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Predhovor
Foreword

Tato ndrodna sprava je zostavena z vybranych odbornych prispev-
kov celoslovenskej konferencie Betdn na Slovensku 2014 — 2018, kto-
ré sa konala 17.a 18.5.2018 v Ziline pri prileZitosti 25. vyrocia zaloze-
nia Slovenského narodného komitétu fib (SNK fib). S potesenim sme
na nasej konferencii privitali aj zastupcu prezidia fib, prezidenta fib,
prof. PhD. MSc. Civil Eng. Huga Corres Peirettiho.

SNK FIP/fib bol zalozeny a prijaty do struktur FIP v roku 1993.
Na kongrese FIP v roku 1994 vo Washingtone sme sa prvykrat
prezentovali samostatnou narodnou spravou Concrete in Slova-
kia 1990 — 94. Odvtedy je vrcholom nasej Stvorro¢nej cinnosti pri-
prava a prezentacia narodnej spravy Concrete in Slovakia, ktora
vychdadza ako mimoriadne ¢islo ¢asopisu InZinierske stavby v slo-
vensko-anglickej mutdacii. Ako jedna z mala ¢lenskych organizacii
FIP/fib sme pripravili vydania ndrodnych sprav pre vietky svetové
kongresy od roku 1994. Aj tymto spdsobom pomdahame popula-
rizovat pracu slovenskych vedcov, inZinierov a technikov v oblasti
betonu. Vzhladom na otvorenost slovenského stavebného trhu su
na nasich konferenciach a v nasich narodnych spravach prezento-
vané aj odborné prispevky autorov zo zahrani¢nych firiem péso-
biacich na Slovensku.

Aj touto cestou by som sa rdd podakoval vsetkym autorom a spon-
zorom, ktorf sa podielali na vydani tejto narodnej spravy, ktord bude
prezentovana a distribuovana na 5. kongrese fib v Melbourne.

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

www.inzenyrske-stavby.cz

Milan Chandoga

This national report is composed of selected scientific
contributions from the Slovak congress Concrete in Slovakia 2014-
2018, which took place in Zilina on 17th — 18th May 2018 on the
occasion of the 25th anniversary of the establishment of the Slovak
National Committee fib (SNC fib). We were delighted to welcome
a fib board representative - the President of the fib - Prof. PhD. MSc.
Civil Eng. Hugo Corres Peiretti.

SNC FIP/fib was established and accepted into the FIP structures in
1993. At the FIP 1994 Congress in Washington, we firstly introduced
ourselves by the separate national administration of Concrete in
Slovakia 1990-94. Since then, the preparation and presentation of the
national report Concrete in Slovakia has been the peak of our 4-year
activity. It is published as an extraordinary issue of the magazine
InZinierske stavby in the Slovak-English language. As one of the few
member organizations of FIP/fib, we have prepared national reports
for all world congresses since 1994. This way we also help to promote
the work of Slovak scientists, engineers and technicians in the field
of concrete. With regard to the openness of the Slovak construction
market, our conferences and national publications present the
contributions of authors from foreign companies operating in Slovakia.

By means of this, | would like to thank all the authors and sponsors
who participated in the publication of this national report, which will
be presented and distributed at the 5th fib Congress in Melbourne.

Assoc. Prof., Dipl.-Eng. Milan Chandoga, PhD.
President of the Slovak National Committee of fib



Milan Chandoga

Doc. Ing. Milan Chandoga, PhD., oslavuje 70-ku
Assoc. Prof., Dipl. -Eng. Milan Chandoga, PhD.,
celebrates 70th anniversary of birth

Doc. Ing. Milan Chandoga, PhD,, sa narodil v roku 1948.V roku 1972
vystudoval Fakultu stavebného inZinierstva na Slovenskej technic-
kej univerzite v Bratislave (STU), nasledne v rokoch 1972 az 75 ab-
solvoval doktorandské $tudium na Katedre beténovych konstrukcii
a mostov tejto univerzity a ziskal titul CSc. (PhD.) za préacu s ndz-
vom Optimalizacia napatosti v zavesenych mostoch. Po ukonce-
ni Studia nastupil na poziciu odborného asistenta. V roku 1985 bol
menovany za docenta v odbore beténové konstrukcie a mosty na
STU.V rokoch 1980 a 1981 absolvoval 5-mesacny $tudijny pobyt na
The University of Sheffield. V rokoch 1985 az 1989 vykonaval funk-
ciu prodekana pre vedu a vyskum, a zahranicie na Stavebnej fakul-
te STU. Na univerzite pracoval az do odchodu do déchodku v roku
2010.

V roku 1990 zalozil firmy PROJSTAR a PROJSTAR PK; s. 1. 0, so Spe-
cializaciou na vyrobu kotevnych systémov, navrhovanie, diagnostiku
a monitoring predpatych konstrukcif. Pre firmu vyvinul kotevny sys-
tém PROJSTAR-CH, ktory sa vo firme vyrébal az do roku 2012, ked' li-
cenciu odkupila firma VAHOSTAV-SK, a. s.

V spolupréaci s doc. Jarosevicom vyvinul elastomagneticky moni-
torovaci systém napatosti v predpinacej vystuzi DYNAMAG a PROJ-
STAR-PSS. V rokoch 1997 az 2001 obaja spolupracovali s The Universi-
ty of lllinois at Chicago (UIC) na vedeckom projekte EM Stress Sensor.
Na financovani projektu sa podielala aj National Science Foundation
v USA. V rdmci tohto projektu absolvoval niekolko pracovnych po-
bytov na UIC.

Milan Chandoga bol spoluzakladatelom a v rokoch 1990 aZ 1994 aj
prvym viceprezidentom Slovenského zvazu stavebnych inZinierov. Po-
diefal sa na zaloZeni Komory stavebnych inZinierov SR a na obnove vy-
davania casopisu Inzinierske stavby. V rokoch 1994 az 2002 bol jeho
prvym $éfredaktorom. Casopis sa stal platformou na prezentaciu Na-
rodnych sprav Slovenska na medzindrodnych kongresoch FIP/fib.

Milan Chandoga je spoluzakladatelom Slovenského narodného
komitétu (SNK) FIP/fib, ktory vznikol v roku 1993 po osamostatnenti sa
Slovenska, a od roku 2004 vykonava funkciu jeho prezidenta. Po¢nuc
kongresom FIP 1990 v Hamburgu sa aktivne zucastnil na vsetkych
kongresoch FIP/fib. Od roku 1998 pravidelne pdsobi ako predseda
organiza¢ného a vedeckého vyboru predkongresovych narodnych
konferencif fib s nazvom Betdn na Slovensku, na ktorych sa hodno-
tia vysledky préc slovenskych betonarov za prislusné Stvorrocné ob-
dobie. Vyznamne sa zasluzil o organizaciu postkongresovych kolokvif
,Poznatky z kongresu FIP/fib’, na ktorych slovenski ucastnici kongre-
sov prezentuju najnovsie kongresové poznatky Sirokej komunite slo-
venskych betondrov.

Aj vdaka jeho Usiliu je SNK jedna z mala ¢lenskych organizacii FIP/
fib, ktora sa od roku 1994 prezentovala na kazdom kongrese vlast-
nou narodnou spravou Concrete in Slovakia, vydavanou ako zvldstne
¢islo ¢asopisu InZinierske stavby. Od roku 2000 je ¢lenom fib odbor-
nej skupiny Predpinacie materidly a systémy a od roku 2004 je z titu-
lu funkcie prezidenta SNK fib ¢lenom Valného zhromazdenia a Tech-
nickej rady fib .

Milan Chandoga bol predsedom a ¢lenom komisii na obhajobu
zaverecnych skusok, skolitelom aspirantov, ¢lenom v technickych

InZinierske stavby / InZenyrské stavby 4/2018

Assoc. Prof.,, Dipl. -Eng. Milan Chandoga, PhD., was born in 1948.
He graduated from Faculty of Civil Engineering at Slovak Technical
University in 1972. Between years 1972-75 he completed his PhD
studies at the Department of Concrete Structures and Bridges and
received the CSc. degree (PhD.) for work named "Optimization of
tension in cable stayed bridges". After the graduation, he joined the
position of expert assistant. In 1985 he was nominated as Associate
Professor of at the Department of Concrete Structures and Bridges
at Slovak Technical University in Bratislava. During years 1980-81
he completed a 5month study visit at The University of Sheffield.
During years 1985-89 he performed as a vice-dean for science, re-
search and foreign affairs at the Faculty of Civil Engineering, STU. He
worked at the University until his retirement in 2010.

In 1990 he established companies PROJSTAR and PROJSTAR PK,
s. 1. 0. specialized in production of anchor systems, design, diagnos-
tics and monitoring of pre-stressed structures. For the company he
invented the PROJSTAR CH anchor system, which was produced in
the company until 2012, when VAHOSTAV-SK, a. s. bought the license
and machinery for the production of anchors.

In cooperation with Assoc. Prof. Jarosevi¢ the company developed
elastomagnetic monitoring system of tension in the prestressing re-
inforcement, the DYNAMAG and PROJSTAR-PSS. During years 1997-
2001 they both cooperated with the University of lllinois Chicago
(UIC) on scientific project ,EM Stress Sensor”. National Science Foun-
dation USA was also involved in funding of the project. As part of this
project, he has completed several working stays at the UIC.

Milan Chandoga was co-founder, and during years 1990-1994 the
first vice president of the Slovak Union of Civil Engineers. He was in-
volved in the establishment of the Chamber of Civil Engineers in Slo-
vak Republic and in the renewal of the magazine Engineering Con-
structions. During years 1994-2002 he was its first chief editor. The
magazine became a platform for presentation of the National report
of Slovakia at international congresses FIP/fib.

Milan Chandoga is a co-founder of the Slovak National Commit-
tee (SNC) FIP/fib, which was formed in 1993 after the independence
of Slovakia, and since 2004 he has been in the function of president.
Starting with FIP Congress 1990 in Hamburg, he actively participat-
ed in all FIP/fib congresses. Since 1998 he has been a chairman of the
organizational and scientific committee of the pre-congress nation-
al conferences fib ,Beton na Slovensku', which evaluate the results
from the field of concrete construction in Slovakia in the last 4-year
period. He was significantly active in organizing the post-congress
colloquium "Knowledge from Congress FIP/fib", where Slovak con-
gress participants presented the latest congress findings to a wide
community of Slovak audience.

Thanks to his efforts, SNK'is one of the few member organizations of
FIP/fib, which has presented its own national report "Concrete in Slo-
vakia" at each congress since 1994, and which is published as a special
edition of magazine "Engineering Constructions”. Since 2000, he has
been a member of expert group Reinforcing and Prestressing Materi-
als and Systems and since 2004 as a president of SNK fib, he has been
a member of the General Assembly and Technical Council of Fib.

www.inzinierskestavby.sk



normaliza¢nych komisidch, posudzovatelom Slovenskej ndrodnej
akreditacnej sluzby (SNAS). Vyprofiloval sa na Specialistu v oblasti
predpatych konstrukcii, najma zosilfovania beténovych konstruk-
cif a mostov vonkajsim predpéatim. Je skolitelom a skisobnym ko-
misarom sSpecialistov a technického persondlu, ktori sa podiela-
ju na realizécii predpatia na stavbach. Ako autor, resp. spoluautor,
publikoval viac ako 160 vedeckych a odbornych ¢ldnkov. Je riesi-
telom a spoluriesitefom viacerych vedeckovyskumnych, vyvojo-
vych, expertiznych a projektovych uloh a technologickych predpi-
sov, z ktorych najvyznamnejsie su: vyvoj technoldgie na vyrobu lan
Monostrand na Slovensku; vyvoj konstrukcie vonkajsieho predpé-
tia pre Most Lafranconi; nédvrh konstrukcie zavesov pre prvy extra-
dosovy most na Slovensku cez rieku Hron v Banskej Bystrici; ndvrh
konstrukcie a prvkov kotevného systému PROJSTAR-CH; navrh kon-
strukcie a prvkov technoldgie PROJSTAR-VK (pomocou tohto systé-
mu sa sanovali a zosilnili desiatky nadrzi COV, ako aj 150-metrovy
Zelezobetonovy komin ENO Novaky); projekty a realizécie sanécie
predpdtia systémom volnych kdblov na mostoch v Dovalove, Belej,
Sverepdi a i; ndvrh a realiza¢na dokumentéacia mostnych prefabri-
katov IST-EN/08 pre rozpatia 18 az 32 m a mostnych prefabrikdtov
VHP-PTMN2010/2016/2018 pre rozpétia 9 az 42 m; komplexné pro-
jekty predpinacich liniek pre vyrobne vopred predpatych prefab-
rikatov Prefa Senec, Prefa Kysak, Prefa Sala. V roku 1985 spolupra-
coval tiez na projekte prvého zavesného mosta v CSSR (Most cez
rybnik Jordan v Tébore), na ktorom sa prvykrat na svete realizovalo
meranie sil v zdvesoch EM metddou.

Od roku 1985 pokracoval v spolupraci s doc. Jarosevicom pri vy-
voji EM technoldgie a realizovali viacero merani napéatosti v predpi-
nacich kadbloch a v mostnych zavesoch. Osobitne treba vyzdvihnut:
navrh multilanového senzora sily PMJS13 - Projstar Multi Jack Sensor
pre predpinacie lisy PAUL TENSA 3000 kN (senzor PMJS13 zabudo-
vany v predpinacom lise umoznil kontrolovat individudinu napatost
lan pocas napinania Ciastocne skorodovanych spajkovanych 13-la-
novych predpinacich kdblov na estakdde Sverepec); vyvoj a odsku-
Sanie 55-lanového senzora PMJS55 spolu s vyrobcom lisov firmou
PAUL pre firmu DSI; vyvoj a realizaciu elastomagnetického monitoro-
vacieho systému merani sil v zavesoch na mostoch Jiangyin Yangtze
suspension River Bridge, The Second Yangtze River Bridge Nanjing
(Cina), Ashidagawa (Japonsko), MANISES (Valencia, Spanielsko), oblu-
kovy Most Apollo (Bratislava, SR), zaveseny most cez VItavu pri Nym-
burku (Ceské republika) ¢i extradosovd estakada v Povazskej Bystri-
ci (SR) a dalsie.

V sutaziach Slovenského zvézu stavebnych inZinierov, Komory
stavebnych inZinierov SR a SNK fib ,Najlepsia beténova konstrukcia
Slovenska” ziskal v rokoch 1990 az 1994 a 1994 az 1998 ocenenia
za projekty a realizacie prvych dodatoc¢ne predpatych parkovacich
a zdkladovych dosiek s vystuzou Monostrand na Slovensku. V su-
tazi SNK fib za roky 1998 az 2010 boli s doc. Jarosevicom ocene-
ni za vyvoj multilanového EM snimaca PMS37 a monitoring napa-
tosti na estakdde v Povazskej Bystrici. V sutazi SNK fib za roky 2014
az 2018 bol v time firmy Véhostav-SK, a. s., ktord ziskala ocenenie
za vyvoj elektricky izolovanych predpinacich kablov systému PROJ-
STAR-CH/EIK.

Milan Chandoga bol pri prilezitosti 60. narodenin oceneny Medai-
lou Slovenského NK fib za celozivotnu pracu.

K sti¢asnému jubileu mu srde¢ne gratulujeme!

www.inzenyrske-stavby.cz

Milan Chandoga was the chairman and member of the defense
committees at final examinations, supervisor of the aspirants, mem-
ber of technical standardization committees, and judge of the Slo-
vak National Accreditation Service - SNAS. He became a specialist
for pre-stressed structures and specialist for strengthening of con-
crete structures and bridges with external prestressing tendons. He
is a supervisor and probation commissioner of specialists and tech-
nical staff who are involved in prestressing operations at construc-
tion sites. As an author, respectively co-author, he has published
more than 160 scientific and professional articles. He is a author
and co-author of many scientific and research, development, exper-
tise and project tasks and technology regulations, the most impor-
tant of which are: development of production technology of Mon-
ostrands and anchoring system Projstar-CH/KK, which were used at
the first post-tensioned ceiling structures in Slovakia in 1990-1994;
development of external tendons for the bridge Lafranconi; design
of external tendons for the first extradossed bridge in Slovakia over
river Hron in Banska Bystrica; design of the prestressing system PRO-
JSTAR CH1-19; design of the PROJSTAR-VK technology (with this sys-
tem, dozens of water treatment tanks, as well as a 150 m reinforced
concrete chimney ENO Novaky) have been reconstructed and rein-
forced; project and realization of reconstructions of bridges (Doval-
ovo, Beld, Sverepec and others bridges) by external tendons ; design
and realization documentation of bridge precast girders IST-EN/08
for spans of 18-32 m and bridge girders VHP-PTMN2010/2016/2018
for spans of 9-42 m; complex projects of prestressing beds in Pre-
fa Senec, Prefa Kysak, Prefa Sala. In 1985 he also worked on the pro-
ject of the first cable stayed bridge over the pond Jordéan in the town
of Tabor in Czech Republic - it was the first cable stayed concrete
bridge built by free cantilever method in Czechoslovakia and the first
application of the EM method at construction site.

Since 1985, by the cooperation with Assoc. Prof. Jarosevi¢, they
have continued to develop the EM technology and have pro-
cessed many measurements of tension in cable stays. In particular,
it is worth to emphasize the design of the PMJS13 Multi-strand Sen-
sor — Projstar Multi Jack Sensor for PAUL TENSA 3000 kN prestressing
jacks. The PMJS13 sensor built into the prestressing jack has been
able to control the individual tension in strands during tensioning of
the partially corroded 13-strand prestressing tendons on the bridge
in Sverepec. For company DSI, together with the PAUL manufactur-
er, the 55 cable sensor PMJS55 has been developed and tested. He
developed and implemented the elastomagnetic force monitoring
system of stay cables at these bridges: Jiangyin Yangtze suspension
River Bridge, the Second Yangtze River Bridge Nanjing —China, Ashi-
dagawa — Japan, MANISES - Valencia, Spain, Apollo — Bratislava arch
bridge — Slovak Republic, the bridge over the Vltava river near Nym-
burk — Czech Republic, extradossed multispan bridge in Povazska By-
strica and others.

In competitions of the Slovak Union and the Chamber of Civil En-
gineers and SNK fib "The best concrete construction of Slovakia"
during years 1990-94 and 1994-98 he received awards for projects
and realization of the first post-tensioned parking and foundation
slabs with Monostrand reinforcement in Slovakia. In competition
announced by the SNK fib for years 1998-2010, was together with
Assoc. Prof. Jarosevi¢, awarded for the development of the multiscan
EM sensor PMS37 and the monitoring of tension in prestressing ten-
dons at the bridge in Povazska Bystrica. In the SNK fib competition
for years 2014-2018, was in the team of Vahostav-SK, a. s,, which ob-
tained the prize for the development of PROJSTA-CH/EIK electrically
insulated post-tensioned tendons. On the occasion of his 60th birth-
day he was awarded by a medal of Slovak NK fib for his lifetime work.

Congratulations!
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Predsednictvo konferencie
Presidency of the conference

V dnoch 17. a 18. méja 2018 sa v priestoroch hotela Holiday Inn
v Ziline uskuto¢nila celoslovenskd konferencia fib s ndzvom Betén na
Slovensku 2014 - 2018. Betonarske konferencie organizuje Sloven-
sky narodny komitét od roku 1998.V zbornikoch z tychto konferencif
a nasledne v Narodnych spravach pre kongresy su podrobne zdoku-
mentované Stvorrocné vysledky projektovej, realiza¢nej a vedecko-
-vyskumnej ¢innosti slovenskych betondrov.

Konferencia sa konala pri prilezitosti 25. vyrocia zalozenia Sloven-
ského narodného komitétu fib, pricom zastitu nad konferenciou pre-
vzal Arpad Ersek, minister dopravy a vystavby SR, a prof. PhD. MSc.
Hugo Corres Pieretti, prezident medzinarodnej federacie fib.

Profesor Corres zdoraznil v prihovore k tc¢astnikom vyznamnu ulo-
hu tychto podujati pri Sireni novych poznatkov a propagacii ¢innos-
ti organizacie fib, najma medzi mladymi inziniermi, ktorych vyzval
k vac¢Sej angazovanosti v tejto organizacii. Z celkového poctu pribliz-
ne 200 Ucastnikov konferencie bolo viac ako 60 % mladych inZinie-
rov vo veku pod 35 rokov. V odbornej ¢asti svojho vystipenia sa prof.
Corres venoval dalsej etape tvorby nového fib Model Code 2020.

Prof. Corres spolu s prezidentom SNK fib Milanom Chandogom odo-
vzdali Medaily SNK fib za celozivotny prinos k rozvoju beténovych kon-
Strukcif prof. L. Fillovi a Ing. P. Cizekovi. Dalsimi ocenenymi boli prof. M.
Ballo a doc. I. Harvan, ktorf sa na konferencii nemohli zicastnit a me-
daily si osobne prevezmu na najblizsom zasadani SNK fib.

Pamatné medaily fib k 25. vyrociu zaloZenia organizacie na Slo-
vensku dostalo 60 organizacii a jednotlivcoy, ktorf sa od roku 1993
najviac podielali na praci, financovani a na propagdcii ¢innosti slo-
venského fib. Pamatnu medailu dostal aj prof. Corres ako zéstupca
medzinarodnej federacie fib.

Okrem tychto oceneni boli udelené styri ceny za najlepsiu be-
ténovu konstrukciu, resp. za vyrobok stvisiaci s beténom za roky
2014 - 2018. Ceny ziskali firmy Vdhostav-SK, a. s, a SHP, s. 1. 0., za most
Valy, Véhostav-SK, a. s., a Dopravoprojekt, a. s, za most na D1 Dubna
Skala, SHP, s. 1. 0., za most cez Hricovsku priehradu, Strabag PalS, s. 1. o,
za multifunkény komplex City Aréna Trnava, Véhostav-SK, a. s, za vy-
voj a realizaciu elektricky izolovaného predpatia PROJSTAR CH/EIK
pre zelezni¢ny most cez Vah pri Pichove.

Konferencie sa ztcastnilo priblizne 200 Uc¢astnikov, v 530-stran-
kovom konferen¢nom zborniku bolo publikovanych 76 odbornych
a vedecko-vyskumnych prispevkov. Zbornik odbornych prispevkov
z konferencie sa stal vychodiskom na pripravu narodnej spravy,Con-
crete in Slovakia 2014 — 2018" pre 5. medzinarodny kongres fib, ktory
sa bude konat v oktébri 2018 v Melbourne v Australii.

Prof. Hugo Corres Pieretti pricestoval na konferenciu uz den pred
jej zacatim, pricom v rdmci presunu do dejiska konferencie absolvo-
val odbornu exkurziu na vybranych mostoch dialni¢nej siete D1 a D3
Slovenska a vo vyrobni prefabrikdtov Vahostav-SK-Prefa, s. r. 0, Hor-
ny Hricov.
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Ocenent Ing. P. Cizek a prof. I'. Fillo .
Honored Ing. P. Cizek and prof. I Fillo

On 17-th and 18-th of May 2018, the Holiday Inn Hotel in Zilina
held a national conference Concrete in Slovakia 2014 - 2018. These
conferences have been organized by the Slovak National Committee
(SNK fib) since 1998. Proceedings from these conferences and subse-
quently the National reports contain detailed information about de-
sign, construction and scientific research dealing with concrete and
concrete structures from a four-year period in Slovakia.

The conference was held on the occasion of the 25th anniversary
of the founding of the Slovak national committee, with the support
of Arpad Ersek (minister of transportation in Slovakia) and Prof. PhD.
MSc. Hugo Corres Pieretti, president fib.

Prof. H. Corres in his opening speech, stressed the important role of
these events in spreading new knowledge and promoting fib's activities,
especially among young engineers, and invited them to become more
involved in this organization. Of the total number of about 200 partici-
pants in the conference, more than 60 % of them were young engineers
with an age below 35 years. In the technical lecture, prof. Corres devoted
himself to the next phase of the new Model Code 2020.

Later on, together with the president of SNK fib, assoc. prof. M. Chan-
doga, he handed SNK Fib medals for lifetime contribution to the deve-
lopment of concrete structures to prof. L. Fillo and Ing. P. Cizek. The other
honored persons were prof. M. Ballo and assoc. prof. I. Harvan, who
apologized their absence and will take the medals at next fib meeting.

Commemorative medals of SNK fib, issued at the 25th anniversary of
foundation of the organization in Slovakia, were received by 60 organ-
izations and individuals, who were most involved in the work, financ-
ing and promotion of the SNK fib activities. The memorable medal was
also received by prof. Corres as the representative of the fib international.

In addition to these awards, five awards were granted for the best
concrete product and best concrete structure built in Slovakia in the
years 2014 — 2018. Prices were obtained by Vdhostav-SK, a. s. and
SHP, s. 1. 0. for the Valy bridge, Véhostav-SK, a. s. and Dopravoprojekt,
a. s. for the bridge Dubné Skala on D1 motorway, SHP, s. r. o. for the
bridge over Hricovska dam, Strabag PalS, s. r. o. for multifunctional
complex City Aréna Trnava, Véhostav-SK, a. s. for the development
and realization of the electrically insulated cables PROJSTAR CH / EIK
for the railway bridge over Vah river.

Approximately 200 participants participated in the conference
and 76 scientific and scientific research papers were published in
the 530 page conference proceedings. The conference proceedings
were the basis for the preparation of the national report Concrete in
Slovakia 2014 — 2018 for the 5th International Congress, which will
be held in October 2018 in Melbourne, Australia.

Prof. Hugo Corres Pieretti attended the conference one day before
the start of the conference and, in the framework of his transfer to the
conference place he visited a couple of bridges of the D1 and D3 mo-
torway network and the precast yard of Vahostav-SK in Horny Hricov.

www.inzinierskestavby.sk



Designové
protihlukové stény

S ndrlstem dopravni infrastruktury ve mestech a v husté osidlenych
oblastech se stéle Castéji objevuji negativni ndzory mistnich obyvatel na
nardstajici hluk. Doprava casto ovliviuje Zivotni prostredi a Zivotni kom-
fort, hlavnim ukolem je tak ochranit obyvatele pfilehlych dopravnich
komunikaci pfed nadmérnym hlukem. K tomuto Ucelu jsou vyvinuty
protihlukové stény. Jednim z typU protihlukovych paneld jsou sklené-
né transparentni protihlukové panely Traffic Glass od spole¢nosti AGC.
Protihlukovy sklenény panel musi byt v prvni fadé funkéni, odolny
proti vnéjsim vlivim a vzduchové maximalné neprivzdusny. Nikdo
tedy nepredpokladd, ze by se mohlo jednat i o designovy prvek do-
pravni infrastruktury. V ndvaznosti na tuto myslenku se obratila bilo-
vicka firma mmcité+ na zaky zdejsi zakladnfi skoly s Z&dosti o navrh
nového designu protihlukové stény. Vysledny motiv, ktery studen-
ti navrhli, vychézi jako motiv z pocitacové grafiky, ktera je vytvarena
po jednotlivych obrazovych bodech neboli pixelech. Zajimavé spo-
jeni mélo studentdm zakladni skoly ukdzat, jakym zplsobem mohou
oni sami ovliviiovat vefejny prostor. Tato moznost, jak ovlivnit vysled-
nou podobu standardnich protihlukovych panell, viak nenf uré¢ena
jen pro studenty zakladnf Skoly, je to skvéld ukazka spolupréce s ar-
chitekty, projektanty a designéry. Ti mohou vytvorit origindini a funk-
¢ni vzhled, ktery zéroven slouzi pro odhlu¢néni obci, mést ¢i silnic-
niho nebo Zelezni¢niho koridoru. Evropské smérnice pro konstrukci
protihlukovych stén totiz zaroven pozaduji, aby protihlukové bariéry
mély ptijemny vzhled a byly dobfe zaclenény do krajiny.

