was better (KAC = 0.107 and 0.040 vs.
0.168 mm/+day) due to the buffering mechanism—the
bonded mortar contains residual alkaline compo-
nents (portlandite, C-S-H, clinker) that bind CO,.

At RCA values above 70 %, the chemical buffering
capacity outweighs the disadvantages of porosity [3].
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Tab. 3 Vysledné hodnoty maximalneho zataZenia

a spolahlivosti na nosnikoch

Tab. 3 Resulting values of maximum load and reliability
for the beams

Stupen vystuZenia

Reinforcement ratio R D
p, (%)
0,869 1,14
0.869 1.14
0,579 1,10
0.579 1.10

frakcii zlepSuje pevnost a karbonatizac¢nd odolnost,
kritickym limitom vsak zostava nedostato¢na mrazu-
vzdornost pri XF4.

BETON Z RECYKLOVANEHO KAMENIVA

A GFRP VYSTUZ

Pbsobenie nového materialu v konstrukciach sa pri-
marne sleduje na nosnikovych prvkoch. Z mechanickej
odozvy nosnikov bol vyskum zamerany najmi na
$mykovu odolnost. Pri skimani pouzitia recyklovaného
kameniva vsak nosniky so Smykovou vystuzou nepred-
stavuja komplikaciu, pretoze odolnost je dominantne
zabezpecena Smykovou vystuzou. Vyskum sa preto
zameral na prvky bez Smykovej vystuze a aj v kombinéacii
s kompozitnou GFRP vystuZou (vystuz z polymérov so
sklenymi vlaknami). Tato nekovova vystuz moze v urci-
tych pripadoch vhodne nahradit ocelovi vystuz hlavne
preto, Ze nepodlieha kordézii. Poslednym $pecifikom
vyskumu bolo pouzitie samozhutnujiceho beténu. Ten je
atraktivny najmé pre usporu ¢asu a pracnosti pri realiza-
cii nosnych konstrukeii.

Prvym zakladnym stanovenym cielom bolo vyvinut zmes
s pouzitym vyluc¢ne recyklovaného kameniva, teda so
100 % néhradou prirodného kameniva. Vyskumov, ktoré
pracuju so 100 % néhradou, je malo z dvoch hlavnych
dovodov - aktualne navrhové predpisy takito vysoku
zdmenu nedovoluju a vyvinut takdto zmes je naro¢nejsie
ako zmes, kde je nahradené iba hrubozrnné kamenivo
alebo len jej ¢ast. V pripade viacerych uspesnych vysku-
mov a aplikdcii mozno predpokladat, ze v budtcnosti
budu takéto zmesi so 100 % nahradou kameniva v Eu-
rokédoch dovolené.

Pre vyvoj novej zmesi je dolezité, aby spiiala stanovené
kritéria. V pripade beténu z recyklovaného kameniva
(Recycled Aggregate Concrete - RAC) je tento vyvoj
oproti tradicnému kamenivu naroc¢nejsi, pretoze do
procesu vstupuje viacero faktorov. Napriklad nasiakavost
prirodného kameniva je v procese vyroby takmer zane-
dbatelnd; v pripade recyklovaného kameniva je tento
faktor potrebné zahrnit do vypoctu takzvanym kom-
penzacnym pomerom, zaroven je vSak potrebné pocitat
s aktualnou vlhkostou kameniva a teda s vodou, ktora sa
uz v kamenive nachadza a vyhodnotit, do akej miery tato
voda prispeje ku hydratacii cementu. Objem vzduchu

v beténe z recyklovaného kameniva je vSeobecne vys$si

a aj tento jav je potrebné zahrnut v navrhu. Dolezity je aj
vplyv prisad a primesi, tie hraju v pripade samozhutni-
telného beténu klticovu rolu v otdzke spracovatelnosti.
Pred mechanickymi skiuskami na prvkoch sa robili aj
materialové testy sledujuce vlastnosti zmesi ako vyvoj
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Selective replacement of coarse fractions improves
strength and carbonation resistance; however,
insufficient freeze-thaw resistance remains a critical
limitation for XF4.

RECYCLED AGGREGATE CONCRETE

AND GFRP REINFORCEMENT

The behaviour of the new material in structures is
primarily observed on beam elements. Regarding the
mechanical response of the beams, the research focused
mainly on shear resistance. However, when investigating
the use of recycled aggregate, beams with shear rein-
forcement do not pose a complication, as the resistance
is predominantly provided by the shear reinforcement.
Therefore, the research focused on elements without
shear reinforcement, as well as in combination with
composite GFRP (Glass Fiber Reinforced Polymer) rein-
forcement. This non-metallic reinforcement can suitably
replace steel reinforcement in certain cases, mainly
because it is not subject to corrosion. The final specific
aspect of the research was the use of self-compacting
concrete. This is particularly attractive due to the savings
in time and labour during the execution of load-bearing
structures.

The first primary objective established was to develop

a mixture using exclusively recycled aggregate, i.e.,

a 100 % replacement of natural aggregate. Research
dealing with 100 % replacement is scarce for two main
reasons: current design codes do not allow such high
replacement levels, and developing such a mixture is
more demanding than a mixture where only the coarse
aggregate or just a portion of it is replaced. Given
multiple successful studies and applications, it can

be assumed that such mixtures with 100 % aggregate
replacement will be permitted in the Eurocodes in the
future.

An important aspect in the development of a new
mixture is that it meets the established criteria. In the
case of Recycled Aggregate Concrete (RAC), this develop-
ment is more demanding compared to traditional ag-
gregate, as more factors enter the process. For example,
the water absorption of natural aggregate is almost neg-
ligible in the production process; in the case of recycled
aggregate, this factor must be included in the calculation
via a so-called compensation ratio. At the same time, it
is necessary to consider the current moisture content of
the aggregate, i.e., the water already present in it, and to

Obr. 3 Skusany nosnik osadeny v zostave pripraveny na skusanie
Fig. 3 The tested beams mounted in the testing assembly
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tlakovej pevnosti, tahovej pevnosti, modulu pruznosti,
velkosti zmrastovania a hodnoty lomovej energie v za-
vislosti od ¢asu. Tab. 2 zobrazuje skuiSané mechanické
vlastnosti beténovej zmesi. Zmesiam z recyklovaného
beténu klesa pevnost so zvysujucim sa stupniom ndhrady
prirodného kameniva. Stanoveny ciel dosiahnut 28-
dnovu valcovu tlakovi pevnost sa podarilo dosiahnut
vdaka vyladeniu vodného sucinitela spolu s podielom
prisad a primesi.

Nasledujucim krokom bolo skti§anie nosnikov. Obr. 3
vlavo zobrazuje osadeny nosnik pripraveny na skusanie.
Tato kampan pocitala s pouzitim termoplastickej GFRP
vystuze, ktora ma na rozdiel od termostatickej predpoklad
dat sa ohybat, a teda vytvarat komplikovanejsie tvary

a strmene z vystuznych pratov. Nosnik bol osadeny do
trojbodovej zostavy s predpokladanym Smykovym sp6-
sobom zlyhania. Merany bol priehyb pod lisom, osadena
rozeta LVDT snimacov sledovala rozvoj Smykovej trhliny
a DIC (Digital Image Correlation) zostava mapovala

z druhej strany deformacné spravanie nosnika. Vyhoto-
vené boli dve sady nosnikov s odliSnym stupiiom vystu-
Zenia, beténova zmes aj trojbodova skisobna zostava boli
rovnaké. Tato Cast experimentu bola realizovana vo ve-
deckom parku UPC (Universitat Polytécnica de Catalunya)
pod vedenim Nikoly Tosiéa a Evy Oller Ibars.

Tab. 3 zobrazuje vysledky spolahlivosti experimental-
nych odolnosti v porovnani s teoretickym predpokla-
dom. Hodnota P, je velkost sily na lise v momente
Smykového poruéenia, porovnava sa s predpokladanou
hodnotussily P, ., pri dosiahnuti odolnosti podla
Eurokoddu 2 (2023) [4], ktory uz umoziiuje zohladnit pou-
zitie beténu z recyklovaného kameniva a GFRP vystuze.

Analog
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Obr. 4 Tvar a vystuZenie vzoriek a skuSobna zostava
Fig. 4 Dimensions and reinforcement of the slab specimens and test set-up

Tab. 4 Hodnoty spolahlivosti Smykovej a ohybovej odolnosti
z pohladu betonovej zmesi

Tab. 4 Reliability values of shear and flexural resistance
from the perspective of the concrete mix

wpestemems |Gl | Rl
e e e
e 107 1%
e 055 e

evaluate the extent to which this water will contribute

to cement hydration. The air volume is generally higher
in recycled aggregate concrete, and this phenomenon
must also be included in the design. The influence of
admixtures and additives is also important; in the case
of self-compacting concrete, they play a crucial role in
terms of workability.

Prior to the mechanical testing on the elements, material
tests were also conducted to monitor the mixture's prop-
erties, such as the development of compressive strength,
tensile strength, modulus of elasticity, the magnitude

of shrinkage, and the value of fracture energy over time.
Tab. 2. shows the tested mechanical properties of the
concrete mixture. The strength of recycled concrete
mixtures decreases with an increasing degree of natural
aggregate replacement. The stated objective of achieving
the 28-day cylinder compressive strength was met by
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Tab. 5 Hodnoty spolahlivosti Smykovej a ohybovej odolnosti
z pohladu typu vystuze

Tab. 5 Reliability values of shear and flexural resistance
from the perspective of the type of reinforcement

Typ vystuze
Type Of PVE,test l PE,ECZ PE,test / PE,EC?
reinforcement - Smyk/shear - ohyb/bending
Ocelova 1,00 1,17
Steel 1.00 1.17
1,11 1,15
Cht 1.11 1.15

Dal3ou etapou vyskumu pdsobenia beténu s recyklo-
vanym kamenivom a GFRP vystuzou tiez boli skusky
na mensich nosnikov, ktoré slizili ako kalibracia
pred hlavnou ¢astou kampane. Tato Cast experimen-
tu pozostavala z nosnikov naméahanych ohybom

a Smykom. Pouzité boli tri zmesi, referen¢na (REF),
betén z recyklovaného beténového materialu (REC)
a betdn z recyklovaného tehlového materialu (REB).
Na vystuzenie bola pouzita betonarska vystuz

a GFRP vystuz, obidve v dvoch réznych stupiioch vy-
stuZenia p,. Obr. 3 vpravo zndzorniuje osadeny nosnik
pripraveny na sktSanie. Zaroven sa testovali mecha-
nické vlastnosti pouzitych zmesi ako pevnost beténu
v tlaku a modul pruznosti; pri pouziti recyklovaného
kameniva modul pruznosti poklesol priblizne o 35 %
a tlakova pevnost poklesla priblizne o 8 %. Tab. 4

a 5 uvadzaju vysledné hodnoty spolahlivosti expe-
rimentalnych vysledkov ziskanych porovnanim na-

Tab. 6 Mechanické vlastnosti betédnov a vysledky experimentov
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fine-tuning the water-cement ratio along with the propor-
tion of admixtures and additives.

The next step was the testing of the beams. Fig. 3 on the
left shows the positioned beam ready for testing. This
testing campaign considered the use of thermoplastic
GFRP reinforcement, which, unlike thermosetting re-
inforcement, has the potential to be bent and thus form
more complicated shapes and stirrups from the reinforc-
ing bars. The beam was placed in a three-point bending
setup with an anticipated shear failure mode. Deflection
under the loading point was measured, a mounted
rosette of LVDT sensors monitored the development of
the shear crack, and a DIC (Digital Image Correlation)
setup on the other side mapped the deformation behav-
iour of the beam. Two sets of beams with different rein-
forcement ratios were produced; the concrete mixture
and the three-point test setup were identical. This part
of the experiment was conducted at the science park of
UPC (Universitat Politécnica de Catalunya) under the
supervision of Nikola Tosi¢ and Eva Oller Ibars.

Tab. 3 shows the reliability results of the experimental
resistances compared to theoretical predictions. The
value P, is the magnitude of the applied force at the
testing machine at the moment of shear failure; it is
compared with the predicted force value P, ., upon
reaching the resistance according to Eurocode 2 (2023)
[4], which already allows for accounting for the use of
recycled aggregate concrete and GFRP reinforcement.
The next stage of the research on the behaviour of
recycled aggregate concrete and GFRP reinforcement
also included tests on smaller beams, which served

Tab. 6 Mechanical properties of the concrete and results of the experiments

Doska - uroven fcm d h® = b® vR,test vR,norm
nahrady CNA A
R,norm,i
stab = CNA (MPa) (mm) (mm) (kN) (MPa?) e,
replacement level
. 39,6 838,9 0,630 1,000
S1.0-0% 396 210 838.9 0.630 1.000
33,2 849,3 0,677 1,074
— o, ! 1 ’ '
S1.1-50 % s 210 849.3 0.677 1.074
. 33,4 846,8 0,661 1,048
Dl AT 33.4 213 846.8 0.661 1.048
300
. 30,8 1000,0 0,861 1,000
S20 30.8 e 1000.0 0.861 1.000
. 34,0 1003,7 0,842 0,978
S2.1-50% 34.0 AL 1003.7 0.842 0.978
) 33,7 1034,7 0,865 1,004
S22 =l 33.7 A 1034.7 0.865 1.004
35,8 855,7 0,909 1,000
—_ o, 1 1 1 '
U= 35.8 200 855.7 0.909 1.000
. 33,6 900,2 0,998 1,098
S 33.6 197 200 900.2 0.998 1.098
. 35,9 904,8 0,967 1,064
S =200 Y 35.9 199 904.8 0.967 1.064
Vi norm; /€ NOrmalizovana smykova odolnost ziskana ako Ve 1d by s (F )1

V is normalized punching capacity obtained by: V,

R,norm,i test,i

/d by .(F, )




Veda a vyskum / Science and research

meranej a teoretickej Smykovej a ohybovej odolnosti
podla Eurokédu 2 (2023) rovnakym spésobom, ako

sa na predchadzajucom experimente porovnavali
odlisné zmesi a typ pouzitej vystuze.

Pouzivanie beténu s recyklovanym kamenivom spolu

s GFRP vystuZou nie je v novej generacii Eurokédu 2
(2023) dovolené. Dévodom je malé mnozstvo experimen-
talnych §tudii a realizovanych konstrukcii v kombinacii
tychto dvoch ekologickych alternativ k tradiénym
materidlom pre Zelezobetdn. Vysledky spolahlivosti
Smykovych odolnosti ziskanych pocas opisanych experi-
mentalnych kampani vSak naznacuji moznost pouzitia
beténu z recyklovaného kameniva a GFRP vystuze.

SMYKOVA ODOLNOST PROTI PRETLACENIU

LOKALNE PODOPRETYCH DOSIEK BEZ SMYKOVEJ
VYSTUZE

Pretlacenie lokalne podopretych dosiek predstavuje
vyznamny a intenzivne skimany problém, kedZe ide

o krehky typ porusenia bez predchadzajticich varovnych
priznakov. Z tohto dévodu je nevyhnutné venovat mu
zvySenu pozornost. Predkladany vyskum nadvézuje na
predchadzajtce préace realizované na Slovenskej tech-
nickej univerzite v Bratislave a prvykrat sa zameriava na
skimanie Smykovej odolnosti dosiek z beténu s ndhra-
dou hrubého prirodného kameniva recyklovanym.
Experimentalny program zahtiia 9 beténovych dosiek

s rozmermi 2,50 x 2,50 m s hrubkou 25 cm vyrabanych

v troch sériach podla obr. 4. Kazda séria obsahovala
referen¢nu vzorku bez nadhrady CNA (hrubého prirod-
ného kameniva) recyklovanym a dosky s 50 % a 100 %
nahradou CNA. Premennou bol podiel nahrady kameni-
va, pric¢om jednotlivé série sa 1i$ili stupfiom vystuzenia
(0,52 %, 1,23 % a 1,53 %). VSetky dosky boli bez Smykovej
vystuze. Sucasne boli vyhotovené skiSobné telesa na
stanovenie mechanickych vlastnosti beténu. Vysledky
preukézali mierny pokles pevnosti v tlaku a vyraznejsi
pokles modulu pruznosti, v priemere o 10 % pri 50 %
nahrade CNA a o 18 % pri 100 % nahrade.

Dosky boli sku$ané v Centralnom laboratériu STU

v Bratislave pomocou hydraulického lisu, ktory aplikoval

Tab. 7 Porovnanie odolnosti — stihle stipy
Tab. 7 Resistance comparison - slender columns

as calibration prior to the main part of the campaign.
This part of the experiment consisted of beams
subjected to bending and shear. Three mixtures were
used: a reference mixture (REF), concrete made from
recycled concrete material (REC), and concrete made
from recycled brick material (REB). Conventional
steel reinforcement and GFRP reinforcement were
used, both at two different reinforcement ratios p,.
Fig. 3 on the right shows the positioned beam ready
for testing. At the same time, the mechanical prop-
erties of the mixtures used, such as the concrete
compressive strength and the modulus of elasticity,
were tested; when using recycled aggregate, the
modulus of elasticity decreased by approximately

35 % and the compressive strength decreased by ap-
proximately 8 %. Tab. 4 and 5 present the resulting
reliability values of the experimental results, obtained
by comparing the measured and theoretical shear and
bending resistance according to Eurocode 2 (2023),
in the same manner as in the previous experiment,
comparing the different mixtures and the types of
reinforcement used.

The use of recycled aggregate concrete in combina-
tion with GFRP reinforcement is not permitted in the
new generation of Eurocode 2 (2023). The reason for
this is the limited number of experimental studies

and constructed structures combining these two
ecological alternatives to traditional materials for re-
inforced concrete. However, the reliability results of
the shear resistances obtained during the described
experimental campaigns indicate the possibility of
using recycled aggregate concrete and GFRP rein-
forcement.