Zaroven byl pfi realizaci projektu pouZit transparentni protihlukovy
panel Traffic Glass od spole¢nosti AGC, ktery se sklada prevézné z te-
pelné tvrzeného skla a profilového ramu ze slitiny hliniku. Panely je
mozné standardné osadit do hlinikovych a betonovych sloupkd. V pfi-
padeé jinych typd sloupkl je navrhovdno optimalni fesenf individuadl-
né. Spara mezi sloupkem a panelem je utésnéna profilem. Hlavni vy-
hodou sklenénych paneld Traffic Glass v protihlukovych sténach jsou
optické vlastnosti. Sklo nekoroduje ani nestarne — jeho mechanické
vlastnosti, prihlednost i prisvitnost zlstanou zachovany po celou
dobu Zivotnosti. Zaroven je odolné vici agresivnimu prostiedi, proti
poskrabani, UV zérenf a teplotnim rozdildm.

Diky neotfelym navrhdm se tak mUze nudna alej protihlukovych stén
proménit v originalni venkovni galerii, kterd odrdzi soucasny design.
Tato protihlukova sténa je vsak zajimava nejen novym pojetim, ma
i ekologicky presah, jelikoz vychozim materidlem pro vyrobu jsou po-
uzité pneumatiky. Pro pfiklad: na 1 m? stény se spotfebuji az ctyfi kusy
pneumatik z osobniho automobilu. Diky pouzité recyklacni technolo-
gii dosahuji protihlukové stény dobrych hlukové odrazivych viastnos-
tf, nizké hmotnosti a vysoké odolnosti proti narazu. Mezi vyhody pouZiti
transparentnich protihlukovych panell patff také vysoka akusticka ucin-
nost, dlouhd Zivotnost, $irokd variabilita architektonického feseni a ba-
revného provedeni. Zajimavé jsou téZ minimalni pozadavky na udrzbu.

Zdroj: ©AGC Glass Europe
Foto: ©mmcité+

Novy graficky navrh od studentd ZS ve spojeni s protihlukovym panelem Traffic Glass
od AGC

www.inzenyrske-stavby.cz
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Kazdodenna davka
informacii, ktoré vas
nenechaju chladnymi

ASB.SK

Moéze byt z elektrarne kino?
Tu je dokaz!

Po rozsiahlej obnove a renovécii sa z elektrarne
stalo posobivé priestranné multikino s bohatymi
spolocenskymi priestormi. Viac na asb.sk

Mierny svah méze byt
pozitivom pre stavbu domu
Z Celného pohladu vyzerd dom Uplne nendpadne,
rozvija sa smerom dovnutra pozemku.
Viac na ash.sk

v starom dome

Umiestnit na 30 m? vSetko potrebné a vytvorit
kvalitny jedinecny obytny priestor, to nebola
jednoducha uloha.

Viac na ash.sk

Odborny portal pre profesionalov
v oblasti stavebnictva :: ASB

Navod na pouziti betonu

Ceskomoravsky beton a jeho dcefiné spole¢-
nost TBG Slovensko vydaly ve spolupréci se
Svazem vyrobc(l betonu CR vieobecny (z4-
kladni) ndvod na pouziti betonu nejen v ces-
ké, ale také ve slovenské verzi. Tento navod
odpovida aktualnim normdm, které se tyka-
ji betonu pro Ceskou i Slovenskou republi-
ku. Seznamuje netradi¢ni zabavnou formou
s pouzitim betonu pfi rdznych situacich. Jed-
notlivé dily komiksu vas provedou oblastmi,
jako jsou:

e priprava pred betonéZi,

o uklddani betonu,

e zhuthovani betonu,

e OSetfovani betonu,

e trhliny v betonu,

e betondZ za chladného pocasi,

e betondz za horkého pocasi.

Komiks najdete jako vklad do tohoto ¢isla
¢asopisu nebo na strankach
www.transportbeton.cz a wwwi.tbgslovensko.sk.

Zdroj: Ceskomoravsky beton

Seminare Beton University

v 7

se blizil

Na zacatku listopadu startuje druha po-
lovina seminaft Beton University v le-
toSnim roce. Prvni zastavkou bude 1. 11.
Orea Hotel Voronéz v Brné, kam zavitame
se zbrusu novym seminafem Konstruk-
ce a betony pro jejich zhotoveni . Semi-
nar je prvnim dilem seridlu, ktery je za-
méren na rdzné druhy betonu s ohledem
na praktické potfeby investord, projektan-
td a zhotovitell. Pfedstavuje souvislosti
mezi vlastnostmi betonu a vlivy prostre-
di plsobicimi na beton, zkousenim beto-
nu, legislativou apod. Podrobné popisu-
je také betony pro tenkosténné a masivni
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konstrukce. Déle se vyddme 7. 11. do Plz-
né a 15. 11. do Tabora s Uspé&Snym semi-
nafrem Beton - rizika vad a poruch. Tento
seminar je zaméren na faktory, které ovliv-
nuji kvalitu provedeni betonovych kon-
strukci a jejich Zivotnost, zejména pak na
vlivy prostiedi plsobici na beton, vlivy pfi
vyrobé, dopravé, ukladani a oSetfovani be-
tonu, véetné bednicich praci. Prijdte si vy-
slechnout naucné prednasky a nacerpat
nové informace v oblasti betonu. Pfihla-
sit se mUzete na www.betonuniversity.cz.

Zdroj: Ceskomoravsky beton

betonuni



Moze byt lesSenie jednoduchsie?

Moze. S PERI UP Easy.

PERI UP Easy je Sampion lahkej vahy medzi ocelovymi
/g,éf__/f-, fasadnymi leSeniami. Nizka hmotnost, takmer Ziadne

spojovacie prvky spolu s premyslenymi konstrukénymi

detailmi napriklad pre rohy ¢i konzoly umoznuju pracovat s leSenim rychlo

a jednoducho. A navysSe Uplne bezpecne, pretoze zabradlia pre nasledujlce podlazia
sa montuju s ramom PERI UP Easy zo spodnej Urovne, vdaka comu je leSenar

stale v bezpeci. Vdaka stycnikom na rdmoch je mozné leSenie Easy kombinovat

s PERI UP Flex.

PERI

Debnenia
LeSenia
Inziniering

www.peri.sk
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Cesta firmy Amberg Engineering v SR
od 2 ludi na zaciatku k dneSnym viac ako 70

Ing. Martin Bako$, PhD.
konatel spolo¢nosti Amberg Engineering Slovakia, s.r.o.

Amberg 15 rokov na nasom trhu! V akej
forme zastihlo toto vyrocie spolo¢nost, ako
sa jej dari? Na ktorych stavbach sa podiela?
Dufam, ze nebudem neskromny, ak poviem,
7e vo velmi dobrej. Za 15 rokov sa ném po-
stupne podarilo preniknut do projektova-
nia, dozorovania a inzinieringu takmer vset-
kych druhov stavieb. V rdmci projektovania
stavieb dopravnej infrastruktdry sme dvoj-
kou na trhu, a ¢o sa tyka dozorovania do-
pravnych a vodohospodérskych stavieb sme
lidrom na Slovensku. Dokazom toho su aj
stavby, na ktorych sa momentélne podiela-
me. Ci uZ je to projekt rozsirenia dialnice D1
v Useku Bratislava — Senec na 8-pruh, reali-
za¢na dokumentacia dialnice D3 Cadca, Bu-
kov — Svrcinovec budovanej podla zmluv-
nych podmienok FIDIC, ZItd kniha, alebo
projekt jedného z najdlhsich tunelov na Slo-
vensku, tunela Soroska. Z projektov v oblas-
ti pozemnych stavieb uvediem napriklad do-
kumentéciu na realizaciu stavby obytného
stboru Kolisky. Ak by som mal spomenut zo-
pér stavieb, ktoré momentdalne dozorujeme
my alebo nasa dcérska spolo¢nost AE DO-
ZORING, s.r.o.,, nemohli by medzi nimi chybat
stavby ako D1 PreSov zdpad — Predov juh, D1
Hricovské Podhradie — Lietavska Lucka alebo
odkanalizovanie strednych Kysuc.

Cesta firmy v SR viedla od 2 ludi na zaciat-
ku k dnednym viac ako 70....

Nasa spolo¢nost mala pri svojom vzniku
v roku 2003 skutocne iba 2 zamestnancov,
ktori riadia firmu dodnes. Postupne s rastu-
cimi poziadavkami na projektové a dozo-
rovacie kapacity sa spolo¢nost rozrastla na
dnesnych viac ako 70 internych zamestnan-
cov. V roku 2004 sme zacali Uspesne pisat
nasu historiu v oblasti geotechnického a sta-

vebného dozoru. Bolo to na stavbe bratislav-
ského tunela Sitina. O tom, Ze spolo¢nost sa
dynamicky rozvijala, sved¢i aj skuto¢nost,
7e sme sa uz v roku 2009 rozhodli plnohod-
notne vstupit aj na trh projekcie, ¢o sa nam
Uspesne podarilo. Spolo¢nost v sicasnosti
tvoria dve divizie, a to Divizia projekcie a inzi-
nieringu a Divizia stavebného dozoru.

Poboc¢ky na Slovensku - kde vsade sq,
budu sa rozsirovat?

Nasou snahou je personalne pokryt celé Slo-
vensko, pripadne Cesko. Hlavné sidlo spoloc-
nosti so strediskom projekcie v Bratislave uz
svojou kapacitou nepostacuje. Preto aby sme
mohli ¢elit vyzvam, ktoré pred nami stoja,
planujeme jeho rozsirenie o nové pracovisko.
Velky déraz kladieme aj na posiliovanie stre-
diska projekcie v Kosiciach, resp. pracovisk
v Banskej Bystrici a v Ziline. Divizia stavebné-
ho dozoru mé svoje pracoviska viazané na
stavby, ktoré dozoruje. Ci uz je to Predov, Cad-
ca, Zilina, alebo nedavno este Levoca.

Zameranie firmy na projekciu alebo sta-
vebny dozor (navyse v takej Sirokej skale
stavieb) je vysokoodborné - aki [udia su na
to potrebni vo firme, daju sa dnes zohnat
a udrzat mladi odbornici?

Sme spoloc¢nostou, ktord spaja skusenosti
s modernym pristupom. Zakladom je skuse-
ny tim stavebnych inZinierov s osved¢eniami
na vykonavanie komplexnych architektonic-
kych a inzinierskych sluzieb v kategérii inzi-
nierske stavby a pozemné stavby, na riesenie
statiky stavieb, $pecialistov na cesty, mosty,
tunely, geotechniku, geoldgov, odborne
sposobilych zamestnancov v oblasti ¢innos-
tf vykondvanych banskym spésobom a od-
borne sposobily stavebny dozor pre vset-
ky druhy inZinierskych a pozemnych stavieb.
Ako kazdd spolo¢nost, aj my pocitujeme ne-
dostatok kvalifikovanych a pre projektovanie,
resp. dozorovanie stavieb zapalenych [udi.
Som rad, Ze sa nam ich darf zohnat a vacsi-
nou aj udrzat.

Skupina ma tradiciu uz viac ako 50 rokov -
postupne vznikali pobocky v roznych kraji-
nach, spolu mé dnes viac nez 400 zamest-
nancov. Da sa opriet aj o jej skisenosti?

Hoci skupina Amberg sa po¢tom zamestnan-
cov viac ako 400 radi z celosvetového hladis-
ka skor medzi skupiny mensie, svojou vyso-
kou odbornostou, znalostami, skisenostami
a viac ako 50-ro¢nou tradiciou patri v odbor-
nom svete medzi popredné a uznavané eu-
répske skupiny firiem zdruzujlce inZiniersko-
-projektové a konzultacné spoloc¢nosti. Prva
spolo¢nost, Amberg Ingenieurbiro Sargans
(po premenovani Amberg Engineering AG)
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bola zalozena v roku 1966 panom Rudolfom
Ambergom, Dr.h.c. Postupne vznikali dalsie
pobocky vo Svajeiarsku, v Cesku, Spanielsku,
Singapure, na Slovensku, v Nérsku a v Indii.
A ¢i sa da opriet o tieto bohaté skusenosti?
Pri odpovedi by som si pomohol dvomi pri-
kladmi.V roku 2015 sme odovzdali investoro-
vi projektovu dokumentaciu najdlhsieho bul-
harského dialni¢ného tunela Kresna s dizkou
15,5 km, ¢o by nebolo mozné bez vyuZitia
skusenosti zo Svajc¢iarska. Rovnako sme oslo-
vili nagich partnerov vo Svajciarsku pri névr-
hu vetrania jednordrového tunela Soroska.

Ako je to s vyuzivanim BIM v projekcii?
Momentélne je to velmi aktualna téma.
Zatial je to u nds skor téma do diskusie ako
redlny nastroj naplno vyuzivany v projeké-
nej praxi. Projektovanie pozemnych stavieb
je v tomto pripade podstatne dalej ako pri-
prava stavieb z oblasti dopravnej infrastruk-
tury. PIné vyuzitie BIM by malo nesporné vy-
hody aj pre obstardvatela, ktory by si vdaka
simuldcii priestoru vedel lepsie predstavit
jednotlivé objekty a mohol by lahsie urobit
zmeny este pred odovzdanim jednotlivych
stuprov PD. Projektanti jednotlivych staveb-
nych objektov by lahsie detekovali a nésled-
ne eliminovali kolizie, ktorym sme sa v mi-
nulosti tazko vyhybali. Nizsia chybovost
dokumentacie by viedla k urychleniu pro-
jektovania. To moze viest k Uspore 5 — 10
% projek¢ného ¢asu. 3D vystupy a simula-
cia priebehu vystavby ma nesporny vyznam
aj pri spracovani dokumentéacie na ponuku
a vedie k jednoznacnejSiemu vypisaniu ve-
rejnej sutaze aj ku kvalitnejsiemu oceneniu
a nasledne obstaraniu.

Uz sa na strankach IS riesilo, Ze praca pro-
jektanta je nedocenena a pri odovzdavani
diela najmenej viditelna...

Bohuzial, je to tak. A nielen projektanta, ale
paradoxne aj stavebného dozoru. Pri pokle-
pani zdkladného kamena stavby, resp. pri
strihani pasky a jej odovzdavani do uzivania,
je takmer pravidlom, Ze tieto dve neoddeli-
telné sucasti stavby sa ani nespomenu. Do-
lezitejsi sU poslanci na réznych Urovniach,
policajti, resp. ostatni statni alebo komundl-
ni Uradnici. Ak by sme aj pripustili, Ze projek-
tant je vzdy ten najhorsi, lebo je zodpovedny
za vetky ndvrhové nedostatky diela, nerozu-
miem tomu, preco aj stavebny dozor, ktory
je sice nezavisly, ale mal by aktivne hajit naj-
ma zaujmy investora, je stéle v takej podrad-
nej pozicii.

Napriek tomu, Amberg sa podielal na oce-
nenej stavbe roka D3 Svrcinovec - Skalité.

Co vam tento projekt priniesol? Su aj iné

www.inzinierskestavby.sk



projekty, ktoré boli pre firmu v poslednych
rokoch vyznamné?

Okrem tejto stavby sme sa ako staveb-
ny dozor podielali aj na inej ocenenej stav-
be roka, a to na obytnom subore Park Anic-
ka v Kosiciach. Kazdd z ocenenych stavieb
je nie¢im vyznamna a posuva firmu dopre-
du. Na vami spominanej stavbe to bolo do-
zorovanie najvyssieho mosta na Slovensku
a v strednej Eurdpe s vyskou cca. 84 m vyba-
veného vetrolamami, ktoré sa na Slovensku
doteraz nepourzili. Ale ja nedelim projekty na
vyznamné a menej vyznamné, resp. na malé
a velké. Vzdy, ked nds niekto oslovi, ¢i uz je to
maly investor, alebo jeden z tych vyznamnej-
sich, snazime sa k nemu pristupovat s Uctou
a ku kazdému projektu s pokorou a so sna-
hou dielo vykonat ¢o mozno najlepsie.

Aku cast portfélia zaberaju inZinierske stav-
by? Je to optimalne?

Viac ako 90 % z nasich trzieb pokryvaju inzi-
nierske, resp. vodohospodarske stavby. Su to

pozemné, vodohospodarske, inZinierske, dopravné
stavby, geotechnické konstrukcie, vratane statickych
vypoctov, rizikové analyzy, vizualizacie a animacie

inziniersku, poradensku a expertiznu ¢innost, geo-

najma dialnice, mosty, tunely, Zeleznice, ale
aj COV, kanalizacie alebo vodovody. Urcite to
percento optimalne nie je. Nasou snahou je
momentalne posilnit najmad oddelenie po-
zemnych stavieb, a to nielen persondlne,
aby sme si mohli trifnut pracovat sucasne aj
na viacerych velkych projektoch, ale aj mar-
ketingovo. Aj v ramci pozemnych stavieb
mame za sebou niekolko vyznamnych pro-
jektov, na ktorych sa da stavat.

Pohlad na sucasny stavebny trh a najma
na sektor IS. Aky je vyhlad do budicnosti
z hladiska trhu, zaujmu o konkrétne projekty?
Stdle sa neviem zmierit s tym, Ze na Sloven-
sku sa dopravna infrastruktdra pripravuje
a buduje v cykloch, véacsinou volebnych. Ur-
¢ite pozitivne vnimam, Ze sa priprava dial-
nic a rychlostnych ciest v tomto roku opét
rozbehla, ale uvital by som rovnomernejsie
vypisovanie verejnych sutazi. Tomu by po-
mohol napriklad schvaleny dopravny gene-
rel, stanovujuci priority v budovani doprav-

nej infrastruktury. Rovnako mam vyhrady
k tomu, Ze nasa komora stavebnych inZinie-
rov, ktord vydava jednotlivé osvedcenia, bez
problémov umoznuje, aby na Slovensku pro-
jektovali, stavali, resp. dozorovali Cesi, Mada-
ri, Taliani, Poliaci, Spanieli alebo Nemci bez
znalosti slovenskych predpisov a noriem.
V Ziadnom pripade mi nejde o obmedzova-
nie konkurencie na slovenskom trhu. Ak by
sme pri vypisovani verejnych sutazi ale po-
uzili podobné kritéria ako napriklad v okoli-
tych $tdtoch V4, mozno by sme sa vyhli ta-
kym problémom, ako je spadnuty most pri
Kurimanoch, tazko sa rodiaci tunel Visno-
vé alebo obchvat Bratislavy. Rovnako vitam
snahu o multikriteridlne vypisovanie verej-
nych sutazi. Pri ich sprdvnom nastaveni by
sa mohli eliminovat $pekulativni uchadza-
¢i. Co dodat na zaver? Verim tomu, Ze blizka
buducnost spojend najma s dobudovanim
dopravnej infrastruktury, ¢i uz na Slovensku,
alebo v Cechéch, prinesie nasej spolo¢nosti
dalie zaujimavé projekty.

dialnice, Zeleznice, mosty, vodovody, kanalizacie, COV,

technicky monitoring, zameriavanie budov a tuneloy,

skalenia a kurzy

www.inzenyrske-stavby.cz

v

tunely, priemyselné parky a iné inZinierske a pozemné

stavby, vratane ich technologického vybavenia

Somolického 1/B, 811 06 Bratislava
tel.: +421 2 5930 8261
e-mail: info@amberg.sk

www.amberg.sk
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Adrian Chalupec - Vladimir Grigar - Martin Ondros

D1 Dubna Skala - Turany, mosty nad riekou Vah, zeleznicou

a Krpelianskym kanalom budované technolégiou letmej betonaze
The D1 motorway, section Dubna Skala - Turany, bridges over
the Vah river, railway tracks and the Krpeliansky kanal watercourse,
constructed by the balanced cantilever construction method

Usek dialnice D1 Dubna Skala - Turany je suc¢astou zakladného
dialni¢ného tahu v Slovenskej republike v smere zapad - vychod
v severnom variante vedenia trasy. Dialni¢na trasa premostuje
v km 4,823 rieku Véh mostnym objektom 205-00 a v km 15,004
Krpeliansky kanal mostnym objektom 225-00. Prekondvanie ko-
ryta vodného toku a trate ZSR bolo navrhnuté a realizované
mostnymi objektmi budovanymi technoldgiou letmej betonaze
aj v kombindcii s prefabrikovanou konstrukciou.

Viystavba obj. 205-00, pohlad na piliere 3, 4 a na krajné pole
Construction of Structure 205-00, view of piers 3 and 4 and the end span

Objekt 205-00 Most na dialnici

v km 4,823 D1 nad Vahom

Mostny objekt 205-00 sa nachddza v extravildne, v inunda¢nom Uze-
mi rieky Vah. Objekt premostuje rieku Véh, polnu cestu a prelozku
miestnej komunikacie.

Mostny objekt predstavuju dva stibezné samostatné mosty, ktoré
boli zaloZené hibkovo na velkopriemerovych pilétach. Most je 5-po-
lovy z monolitického dodatocne predpdtého betonu.

Navrh mostného objektu vychadzal z minimalizacie zdsahu do ko-
ryta rieky Vah s umiestnenim pilierov ¢. 3 a 4 mimo prudnice rieky,
pricom piliere ¢. 5 a 6 sa umiestnili za brehovu ciaru koryta.

Nosnd konstrukcia oboch mostov bola navrhnutd ako monolitickd
spojitd konstrukcia z dodato¢ne predpétého betdnu. Kazdy most po-
zostava z piatich poli s rozpatiami 75,0 + 120,0 + 75,0 + 53,0 + 37,0 m.

The D1 motorway section Dubna Skala - Turany is part of the main
motorway route in the Slovak Republicin direction west-east, within
the northern variant of route alignment. In km 4.823 the motorway
route spans the Véh river by means of a bridge - structure 205-00,
and in km 15.004 the Krpeliansky kandl watercourse by means of
a bridge - structure 225-00. The bridging of watercourse bed and
the railway tracks was designed and executed by means of bridg-
es constructed by the balanced cantilever construction method as
well as in combination with structure erected of precast members.

Most 205-00 pred uvedenim do prevadzky
Bridge 205-00 before putting in service

Structure 205-00 Motorway bridge over the Vah
river at km 4.823 of D1

The bridge, Structure 205-00, is situated in a rural area, within the Vah
river's floodplain area. The structure bridges the Vah river, the field
road and a local road’s realignment.

The flyover was designed as two parallel separate bridges resting
on deep foundations, on large-diameter piles. The bridge is a 5-span
structure of cast-in-situ, post-tensioned concrete.

The design of bridge structure was based on minimizing the in-
tervention in Vah river's bed with situating the piers 3 and 4 outside
the river's streamline, when the piers 5 and 6 were situated beyond
the bed’s shoreline. The superstructure of both bridges was designed
as cast-in-situ continuous structure of post-tensioned concrete. Each
bridge is formed by five spans with the spans’length 75.0 + 120.0 +

Ing. Adridn Chalupec, DOPRAVOPROJEKT, a. s., Bratislava, divizia Zvolen, pracovisko Liptovsky Mikulas, Ul. Ester Simerovej Martinc¢ekovej ¢. 4505/2, 031 01 Liptovsky Mikulas,

tel.: +421 915 834048, e-mail: chalupec@dopravoprojekt.sk

Ing. Vladimir Grigar, DOPRAVOPROJEKT, a. s, Bratislava, divizia Zvolen, pracovisko Liptovsky Mikulds, Ul. Ester §imerovej Martincekovej ¢. 4505/2, 031 01 Liptovsky Mikulas,
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Obj. 205-00, pozd(zny rez mostom
Structure 205-00, bridge longitudinal section

Celkova dizka nosnej konstrukcie (v osi mosta) je 362,0 m. Nosnu
konstrukciu tvorf jednokomorovy priecny rez s ndbehmi v pozdiz-
nom smere. Nabeh spodnej hrany nosnej konstrukcie tvori parabo-
la 2. stupna. Vyska konstrukcie ma premennu hodnotu od 2,85 do
6,50 m. Sirka nosnej konstrukcie mé konstantn hodnotu 13,65 m.
Sirka komory je 7,0 m. Trdmy su zvislé s premennou hribkou.

Hornd mostovkovd doska ma premennu hrubku od 300 do
500 mm. Obojstranné konzoly maju dizku 3,32 m. Tvar hornej mos-
tovkovej dosky bol dany tvarom nastavitelného debnenia beto-
narskeho vozika. Spodnd doska ma premennt hribku od 240 do
400 mm, ktord narasta s vyskou nosnej konstrukcie smerom k vnu-
tornym prie¢nikom na maximalnu hribku 920 az 1 080 mm.

Krajné prie¢niky maju hrdbku 2,0 m s otvorom. Krajné priecniky
maju konzoly (tvarom a rozmermi) upravené na osadenie mostného
zaveru. Vnutorné priecniky maju hrdbku 3,0 m s priechodnym otvo-
rom. V spodnej casti prie¢nikov je navrhnuté vybratie na seizmické
zarazky.

Viystavba nosnej konstrukcie bola navrhnutd kombinaciou tech-
nolégie letmej betondze a postupnej vystavby na podpornom le-
senf. V. montaznych $tadiach tvorili konstrukciu mosta dve sa-
mostatné vahadla s dlzkami 2 x 120,0 m s premennou vyskou,
budované technoldgiou letmej betonédze (konzoly na pilieroch ¢. 3,
4 a 5,6 smerom do toku rieky Vah), a priamopdasova konstrukcia
s dizkou 102,0 m, ktord sa budovala na podpernej skruzi. Posledné
polia 4 a 5 sa vybudovali od opdr 11 a 12 smerom k vahadlam sys-
témom pole + konzola.

Kazdé vahadlo tvoril nesymetricky zarodok s dfizkou 10,20 + 13,90 =
24,10 m. Konzola vahadla pozostavala z jedenastich lamiel s dizkami
44 +45+8x50+4,75m, t.j. celkova dizka konzoly bez zérodku
bola 53,65 m. Protivédhu v krajnych poliach tvorili 3 x 3 lamely budo-
vané na skruzi vcelku.

Spodnu stavbu mostného objektu tvoria krajné opory a medzi-
lahlé podpery. Medzilahlé piliere ¢. 3, 4 a 5, 6 pozostavaju zo zak-
ladového bloku s obdlznikovym padorysom s vyskou 3,0 m, z kru-
hovej stojky s priemerom 4,0 m a z ovélnej hlavice s vyskou 3,50 m.
Piliere boli zalozené hibkovo na velkopriemerovych pilétach. Nad
piliermi sa zriadili seizmické zardzky. Zardzky tvori Zelezobetéono-
vy blok s obdlznikovym tvarom, ktory zasahuje do nadpodperové-
ho prie¢nika nosnej konstrukcie. Piliere 7 = 10 tvori zakladovy blok
s vyskou 2,0 m a dvojica kruhovych stojok s priemerom 2,20 m. Pi-
liere boli zalozené plosne a navrhnuté ako monolitické zo Zelezo-
vého beténu.

Krajné opory tvori lozny prah, driek a zakladovy blok. Ulozny prah
bol navrhnuty s krycimi stienkami, so zavernym mdurikom. Na von-
kajsej strane boli navrhnuté samostatné oddilatované Zelezobeténo-
vé kridla s driekom a zdkladovym blokom. Opory lavého a pravého

www.inzenyrske-stavby.cz

75.0 + 53.0 + 37.0 m. The overall superstructure length (within then
bridge’s centre line) is 362.0 m. The superstructure is formed by a sin-
gle-cell box section with the haunches in longitudinal direction. The
haunch of superstructure’s bottom edge is formed by 2nd degree par-
abolic curve. The superstructure depth is varying, from 2.85 to 6.50 m.
The superstructure width is constant, 13.65 m. The box girder width is
7.0 m. The webs were designed to be vertical with varying thickness.
The top deck slab’s thickness was varying, 300 mm to 500 mm. The
length of both-sided cantilevers is 3.32 m. The top deck slab’s shape
was given by the shape of adjustable formwork of form traveller. The
bottom slab’s thickness was varying, 240 mm to 400 mm. This thickness
was increasing with superstructure’s depth in direction toward the in-
side diaphragms to the maximum thickness of 920 mm to 1 080 mm.
The end diaphragms'thickness is 2.0 m, and they are provided with an
opening. The shape and size of end diaphragms’ cantilevers is adjusted
for the installation of bridge movement device. The inside diaphragms
are 3.0 m thick, provided with openings to enable the passage. There
are hollows designed in diaphragms’bottom part for seismic stoppers.
The construction of bridge superstructure was proposed to be
performed by combining the balanced cantilever construction
method and the progressive (span-by-span) construction on sup-
porting scaffolding. In erection stages the bridge structure was
formed by two individual balanced cantilevers with the length 2 x
120.0 m, of varying depth, constructed by the free cantilever con-
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Obj. 205-00, prie¢ny rez mostom
Structure 205-00, bridge cross section
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SO 225-00 DC2, prie¢ny rez mostom
Structure 225-00 MU?2, bridge cross section

mosta sa spojili oddilatovanym mostnym murom, pozostavajucim
z drieku a zakladového bloku. Krajné opory boli zalozené hibkovo na
velkopriemerovych pilétach.

Opory 1a 2 sa dobudovali na uz zrealizované zaklady so zabudova-
nou vystuzou pre drieky opor a kridiel.

Objekt 225-00 Most na dialhici vkm 15,00426 D1
nad zelezni¢nou tratou a Krpelianskym kanalom
Mostny objekt 225-00 sa nachadza v extravildne, v katastralnom Uze-
mi Turany. V mieste tohto mostného objektu sa nachadza trat ZSR
a Krpeliansky kandl. Most bol navrhnuty ako 7-polovy objekt tvoreny
dvomi dilatacnymi celkami s réznou technolégiou vystavby.

Prvy dilatacny celok DC1 bol navrhnuty ako 4-polovy spojity nos-
nik z I-prefabrikdtov z predpatého betdnu spriahnutych na stavbe
zelezobetonovou doskou spolu s dobetdnovanymi monolitickymi
prie¢nikmi, rozpdtia poli su 27,60 + 3 x 38,80 m. Nosniky su spriah-
nuté Zelezobeténovou doskou. V prie¢cnom smere sa pouzilo osem
nosnikov. Vyska nosnikov je 1,90 m, spriahajuca doska ma hrdbku mi-
nimalne 0,22 m.
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struction method (the cantilevers on piers 3, 4 and 5, 6 in direction
to Véh river's stream) and of 102.0 m long constant section depth
superstructure that was constructed on supporting scaffolding. The
last spans 4 and 5 were constructed from abutments 11, 12 in direc-
tion toward balanced cantilevers by the span + cantilever method.

Each balanced cantilever was formed by unsymmetrical starting
segment (hammerhead) with the length of 10.20 + 13.90 = 24.10
m. The beam’s cantilever consisted of 11 segments with the length
of 44 + 45 + 8 x 5.0 and 4.75 m, meaning that the overall cantile-
ver's length not counting the hammerhead, was 53.65 m. The coun-
terweight at the end spans represented 3 X 3 segments constructed
on supporting scaffolding as a single unit.

The bridge substructure is formed by abutments and piers. Piers
3 and 4 and 5 and 6 are formed by 3.0 m deep rectangular footing,
circular column with the diameter of 4.0 m and an oval 3.50 m high
pier cap. The piers' foundations were constructed as deep founda-
tions on large-diameter piles. There were seismic stoppers provided
above piers. The stoppers are formed by rectangular reinforced-con-
crete block that reaches into superstructure’s over-pier diaphragm.
The piers 7 to 10 are formed by 2.0 m deep footing and a pair of cir-
cular columns with the diameter of 2.20 m. The piers'foundations are
constructed in form of spread (shallow) foundations. The piers were
designed as cast-in-situ structures of reinforced concrete.

The abutments are formed by capping beam (bearing block with
bridge seat), the stem and the footing. The capping beam was de-
signed to be provided with coping walls and backwall. There were
separate reinforced-concrete wing-walls with the stem and the foot-
ing, separated by means of expansion joints, designed on the out-
side. The abutments of the left and the right bridge were jointed by
means of a bridge wall separated by means of expansion joint con-
sisting of the stem and the footing. The abutments are resting on
deep foundations on large-diameter piles.

The construction of abutment 1+2 was performed on already
completed foundations with an inbuilt reinforcement for abutments’
stems and wing-walls.

Structure 225-00 Motorway bridge over the railway
tracks and the Krpeliansky kanal watercourse at km
15.004 26 of D1

The bridge, Structure 225-00, is situated in a rural area, within the
land register area of the municipality of Turany. There are the rail-
way tracks and the Krpeliansky kanal watercourse situated at this
bridge’s site. The bridge was designed as a 7-span structure, formed
by two movement units (MU1 and MU2), constructed with using dif-
ferent construction methods.

The unit MU1 was designed to be constructed as 4-span contin-
uous girder erected of precast |-section girders of prestressed con-
crete interconnected at the site by means of reinforced-concrete
slab together with additionally concreted cast-in-situ diaphragms
with the spans’length of 27.60 + 3 x 38.80 m. The girders are inter-
connected by means of reinforced-concrete slab. There are 8 pcs of
girders used in transverse direction. The girders height is 1.90 m and
the interconnecting slab is at least 0.22 m thick.

www.inzinierskestavby.sk



SO 225-00 DC2, vystavba nosnej konstrukcie
Structure 225-00 MU2, superstructure construction

Druhy dilata¢ny celok DC2 pésobf ako 3-polovy spojity nosnik
z monolitického dodatoc¢ne predpdtého betdnu s komorovym prie-
rezom s premennou vyskou, budovany technolégiou letmej beto-
néze a Ciastoc¢ne aj pomocou podpernej skruze. Rozpatia DC2 su
64,0+ 1050+ 63,0 m.

Nosnu konstrukciu druhého dilata¢ného celku tvori jednokomoro-
vy prie¢ny rez s ndbehmi v pozdZnom smere. Vyska konstrukcie mé
premennuy hodnotu od 2,65 do 5,50 m. Nabeh spodnej hrany nosnej
konstrukcie tvori parabola 2. stupna.

Trdmy su zvislé a maju premennu hrubku. Vnutorné konzoly
v strednom deliacom pdse maju 3,25 m a vonkajsie konzoly 3,90 m.
Vnutorné prie¢niky maju hrubku 2 m s priechodnym otvorom. Cel-
kova Sirka nosnej konstrukcie ma konstantnd hodnotu 14,15 m.

Spodné stavba mosta dilatacného celku DC2 pozostava z troch
medzilahlych pilierov a krajnej opory. Piliere ¢. 9, 10 su stykové pilie-
re dilata¢nych celkov DC1 a DC2. Ide o atypické piliere tvorené stvo-
ricou stipov s premennou vy$kou s kruhovym prierezom a zéklado-
vou patkou, ktoré st hibkovo zalozené.

Medzilahlé piliere su stenové s rozsirenou hlavou. Driek aj hlava pi-
liera maju obdfZnikovy tvar, v kratsej ¢asti s polkruhovym zaoblenim.
Su votknuté do zékladovej patky a hibkovo zaloZené. Krajné opory
su riesené ako zelezobetdnové Ulozné prahy so zavernym mdurikom,
hibkovo zaloZené. Na vonkajsej strane opér st zavesené kridla podo-
preté pilétou.

Piliere aj opory su zaloZené na velkopriemerovych pilétach, dizka
pildt je od 10,5 do 15,0 m. Na vnutornych podperach mosta sa na-
chddzaju seizmické zardzky.

V montaznych $tadidch tvorili konstrukciu mosta dve samostatné
vahadla (jednostranné konzoly na pilieroch ¢. 11, 12 a 13, 14), ktoré
sa postupne spojili nad Krpelianskym kanalom. Krajné polia sa vybu-
dovali na podpernej skruzi. Kazdé vahadlo tvoril nesymetricky zaro-
dok s dfzkou 13,0 + 15,0 = 28,0 m. Konzola vahadla pozostavala z de-
viatich lamiel s dizkami 5,0 m, t. j. celkova dizka konzoly bez zarodku
bola 45 m. Protivdhu v krajnych poliach tvorili 3 x 3 lamely budova-
né na skruZi vcelku.

Zaver

V juli 2015 bol Usek dialnice odovzdany do uZivania verejnosti. Pro-
jektovu pripravu realizovala spolo¢nost DOPRAVOPROJEKT, a. s., Bra-
tislava, objedndvatelom stavby bola Narodna dialni¢na spoloc¢nost,
a. s., Bratislava. Odovzdanim tohto Useku dialnice sa podstatne od-
lahcila pretazend existujlca cesta /18, ktora prechadzala intravilédn-
mi Vratok, Martina, Sucian a Turian. Zaroven sa zvysila bezpecnost,
plynulost dopravy a skratil sa ¢as cestovania na trase medzi Ruzom-
berkom a Zilinou.

www.inzenyrske-stavby.cz

SO 225-00, pohlad na dokonceny most
Structure 225-00, view of the completed bridge

The second movement unit MU2 acts as a continuous 3-span box-
section girder of cast-in-situ post-tensioned concrete with a varying
depth, constructed by the balanced cantilever construction method
and partly also using the stationary scaffolding. The MU2 unit’s spans
are 64.0 + 105.0 + 63.0 m long.

The second movement unit’s superstructure is formed by a single-
cell box section with the haunches in longitudinal direction. The su-
perstructure depth is varying from 2.65 to 5.50 m. The haunch of su-
perstructure’s bottom edge is formed by 2nd degree parabolic curve.

The webs are vertical and their thickness is varying. The size of in-
side cantilevers within the central reserve (median) is 3.25 m and
that of the outside cantilevers is 3.90 m. The inside diaphragms are
2 m thick and are provided with passable opening. The overall width
of bridge superstructure is constant, 14.15 m.

The substructure of movement unit MU2 is formed by three piers
and an abutment. Pier 9, 10 is a joint pier of movement units MU1 and
MU2. It concerns an atypical pier formed by a group of four circular
columns of varying height and a footing resting on deep foundations.

The intermediate piers' stems are wall-shaped and the pier cap
is widened. The pier's stem and cap are rectangular, in the shorter
part with semicircular chamfering. They are embedded in the foot-
ing and resting on deep foundations. The abutments are formed by
reinforced concrete capping beams with backwall, resting on deep
foundations. There are cantilever wing-walls situated on abutments’
outer side which are resting on pile.

Both, the piers and abutments, are resting on large-diameter piles.
The piles’length is from 10.5 m to 15.0 m. There are seismic stoppers
situated on bridge’s inside bents.

In the erection stages the bridge structure was formed by 2 sep-
arate balanced cantilevers (one-sided cantilevers on piers 11, 12
and 13, 14), which were progressively segment-by-segment joint-
ed to form a single structure over the Krpeliansky kandl watercourse.
The end spans were constructed on supporting scaffolding. Each
balanced cantilever was formed by unsymmetrical starting seg-
ment (hammerhead) with the length of 13.0 + 15.0 = 28.0 m. The
beam's cantilever consisted of 9 segments, 5.0 m long, meaning that
the overall cantilever's length not counting the hammerhead, was
45 m. The counterweight at the end spans represented 3 X 3 seg-
ments constructed on supporting scaffolding as a single unit.

Conclusion

In July 2015 the motorway section was handed over to be used by
the driving public. The Design was prepared by the company DO-
PRAVOPROJEKT, a. s., Bratislava, the Client was the company Narodna
dialni¢nd spoloc¢nost, a. s, Bratislava (National Motorway Company). By
handing over this motorway section the heavily trafficked existing 1/18
road, running through the urban areas of the municipalities of Vrutky,
Martin, Su¢any and Turany, has become substantially decongested. The
road traffic safety and the traffic flow fluency within the Ruzomberok —
Zilina route have increased and the travel time shortened.
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Most budovany technolégiou letmej montaze na stavbe

D1 Hri¢ovské Podhradie - Lietavska Lucka

The bridge constructed by the balanced cantilever segmental
construction method within the D1 motorway Hri¢ovské
Podhradie - Lietavska Lucka works

Mostny objekt sa nachadza na konci budovaného Useku dialnice
D1 Hri¢ovské Podhradie - Lietavské Lucka v intraviladne obce Lie-
tavskéa Lucka. Objekt premostuje dialhicu D1 ponad trat ZSR Zi-
lina - Rajec, cestu 1/64 Rajecké Teplice - Zilina, miestne komuni-
kacie, ako aj potok Raj¢ianka. Objekt ma celkovu dizku 1 041 m
a pozostava z dvoch subeznych mostov.

Objekt 209-00, pohlad na ¢ast mostného objektu
Structure 209-00, view of bridge part

Nosnd konstrukcia kazdého z mostov tvorf jeden dilatacny celok.
Objekt ma osemnést polf s dizkou 46,1 + 15 x 60,5 + 49,8 + 32,8 m.
Nosna konstrukcia je navrhnutd ako prie¢ne delena predpatad be-
tonova konstrukcia zo segmentov, budovana technolégiou letmej
montaze, so symetrickymi vahadlami. Kazdy most ma sedemnast va-
hadiel, pricom koncové Useky pred krajnymi oporami si budované
na podpernej skruZi.

Spodna stavba mosta

Spodnu stavbu mostného objektu tvoria krajné opory a 64 medzi-
lahlych pilierov (32 v rdmci lavého a 32 v rdmci pravého mosta). Opo-
ry lavého aj pravého mosta st budované ako ulozné prahy zaloze-
né hibkovo na velkopriemerovych pilétach. Piliere favého aj pravého
mosta pozostavaju z dvojice zvislych driekov s rozmermi 1,8 X 2,0 m.
ViySka driekov pilierov sa meni od 5 do 15 m. Piliere su podla sklad-
by podloZia zaloZené hibkovo, resp. ploine, v otvorenych zaklado-
vych jamach. Posledné Styri piliere maju z dévodu potreby efektiv-
neho prekonania prekazok tvar pismena Y, sirka ich driekov je 3,8 m.

The bridge is situated at the end of D1 motorway section
Hricovské Podhradie - Lietavska Lucka which is under construc-
tion, in urban area of the municipality of Lietavska Lucka. The
bridge carries the D1 motorway over the railway line Zilina - Ra-
jec, the 1/64 road Rajecké Teplice - Zilina, local urban roads, as
well as the Rajc¢ianka brook. The overall structure’s length is
1041 m and it is formed by two parallel bridges.

The superstructure of each of the bridges forms one expansion
unit. The structure is formed by eighteen spans with the length 46.1
+ 15 % 60.5 + 49.8 + 32.8 m. The superstructure is designed as seg-
mental (transversally divided) prestressed concrete structure, con-
structed by the balanced cantilever construction method with sym-
metric balanced cantilevers. Each bridge has seventeen balanced
cantilevers, whilst the end sections at the abutments are construct-
ed on supporting scaffolding.

Bridge substructure
The bridge substructure is formed by abutments and 64 piers (32
within the left and 32 within the right bridge). Abutments of both
the left and the right bridge are constructed as bearing blocks with
bridge seat (capping beams) resting on deep foundations on large-
diameter piles. The piers of both the left and the right bridge are
formed by pairs of vertical stems with the dimensions 1.8 x 2.0 m.
The piers stems’ height is varying from 5 to 15 m. Depending on un-
derground conditions, the piers'foundations are constructed as deep
foundations, alternatively shallow (spread) foundations in open foun-
dation pits. The shape of last four piers, in order to bridge the obsta-
cles efficiently, is that of the letter Y, the width of their stems is 3.8 m.
The retaining wall, which connects to bridge abutments, is part
of the bridge substructure as well. The wall is designed to be built
of gabions, 1.0 m high, with horizontal geosynthetic reinforcement.

Bridge superstructure

The bridge superstructure is designed as transversally divided pre-
stressed concrete structure formed by segments, constructed by the
balanced cantilever construction method with symmetric balanced
cantilevers. The bridge has eighteen spans with the length 46.1 + 15
X 60 + 49.8 + 32.8 m. Crosswise the structure is formed by single-cell
box section with the depth of 3.0 m.

The width of the right bridge is constant 13.75 m. The left bridge
width changes at the 13th span from 13.75 to 15.26 m. In the last
span both the left and right bridge increase their width by addition-
al 0.78 and 1.45 m respectively due to the junction of exit and access
ramp from the Lietavské Lucka interchange. The bottom slab’s width
is constant, 6.5 m. The thickness of webs is constant, 500 mm, the

Ing. Eva Mackova, DOPRAVOPROJEKT, a. s., Bratislava, tel.: +421 44 5474415, e-mail
Ing. Vaclav Kvasnicka, Pontex, s. r. 0, Praha, e-mail: kvasni¢ka@pontex.cz
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Sucastou spodnej stavby mosta je aj oporny mur, ktory nadvazuje
na krajné opory mosta. Mur je navrhnuty z gabionov s vyskou 1,0 m
s horizontalnou geosyntetickou vystuzou.

Opis nosnej konstrukcie mosta

Nosna konstrukcia je navrhnutd ako prie¢ne delend predpéatd be-
tonova konstrukcia zo segmentov, budovana technoldgiou letme;j
montaze, so symetrickymi vahadlami. Mostny objekt ma osemnast
poli s rozpdtiami 46,1 + 15 X 60 + 49,8 + 32,8 m.V priecnom smere
tvori konstrukciu jednokomorovy priecny rez s vyskou 3,0 m.

Sirka nosnej konstrukcie favého aj pravého mosta ma konstantnu
hodnotu 13,750 m. Na konci lavého aj pravého mosta sa NK v do-
sledku pripojenia odbocovacej a pripojovacej vetvy z krizovatky Lie-
tavskd Lucka rozsiruje na $irku 15,25 m. Sirka dolnej dosky mé kon-
stantnd hodnotu 6,5 m. Tramy maju konstantnd hrdbku 500 mm,
hribka dolnej dosky 200 mm ma nabeh (na dizku troch segmen-
tov) na 350 mm pri podporach. Dizka pilierovych a oporovych seg-
mentov je 1,65 m, dizka ostatnych segmentov je maximalne 2,23 m.

Most je vybudovany technoldgiou letmej montaze v symetrickych
vahadlach zo segmentov s kontaktnymi skarami s epoxidovym tme-
lom. Nosnd konstrukcia je ulozena na oporach a pilieroch vzdy na
dvojici hrncovych lozisk.

Kazdy most mé sedemnast vahadiel, pricom koncové useky pred
krajnymi oporami st budované na pevnej podpernej skruzi. Na mon-
taz segmentov sa pouzil montazny subor (MS).

Pouzité materidly - nosna konstrukcia

Beton:

e bezné segmenty: C45/55,

e pilierové segmenty a segmenty 1z/1p a 2z/2p pri pilieroch: C55/67,
e monolitické Casti (3kéry a dobetonavky): C35/45.

Predpinacia vystuz:

e kdble z1an Y1860S7 @ 15,7 mm s velmi nizkou relaxaciou,

e kotevny systém OVM so sudrznostou.

Betondrska vystuz: B500B.

Predpatie mosta
Pozdl?ne predpatie tvoria injektované kable so sudrznostou. Pouzil
sa certifikovany predpinaci systém OVM.

Pri kdbloch sa pouzil systém kotiev a kanalikov OVM.M15A pre 19
1an v kabli, ktory je osadeny podla potreby 18 alebo 15 lanami.

Segmenty pouzité na moste

Bezné segmenty

Maju obvykly tvar, v dolnych castiach vystuzného rebra su subtilne
kotevné bloky kdblov spojitosti.

Segmenty 1z, 1p

Maju obdobny tvar ako bezné segmenty, su viak upravené s ohla-
dom na velké montazne zataZenie od provizérnych lisov. Na dolnej
doske maju bloky s vyskou 500 mm, v priestore nad nimi smerom
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Objekt 209-00, pozdizny rez lavym mostom
Structure 209-00, left bridge longitudinal section

www.inzenyrske-stavby.cz

Objekt 209-00, priecny rez
Structure 209-00, cross section

bottom slab’s thickness of 200 mm is increased by means of a haunch
(for the length of three segments) to 350 mm at the piers. The length
of segments above piers and abutments is 1.65 m, the length of all
other segments is maximum 2.23 m.

The bridge is constructed by the balanced cantilever construc-
tion method on symmetric balanced cantilevers, of segments with
contact joints filled with epoxy resin. The superstructure is seated on
abutments and piers, always on a pair of pot bearings.

Each bridge has seventeen balanced cantilevers, whilst the end
sections at the abutments are constructed on supporting scaffold-
ing. Segmental launching gantry was used in segments erection.

Material used — superstructure

Concrete:

e common segments: C45/55,

e segments above piers and segments 1z/1p and 2z/2p at piers: C55/67,
e cast-in-situ parts (joints and additional concreting works): C35/45.
Prestressing tendons:

e strand tendons Y1860S7 @ 15.7 mm with very low relaxation,

e anchoring system OVM with bonding.

Steel reinforcement for concrete: B500B.

Bridge prestressing
The longitudinal prestressing represent grouted tendons with bond-
ing. The certified OVM prestressing system was used.

The OVM.M15A system of anchorage and ducts for nineteen
strands in the duct, which is provided, as needed, with eighteen or
fifteen strands, was used for longitudinal prestressing.

Segments used on the bridge

Common segments

The shape of these segments is common (standard), there are sub-
tle bonded cables anchoring blocks (anchor blisters) situated in stiff-
ening rib’s lower parts.

Segments 1z, 1p

The shape of these segments is similar to that of common segments
however they are modified because of high load caused by tem-
porary support jacks. There are 500 mm high blisters on these seg-
ments’ bottom slab, there is 390 mm thick additionally concreted
stiffening wall designed in the area above them in direction toward
the stiffening rib of the basic shape. The coupling of reinforcement
of additionally concreted stiffening elements with segment’s rein-
forcement is by means of latch joints using the B-system shuttering.

Segments 5z/5p

The shape of these segments is nearly identical with that of common
segments. However, there is an additional anchorage place for top
bonded tendons in their upper part in the corner between the web
and the upper slab for top slab bonded tendons.

Segments above piers

These segments are 1 650 mm long. The segments above piers
are transversally prestressed in diaphragms’ upper part with three
5-strand tendons Y1860S7 @ 15.7 mm, anchored on cantilevers’
edge. There are polystyrene boards inserted in the bottom surface
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Pohlad na montdz segmentov mosta 209-00
Structure 209-00, view of bridge segments’ erection

k vystuznému rebru so zakladnym tvarom je navrhnuté dodatoc¢ne
beténovana vystuzna stena s hrdbkou 390 mm. Napojenie vystuze
dodatoc¢ne betdnovanej vystuhy s vystuzou segmentu je cez petli-
cové spoje s vyuZzitim debnenia B-systémom.

Segmenty 5z/5p

Su tvarovo takmer zhodné s beznymi segmentmi. V ich hornej ¢as-
ti, v rohu medzi stenou a hornou doskou, je vsak dodatoc¢né kotevné
miesto pre horné kéble spojitosti.

Pilierové segmenty

Tieto segmenty maju dizku 1 650 mm. V hornej ¢asti prie¢nikov
sU pilierové segmenty priecne predopnuté tromi kdblami zloze-
nymi z piatich 1an Y1860S7 @ 15,7 mm, kotvenymi na kraji konzol.
V priestore nad loziskami sa do dolného povrchu pilierovych seg-
mentov vkladaju polystyrénové dosky. Po vybrati z formy sa polysty-
rén odstrani. Medzi hornou doskou loZiska a spodkom pilierového
segmentu tak vznikd Smykovy ozub, ktory zaisti prenos vodorovné-
ho zatazenia do lozisk.

Nadoporové segmenty

Su upravenou formou pilierovych segmentov. V oblasti konzol je zo-
silnenie na osadenie dilatacie, pricom s ohladom na pouZitd formu
sa Casti tohto zosilnenia betdnuju dodatocne na stavbe.

Osadzovanie pilierového a oporového segmentu

a montaz vahadiel

Pilierové segmenty su osadené stredom spodnej dosky nad stred de-
finitivneho loziska, oporové segmenty s osadené v nesymetrickej
polohe. Pilierové segmenty sa pri montazi ukladali spolu na osem
provizérnych lisov. Pilierové segmenty sa kotvili k spodnej stavbe
6smimi ty¢ami Dywidag. Tieto tyc¢e bolo mozné uvolnit iba bez-
prostredne pred rektifikdciou vahadla pri symetrickom stave vahadla.

Oporové segmenty sa kotvili k opore ésmimi ty¢ami Dywidag.

Provizérne spinanie segmentov pri montdzi sa zaistilo ty¢ami
Dywidag. Ty¢e boli kotvené predovietkym v rebrach vo vnutri komo-
ry mosta. Po skonceni montaze a napnuti vsetkych kéblov sa vsetky
ponechané tyce odstranili.

Montédz vahadiel sa realizovala postrannym systémom. Po dokon-
¢eni montaZe kazdého vahadla sa vietky v iom uloZzené vahadlové
kable zainjektovali.

Po namontovani segmentov 1z a 1p sa takto vzniknutd trojica seg-
mentov podoprela Styrmi provizérnymi lismi. Vyssie opisané kotvenie
pilierového segmentu k spodnej stavbe (osem tyci @ 32) sa zachova-
lo. Pri tomto podopreti sa zrealizovala vlastnd montdz vahadla. Lisy
Eberspécher boli umiestnené na provizérnych ocelovych konstrukci-
ach, napr. PIZMO, ktoré boli zaloZzené na zakladoch pilierov. Lisy boli
v osovej vzdialenosti 2,0 m v pozdlZnom smere mosta od osi piliera.
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of segments above piers in the space above bridge bearings. When
taken out from precasting formwork (mould) the polystyrene is re-
moved. In this way a shear key that provides for the transmission of
horizontal load into bearings was created between the bearing’s top
slab and the bottom of segment above the pier.

Segments above abutments

These segments are a modified form of segments above piers. There
is a strengthened section at cantilevers for installation of expansion
joints, when considering the used mould, parts of this strengthening
are additionally cast in situ.

Mounting of segments above piers and abutments
and erection of balanced cantilevers

The segments above piers are mounted symmetrically above the
pier while the segments above abutments are mounted in non-sym-
metrical position. When erected, the segments above piers were
placed on eight temporary jacks. The segments above piers were an-
chored to the bridge substructure with eight Dywidag PT bars. The
loosening of these rods was possible only immediately before the
balanced cantilever's rectification at its symmetric state.

The segments above abutments were anchored to the abutment
with eight Dywidag bars.

Temporary prestressing of segments at the erection was provided
with Dywidag barsanchored at the ribs inside the bridge deck cell.
When the erection was completed and all tendons were tensioned,
all remaining rods were removed.

The erection of balanced cantilevers was performed by using form
traveller system. At completion of each balanced cantilever assem-
bly, all cantilever tendons placed in it were grouted.