PUNCHING SHEAR CAPACITY OF FLAT SLABS
WITHOUT SHEAR REINFORCEMENT

Punching shear in the flat slabs is a frequently discussed
and scientifically studied topic in practice. Due to its
brittleness, punching shear failure is normally sudden,
without any signs of impending structural failure, and is
therefore still under examination. Several studies have

. Met. nom. tuhosti Met. nom. tuhosti Met. nom. krivosti Met. nom. krivosti
Oznacenie Exp. Atena 3D .Stiffn.ess Stiffness .Curva.ture Curvature
stlpa Ks=1 kr=1
Column
N(kN) | N(kN) | N, /N, | N(kN) | N,_/N, | N(K&N) | N, /N, | N(KN) |N_/N, | N(KN |N_/N,
0,98 1,15 1,05 0,97 1,17
S0-20 1845 1889 0.98 1606 115 1763 105 1908 0.97 1582 117
1,10 1,37 1,14 1,05 1,29
S50-20 1610 1464 110 1175 137 1417 114 1528 105 1247 129
1,01 1,44 1,19 0,95 1,16
S100-20 1353 1346 101 937 144 1133 119 1422 0.95 1165 116
0,93 1,13 1,07 0,97 1,07
S0-40 1403 1502 0.93 1243 113 1314 107 1446 0.97 1305 107
1,03 1,35 1,28 1,04 1,17
S50-40 1212 1179 103 898 135 950 108 1170 104 1038 117
0,98 1,40 1,23 0,96 1,10
S100-40 1059 1085 0.98 757 140 858 123 1098 0.96 964 110
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Tab. 8 Porovnanie odolnosti — kratke stipy
Tab. 8 Resistance comparison — short columns

OPnacenie Experiment Metoda tuhosti Metoda krivosti
stipa Stiffness Curvature
Column N (kN) M (kNm) N (kN) N, /N, | M(kNm) N (kN) Noo /Ny, | M (kNm)
2098,62 48,28 0,84 52,21 0,84 52,39
S 2098.62 48.28 2500 0.84 52.21 CEED) 0.84 52,888
2080,97 41,64 0,93 47,20 0,93 47,37
SRS 2080.97 41.64 2240 0.93 47.20 L2 0.93 47.37
1518,84 30,38 0,81 39,73 0,81 39,55
$100-20 1518.54 30.38 1870 0.81 39.73 1870 0.81 39.55
1655,28 68,32 0,79 86,46 0,80 87,03
S 1655.28 68.32 2085 0.79 86.46 AU 0.80 87.03
1673,38 67,70 0,89 78,56 0,89 78,73
SR 1673.38 67.70 1880 0.89 78.56 LAY 0.89 78.73
1387,28 56,58 0,88 66,06 0,88 65,72
SISO 1387.28 56.58 1570 0.88 66.06 Y 0.88 65.72
zatazenie cez ocelovt platiiu simulujicu stip. Pocas been conducted at the Slovak University of Technology in
skusok sa okrem vnasanej sily monitorovali deforméacie Bratislava in the past on the punching shear resistance,
a pootocenia dosiek. and for the first time, the punching is being investigated
Tab. 6 uvadza pevnost beténu, u¢inné vysky a expe- using concrete containing coarse recycled concrete ag-
rimentalne stanovend Smykovi odolnost. Skutoéné gregate.
ucinné vysky boli uréené po sktuskach na rozrezanych An experimental program included tests of nine
doskach. Pre rozdielne pevnostibeténov a uc¢inné vysky concrete slab specimens measuring 2.50 x 2.50 m and
bolo potrebné pre korektné porovnanie dosiek v jednot- 250 mm thick, produced in three series according to
livych sériach normalizovat vysledky z experimentov. Fig. 4. Each series had a reference specimen without
Normalizované vysledky ukazuju, ze pouzitie CRA nema any replacement of coarse natural aggregate (CNA) and
negativny vplyv na Smykovud odolnost proti pretlaceniu; a slab with 50 % and 100 % replacement of CNA with
naopak, dochadza k jej priemernému zvyseniu o 4,4 %. coarse recycled aggregate (CRA). The only variable
V praxi vSak netreba zabudat na zhorSené mechanické in the slab concrete recipes was the amount of CRA,
and the differences between the series were in the

flexural reinforcement ratio: 0.52 %, 1.23 %, and 1.53 %.
All slabs were without shear reinforcement. During
casting, cubes, cylinders, and prisms were produced to
determine the mechanical properties of the concrete.
A slight decrease in compressive strength and a more
pronounced reduction in the modulus of elasticity was
observed. On average, the decrease in the modulus was
10 % at 50 % CNA replacement and 18 % at 100 % CNA
replacement.

The slabs were tested at the Central Laboratory of the
Slovak University of Technology in Bratislava. The test
setup, shown in Fig. 4, consisted of a hydraulic jack
that applied force through a steel plate simulating

a column. During the test, the slab was anchored to
the laboratory's rigid floor using steel rods. In addi-
tion to load, slab deformations and rotations were
monitored.

Tab. 6 summarises compressive strength, effective
depth, and punching shear resistance. Effective
depths were measured on saw-cut sections after
testing. Due to variations in concrete strength

and effective depth, results were normalised for
comparison. The normalized results show that CRA
in concrete does not have a negative effect; on the

. contrary, it positively affects the punching shear

Obr. 5 Porugenie &tihleho stipa resistance, increasing it by an average of 4.4 %.

Fig. 5.1 Failure of slender column However, in practice, the deteriorated mechanical
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vlastnosti RAC, pricom vplyv CRA na Smykovu odolnost
je potrebné dalej skimat.

ODOLNOST BETONOVYCH STLPOV

Stipy mézu byt znaéne ovplyvnené pouzitim recyklo-
vaného kameniva, pretoze ich odolnost do velkej miery
zavisi od pevnosti betéonu. Experimentéalna odolnost
stipov z RAC je vo vieobecnosti vyssia ako vypoéitana
normovymi vztahmi. To vSak nezarucuje, Ze stipy vy-
robené z RAC spiiaju aj pozadovanti pravdepodobnost
zlyhania.

Experimentalny program bol rozdeleny do dvoch c¢asti.
V jednej Casti sa skimali §tihle stipy s diZzkou 3,3 m

a v druhej kratke stipy s dizkou 1,0 m. Stipy boli zata-
zované excentricky v dvoch zvolenych excentricitach
20 a 40 mm. Podiel recyklovaného tehlového kameniva
v beténe bol 0, 25, 50, 75 a 100 %. Nahradzana bola jemna
aj hrubd frakcia kameniva. Prierez stipov bol 250 x

250 mm, vystuzenie bolo pozdiznou vystuzou v poéte

4 ks s priemerom 16 mm, v kazdom rohu jeden prut,

a strmenmi po 150 mm v hlave, zahustené na 45 mm

v péte. Pre kazdu zmes boli vybeténované vzorky

pre materialové skusky beténu. Vysledné namerané
odolnosti sa porovnali s ndavrhovymi metédami tuhosti
a krivosti, ako aj so softvérom ATENA 3D.

Z experimentalnych merani vyplyva, Ze nahrada 25 % NA
za RBA nema takmer zZiadny vplyv na vysledné odolnosti
a dal$im zvySovanim nahrady sa vplyv RBA zvySuje. Pri
néhrade 100 % RBA bol dosiahnuty pokles odolnosti na
trovni 25 % odolnosti oproti stipom s 0 % néhradou pri
stihlych stipoch, resp. priblizne 20 % pokles pri kratkych
stipoch.

ZAVER

Prispevok opisuje experimentalne vyskumy zamerané

na vyuzitie recyklovanych materialov v beténe, ktoré

v uplynulych rokoch prebiehali na Slovensku. Vo viacerych
pracach recyklované kamenivo v beténe zhorsilo mecha-
nické vlastnosti beténu v porovnani s beténom z prirodné-
ho kameniva, ide najmé o moduly pruznosti beténu.
Recyklované kamenivo malo v niektorych vyskumoch
nepriaznivy vplyv na odolnost skimanej konstrukcie,
napr. pri stipoch, no v pripade skuisok lokalne podopre-
tych dosiek doslo k miernemu zvyseniu §mykovej odol-
nosti proti pretladeniu pri vzorkach vyrobenych z beténu
z recyklovaného kameniva.

Tato praca bola podporena Agenturou na podporu vyskumu

a vyvoja na zaklade Zmluvy ¢. APVV-23-0193 a Vedeckou Gran-
tovou Agenturou Ministerstva Skolstva, vedy a Sportu Slovenskej
republiky a Slovenskej akadémie vied Cislo VEGA ¢. 1/0185/25.

Literatira
1. STN EN 12390-12: Sktidanie zatvrdnutého beténu. Cast 12: Stanovenie
odolnosti beténu proti karbonatacii. Bratislava, 2020.

2. Ma Q, Duan Z, Wang J, Yin G and Li X (2024) Frost resistance and improve-

ment techniques of recycled concrete: a comprehensive review.
Front. Mater. 11:1493191. doi: 10.3389/fmats.2024.1493191.
. Pico-Cortés, C., & Villagran-Zaccardi, Y. (2023). Unraveling the Interplay
of Physical-Chemical Factors Impacting the Carbonation Performance
of Recycled Aggregate Concrete. Materials, 16(16), 5692.
https://doi.org/10.3390/mal6165692. 4. STN EN 1992-1-1: Navrhovanie
beténovych konstrukcii. Cast 1-1 : VSeobecné pravidla a pravidla
pre budovy, mosty a inzinierske konstrukcie. Bratislava, 2025.
4. STN EN 1992-1-1: Navrhovanie beténovych konstrukcii. Cast 1-1 :
Vseobecné pravidla a pravidla pre budovy, mosty a inzinierske
konstrukcie. Bratislava, 2025.

w

properties of RAC should not be forgotten, and
the effect of CRA on shear resistance needs to be
further investigated.

RESISTANCE OF CONCRETE COLUMNS

Columns can be significantly affected by using recycled
aggregates as their resistance depends mostly on the
strength of the concrete. The experimental resistance
of RAC columns is generally higher than that calculated
by standard formulae. However, this does not guarantee
that columns made of RAC also meet the required prob-
ability of failure.

The experimental campaign was divided into two
parts. In one-part, slender columns of 3.3 m high

were investigated and in the other, short columns of
1.0 m high. The columns were loaded eccentrically

at two selected eccentricities of 20 and 40 mm. The
amount of the recycled brick aggregate in the con-
crete was 0, 25, 50, 75 and 100 %. Both fine and coarse
aggregate fractions were replaced. The cross-section
of the columns was 250 x 250 mm, and the reinforce-
ment was longitudinal reinforcement of 4 pieces

with a diameter of 16 mm, one bar in each corner and
stirrups of 150 mm in the head and foot thickened

to 45 mm. For each mixture, samples were cast for
concrete material tests. The resulting measured
resistances were compared with the design methods
of stiffness and curvature, as well as with the ATENA
3D software.

Experimental results show that the replacement of 25 %
NA by RBA has almost no effect on the resulting resist-
ances and with further increase in the replacement. The
influence of RBA increases, when with a replacement of
100 % RBA a decrease in resistance was achieved at the
level of 25 % of the resistance of columns with 0 % re-
placement for slender columns, or approximately a 20 %
decrease for short columns.

CONCLUSIONS

The paper presents experimental studies focused on

the use of recycled materials in concrete, carried out

in recent years in Slovakia. Several studies have shown
that the incorporation of recycled aggregate may lead to
a deterioration of mechanical properties compared to
concrete with natural aggregate, particularly in terms of
the modulus of elasticity.

In some cases, recycled aggregate exhibited an adverse
effect on the structural performance of tested elements,
such as columns. However, in the case of slab-column
connections, a slight increase in punching shear resist-
ance was observed for specimens made with recycled
aggregate concrete.
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Vyznam pH
prostredia na
koréziu betonarskej
vystuze

a presnejsiu
identifikaciu
poskodenia

Prispevok sa zaobera vplyvom pH prostredia

na kordzne spravanie betonarskej vystuze pri
elektrochemicky riadenej korézii. Vysledky
ukazuju, ze pri neutralnom pH a potenciali
blizkom aktivno-pasivhemu prechodu
dochadza k tvorbe pasivacnej vrstvy, ktora
spomaluje koréziu. Naopak, pri znizenom

pH sa aktivuju korézne reakcie a meni sa
charakter morfologického poskodenia vystuze.
Pourbaixove diagramy poskytuju teoreticky
rdmec na predikciu oblasti imunity, pasivacie

a aktivnej korozie v zavislosti od pH a potencialu,
ich praktické vyuzitie je vSak obmedzené najma
pri pésobeni vonkajsieho elektrického prudu.
Sledovanie koréznych prejavov pri réznych
podmienkach umoziuje presnejsie posudit
rozsah poskodenia a jeho suvis s prostredim.
Klucova je preto hibkova kontrola vystuze, ktora
poskytuje spolahlivejSie hodnotenie degradacie
a zZivotnosti Zelezobeténovych konstrukcii.

Importance of

pH environment

on concrete
reinforcement
corrosion and more
accurate identification
of damage

The paper deals with the influence of the pH
environment on the corrosion behaviour of
reinforcement during electrochemically controlled
corrosion. The results show that at neutral pH and

a potential close to the active-passive transition,

a passivation layer is formed, which slows down
corrosion. On the contrary, at reduced pH, corrosion
reactions are activated and the character of the
morphological damage of the reinforcement changes.
Pourbaix diagrams provide a theoretical framework
for predicting the areas of immunity, passivation and
active corrosion depending on pH and potential, but
their practical use is limited, especially when exposed
to external electric current. Monitoring corrosion
manifestations under different conditions allows a more
accurate assessment of the extent of damage and its
relationship with the environment. Therefore, in-depth
inspection of the reinforcement is key, which provides
amore reliable assessment of the degradation and
service life of reinforced concrete structures.
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Zelezobeténové a predpité konstrukcie patria medzi
najrozsirenejsie nosné systémy v pozemnom a liniovom
stavitelstve. Ich spolahlivost a Zivotnost je vSak vyrazne
ovplyvnend degrada¢nymi procesmi, najmi kordziou
betonarskej vystuze. Ta vedie nielen k ubytku i¢inného
prierezu a zniZeniu odolnosti, ale aj k sekundarnym
porucham beténu, ako st trhliny, odlupovanie krycej
vrstvy a zhorSenie pouzivatelnosti konstrukcie.

Korozia vystuze je fyzikalno-chemicky proces zavisly

od vlastnosti ocele, beténu a prostredia. KIicova ulohu
zohrava chemické zloZenie pérového roztoku, vlhkost,
pritomnost agresivnych iénov a najmé hodnota pH.
Vysoko alkalické prostredie zabezpecuje pasivaciu ocele,
zatial ¢o pokles pH (napr. v désledku karbonatécie) vedie
k naruseniu pasivacnej vrstvy a aktivacii korozie [1, 2].
Vztah medzi pH, elektrochemickym potencidlom a sta-
bilitou ocele sa ¢asto hodnoti pomocou Pourbaixovych
diagramov, ktoré rozlisuju oblasti imunity, pasivacie

a aktivnej korozie. Ich pouzitelnost v praxi je vSak obme-
dzena vplyvom viacerych faktorov redlneho prostredia,
ktoré mo6zu menit priebeh kordéznych procesov [3, 4].

Na diagnostiku existujtucich konstrukcii je preto dolezité
nielen sledovanie elektrochemickych parametrov, ale aj
hodnotenie morfolégie korézneho poskodenia. Charakter
napadnutia moéze napovedat o podmienkach prostredia aj
o vyvoji degradacie. V§znamnu tilohu zohréava aj hibkova
kontrola vystuze, ktora umoziuje presnejsie posudit rozsah
poskodenia a zostatkovu Zivotnost konstrukcie [5, 6].
Prispevok sa zameriava na analyzu vplyvu pH prostredia
na kordzne spravanie vystuze s dérazom na interpre-
taciu vysledkov v kontexte Pourbaixovych diagramov

a praktickej diagnostiky. Cielom je poukézat na rozdiely
medzi tedriou a redlnym spravanim a zdoraznit potrebu
komplexného hodnotenia koréznych poruch [7].

EXPERIMENTALNY MATERIAL

Pocas experimentov bola pouzitd betonarska vystuz
triedy B500B s menovitym priemerom 10 mm. Ide o ne-
legovand, zvaritelnua rebierkovu ocel, ktora patri medzi
najpouzivanejsie typy vystuze v stavebnej praxi. Chemic-
ké zlozenie pouzitej vystuze B500B je uvedené v Tab. 1.
Vystuz sa vyraba valcovanim za tepla s naslednym ria-
denym tepelnym spracovanim (TEMPCORE), ¢im vznika
zonova mikrostruktira s pevnejSou povrchovou vrstvou
a huzevnatym jadrom. To zabezpecuje priaznivy pomer
pevnosti a taznosti a dobru zvaritelnost.

Z hladiska dlhodobej prevadzky je vSak rozhodujica

aj odolnost vystuze proti korézii, najma pri zmene pH

a pritomnosti agresivnych iénov. Na tieto aspekty je
zamerany experimentalny program.

PRIPRAVA VZORKY A ZAPOJENIE ELEKTRICKEHO PRUDU
Kordzia vzoriek bola urychlend pomocou elektrochemic-
kej skusky s pouzitim jednosmerného zdroja Keysight
Technologies N8739, ktory zabezpecoval stabilny prud aj
meranie napétia a prudu.

Tab. 1 Chemické zloZenie ocele triedy B500B
Tab. 1 Chemical composition of steel of class B5S0O0B

C (%) N (%) Pmax (%) Smax (%)
0,220 0,012 0,050 0,050
0.220 0.012 0.050 0.050
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Reinforced concrete (RC) and prestressed concrete (PC)
structures are among the most widespread load-bearing
systems in buildings and civil engineering structures.
However, their reliability and service life are significantly
affected by degradation processes, especially corrosion

of reinforcement. This leads not only to a decrease in the
effective cross-section and a decrease in resistance, but also
to secondary concrete failures, such as cracks, spalling of
the concrete cover and deterioration of the serviceability of
the structure.

Corrosion of reinforcement is a physicochemical process
dependent on the properties of steel, concrete and the en-
vironment. The chemical composition of the pore solution,
humidity, the presence of aggressive ions and especially

the pH value play a key role. A highly alkaline environment
ensures passivation of steel, while a decrease in pH (e.g. due
to carbonation) leads to a disruption of the passivation layer
and activation of corrosion [1, 2].

The relationship between pH, electrochemical potential
and steel stability is often assessed using Pourbaix diag-
rams, which distinguish between immune, passivation
and active corrosion zones. However, their practical appli-
cability is limited by the influence of several real-world
environmental factors that can alter the course of corrosion
processes [3, 4].

Therefore, for the diagnosis of existing structures, it is
important not only to monitor electrochemical parameters,
but also to assess the morphology of corrosion damage. The
nature of the attack can indicate both the environmental
conditions and the development of degradation. A signi-
ficant role is also played by in-depth inspection of the
reinforcement, which allows a more accurate assessment of
the extent of damage and the remaining service life of the
structure [5, 6].

The paper focuses on the analysis of the influence of the pH
environment on the corrosion behaviour of reinforcement
with an emphasis on the interpretation of the results in the
context of Pourbaix diagrams and practical diagnostics. The
aim is to point out the differences between theory and real
behaviour and emphasize the need for a comprehensive
assessment of failures due to corrosion [7].

EXPERIMENTAL MATERIAL

During the experiments, reinforcement of class B500B with
anominal diameter of 10 mm was used. It is an unalloyed,
weldable ribbed steel, which is one of the most widely used
types of reinforcement in construction practice. The chemi-
cal composition of the used B500B reinforcement is given in
Tab. 1.

The reinforcement is produced by hot rolling followed

by controlled heat treatment (TEMPCORE), which creates

a zoned microstructure with a stronger surface layer and

a tough core. This ensures a favourable strength-to-ductility
ratio and good weldability.

However, from the perspective of long-term operation, the
resistance of the reinforcement to corrosion is also crucial,
especially when pH changes and the presence of aggressive
ions. The experimental program is focused on these aspects.

SAMPLES PREPARATION AND ELECTRICAL

CURRENT CONNECTION

The corrosion of the samples was accelerated by electroche-
mical testing using a Keysight Technologies N8739 DC power
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Obr. 1 Schéma a zobrazenie pripojenia obvodu vzorky
Fig. 1 Schema and diagram of the sample circuit connection
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Obr. 2 Schéma a rozmery skusanej vzorky (jednotky: mm)
Fig. 2 Schema and dimensions of the tested sample (units: mm)

Skusky prebiehali v akreditovanom laboratériu Sta-
vebnej fakulty Zilinskej univerzity v Ziline. Vzorky boli
umiestnené v plastovej nadobe s 5 % roztokom NacCl.
Andéda bola pripojena na vystuz a katéda na medené
plechy ponorené v roztoku (obr. 1).

Korézii bola vystavena len definovana cast vzorky,
pric¢om zvysok bol chraneny epoxidovym naterom

(obr. 2). Skusky prebiehali pri laboratérnej teplote 20 °C.

METODIKA EXPERIMENTALNEHO HODNOTENIA
KOROZIE VYSTUZE

Teoreticky stupen korézie bol stanoveny na zaklade Fara-
dayovho zdkona, ktory vyjadruje vztah medzi prenesenym
elektrickym nabojom a mnozstvom uvolneného kovu,
pricom vypocty boli prispésobené podmienkam skusok.
Experiment bol zamerany na hodnotenie vplyvu pH
prostredia na elektrochemickt koréziu vystuze B500B pri
konStantnom jednosmernom prude a rovnakom cCase ex-
pozicie s cielom porovnat spravanie sa vystuze v réznych
chemickych podmienkach.

Uroven korézneho poskodenia bola vyhodnotend gravi-
metricky na zaklade ubytku hmotnosti, z ktorého bola
urcend rychlost kordzie a miera degradacie vystuze.

INTERPRETACIA VYSLEDKOV

Vplyv trovne pH na poziciu v Pourbaixovom diagrame
Pocas experimentov bola sledovand zmena pH prostredia
a jej vplyv na priebeh kordéznych procesov. V pripade
klasického solného roztoku bola pociato¢na hodnota

pH priblizne 7,16, pri¢om pocas skusky doslo v dosledku
rozpustania materidlu k jej vyraznému narastu.

Tato zmena ovplyvnila elektrochemické spravanie mate-
rialu. Na zaklade Pourbaixovho diagramu ocele sa vystuz
nachadzala v pasivnej oblasti, pri¢om so zvySovanim

pH zotrvavala v oblasti pasivacie, kde dochadza k tvorbe
stabilnej ochrannej vrstvy a vyraznému obmedzeniu
kordzie (obr. 3).

supply, which provided a stable current as well as voltage
and current measurements.

The tests were carried out in an accredited laboratory of
the Faculty of Civil Engineering, University of Zilina. The
samples were placed in a plastic container with a 5 % NaCl
solution. The anode was connected to the reinforcement
and the cathode to a copper sheets immersed in the solu-
tion (Fig. 1).

Only a defined part of the sample was exposed to corro-
sion, while the rest was protected with an epoxy coating
(Fig. 2). The tests were carried out at a laboratory tempe-
rature of 20 °C.

METHODOLOGY OF EXPERIMENTAL EVALUATION OF
REINFORCEMENT CORROSION

The theoretical corrosion rate was determined based on
Faraday's law, which expresses the relationship between the
transferred electric charge and the amount of metal relea-
sed, and the calculations were adapted to the test conditions.
The experiment was aimed at evaluating the influence of the
pH of the environment on the electrochemical corrosion of
B500B reinforcement at a constant direct current and the
same exposure time, in order to compare the behaviour of
the reinforcement under different chemical conditions.

The level of corrosion damage was evaluated gravimetrically
based on weight loss, from which the corrosion rate and the
degree of reinforcement degradation were determined.

INTERPRETATION OF RESULTS

Effect of pH level on position in Pourbaix diagram

During the experiments, the change in the pH of the environ-
ment and its influence on the course of corrosion processes
were monitored. In the case of a classic salt solution, the
initial pH value was approximately 7.16, while during the
test, due to the dissolution of the material, its significant
increase occurred.

This change affected the electrochemical behaviour of

the material. Based on the Pourbaix diagram of steel, the
reinforcement was located in the passive region, while with
increasing pH it remained in the passivation region, where
a stable protective layer is formed and corrosion is signifi-
cantly limited Fig. 3.

To keep the material in the active region, the pH of the
solution was reduced to approximately 2.5 by adding acetic
acid. During the experiment, the pH increased to approxi-
mately 3.7, but remained in the active region of the Pourbaix
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Obr. 3 Pourbaixov diagram zZeleza; priebeh koréznej skusky

s klasickym solnym roztokom

Fig. 3 Pourbaix diagram of steel; course of corrosion test with
a classic salt solution

Na udrzanie materialu v aktivnej oblasti bolo pH roztoku
znizené pridanim kyseliny octovej na hodnotu priblizne
2,5. PocCas experimentu sa pH zvysilo na priblizne 3,7,
zostalo vsak v aktivnej oblasti Pourbaixovho diagramu,
¢o umoznilo sledovanie korézneho spravania v nepriaz-
nivych podmienkach (obr. 4).

Napriek o¢akavanému zvySeniu intenzity koroézie

v aktivnej oblasti experimenty nepreukazali vyrazny
rozdiel v celkovom rozsahu korézneho napadnutia oproti
pasivnej oblasti. Tento nestlad je spésobeny pdsobenim
vonkajsieho jednosmerného prudu, ktory meni elektro-
chemické podmienky na povrchu vystuze a umoziuje
priebeh kordzie aj v oblastiach, ktoré by boli za prirodze-
nych podmienok pasivne.

Morfologické charakteristiky korézneho

poskodenia vystuze

Morfologické charakteristiky korézneho poskodenia
vystuze B500B pri réznych hodnotach pH a rovnakych
podmienkach prudu a ¢asu expozicie si znazornené

na obr. 5 a 6. Vysledky ukazuju, ze chemické prostredie
vyrazne ovplyvinuje charakter kor6zneho napadnutia.
Pri pH 7,0 je pozorované vyrazné a nerovnomerné posko-
denie, charakteristické zdrsnenim povrchu, lokdlnym
ubytkom materialu (jamkova korézia) a degradaciou
rebier. Povrch pésobi nehomogénne, ¢o poukazuje na
intenzivny priebeh elektrochemickych procesov.
Naopak, pri pH 2,5 je poskodenie vizuadlne menej
vyrazné, s kompaktnej$im povrchom a prevazne rovno-
mernym charakterom bez vyraznych lokdlnych defektov.
KedZe kordzia bola riadena vonkaj$im jednosmernym
prudom, jej rozsah bol primarne ovplyvneny prenesenym
nabojom. Hodnota pH sa preto vyraznejsie prejavila v mor-
fologii poskodenia nez v celkovom ubytku materialu.

Uéinnost elektrického pridu
Vysledky (tab. 2) ukazuju, Ze vystuz B500B dosahuje
pri rovnakych podmienkach pridu a ¢asu expozicie

Obr. 5 Morfologia kordzie na reprezentativnej vzorke pri pH 7,0
Fig. 5 Corrosion morphology on a representative sample at pH 7.0
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Obr. 4 Pourbaixov diagram Zeleza.; priebeh koréznej skusky
s upravenym solnym roztokom pomocou kyseliny octovej
Fig. 4 Pourbaix diagram of steel; course of corrosion test
with a modified salt solution using acetic acid

diagram, allowing the observation of corrosion behaviour
under adverse conditions Fig. 4.

Despite the expected increase in corrosion intensity in the
active area, the experiments did not show a significant
difference in the overall extent of corrosion attack compared
to the passive area. This discrepancy is caused by the action
of the external direct current, which changes the electro-
chemical conditions on the surface of the reinforcement
and allows corrosion to proceed even in areas that would be
passive under natural conditions.

Morphological characteristics of corrosion

damage to reinforcement

Morphological characteristics of corrosion damage of B500B
reinforcement at different pH values and the same current
and exposure time conditions are shown in Fig. 5 and 6. The
results show that the chemical environment significantly
affects the nature of corrosion attack.

At pH 7.0, significant and uneven damage is observed,
characterized by surface roughness, local material loss
(pitting corrosion) and rib degradation. The surface appears
inhomogeneous, which indicates the intensive course of
electrochemical processes.

On the contrary, at pH 2.5, the damage is visually less pro-
nounced, with a more compact surface and a predominantly
uniform character without significant local defects.

Since the corrosion was controlled by an external direct
current, its extent was primarily influenced by the transfer-
red charge. Therefore, the pH value was more pronounced in
the damage morphology than in the total material loss.

Electric current efficiency

The results (Tab. 2) show that B500B reinforcement achieves
comparable levels of corrosion damage at both pH 7.0 and
PH 2.5 under the same current and exposure time condi-
tions. Slightly higher weight loss was achieved at lower pH,
which was also reflected in higher current efficiency (up to
113.5 %). The results indicate limited agreement between

Obr. 6 Morfoldgia kordzie na reprezentativnej vzorke pri pH 2,5
Fig. 6 Corrosion morphology on a representative sample at pH 2.5
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Tab. 2 Efektivnost elektrického prudu
Tab. 2 Electric current efficiency

Velkost
elektrického prudu . ]
T P s
P The magnitude Time (s) | (%) | (%) (%) y
of the electric ¢
current (A)

7,0 0,1 2,03 | 2,24 110,4

7.0 0.1 172 50 2.03 | 2.24 110.4

2,5 0,1 2,03 | 2,30 113,5

2.5 0.1 L2 0 2.03 | 2.30 113.5

porovnatelnud uroven korézneho poskodenia pri pH 7,0 aj
PH 2,5. Mierne vyssi ubytok hmotnosti bol zaznamenany
pri nizSom pH, Co sa prejavilo aj vysSou ucinnostou
elektrického prudu (az 113,5 %). Vysledky poukazuju na
obmedzentd zhodu medzi teoreticky predpokladanym

a experimentalne zistenym stupniom kordzie.

U¢innost priadu a strata hmotnosti boli stanovené na
zéklade Faradayovho zakona porovnanim teoretickej a ex-
perimentalnej hodnoty koroézie uréenej gravimetricky:

=Zﬁx1oo%

fr

Ef ficiency (1)
kde 7, je experimentalna strata hmotnosti vzorky a n, je
teoreticka strata hmotnosti vzorky.

Vypocet zmeny priemeru vystuze v dosledku korézie a na-
meranej experimentalnej urovne kordzie

Uroven korézie bola stanoven4 na zaklade relativneho tbytku
hmotnosti vzoriek pred a po expozicii. Pre postudenie vplyvu
na nosnost bola transformovand na zmenu priemeru vystuze,
ktory priamo ovplyvriuje inosnost konstrukcie (tab. 3).
KedZe korozia prebiehala len na c¢asti vzorky, bol zohlad-
neny pomer medzi celkovou a korodovanou dizkou.
Upravena strata hmotnosti bola nasledne pouzita na
vypocet priemeru vystuze podla vztahu:

Lcelkové
X
Loy 1 (2)

LCDTT

d=d0X 1-

kde dje priemer vystuze po zvolenom ¢asovom horizonte
v kor6znom prostredi (mm),
d, - poc¢iatoény priemer vystuze (@10) pred vystavenim
koréznemu prostrediu (mm),
L_....-celkova dizka vzorky (mm),

... - diZka vzorky vystavend koréznemu prostrediu (mm).
1,, - experimentalna strata hmotnosti vzorky (%o).

ZAVERY

Vysledky potvrdzuju, Ze pH prostredia vyznamne
ovplyviiuje morfolégiu korézneho poskodenia vystuze. Pri
nizkom pH prevazuje rovnhomerna kordzia bez vyraznych
lokalnych defektov, ktora je vizualne tazsie identifikova-
telna a mo6ze byt podhodnotena.

Naopak, pri pH blizkom neutralnemu sa kordzia prejavuje
zdrsnenim povrchu a jamkovym napadnutim, ktoré st

z diagnostického hladiska zretelnejsie. Rozdiel v morfol6-
gii zaroven poukazuje na to, Ze vizualne prejavy nemusia
zodpovedat skutocnému rozsahu poskodenia.

the theoretically predicted and experimentally determined
corrosion rates.

Current efficiency and weight loss were determined based
on Faraday's law by comparing the theoretical and experi-
mental corrosion values determined gravimetrically:

n
Etficiency = ﬁ x 100% o

where 1)_ is the experimental weight loss of the sample and
7, is the theoretical weight loss of the sample.

Calculation of change in reinforcement diameter due to
corrosion and measured experimental corrosion level

The corrosion level was determined based on the relative
weight loss of the samples before and after exposure. To
assess the impact on the load-bearing capacity, it was trans-
formed into a change in the diameter of the reinforcement,
which directly affects the load-bearing capacity of the
structure (Tab. 3).

Since corrosion occurred only on a part of the sample, the
ratio between the total and corroded length was taken into
the account. The adjusted weight loss was subsequently used
to calculate the diameter of the reinforcement according to
the relationship:

d=

where dis the diameter of the reinforcement after the selec-
ted time horizon in the corrosive environment (mm),

d, - the initial diameter of the reinforcement (@10) before
exposure to the corrosive environment (mm),

L__ -the total length of the sample (mm),

total

L -thelength of the sample exposed to the corrosive

environment (mm),
n,, - the experimental weight loss of the sample (%).

Tab. 3 Priemer vystuze podla urovne experimentalnej korozie
Tab. 3 Reinforcement diameter according to experimental
corrosion level

Velkost elektrického
pradu (A) Cas (s) o
n The magnitude of the | Time (s) M (%) | d (mm)
electric current (A)
7,0 0,1 172 800 2,24 9,54
7.0 0.1 172 800 2.24 9.54
2,5 0,1 172 800 2,30 9,52
2.5 0.1 172 800 2.30 9.52
CONCLUSIONS

The results confirm that the pH of the environment signi-
ficantly affects the morphology of corrosion damage to

the reinforcement. At low pH, uniform corrosion without
significant local defects prevails, which is more difficult to
visually identify and may be underestimated.

On the contrary, at pH close to neutral, corrosion manifests
itself as surface roughening and pitting, which are more
noticeable from a diagnostic point of view. The difference in
morphology also indicates that visual manifestations may
not correspond to the actual extent of damage.
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Experimenty ukazali, Ze aj relativne maly tbytok hmot-
nosti (~2,3 %) moze viest k vyraznému znizeniu priemeru
vystuze (cca 0,5 mm), o ma zasadny vplyv na spolahli-
vost a Zivotnost konstrukcie.

Hodnotenie kordézie by preto nemalo byt zalozené len

na vizualnej kontrole, ale musi zahfat aj kvantitativne
postudenie degradacie a podmienok prostredia.

Experiments have shown that even a relatively small

weight loss (~2.3%) can lead to a significant reduction in the
diameter of the reinforcement (approx. 0.5 mm), which has

a significant impact on the reliability and service life of the
structure.

Therefore, the assessment of corrosion should not be based
only on visual inspection, but must also include a quantitati-
ve assessment of degradation and environmental conditions.
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na podporu vyskumu a vyvoja na zaklade zmluvy APVV-23-0626.
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Vyskum v oblasti
vystuzovania

a zosilnovania
FRP vystuzou

na SvF STU
v Bratislave

Vyuzivanie FRP (Fibre Reinforced Polymer)
materidlov ma v stavebnictve vyuzitie ako
nahrada ocelovej vystuze do beténovych
prvkov, ako aj priich zosilfiovani. Prispevok
prezentuje vyskum Katedry beténovych
konstrukcii a mostov SvF STU v Bratislave

v oblasti vyuzitia FRP materialov so sklenymi
(GFRP) a uhlikovymi (CFRP) vlaknami.

V prispevku su zahrnuté experimenty venované
spolupdsobeniu GFRP vystuze s beténom,
redistribucii ohybovych momentov v spojitych
noshikoch, pésobeniu GFRP strmenov v Smyku,
vplyvu dlhodobého zataZenia na odolnost
prvkov a Sirku trhlin prvkov vystuzenych

GFRP vystuzou. V oblasti vyuzitia CFRP sa
experimenty zameriavali na zosiliovanie stlpov.

Research in the field
of reinforcing and
strengthening with
FRP reinforcement

atthe FCESTUin
Bratislava

The use of FRP (Fibre Reinforced Polymer) materials in the
construction industry is applied as a replacement for steel
reinforcement in concrete elements, as well as for their
strengthening. This paper presents the research conducted
by the Department of Concrete Structures and Bridges at
the Faculty of Civil Engineering (FCE), Slovak University of
Technology (STU) in Bratislava, focusing on the utilization of
FRP materials with glass (GFRP) and carbon (CFRP) fibres.
The paper encompasses experiments dedicated to the
bond behavior of GFRP reinforcement with concrete, the
redistribution of bending moments in continuous beams,
the shear behavior of GFRP stirrups, the effect of long-term
loading on the resistance of members, and the crack widths
in members reinforced with GFRP reinforcement. In the
field of CFRP utilization, the experiments were focused on
the strengthening of columns.

Michaela
Stefanovicova

Katarina
Gajdosova

Rébert
Sonnenschein

Katedra beténovych konstrukcii a mostov nadalej rozvija
vyskum spravania sa beténovych prvkov vystuzenych
GFRP vystuzou. Postupne prehlbuje poznatky v oblasti
navrhovania a posudzovania tychto prvkov, ktorych
vyznam a aktualnost v sicasnosti narastd. Vhodnou
oblastou pouzitia GFRP vystuze si betonové prvky vy-

Dérius Balint

A%

Stanislav Blaho Lucia Kondrlova Jan Pecka

The Department of Concrete Structures and Bridges
continues to develop research on the behavior of concrete
members reinforced with GFRP reinforcement. It is gradu-
ally deepening the knowledge in the field of the design
and assessment of these members, whose importance and
relevance are currently growing. Suitable areas for the ap-
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Obr. 1 Geometria nosnikov
Fig. 1 Beam geometry

stavené zvySenému environmentalnemu zatazeniu, ako
aj konstrukcie so Specifickymi poziadavkami, napriklad
na nevodivost materialu alebo bez vplyvu na magnetické
pole. Medzi dalsie vyhody GFRP kompozitov patri vysoka
odolnost proti agresivnemu chemickému prostrediu,
vyssia pevnost v tahu v porovnani s ocelovou vystuzou,
nizsia hmotnost a tiez odstranenie potreby stanovovania
minimalnej hrubky krycej vrstvy z hladiska trvanlivosti
konStrukcie.

REDISTRIBUCIA OHYBOVYCH MOMENTOV

V SPOJITYCH NOSNIKOCH VYSTUZENYCH GFRP
VYSTUZOU

Neduktilna povaha GFRP vystuze vyvolava pochybnosti

0 jej schopnosti zabezpedit redistribtciu vntutornych sil

v spojitych konstrukciach. Kedze redistribicia momentov
je podmienena schopnostou plastickej deformacie, ktora
suvisi s dostatocnou duktilitou materialu, navrh spojitych
prvkov s GFRP vystuZou sa vo vSeobecnosti neodportca.
Porovnanie experimentalne stanovenej ohybovej inos-
nosti s teoretickymi predikciami v medzipodperovych aj
nadpodperovych prierezoch umoziuje nielen posuidenie
spolahlivosti navrhu, ale aj vyhodnotenie miery redistri-
bucie ohybovych momentov.

Na overenie redistribtcie ohybovych momentov v spo-
jitych konstrukciach bolo vybeténovanych 12 nosnikov
(obr. 1). Ako pozdizna bola pouzitd GFRP vystuz s dvomi
réznymi povrchovymi upravami: opieskovana (SC - Sand
Coated) a Spiralovo ovinuta (HW - Helically Wrapped), ako
aj ocelova vystuZ na porovnanie. Smykovu vystuZ tvorili
uzavreté ocelové 2-strizné strmene (obr. 2).