After erecting the segments 1z and 1p, the group of three seg-
ments created in this way was supported with four temporary
jacks. The above described anchoring of segment above the pier
to bridge substructure (eight tie rods @ 32) was maintained. While
supported in this way, the very erection of balanced cantilever has
been performed. The Eberspacher jacks were placed on temporary
steel constructions, e.g. PIZMO, founded on piers' foundations. The
jacks were at 2.0 m spacing in bridge’s longitudinal direction from
pier's centre line.

Erection of segments on supporting scaffolding

To support the segments on scaffolding, the jacks with loading ca-
pacity 2 000 kN were used, which were alternately shifted under seg-
ments being erected. When erecting the segments on supporting
scaffolding the segments were supported progressively on jacks al-
ways within segment’s centre line.

The segments’joints sealing is performed with epoxy filler.

The longitudinal cantilever tendons of balanced cantilever were
stressed gradually during the erection process, specifically only after
hardening of filler in the joint of segment being installed. Continuity
tendons were stressed after concreting of closing joint.

The balanced cantilevers' prestressing tendons were grouted imme-
diately upon completion of balanced cantilever assembly. During the
time when the formwork was being constructed, reinforcement placed,
and closing joint was in the curing stage, there was also enough time
for an increase in grout’s strength. The continuity tendons were grout-
ed immediately after stressing of all tendons within the particular span.

Balanced cantilevers’ rectification

The vertical and horizontal rectification was performed in case of bal-
anced cantilevers and the end segments at abutments upon their
complete erection. The adjustment into the required horizontal and
vertical alignment was made by the combination of shift and displace-
ment of balanced cantilever in the vertical plane and shift and dis-
placement of balanced cantilever in the horizontal plane. The balanced
cantilevers' rectification was performed on statically more or less sym-
metric balanced cantilever with the counterweight at the front end by
means of the segment above the pier. When carrying out the rectifi-
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Montaz segmentov na skruzi
Na podoprenie segmentov na skruzi boli pouzité lisy s inosnostou
2000 kN, ktoré sa striedavo presuvali pod montovanymi segmentmi.
Pri montazi segmentov na skruzi sa segmenty podopierali postupne
na lisoch vzdy v osi segmentu.

Lepenie Skdr segmentov je realizované epoxidovym tmelom.

Pozdf#ne konzolové kable vahadla sa napinali postupne pri mon-
taZi, a to az po zatvrdnuti tmelu v Skdre pripinaného segmentu.
Kéble spojitosti sa napinali po betondzi uzatvaracej skary.

Predpinacie kable vahadiel sa injektovali bezprostredne po dokon-
¢eni montaze vahadla. V case, ked prebiehalo debnenie, vystuzova-
nie a tvrdnutie uzatvaracej skary, bol zaroven dostatok ¢asu na narast
pevnosti injektaznej malty. Kable spojitosti sa zainjektovali ihned po
napnuti vsetkych kablov v prislusnom poli.

Rektifikacia vahadiel

Viyskové a smerova rektifikacia sa robila pri vahadlach a krajnych seg-
mentoch pri oporach po ich kompletnom zmontovani. Nastavenie
do pozadovanej smerovej a vyskovej polohy sa urobilo kombindciou
posunu a natoc¢enia vahadla v zvislej rovine a posunu a natocenia
vahadla vo vodorovnej rovine. Rektifikicia vahadiel sa realizovala na
staticky priblizne symetrickom vahadle s protizdtazou na prednom
konci pilierovym segmentom. Pri rektifikacii sa uvolilo kotvenie pi-
lierového, resp. oporového segmentu k spodnej stavbe. Pri rektifika-
cii boli vahadl3, resp. segmenty na skruZi pri oporach podopreté na
styroch miestach.

Loziskd a ich aktivacia

Nosné konstrukcia je uloZzena na hrncové loziska od dodévatela RWE.
Vzhladom na velké pozdizne sily od seizmiky optimalizoval projek-
tant spodnej stavby uloZenie mosta tak, e pozdfzne pevné loZiska
sU na dvoch susednych pilieroch.

Vzhladom na malu vysku pilierov a ich velkd tuhost bolo potrebné
umoznit, aby zmrastovanie a dotvarovanie prebehlo v ¢o najvacsom
rozsahu pred zafixovanim lozisk na druhom pilieri. Preto bolo navrh-
nuté pouzitie doc¢asnych pozdizne posuvnych loZisk, ktoré sa neskor
vymenili za definitivne pevné loziska.

V priebehu montéze bolo nevyhnutné zaistit nosnu konstrukciu
v pozdiznom smere do¢asnou fixaciou loZisk.

Zaver
Predmetny Usek dialnice je v realizécii od septembra 2014. Spolo¢-
nost DOPRAVOPROJEKT, a. s., Bratislava sa podielala na projektovej pri-
prave tohto Useku dialnice pre Narodnu dialicnu spolo¢nost a pre
zhotovitela stavby ako lider projektového timu s finalizaciou projektu
v stlade so zédmermi stavby a jej zhotovitela, spolu so zabezpecova-
nim vykonu inzinierskej ¢innosti a potrebnych stavebnych povolent.
V ciefovom stave vystavba Useku dialnice D1 Hricovské Podhra-
die — Lietavska Lucka, ako sucast vécsieho budovaného celku, odbre-
meneni mesto Zilina od tranzitnej dopravy, zvysi bezpe¢nost a ply-
nulost cestnej dopravy a prinesie motoristickej verejnosti aj Uspory
¢asu a pohonnych hmot.

i [

Objekt 209-00, pohlad pred dokoncenim
Structure 209-00, view before finishing
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Objekt 209-00, montazne zariadenie a lamela
Structure 209-00, the launching gantry and the segment

cation the anchoring of segment above the pier, alternatively above
the abutment, to bridge substructure, was released. When carrying out
the rectification, the balanced cantilevers, alternatively the segments
on supporting scaffolding at abutments, were propped on four places.

Bridge bearings and their activation
The superstructure is seated on pot bearings supplied by the company
RWE.Taking into consideration the large longitudinal forces by effects of
seismicity, the substructure designer has optimised the bearings place-
ment so that the longitudinal fixed bearings are on two adjacent piers.
Because of the piers'small height and their high rigidity it was nec-
essary to enable for the shrinkage and creep to take place in the larg-
est possible extent before bearings’ fixation on the second pier. Be-
cause of that a use of temporary longitudinally movable bearings has
been proposed, which were later replaced with final fixed bearings.
In the course of erection works it was necessary to secure the su-
perstructure in longitudinal direction by temporary bearings'fixation.

Conclusion

This motorway section is under construction since September 2014.
The company DOPRAVOPROJEKT, a. s., Bratislava, is involved in design
preparation for this motorway section for the National Motorway
Company, JSC (Ndrodna dialni¢na spolo¢nost, a. s.) and for the Works
Contractor as a Design team leader with the design finalisation in
line with the Works and its Contractor’s aims and objectives, includ-
ing the provision of performance of engineering services and acquir-
ing of necessary building permits.

In the target state the construction of D1 motorway section
Hricovské Podhradie — Lietavska Lucka, as part of the larger works un-
der construction, will relieve the city of Zilina from the transit traffic,
will improve the road safety and fluency of traffic flow and will bring
to motorists even the savings in travel time and fuel consumption.

Objekt 209-00, montaz vahadla
Structure 209-00, erection of balanced cantilever
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Adridn Chalupec - Jan Krocka — Martin Ondros

Estakada v Dolnom Hric¢ove na dialhici

D1 Hricovské Podhradie - Lietavska Lucka v km 24,740

The flyover in Dolny Hri¢ov on D1 motorway,

section Hricovské Podhradie - Lietavska Lucka at km 24.740

Dialnica D1 Hri¢ovské Podhradie - Lietavska Lucka v Dolnom Hri-
Cove nadvézuje na predchadzajuci Usek dialnice D1 Sverepec -
Hricovské Podhradie, ktory je uz v prevadzke. Na zaciatku Use-
ku je umiestnena dialni¢na krizovatka dialnice D1 s dialnicou D3,
ktora bola v useku D3 Hri¢ovské Podhradie - Zilina (Strazov) uz
scasti zrealizovana. V priestore krizovatky D1 s D3 je dialhica D1
navrhnutd na estakdde. Mostna estakada krizuje dialni¢ny pas
v smere Bratislava - Zilina, zelezni¢nd trat ZSR Bratislava - Zilina,
aredl PD a cestu I/18.

Pohlad na rozostavany mostny objekt 201-00
View of the bridge, structure 201-00 under construction

Priprava navrhu mostného objektu

Zhotovitel objektu, spolo¢nost STRABAG, s. 1. 0, zacal s pripravu daného
objektu v spolupréci s projekénou spolo¢nostou DOPRAVOPROJEKT,
a. s, a s renomovanymi spolo¢nostami koncernu zaciatkom roka
2014. Na zaklade tejto spoluprace sa so zretelom na ekonomicky
a technicky najvyhodnejsie riesenie dospelo k ndvrhu realizovat kon-
Strukciu mosta kombinaciou postupného vystvania nosnej kon-
strukcie a technoldgie budovania na podpornej skruzi.

In Dolny Hri¢ov the D1 motorway, section Hri¢ovské Podhradie - Li-
etavskd Lucka connects to preceding D1 motorway section Sverep-
ec - Hri¢ovské Podhradie, which is already in service. There is an in-
terchange situated at the section start, providing for the junction
between the D1 and D3 motorways, which has already been part-
ly completed in D3 motorway section Hri¢ovské Podhradie - Zilina
(Strazov). Within the area of the junction of D1 with D3 the D1 motor-
way is designed to be situated on a flyover. The flyover crosses the mo-
torway carriageway in direction Bratislava - Zilina, the railway line Bra-
tislava - Zilina, agricultural co-operative’s premises and the I/18 road.

Bridge design preparation

The structure’s Contractor, the company STRABAG, s. . 0, began with
the preparation of this structure in cooperation with the designing
company DOPRAVOPROJEKT, a. s. and with the most renowned com-
panies of the consortium early 2014. Based on this cooperation and
with regard to economically and technically most beneficial solution,
an agreement on the design of flyover constructed by the combina-
tion of incremental launching of superstructure and the construc-
tion on supporting scaffolding method, has been reached.

The chosen solution minimises the impacts on the traffic moving
on the motorway to be passed over as well as on railway transport
during the construction. Another criterion for choosing these con-
struction methods were also the professional skills and experience
of the project implementation team.

When choosing the method of incremental launching of su-
perstructure it was necessary to take into account the motor-
way’s vertical alignment at the bridge site, which is in a rise and
in two vertical curves with the radius R = 10 000 m, which is not
quite an ideal alignment for this structures’ construction meth-
od. Because of that it was necessary to adjust the curvature of
structure’s bottom edge into constant vertical curve with the ra-
dius R =17 493 m. The selection of curve size and its direction
has been chosen so as to represent the needs of structure’s verti-
cal alignment variability due to different bridge’s spans in the best
possible way, both for the final state and the erection states dur-
ing structure launching. From the horizontal alignment point of
view the motorway route at the bridge site is in horizontal curve
with the radius R =1 750 m.

Bridge description

The flyover is formed by two parallel bridges. The bridge’s superstruc-
ture is formed by two movement units. The first, 509 m long, move-
ment unit (MU) was constructed by the incremental launching meth-
od. The maximum spans’lengths in this movement unit are 68 m.

Ing. Adrian Chalupec, DOPRAVOPROJEKT, a. s,, Bratislava, divizia Zvolen, pracovisko Liptovsky Mikulds, Ul. Ester Simerovej Martin¢ekovej ¢ 4505/2, 031 01 Liptovsky Mikulas,

tel: +421 915 834048, e-mail: chalupec@dopravoprojekt.sk

Ing. Jan Krocka, DOPRAVOPROJEKT, a. s, Bratislava, divizia Zvolen, stredisko Zvolen, Ul. M. R. Stefanika 4724, 960 01 Zvolen, tel.: +421 905 834060, e-mail: krocka@dopravoprojekt.sk
Ing. Martin Ondro$, DOPRAVOPROJEKT, a. s., Bratislava, divizia Zvolen, pracovisko Liptovsky Mikulds, Ul. Ester Simerovej Martinc¢ekovej ¢. 4505/2, 031 01 Liptovsky Mikulas,

tel.: +421 915 843130, e-mail: ondros@dopravoprojekt.sk
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Obyj. 201-00, pozdfzny rez favym mostom
Structure 201-00, longitudinal section, left bridge
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Obyj. 201-00, pozdzny rez pravym mostom
Structure 201-00, longitudinal section, right bridge
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Zvolené rieSenie minimalizuje vplyvy na premévku premostova-
nej dialnice, ako aj Zelezni¢nej dopravy pocas vystavby. Dalsim krité-
riom vyberu tychto technolégif boli aj odborné skisenosti realizac-
ného timu.

Pri volbe technoldgie postupného vysuvania nosnej konstrukcie
bolo potrebné zohladnit vyskové vedenie dialnice v mieste mosta,
ktoré je v stipanf a v dvoch obltkoch s polomerom 10 000 m, ¢o nie
je pri tejto technolégii budovania konstrukcie prave ideélne. Z toh-
to dévodu bolo potrebné upravit krivost spodnej hrany konstrukcie
do konstantného vyskového obluka s polomerom 17 493 m. Velkost
obluka a jeho smerovanie sa zvolili tak, aby najlepsie vystihli potreby
vyskovej premenlivosti konstrukcie vzhladom na rézne rozpétia mos-
ta, a to nielen pri definitivnom stave, ale aj pri montadznych stavoch
pocas vysuvania konstrukcie. Smerovo vedie trasa dialnice v mieste
mosta v obluku s polomerom 1 750 m.

www.inzenyrske-stavby.cz
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The incremental launching of bridge superstructure was designed
to be carried out without using temporary supports. The second,
328 m long, movement unit was constructed on supporting scaf-
folding and connects to already completed slip road of the bridge
constructed within the D3 motorway project.

Left bridge - spans length:
Movement unit 1:37.1 + 540 + 2 x 680+ 60.0 + 3 X 580+ 470 m
Movement unit 2: 46.0 + 3 X 58.0 + 62.0 + 450 m

The width of left bridge's superstructure, in case of MU1, is con-
stant, 13.750 m. In case of MU2 it is varying, due to the turning ramp
V3, where the superstructure’s shape also changes from a single-cell
box section into double-cell section. This change in the cross section
takes place in the length of two spans.
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Obj. 201-00, DC2, prie¢ny rez
Structure 201-00, MU2, cross section

Opis mostného objektu

Estakdda pozostava z dvoch subeznych mostov. Nosnu konstruk-
ciu mosta tvoria dva dilata¢né celky DC1 a DC2. Prvy dilatacny ce-
lok s dizkou 509 m sa budoval technolégiou postupného vystvania
nosnej konstrukcie. Maximéalne rozpatia polf v tomto dilatatnom cel-
ku su 68 m.

Viystvanie nosnej konstrukcie bolo navrhnuté bez pouzitia do-
¢asnych podpier. Druhy dilata¢ny celok s dizkou 328 m sa budo-
val na podpornej skruzi a napdja sa na uz zrealizovanu vetvu mos-
ta stavby D3.

Lavy most - rozpatia poli
Dilata¢ny celok 1: 37,1 + 54,0 + 2 X 68,0 + 60,0 + 3 X 58,0 + 47,0 m
Dilatacny celok 2: 46,0 + 3 X 58,0 + 62,0 + 450 m

Sirka nosnej konstrukcie lavého mosta mé v ramci DC1 konstant-
nu hodnotu 13,750 m. V ramci DC2 je premennd v dosledku odbo-
Cujucej vetvy V3, kde sa menf aj tvar z jednokomorového prie¢ne-
ho rezu na dvojkomorovy. Tato zmena prie¢neho rezu sa realizuje
v dvoch poliach.

Pravy most — rozpatia poli
Dilata¢ny celok 1: 48,0 + 2 x 68,0 + 60,0 + 4 X 580+ 47,0 m
Dilata¢ny celok 2: 37,0 + 51+ 2 x 500+ 62,0+ 470 m

InZinierske stavby / InZenyrské stavby 4/2018

Right bridge - spans length:
Movement unit 1: 480 + 2 x 68.0+ 600 + 4 x 580+ 470 m
Movement unit 2: 3704+ 51+ 2 x 500+ 620+470m

The width of right bridge’s superstructure changes in the second
and the third span from 15250 m to 13.750 m. In case of MU2 it is
constant, 13.750 m.

Bridge superstructure MU1

The superstructure is designed as a continuous post-tensioned gird-
er of constant section depth with single-cell box section, with verti-
cal webs, of varying depth within cell’s centre line. The cell width is
8.0 m. The superstructure depth, in bridge’s longitudinal direction, is
varying from 3.854 m to 4.507 m within cell’s centre line. Both the
top and the bottom slab as well as the webs thickness is varying.

There was a 39.0 m long steel launching nose anchored in the out-
ermost diaphragm’s face side with the girders’ centre-to-centre dis-
tance of 6.90 m. An anchor block has been designed to anchor the
launching nose. The nose anchorage was provided for by means of
a system of vertical and horizontal prestressing tendons.

The superstructure is formed of class C45/55 post-tensioned con-
crete with the combination of bonded and unbonded tendons. The
bonded tendons are formed by 19-strand tendons Ls 15.7/1860/1640
MPa. The unbonded tendons are formed by 27-strand tendons
15.7/1860/1640 inserted in HDPE duct with grouting. The steel re-
inforcement used for concrete was B — 500B. Used post-tensioning
system was VSL.

The superstructure is seated on a pair of pot bearings. Fixed bear-
ings are proposed on pier 6. The incremental launching of bridge su-
perstructure was executed in 17 cycles (segments).

Bridge superstructure MU2

The superstructure is designed as a box section structure of cast-in-
situ prestressed concrete. The superstructure depth, in bridge’s lon-
gitudinal direction, is constant, 3.1 m, the cell’s bottom slab is 6.5 m
wide. The webs are inclined.

The superstructure is formed of class C35/45 post-tensioned con-
crete with the post-tensioning provided by means of 12 and 19-strand
tendons Ls 15.7/1860/1640 MPa. The diaphragm 11v is transversally
prestressed with 12 and 15-strand tendons Ls 15.7/1860/1640 MPa.

The sequence of superstructure concreting is designed to be in 6
stages, by the span + cantilever method.

Bridge substructure
The substructure is formed by 2 abutments, 1 joint pier and 13 inter-
mediate piers.

The shape of abutment 1 was adapted for the needs of incremental
launching of structure. The abutment is designed as a spill-through
structure. Its foundations are resting on large-diameter bored piles.

The piers in the vicinity of the motorway and railway tracks to be
crossed over are specific, because their lower parts were constructed
to the height of 3.5 m yet within the scope of the D3 motorway, sec-
tion Hricovské Podhradie — Zilina (Strdzov), construction. The com-
pleted stems’ parts, to the height of 2.5 m, were of solid section and
from there, of box section. There were new piles formed by a pair
of octagonal columns connected with a reinforced-concrete wall in
the lower part constructed on top of these piers’kickers. Due to su-
perstructure’s shape and the distance necessary for bridge bearings
it was necessary to design on these piers a cap with reinforced-con-
crete tie. The tie is part of all piers. It is designed as an in-situ pre-
cast element.

The remaining piers are formed by a pair of columns of octagonal
section connected with r.c. tie in the upper part. The spacing (cen-
tre-to-centre distance) of piers’ stems is 6.20 m. They are resting on
spread foundations with situating the bottom of foundation in grav-
elly soils with satisfactory load-bearing capacity, due to more com-
plicated underground conditions in the place of laying the founda-
tions the piers 13 and 15 are founded on large-diameter piles.
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Sirka nosnej konstrukcie pravého mosta sa meni v druhom a tre-
tom poli z 15,250 na 13,750 m, v rdmci DC2 ma konstantnu hodno-
tu 13,750 m.

Nosna konstrukcia DC1

Nosna konstrukcia je navrhnutd ako spojity, dodato¢ne predpaty
priamopasovy nosnik s jednokomorovym prie¢nym rezom, so zvis-
lymi trdmami a s premennou vyskou v osi komoérky. Sirka komory je
8,0 m. Vyika nosnej konstrukcie sa v pozdlznom smere mosta menti
od 3,854 az po 4,507 m v osi komory. Spodna aj horna doska, ako aj
trdmy maju premennu hrabku.

Do ¢ela krajného prie¢nika sa ukotvil ocelovy vysuvny nos s dizkou
39,0 m s osovou vzdialenostou nosnikov 6,90 m. Na ukotvenie nosa
bol navrhnuty kotevny blok. Kotvenie nosa sa zabezpecilo sistavou
zvislych a vodorovnych predpinacich ty¢i.

Nosnu konstrukciu tvori dodatoc¢ne predpaty betén C45/55
s kombinaciou sudrznych a volnych kdblov. Stidrzné predpatie tvo-
ria 19-lanové kéble Ls 15,7/1860/1640 MPa. Volnu predpinaciu vy-
stuz tvoria kdble s 27 lanami 15,7/1860/1640 v HDPE rure so za-
injektovanim. Pouzila sa betonarska vystuz B — 500B a predpinaci
systém VSL.

Nosna konstrukcia je uloZzend na dvojici hrncovych lozisk, pevné
uloZenie je navrhnuté na podpere ¢. 6. Vysuvanie nosnej konstrukcie
sa realizovalo v 17 taktoch.

Nosné konstrukcia DC2
Nosnd konstrukcia je navrhnutd ako komorové z monolitického
predpatého beténu. Vygka nosnej konstrukcie mé v pozdiznom sme-
re mosta konstantnu hodnotu 3,1 m, spodna doska komaorky ma sir-
ku 6,5 m. Trdmy su Sikmé.

Konstrukciu tvori dodatoc¢ne predpdty betéon C35/45 s pred-
patim z 12- a 19-lanovych kablov Ls 15,7/1860/1640 MPa. Priec-
nik ¢. 11 je prie¢ne predopnuty z 12- a 15-lanovych kablov
Ls 15,7/1860/1640 MPa.

Postup betonaze nosnej konstrukcie bol navrhnuty v Siestich eta-
pach systémom pole - konzola.

Spodna stavba
Spodna stavba pozostava z dvoch krajnych opor, jedného stykového
piliera a z 13 medzilahlych pilierov.

Tvar opory ¢. 1 sa prisposobil potrebdm vysuvania konstrukcie.
Opora je navrhnutd ako ¢lenend a je zaloZzend na velkopriemerovych
vftanych pilétach.

Piliere v blizkosti prekonéavanej dialnice a trate ZSR su $pecifické,
kedZze ich spodné casti boli do vysky 3,5 m vybudované este v rdmci
vystavby dialnice D3 Hricovské Podhradie - Zilina (Strazov). Vybudo-
vané drieky mali do vysky 2,5 m plny prierez a dalej komorovy priec-
ny rez. Na tieto zarodky pilierov sa dobudovali nové piliere pozosta-
vajuce z dvojice osemuholnikovych stojok spojenych v spodnej casti
Zelezobeténovou stenou. Vzhladom na tvar nosnej konstrukcie a po-
trebnu vzdialenost mostnych lozisk bolo potrebné navrhndt na tych-
to pilieroch hlavicu so Zelezobeténovym tiahlom. Tiahlo je sucastou
vietkych pilierov, navrhnuté je ako staveniskovy prefabrikat.

Ostatné piliere pozostéavaju z dvojice stojok s osemuholnikovym
prierezom spojenych v hornej ¢asti zelezobeténovym tiahlom. Oso-
va vzdialenost driekov pilierov je 6,20 m. Piliere s plosne zaloZzené
s umiestnenim zékladovej skary v Unosnych strkovitych zemindch,
piliere ¢. 13 a 15 st vzhladom na komplikovanejsie zdkladové pome-
ry zaloZené na velkopriemerovych pilétach.

Specificky je stykovy pilier ¢. 10, ktory sa v hornej ¢asti rozsiruje
v pozdlznom smere do hlavice, na ktorej st ulozené dvojice lozisk
z DC1 a DC2. Stykovy pilier je zaloZeny plosne.

Krajnd opora ¢. 16 je riesend ako zelezobeténovy Ulozny prah so
zavernym murikom na velkopriemerovych pildtach.

Na oporu ¢. 16 nadvadzuje na lavej strane oporny mur, ktory riesi
vytvorenie nasypového cestného telesa a sicasne mostného kridla.
Je navrhnuty ako oporny vystuzeny mur z beténovych pohladovych
prefabrikatov s horizontalnou geosyntetickou vystuzou.

www.inzenyrske-stavby.cz

Obj. 201-00, DCT, vysuvny nos
Structure 201-00, MU1, launching nose

Spodnd stavba a nosnd konstrukcia DC2
Substructure and superstructure MU2

The joint pier No. 10, which is, in the upper par in longitudinal di-
rection, widened into hammerhead pier cap, on which the pairs of
bearing of movement unit 1 and movement unit 2 are positioned,
represents a specific case. The joint pier’s foundations are spread
(shallow).

The abutment 16 is constructed as a reinforced-concrete bearing
block with bridge seat (capping beam) with the back wall, resting on
large-diameter piles.

There is a retaining wall connecting to abutment 16, on the left
side, the function of which is to create both the roadway embank-
ment and the wing wall. The wall is designed as a retaining rein-
forced wall of concrete precast fascia panels with horizontal geosyn-
thetic reinforcement.

Bridge construction

The superstructure, MUT, was constructed by the incremental launch-
ing method using the hydraulic launching system. The launching di-
rection was in direction of motorway chainage. The whole structure
to be launched was prefabricated in casting plant at the abutment
1 consisting of the reinforcement preparation facility, of the casting
plant itself and of the auxiliary temporary support. The casting plant
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Pohlad na vystavbu mosta
View of the bridge construction

Vystavba mostného objektu

Nosné konstrukcia DC1 sa budovala systémom postupného vysutva-
nia pomocou hydraulického vysuvného systému. Viysivanie prebie-
halo v smere stanicenia dialnice. Celd vystvand konstrukcia sa rea-
lizovala vo vyrobni pred oporou ¢. 1, ktord pozostéavala z pripravne
vystuze, zo samotnej vyrobne a z pomocnej medzistojky. Lavy aj pra-
vy most mali samostatnu vyrobnu.

Konstrukcia sa vysuvala po jednotlivych taktoch s dizkami 24, 26,0
az340m.

Viyrobru tvorila Zelezobetdnové konstrukcia pozostavajica z pa-
sov v tvare obrateného T priecne spojenych prieclami. Stcastou vy-
robne boli pomocné piliere spojené s vyrobnou a oporou ¢. 1 Zelezo-
betdnovymi pasmi. Docasné piliere a vyrobna boli zalozené plosne
na kvalitnom $trkovom zhutnenom a konsolidovanom nésype. Zak-
lady vyrobne sa zasypali do Urovne hornej hrany zékladov, v mieste
krajnej opory sa nasyp zriadil az po spodnu hranu ulozného prahu.

S technoldgiou vysuvu suvisf aj tvar Ulozného prahu opory ¢. 1,
kde sa osadilo vysuvné zariadenie.

Konstrukcia prvého taktu a vysuvného nosa sa vysunula pomocou
zavitovych tyci vysuvného zariadenia. Nasledne po dostato¢nom
pritlaku od NK na vystvacom zariadeni sa vysuv realizoval vysuvnym
krokovacim zariadenim. Dosunutie posledného taktu prebehlo po-
mocou ocelovej konstrukcie osadenej na koncovy prie¢nik.