Vysledky nosnikov s GFRP preukazali ¢iasto¢nu redis-
tribiciu ohybovych momentov v zavislosti od stupia
vystuzenia v nadpodperovej oblasti v okamihu vzniku
trhlin v tejto oblasti. Kriticka tuhost prierezu spésobuje
redistribticiu v nosnikoch s GFRP na rozdiel od nosnikov
s ocelovou vystuzou, kde dochadza k redistribtcii, ked sa
dosiahne momentova odolnost nad strednou podperou.

V medzipodperovom priereze sa dosiahlo 27 % ohybového
momentu z nosnikov s tuhostou vnatornej podpery

0 67 % nizsou ako v strede rozpitia (SC-A-B1, HW-A-B1).
Naopak, redistribiciou sa prenieslo 7 az 9 % z ohybového
momentu na nosnikoch s tuhostou nadpodperového
prierezu o 60 % vysSou ako medzipodperového prierezu
(SC-A-B3, HW-A-B3).
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Obr. 2 Meracie zostavy nosnikov
Fig. 2 Beams set-ups

plication of GFRP reinforcement include concrete elements
exposed to elevated environmental loads, as well as struc-
tures with specific requirements, such as material non-con-
ductivity or non-magnetic properties. Further advantages
of GFRP composites include high resistance to aggressive
chemical environments, higher tensile strength compared
to steel reinforcement, lower weight, and the elimination
of the need to specify a minimum concrete cover thickness
from the perspective of structural durability.

REDISTRIBUTION OF BENDING MOMENTS

IN CONTINUOUS BEAMS REINFORCED WITH GFRP
REINFORCEMENT

The non-ductile nature of GFRP reinforcement raises
doubts about its ability to provide redistribution of inter-
nal forces in continuous structures. Since the redistribu-
tion of moments is conditioned by the ability of plastic
deformation, which is related to sufficient ductility of the
material, the design of continuous elements with GFRP
reinforcement is generally not recommended. Compari-
son of the experimentally determined bending resistance
with theoretical predictions in both inter-support and
over-support cross-sections allows not only to assess the
reliability of the design, but also to evaluate the degree
of redistribution of bending moments.

To verify the redistribution of bending moments in
continuous structures, 12 beams were concreted (Fig. 1).
Longitudinal reinforcement was GFRP reinforcement
with two different surface treatments: sand-coated (SC)
and helically-wrapped (HW), as well as steel reinforce-
ment for comparison. Shear reinforcement was formed
by closed steel 2-shear stirrups (Fig. 2).

The results of the GFRP beams showed a partial
redistribution of bending moments depending on
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Tab. 1 Porovnanie Smykovych odolnosti
Tab. 1 Comparison of shear resistances

o | Ve v v, Voo™ Vs

(kN) | (kN) | (kN) | (kN) (kN)
CNR-DT 203/2006 58 | 285 | 343 62
ACI -440.11-22 31 | 285 | 316 89
CSA S806-12 11 | 103 | 114 201
EN 1992-1-1:2023 | 405 | 130 | 257 | 387 18
AFGC - | 257 | 257 148
grlxl/r;& 203/ 60 | 257 | 317 88

SMYKOVA ODOLNOST NOSNIKOV VYSTUZENYCH
STRMENMI Z GFRP

Smykové namahanie patri medzi zakladné typy zataZenia
konstrukénych prvkov. Z hladiska navrhu sa mu venuje
zvySena pozornost najmi pre jeho krehky charakter poru-
Senia. Modely pouzivané na predikciu Smykovej iinosnosti
prierezov maju ¢asto empiricky charakter a vychadzaju

z rozsiahleho experimentalneho vyskumu. Na predikciu
Smykovej odolnosti nosnikov vystuzenych GFRP strmen-
mi boli pouzité viaceré normové pristupy, ktoré sa porov-
navali s uz zrealizovanymi experimentalnymi vysledkami
(obr. 3).

V pripade pouzitia GFRP strmeiov je vyznamnym
faktorom ohybanie vystuze. Ohybanim GFRP dochadza

k redukcii pevnosti v tahu GFRP v mieste ohybu, ktoré
zavisi od polomeru ohybania, priemeru vystuze, ako aj
druhu vlédkna a Zivice. Cim je pomer ohybu k priemeru
vystuze vacsi, tym je redukcia pevnosti v tahu GFRP
mensia. Tieto redukéné faktory sa v zavislosti od pouzitej
normy pohybuji v rozsahu 45 az 80 % z pevnosti v tahu
priameho pruta.

the degree of reinforcement in the over-support area

at the moment of crack initiation in this area. The
critical stiffness of the cross-section causes redistribu-
tion in the GFRP beams, unlike the steel-reinforced
beams where redistribution occurs when the moment
resistance is reached above the mid-support. In the
inter-support section, 27% of the bending moment was
achieved from beams with an internal support stiffness
67% lower than at mid-span (SC-A-B1, HW-A-B1). Con-
versely, 7 to 9% of the bending moment was transferred
by redistribution on beams with an over-support stiff-
ness 60% higher than that of the inter-support section
(SC-A-B3, HW-A-B3).

SHEAR RESISTANCE OF BEAMS REINFORCED

WITH GFRP STIRRUPS

Shear stress is one of the basic types of loading of structural
elements. From the design point of view, it is given increased
attention mainly due to its brittle character of failure. The
models used to predict the shear resistance of cross-sections
are often empirical in nature and are based on extensive
experimental research. Several standard approaches have
been used to predict the shear resistance of beams reinforced
with GFRP stirrups, which have been compared with already
realized experimental results (Fig. 3).

When using GFRP stirrups, the bending of the reinforce-
ment is a significant factor.

Bending of GFRP results in a reduction in the tensile
strength of GFRP at the bend point, which depends on
the bending radius, the diameter of the reinforcement,
as well as the type of fibre and resin. The larger the
bending to diameter ratio of the reinforcement, the
smaller the reduction in the tensile strength of GFRP.
These reduction factors range from 45 to 80 % of the
tensile strength of a straight bar, depending on the
standard used.
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Obr. 3 Nosnik z experimentalneho vyskumu Bywalski a kol. [2]
Fig. 3 The beam from the experimental research of Bywalski et al. [2]
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Vysledky porovnania experimentalnych vysledkov so
$mykovymi odolnostami vypocitanymi podla réznych
normovych postupov poukazuju, ze Ziadna z noriem nenad-
hodnocuje Smykovt odolnost prvkov vystuzenych strmenmi
z GFRP. Najlepsiu zhodu vykazuje 2. generacia eurdpskych
noriem EN 1992-1-1:2023, zatial ¢o najkonzervativnejsia sa
javi kanadska norma CSA S806-12.

SIRKY TRHLIN PRVKOV VYSTUZENYCH GFRP VYSTUZOU
Nizs$i modul pruznosti GFRP vystuZze spdsobuje vacsie prie-
hyby a Sirsie trhliny v porovnani s ocelou, ¢im sa medzny
stav pouzivatelnosti stava pri navrhu rozhodujucim. Cielom
studie bolo experimentélne porovnat vplyv povrchovych
Uprav GFRP na rozvoj trhlin a overit vypoc¢tové modely
podla medzinarodnych noriem.
Vramci vyskumu sa v §tvorbodovom ohybe sktisalo 16 bet6-
novych nosnikov bez Smykovej vystuZe s rozmermi 100 x 120
x 1500 mm. Rozdelené boli podla typu pozdiznej vystuze na:
» GFRP s opieskovanym povrchom (Sand Coated): prie-
mery 8 a10 mm;
» GFRP so Spiralovo ovinutym povrchom (Helically
Wrapped): vnutorny priemer 7 mm;
» klasicka ocelova vystuz (B500B): priemer 6 mm.
Experiment ukazal, Ze spravanie nosnikov bolo vyrazne
ovplyvnené typom povrchovej Gpravy a stupiiom vystuzenia
(p,). Opieskovana vystuz preukazala najlepsiu sidrznost
s beténom, ¢o viedlo k hustejsiemu rozdeleniu trhlin
s mensou Sirkou (cca 0,10 mm pri prevadzkovom zatazeni).
Spiralovo ovinuta vystuZ vykazovala horsiu sudrznost, ¢o
sa prejavilo mensim poctom, ale vyrazne Sir$imi trhlinami
(aZ 0,80 mm pri 95 % tnosnosti). Najvyssiu odolnost dosiahli
nosniky s opieskovanou GFRP vystuzou (az 22,06 kN).
Vacsina GFRP nosnikov sa nakoniec porusila Smykom, zatial
¢o ocelou vystuzené nosniky zlyhali duktilne ohybom. Vyssi
stupen vystuzenia pri vSetkych typoch vystuze zvysil odol-
nost a zmens$il Sirku trhlin.
Stiidia potvrdzuje, Ze na kontrolu trhlin (obr. 4) je klic¢ovy
vyber povrchovej Upravy vystuze, priCom opieskovany
povrch vykazuje najlepsie parametre. Zaroven praca
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Obr. 4 Nosniky na urovni 95 % zatazenia: s GFRP vystuZou s opieskovanym
povrchom (N01.2, N02.2, N0O3.1), s ocelovou vystuzou (N04.1, NO5.1), s GFRP
vystuzou s ovinutym povrchom (N06.2, NO7.2, N08.2)

Fig. 4 Beams at 95 % load level: with sand-coated GFRP reinforcement
(NO1.2, NO2.2, N03.1), with steel reinforcement (N04.1, NO5.1), with helical-

ly-wrapped GFRP reinforcement (N06.2, N07.2, N08.2)
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The results of the comparison of experimental results
with shear resistances calculated according to different
standard procedures show that none of the standards
overestimate the shear resistance of elements reinforced
with GFRP stirrups. The 2nd generation of European
standards EN 1992-1-1:2023 shows the best compliance,
while the Canadian standard CSA S806-12 appears to be
the most conservative.

CRACK WIDTHS IN MEMBERS REINFORCED
WITH GFRP REINFORCEMENT
The lower modulus of elasticity of GFRP reinforcement
causes larger deflections and wider cracks compared to
steel, making the serviceability limit state (SLS) decisive
in the design. The aim of the study was to experimentally
compare the effect of GFRP surface treatments on crack
development and to verify calculation models according
to international standards.
Within the research, 16 concrete heams without shear
reinforcement, measuring 100 x 120 x 1500 mm, were
tested in four-point bending. They were divided
according to the type of longitudinal reinforcement:
» GFRP with sand-coated surface treatment: diameters

of 8 and 10 mm;
» GFRP with helically-wrapped surface treatment:

inner diameter of 7 mm;
» Conventional steel reinforcement (B500B):

diameter of 6 mm.
The experimental verification showed that the behavior
of the beams was significantly influenced by the type
of surface treatment and the reinforcement ratio (p):
The sand-coated reinforcement demonstrated the best
bond with concrete, which led to a denser distribution
of cracks with a smaller width (approx. 0.10 mm under
service load). The helically-wrapped reinforcement
exhibited a poorer bond, resulting in fewer but signifi-
cantly wider cracks (up to 0.80 mm at 95 % of capacity).
The highest resistance was achieved by beams with sand-
coated GFRP reinforcement (up to 22.06 kN). The major-
ity of GFRP beams ultimately failed in shear, whereas the
steel-reinforced beams exhibited ductile flexural failure.
A higher reinforcement ratio increased the resistance
and reduced crack widths across all reinforcement types.
The study confirms that the selection of the reinforce-
ment surface treatment is crucial for crack width control
(Fig. 4), with the sand-coated surface treatment exhibit-
ing the best parameters. At the same time, the work
validated the new generation of the EN 1992-1-1 standard
as a safe and accurate tool for engineering practice.

EFFECT OF LONG-TERM LOADING ON THE
RESISTANCE OF MEMBERS REINFORCED WITH GFRP
REINFORCEMENT
The research addresses two key areas that hinder the
wider use of GFRP: sudden failure due to creep rupture
under long-term sustained loading and durability in
an aggressive alkaline environment. The aim was to
investigate the influence of these factors on deflections,
crack widths, and the bond between reinforcement and
concrete.
The research was divided into two parts:
» Short-term and long-term beam tests: 70 beams

(100 x 120 x 1500 mm) reinforced with GFRP
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validovala novu generaciu normy EN 1992-1-1 ako bezpecny
a presny nastroj pre inziniersku prax.

VPLYV DLHODOBEHO ZATAZENIA NA ODOLNOST

PRVKOV VYSTUZENYCH GFRP VYSTUZOU

Vyskum riesi dve klticové oblasti, ktoré brania SirsSiemu

vyuzitiu GFRP: nahle porusenie z dotvarovania pri dlhodo-

bom naméhani (Creep Rupture) a trvanlivost v agresivnom
alkalickom prostredi. Cielom bolo preskimat vplyv tychto
faktorov na priehyby, Sirku trhlin a sidrznost vystuze

s beténom.

Vyskum bol rozdeleny do dvoch casti:

» Kratkodobé a dlhodobé skusky nosnikov: 70 nosnikov
(100 x 120 x 1 500 mm) vystuzenych GFRP (opieskovana
a ovinuta vystuz) a 30 nosnikov vystuzenych ocelovou
vystuzou. Dlhodobé naméhanie prebiehalo pod kon-
Stantnym zatazenim viac ako 400 dni.

» Vplyv prostredia: Vzorky boli vystavené redlnemu
agresivnemu prostrediu COV a prostrediu nekrytého
parkoviska.

Vysledky ukazali, ze dlhodobé vysoké hladiny naméhania

nespdsobili nahle porusenie GFRP vystuze. Hoci sa defor-

maécie prvkov ¢asom zvySovali imerne k irovni zatazenia,
konec¢na pevnost viac zatazenych nosnikov bola paradoxne
vyssia ako pri menej zatazenych nosnikoch. Namerana
odolnost prevysila vysledky okamzitych skisok na predtym
nezatazenych nosnikoch. GFRP vystuz nevykazovala degra-
déciu ani po dlhodobom poésobeni na 75 % urovni zatazenia.

Teoretickd analyza p6vodne predpovedala odolnost nosnika

na trovni 7,2 kN, experiment vsak preukazal az 94 kN. Na do-

siahnutie zhody s realitou museli byt teoretické vypocty
upravené zvysSenim pevnosti beténu a limitu medzného
pretvorenia. Po tychto upravach bolo vypocitané napétie

vo vystuzi pri poruseni stanovené na hodnotu 635 MPa, ¢o

reflektuje redlne spravanie konstrukcie.

ZOSILNOVANIE STLPOV CFRP MATERIALMI

Rasttci dopyt po rekonstrukciach si vyzaduje zosiliiovanie

existujticich zelezobeténovych konstrukcii. Stihle stipy st

obzvlast kritické, kedZe je potrebné zvysit ich odolnost bez
zvacsenia prierezu.

Cielom $tdie bolo overit zosilnenie $tihlych stipov

pomocou CFRP (Carbon Fibre Reinforced Polymer) lamiel

metdédou NSMR (Near Surface Mounted Reinforcement),
teda vlepovanim do drazok v krycej vrstve beténu a preski-
mat vplyv histdrie zatazenia na efektivitu zosilnenia.

Vlaboratériach Katedry beténovych konstrukeii a mostov

SVF STU v Bratislave bolo otestovanych 7 stihlych stipov

v plnej mierke (prierez 150 x 200 mm, dizka 3 290 mm,

stihlost 1= 76). Na zosilnenie boli pouzité 3 CFRP lamely (1,4

x 10 mm) na tahanej aj tlacenej strane.

Skuimali sa tri scendare zosilnenia vzhladom na predtazenie

(na irovni 50 % odolnosti referenéného stipa):

» bez predtazenia (S2.0, S3.0): zosilnenie aplikované na
nezatazeny stip;

» zosilnenie po zatazeni a naslednom odlahceni (S2.1,
$3.1): stip bol predzatazeny, nasledne tiplne odlahéeny
a az potom zosilneny;

» zosilnenie pocas zatazovania (S2.2, S3.2): zosilnenie
priamo v skiSobnom zariadeni pri zachovani pésobiace-
ho zatazenia a deformaécie.

Experimenty potvrdili, Ze metéda NSMR vyrazne zvySuje

stabilitni odolnost (obr. 5), avSak troven predzatazenia hra

(reinforcement with sand-coated and helically

wrapped surface treatment) and 30 beams reinforced

with steel reinforcement. Long-term sustained

loading was applied under a constant load for over

400 days.
» Environmental impact: Specimens were exposed

to the real aggressive environment of a wastewater

treatment plant and the environment of an unroofed

parking lot.
The results showed that long-term high stress levels did
not cause sudden failure of the GFRP reinforcement.
Although the deformations of the members increased
over time proportionally to the load level, the ultimate
strength of the higher loaded beams was paradoxically
higher than that of the less loaded beams. The measured
resistance exceeded the results of instantaneous tests on
previously unloaded beams. The GFRP reinforcement
showed no degradation even after long-term exposure at
a 75 % load level.
Theoretical analysis initially predicted a beam resistance
of 7.2 kN, but the experiment demonstrated up to 9.4 kN.
To achieve agreement with reality, theoretical calcula-
tions had to be adjusted by increasing the concrete
strength and the ultimate strain limit. Following these
adjustments, the calculated stress in the reinforcement
at failure was determined to be 635 MPa, which reflects
the real behavior of the structure.

STRENGTHENING COLUMNS WITH CFRP MATERIALS
The growing demand for reconstructions requires the
strengthening of existing reinforced concrete structures.
Slender columns are particularly critical when it is nec-
essary to increase their resistance without enlarging the
cross-section.

The aim of the study was to verify the strengthening of

slender columns using CFRP (Carbon FRP) laminates

via the NSMR (Near Surface Mounted Reinforcement)
method - i.e., inserting them into grooves cut into the
concrete cover - and to examine the effect of loading
history on the strengthening efficiency.

In the laboratories of the Department of Concrete

Structures and Bridges at the FCE STU in Bratislava,

7 full-scale slender columns were tested (cross-section

of 150 x 200 mm, length of 3290 mm, slenderness

of 1=76). For strengthening, 3 CFRP laminates

(1.4 x 10 mm) were applied on both the tensioned and

compressed faces.

Three strengthening scenarios were investigated with

respect to preloading (at the level of 50 % of the refer-

ence column's resistance):

» without preloading (S2.0, S3.0): strengthening applied to
an unloaded column;

» strengthening after loading and subsequent unloading
(S2.1, S3.1): the column was preloaded, subsequently
fully unloaded, and then strengthened;

» strengthening during loading (S2.2, S3.2): strengthening
carried out directly in the testing machine while main-
taining

The experiments confirmed that the NSMR method sig-

nificantly increases buckling resistance (Fig. 5), but the

level of preloading plays a key role: Columns strength-
ened without preloading showed an increase in resist-
ance of approx. 25 % compared to the reference column
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Obr. 5 Zosilneny stip po poruseni
Fig. 5 Strengthened column after failure

klt¢ovi tlohu: stipy zosilnené bez predzatazenia vykazali
narast odolnosti cca o 25 % v porovnani s referen¢nym
stipom (z 268 kN na 337 kN). Pri predzataZeni na trovei

50 % pociatocnej odolnosti sa efektivita zosilnenia znizila
pribliZzne o jednu tretinu v porovnani so stipmi bez predza-
tazenia.

PredzataZenie zniZilo podiatoénti tuhost stipov. CFRP lamely
aplikované pocas zatazovania vykazovali pri poruseni nizsie
hodnoty pomernych pretvoreni, kedZe sa aktivovali az po
dalSom zataZeni.

Historia zatazenia ma vyznamny vplyv na uc¢innost zosiltio-
vania a musi sa zohladnit pri navrhu. Vysledky potvrdzuju,
Ze CFRP lamely vlepené do drazok su efektivnym rieSenim
na zvysenie inosnosti Stihlych prvkov aj v podmienkach
existujucich stavieb.

ZAVERY

Vyuzitie GFRP a CFRP materidlov naznacuje mozné pripady
pouzitia ako nahrady ocelovej vystuze v agresivnych prostre-
diach, kde moze koréziou ocelovej vystuze dojst k znizeniu
spolahlivosti Zelezobetdénovej konstrukcie.

Realizované, ako aj pripravované experimentalne merania
na Stavebnej fakulte STU v Bratislave sliizia na rozsirenie
celosvetovych databaz vysledkov experimentov zameranych
na vyuzitie FRP materialov v praxi a zvysuju povedomie

a poznatky o spravani sa tychto materidloch v nosnych
konstrukciach.

Prispevok vznikol s finanénou podporou Agentury na podporu
vyskumu a vyvoja na zaklade Zmluvy ¢. APVV-23-0193 a s podpo-
rou vyskumného projektu VEGA €. 1/0483/26 Inovativne vystuze
pri navrhovani a zosiliovani beténovych konstrukcii s dérazom na
pouzivatelnost.
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(from 268 kN to 337 kN). When preloaded to 50 % of the
initial resistance, the strengthening efficiency decreased
by approximately one-third compared to the columns
without preloading.

Preloading reduced the initial stiffness of the columns.
CFRP laminates applied during loading exhibited lower
strain values at failure, as they were activated only upon
further loading.

Loading history has a significant impact on strengthen-
ing efficiency and must be considered in the design.

The results confirm that CFRP laminates mounted into
grooves are an effective solution for increasing the load-
bearing capacity of slender members, even under the
conditions of existing structures.

CONCLUSIONS

The utilization of GFRP and CFRP materials indicates
potential use cases as replacements for steel reinforce-
ment in aggressive environments, where the corrosion
of steel reinforcement could lead to a reduction in the
reliability of a reinforced concrete structure.

The performed as well as the upcoming experimental
measurements at the Faculty of Civil Engineering, STU
in Bratislava serve to expand global databases of experi-
mental results focused on the practical application of
FRP materials and increase awareness and knowledge
regarding the behaviour of these materials in load-bearing
structures.
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MC-CLDS model
ako nastroj na
hodnotenie
zivotnosti
beténovych
konstrukcii

Pri posudzovani Zivotnosti betonovych konstrukcii
sa inzinierska prax ¢asto stretava s predikénymi
difuznymi modelmi, ktoré aproximuju transport
chemickych latok k vystuzi z dévodu stanovenia

jej dostato¢ného krytia, rizika a rychlosti korozie.
Predikcie komplikuju pocetné neistoty v realnych
podmienkach a heterogenita betonu. Vac¢sina
sucasnych predikénych modelov funguje na

zaklade matematickych zjednoduseni a ich

aplikacia na data v redlnych podmienkach je ¢asto
vyzvou. Niekolkoroény vyskum v tejto oblasti

viedol k vyvoju obojsmerného modelu MC-CLDS,
ktorého transportny mechanizmus pracuje na
pravdepodobnostnych principoch s vyuzitim
Casticovych tedrii. Model pracuje s variabilnym
mnozstvom vrstiev, ¢im dokaze pokryvat materialové
heterogenity betdnu, ako su rozdielne difizne
vlastnosti v povrchovej a vo vnttornej vrstve. Clanok
prezentuje zakladné informacie o MC-CLDS, ktorého
validacia a verifikacia prebiehala na dlhodobych
experimentoch vo Svédsku a vo Svajciarsku.

THE MC-CLDS
MODEL as a tool
for assessing
the service life
of concrete
structures

When assessing the service life of concrete
structures, engineering practice often relies on
predictive diffusion models that approximate
the transport of chemical substances toward
the reinforcement in order to determine its
adequate cover, corrosion risk, and corrosion
rate. These predictions are complicated

by numerous uncertainties in real-world
conditions and the heterogeneity of concrete.
Most current predictive models operate on
the basis of mathematical simplifications,
and their application to data under real-world
conditions is often challenging. Several

years of research in this area have led to the
development of the bidirectional MC-CLDS
model, whose transport mechanism operates
on probabilistic principles using particle
theories. The model operates with a variable
number of layers, enabling it to account for
material heterogeneities in concrete, such as
differing diffusion properties in the surface
and internal layers. This article presents basic
information about the MC-CLDS model, which

Peter Paulik

Jakub Gasparek

Dlhodobym vyskumom prieniku chloridov do beténu,
ktoré st najcastejSou pricinou rozsiahlej korézie vystuze,
dospeli vyskumnici a odbornici k vSeobecnej zhode, Ze
difuzny koeficient D klesa s rasticim vekom beténu [1 - 3].
Pri predikciach transportu chloridov do betdénu vedie
zanedbanie starnutia difizneho koeficientu k nerealistic-
ky vysokym koncentraciam chloridov v hlbsich vrstvach

was validated and verified through long-term
experiments in Sweden and Switzerland.

Through long-term research into chloride penetration
into concrete - the most common cause of extensive
reinforcement corrosion - researchers and experts have
reached a general consensus that the diffusion coefficient
D declines with increasing concrete age [1 - 3]. When
predicting chloride transport into concrete, neglecting
the ageing of the diffusion coefficient leads to unrealisti-
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betdnu [3]. Vo vacésine diftiznych modelov sa starnutie
difazneho koeficientu zohladiiuje podla rovnice (1) [4].
Vysvetlenie tohto fenoménu sa najcastejsie pripisuje
chemickym zmenam a hydratacii beténu [2 - 9].

t n
Dapp (t)=Dapp (to) X (%) (1)

V rovnici (1) predstavuje parameter D, (t) difuzny koefi-
cient beténu za celé sledované obdobie tako priemernt
konstantu, D, () predstavuje zdanlivy diftzny koefi-
cient chloridov stanoveny pri referencnom veku
beténu ¢, ked doslo k prvej kontamindcii chloridmi,

a parameter n predstavuje takzvany exponent starnutia
[3, 10]. Zdanlivy difizny koeficient D,.(¢) odraza okrem
materidlovych vlastnosti do urcitej miery aj okrajové
podmienky, pri¢om vo viacerych publikaciach boli
prezentované vysledky, ktoré ukazuju zavislost D, (¢)
od vonkajsieho prostredia [2, 5]. Komplexny prehlad
difaznych modelov, ktoré sa v sucasnosti pouzivaju,
aich vzdjomné porovnanie mozno néjst v sprave RILEM
TC 270-CIM [4], ktord zaroven dokumentuje rozsiahle
odchylky predikcii, ktoré mézu nastat medzi réznymi
difiznymi modelmi, ak st pouzité na datach z dlhodo-
bych experimentov. Sprava udava viaceré poziadavky

a odporudania pre verifikaciu a validaciu novo vyvija-
nych difiznych modelov.

Model MC-CLDS bol vyvinuty s cielom priblizit nume-
rické predikcie skuto¢nym podmienkam a zmensit
rozdiely medzi teoretickym modelovanim a praktickymi
inzinierskymi aplikdciami. Funkcionalita sa opiera

o Casticové tedrie, o umoziuje riesit diferencidlnu
rovnicu pre diftiziu stochastickymi simulaciami. Tento
spdsob zaroven umoznil zaviest nekonstantné okrajové
podmienky, ktoré mé6zu byt prispdsobené environmen-
talnym podmienkam prostredia.

STRUCNY PREHLAD DLHODOBYCH EXPERIMENTOV

V ramci vyskumu sa vo svete realizuju viaceré dlhodobé
experimenty, kde st najcastejsie beténové a zelezobet6-
nové vzorky s réoznymi tvarmi umiestnené do realnych
podmienok inzinierskych konstrukcii, ako st mosty,
oporné mury, pobrezné mola a iné. Na ucely verifikacie
a validacie modelu MC-CLDS boli pouzité data zo Styroch
dlhodobych experimentov, ktorych blizsie podrobnosti
a zistenia st uvedené v tab. 1.

Reporty z dlhodobych experimentov ukazuji obtaznost
pouzitia zjednodusenych modelov pre takéto pripady,
kde Casto neplatia okrajové podmienky konstantnej
koncentrécie chloridov v povrchovej vrstve. Vystihnut
skutocny priebeh diftzie chloridov v beténe komplikuje
aj jednovrstvova funkcionalita vd¢siny zjednodusenych
modelov, ktora aproximuje diftizne spravanie betéonu
jednym diftiznym koeficientom meniacim sa v ¢ase podla
funkcie starnutia v rovnici (1). Ak dochadza k obojstrannej
diftizii chloridov do beténu, je pouzitie zjednodusenych
modelov otazne, pretoze su tlacené do rieSenia za hra-
nicou platnosti semi-infinitnych okrajovych podmienok
analytického rieSenia diferencialnej rovnice pre difaziu.

MODEL MC-CLDS
Na zéklade odporucani RILEM TC 270-CIM [4] bol
model MC-CLDS primarne validovany a verifikovany
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cally high chloride concentrations in the deeper layers of
concrete [3]. In most diffusion models, the ageing of the
diffusion coefficient is accounted for according to equa-
tion (1) [4]. The explanation given for this phenomenon

is most often associated with chemical changes and the
hydration of concrete [2 - 9].

to\"
Dapp(t)=Dapp (to) % (?) (0

In equation (1), the parameter Dapp(t) represents the
diffusion coefficient of concrete over the entire monitored
period tas an average constant, Dapp(to) represents the
apparent chloride diffusion coefficient determined at the
reference age of the concrete t, when the first chloride
contamination occurred, and the parameter n represents
the so-called ageing exponent [3, 10]. In addition to mate-
rial properties, the apparent diffusion coefficient D, (¢
also reflects boundary conditions to a certain extent,

and results have been presented in several publications
showing the dependence of D, () on the external envi-
ronment [2, 5]. A comprehensive overview of currently
used diffusion models and their comparison can be found
in the RILEM TC 270-CIM report [4], which also documents
the significant discrepancies in predictions that can arise
between different diffusion models when applied to data
from long-term experiments. The report specifies several
requirements and recommendations for the verification
and validation of newly developed diffusion models.

The MC-CLDS model was developed to bring numerical
predictions closer to real-world conditions and to reduce the
differences between theoretical modelling and practical en-
gineering applications. The functionality is based on particle
theory, which allows the differential equation for diffusion
to be solved using stochastic simulations. This approach also
made it possible to introduce non-constant boundary condi-
tions that can be adapted to environmental conditions.

BRIEF OVERVIEW OF LONG-TERM EXPERIMENTS

As part of global research, several long-term experiments
are being conducted, most commonly involving concrete
and reinforced concrete specimens of various shapes
placed in realistic conditions within engineering struc-
tures such as bridges, retaining walls, coastal piers, and
others. Data from four long-term experiments were used
to verify and validate the MC-CLDS model; further details
and findings are presented in Tab. 1.

Reports from long-term experiments highlight the limita-
tions of simplified diffusion models for such cases, as the
commonly assumed boundary condition of constant surface
chloride concentration is often not satisfied in practice.
Accurately capturing chloride transport in concrete is
further complicated by the single-layer formulation of most
simplified models, which represent the material by a single,
time-dependent diffusion coefficient governed by an ageing
function, as expressed in equation (1). When bidirectional
chloride ingress occurs, the applicability of such models
becomes questionable, since their analytical solutions are
derived under semi-infinite boundary assumptions.

MC-CLDS MODEL
Based on the recommendations of RILEM TC 270-CIM [4]
the MC-CLDS model was primarily validated and verified
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Tab. 1 Zoznam dlhodobych experimentov pouzitych pri vyvoji modelu MC-CLDS
Tab. 1 List of long-term experiments used in the development of the MC-CLDS model

Cieiiz Bonaduz Naxberg Traslovslage

Experiment (Svédsko/Sweden) =a (Svajéiarsko/ =
[11] (Svédsko/Sweden) [4] Switzerland) [6] (Svédsko/Sweden) [12]
Rok zacatia 1996 1995 2000 1992
Start year
Typ vzoriek betonové bloky a tramce beténové steny tvaru L beténové panely beténové dosky
concrete blocks L-shaped concrete walls .
Type of samples . concrete panels concrete slabs (reinforced)
and beams (reinforced)

Miesto ulozenia tunel Naxberg severské vody,
vzoriek dialnica Rv40 dialnica N12 pri Goschenene zapadné pobrezie
Sample storage highway Rv40 highway N12 Naxberg tunnel Nordic waters,

location

near Géschenen

the west coast

Cas odberu vzoriek
po rokoch
Sampling time
after years

1-5-10-21

1,6-3,9-4,4-16-17,9
-21,8
1.6-3.9-4.4.-16-
17.9-21.8

1,4-2,5-3,5-4,4-
12,8

1.4-25-35-4.4-
12.8

Podmienky
Exposure
conditions

ostrekovanie
road sprayed

ostrekovanie
road sprayed

ostrekovanie
road sprayed

ponorenie, prilivova zdéna,

ostrekovanie, atmosférické

marine submerged, splash
zone, atmospheric

Hlavné zistenia
Key findings

- vyskyt ,peak efektu"”
v povrchovej vrstve;

- postupny pokles D;

- narast koncentracie
chloridov v beténe
v Case

- occurrence of a "peak
effect" in the surface
layer;

- gradual decrease
of D;

- increase in chloride
concentration in concrete
over time

- vyskyt ,peak efektu”
v povrchovej vrstve;
postupny pokles D;
zavislost koncentracie
chloridov a priebehu
starnutia D od polohy
odobratej vzorky;
narast koncentracie
chloridov v beténe

v Case

- occurrence of a "peak
effect” in the surface
layer;

gradual decrease of D;
dependence of chloride
concentration and the
ageing behaviour of D
on the location of the
sample;

increase in chloride
concentration

in concrete over time

vyskyt ,peak efektu”
v povrchovej vrstve;
postupny pokles D;
zavislost koncentracie
chloridov a priebehu
starnutia D od polohy
panelov;

narast koncentracie
chloridov v beténe

v Case

occurrence of a “peak
effect” in the surface
layer;

gradual decrease of D;
dependence of chlori-
de concentration and
the aging curve of D
on the position of the
panels;

increase in chloride
concentration

in concrete over time

- vyskyt ,peak efektu”

Vv povrchovej vrstve;
- nejasny priebeh
starnutia D;
narast koncentracie
chloridov v beténe v ¢ase;
vyskyt interferencie
difuznych frontov pre
dosky ponorené v mori
(obojstranna difuzia)
occurrence of a “peak
effect” in the surface
layer;
unclear ageing
course of D;
increase in chloride
concentration in concrete
over time;
occurrence of interference
between diffusion fronts
for slabs immersed
in seawater (bilateral
diffusion)

na dlhodobych experimentoch. Hlavnym cielom vali-
décie bolo dosiahnut funkcionalitu, ktora spravanim
¢o najlepsie napodobniuje fenomény pozorované pocas
dlhodobych experimentov. V ramci verifikacie bola
vytvorena velkd databaza r6znych scenarov, ktoré
simulovali r6zne okrajové podmienky prostredia,

ako aj diftizne vlastnosti beténu pri réznych Sirkach
povrchovych vrstiev, a sledovali sa casové zmeny di-
fuzneho koeficientu, ktoré sa porovnavali s metodikou
pozvolného poklesu podla fib Model Code for Service
Life Design [9] a fib Bulletinu ¢islo 76 [3]. Na vysledky
generované MC-CLDS boli dalej aplikované regresné
analyzy pouzitim zjednoduseného modelu podla EN
12390-11 [13] a sledovali sa vzniknuté rozdiely. V sucas-
nosti prebieha aj dlhodoby laboratérny experiment

so vzorkami vystavenymi konstantnej koncentracii
chloridov v laboratéridch SvF STU v Bratislave, ktoré
budu pouzité na ucéely laboratérnej validacie. V ramci
pocetnych uprav programovania povrchovych vrstiev

through long-term experiments. The main objective of the
validation was to achieve functionality that best mimics the
phenomena observed during long-term experiments. As
part of the verification, a large database of various scenarios
was created to simulate different environmental boundary
conditions as well as the diffusion properties of concrete at
various surface layer thicknesses; changes in the diffusion
coefficient over time were monitored and compared with
the gradual decline methodology according to the fib Model
Code for Service Life Design [9] and fib Bulletin No. 76 [3].
Regression analyses were further applied to the results gene-
rated by MC-CLDS using a simplified model according to EN
12390-11 [13] and the resulting differences were monitored.
A long-term laboratory experiment is currently underway
with samples exposed to constant chloride concentrations
at the laboratories of the Faculty of Civil Engineering at the
Slovak University of Technology in Bratislava; these samples
will be used for laboratory validation purposes. As part of
numerous modifications to the surface layer programming,
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Obr. 1 Porovnanie priebehu starnutia difizneho koeficientu pri réznych scenaroch simulovanych modelom MC-CLDS s fib Model Code for Service Life Design [9].
Fig. 1 Comparison of the aging behaviour of the diffusion coefficient for various scenarios simulated by the MC-CLDS model with the fib Model Code

for Service Life Design [9].

sa oSetrila aj citlivost vypoctu pri pouziti vys$sich
diftznych pravdepodobnosti v kombinacii s velkostou
¢asovych krokov vypoétu. Upravy mali za ciel zlepsit
presnost modelu.

Stcasna funkcionalita modelu je kompatibilna s fib
Model Code for Service Life Design [9]. Difuzny koe-
ficient predikovatelne klesa (obr. 1), pri¢om strmost
klesania zavisi od pomeru difaznych vlastnosti
vnutornej a povrchovej vrstvy, respektive aj v za-
vislosti od vonkajsich podmienok [14]. V pripadoch
obojstrannej diftizie model nema problém riesit
interferenciu/stret dvoch oproti sebe postupujicich
difaznych frontov a konvergovat do ustadleného
stavu. Model dokaze riesit symetrické aj asymetrické
problémy vznikajliice na Urovni odliSnych vlastnosti
povrchovych vrstiev alebo zadanych povrchovych
koncentracii v sulade s vysledkami dlhodobych ex-
perimentov. Prikladom je vytvaranie rozsiahlejSieho
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prava povrchova vrstva ma horsie difuzne vlastnosti).

5

Exposure time in years

the sensitivity of the calculation was also addressed when
using higher diffusion probabilities in combination with the
size of the calculation time steps. The modifications were
intended to improve the model’s accuracy.

The current functionality of the model is compatible

with the fib Model Code for Service Life Design [9]. The
diffusion coefficient decreases predictably (Fig. 1), and

the rate of decrease depends on the ratio of the diffusion
properties of the inner and surface layers, as well as on
external conditions [14].