Docasnu stabilizaciu konstrukcie pocas vyroby nového taktu za-
bezpecila sUstava bfzd umiestnenych na opore ¢. 1 nad kotevnym
blokom vystvacieho zariadenia.

Treba pritom povedat, Zze pouzitie technoldgie vystvania monoli-
tickej beténovej konstrukcie bez docasnych podpér je pri maximal-
nej dfzke pola 68,0 m vynimocné.

Nosna konstrukcia DC2 sa realizovala technolégiou budovania na
podpornej skruzi systémom pole — konzola. Vystavba sa zacala rea-
lizdciou lavého mosta polom nad cestou I/18 s postupom do obi-
dvoch stran. Spolu sa na tomto dilata¢nom celku realizovalo 2 X 6
etdp vystavby.

Zaver

Predmetny Usek dialnice sa buduje od septembra 2014. V sucasnos-
ti je na moste zrealizovana celd spodnd stavba, nosna konstrukcia
a ciastocne mostné prislusenstvo.

Predpokladany termin odovzdania stavby do uZivania je stanove-
ny v maji 2019 a suvisi s napojenim Useku na krizovatku Lietavska
Lucka, ktord sa buduje v rdmci nadvézujucej stavby D1 Lietavska Luc-
ka — Visnové — Dubna Skala, ako aj so samostatne budovanym dial-
ni¢nym privadzacom do Ziliny.

Objedndvatelom stavby je Narodna dialni¢na spolo¢nost, a. s,
Bratislava. Stavbu realizuje zdruzenie Ov¢iarsko podla zmluvnych
podmienok Zltej knihy FIDIC. Zhotovitelom objektu je stavebna
spolo¢nost STRABAG, s. 1. 0., Bratislava. Kompletnu projektovd doku-
mentaciu spracovala spolo¢nost DOPRAVOPROJEKT, a. s., Bratislava.
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Pohlad na vystavbu DC2 (favy most s vetvou)
View of the MU2 construction (left bridge with the ramp)

was separately set up for the left and separately for the right bridge.

The structure was launched by particular segments with the
length of 24, 26.0 up to 34.0 m.

The casting plant was a reinforced-concrete structure formed by
flanges with the shape of inverted T transversally coupled by means
of crossbeams. The auxiliary (temporary) piers, which are connect-
ed with the plant and abutment 1 by means of reinforced-concrete
strips, were part of the casting plant. Both the temporary piers and
the casting plant were founded on spread foundations on good-
quality compacted and consolidated gravel embankment. The cast-
ing plant’s foundations were covered with backfill material to the lev-
el of foundations' upper edge and at the place of the abutment the
embankment was made up to the capping beam'’s bottom edge.

The shape of abutment 1's capping beam, where the launching
(pulling) jack was mounted, relates to launching method as well.

The first segment’s and the launching nose’s structures were
launched using launching jack’s threaded rods, then, after having
sufficient thrust (pressure) from superstructure on pulling jack, the
launch was executed by means of movable shifting device. The shift-
ing of last segment into final position was performed by means of
steel structure mounted on the end diaphragm.

The structure’s temporary stabilisation during the new seg-
ment’s fabrication was provided for by means of a system of brakes
positioned on abutment 1, above the launching jack’s anchor block.

With the maximum span’s length of 68.0 m, the use of cast-in-si-
tu concrete structure launching method without temporary piers is
exceptional.

The superstructure MU2 was constructed on stationary scaffolding
by the span + cantilever method. The construction began by the ex-
ecution of left bridge, by the span above the /18 road, with the pro-
gress to both sides. The total number of this movement unit's con-
struction stages is 2 X 6 stages.

Conclusion

This motorway section is under construction since September 2014.
The flyover parts completed to date are the whole substructure, the
superstructure, and partly the bridge accessories.

The estimated date of opening the flyover to traffic has been set
to be May 2019 and it is related to section’s linking to the Lietavska
Lucka interchange, which is under construction within the next ad-
joining works D1 Lietavska Lucka — Visriové — Dubna Skala, as well as
to separately constructed motorway feeder to Zilina.

The Client for the Works execution is the National Motorway Com-
pany, JSC (Narodnd dialni¢na spolo¢nost, a. s., Bratislava). The Works
are executed by the Ov¢iarsko Consortium in line with the FID-
IC’s Yellow book (conditions of contract for Plant and Design-Build).
The structure Contractor is the construction company STRABAG,
s.1.0, Bratislava. The complete Design Documentation was prepared
by the company DOPRAVOPROJEKT, a. s., Bratislava.
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Realizacia mostného objektu SO 205-00

na dialhici D1 Hricovské Podhradie - Lietavska Lucka
Construction of a bridge object 205-00

on the D1 motorway Hri¢ovské Podhradie - Lietavska Lucka

Prispevok opisuje realizaciu mostného objektu SO 205-00, kto-
ry je sucastou Useku dialnice D1 Hricovské Podhradie - Lietavska
Lucka. Mostny objekt pozostéva z dvoch samostatnych mostov,
ktoré sa realizovali technolégiou vysuvnej skruze, krajné casti pri
oporach sa realizovali technoldgiou pevnej skruze.

Obr. 1 Pohlad na nosnu konstrukciu pravého mosta SO 205-00
Fig. 1 View of the bearing structure of the right bridge SO 205-00

Mostny objekt SO 205-00 je stcastou stavby dialnice D1 Hri¢ovské
Podhradie — Lietavska Lucka a premostuje tiahle tdolie s polnou ces-
tou, potokom a prelozkou cesty 1l1/5183. Nachadza sa v extravilane
obce Bitarova, pricom ¢ast mostného objektu zasahuje do katastrél-
neho Uzemia Banova (obr. 1).

Technické rieSenie mosta

Opis konstrukcie mosta

Mostny objekt pozostava z dvoch sibeznych mostov, ktorych nos-
nu konstrukciu predstavuje spojity nosnik s komorovym prierezom
z dodatocne predpatého betdnu. UloZenie nosnej konstrukcie na pi-
liere a krajné opory je riesené pomocou hrncovych lozisk a vrubo-
vych klbov. Kongtrukciu tvorf jeden dilata¢ny celok na kazdom mos-
te. Spodnu stavbu tvoria medzilahlé piliere a krajné opory, ktoré su
zaloZené na velkopriemerovych pilétach.

Zakladanie

Medzilahlé podpery a krajné opory su zalozené na velkopriemerovych
vitanych pilétach @ 900 mm votknutych do menej porusenych flovcov.
Realizacia $pecidlneho zakladania prebiehala v otvorenych stavebnych
jamach. Pri krajnych oporach prebiehala realizacia velkopriemerovych

This article describes the execution of the bridge object which is
a part of the D1 motorway section Hri¢ovské Podhradie - Lietav-
ska Lucka. The bridge object is composed of two separate bridg-
es which were built by the movable scaffolding technology while
the parts of the bridges near the abutments were constructed by
the fixed scaffolding technology.

The bridge is a part of the D1 motorway Hricovské Podhradie —
Lietavska Lucka. It crosses over a wide valley with a field road, a brook
and a relocation of the road ll1/5183. It is located in the rural area near
the village of Bitarova and a part of the bridge also enters the cadas-
tral area of Banova village (Fig. 1).

Technological solution of the bridge

Description of the bridge structure

The bridge consists of two parallel bridges, the bearing structure
of which is a continuous box girder made of post tensioned con-
crete. The mounting of bearing structure on piers and abutments is
solved by means of pot bearings and Mesnager hinges. The struc-
ture consists of one expansion unit for each bridge. The substructure
is formed by intermediate piers and abutments which are built on
large-diameter pile foundations.

Foundation

The intermediate piers and the abutments are built on @900 mm
large-diameter drilled piles, which are immersed in less disturbed
claystone. Implementation of the special foundations took place in
the open building pits. In the case of abutments, the execution of
large-diameter piles was carried out only after the settlement of the
embankment, which was initially filled by 1.0 m above the future
motorway level. Consolidation process was monitored using a hor-
izontal inclinometer and built-in markers.

Substructure

The substructure of the bridge is made up of intermediate piers
and abutments. The intermediate piers have the cross-section
shape of letter "H" with dimensions of 2.4 x 5.0 m. The width of the
middle wall is 600 mm. The wall ends 1.5 m underneath the top
of the piers and its upper surface serves as a revision pavement
for the pot bearings control. The height of the intermediate piers
ranged from 9.7 to 24.0 m (Fig. 2). The construction of the piers was
carried out by 5 m sections using the system of climbing form-
work and sidewalks. The bridge abutments were built in a form of
split supports due to the transition of the fixed scaffolding over the
abutment.
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Obr.2 Pohlad na piliere mosta SO 205-00 v smere na Poprad
Fig. 2 View of the bridge piers of the bridge SO 205-00 in direction to Poprad city

pilét az po konsolidacii ndsypu, ktory sa v pociato¢nom $tadiu presypal
0 1,0 m nad budtcu niveletu dialnice. Konsolidacia sa sledovala pomo-
cou vodorovného inklinometra a zabudovanych meracskych znaciek.

Spodna stavba

Spodnu stavbu mosta tvoria medzilahlé podpery a krajné opory. Me-
dzilahlé podpery maju v priecnom reze tvar pismena H s rozmermi
2,4 % 5,0m, pricom $irka strednej steny je 600 mm. Stena je ukoncena
1,5 m pod hornym povrchom jednotlivych pilierov a jej horny povrch
sluzi ako revizny chodnik na kontrolu hrncovych lozisk. Vyska medzi-
lahlych pilierov sa pohybovala od 9,7 do 24,0 m (obr. 2). Viystavba pilie-
rov prebiehala po zaberoch s dizkou 5 m pomocou systémového pre-
kladaného debnenia a pochddznych lavok. Krajné opory sa realizovali
formou delenych op6r z dévodu prechodu skruze cez mostnu oporu.

Nosné konstrukcia

Nosnu konstrukciu lavého a pravého mosta tvori 11-polovy spoji-
ty nosnik s komorovym prierezom z dodatoc¢ne predpatého beténu
s konstantnou vyskou 3,00 m. Rozpatia polf v osi mostného objektu
sa pohybovali od 41,75 do 58,5 m. Dizka favej nosnej konstrukcie je
615,370 m, pravej nosnej konstrukcie 608,630 m.

Komorovy prierez nosnej konstrukcie s vylozenymi konzolami bol
predopnuty predpinacim systémom Projstar, a to kombindciou poz-
dizneho sudrzného predpétia pomocou 13-lanovych kéblov. Sys-
tém tvorili Styri typy kdblov oznacenych v priereze A, B, C, D. Kéble sa
predpinali v troch fézach, a to v zmysle predpinacej schémy pre kaz-
dé pole nosnej konstrukcie na kotevné napatie 1460 MPa pri kabloch
typu A a C a na kotevné napadtie 1 480 MPa pri kdbloch typu B a D.
Pri predopnuti nosnej konstrukcie sa po presune vysuvnej skruze do
daldej etapy vyplnili kdblové dutiny cementovou injektdZnou maltou.

Postup vystavby nosnej konstrukcie

Nosna konstrukcia sa realizovala etapovite — v rdmci kazdého mos-
ta bolo 11 etédp vystavby, ktoré sa realizovali kombindciou vysuvnej
a pevnej skruze. Kazdd etapa vystavby nosnej konstrukcie predstavo-
vala jedno mostné pole.

Vystavba nosnej konstrukcie na vysuvnej skruzi
\iystavba nosnej konstrukcie na vysuvnej skruzi prebiehala v etapach
¢ 1az10a ¢ 13 az 21. Pri vystavbe tohto mostného objektu sa pou-
Zila vysuvnd skruz typu STRUKTURAS so spodnym ulozenim hlavnych
nosnikov. Skruz umoznovala realizaciu nosnej konstrukcie s rozpatiami
poli od 45 do 60 m. Ako prva sa zrealizovala nosna konstrukcia pravé-
ho mosta proti smeru stanicenia od opory ¢. 12 smerom k opore €. 1,
pricom pomocou tejto skruze sa zrealizovalo 11 etdp vystavby nosnej
konstrukcie. Nasledne sa skruz presunula do 13. etapy a postupne sa
zrealizovali etapy ¢. 13 az 21 v smere stani¢enia na lavom moste (obr. 3).
V kazdej betonarskej etape vystavby nosnej konstrukcie sa skruz
presunula z predchddzajlcej etapy spolu s vonkajsim debnenim
do betondrskej polohy. Na takto nastavenu vysuvnu skruz sa ulozila

InZinierske stavby / InZenyrské stavby 4/2018

Obr. 3 Vystavba NK na vysuvnej skruzi
Fig. 3 Construction of the bearing structure by the movable scaffolding method

Bearing structure

The bearing structure of the left and the right bridge consists of the
11-span continuous box girder made of post tensioned concrete with
a constant height of 3.00 m. The field spans in the axis of the bridge
ranged from 41.75 to 58.5 m. The length of the left bearing structure
is 615.370 m and the right bearing structure is 608.630 m long.

The box girder of the bearing structure with overhung brackets
was pre-stressed with the Projstar pre-stressing system by combin-
ing the longitudinal coherent pre-stress with 13-steel tendons. The
system consisted of four types of tendons indicated as A, B, C and D
in the cross-section layout. The tendons were pre-stressed in three
phases, in accordance with a pre-stressing scheme for each span
of the bearing structure. Tendons A and C were pre-stressed to the
anchor tension of 1460 MPa and tendons type B and D were pre-
stressed to an anchor tension of 1480 MPa. When the bearing struc-
ture was being pre-stressed, the tendon cavities were filled with ce-
mentitious grout.

Construction of the bearing structure

Construction of the bearing structure was divided into 11 stages for
each bridge, and it was carried out by combination of the movable
and fixed scaffolding. Each stage of the bearing structure represent-
ed one bridge span.

Construction of the bearing structure by the movable
scaffolding method

Construction of the bearing structure by the movable scaffold-
ing was carried out in stages no. 1 — 10 and no. 13 — 21. The mov-
able scaffolding used in the construction of this bridge was of the
"STRUCTURAS" type with the bottom placing of the main beams. The
movable scaffolding allowed for the construction of a bearing struc-
ture with spans of 45 m to 60 m. The construction of the right bridge
was executed first in the direction against the stationing from the
abutment no. 12 towards the abutment no. 1. A total of 11 phases
of the bearing structure were constructed by this method. Subse-
quently, the scaffolding was moved to the 13th stage and thus the
stages no. 13 — 21 were carried out in the direction of the stationing
on the left bridge (Fig. 3).

In each concreting stage of the bearing structure, the scaffolding
was moved from the previous stage along with the external form-
work into the concreting position. When set, the steel reinforcement
of the bottom slab and beams together with tendon ducts of the
pre-stressing reinforcement were placed on the movable scaffold-
ing. Subsequently, the sealing of the inner formwork was carried out
by means of a movable hydraulic trolley which moved along the rail
track and was designed to pass through the mounting opening of
the cross member of the bearing structure. At the time of sealing of
the inner formwork, the pre-stressing tendons were being pushed
into the ducts. After the sealing of the individual segments of the in-
ternal formwork, the fitting of the top plate and bracket sections of
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betondrska vystuz spodnej dosky a trémov spolu s kablovymi kana-
likmi predpinacej vystuZe. Nasledne prebiehalo zavazanie vnutorné-
ho debnenia pomocou pojazdného hydraulického vozika, ktory sa
pohyboval po kolajnicovej drahe a bol konstruovany tak, aby presiel
cez montazny otvor prie¢nika nosnej konstrukcie. Sticasne so zava-
Zanim vnutorného debnenia prebiehalo natld¢anie predpinacej vy-
stuZe do kdblovych kanalikov. Po zavezenfi jednotlivych segmentov
vnutorného debnenia sa pristupilo k montézi armatury hornej dosky
a konzolovych casti komorového prierezu a nasledne k betondzi ce-
lej etapy nosnej konstrukcie. Po dosiahnuti pozadovanej pevnosti
betdnu sa predopli jednotlivé kable typu A, B, C, D na pozadované
napatie v zmysle predpinacej schémy. Po predopnuti vsetkych po-
trebnych kablov sa vysuvna skruz spustila a presunula do dalsej eta-
py. Realizacia jednej etapy s dlzkou priblizne 60 m trvala 19 dn.

Vystavba nosnej konstrukcie na pevnej skruzi

Na pevnej skruzi sa zrealizovali etapy ¢. 12, 13 a 22. Etapy ¢. 12 a 22
predstavovali vybudovanie poslednej ¢asti nosnej konstrukcie lavé-
ho a pravého mosta po demontdZi vysuvnej skruze. Etapa ¢. 13 na
pevnej skruzi prebehla v predstihu tak, aby sa zdemontovana vysuv-
na skruz po vybudovani 11. etapy na pravom moste mohla plynulo
presunut do 13. etapy lavého mosta. Etapy na pevnej skruzi sa reali-
zovali na podpernej skruzi typu PIZMO, na ktorej bolo zhotovené sys-
témové debnenie typu DOKA. Betondz bola rozdelend na dve casti.
V prvej Casti sa zabetdnovala spodnd doska a trdmy, nasledne pre-
behla po montazi debnenia hornej dosky a armatury betondz hornej
dosky spolu s konzolami. Po dosiahnuti pozadovanej pevnosti beté-
nu a predopnuti takto zhotovenej etapy sa pristUpilo k demontézi
debnenia a podpornej skruze (obr. 4).

Zaver

Pocas realizacie tohto stavebného objektu bolo potrebné vyrovnat sa
s viacerymi technologickymi prekazkami, zosuladit jednotlivé ¢innosti
a procesy vystavby, aby vystavba nosnej konstrukcie prebehla ¢o naj-
plynulejsie a efektivne. Mostny objekt sa realizoval v zmysle zmluvnych
podmienok FIDIC - ZItd kniha, ¢o umoznovalo zhotovitelovi efektivne
navrhnut celé rieSenie mostného objektu v spolupraci s projektan-
tom. Projektantom objektu bola projekeéna kanceldria Strasky, Husty
a partnefi, s. r. 0. Zhotovitelom mosta je VAHOSTAV - SK, a. s., Bratislava.

Obr. 4 Vystavba na pevnej skruzi, 13. etapa
Fig. 4 Construction by the fixed scaffolding method (13th phase)
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the box girder was assembled, and then the entire stage of the bear-
ing structure was concreted. Once the required concrete strength
has been achieved, individual tendons type A, B, C, D have been
pre-stressed to the required tension in the sense of the pre-stress-
ing scheme. After all necessary tendons have been pre-stressed,
the movable scaffolding was released and moved to the next stage.
Construction of one stage of about 60 m in length took 19 days to
complete.

Construction of the bearing structure by the fixed
scaffolding method

The fixed scaffolding method was used in stages no. 12, 13 and
22. Stages no. 12 and 22 were constructed as the last part of the
left and the right bridge bearing structure after the movable scaf-
folding was removed. Stage no. 13 was built by the fixed scaffold-
ing in advance, so that the dismantled movable scaffolding could
be continuously moved from the construction of the 11th stage on
the right bridge to the 13th stage of the left bridge. Stages on the
fixed scaffolding were carried out on the PIZMO support scaffold-
ing, on which a DOKA type formwork system was made. Concret-
ing was divided into two parts. In the first part, the bottom slab and
webs were covered, and then the concreting of the top slab with
bracing was carried out following the assembly of the top slab form-
work and steel reinforcement. After the required concrete strength
has been achieved and the pre-stressing of the stage thus complet-
ed, the formwork and the fixed scaffolding were removed (Fig. 4).

Conclusion

During the construction of this bridge it was necessary to cope with
several technological obstacles, to harmonize the individual activi-
ties and the processes of construction, so that the construction of
the bearing structure was carried out as smoothly and efficiently as
possible. The bridge was implemented under the terms of the FID-
IC - Yellow Book, which enabled the contractor to effectively design
the entire solution of the bridge in collaboration with the design-
er. The designer of this building is the design office of Strasky, Dusty
and Partners, s. r. 0. The contractor of the bridge is VAHOSTAV — SK,
a. s. Bratislava.
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D3 Zilina (Strazov) - Zilina (Brodno) - Estakada na D3 v km 7,500
nad cestou 1/18, tratou ZSR a vodnou nadrzou Hricov
D3 Zilina (Strazov) - Zilina (Brodno) - Flyover over route I-18,

railway and Hricov reservoir

Clanok pojednava o projekte a vystavbe mostnej estakady pri
meste Zilina s tridsiatimi polami, pri ktorych sa kombinovali réz-
ne technolégie vystavby nosnej konstrukcie. Néro¢né mostné
dielo, skladajuce sa z dvoch samostatnych konstrukcii, prekra-
Cujuce vodné dielo v seizmicky naro¢nej oblasti a v zlozitych
geometrickych parametroch dialnice, tvori vo vysledku jedno-
liaty dilata¢ny celok s dizkou dosahujtcou takmer 1,5 km. Hlav-
né pole obidvoch mostov tvori pole letmych betondZi s rozpa-
tim2x 110 m.

Estakdda 223-00 ponad vodné dielo Hric¢ov je sucastou Useku slo-
venskej dialnice D3, ktory nadvazuje na zdpadnom okraji mesta na
predchadzajuci usek D3 z Hricovského Podhradia a tvori severoza-
padny obchvat mesta Zilina. Na svojom konci sa Usek dialnice napa-
ja na jestvujucu cestu I/11 veducu severne do mesta Cadca a dalej
smerom k hraniciam s CR a s Polskom. Stcastou Useku je okrem es-
takédy aj smerovo rozdeleny tunel Povazsky Chimec s dizkou 2,2 km,
na ktory priamo nadvdzuje druhy mostny objekt na tomto useku.
Objedndvatelom vystavby bola Narodna dialni¢na spoloc¢nost a Usek
bol spolufinancovany z fondov Eurépskej unie. Vystavba Useku D3
sa zacala v juni 2014, vystavba samotného mosta prebiehala od no-
vembra 2014 do novembra 2017.

Zakladné parametre navrhu konstrukcie

Mostny objekt tvoria dve samostatné konstrukcie, jedna v kazdom
jazdnom smere. V sUvislosti s diZkou ide o dva jednoliate dilatacné
celky, pricom nosna konstrukcia lavého mosta v smere na Bratisla-
vu mé dizku priblizne 1493 m a je rozdelend do tridsiatich polf. Pra-
vé kongtrukcia v jazdnom smere do Cadce mé dfzku 1437 m a je roz-
delend do dvadsiatich deviatich poli. Rozpatie dvoch hlavnych poli
mosta bolo ur¢ené poziadavkou spravcu toku. Zékladnou poziadav-
kou bolo dodrzat v priestore vodného diela Hricov (v hlavnom pru-
de rieky Vah) rozpatie najmenej 110,0 m.

Vzhladom na stiesneny priestor Udolnej nivy rieky Vah ma most zlozi-
tU zékladnu geometriu. V pédoryse tvoria zékladnu os dialhice, a tym aj
mosta, dva protismerné oblutiky spojené prechodnicou, pricom minimal-
ny polomer zakrivenia smerového obluka dialnice je R = 760 m (obr. 2).

VySkové vedenie je zloZené zo stlpania od zaciatku Useku s vr-
cholovym zakruzovacim obltkom v priestore vodného diela a dalej
z mierneho klesania s nadvdznym udolnicovym obldkom na konci
mosta. V rdmci prechodnice medzi obidvomi pddorysnymi oblukmi
dochdadza navyse k prekldpaniu prie¢neho rezu cez nulovy spad. Viys-
kové vedenie vidiet na obr. 1.

Pre potreby projektovej pripravy a vystavby mosta sa konstrukcie
rozdelili do styroch technologickych celkov (dalej,TC"), pricom kaz-
dy celok sa realizoval pomocou odlisnej technoldgie vzhlfadom na

Presented paper describes briefly design and construction of
a flyover near the city of Zilina, which consists of 30 spans and
for which different construction technologies for different parts
of superstructure were used. Demanding bridge structure, con-
sisting of two independent structures, stretches itself across res-
ervoir in earthquake region, and with difficult layout plan shape
and profile grade line of the highway performs as a single expan-
sion unit. The main span of both bridges is the FCM section with
span length of 2x 110 m.

The bridge itself (numbered 223-00) over the Hricov reservoir is
a part of the D3 highway construction stage near the city of Zilina.
The construction site extends the completed part of the D3 highway
from Hricovské Podhradie at the west-end suburbs and develops
the north-western bypass of the city. At its end, the D3 construction
stage connects to the existing route 1/11, which continues further
north to the city of Cadca and country borders with the Czech Re-
public and Poland. The described highway part also includes 2.2 km
long tunnel named Povazsky Chimec, directly followed by another
bridge construction. The investor of the highway was the National
Motorway Company (Narodna dialni¢na spolo¢nost) and the con-
struction was built with the participation of funds of the European
Union. The construction began in June 2014, and the bridge con-
struction took place between November, 2014 and November, 2017.

Basic characteristics of the design

The described bridge construction is formed by two separate con-
structions, each of which carries one traffic lane direction. As for the
length both bridges are single expansion units. The left unit carrying
traffic heading to the Capital city of Bratislava is approx. 1493 m long
and divided into 30 spans. The right unit with traffic heading to the
city of Cadca is approx. 1 437 m long and divided into 29 spans. The
main span length was requested from river authorities. The main re-
quest was to keep the span at least or above 110.0 m for both spans
crossing the river Vah main stream.

Due to tight space within the area of river’s valley the bridge has
very difficult basic geometry. The highway layout within the bridge
is mainly formed by arc with radius R = 760 m. The transition curves
are adopted along the bridge with superelevation change designed
within a single span (Fig. 2).

In vertical alignment, the highway gradient advances from the be-
ginning to the middle of the bridge, then it descents to another arc
and another ascent at the end of the bridge. For schematic elevation
profiles see Fig. 1.

For the schedule and design purposes both bridges have been di-
vided into four technological sections (further referred as,TS"), each
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SCHEMATICKY POZDLZNY REZ LAVYM MOSTOM (PREVYSENY)
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Obr. 1 Schematické pozdizne rezy
Fig. 1 Schematic elevation profiles

optimalizaciu harmonogramu vystavby. Kazdy celok je tak unikétny designed and built with different construction technology method.

svojbytnymi poziadavkami nielen na tvarovu zloZitost, ale aj na uchy- Such division has allowed the construction company to optimize the
tenie skruZi, vedenie predpatia a vplyvom navrhnutého postupu vy- time schedule to fulfill milestones and deadlines. Each TS has had dif-
stavby aj na docasné blokacie. Ako prvy sa z dvojice konstrukcif bu- ferent requests and input data for the designer not only due to shape
doval vzdy v miernom predstihu pred pravym mostom lavy most. changes, but also due to differences in formwork supports, prestress

tendons alignment, and due to construction sequence temporary
Zalozenie mosta bearing movements too. From the two, the left bridge has always
Most je zalozeny na velkopriemerovych vitanych pildtach. Cast mos- been built as the first one slightly ahead of the right bridge.

ta s najvacsim rozpatim poli je zaloZzend na pildtach s priemerom
1 500 mm, estakddna cast s mensimi rozpdtiami potom na pildtach Foundation
s priemerom 1 200 mm. Dizka pilét sa pohybuje od 12,0 do 17,0 m. The bridge foundation is designed with the use of drilled piles. The

Piloty su v pate votknuté do vrstiev flovcov R5-R4. Piloty sa realizova- parts of constructions, which are built in the scheme of balanced
li z pilotdznych plosin s hluchym vftanim. V priestore rybnika Strézov cantilever, are designed with piles with Dia. 1 500 mm. The founda-
a vodného diela Hricov bolo potrebné vybudovat pre vystavbu mos- tion of the rest of the bridge is formed by drilled piles with Dia. 1
ta docasné pristupové cesty so zapazenymi jamami na realizaciu za- 200 mm. the length of piles differs from 12.0 m to 17.0 m. Piles are
kladov a spodnej stavby. Tam, kde by sa do¢asnym nadsypom zahra- fixed in claystone rock layers beneath the bridge. Temporary access
dil staly tok rieky Vah, sa vystavba mosta rozdelila do dvoch faz tak, roads had to be built in area of the pond Strézov and Hricov reser-
aby vzdy zostal prieto¢ny profil s dostacujucou kapacitou. Pritom sa voir. The construction sequence in the Hricov reservoir has been fur-
kontrolovala hladina vzdutia rieky Vah pri maximalnych prietokoch. ther divided into two stages to allow for current of the river Vah. The

Na overenie ndvrhovych parametrov zalozenia podpier sa v kazdom river’s swell influenced by temporary obstacles has been checked
technologickom celku realizovali zatazkavacie skusky systémovych for flooding levels.