In cases of two-sided diffusion, the model has no difficulty
resolving the interference/collision of two opposing dif-
fusion fronts and converging to a steady state. The model
can solve both symmetric and asymmetric problems
arising from differences in the properties of surface layers
or specified surface concentrations, in accordance with
the results of long-term experiments. An example is the
formation of a more pronounced “peak effect” on the

-1 year —5 year
el vl —10 year 15 year
y = 0,6718x-0.085
R*=0,9833
10 15 / .,

50 70 80 90 1000

Depth [mm]

Obr. 2 Simulacia asymetrického obojstranného difuzneho problému modelom MC-CLDS (konstantna povrchova koncentracia ¢astic,

Fig. 2 Simulation of an asymmetric two-sided diffusion problem using the MC-CLDS model (constant surface particle concentration,

the right surface layer has worse diffusion properties).
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»peak efektu” na strane s horsimi difiznymi vlast-
nostami, ¢o ukazuje obr. 2. Sicasné upravy modelu
zaroven zjednodusili spésob prepoctu casticovych na
realne koncentracie.

ZAVER

Model MC-CLDS je vysledkom niekolkoro¢ného vyvoja,
ktory bol realizovany aj pomocou dat v ramci eur6épskej
spoluprace. Vdaka nekonstantnym okrajovym podmienkam
mozno prisposobit povrchové koncentracie chloridov
realnym expozi¢nym podmienkam, ¢im sa zmensuje rozdiel
medzi teoretickym modelovanim a praktickymi inzinier-
skymi aplikdciami. Vyhoda spociva v plne pravdepodob-
nostnom principe, ktory dokaze kompenzovat velky pocet
néhodnych vplyvov. Model poskytuje lepsie pochopenie
vrstveného difizneho spravania a umoznuje experimento-
vanie s namodelovanym systémom. Generativny charakter
modelu ma vyuzitie aj v oblasti trénovania zjednodusenych
modelov, ktoré st najcastejsie najlepsie prijaté odbornou
verejnostou z dévodu jednoduchosti ich pouzitia.

Tato praca bola financovana EU NextGenerationEU
prostrednictvom Planu obnovy a odolnosti SR v ramci projektu
¢. 09103-03-V04-00275.
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side with worse diffusion properties, as shown in Fig. 2.
Current modifications to the model have also simplified
the method for converting particle concentrations to real
concentrations.

CONCLUSIONS

The MC-CLDS model is the result of several years of
development, which was carried out with the help of
data obtained through European cooperation. Thanks to
non-constant boundary conditions, it is possible to adapt
surface chloride concentrations to real-world exposure
conditions, thereby reducing the gap between theoretical
modelling and practical engineering applications. The
advantage lies in the fully probabilistic approach, which
can account for a large number of random influences. The
model provides a better understanding of layered diffu-
sion behaviour and allows for experimentation with the
modelled system. The generative nature of the model can
also be used in the training of simplified models, which
are most often best accepted by the professional public
due to their ease of use.

This work was funded by the EU NextGenerationEU
through the Recovery and Resilience Plan for Slovakia
under the project No. 09103-03-V04-00275.
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Most pies zeleznicni trat u Ravné

s deskami CETRIS

V druhé poloviné roku 2024

zacala vystavba useku dalnice

D3 0312/1I Kaplice Nadrazi -
Nazidla, ktery lezi mezi Ceskymi
Budéjovicemi a Dolnim Dvoristém
hraniénich piechod(i mezi Ceskem
a Rakouskem. Prvnim z budovanych
mostnich objektd na této dostavbé
je most prevadéjici dalnici pres
zeleznicni trat u obce Raven. Prace,
stavebni ¢innosti nad kolejemi,
probihaly za provozu na trati.

Most je betonovy, pétipélovy, s cel-
kovou délkou 108 metrti. Nosnou
konstrukci tvoti predpjaté zelezo-
betonové nosniky typu I. Po osazeni

nosnikl byly mezi nosniky vloZeny
cementotriskové desky CETRIS®
BASIC ECO tl. 32 mm tvorici ztracené
bednéni. Navrzena technologie
vystavby se pfi maximalnim rozpéti
hlavniho pole 25 m ukazala jako
velmi efektivni - zkratila vyznacné
dobu vystavby a vyrazné snizila
néaklady. Systém ztraceného bednéni
z cementotriskovych desek umoziuje
realizaci samotné mostovky bez
nutnosti pouziti provizornich podpér-
nych konstrukci. Pfi betonazi doslo
ke spojeni betonové smési s bednici
deskou CETRIS®, po betondazi tak
deska CETRIS® zlistava soucasti celé
konstrukce. Tato aplikace nevyza-
duje nutné oSetfeni vnitini strany

InZinierske stavby / Inzenyrské stavby 2/2026

a hran desek CETRIS® pred betonazi,
samotna cementotriskova deska
CETRIS® je odolna vi¢i povétrnost-
nim vliviim a je mrazuvzdorné. Pro
stanoveni pottfebné tloustky desky
jsou zpracovany dimenzacni tabulky,
které najdete na www.cetris.cz.
Realizaci provadi firma MI Roads a.s.,
usek bude otevien v letosnim roce. B
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Inovativne vyuzitie
hlavovych trnov
v mostoch

Hlavové tfne sa pouzivaju v ocelobeténovych
alebo spriahnutych konstrukciach od 50. rokov
20. storocia. Uz v tomto obdobi preukazal
laboratérny vyskum praktické vyhody

a vyuzitie zvaranych tfiov ako spriahajtcich
prvkov v spriahnutych nosnikoch na mostoch

a v budovach [1]. Tfne sa vyznaéuju jednoduchou
montazou, vysokou odolnostou a taznostou,

¢o okrem iného umoziuje vyuzitie tedrie plasticity
pri navrhu spriahnutych nosnikov.

Innovative
applications
of headed bars
in bridges

Headed bars have been used in reinforced
concrete or composite construction since
1950s. Early research demonstrated practical
benefits and applications of welded headed
studs as shear connectors in composite
beams in bridges and buildings [1]. The studs
are characterized by easy installation, high
resistance and ductility, thus among others
enabling the use of the plasticity theory for the
design of composite beams.

Jan Bujiiak

Pouzitie hlavovych tifiov ako Smykovej vystuze

v doskach bolo prvykrat navrhnuté a patentované

v 70. rokoch 20. storocia autormi Ghali a Dilger [2]

v Kanade. Aj podla nich charakterizuje vystuzné prvky
s hlavovymi tfiimi jednoduchsia instalacia a lepsia
odolnost a taznost v porovnani s tradi¢nymi vystuznymi
prvkami, ako st napriklad strmene.

Types of Pushout Specimens

P2 P3 P5,P6
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ySpecimen Details_of Shear Devices
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Obr. 1 Spriahajuce tfne testované v roku 1960 v Leheigh [1]
Fig. 1 Shear studs tested in 1960 at Leheigh [1]

The use of headed bars as punching shear reinforcement
in flat slabs has been first proposed and patented in
1970’s by Ghali and Dilger [2]. Here again, reinforcement
elements incorporating headed studs are characterized
by and easier installation and superior resistance and
ductility in comparison to traditional reinforcement ele-
ments such as stirrups.
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Obr. 2 Vystuzenie pomocou $mykovych tfilov navrhnuté
Aminom a Ghalim v roku 1979 [2]
Fig. 2 Punching shear reinforcement proposed by Amin and Ghali in 1979 [2]

Ing. Jan Bujnak, Peikko Group Corporation, P. O. Box 104, 15101 Lahti, tel.: +421 911 250 056, e-mail: jan.bujnak@peikko.com
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Obr. 3 Hlavové tfne PSB® vyrobené horucim kovanim
Fig. 3 PSB® Headed bars manufactured by hot forging

Hlavové tine pouzivané v sicasnosti su najcastejsie
vyrobené z hladkych ty¢i s kvalitou S355 (priemery az
do 16 mm) alebo z betonarskej vystuze kvality B500B pre
priemery 12 az 40 mm (obr. 3). Hlavy sa vyrabaju bud
kovanim za studena (tyce s malym priemerom), alebo
kovanim s ohrevom (malé az velké priemery tyci).

ODPORUCANIA PRE NAVRH

Rozvoj praktického vyuzitia hlavovych titiov prebiehal
paralelne s tvorbou normativneho ramca na pouzitie
tychto produktov v Eurépe. Pouzitie tétiov v spriahnu-
tych ocelobeténovych konstrukcidch bolo predmetom
rozsiahleho skiimania uz 70 rokov a je dnes regulované
Eurokédom EN 1994-1-1 a produktovym Standardom EN
ISO 13918. Az donedavna vSak neexistovala harmonizo-
vana norma pre navrh hlavovych tfnov ako Smykovej
vystuze do betdénu. To bolo kompenzované narodnymi
technickymi osvedceniami (napr. Z 15.1-231 [3], ktory sa
odvolaval na DIN 1045-1) a nasledne Eurépskymi technic-
kymi posuideniami (napr. ETA 13/0151 [4] pre vystuz PSB®
proti poruseniu pretladenim), vydanymi na zaklade roz-
siahleho vyskumu [5, 6]. Nova generacia EN 1992-1-1 [11]
bude obsahovat navrhové pravidl4 pre dosky vystuzené
dvojhlavymi tfiimi, pricom sa stale odvolava na Eurdp-
ske technické posudenia ETA pre hodnotenie kvality

a stalosti vlastnosti konkrétnych stavebnych produktov.
Eurokdd [11] tiez umozni pouzitie hlavovych tffiov na
kotvenie prutov z betonarskej vystuze, ¢o dovoli viaceré
nové aplikdcie tejto technolégie v budovach a mostoch.
Vlastnosti tfniov navrhnutych v stlade s Eurokédom [11]
budt pre konkrétne komercné vyrobky deklarované
Eurépskym technickym posudenim ETA, ktoré vyrobca
vytvara postupom predpisanym v dokumente EAD
160012-01-0301 [7]. Jednym z takychto produktov, ktoré
pokryva nedavno publikované ETA 21/0463 [8], vyvinu-
tym v spolupréaci firiem Peikko a TSUS KoSice, je hlavovy
tin PSB® (obr. 4).
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Headed bars used as of today are typically made of
smooth bars of quality S355 (diameters up to 16mm) or
ribbed reinforcement bars of quality B500B or similar for
diameters 12 to 40mm (Fig. 3). The heads are produced
either by cold forging (small diameter bars) or hot
forging (small to large diameters of bars).

DESIGN RECOMMENDATIONS

The development of practical applications for headed
bars went hand in hand with the development of

a normative framework for the use of these products
in Europe. The use of shear studs in composite con-
struction has been extensively researched and studied
for past 70 years and is nowadays regulated by the
design standard EN 1994-1-1 and the product standard
EN ISO 13918. Until recently, no harmonized European
standard was available for the design of headed bars
as punching shear reinforcement. The lack of norma-
tive framework has been compensated by first local
approvals (e.g. Z 15.1-231 [3] that referred to DIN 1045-1)
and subsequently by European Technical Assessments
(e.g. ETA 13/0151 [4] of PSB® punching shear reinforce-
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Obr. 4 Hore: PSB® vystuzenie na $myk (ETA 13/0151 [4]); dolu:

PSB® hlava pouzita na kotvenie betonarskej vystuze (ETA 21/0463 [8])
Fig. 4 Top: PSB® punching shear reinforcement (ETA 13/0151 [4]);
bottom: PSB® end anchor (ETA 21/0463 [8])
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Obr. 5 PSB® tfne pouzité pri nadbetonavke mosta, Helsinki, 2022
Fig. 5 PSB® Headed bars use in bridge overlay, Helsinki 2022

INOVATIVNE VYUZITIE HLAVOVYCH TRNOV

PRI NADBETONAVKE MOSTOV

Tine PSB® st velmi praktickym rieSenim na zvysenie
ohybovej odolnosti existujucich beténovych nosnikov
pridanim nadbetonavky. Hlavové tfne sa inStaluju do
otvorov vyvritanych do starého beténu (obr. 5), do otvorov
sa injektuje malta a po stvrdnuti malty sa odleje vrstva
beténu v nadbetonavke. Hlavové tine tak pésobia ako
spriahajice prvky medzi starym a novym beténom. Navrh
zosilnenia je realizovany podla EN 1992-1-1. Viac informa-
cii o systéme vratane poziadaviek na vykon jednotlivych
komponentov mozno najst v literattre [9]. V porovnani

s tradi¢nymi rieSeniami - napr. haciky ohnuté priamo

na mieste - umoziuje pouzitie prefabrikovanych kotiev

s hlavou urychlit stavebny proces a poskytuje vynikajice
zaruky kvality.

INOVATIVNE VYUZITIE HLAVOVYCH TRNOV

V HLAVACH PILOT

Nové schvalenie vydané finskym cestnym tiradom v roku
2023 [10] umoznuje pouzitie hlavovych tinov PSB® ako
vystuze v doskach ulozZenych na pilétach, Co je typicka
technolégia pre vystavbu ciest vo Finsku. Navrh je realizo-
vany podla ETA 13/0151 [4] s dal$imi poziadavkami stano-
venymi finskou normou SFS EN 1992-1-1. Prvé referenc¢né
projekty potvrdili praktické vyhody tramov s hlavou PSB

———

Obr. 6 Tfrne PSB pouzité v hlavach pilét, Turku, Finsko, 2021
Fig. 6 PSB Headed bars used in pile caps, Turku, Finland 2021

ment) based on extensive research [5, 6]. The new
generation of EN 1992-1-1 [11] will incorporate design
rules for slabs reinforced with doubleheaded studs,
while still referring to the ETA’s for the assessment

of the quality and constancy of performance of the
particular building products. The Eurocode [11] will
also allow for the use of headed bars as end anchors
of reinforcement bars, enabling multiple new applica-
tions of the technology in buildings, but also bridges.
The characteristics of the bars designed in accordance
with the Eurocode [11] shall be assessed by ETA’s fol-
lowing EAD 160012-01-0301 [7]. One of such products
covered with the recently published ETA 21/0463 [8] is
the PSB® headed anchor.

INNOVATIVE USE OF HEADED BARS IN BRIDGE
OVERLAYS

Short headed bars are very practical solution for the
strengthening of concrete beams by adding overlays.
The headed bars are post-installed in holes drilled in
the old concrete (Fig. 5), the holes are injected with
mortar and the overlay concrete is cast after

the hardening of the mortar. The headed bars thus act
as connectors between old and new concrete. The
design of the strengthening job is done according to
EN 1992-1-1. More information about the system, includ-
ing performance requirements of the different compo-
nents can be found in literature [9]. In comparison to
traditional solutions - e.g. hooks bent on site - the use
of prefabricated headed anchors allows to speed up the
construction process and offers superior guarantees in
terms of quality.

INNOVATIVE USE OF HEADED BARS IN PILE CAPS

A new approval issued by the Finnish road authority in
2023 [10] allows for the use of PSB® headed bars as punch-
ing shear reinforcement in pile supported slabs, technol-
ogy typically used in road or short bridge construction.
The design is performed following ETA 13/0151 [4] with
additional requirements set by the Finnish standard SFS
EN 1992-1-1. First reference projects allowed to confirm
practical benefits of PSB headed studs in comparison to
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v porovnani s tradicnymi rieSeniami, konkrétne tisporu
Casu a materialu (obr. 6).

ZAVERY

Hlavové tine st dobre znama technoldgia, ktora za
posledné desatrocia nasla niekolko praktickych vyuziti
(Smykové spojenie v spriahnutych nosnikoch, vystuzo-
vanie proti pretlaceniu v budovach). Najnovsi vyskum

a normovy vyvoj [11] otvaraji nové moznosti pouzitia
hlavovych titiov pri vystavbhe mostov a ciest. Niektoré

z tychto moznych aplikacii su ilustrované v tomto clanku
na referenénych projektoch.
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traditional solutions, namely saving of time and material
(Fig. 6).

CONCLUSIONS

Headed bars are a well-known technology that over
past decades found several practical applications
(shear connection in composite beams, punching shear
reinforcement in buildings). Latest research and code
developments [11] do open new possible use cases for
headed bars in bridge and road construction. Some of
these possible applications are illustrated in this paper
on reference projects.
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Tunel Visnové
- najdlhsi cestny
tunel na Slovensku

Prispevok detailne opisuje technické rieSenie

a unikatne prvky tunela Visnové, ktoré boli pri
realizacii tohto tunela pouzité. Text odraza vyvoj
projektu v ¢ase a zameriava sa ha inovativne
rieSenia v oblasti vetrania, odvodenia a konstrukcie
ostenia.

Visnové Tunnel
- the longest road
tunnel in Slovakia

This paper provides a detailed description

of the technical solutions and unique design
elements implemented during the construction
of the Visniové Tunnel. The text reflects the
project's evolution over time and focuses

on innovative solutions in ventilation, drainage
and lining construction.

Peter Palocko

Jan Boltvan

Tunel Visiiové je Castou dialnice D1 Visiiové - Dubna
Skala, ktor4 je stcastou zapadno-vychodného dopravného
prepojenia krajiny dialnicou v iseku Bratislava - Trnava

- Trenéin - Zilina - Martin - Poprad - PreSov - KoSice -
Michalovce - Sobrance - Statna hranica SR/UA. Dialnica
zabezpecuje prepojenie medzi isekmi D1 Lietavska Lucka
- Visilové a Dubné Skala - Turany. Orientacia trasy tunela
podla svetovych stran je v osi zapad - vychod.

Tunel Visiiové sa nachddza na tizemi pohoria Mala Fatra
(obr. 1). Mala Fatra je 55 km dlhé horské pasmo v severoza-
padnej Casti Slovenska, rozprestierajice sa na juhovychod
od Ziliny v linii hlavného obliika Zapadnych Karpat.
Hlavny hrebeinl smeruje od juhozapadu na severovychod.
Stred horského pasma je rozdeleny korytom rieky Vah.
Na tomto mieste vytvorila rieka 12 km dlhé tizke udolie
zname pod menom Stre¢nianska tiesnava. Nadmorska
vyska horského pasma na trase tunela sa pohybuje v roz-
medzi od 800 do 1300 m n. m.

Tunel ViSilové je v sucasnosti nielen najdlhsi cestny tunel
na uzemi SR (a zaroven 2-rurovy), ale zaroven aj najdlhsi
tunel na izemi SR vObec, bez ohladu na funkciu tunela.
Jeho dizka v osi pravej (juznej) tunelovej riry je 7 475,6 m,
v osi lavej (severnej) tunelovej riry je to 7 432,91 m.

TECHNICKE RIESENIE TUNELA

Tunel Visiiové je komplexné podzemné dielo, ktorého
koncepcia sa postupne vyvijala v ¢ase na zaklade menia-
cich sa podmienok, takisto sa vyvijajucich pocas jeho
pripravy a vystavby.

Vysledna koncepcia tunelového komplexu je primarne
tvorena dvomi samostatnymi tunelovymi rarami pre
kazdy smer jazdy v kategérii 2T-7,5, s vyskou prejazdného

The Visiiové Tunnel is a part of the D1 motorway section
Visnové - Dubna Skala, which constitutes a segment of

the West-East motorway connection Bratislava - Trnava

- Trenéin - Zilina - Martin - Poprad - Pre$ov - KoSice -
Michalovce - Sobrance - SR/UA state border. The motorway
provides a connection between the D1 sections Lietavska
Lucka - Visiiové and Dubné Skala - Turany. Geographically,
the tunnel alignment follows a West-East axis.

The ViSilové Tunnel is situated within the Mala Fatra moun-
tain range (Fig. 1). The Mala Fatra is a 55 km long mountain
range in northwestern Slovakia, extending southeast of
Zilina along the main arc of the Western Carpathians. The
main ridge is oriented from southwest to northeast. The
centre of the mountain range is intersected by the Vah
River, which has formed a 12 km long narrow valley known
as the Strec¢no Gorge (StreCnianska tiesiiava). The surface
elevation above the tunnel alignment ranges from 800 to
1,300 ma.s. 1.

At present, the Visiiové Tunnel is not only the longest road
tunnel in the Slovak Republic (and a twin-tube system) but
also the longest tunnel overall in Slovakia, regardless of its
function. Its length along the axis of the Right (Southern)
Tunnel Tube is 7475.6 m, and along the axis of the Left
(Northern) Tunnel Tube, it is 7,432.91 m.

TECHNICAL DESIGN OF THE TUNNEL

The Visniové Tunnel is a complex underground structure,
the concept of which has gradually evolved over time in
response to changing requirements during its design and
construction stages. The final design of the tunnel complex
primarily consists of two separate tunnel tubes for each di-
rection of travel, categorized as 2T-7.5, with a vertical clear-

Ing. Jan Boltvan, Amberg Engineering Slovakia, s. r. 0., Somolického 1/B, 811 06 Bratislava, tel.: +421 905 750 437, e-mail: jboltvan@amberg.sk
Ing. Peter Palocko, PhD., Amberg Engineering Slovakia, s. r. 0., Somolického 1/B, 811 06 Bratislava, tel.: +421 907 944 535, e-mail: ppalocko@amberg.sk
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Obr. 1 Poloha tunela Vi$fové na medzi Zilinou a Martinom (zdroj: mapy.com)
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Fig. 1 Location of the Visfiové Tunnel between Zilina and Martin (source: mapy.com)

prierezu 4,8 m, so Sirkou chodnikov 1 m a svetlou vyskou
nad chodnikom 2,2 m. Sticastou tunelového komplexu je
dalej 29 priecnych prepojeni medzi samotnymi tunelovy-
mi rarami, vetracou Sachtou, ktora je s tunelovymi rurami
prepojena vetracimi kandlmi, a odvodiiovacou $téliou, do
ktorej je zatistovand rubova drenaz tunela a ktora je pre-
pojena s prie¢nymi prepojeniami 10 servisnymi prielezmi.

Tunelové rury

Tunelové rary boli vybudované v portalovych castiach
ako hibené tunely. Zvy$n4 dizka oboch tunelovych rir je
tvorena razenym tunelom. Razeny tunel bol budovany
dvomi technoldégiami, primarne technolégiou ADECO-RS
(Analysis of Controlled DEformation in Rocks and Soils),
mensSia Cast bola razena technolégiou NRTM (Nova
rakuska tunelovacia metdda). Pouzité je Standardné
dvojplastové ostenie s medzilahlou hydroizolaciou

a otvorenym hydroizola¢nym systémom. Profil tunela je
pre Uzemie SR nestandardne tvoreny z dvoch zakladnych
prieénych rezov (vzhladom na lic ostenia), a to prieénym
rezom bez medzistropu a prieénym rezom s medzistro-
pom (obr. 2).

Tento pristup vychadzal z pévodnej koncepcie polopriec-
neho vetrania, podla ktorej mali byt prvé dve tretiny
tunela odvetravané vetracou Sachtou, kym zvysna tretina
mala vyuzivat vzduchotechnicky kanal oddeleny medzis-
tropom (obr. 5).

Neskér pocas budovania tunela bola tato koncepcia
prehodnotend, tunel mé v koneé¢nom rieseni pozdizne
vetranie, pricom samotny medzistrop na oddelenie vzdu-
chotechnického kanala od dopravného priestoru nebol
vybudovany. Okrem zakladnych prie¢nych rezov tunela su
v tunelovych rdrach pouzité zvacsené profily v miestach
nudzovych zalivov, takisto dva typy, a to bez medzistropu
a s medzistropom (obr. 2). Rovnako ako v zakladnych pro-
filoch, ani tu nebol medzistrop vybudovany, s vynimkou
nudzového zalivu ¢. 3 v oboch tunelovych rurach.

Po dizke tunela je rozmiestnenych spolu 10 ntidzovych
zalivov v kazdej tunelovej rure v maximalnej vzajomnej
vzdialenosti 750 m. Nudzové zalivy v jednotlivych
tunelovych rurach st navzajom prepojené prejazdnymi
priecnymi prepojeniami. Profily nadzovych zalivov st po
dizke tunela z hladiska typu prierezu rovnaké ako profily
zékladnych priecnych rezov s vynimkou nudzového zalivu
¢. 3 v oboch tunelovych rturach, v ktorom je pouzity profil

ance of 4.8 m, 1 m wide sidewalks, and a 2.2 m headroom
above the sidewalks. The tunnel complex further includes
29 cross-passages between the main tunnel tubes, a ventila-
tion shaft connected to the tubes via ventilation ducts, and
a drainage tunnel. The tunnel’s peripheral drainage leads
into this drainage tunnel. The drainage tunnel is connected
to the cross-passages by 10 service access shafts.

Tunnel tubes

The portal sections of the tunnel tubes were constructed
using the cut-and-cover method. The remaining length of
both tubes consists of mined (bored) tunnel sections. Two
excavation methods were employed for the mined sections:
primarily the ADECO-RS (Analysis of Controlled DEforma-
tion in Rocks and Soils) approach, and a smaller portion
was excavated using NATM (New Austrian Tunnelling
Method). A standard double-shell lining with an intermedi-
ate waterproofing membrane and an open-drainage water-
proofing system is utilized.

This approach stemmed from the original semi-transverse
ventilation concept, where the first two-thirds of the tunnel
were to be ventilated via a shaft, while the remaining

third was to utilize a ventilation duct separated by a false
ceiling (Fig. 5). Later during construction, this concept was
revised; the final solution employs longitudinal ventilation,
and the false ceiling intended to separate the ventilation
duct from the traffic space was not installed. In addition

to the standard profiles, enlarged profiles are used at
emergency lay-bys, which also feature two types: with

and without a false ceiling (Fig. 2). As with the standard
profiles, the false ceiling was not constructed, except for
Emergency Lay-by No. 3 (NZ3) in both tunnel tubes.

There are 10 emergency lay-bys distributed along the
length of each tunnel tube, with a maximum spacing of

750 m. The lay-bys in both tubes are interconnected by
drive-through cross-passages. The profiles of the emergen-
cy lay-bys follow the same cross-sectional logic as the basic
sections, with the exception of Lay-by No. 3 in both tubes,
where a profile with a false ceiling is used to facilitate the
connection of ventilation ducts to the tunnel tubes at these
locations.

The secondary lining consists of 631 blocks in the Southern
Tube and 632 blocks in the Northern Tube. The standard
and maximum block length is 12 m, supplemented by
shortened blocks of various lengths (min. 2.4 m).
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Obr. 2 Vzorovy prie¢ny rez tunelom - vlavo hore s medzistropom, vpravo hore bez medzistropu; vzorovy prie¢ny rez nudzovym zalivom

- vlavo dole s medzistropom, vpravo dole bez medzistropu

Fig. 2 Typical tunnel cross-sections - top left with a false ceiling, top right without a false ceiling; typical emergency lay-by cross-sections

- bottom left with a false ceiling, bottom right without a false ceiling

s medzistropom z dévodu napojenia vetracich kanalov na
tunelové rury v mieste tychto niidzovych zalivov.
Sekundarne ostenie tunela je vybudované celkom zo 631
blokov v juznej tunelovej rure a 632 blokov v severnej
tunelovej rtre. Standardnd a zdroven maximalna dizka
bokov je 12 m, doplnkovo st pouZité skratené bloky

s réznymi dizkami, minimalne 2,4 m.

Okrem portalovych blokov st vSetky bloky stiéastou
razeného tunela, co znamena, ze v kazdej tunelovej rire
st len dva bloky hibeného tunela, na kazdom portali po
jednom. Dizka vsetkych 4 hibenych blokov je jednotna,

8 m. Nestandardné je zasunutie blokov do razeného
tunela, ¢o znamena, zZe rozhranie medzi sekundarnym
ostenim razenej ¢asti tunela a ostenim hibeného tunela
nie je na zaciatku primarneho ostenia razeného tunela, ale
je posunuté mierne do razeného tunela v roznej dizke pre
kazdy blok s maximalnou hodnotou zasunutia cca 2,5 m.
K zmene profilu (prechod na variant s medzistropom)
dochédza od bloku S400 (severna rura), resp. J399 (juzna
rura).

V tuneli sa nachadzaja 3 typy vyklenkov. Najmensi je
vyklenok typu CV na Cistenie drenaze, nasledne je pouzity
zdruzeny vyklenok typu SOS, v ktorom sa nachadza SOS
kabina, Cistiaca Sachta drendzneho odvodnenia a hydrant.
anajvacsi je vyklenok typu RV, resp. AV, kde st okrem
Cistiacej Sachty drendazneho odvodnenia umiestnené

Apart from the portal blocks, all blocks are part of the
mined tunnel, so each tube contains only two cut-and-cover
blocks (one at each portal). The length of all four
cut-and-cover blocks is uniform at 8 m. An unconventional
feature is the recession of these blocks into the mined
tunnel; the interface between the mined secondary

lining and the cut-and-cover lining is not at the start of

the primary support but is shifted slightly into the mined

section by varying lengths, up to a maximum of approxi-

mately 2.5 m.

The transition to the false ceiling variant begins at block

S400 (Northern Tube) and J399 (Southern Tube).

Three types of niches are located within the tunnel:

» CV Type: smallest niche for drainage cleaning,

» SOS Type (Combined): contains an SOS cabin, a drainage
cleaning shaft, and a fire hydrant,

» RV/AV Type: largest niche; in addition to the drainage
cleaning shaft, it houses pressure-reducing valves for
the fire water main (RV) or air release valves (AV).

SOS cabins are provided at each emergency lay-by.

The following basic parameters for concrete and reinforce-

ment were used for the secondary lining of the mined

tunnel:

» secondary lining concrete: C30/37,

» false ceiling concrete (in NZ3): C30/37,

» steel reinforcement: B500B.
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Profil bez medzistropu
I Nudzovy zaliv bez medzistropu
[ Profil s medzistropom

[ Nudzovy zaliv s medzistropom (s realizaciou medzistropu iba v NZ3)

Obr. 3 Schéma tunela podla pouzitého profilu
Fig. 3 Tunnel layout diagram by cross-sectional profile types

aj redukcné ventily protipoziarneho vodovodu (RV)

a vzdusniky (AV). Na zaciatku kazdého ntidzového zalivu
sa nachadza SOS kabina.

Pre sekundarne ostenie razeného tunela je pouzity betén
a vystuz s nasledujticimi zakladnymi parametrami:

» betén sekundarneho ostenia: C30/37

» betén medzistropu v NZ3: C30/37

» ocelova vystuz: B500 B

Pre usek tunela do 600 m od portalu je pouzity beton

s triedami vplyvu prostredia XF4, XC3, v ostatnych Cas-
tiach tunela je pouzity betén triedy XF2, XC3. Minimalne
krytie vystuZe je 40 mm na strane dopravného priestoru.
Pre zakladové pasy hibenych blokov tunela je pouZity
betén triedy C30/37 - XC4, XD2, XF2, XA2(SK) - Cl0,2

- Dmax16 - S4 a pre horné klenby hibeného tunela je
pouzity betdn triedy C35/45 - XC4, XD3, XF4(SK) - Cl10,2 -
Dmax16 - S4.

Poziarna odolnost konstrukcie bola stanovena ako pre
cestny tunel kategorie 1 podla TP 11/2011 Protipoziarna
bezpecnost cestnych tunelov.

Minimalna hribka beténu hornej klenby je 300 mm

v zakladnom prie¢nom reze, 450 mm v profile nadzového
zalivu a 350 mm na portalovych blokoch. Prevazna
vécsina blokov sekunddrneho ostenia tunela je zhotovena
z prostého beténu, z vystuzeného beténu su len bloky

v nepriaznivejsich geologickych pomeroch, teda hlavne

v priportalovych oblastiach, v miestach tektonickych
portch a samotné bloky hibeného tunela. V blokoch

z prostého beténu bolo pouzité konstrukéné vystuzenie na
obmedzenie trhlin v zakladovych pasoch a na vnutornom
povrchu vrcholu klenby, ale iba v niektorych castiach
tunela, a tam, kde sa pévodne uvazovalo o pouziti medzis-
tropu, su vystuzené ozuby na osadenie medzistropu.

Prie¢ne prepojenia

V tuneli je vybudovanych celkovo 29 priecnych prepojeni.
Specifikom prieénych prepojeni v tuneli Vistiové je, Ze

ich vyskové vedenie nie je vzdy priame z jednej tunelovej
rury do druhej. Z dévodu preklenutia odvodrovacej stélne
bolo nutné viest niektoré priecne prepojenia v stipani

v smere od tunelovych rur k vrcholovému zlomu nad od-
vodnovacou $télnou (obr. 4). Tato iprava je vyraznd najma
v prie¢nych prepojeniach v blizkosti portalovych oblasti,
kde nebolo mozné niveletu tunela upravit tak, aby bola

Cross-section without a false ceiling

I Emergency lay-by without a false ceiling
[ Cross-section with a false ceiling
[ Emergency lay-by with a false ceiling (installed only in NZ3)

For the sections up to 600 m from the portals, concrete
with environmental exposure classes XF4 and XC3 was
used; in other parts, XF2 and XC3 were applied. The
minimum reinforcement cover is 40 mm on the traffic
space side.

For the foundation blocks of the cut-and-cover blocks,
concrete grade C30/37 - XC4, XD2, XF2, XA2(SK) - Cl0,2

- Dmax16 - S4 was used, while for the top arches of the
cut-and-cover tunnel, C35/45 - XC4, XD3, XF4(SK) - Cl0,2 -
Dmax16 - S4 was used.

The fire resistance of the structure was determined for

a Category 1road tunnel according to TP 11/2011 (Fire Safety
of Road Tunnels).

The minimum thickness of the top arch concrete is 300 mm
for the standard cross-section, 450 mm for the emergency
lay-by profile, and 350 mm for the portal blocks. The vast
majority of secondary lining blocks are made of plain con-
crete; reinforced concrete is used only in blocks situated
in unfavourable geological conditions (mainly portal areas
and tectonic fault zones) and for the cut-and-cover blocks
themselves. In plain concrete blocks, structural reinforce-
ment was used to limit cracking in the foundation strips
and on the inner surface of the crown, but only in certain
parts of the tunnel. In sections where a false ceiling was
originally planned, the corbels (lugs) for supporting the
ceiling are reinforced.

Cross-passages

A total of 29 cross-passages have been constructed in the

tunnel. A specific feature of the cross-passages in the

Visniové Tunnel is that their vertical alignment is not

always a direct line from one tunnel tube to the other.

To clear the drainage tunnel, it was necessary to design

some cross-passages with a gradient rising from the main

tunnels toward a peak located above the drainage tunnel

(Fig. 4). This adjustment is particularly prominent in cross-

passages near the portal areas, where it was not possible to

adjust the tunnel's gradient (longitudinal profile) to main-

tain a sufficient vertical clearance relative to the drainage

tunnel's elevation.

In terms of their cross-sectional arrangement, three types

of profiles are used (Fig. 4):

» Smallest profile (Type PP-CH): Serves exclusively as an
emergency exit for pedestrians. This profile is used for
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Obr. 4 Prieéne rezy priednych prepojeni: vlavo hore typ PP-CH, v strede hore PP-OV-T, vpravo hore PP-OV-T-TS, dole pozdiZny rez prieénym prepojenim &. 1
Fig. 4 Cross-sections of the cross-passages: top left Type PP-CH, top center Type PP-OV-T; top right Type PP-OV-T-TS, bottom longitudinal

section of cross-passage No. 1

v dostatocnom vyskovom rozdiele vzhladom na niveletu

odvodiiovacej §tolne.

Z hladiska prie¢neho usporiadania prieénych prepojeni su

pouzité 3 typy priec¢neho rezu (obr. 4):

» Najmensi profil je pouzity na prieénych prepojeniach
typu PP-CH, ktoré sltizia iba ako unikova cesta pre
pesich. Tento typ profilu je pouzity celkom na 19 priec-
nych prepojeniach, ktoré prepajaju tunelové rury mimo
nuadzovych zalivov v Standardnom profile tunela.

» Stredne velky profil je okrem prechodu pesich medzi
tunelovymi rdrami uréeny aj na prejazd vozidiel
zachrannych zloziek a je situovany ako spojnica nudzo-
vych zalivov medzi obomi tunelovymi rirami s vynim-
kou nudzovych zalivov ¢. 3, 6 a 8. Tento typ prieéneho
prepojenia je oznaceny ako PP-OV-T. Celkovo je v tuneli
7 prie¢nych prepojeni tohto typu, pricom v kazdom
z tychto prepojeni sa nachadza mensia technologicka
miestnost, v ktorej je osadené technologické vybavenie
tunela.

» Najvacsi profil je pouzity na prepojeniach medzi nidzo-
vymi zalivmi €. 3, 6 a 8. Typ PP-OV-T-TS sa vyznacuje
tym, Ze toto prieCne prepojenie je prejazdné a navyse,
technologické miestnosti st po celej dizke tychto
priecnych prepojeni. Geometria vnitorného obrysu
prie¢neho rezu tohto typu prepojenia vychadza z geo-
metrie typu PP-OV-T - pouzité su rovnaké obluky, ibaze
vo vrchole je pridany priamy usek, ktory zvacsuje sirku
prieéneho prepojenia.

V prieénych prepojeniach boli pouzité betdny s rovnaky-

mi Specifikaciami ako v tunelovych rarach.

Minimalna hrubka beténu hornej klenby je 250 mm pri

type PP-CH a 300 mm pri typoch PP-OV-T a PP-OV-T-TS. Tak

ako pri samotnych tunelovych rurach, va¢sina sekundar-
neho ostenia prieénych prepojeni je zhotovena z prostého
beténu; z vystuzeného beténu st Standardne zarodky
priecnych prepojeni a len niekolko blokov v horsich
geologickych pomeroch. V mieste krizenia s odvodiiovacou

Stoliiou boli v pripade nizkeho nadlozia medzi odvodnova-

cou §t6lnou a priecnym prepojenim vystuzené zakladové

19 cross-passages connecting the main tubes within the
standard profile sections.

» Medium profile (Type PP-OV-T): Designed for both pe-
destrian passage and the transit of emergency services
vehicles. These are situated as connections between
emergency lay-bys in both tubes, with the exception of
lay-bys No. 3, 6, and 8. There are 7 such cross-passages,
each containing a small technical room for tunnel tech-
nology systems.

» Largest profile (Type PP-OV-T-TS): Used for connections
between emergency lay-bys No. 3, 6, and 8. In addition
to being drive-through, these feature technical rooms
along their entire length. The geometry of the inner
lining for this type is based on the PP-OV-T - type using
the same radii - but with a straight section added at the
crown to increase the overall width.