O W

B W
RYBNIK STRAZOV ]
Pond Strézov

A = VN HR!C.OVW g
2 - "\\\ Reservoir Hri¢ov =

Obr.2 Podorysné schéma
Fig. 2 Layout plan

InZinierske stavby / InZenyrské stavby 4/2018 www.inzinierskestavby.sk
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Obr. 3 Prie¢ny rez estakddnou castou
Fig. 3 Cross-section of TS 1, 2 and 4 (double-T girders)
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Obr. 4 Priecny rez castou letmej betondze
Fig. 4 Cross-section of TS 3 (box girder)

pildt pri vybranych zakladoch. Spolu osem statickych zatazkavacich
skusok potvrdilo vo vietkych pripadoch predpoklady navrhu.

Spodna stavba
Piliere estakadnej casti maju po vyske konstantny prierez s prudnico-
vym tvarom s rozmermi 4,50 X 1,70 m a realizovali sa v betondznych
taktoch s vyskou 4,5 m. Na hlaviciach pilierov su osadené hrncové lo-
Ziskd, vzdy jedno jednosmerné a jedno viesmerné. Nosna konstrukcia
je potom na loZiskd uloZend nepriamo cez medzilahlé priecniky (obr. 3).

Pretoze finalny ,pevny bod” konstrukcif sa nachadza priblizne pri
stredovych podperdch letmo beténovanych casti, prednastavili sa
geometricky vsetky priecniky a s nimi aj jednotlivé polia estakadnych
Casti na dlhodobé ucinky reologickych javov spolu s loziskami. Maxi-
mélne dizkové prednastavenie sa realizovalo na prie¢niku na opore
O1L hodnotou 310 mm.

Most sa v ¢asti na zaciatku Useku nachddza aj v priamej blizkosti
Zelezni¢nej trate s jednosmernou trakciou 3 kV, preto bol zatriedeny

www.inzenyrske-stavby.cz

Realized bridges

To verify the foundation design parameters, several piles in each
technology part have been load-tested. In total, eight piles have
been tested with results completely validating and even exceeding
the design assumptions.

Substructure

The substructure of the bridge is formed by intermediate piers and
end abutments. Piers out of the reservoir area have constant cross-
section with bounding box dimensions 4.5 x 1.7 m, and they have
been built in casting sequences with the height of 4.5 m. At the top
of each pillar there are two bearings situated, one is single-direction
sliding, and one free sliding bearing. The superstructure is then sup-
ported indirectly with cross-beams. For details, see Fig. 3.

Because the final fixed point (point of zero movements) of the
construction is located approximately at the middle of the bridge,
the casting geometry position of all cross-beams and spans respec-
tively, have been preset together with bearing top plates to allow
for long-term effects of shrinkage and creep. The maximum value of
this geometry preset was at end cross-beam at abutment O1L and
equaled to 310 mm.

At the beginning of the structure the electrified railway (DC 3 kV)
is situated very close to the structure. That said the structure has
been included into group of structures with very high risk of rein-
forcement corrosion due to indirect electric currents going through
ground. To avoid the corrosion of reinforcement the superstructure
has been isolated from substructure at bearings. To provide light-
ning protection for isolated bridge deck and accessories, piers are
equipped with spark gaps besides bearings.

In the Hricov reservoir area, where the balanced cantilever tech-
nology section is located, the superstructure is fix-joined to the sub-
structure at the middle pier. Freyssinet-type hinges have been de-
signed at the other two piers to help sustain the earthquake loads.
Pillars are formed by two slim walls with the thickness of 900 mm.
The shape of each wall reproduces the letter V, at the bottom joined
with diaphragm to form streamlined cross-section eliminating tur-
bulent drifts (Fig. 4).

Superstructure

The superstructure of the bridge forms post-tension prestressed con-
crete continuous beam. Both internal and external tendons are used
for prestress, but the external prestress is only designed at cantilever
part of the bridge. External tendons have been placed into cement-
filled HDPE ducts. The elementary cross-section of the bridge except
for TS3 consists of double-T girder with monolithic upper deck. To-
tal height of the cross-section is 3.0m. The width of both superstruc-
tures is the same 13.1 m.

Due to non-uniform span lengths at the beginning of the bridge,
the girders widen at support areas. To resist transversal forces caused
by longitudinal forces from widening (and therefore the change of
beam centerline), monolithic slabs have been implemented into
cross-section at the bottom of the girder. Bridge deck beams are
supported by bearings indirectly using cross-beams (Fig. 3, 5 and 6).
At spans, which have been constructed using movable scaffolding
systems Strukturas & BERD (TS2 & TS4), these cross-beams have been
cast in advance and also served as a support for MSS during their
movements.

Structural design of the bridge within section of double-T girder
has been influenced negatively with conditions of design code in
combination with the position of the center of gravity of the cross-
section. To fulfill conditions of the code it is necessary to evalu-
ate SLS stresses with superior and inferior factors for prestress (de-
pends on the positive/negative effect of prestress), given as 0.9 or
1.1 of the characteristic value. Prestress force, which is needed at
the bottom cross-section’s fibers at the end of the bridge lifetime
with the effect factor of 0,9*P at mid-span (decompression due to
dead loads and traffic loads), causes at the beginning of the life-
time with the partial factor of 1,1*P large tensile areas near sup-
ports. It is also forbidden to design prestress tendon alignment
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Obr. 5 Pole TC1 nad tratou ZSR a vzpery v rozéireni trémov
Fig. 5 Longest spans of TS1 across railway and their bottom slabs at girder widening

do stupna kordznej agresivity ¢. 4. Z toho dévodu je nosna konstruk-
cia oddelend elektricky od spodnej stavby osadenim lozisk do vrstvy
plastmalty. Na hlaviciach pilierov su dalej vedla lozisk navrhnuté aj is-
kristia na ochranu pred prepéatim od atmosférickych vybojov.

V asti mosta s letmo betdnovanou nosnou konstrukciou je nosna
konstrukcia spojend so spodnou stavbou monoliticky rdmovym vot-
knutim na prostrednom z vahadiel a dalej cez vrubové kiby umiest-
nené v hlavéach pilierov pod zérodkami krajnych vahadiel. Piliere su
navrhnuté z dvojic stihlych stien s hribkou 900 mm v tvare pisme-
na V. Prierez jednotlivych stien méa rovnaky vysledny pradnicovy tvar,
navyse, piliere v pdte su na vyske priblizne 2,5 m spojené monolitic-
kym stuzenim prierezu, ktoré obmedzuje turbulentné pridenie pri
pilieroch v priestore toku (obr. 4).

Nosna konstrukcia

Nosnu konstrukciu mosta tvori dodato¢ne predpéty betonovy spo-
jity nosnik. Nosné konstrukcie estakddnej casti su predopnuté iba
sudrznym predpétim, v casti letmej betondze su sudrzné kable do-
plnené o nesudrzné kable, vedené vo vnutri komory v plastovych ka-
nélikoch a injektované cementovou injektazou. Zékladny priecny rez
estakadnou ¢astou tvori dvojtrdm s konstantnou vyskou 3,0 m. Sirka
obidvoch nosnych konstrukcii mosta je 13,10 m.

Vplyvom rozdielnych dfZok poli v celku TC1 a z toho vyplyvajuce]
statickej ndro¢nosti su trdmy pri niektorych podperach na zaciatku
Useku rozsirené. vV miestach, kde dochéddza k rozsireniu trdmov, st na
zachytenie prie¢nych Gcinkov od pozdiznych sil pri zmene strednice
navrhnuté prie¢ne vzpery pri dne trdmov. Tramy estakddnych castf
s ulozené na piliere spodnej stavby nepriamo cez medzilahlé priec-
niky (obr. 3, 5a 6). V castiach budovanych pomocou vysuvnych skru-
Zi Strukturas a BERD (TC2 a TC4) sa tieto prie¢niky budovali v pred-
stihu a sluZili ako podperné body pri ndjazde skruzi pred betonadZou.

Staticky ndvrh mosta v casti s dvojtrdmom ovplyvnili negativ-
ne podmienky ndvrhovej normy v kombindcii s vysoko polozenym
taziskom prierezu. Na splnenie navrhovych noriem treba pocitat
v medznych stavoch MSP s hodnotou predpétia 0,9 alebo 1,1-ndsob-
kom charakteristickej hodnoty. Prepinacia vystuz, ktord je tak v case
t = 100 rokov potrebna na urovni 0,9*P v polovici rozpéti poli na do-
siahnutie tlakovych napéti od zataZenia od vlastnej tiaze a dopravy
(dekompresia v ¢astej kombinéacii zatazeni), posobi rovnaké predpé-
tie v miestach podpier v ¢ase t = 0 rokov hodnotou 1,1*P na rozsiahle
tahové oblasti na rovnakych spodnych vldknach prierezu, do ktorych
navyse nesmie predpdtie zasahovat. Suvisiace problémy poésobilo aj
posudenie tychto oblasti na obmedzenie Sirky trhlin. Nasledkom je
na prvy pohlad nelogické umiestnenie niekolkych vrstiev vystuze
s priemerom 32 mm do oblasti dna trdmov pri podperach (obr. 6 a 7).
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Obr. 6 Spodnd stavba casti cez rybnik Strézov a prie¢niky nepriameho uloZzenia NK
Fig. 6 Substructure of TS2 over pond StrdZov and cross-beams with indirect support

within tensile areas, which made situation further worse. Analo-
gous issue has been discovered during SLS check for crack width
at these areas. The result of the design, which fulfills design code
criteria is illogical (at the first sight) placement of several layers of
heavy reinforcement of Dia. 32 mm into bottom fibers near sup-
ports, where negative stresses due bending moment would be ex-
pected (Fig. 6, 7).

Transition cross-beams between TS2 & TS3 (and further between
TS3 & TS4) serve to overlap the internal prestress coming from box
girder into double-T beam girders. At the same time they serve as
anchor points for external cables going through the hollow section
of the box girder. Areas of bottom fibers of cross-beams betweenTS3
& TS4 were ameliorated due to construction sequence as last spans
of TS4 were cast between completed section of TS3 and previous
span of TS4. This caused development of negative bending moment
due to self-weight and therefore compressive stresses at the bot-
tom fibers. At transition cross-beams between TS2 & TS3 this hasn't
been the case as the construction schedule for TS2 has been in ad-
vance of TS3. These cross-beams and adjacent spans have therefore
been made with negative pre-camber of 20 mm. To develop neg-
ative bending moment and compressive stresses to bottom fibers
of the cross-section at support, bearings at these cross-beams have
been lifted by those 20 mm of pre-camber after sections TS2 & TS3
have been joined together.

Typical part of the bridge with basic span length 42.0 m contains
12 tendons, each consisting 19 strands. The part with basic span
length 44.0 m contains 14 tendons with 19 strands each. Overlap-
ping of tendons takes place at cross-beam blisters, otherwise ten-
dons are coupled at construction joints.

The part over Hricov reservoir was considered as a box-girder with
variable cross-section height, which follows the outline of the dou-
ble-T beam cross-section at their joint. The bottom width of T-beam
girder defines frieze of the bottom surface of the box-girder and ren-
ders edge continuity very nicely. The height of the cross-section var-
ies from 3.0 m where it connects to double-T beam girder up to
6.0 m at supports (Fig. 1,4 and 8). The width of walls of the box girder
varies in several steps, whereas bottom slab thickness changes con-
tinuously along the span.

Cantilever tendons consist of 19 strands each and they are uni-
formly distributed within the upper deck. Bottom tendons across
key segments consist of 12 and 19 strands and they are anchored at
blisters protruding from bottom deck. External tendons contain 31
strands each, stretch along two spans and are overlapped at support
diaphragms. Their profile is deviated at diaphragms using turned di-
abolo molding.
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Obr. 7 Prechodovy prie¢nik TC3 - TC4 pred najazdom skruze MSS BERD
Fig. 7 Transition cross-beam between TS3 & TS4 before MSS BERD arrival

Prechodové prie¢niky medzi TC2 a TC3 (a dalej medzi TC3 a TC4)
slUZia na prekotvenie predpdati komorovej ¢asti a ¢asti dvojtramu, su-
¢asne na zakotvenie nesudrznych kdblov vedenych v komore mosta.
Pri prie¢nikoch medzi TC3 a TC4 bolo namahanie spodnych vidkien
prierezu lepsie vplyvom postupu vystavby, pri ktorom sa posledné
pole TC4 betdnovalo k hotovej ¢asti TC3, ¢im sa nad podperou do-
siahol zadporny ohybovy moment. Pri prechodovych prie¢nikoch me-
dzi TC2 a TC3 to nebolo moZné, estakadna Cast bola hotova skor ako
letma betonaz a prechodovy prie¢nik tak v spodnych vlidknach nemal
takmer ziadny tlak od vlastnej tiaze. Tieto prie¢niky a susedné polia sa
preto realizovali s vyrobnym podvysenim o 20 mm a po spojeni es-
takddnej casti s letmo betdnovanou ¢astou sa na tychto podperach
realizovalo pridvihnutie konstrukcie, ktoré vnieslo do spodnych vla-
kien dvojtramu tlak obmedzujuci tahové oblasti v dolnych vldknach.

Typickd estakddna cast TC2 s rozpatim 42 m je predopnuté dva-
nastimi kdblami, ¢ast TC4 s rozpatim 44 m pomocou Strnastich kab-
lov zloZzenych z devatnéstich 1dn. Napojenie prepinacej vystuze je rie-
sené pomocou prekotveni na prie¢nikoch v kombindcii so spojkami
predpati v pracovnych Skarach.

Cast nosnej konstrukcie cez vodné dielo Hri¢ov, budovanej letmou
betonazou, tvori komorovy prierez s premennou vyskou, ktory svo-
jim vonkajsim obrysom priamo nadvdzuje na vonkajsi obrys estakad-
nej ¢asti. Sirka dna tramov je premietnutd do vlysu spodného vonkaj-
Sieho povrchu komory mosta, ¢im vytvara elegantné napojenie hran.
Viyska prierezu sa tak menf od 3,0 m v mieste prechodu z estakad-
nej Casti dvojtramu do 6,0 m v mieste podopreni (obr. 1,4, 8). Hribka
stien komory sa na dlzke smerom k pilierom meni v niekolkych sko-
koch, hribka spodnej dosky sa menfi plynulo.

Vahadlové kable tvori devétnast 1an, kable umiestené v dolnej do-
ske sU potom zostavené z 12- a 19-lanovych jednotiek. Volné kable
z tridsatjeden lan su vedené vzdy cez dve polia a su kotvené v priec-
nikoch. Ich drdha sa v devidtoroch a prie¢nikoch lom{ pomocou sus-
truzenych tvaroviek zo silénu vkladanych do debnent.

Vystavba
Spustenie vystavby Useku D3 prebehlo v juni 2014 s terminom do-
koncenia v juni 2017. Samotna realizacia mosta sa zacala pripravny-
mi pradcami v oktobri 2014, s vftanim prvych pildt sa zacalo v novem-
bri 2014. Predpokladany ¢as na vystavbu tak bol tridsatdva mesiacov.
V tychto mantineloch sa okrem toho nachédzal aj ciastkovy mifnik
vystavby — dokoncenie obidvoch nosnych konstrukcii do konca ok-
tébra 2016, teda do dvadsiatich Styroch mesiacov od prvého vykopu.
Vplyvom meskani pri vystavbe tunela sa odovzdanie Useku onesko-
rilo o Sest mesiacov, no vystavba mosta postupovala viac-menej pod-
la schvdleného harmonogramu. Pri takom naro¢nom harmonograme

www.inzenyrske-stavby.cz

Obr. 8 Vyskovy ndbeh komorovej casti smerom k pilierom v tvare V vo VN Hric¢ov
Fig. 8 Cross-section height variation close to V-shaped piers at reservoir section

Construction sequence

The highway construction began in June, 2014 with the deadline set

to June, 2017. The construction of the bridge itself began shortly af-

ter design in October, 2014 by preliminary works (ground remov-

als, excavations). First piles for TST were drilled in November, 2014.

Timeframe assumed for the construction was 32 months. Within this

timeframe separate milestone was set — completion of both super-

structures until the end of October, 2016, which means 24 months
after first excavations.

Due to unexpected delays during tunnel construction the dead-
line for completion of the highway was extended by up to 6 months
excluding bridge construction milestone, which followed original
time schedule. At such tough circumstances it has been necessary to
optimize technologies and works sequence performed on site. Su-
perstructure constructions were about to be provided at the same
time for both bridges, that’s why it was decided to use several differ-
ent construction methods. For each section there were used these
construction technology:

e TS1 — ordinary formwork with schedule from span across railway
towards abutments,

e TS2 — movable MSS Strukturas span by span from TS1 towards res-
ervoir (TS3),

e TS3 — symmetrical FCM, at the first period two cantilevers closer
to the tunnel (TS4), then the last one closer to the pond Strédzov
(T52),

e TS4 — movable MSS BERD equipped with self-weight balancing
system (organic prestress) span by span heading from abutments
at tunnel entrance towards reservoir (TS3).

The construction sequence of superstructures was finished by lift-
up of cross beams between TS2 (over pond Strazov) and TS3 (over
Hricov reservoir), which took place after separate sections of super-
structure were coupled into one expansion unit and remaining ex-
ternal tendons were prestressed.

Finishing works were as following:

e anchoring and casting of nearly 6 kilometers of edge beams,

e expansion joints assembly with movement capacity from 900 to
up to 1400 mm,

e installation of 6 kilometers of guard rails with unique dilatation
details,

e installation of in total 740 Pcs of noise barrier and railing posts,

e connection of more than 670 Pcs of drainage inlets,

e application of 38 500 m? of insulation and nearly 33 000 m? of
wearing surfaces.
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bolo nevyhnutné optimalizovat nasadenie technoldgif. Pri vystavbe nos-

nych konstrukcif, ktord mala prebiehat v rovnakom termine na vsetkych

celkoch, sa prijalo rozhodnutie o vyuziti takychto rozlicnych technoldgit:

e TC1 - pevnéd skruz po poliach smerom od Zeleznice ku krajnym
oporam 0T,

e TC2 — presuvnd MSS Strukturas po poliach v smere od Zeleznice
k vodnej nadrzi,

e TC3 — letméd betondz symetrickych vahadiel, v prvej faze dve va-
hadla blizsie k tunelu, nasledne vahadlo pri rybniku Strézov,

e TC4 — presuvna MSS BERD po poliach od tunela smerom k TC3.
Po spojeni jednotlivych ¢asti nosnych konstrukcii do jedného di-

latacného celku a dopnuti volného predpatia sa realizovalo pri-

dvihnutie nosnej konstrukcie na prechodovych zarodkoch medzi

dvojtrdmom nad rybnikom Strdzov a castou s letmou betondzou

(TC2 - TC3). Tym sa dokoncila vystavba nosnych konstrukcii mosta.

Dokoncovacie prace nasledne predstavovali:

e ukotvenie a betonaz takmer 6 km rims,

e osadenie mostnych zaverov s kapacitou posunov od 900 do 1400 mm,

e instalaciu 6 km zvodidiel osadenych atypickymi dilataciami,

e ukotvenie spolu 740 ks stipikov PHS a zabradli do rims,

e napojenie viac ako 670 ks odvodriovacov do pozdiZznych zvodov
kanalizicie,

e polozenie 38 500 m? izolcii a cca 33 000 m? vozoviek.

Na zaver sa vykonali statické a dynamické zatazkavacie skusky obi-
dvoch mostov vo vybranych poliach. Skusky potvrdili kvalitu realiza-
cie aj spravnost koncepcie navrhu mosta a most bol odovzdany do
prevadzky verejnosti (obr. 9).

Zaverecné zhrnutie
Pri zapadnom okraji mesta Zilina prebiehala v rokoch 2014 - 2017
realizacia velmi narocného mostného diela v komplikovanych ca-
sovych a priestorovych podmienkach. Vznikla unikatna konstrukcia,
ktord sa svojimi parametrami a architektonickou ¢istotou navzdy vpi-
sala do historie mostného stavitelstva nielen na Slovensku, ale v ce-
lej strednej Eurdpe.

Usek dialnice D3 Zilina (Strdzov) - Zilina (Brodno), v ktorom tvorf
estakada podstatnu cast, ziskal tieto ocenenia:
e Hlavnu cenu v ndrodnej sutazi STAVBA ROKA 2017,
e Cenu Ministerstva dopravy a vystavby SR za celospolocensky prinos.

Okrem ocenenia prac stavebnych firiem na Useku D3 ziskal projek-
tovy tim spolo¢nosti SHP ocenenie ndrodného komitétu za,inovativ-
ny pristup k ndvrhu viaduktu cez vazsku vodnu nadrz Hricov na dial-
nici D3 Zilina (Strézov) — Zilina (Brodno)".

Obr.9 Most v priestore VN Hri¢ov po dokoncenf
Fig. 9 Bridge crossing Hricov reservoir after completion

At the very end of the construction both static and dynamic load
tests were performed on both bridges within several chosen spans.
Load tests have confirmed the quality of works and the assumptions
considered during the design. For finished structure appearance see
Fig. 9.

Conclusion
The construction of unique bridge structure in difficult time and
space boundary conditions took place between years 2014 - 2017
near western suburbs of the city of Zilina. The resulting structure ap-
pears to be outstanding in terms of both technical and visual point
of view. Its aesthetical clarity has helped to impress it once and for-
ever into the history of bridge construction craftsmanship within the
region of the Central Europe.
The highway part D3 Zilina (Strazov)
over included, has won:
e st prize in national Structure of the year 2017 competition,
e special prize from Ministry of Transportation and Construction of
the Slovak Republic for all societal benefits.

~ Zilina (Brodno), with the fly-

Together with awards for construction companies the design
team of Strasky, Husty and partners, Ltd. has been awarded by the
national fib committee and received award for innovative attitude to
the design of the flyover across Hri¢ov reservoir.
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PREDPINANI BETONOVYCH KONSTRUKCI
Ianovy a tyéovy predpinaci systém

- zavésové systémy mostu

SANACE BETONOVYCH KONSTRUKCi

- opravy a ochrana betonu (reprofilace, injektaze trhlin,

tésnici a izolaéni natéry)

- ochrana betonafské vyztuze (katodické ochrana,

elektrochemicka, fyzikalné-chemicka impregnace)

- dodate&né zesilovani konstrukci (externi predpéti,

uhlikové lamely a tkaniny)

MOSTNI LOZISKA A DILATACNI ZAVERY

- hrncova, kalotova a elastomerova loZiska

- dilatagni zavéry s rozsahem do 1450mm

MANIPULACE S TEZKYMI BREMENY

- synchronni zvedani konstrukci

- vystrojeni pomocnych podpérnych konstrukci

- servis hydraulickych zafizeni

HORNINOVE KOTVY, MIKROPILOTY, PRODE])
MATERIALU
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Mosty na D1 Fri¢ovce - Svinia budované metédou letmej betonaze
The bridges on the D1 highway Fri¢ovce - Svinia built with the

free cantilever method

Mosty, ktorych sa tyka tento prispevok, patria k najvacsim most-
nym objektom na Useku D1 Fricovce - Svinia. Oba mosty boli rea-
lizované technoldgiou letmej betondze. Nachadzaju sa v extra-
vildne obce Bertotovce a deli ich od seba necelych 700 m. Prvy
z mostov, most SO 204, premostuje bezmenny potok a polnu
cestu v maximalnej vyske nad terénom az 44 m. Most SO 206
premostuje Hermanovsky potok, cestu 3. triedy 11//5439 Herma-
novce - Bertotovce a pristupovl komunikaciu v maximalnej vys-
ke 39 m nad volnym terénom.

Pohlad na rozostavané vahadld mosta SO 204
View of the unfinished cantilevers on SO 204

Most SO 204 vedie smerovo v prechodnici a v obldku s R =
2 200 m, vyskovo prechadza z vrcholového oblidka s R = 10 000 m
do konstantného klesania 4,5 %, vozovka mé jednostranny priecny
sklon 4,5 %. Most SO 206 vedie v smerovom obldku s R=1 120 m,
vyskovo je v konstantnom klesani 0,86 %, vozovka ma jednostranny
priecny sklon 3,5 %.

Zakladné udaje a opis mostov

Zalozenie a spodna stavba

Most SO 204

Most je zaloZeny na mikropilétach @ 159 mm s dikami od 10 aZ do
20,5 m, v kazdom zéklade sa vykonali dve zatazovacie skusky. Kraj-
né opory a zaklady ¢. 2 a 4 sa budovali v otvorenych stavebnych ja-
mach, zéklad ¢. 3 v stavebnej jame chrdnenej Stetovnicovou stenou
s dvomi rozpernymi rdmami.

Spodnu stavbu mosta tvoria krajné opory ¢. 1a 5 a medzilahlé pi-
liere ¢. 2, 3 a 4. Krajné opory tvorf Zelezobetdnova stena monolitic-
ky spojend s kridlami. V strednom deliacom pése sa za touto stenou
nachéadza obstavany priestor, v ktorom je umiestnené schodisko na
pristup do mosta. Nosna konstrukcia je na oporach podopreta dvo-
mi osemuholnikovymi stipmi stojacimi na spolo¢nom zéklade. V za-

The bridges described in my paper are among the largest bridge
structures on the D1 Fri¢ovce - Svinia highway stretch. Both bridg-
es were built with the free cantilever method. The bridges are lo-
cated in the outskirts of Bertotovce and they are less than 700 m
apart from each other. The first of the bridges, bridge SO 204,
is built over a no-name creek and field road, with a maximum
height of 44 m above the terrain, and bridge SO 206 stretches
over the Hermanovce creek, class 3 road no. Ill/5439 Hermanovce
- Bertotovce and an access road, with a maximum height of 39 m
above the terrain.

The SO 204 bridge is built directionally in a transit curve and arc
with a radius of R =2 200 m, it stretches vertically from the top arc of
R= 10000 m into a constant decline of 4.5 %, and the pavement has
a transverse slope of 4.5 %. The SO 206 bridge has a directional arc of
R=1120m, itis built with a constant vertical decline of -0.86 %, and
the pavement has a transverse slope of 3.5 %.

Basic data and description of the bridges
Foundations and substructure

Bridge SO 204

The bridge is founded on @ 159 mm micro piles in lengths from 10
to 20.5 m; with 2 load tests carried out in each of the foundations.
The abutments and the foundation no. 2 and 4 were built in open
construction pits, and the foundation no. 3 was built in a construc-
tion pit protected by a sheet pile wall with two spacer frames.