The concrete specifications used for the cross-passages are

identical to those in the main tunnel tubes.

The minimum thickness of the top arch concrete is 250 mm
for type PP-CH and 300 mm for types PP-OV-T and PP-OV-T-
TS. Similar to the main tubes, the majority of the secondary
lining in the cross-passages is made of plain concrete.
Reinforced concrete is typically used for the junctions
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Obr. 5 Vlavo prie¢ny rez tunelom a vetracou $achtou,

vpravo podorys vetracej Sachty

Fig. 5 Left cross-section of the tunnel and ventilation shaft,

right plan view of the ventilation shaft
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konstrukcie. V blokoch z prostého beténu sa pouzilo kon-
strukéné vystuzenie na obmedzenie trhlin v zakladovych
pasoch, ale iba v niektorych castiach tunela.

Vetracia Sachta

Vetracia Sachta bola vybudovana na zaklade prvotného
rieSenia vetrania v prvej faze vystavby tunela a mala

slizit na odsavanie vzduchu z tiseku tunela s profilom bez
medzistropu, teda po bloky S400 a J399. V dosledku zmien

v dodavatelskom retazci stavby pocas vystavby tunela a na-
sledného prehodnotenia koncepcie vetrania vo findlnom
rieSeni tejto koncepcie vetracia Sachta nie je zahrnuta.
Vzhladom na to, Ze tieto zmeny nastali v ¢ase, ked uz bola
vetracia Sachta aj s vetracimi kanalmi takmer dobudova-
n4, je mozné v buducnosti v pripade potreby jej vyuzitie
prehodnotit a opit ju zaradit do koncepcie vetrania tunela
po nevyhnutnych technickych tpravach. V sicasnosti
sluzi tato Cast tunela len na inSpek¢né tcely. Na tento ucel
bolo vo vetracej Sachte vybudované lezné oddelenie, ktoré
tvori 16 reviznych plosin, Standardne od seba vzdialenych
6 m, ktoré st navzajom prepojené pomocou rebrikov.

Z d6vodu ¢o najvyssej zivotnosti a najnizsich nakladov

na udrzbu je lezné oddelenie s vynimkou kotvenia a spo-
jovacich prvkov vytvorené z kompozitnych materialov,
ostatné prvky st z nehrdzavejicej ocele triedy A2.

Objekt vetracej Sachty zahfiia okrem samotnej vetracej
Sachty vetracie kanaly, ktorymi je vetracia Sachta napoje-
né na nadzové zalivy ¢. 3 v oboch tunelovych rarach

(obr. 5). Vnutorny priemer vetracej Sachty je 5,85 m,

v spodnej Casti je zvacSeny na 7,8 m. Vyska Sachty je 954 m
od urovne pochddznej plochy na dne Sachty po vyustenie
Sachty vo vyustnom objekte. Ostenie vetracej Sachty aj
vetracich kanalov je dvojvrstvové s medzilahlou hydroizo-
laciou, primarne ostenie je zo striekaného beténu triedy
C30/37 s rozptylenou vystuzou a sekundarne ostenie je

z rovnakého beténu, ako maju tunelové rury a priecne
prepojenia, no oproti tunelovym rdram a prieénym prepo-
jeniam ide o vystuzeny beton.

Odvodiiovacia stolia

Zmena koncepcie drenazneho odvodnenia tunela Visniové
si vyziadala zmenu funkcie pévodnej prieskumnej $tlne,
ktora mala zaniknut vyrazenim juznej tunelovej rury, na
funkciu drenaznej $tolne.

Odvodnovacia §t6lia tunela Visnové sa nachadza medzi
severnou a juznou tunelovou rirou v celej dizke tunela
(obr. 6). Sluzi na prevadzanie horninovej vody z rubovej
drenaze tunelovych rur do oblasti portalov tunela
Visnové.

NORTH TUNNEL/

Inzinierske stavby / InZenyrské stavby 2/2026

(break-out zones) of the cross-passages and for a few blocks
in poorer geological conditions. At the intersection with
the drainage tunnel, where the overburden between the
drainage tunnel and the cross-passage is low, the founda-
tion structures were reinforced. In plain concrete blocks,
structural reinforcement was used to limit cracking in the
wall footings, though only in certain sections of the tunnel.

Ventilation shaft

The ventilation shaft was constructed based on the initial
ventilation design during the first phase of tunnel construc-
tion. It was intended to extract air from the tunnel sections
without a false ceiling (up to blocks S400 and J399). Due

to changes in the project's supply chain and a subsequent
re-evaluation of the ventilation concept, the shaft is not
included in the final ventilation system of the Visniové
Tunnel.

However, since these changes occurred when the shaft and
its ventilation ducts were nearly complete, its potential use
could be re-evaluated in the future after necessary techni-
cal modifications. Currently, this part of the tunnel serves
only for inspection purposes. For this reason, an inspection
ladder system (climbing section) was installed within the
shaft, consisting of 16 inspection platforms spaced 6 m apart
and interconnected by ladders. To ensure maximum service
life and minimum maintenance costs, this system is made of
composite materials, except for the anchoring and connect-
ing elements, which are made of A2-grade stainless steel.
The ventilation shaft structure consists of the shaft itself
and the ventilation ducts (galleries) that connect the shaft
to Emergency Lay-bys No. 3 in both tunnel tubes (Fig. 5).
The internal diameter of the ventilation shaft is 5.85 m,
enlarged to 7.8 m at the bottom. The shaft height is 95.4 m,
measured from the walkway level at the bottom to the
shaft's termination at the surface outlet building. The lining
of both the shaft and the ventilation ducts is a double-shell
system with an intermediate waterproofing membrane. The
primary lining consists of fiber-reinforced sprayed concrete
(shotcrete) grade C30/37, while the secondary lining uses
the same concrete grade as the main tunnel tubes and cross-
passages. Unlike the main tubes and cross-passages, the
secondary lining of the shaft and ducts is fully reinforced.

Drainage gallery

A change in the drainage concept of the Visniové Tunnel
necessitated a functional conversion of the original
exploratory gallery. Originally intended to be backfilled
or removed during the excavation of the southern tunnel
tube, it was instead repurposed as a drainage gallery.
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Obr. 6 Standardna poloha odvodiiovacej tdlne vzhladom na polohu tunelovych rur

Fig. 6 Standard layout of the drainage gallery relative to the tunnel tubes




Tunely / Tunnels

Odvodnovaciu $toliu tvoria 4 iseky v zavislosti od
pouzitej metédy razenia a od obdobia, ked bola dané cast
vyrazena:
1. dobudovana Cast odvodnovacej $tolne od zapadného
portalu, metéda razenia NRTM, dizka tseku je
292,03 m;
2. povodna Cast prieskumnej $tolne, metdda razenia
NRTM, dizka useku je2799,78 m,
3. pdvodna Cast prieskumnej §t6lne, metdda razenia
TBM (razenie tunelovacim strojom), dizka tiseku je
3 800,22m;
4. dobudovani cast odvodiiovacej $t6lne od vychodného
portalu, metéda razenia NRTM, dizka tiseku je 554,72 m.
Celkova dizka $télne je 7 446,75 m.
V odvodiiovacej $tolni je zriadeny trvaly odberny objekt
na zasobovanie nadrze poziarneho vodovodu vodou
a trvaly odberny objekt na zasobovanie technologickej
centraly na zapadnom portali pitnou vodou. V odvodiiova-
cej $tolni sa nachadza 10 vertikalnych servisnych prestu-
pov na udrzbu tunela do prejazdnych prieénych prepojeni
(v mieste ntidzovych zalivov), v priestore zaustenia
odvodiiovacich vrtov sa nachadzaju OV vyklenky.
Priechodny prierez odvodnovacej $tdlne je navrhnuty so
sirkou 1,8 m a vyskou 2,2 m. Vnutorny tvar variuje podla
met6dy razenia takto:
1. p6évodna Cast prieskumnej $tdlne - isek razeny TBM:
kruhovy profil s polomerom 1,55 m;
2. povodna Cast prieskumnej St6lne - isek razeny NRTM:
profil s dvojitym polomerom (1,75 - 2,4 m);
3. dobudovana cast odvodiiovacej §tolne - Usek razeny
NRTM: profil s dvojitym polomerom (1,675 - 2,325 m).
V osi odvodiiovacej $t6lne sa v dne nachadza odvodiiovaci
kanal s roznym prierezom v zavislosti od tiseku §t6lne,
ktorym je odvadzané podzemné voda do oblasti portalov.
Konstrukcia razenej Casti odvodiiovacej Stdlne pozostava
z dvojvrstvového ostenia s medzilahlou drenéznou a izolac-
nou vrstvou. Specifikdcie pouZitych beténov st rozne v za-
vislosti od obdobia budovania konkrétnej asti konstrukcie
a platnych noriem v danom obdobi. Sekundarne ostenie
odvodiiovacej Stolne tvori striekany betén triedy C30/37.
Sekundéarne ostenie je realizované iba v isekoch stolne
s nepriaznivymi geologickymi pomermi a v novobudova-
nych portalovych tisekoch $télne. Na ochranu tnikove;j
St6lne proti podzemnej vode je navrhnuty otvoreny systém
hydroizolacie. Izolaciu tvoria pasy nopovej folie so sirkou
500 mm osadené lokalne v miestach pritokov podzemnej
vody cez primarne ostenie. Sustredené pritoky podzemnej
vody st zvedené cez kratky odvodiiovaci vrt a flexibilnou
hadicou do odvodnovacieho kandla v dne $t6lne.

SUHRN SPECIFICKYCH TECHNICKYCH RIESENI

V TUNELI VISNOVE

V tuneli Visnové boli pouzité rézne technické riesenia,

ktoré st pri vystavbe tunelov na Slovensku nestandardné.

Tieto rieSenia vyplynuli okrem iného aj z postupnych

iteracii pri hladani findlneho technického riesenia tunela,

ktoré prebiehali vo vyznamnej miere esSte aj pocas samot-
nej vystavby tunela. Toto s najvyznamnejsie z nich:

1. Dva zakladné profily tunela - s medzistropom a bez
medzistropu, pricom medzistrop v zaverecnom rieseni
nebol aplikovany s vynimkou nidzového zalivu ¢. 3.

2. Pracovna Skara medzi zdkladom sekundarneho ostenia
a hornou klenbou je umiestnena v irovni chodnika,

The drainage gallery is located between the northern and
southern tunnel tubes along the entire length of the tunnel
(Fig. 6). Its primary function is to divert groundwater from
the rear drainage (back-of-lining drainage) of the main
tunnel tubes to the portal areas. The drainage gallery con-
sists of four sections, depending on the excavation method
and the period of construction:
1. new section from the West Portal: NATM (New Austrian
Tunnelling Method), length 292.03 m;
2. original exploratory gallery section: NATM, length
2,799.78 m;
3. original exploratory gallery section: TBM (Tunnel
Boring Machine), length 3,800.22 m;
4. new section from the East Portal: NATM, length
554.72 m.
The total length of the gallery is 7,446.75 m.
The drainage gallery features permanent intake points for
the fire protection system and the drinking water supply
for the Tunnel Control Centre on the West Portal. There
are 10 vertical service shafts providing access for tunnel
maintenance into the drive-through cross-passages (at the
emergency lay-bys). Additionally, OV niches are located at
the discharge points of the drainage boreholes.
Internal clearance envelope of the drainage gallery is
designed with a width of 1.8 m and a height of 2.2 m. The
internal geometry varies by excavation method as follows:
1. original TBM section: circular profile with a radius of
1.55 m;
2. original NATM section: double-radius profile
(175 - 2.4 m);
3. new NATM section: double-radius profile
(1.675 - 2.325 m).
A drainage channel of varying cross-sections is located
along the centerline of the gallery floor to discharge
groundwater to the portals.
The lining of the excavated sections consists of a double-
shell system with an intermediate drainage and insulation
layer. Concrete specifications vary depending on the
construction period and the standards in force at that time.
The secondary lining of the drainage gallery consists of
C30/37 grade shotcrete. This lining is installed only in sec-
tions with adverse geological conditions and in the newly
constructed portal sections. An open waterproofing system
is used to protect the gallery from groundwater. The insula-
tion consists of dimpled membrane strips (500 mm wide)
installed locally at groundwater inflow points through the
primary lining. Concentrated groundwater inflows are
diverted via short drainage boreholes and flexible hoses
into the drainage channel at the floor.

SUMMARY OF SPECIFIC TECHNICAL SOLUTIONS

IN THE VISNOVE TUNNEL

The Visnové Tunnel incorporates various technical solu-

tions that are non-standard for tunnel construction in Slo-

vakia. These solutions resulted, among other factors, from
successive iterations in search of the final design, which
continued to a significant extent even during the construc-
tion phase. The most notable features include:

1. Two basic tunnel profiles - with and without a false
ceiling; ultimately, the false ceiling was not imple-
mented, except for Emergency Lay-by No. 3.

2. Construction joint location - the joint between the sec-
ondary lining foundation (wall footing) and the upper
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rubova drenaz je v tiseku profilu s medzistropom
umiestnenéa vysoko.

3. Vyuzitie pévodnej prieskumnej $tlne ako drenaznej
$tolne a hlavného kanalizacného zberaca tunela
umoznilo eliminéaciu hlavnych zberacov v tunelovych
rarach, a tym aj predchadzat porucham na vozovke
v miestach kanaliza¢nych Sachiet.

4. Trirdzne velké profily priecnych prepojeni v zavislosti
od ich funkcie.

5. Vetracia Sachta v aktualnej koncepcii vetrania tunela
neslizi na vetranie tunela, ale mé len inSpeként
funkciu.

ZAVER

Vybudovanie a sprevadzkovanie tunela Visnové pre
investora celej stavby NDS, a. s., bolo mimoriadne déle-
Zitou ulohou a zaroven vyznamnym aj pre motoristov
cestujucich na trase medzi Zilinou a Martinom, ktora bola
dlhodobo extrémne vytaZzena a takisto nebezpecna pre
Casté pady skal na cestu I/18 v Stre¢nianskej izZine. Spre-
vadzkovanie tunela zarovenl umoznuje plné vyuzitie trasy
D1 Hricovské Podhradie - Lietavska Lucka, ktora mala
bez tohto tseku len lokalny vyznam pre mali skupinu
motoristov.

Cesta od prvotnych planov po spustenie tunela do pre-
vadzky bola dlha a mala dynamicky vyvoj. Prieskumna
stolia bola sice vybudovana v rokoch 1998 - 2002, ¢o sa

v médiach uvadza ako oficidlny zaciatok vystavby tunela,
technicky vsak toto obdobie nemozno povazovat za
zaciatok vystavby, ale len za prieskumnut fazu stavby aj
vzhladom na absenciu podrobnej realiza¢nej dokumenté-
cie v tomto obdobi a absenciu stavebného rozpracovania
mimotunelovych tisekov.

Redlna vystavba tunela sa zacala v roku 2015, pri¢om
tunelové rary sa prerazili v roku 2018. Dobudovanie tunela
potom pokracovalo s prestavkou v rokoch 2019 - 2021

s novym generalnym dodavatelom stavby (Zdruzenie
dodéavatelov Skanska - Vistiové) az do konca roka 2025.
Samotn4 vystavba tunela teda trvala priblizne 8 rokov

(9 rokov od zaciatku vystavby useku s nezapocitanim ¢asu
prestavky), ¢o vzhladom na dizku tunela a rozne problémy,
ktoré sa v jeho realizacnej faze vystavby vyskytli, nie je az
taky dlhy cas. Na porovnanie, usek dialnice D3 s tunelom
Povazsky Chlmec s dizkou 2,2 km, ktory je povazovany za
unikat v rychlosti vystavby na Slovensku, bol realizovany
v rokoch 2014 - 2017 za necelé tri roky, ¢o v prepocte na
dizku tunela nepredstavuje ziadny vyznamny rozdiel.
Generalnym projektantom dostavby tunela Visiiové

s prilahlymi mimotunelovymi tsekmi bola pre Zdruzenie
Skanska spolo¢nost Amberg Engineering Slovakia, s. r. o.
Pre cely projekény tim bola tato iloha obrovskou vyzvou

a zdrojom novych skisenosti a znalosti, ktoré vyplyvali

z technickych a organizacnych Specifik tohto dialni¢ného
useku. Na zaver uz len skonstatujeme, Ze bolo pre nas ctou
byt stcastou finalnej fazy dostavby tohto komplikovaného
useku dialnice a pevne verime, Ze rieSenia navrhnuté v tejto
faze nasim projekénym timom umoznia ¢o najspolahlivejsiu
prevadzku tohto unikatneho stavebného diela a ¢o najdlhsie
bezproblémové uzivanie motoristickou verejnostou.
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arch is positioned at the walkway level; in the false
ceiling profile sections, the rear drainage is situated at
a high elevation.

3. Repurposing the original exploratory gallery - used as
a drainage gallery and the tunnel's main sewer collec-
tor. This allowed for the elimination of main collectors
within the tunnel tubes, thereby preventing pavement
distress/failures at manhole locations.

4. Three different types of cross-passage profiles - varying
in size based on their specific function.

5. Ventilation shaft functionality - in the current ventila-
tion concept, the shaft does not serve for ventilation but
is used exclusively for inspection purposes.

CONCLUSION

The construction and commissioning of the Visiiové
Tunnel for the National Motorway Company (NDS a. s.) was
a mission of paramount importance. It represents a signifi-
cant milestone for motorists traveling between Zilina and
Martin, a route that has long been extremely congested
and hazardous due to frequent rockfalls on the I/18 road in
the Streé¢no Gorge. Furthermore, the opening of the tunnel
enables the full utilization of the D1 Hricovské Podhradie

- Lietavska Lucka section, which previously served only
local traffic.

The journey from initial planning to operation was long
and characterized by dynamic development. Although the
exploratory gallery was constructed between 1998 and 2002
- often cited by the media as the official start of construc-
tion - this period technically represents only the explora-
tion phase. This is due to the absence of detailed execution
documentation and the lack of construction progress on
non-tunnel sections at that time.

Actual construction of the tunnel began in 2015, with the
breakthrough of the tunnel tubes achieved in 2018. Follo-
wing a hiatus between 2019 and 2021, completion continued
under a new general contractor (Skanska - Visiiové Joint
Venture) until the end of 2025. The core construction phase
thus lasted approximately 8 years (9 years from the start of
the project, excluding the hiatus). Given the tunnel's length
and the various challenges encountered during the execu-
tion phase, this is a reasonable timeframe. For comparison,
the 2.2 km Povazsky Chlmec tunnel on the D3 motorway,
regarded as a benchmark for rapid construction in Slo-
vakia, was built in just under 3 years (2014 - 2017) - a rate
that, when adjusted for tunnel length, shows no significant
difference.

Amberg Engineering Slovakia, s. r. 0. served as the General
Designer for the completion of the Visiiové Tunnel and
adjacent sections for the Skanska Joint Venture. For the
entire design team, this task was a formidable challenge and
a source of invaluable experience gained from the technical
and organizational specifics of this motorway section. In con-
clusion, it was an honour for us to be part of the final comple-
tion phase of this complex motorway segment. We firmly
believe that the solutions designed by our team will ensure
the reliable operation of this unique engineering work and its
long-term, trouble-free use by the motoring public.
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