The substructure of the bridge is formed by abutments no. 1 and
5 and intermediate piers 2, 3 and 4. The abutments consist of a re-
inforced concrete wall, which is connected with the wings through
cast-in-situ structures. In the central reserve there is a space behind
this wall with an access staircase into the bridge. On the piers, the
superstructure is supported by two octagonal columns standing on
a common base. The closing wall in both abutments contains ducts
for ISDN cables and drainage piping in pier no. 5.

The center piers are made of four pillars with a constant octag-
onal cross-section. To ensure rigidity, the pillars are connected by
cross members. The pillar no. 2 and 4 has cross members only on one
height level, and due to its height, the pillar no. 3 has cross members
on two levels.

Bridge SO 206
Similarly to SO 204, bridge SO 206 is based on @ 159 mm micro piles,
7 to 10 m long, with two load tests per foundation. The abutments
and the foundation no. 2 and 4 were made in open construction pits,
and the foundation no. 3 in a construction pit with sheet pile wall
timbering. Due to the inclination of the terrain, the two walls of the
construction pit in foundation no. 4 were stabilized by nailing and
a torquet, and the establishment of the abutment no. 5 was carried
out in 3 levels due to the terrain sloping.

The shape of the substructure of bridge SO 206 is identical to
bridge SO 204. What differs is the shape of the abutment no. 5 due
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Viystuz zékladu so zarodkami stabilizacnych vezi
Reinforcement of the foundation with pier heads for stabilization towers

vernom muriku oboch opér st umiestnené prestupy pre ISDN kdble
a v opore ¢. 5 aj prestupy pre odvodriovacie rury.

Medzilahlé podpery tvorf $tvorica pilierov s konstantnym osem-
uholnikovym prierezom. Na zabezpecenie tuhosti su piliere spojené
prieclami. Piliere ¢. 2 a 4 maju priecle v jednej vyskovej Urovni, pilier
¢. 3 ich mé vzhladom na svoju vysku aZ v dvoch drovniach.

Most SO 206
Rovnako aj most SO 206 je zaloZzeny na mikropildtach @ 159 mm
s dizkami od 7 do 10 m a aj tu sa vykonali dve zatazovacie skiiky na
zaklad. Krajné opory a zéklady ¢. 2 a 4 sa realizovali v otvorenych sta-
vebnych jaméch, zéklad ¢. 3 v stavebnej jame pazenej Stetovnicovy-
mi stenami. Vzhladom na sklon terénu sa dve steny stavebnej jamy
na zaklade ¢. 4 stabilizovali klincovanim a torkrétom, zakladanie krajnej
opory ¢. 5 je zasa pre sklon terénu odstupniované v troch Urovniach.
Rovnaky tvar ako SO 204 m4 aj spodnd stavba mosta SO 206. Rozdiel-
ny je tvar krajnej opory ¢. 5 pre odstuprované zakladanie v troch Urov-
niach a tiez pre tvar pravého kridla, ktoré je zalomené kolmo k osi dial-
nice, aby stabilizovalo vystuzeny svah dialni¢ného nasypu za kridlom.

Nosnd konstrukcia

Oba mosty maju nosnu konstrukciu spolo¢nu pre oba jazdné smery
dialnice. V prie¢nom reze ju tvori jednokomorovy nosnik s vyloZeny-
mi konzolami, ktoré su podopreté tyc¢ovymi prefabrikovanymi vzpe-
rami po 2,44 m. Prierez vzpery mé tvar $tvorca s hranou 400 mm, diz-
ka vzpery je 7,354 m na lavej strane, resp. 7,151 m na pravej strane.
V pozdiznom smere mosta st vzpery osadené v priemete kolmo na
rovinu mosta. Nosnd konstrukcia ma v osi mosta konstantnd vysku
4,813 m, sirka je 29 m. Zo statického hladiska ide pri oboch mostoch
0 spojity stvorpolovy nosnik s rozpatiami poli 53,68 + 2 x 87,84 +
53,68 m (resp. pri SO 206 je to 46,36 + 2 X 82,96 + 46,36 m). Pevné
ulozenie spojitého nosnika je na podpere ¢. 3. Na medzilahlych pod-
perdch je konstrukcia uloZzend na $tyroch loziskach, na krajnych opo-
rach su iba dve loZiskd. V montdZznom $tadiu je konstrukcia budovana
ako tri samostatné vahadla s dobetondvkami pri krajnych oporach.
Konstrukciu delime z montazneho hladiska na tieto ¢asti: zarodok, la-
mely a zmonolithujuci diel na podpornej skruzi. Ako prvy sa budo-
val zdrodok s dizkou 9,76 m. Z&klad stability zarodku tvoria $tyri loZis-
ka umiestnené na kazdom zo $tyroch pilierov podpery a predpinacie
ty€e na ukotvenie zadrodku pocas vystavby vahadla. Na zérodok sa na-
montovali voziky letmej betondze typu NRS, ktoré sa pouzili uZ pri vy-
stavbe Mestskej estakddy v Povazskej Bystrici. Nasledne sa zhotovili
vahadla z lamiel a zmonolitriujuce diely pri krajnych oporach. Zakla-
dom statiky oboch mostov je predpinacia vystuz, a to priecne a po-
zdl?ne predpitie. Prie¢ne predpétie tvoria 4-lanové kable umiestne-
né v konstantnej vzdialenosti 0,6 m v splostenych PE rurkach, ktoré
sa predpinaju jednostranne. Pozdlzne predpétie tvoria stdrzné kable
a volne vedené kable. Sudrzné kable vedu v kandlikoch tvorenych
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Pohlad na atypickt oporu ¢ 5 mosta SO 206
View of the atypical abutment no. 5 on bridge SO 206

to the layered/graded establishment in 3 levels, and also due to the
shape of the right wing, which is perpendicular to the axis of the
highway to stabilize the reinforced embankment behind the wing.

Superstructure

Both bridges have a shared superstructure for both directions of

travel. In a cross-section view, it is formed by a single-chamber beam

with cantilevered brackets, which are supported by prefabricated
struts, 2.44 m each. The cross-section of the strut is a square with an

edge of 400 mm; the strut is 7.151 m long on the left side and 7.354

m long on the right side. In the longitudinal direction, the struts are

installed perpendicular to the bridge plane. The height of the super-

structure in the bridge axis is constant (4.813 m), and the width of
the structure is 29 m. From the perspective of static integrity, a con-

tinuous four-section beam with sectional dimensions of 53.68 + 2 x

87.84 + 53.68 m (and/or in SO 206, 46.36 + 2 x 82.96 + 46.36 m) is

used. The continuous beam is permanently attached to pillar no. 3.

The structure is placed on 4 bearings on the center piers and on 2

bearings on the abutments. In the assembly stage, the structure is

constructed as 3 separate cantilevers with concrete filling in the out-
er abutments. From the perspective of assembly, the construction is
divided into the following sections: pier head, segments and cast-in-
situ section on the falsework. The 9.76 m long pier head was built
first. The stability of the pier head is achieved by the 4 bearings locat-
ed on each of the 4 pillars of the support and the pretensioning bars
to anchor the pier head during the construction of the cantilever.
The NRS form travellers, which were already used in the construction
of the urban elevated road in PovaZska Bystrica, were mounted on
the pier head. Subsequently, the cantilevers were made of the seg-
ments and the cast-in-situ sections were made at the abutment pil-
lars. Both bridges are based on prestressing steel, i.e. transverse and
longitudinal pretensioning. The transverse pretensioning is formed
by 4-strand cables placed at a constant distance of 0.6 m in flattened
polyethylene pipes, which are pretensioned on one side. The longi-
tudinal pretensioning is achieved by bond tendons and external ten-
dons. The bond tendons are guided in the channels formed by the

Witzemann tubes, diameter 80, 90 and 95 mm, and the external ten-

dons in HDPE pipes, diameter 110 mm. The bond tendons are:

e Cantilever — 12, 15 or 19-strand — they compensate for the stress
during the construction of the cantilever, and are prestressed after
24 hours after the minimum cubic strength of 40 MPa is achieved.

e Field - 12, 15 or 19-strand — the cables in the bottom plate faste-
ned to the lugs, connection cables in the beams and anchored in
the pier heads, and coupled cables in the top slab anchored at the
end of the bridge.

The external tendons are only used in intermediate fields. They
consist of 19 strands; they are guided through two fields and an-
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Viystavba zarodku na plosine ULMA
Construction of the pier head on the ULMA platform

rdrkami Witzemann s priemermi 80, 90 a 95 mm, volne vedené kable

sU v HDPE rurkach s priemerom 110 mm. Sudrzné kable su:

e konzolové — 12-, 15- alebo 19-lanové; vykryvaju napatia pocas vy-
stavby vahadiel, napinaju sa najskér po 24 hodindch po dosiahnu-
ti min. kockovej pevnosti 40 MPa,

e polové —12-,15-alebo 19-lanové kable su v spodnej doske kotvené
v naliatkoch, kdble spojitosti vedu v tramoch a su kotvené v zarod-
koch, spojkované kable su kotvené v hornej doske na konci mosta.

Volne vedené kable su iba v medzilahlych poliach. Su zlozené
7 devdatnastich 1an, vedu cez dve polia a su kotvené v prie¢nikoch ¢.
2 a 4. Napinané su jednostranne s dopnutim na opa¢nom konci.

Most SO 204

Vahadld ¢. 2 a 4 maju obojstranne osem péarov lamiel, vahadlo ¢. 3 ma
sedem parov lamiel, pricom 6smy pér tvori zmonolithujicu lamelu.
Zmonolithujuce diely pri krajnych oporach maju dizku 12,81 m.

Most SO 206

VSetky tri vahadld maju obojstranne sedem pérov lamiel, vahadla ¢. 2
a4 maju aj 6smy par zmonolithujucich lamiel. Zmonolithujuce diely
pri krajnych oporach maju dizku iba 5,49 m.

Postup vystavby

Spodna stavba

Vlystavba oboch mostov sa zacala v roku 2012 vyrubom riedkych po-
rastov v mieste zakladov. Nasledovali zemné prace a zakladanie pi-
lierov z Urovne zakladovej skéry. Na mikropilétach sa potom zriadili
masivne zékladové patky s vyskou 3 m. Spodnu vodu bolo pocas za-
kladania nutné cerpat len zo zékladov ¢. 3 oboch objektov, ktoré sa
nachadzaju pri miestnych potokoch.

Vystavba driekov pilierov prebiehala v taktoch s dfzkou 4 m s dvo-
mi supravami debnenia na jednu podperu. Vystuz z nadrozmernych
prutov @ 32 mm bolo potrebné stabilizovat uz od zdkladov pomocou
podpernej konstrukcie zo zvéaranych profilov. Cast nosnych pratov
vystuze sa v dosledku vysokych namahani spojkovala certifikovany-
mi lisovanymi spojkami FLIM. Vystavba jedného zéberu trvala v prie-
mere 12 dni, v pripade stuzujuceho zaberu s prieclami to bolo 22 dni.
Drieky pilierov aj s prieclami boli zhotovené pomocou prekladaného
debnenia ULMA. Spodnd stavba bola dokon¢end koncom roka 2013.

Nosna konstrukcia

Viystavba nosnej konstrukcie sa zacala vystavbou zarodo¢nych seg-
mentov s dizkou 9,76 m. Vzhladom na vysku pilierov sa realizovali za-
rodky na plosinach zavesenych na hlaviciach pilierov. Na tento Ucel
navrhla firma ULMA priehradovu konstrukciu, ktord bola zavesena na
stistavu HEB-profilov ukotvenych v hornej ¢asti piliera. Betonaz zérod-
kov prebehla v troch etapach (spodna doska, tramy a priecnik, horna
doska). Samotnd vystavba zarodku trvala priblizne patdesiat dnf.
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Montaz vozikov letmej betondze
Installation of form travellers

chored in cross beam no. 2 and 4. They are stretched unilaterally,
with pretensioning on the opposite end.

Bridge SO 204

The cantilever no. 2 and 4 each have eight pairs of segments on both
sides, the cantilever no. 3 has seven pairs of segments, and the 8th
pair is a cast-in-situ plate. The cast-in-situ sections at the abutments
are 12.81 m long.

Bridge SO 206

All three cantilevers have 7 pairs of segments on both sides, the can-
tilever no. 2 and 4 also have the 8th pair of cast-in-situ segments. The
cast-in-situ sections at the abutments are only 5.49 m long.

Construction progress

Substructure

The construction of both bridges started in 2012 by felling the sparse
vegetation at the foundations. This was followed by earthworks and
foundation of pillars from the foundation base. The solid foundation
heels with a height of 3 meters were then built on the micro piles.
Ground water had to be extracted during the establishment only in
foundation no. 3 in both bridges because they are located close to
the local creeks.

The construction of the pillar shafts was conducted in 4 m long
stretches with two sets of formwork per one pillar. The reinforce-
ment made of oversize @ 32 mm rods had to be stabilized from the
very foundations by a supporting structure made of welded profiles.
Some of the reinforcement support rods were coupled by certified
molded FLIM connectors because of the high stress. The construc-
tion of one stretch took 12 days on average, and the construction
of a reinforced stretch with cross members took 22 days. The pillar
shafts and cross members were made using the ULMA interlaced
formwaork. The substructure was completed at the end of 2013.

Superstructure

The construction of the superstructure began with the 9.76 m long
pier heads. Due to the height of the pillars, the pier heads were im-
plemented on the platforms suspended on the pillar heads. For this
purpose, ULMA proposed a frame assembly to be suspended on
a series of HEB profiles anchored at the top of the pillar. The cast-
ing of the pier heads was carried out in three stages (bottom plate,
frames and beam, upper plate). The construction of the pier head
took approximately 50 days.

The form travellers by NRS were mounted on the finished pier
head. The installation of the trolleys on the pier head took 18 days.
From the perspective of construction, the trolleys were adapted to
the cross-section of the bridge. One of the main requirements was
to be able to place the prefabricated struts into the trolley, which the
manufacturer achieved by using small portal cranes with aload ca-
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Na zrealizovany zarodok sa namontovali voziky letmej betonaze
od firmy NRS. Montaz vozikov na zarodok trvala osemnast dni. Kon-
strukéne boli voziky prisposobené prie¢cnemu rezu mostom. Jednou
z hlavnych poziadaviek bolo umoznit vkladanie prefabrikovanych
vzpier do vozika, ¢o vyrobca vyriesil pomocou malych portalovych
Zeriavov s nosnostou 5 t, ktoré su suicastou vozikov. Na jednom voziku
boli dva takéto portalové Zeriavy, kazdy nad vnutornou ¢astou konzo-
ly. Po nastaveni vozika do vysky a smeru nasledovalo osadenie vzpier.
Vzpery boli zavesené na $pecidlne vahadlo s nastavenim potrebného
sklonu a presunuté do svojej projektovanej pozicie, kde boli zafixova-
né o debnenie vozika a neskér pri armovani aj o armaturu.

Realizacia jedného paru lamiel trvala v priemere 14 dnf. Na vystavbu
oboch mostov sa poutZili dva pary vozikov NRS. Pri moste SO 204 sa naj-
skor zrealizovali vahadla ¢. 2 a 4, ktorych vystavba prebiehala s odstu-
pom Styroch tyzdnov. V druhej faze sa realizovalo vahadlo ¢. 3 a zmo-
nolitiujuce diely pri krajnych oporach. Druhy par vozikov sa previezol
na objekt SO 206 a postup sa otocil. V prvej féze sa zrealizovalo vahadlo
¢. 3 a zmonolitiiujuce diely pri krajnych oporach, v druhej zasa vahadla
¢. 2 a4 vrdtane vietkych Styroch zmonolitfiujucich lamiel, ktoré sa be-
ténovali naraz. Realizécia nosnej konstrukcie SO 204 bola ukoncena
v auguste 2014, realizacia nosnej konstrukcie SO 206 v marci 2015.

Zaver

\iystavba oboch mostov bola ukon¢end v novembri 2015, o mesiac
neskor bol uvedeny do prevédzky cely usek D1 Fri¢ovce — Svinia.
Dialnica prepojila uz hotové Useky pri obci Siroké a pred Presovom,
¢im vznikol suvisly Usek z Presova az po tunel Branisko. Vyznam dial-
nice ocenili nielen motoristi, ale aj obyvatelia okolitych obci Hendri-
chovce, Bertotovce a Chminianska Nové Ves, ktorym sa vyrazne znizi-
la intenzita dopravy, ¢o prinieslo aj znizenie neziaducich vplyvov, ako
st emisie, hluk, a zvysilo bezpec¢nost Ucastnikov cestnej premavky.

Literatura
1. Ing. Taborska K.: Technicka spréva k objektu 204-00 (2013).
2. Ing. Taborska K.: Technicka spréva k objektu 206-00 (2013).

Pohlad na most SO 206 pred dokoncenim
View of the SO 206 bridge before completion
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pacity of 5 t, which are part of the trolley. One trolley was equipped
by two such portal cranes, each on the inside of the console. The
struts were installed after adjusting the trolley in the desired height
and direction. The struts were hung on a special cantilever allowing
the required inclination to be adjusted, and moved to their desired
projected position where they were attached to the formwork of the
trolley and later to the armoring during the armoring stage.

The implementation of a single pair of segments took 14 days on
average. The two bridges were built with 2 pairs of NRS trolleys. In
Bridge SO 204, the cantilever no. 2 and 4 was build first, and their
construction took place with a 4-week delay. The cantilever no. 3 and
the cast-in-situ sections at the abutment pillars were built in the sec-
ond phase. The second pair of trolleys was moved to SO 206 and
the procedure was inversed. The cantilever no. 3 and the cast-in-si-
tu sections at the abutment pillars were built in the first phase, and
the cantilever no. 2 and 4, including all 4 cast-in-situ segments, were
built in the second phase all at once. The construction of the super-
structure in SO 204 was finished in 8/2014 and the construction of
the superstructure in SO 206 was finished in 3/2015.

Conclusion

The construction of both bridges was completed in 11/2015, and
a month later the entire D1 Fricovce — Svinia section was put into
public use. The highway connected the already finalized high-
way stretches near the village of Siroké and close to Presov, form-
ing a contiguous stretch all the way from Presov to the Branisko tun-
nel. Its importance was appreciated both by the motorists and the
residents of the surrounding communities of Hendrichovce, Berto-
tovce a Chminianska Nové Ves, resulting in an immediate reduction
of transport intensity and its undesirable effects such as emissions,
noise, or low road traffic safety.

References
1. Ing. Taborské K.: Technical report to site 204-00 (2013).
2. Ing. Taborska K.: Technical report to site 206-00 (2013).
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Vladimir Skovajsa — Peter Martindk - Ludovit Molnar

Vystavba mostov Visok a Cadecka na tiseku D3 Svr¢inovec - Skalité
The construction of bridges Visok and Cadecka on section

D3 Svr¢inovec - Skalité

Vystavba dialnic na Slovensku za posledné roky viditelne napre-
duje. Stcastou infrastruktdrnych objektov su aj zlozité a tech-
nicky naro¢né useky, ktoré predstavuju vyzvu pre realizaéné
spolocnosti. Efektivne napredovanie stavebnych prac v tazkych
terénoch ulahcuje okrem iného aj spravny vyber debnenia. Ten
ovplyviiuju mnohé faktory, ako su napriklad poziadavky na tvar,
mnozstvo, objem, umiestnenie Zelezobeténovych konstrukcii,
pocet moznych opakovani, ale predovietkym uspokojenie pot-
rieb zhotovitela stavby s prihliadnutim na jeho technické, tech-
nologické a ekonomické moznosti. Na narastajucu naro¢nost
dialni¢nych usekov a ich konstrukcii reaguje spolo¢nost DOKA
novymi progresivnymi debniacimi systémami.

Konkrétne ide o samosplhacie debnenie Xclimb 60, ktoré je ob-
zvI&st efektivne pri vystavbe vysokych pilierov a Doka-spriahnuty
debniaci vozik na zmonolitnenie ocelobeténovych mostoviek.

Samosplhacie debnenie Xclimb 60 na dialnici

D3 Svrcinovec - Skalité

Samosplhaci systém Xclimb 60 bol nasadeny na stavbe vysokych
pilierov mostov Visok a Cadecka, nachadzajucich sa na dialnici D3
v Useku Svr¢inovec — Skalité. Pri oboch stavebnych objektoch mali
piliere podopierajice mostnu konstrukciu tvar kosti¢ky’, navzajom
sa lisili len rozmermi. Vzhladom na tuto skuto¢nost navrhla spolo¢-
nost Doka debnenie pilierov pomocou univerzalnej zostavy nosniko-
vého debnenia Top 50, pozostavajuceho zo 14 panelov, ktoré sa dali
univerzalne pouZzit pri vietkych rozmerovych variantoch. Piliere tych-
to objektov s vysoké v rozmedzf od 4 do 56 m, betdnovanie prebie-
halo v 4,5- aZ 5-metrovych vyskovych zéberoch.

Most Visok

Stavba: most Visok na dialnici D3 v km 25,140

Objekt: SO 242-00

Zhotovitel stavby: Zdruzenie D3 Svr&¢inovec — Skalité
(VAHOSTAV-SK, a. s, Doprastav, a. s, STRABAG, s. 1. 0, METROSTAV, a. s.)
Zhotovitel mostnych pilierov: Doprastav Export, s. r. 0.

Maximalna vyska pilierov: 54 m

Pouzité debnenie: nosnikové debnenie Top 50, splhacie debnenie
MF 240, samosplhacie debnenie Xclimb 60, schodiskové veza 250

Pri stavebnom objekte VfSok sa na stavbu dodali tri zostavy nosniko-
vého debnenia Top 50, ktoré sa pouzivali v kombindcii s dvomi zostava-
va samosplhacieho debnenia Xclimb 60 (obr. 3) pre dva najvyssie piliere
(s max. vyskou piliera 54 m). Rozdiel medzi $plhacim a samosplhacim deb-
nenim spociva v tom, Ze pri Splhacom debneni sa premiestnenie debne-
nia do dalsieho vyskového zaberu realizuje pomocou Zeriava (v tomto pri-
pade vezovy Zeriav) a pri samosplhacom debneni sa presun debnenia do
dalsieho vyskového zaberu realizuje pomocou hydraulickych zariaden.

The construction of highways in Slovakia has progressed rec-
ognizably over the past years. Parts of infrastructure objects are
also complex and technically demanding sections that challenge
their implementation. Effective progress of construction works
in heavy terrain facilitates, among other things, the right choice
of formwork. This is influenced by many factors, such as require-
ments for shape, quantity, volume, location of reinforced concrete
structures, number of repetitions, but the most important one is
satisfaction of the construction contractor's needs, taking into ac-
count his technical, technological and economic possibilities. With
the increasing demands of the motorway sections and their struc-
tures, DOKA is coming with new progressive formwork systems.

In particular, the automatic climbing formwork Xclimb 60 - espe-
cially effective when building high pillars - and the Doka composite
forming carriage - for reinforcing steel-concrete bridges.

The automatic climbing formwork Xclimb 60

on the highway D3 Svrcinovec - Skalité

The automatic climbing formwork Xclimb 60 was installed on the
construction of the high pillars of the bridge Visok and the bridge
Cadecka, located on the D3 highway in the section Svr¢inovec - Ska-
lité. For both building objects, the pillars supporting the bridge con-
struction were shaped in a "bone", differing only in size. Due to this
fact, Doka has designed pillars by using a universal set of beam form-
work Top 50, consisting of 14 panels that could be used universal-
ly for all dimensional variants. The pillars of these objects are high in
the range of 4 to 56 metres and the concreting took place at height
4.5 to 5 metres.

The bridge Visok

Building: the bridge ViSok on the D3 highway in km 25.140

Object: SO 242-00

Contractor of the building: Group D3 Svrcinovec — Skalité
(VAHOSTAV-SK, a. s, Doprastav, a. s, STRABAG, s. 1. 0, METROSTAV, a. s.)
Contractor of the bridge pillars: Doprastav Export, s. 1. 0.
Maximum height of the pillar: 54 m

Formwork used: the beam formwork Top 50, climbing formwork
MF 240, automatic climbing formwork Xclimb 60, stair tower 250

For the building of Visok, 3 sets of the beam formwork Top 50 were
delivered and used in combinations with the two climbing form-
work MF 240 (Fig. 2) for the lower pillars and the automatic climb-
ing formwork Xclimb 60 (Fig. 3) for the two highest pillars (max. pil-
lar height — 54 m). The difference between climbing and automatic
climbing formwork is that the relocation of climbing formwork to the
next height elevation is accomplished by a crane, in this case a tower
crane, and in the case of the automatic climbing formwork the form-
work is moved to the next height elevation by hydraulic devices.

Ing. Vladimir Skovajsa, DOKA Slovakia, Debniaca technika, s. 1. 0, Ivdnska cesta 28, 821 04 Bratislava, tel.: +421 903 243524, e-mail: vladimir.skovajsa@doka.com
Ing. Peter Martindk, DOKA Slovakia, Debniaca technika, s.r. 0., Ivanska cesta 28, 821 04 Bratislava, tel: +421 2 48202142, e-mail: peter.martinak@doka.com
Ing. Ludovit Molndr, DOKA Slovakia, Debniaca technika, s. r. 0, Ivanska cesta 28, 821 04 Bratislava, konatel/executive manager, tel: +421 2 903 401559, e-mail: ludovit molnar@doka.com
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Obr. 1 Debniaci systém Paratop na moste Vi$ok
Fig. 1 Formwork system Paratop at the bridge Vi$ok

Mobilny autozeriav bol v tomto pripade potrebny len pri nasade-
ni samosplhacieho debnenia do prvého zaberu a pri demontézi sys-
tému po zhotoveni piliera. Pri premiestriovani je samosplhacie deb-
nenie Xclimb 60 vZdy zaistené na stavebnom objekte a do dalsieho
zaberu sa moze presuvat aj pri zhordenych poveternostnych pod-
mienkach, ¢o je z hladiska jeho bezpecnej a hospodarnej prevadzky
mimoriadne vyhodné. K vysokému standardu bezpecnosti prispieva-
ju aj dostatocne $iroké plosiny, integrovany vystupovy systém a moz-
nost celoobvodového uzavretia plosin.

Beténovanie dvoch najvyssich pilierov prebiehalo autocerpadlom
v 5-metrovych vyskovych zaberoch, pricom jeden zaber trval pri-
blizne sest dni. Debnenie celého podorysu piliera sa realizovalo po-
mocou nosnikového debnenia Top 50 s vyskou 5 m, ktoré bolo po-
lozené na styroch plosindch samosplhacieho debnenia Xclimb 60.
Hydraulicky agregat a Styri mobilné hydraulické zariadenia zabezpe-
¢ovali subezné Splhanie dvoch zo $tyroch plosin. Po vySplhanf pr-
vych dvoch plosin sa $tyri mobilné hydraulické zariadenia presunuli
na dalsie dve plosiny a Splhanie sa mohlo opakovat. V3etky Styri plo-
Siny sa premiestnili do dalsieho vyskového zaberu priblizne za tri ho-
diny. Fakt, Ze $plhacie zariadenia neboli osadené na kazdej plosine,
ale mohli sa premiestriovat po jednotlivych plosinach, radi tento sys-
tém k najhospodarnejsim Splhacim systémom.

Most Cadecka

Stavba: most Cade¢ka na dialnici D3 v km 29,380

Objekt: SO 245-00

Hlavny zhotovitel: Zdruzenie D3 Svr¢inovec — Skalité
(VAHOSTAV-SK, a. s., Doprastay, a. s, STRABAG, s. 1. 0, METROSTAV, a. s.)
Zhotovitel' mostnych pilierov: Stavby mostov Slovakia, a. s.
Maximalna vyska pilierov: 56 m

Pouzité debnenie: nosnikové debnenie Top 50, Splhacie debnenie
MF 240, samosplhacie debnenie Xclimb 60, schodiskova veza 250

Pri stavebnom objekte Cadecka boli obdobne nasadené tri zo-
stavy nosnikového debnenia Top 50, dve zostavy Splhacieho deb-
nenia MF 240 a jedna zostava samosplhacieho debnenia Xclimb 60.
Po zabeténovani prvého zéberu pomocou Startovacej sipravy nos-
nikového debnenia s vyskou 12 m sa na pilier nasadil Splhaci systém
MF 240 v kombinécii s nosnikovym debnenim Top 50 s vyskou 4,5 m.
Nésledne sa realizovali dva typické zdbery na plosindch MF 240, ¢im
sa dosiahla vyska piliera priblizne 21 m. Z dévodu bezpecnosti sa od
tejto vysky pouzil samosplhaci systém Xclimb 60, ktory realizoval pi-
lier do jeho findlnej vysky (max. vyska piliera pri tomto objekte bola
56 m). Dovodom uvedeného nezvycajného postupu prac bola sna-
ha ¢o najlepsie splnit poziadavky zékaznika ohladom Uspory nakla-
dov a zaroven jednoduchej manipuldcie. Pri realizacii pilierov bol po-
¢as celého casu vystavby k dispozicii len autozeriav, ktory sldZil na
obsluhu Splhacieho debnenia MF 240 a bol potrebny aj na montaz
a demontéz samosplhacieho debnenia Xclimb 60.
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Obr. 2 Splhacie debnenie MF 240
Fig. 2 Climbing formwork MF 240

In this case, mobile crane was needed only when the automat-
ic climbing formwork was applied to the first elevation and when
the system was dismantled after the pillar was made. When moving,
the automatic climbing formwork Xclimb 60 is always secured on
a building and can be moved even in bad weather conditions, which
is extremely advantageous for its safe and economical operation. The
wide platforms, the integrated output system and the possibility of
round-trip closures also contribute to the high standard of safety.

The concreting of the two top pillars was carried out by an auto-
matic pump in 5 m height, with one elevation lasting approximately
6 days. The formwork of entire pillar's ground plan was realized using
the beam formwork Top 50 with a height of 5 m which was laid on
four platforms of the automatic climbing formwork Xclimb 60. A hy-
draulic aggregate and four mobile hydraulic devices ensured the si-
multaneous climbing of two of the four platforms. After climbing the
first two platforms, four mobile hydraulic devices were moved to the
next two platforms, so the climbing could be repeated. All four plat-
forms moved to a further height in about 3 hours. Although climb-
ing devices were not installed on each platform yet could be moved
by platform, this system is considered to be the most economical
climbing system.

The bridge Cadecka

Building: the bridge Cadecka on the D3 highway in km 29.380
Object: SO 245-00

Main contractor of the building: Group D3 3 Svrcinovec — Skalité
(VAHOSTAV-SK, a. s, Doprastav, a. s, STRABAG, s. 1. 0, METROSTAV, a. s.)
Contractor of the bridge pillars: Stavby mostov Slovakia, a. s.
Maximum height of the pillars: 56 m

Formwork used: the beam formwork Top 50, climbing formwork
MF 240, automatic climbing formwork Xclimb 60, stair tower 250

For the building of Cadecka, 3 sets of the beam formwork Top 50
were delivered and used in combinations with the two climbing
formwork MF 240 and one set of the automatic climbing formwork
Xclimb 60. After a concrete encasement of the first elevation with
a 12m-height beam assembly starting set, the MF 240 climbing sys-
tem was mounted on the pillar in combination with the set of beam
formwork Top 50 with a height of 4.5 m. Subsequently, two typical
elevations were made on MF 240 platforms, reaching a pillar height
of about 21 m. For safety reasons, the Xclimb 60 automatic climb-
ing system was used, which t realized the pillar to its final height (the
maximum height of the pillar at this facility was 56 m). The reason for
this unusual workflow was to meet customer’s requirements as best
as cost savings and easy handling. During the construction of the pil-
lars, only the mobile crane was used during the whole construction
period; it was also used for the MF 240 climbing formwork and was
also necessary for the installation and dismantling of the Xclimb 60
automatic climbing formwork.
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Obr.3 Samosplhacie debnenie Xclimb 60 — Splhanie pomocou hydraulického ag-
regétu a hydraulickych komponentov

Fig. 3 Automatic climbing formwork Xclimb 60 - climbing through the hydraulic
aggregate and hydraulic components

Obr.4 Zhotovenie spriahnutej Zelezobeténovej dosky so sirkou 13,41 m na
mostoch Vi$ok a Cadecka sa realizovalo nasadenim Doka-spriahnutého debniace-
ho vozika v 7-drhovom takte.

Fig. 4 The construction of a reinforced concrete slab with a width of 13.41 m of
bridges Vf$ok a Cadecka was carried out by installing the Doka composite for-
ming carriage in a 7-day cycle.

Vietky zostavy nosnikového debnenia Top 50 sa predmontova-
li v servise predmontéze debnenia a nasledne sa dodali na stavbu
pripravené na nasadenie. Predmontdz debnenia usetrila ¢asovo né-
ro¢né zhotovenie panelov nosnikového debnenia, ktoré sa na stav-
be uZ len pospéjali do jednotlivych funkénych zostav. Vdaka vysokej
presnosti predmontaZe jednotlivych panelov bolo debnenie rychlo
a jednoducho pripravené na poufitie.

Nase rozhodnutie zaviest na slovensky trh novy samosplhaci deb-
niaci systém Xclimb 60 sa osvedcilo, coho dokazom je aj jeho casté
vyuzivanie pri vystavbe dialnic, najma pri budovani vysokych pilierov.
Pri jeho nasadeni sa daju vyuZit vietky jeho prednosti, ako je vy3sia
hospodarnost, jednoducha manipulécia, vysoka bezpecnost, flexibi-
lita a najma minimalna zavislost od Zeriava.

Vlyzva a rieSenie
Viyzvou bolo zhotovit vysoké piliere pri dodrzani terminov a maxi-
malnej moznej bezpecnosti a hospodérnosti, nezavisle od pouZitia
Zeriava a aj pri zhorSenych poveternostnych podmienkach.
Realizaciu vysokych stipov aj bez pouZitia veZového Zeriava zabez-
pecilo samosplhacie debnenie Xclimb 60 s nosnikovym debnenim
Top 50. Tento samosplhaci systém sa vyznacuje aj najvyssou hospo-
darnostou vdaka ru¢ne premiestriovatelnym hydraulickym kompo-
nentom. V tomto pripade sa o zdvih $tyroch plosin postaral jeden
hydraulicky agregat a Styri zdvihacie zariadenia, ¢im bolo mozné vy-
Splhat naraz dve zo Styroch plosin.
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All the sets of the beam formwork Top 50 have been pre-assem-
bled in a pre-assembly service and then were delivered to the site
Jready-to-install”. The pre-assembly of the formwork saves a time-
consuming construction of the beam formwork panels, which have
already been coupled to the functional assemblies. Thanks to the
high precision of pre-assembled panels, the formwork was quickly
and easily ready for use.

Our decision to introduce the Xclimb 60 automatic climbing form-
work system on the Slovak market has proved its worth, as it is be-
ing frequently used in the construction of highways, especially when
building high pillars. Using Xclimb 60 means to take advantage of all
its advantages such as greater economy, simple handling, high safe-
ty, flexibility and, in particular, minimal dependence on the crane.

A call and our solution

The call was a construction of high meeting deadlines and maximiz-
ing safety and economy, regardless of crane use and bad weather
conditions.

Implementing high pillars without the use of tower cranes en-
sured by the automatic climbing formwork Xclimb 60 with the beam
formwork Top 50. This automatic climbing system is also charac-
terized by the highest economy based on the hand-held hydraulic
components. In this case, one hydraulic unit lifted 4 platforms, allow-
ing to climb at once on two platforms.

"When working with the automatic climbing formwork Xclimb 60,
| appreciate a great operating comfort, crane-independence, high
safety standards with regard to the anchorage of the building and
its operation even under considerably bad weather conditions. Even
under the most demanding conditions on the construction site, we
can proceed in the construction process smoothly,’ said Stefan Galik
from Doprastav Export, s. 1. 0, the construction manager.

Premiere of Doka composite forming carriage

in Slovakia

Building: D3 Svrcinovec — Skalité

Object: the bridge VfSok on the D3 highway in km 25.140

(SO 242-00), bridge length: 422 m

Object: the bridge Cadecka on the D3 highway in km 29.380

(SO 245-00), bridge length: 690.5 m

Bridge width: 1341 m

Length of the cycle: 25 linear metres

Construction of cycle: 7 — 9 days

Main contractor of the building: Zdruzenie D3 Svr¢inovec — Skalité
(VAHOSTAV-SK, a. s, Doprastav, a. s, STRABAG, s. 1. 0, METROSTAV, a. s)
Contractor of bridge deck: Doprastav Export, s. . .

The total weight of the carriage and the formwork: approx. 80 tons
Formwork used: Doka composite forming carriage, frame formwork
Framax Xlife, climbing formwork MF 240, the beam formwork Top 50,
security features

After a successful completion of the bridge pillars on both build-
ing sites, Doka successfully designed the optimal solutions for both
joined steel-concrete bridges using the Doka composite forming
carriage, which was used in Slovakia for the first time.

The bearing structures of the bridges were designed as a six-pole
(@ 422 m high) and a nine-pole (long, 690.5 m) continuous joined
steel-concrete beam. The cross section of the bridges was constructed
by a pair of steel welded I-beams and a reinforced concrete slab. The
joining was carried out using spikes with a diameter of 22 mm and
a length of 250 mm. The bearing structure of the bridges is 13.41 m
wide and 4.94 m high. The unification of the cross sections of both
bridges was a great advantage for optimizing the cost of the Doka
composite forming carriage, which was appreciated by the contractor.

The construction of the upper bridge was accomplished by pull-
ing the steel structure from one of the hinges, and then the con-
creting of the joined board was started by the application of the
Doka composite forming carriage. The Doka composite forming car-
riage enables quick and safe construction of the bridge. In this case,

www.inzinierskestavby.sk



L,Pri nasadeni samosplhacieho debnenia Xclimb 60 oceriujem pre-
dovsetkym velky komfort obsluhy, nezévislost od Zeriava, vysoky
Standard bezpecnosti vzhladom na ukotvenie systému o stavebny
objekt a jeho prevadzku aj pri znac¢ne zhorsenych poveternostnych
podmienkach. Aj pri naro¢nejsich podmienkach na stavbe ndm na-
ozaj pomaha plynulo postupovat v stavebnom procese,” tak sa vy-
jadril o systéme stavbyveduci Stefan Gélik zo spolo¢nosti Doprastav
Export, s.r. 0.

Premiéra Doka-spriahnutého debniaceho vozika
na Slovensku

Stavba: D3 Svrc¢inovec — Skalité

Objekt: most Vfsok na dialnici v km 25,140 (SO 242-00),

dlzka mosta 422 m

Objekt: most Cadecka na dialnici v km 29,380 (SO 245-00),
dlzka mosta 690,5 m

Sirka mostov: 13,41 m

Dizka taktu: 25 bm

Zhotovenie taktu: 7 — 9 dnf

Zhotovitel stavby: Zdruzenie D3 Svr¢inovec — Skalité
(VAHOSTAV-SK, a. s, Doprastav, a. s, STRABAG, s. 1. 0, METROSTAV, a. s.)
Zhotovitel mostoviek: Doprastav Export, s.r. 0.

Celkova hmotnost vozika a debnenia: cca 80 ton

Pouzité debnenie: Doka-spriahnuty debniaci vozik, rAmové
debnenie Framax Xlife, splhacie debnenie MF 240, nosnikové
debnenie Top 50, bezpecnostné prvky

Po Uspesnom dokonceni mostnych pilierov na oboch stavebnych
objektoch Doka navrhla optimélne rieSenie pre oba spriahnuté oce-
[obeténové mosty pomocou Doka-spriahnutého vozika, ktory bol
nasadeny na Slovensku prvykrat.

Nosné konstrukcie mostov boli navrhnuté ako sestpolovy (Visok,
dl#ka 422 m) a devatpolovy (Cadecka, dizka 690,5 m) spojity spriahnu-
ty ocelobeténovy nosnik. Prie¢ny rez mostmi tvorf dvojica ocelovych
zvaranych I-nosnikov a spriahnutd Zelezobeténova doska. Spriahnutie
sa realizovalo pomocou tfiiov s priemerom 22 mm a dizkou 250 mm.
Nosnd konstrukcia mostov ma $irku 13,41 m a vysku 4,94 m. Zjednote-
nie prie¢nych rezov obomi mostmi bolo velkou vyhodou pri optima-
lizacii ndkladov na debniaci vozik, ¢o ocenil hlavne zhotovitel stavby.

Vystavba hornej konstrukcie mosta sa realizovala vystdvanim ocelo-
vej konstrukcie od jednej z opdr, ndsledne sa zacala betondz spriah-
nutej dosky nasadenfm Doka-spriahnutého debniaceho vozika, kto-
ry umoznuje rychle a bezpecné zhotovenie mosta. V tomto pripade
trvé zhotovenie jedného taktu (priblizne 25 bm) 7 az 9 dnf. Pojazdny
spriahnuty vozik nesie velkoplosné predmontované debnenie, kto-
ré mozno premiestriovat do dalSieho zaberu bez jeho rozobratia po-
mocou prekladania koliesok do vopred pripravenych ocelovych pa-
puc privarenych k ocelovej nosnej konstrukcii. Celkovd hmotnost
vozika a debnenia je priblizne 80 ton. Jeho posun do dalsieho zdbe-
ru je zabezpeceny prostrednictvom elektrickych navijakov.

K vyznamnym vyhoddm Doka-spriahnutého debniaceho vozika
patri vynikajuca prisposobivost réznym zatazeniam, cenovo vyhod-
né a jednoduchd montéaz zo $tandardnych prenajimatelnych prvkov
a vysoka miera bezpecnosti pri praci. Vyznacuje sa rychlym priebe-
hom zadebnenia a oddebnenia, pricom bezne mozno dosiahnut be-
tondz v tyzdnovom takte. Jednou z najvacsich vyhod, ktord ocenia
hlavne realiza¢né firmy, je dodanie technického riesenia debniace-
ho vozika a technického riesenia debnenia od jedného dodavatela.

,Doka ndm v porovnani s konkurenciou ponukla variant vozika, pri
ktorom bola vyrazne nizsia potreba montdze a manipulacie s drob-
nymi dielmi. Doka-vozik sa sklada z vac¢sich predmontovanych die-
lov, ¢o ndm prinieslo rychlejsiu montdz a pevnejsiu konstrukciu na
dalSie prace vykondvané na voziku. Som velmi rad, ze prave nasa
spolo¢nost mohla ako prva uspesne nasadit Doka-spriahnuty vo-
zik na Slovensku. Betonaze mostoviek na objektoch Viok a Cadec-
ka sme pomocou tohto vozika Uspesne zvladli a tesime sa na dalsiu
moznu spolupracu,” tak zhrnul svoje skusenosti s vozikom stavbyve-
duci Stefan Gélik zo spolo¢nosti Doprastav Export, s. 1. o.
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Obr. 5 Letecky pohlad na most ViSok pocas realizacie
Fig. 5 Aerial view of bridge VfSok during its realization

Obr. 6 Spriahnutd Zelezobetdnové doska so Sirkou 13,41 m, vyska ocelovych
I-profilov mosta je 4,05 m. Pomocou Doka-spriahnutého debniaceho vozika

s dizkou 25 m sa jeden takt zhotovuje 7 az 9 dni.

Fig. 6 Width of joined reinforced concrete slab 13.41 m, the height of the steel
I-profile of the bridge is 4.05 m. Using the Doka composite forming carriage,
one cycle takes 7 to 9 days.

it takes one cycle (about 25 bm) for 7 to 9 days. The mobile joined-
carriage carries a pre-assembled formwork which can be moved to
a further elevation without dismantling it by folding the wheels into
pre-prepared steel poles welded to the steel support structure. The
total weight of the carriage and the crate is about 80 tons. Its shifting
to the next elevation is secured by electric winches.

The significant advantages of the Doka composite forming car-
riage are its excellent adaptability to various loads, cost-effective
and easy assembly from standard leasable features, and a high level
of safety at work. It is characterized by a fast formwork and detach-
ment, and by a possibility to achieve regular concreting in one week
cycle. One of the biggest advantages is the delivery of the techni-
cal solution of the forming carriage and the technical solution of the
formwork from only one supplier what will be appreciated mainly by
the implementing companies.

"Doka has offered us a variant of the carriage, which has signifi-
cantly reduced the need for assembly and handling of small parts.
The Dock carriage is made up of larger pre-assembled parts, which
has resulted in faster assembly and a firmer construction for further
work on the carriage. | am very glad that our company was the first
to successfully use the Doka composite forming carriage in Slova-
kia. We successfully managed construction of concrete bridges Visok
and Cade¢ka and we look forward to our further cooperation,’ said
Stefan Galik, construction manager in Doprastav Export, s. r. o.
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Infrastruktira | Budovy | Priemyselné stavby

od roku 1963

je mageba jednym z poprednych svetovych doda-
. vatelov konstrukénych loZisk, mostnych zaverov a
‘\\ dalSich vysoko kvalitnych vyrobkov a sluZieb pre

g dopravnu infrastruktiru a stavebné odvetvie. Za
N poslednych 15 rokov, mageba vyrazne rozsirila
svoj sortiment vyrobkov a sluZieb, ktoré zahfnaju
rieSenia tykajlce sa zemetraseni, ako aj Struktu-
: ralny monitoring stavebnych diel. K dnesnému
o5 : driu mageba dodala loZiskd a mostné zavery pre
3 : viac ako 20.000 stavebnych diel, spiiajtcich aj tie
=SS najnaroc¢nejsie podmienky pre realizaciu najvac-
NN Sich svetovych mostov. Spolo¢nost bola zaloZena
ey v roku 1963 a dnes zamestnava priblizne 900
i zamestnancov po celom svete, z ktorych 150 su
kvalifikovani technici. mageba sluzi svojim zdkaz-
nikom celosvetovo vo viac ako 50 partnerskych
spolocnostiach.

Pripojte sa k ndm na nasich online kanaloch | mageba Slovakia s.r.o.

Pri Krasnej 4

Yo Linkedin. | iisoin |||ﬁg€ba

stavebné loziska | dilatacné zavery | seizmicka ochrana | izoldcie vibracii | monitoring stavieb Slovakia s.r.o. www.mageba.sk




»Quick-Ex” - extrarychla vymena mostnych zaverov!

Mageba ponuka ako novinku novy produkt umoznujuci extrarychlu vymenu mostnych zaverov typu TENSA°MODULAR. Ako skvely pri-
klad chceme uviest mostné zavery typu TENSA°MODULAR na moste Kohlbrand v Hamburgu, ktoré su zhotovené metédou ,Quick-Ex”
(rychla vymena), vdaka comu su v pripade potreby velmi jednoducho vymenitelné s malym alebo takmer zZiadnym vplyvom na dopravu.

Most Kéhlbrand je jednou z najvyznamnej-
$ich stavieb v Hamburgu s celkovou dizkou
3618 m. Pocas nedavnej velkej rekonstrukcie
Mageba dodala a instalovala na Styroch Usekoch
tohto mosta lamelové mostné zavery typu
TENSA®MODULAR s 8 a7 12 tesniacimi profilmi,
pricom niektoré boli dodané s protihlukovymi
sinusovymi platiami. Mostné zavery vyzadova-
li v niektorych pripadoch komplikované napo-
jenie na ocelovd konstrukciu a obzvlast zauji-

mavé je, ze v dvoch pripadoch boli zabudované
mostné zavery s funkciou ,Quick-Ex’, ktora
umozni vymenu zaverov v priebehu jedného
dna po uplynutf ich Zivotnosti.

Konstrukcia kazdého moduldrneho most-
ného zédveru s,Quick-Ex" umoznf jeho lahku
vymenu bez nutnosti rezania alebo zvérania,
alebo akéhokolvek zdsahu do mostovky. Ne-
bude potrebné burat betdn ani poskodit as-
falt alebo izoldcie mosta, o usetri néklady na

MEZINARODNI STAVEBNI VELETRH

£ stavba | @ elektro a zabezpedeni | #y vytapaéni

EXPO PRAHA

GENERALNi PARTNER

www.inzenyrske-stavby.cz

[ skupiNA Cez

materidly potrebné na rekonstrukciu mos-
tovky. Pohyblivé ¢asti mostného zaveru su
jednoducho demontovatelné, vyzdvihnutel-
né a vymena prebieha ovela rychlejsie a lah-
Sie, nez by to bolo mozné inak, a to s abso-
[itne minimalnym vplyvom na dopravu.

Instalacny proces na moste K6hlbrand je zachy-
teny v tomto videu: https.//www.youtube.com/
watch2v=M7mxUbAw9Dw
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Juraj Dolnak - Tatiana Bacikova

Most Markov na dialnici D3 Svréinovec - Skalité

v km 23,995 nad Markovym potokom

Bridge Markov on motorway D3 Svréinovec - Skalité
at km 23.995 above Markov stream

Mostny objekt SO 240-00 sa nachéddza na dialnici D3 v km 23,995
na useku Svrcinovec - Skalité, kde v polovi¢nom $irkovom uspo-
riadani prevadza dialnicu D3 ponad udolie Markovho potoka.
Premostenie je zabezpecené jednym dilatacnym celkom, kto-
ry tvori zelezobetonova predpata komorova konstrukcia s roz-
patiami poli 41,0 + 59,2 + 93,8 + 93,8 + 59,2 + 41,0 m (celkova
dizka mosta je 405,185 m). Technoldgia vystavby je letmé be-
tonaz v kombinécii s pevnou skruzou. Most je v prevadzke od
juna 2017.

V roku 2017 sa ukoncila vystavba nového Useku dialnice D3 Svr-
¢inovec - Skalité s dizkou 12,280 km, ktory sa stal sicastou dialnic-
ného tahu D3. Tento Usek sa zac¢ina pri Hricovskom Podhradi a kon¢i
sa na hranici Slovenska s Polskom, pricom vyrazne prispel k prepoje-
niu Kysuc na jestvujucu dialni¢nd siet. Novovybudovany Usek dialni-
ce D3 vedie cez katastrdlne Uzemia obci Svr¢inovec, Cierne a Skalité
a zésadnym sp6sobom zniZil negativne vplyvy dopravy na ceste 1/12
aj vyrazne zlepsil Zivotné podmienky obyvatelov v tychto obciach.

Charakteristika mostného objektu

Most Markov sa nachadza v Zilinskom kraji v okrese Cadca v katastri
obce Cierne a prevédza dialnicu D3 ponad udolie Markovho poto-
ka. Komunikaciou na moste je dialnica D3 v polovi¢nom sirkovom
usporiadani R11,5/80, bola zrealizovand len prava polovica dialnice.

Bridge SO 240-00 is situated at km 23.995 of motorway D3
Svréinovec - Skalité. This part of motorway is executed in a half
profile and bridge is transferring the motorway above the Mark-
ov stream valley. Bridge is constructed as single expansion unit,
load bearing construction is made of prestressed concrete box
profile with spans of 41.0 + 59.2 + 93.8 + 93.8 + 59.2 + 41.0 m
(total length of the bridge is 405.185 m). For execution of this
bridge was used cantilever construction technology in combina-
tion with scaffolding. This object is in use since 06/2017.

In the year 2017 the motorway D3 Svr¢inovec — Skalité with
the length of 12.280 km was completed. That section starts from
Hricovské Podhradie and ends at the Slovak and Poland state border.
Newly built part of the motorway goes through the cadastral areas
of Svr¢inovec, Cierne and Skalité. It has an enormous effect on low-
ering the negative influences of the traffic in this area.

Bridge characteristics

Bridge Markov is located in Zilina district, Cadca county in the cadastral
area of Cierne. It transfers motorway above the valley of Markov po-
tok. Motorway on the bridge is half profile R11.5/80 and only right part
of motorway was executed. Bridge is constructed as a single expan-
sion unit, load bearing construction is made of prestressed concrete
box profile with spans of 41.000 + 59.200 + 93.800 + 93.800 + 59.200
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Vzorovy priecny rez v strede rozpétia
Characteristic cross-section in the span
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Vzorovy priecny rez nad pilierom
Characteristic cross-sections above pier

Premostenie je riesené jednym dilatacnym celkom, ktory tvori Zele-
zobeténova predpatad komorova konstrukcia s rozpatiami poli 41,000
+ 59,200 + 93,800 + 93,800 + 59,200 + 41,000 m. Dizka zrealizova-
ného pravého mosta je 405,185 m. Spodnad stavba mosta pozostéava
zopor 02 a O14 a z pilierov P4, P6, P8, P10 a P12. Nosna konstrukcia
sa z hladiska technoldgie vystavby deli na krajné polia O2-P4 a P12-
-014 budované na pevnej skruzi a na tri letmo beténované vahadla
P6, P8 a P10, ktoré su spojené spojovacimi lamelami L6-8 a L8-10. La-
mely medzi vahadlom a konstrukciou budovanou na pevnej skruZi
sU 14-6 a L10-12. Niveleta dialnice je v stipani +1,45 %, ktoré precha-
dza do vyskového obltka s R = 60 000 m a dalej pokracuje v stlpa-
ni +2,30 %. Prie¢ny sklon mosta je premenlivy, na pravom moste sa
prekldpa z +2,5 % na -2,5 %.

Geologické podmienky

Most sa nachadza v geologicky réznorodom uUzemi, ¢o sa prejavilo
na spdsobe zaloZenia konstrukcie. Povrchovu vrstvu tvori kameni-
to-flovita sutina s mocnostou do 1,3 m vyplnend vysokoplastickym
flom s tuhou konzistenciou. Pod vrstvou sutin tvoria horninové pro-
stredie celkom zvetrané flovce do hibky az 3,8 m, silne zvetrané do
hibky 9,0 m a slabo zvetrané do hibky 16,5 m.V nizsich vrstvach su
slabo zvetrané pieskovce, lokélne tektonicky porusené aZ na piesok.

Betondz stojok piliera P8 pri Markovom potoku po etapach so zédberom 5 m
Casting of the pier P8 near to Markov stream with stages of 5 m

www.inzenyrske-stavby.cz

+ 41.000 m. Total length of the right bridge is 40.185 m. Substructure
consists of the abutments O2 and O14 and of piers P4, P6, P8, P10, P12
which are connected by segments L6-8 and L8-10. Segments between
the cantilever and the scaffolding built structure are 14-6 and L10-12.
Grade line of the motorway is increasing for 1.4 % and then transfers to
the concave arch with radius R = 60 000 m and continues with increas-
ing of 2.3 %. The superelevation alters from -2.5 % to +2.5 %.

Geology

Bridge is located in heterogeneous geology, which had impact on
the foundation type. Upper layer of gravel and clay has the thickness
1.3 m, which is filled with supperplastic clay. Under the layer of clays,
we can find fully weatherd rock until the depth 3.8 m, to the depth
of 9.0 m follows weathered rock and until the 16.5 m there is located
fractured rock. In the lower layers we can find sandstone, which may
be fully fractured. Groundwater has artesian characteristics. In the
area of pier P6, the geology was interrupted with the potential drift.

Bridge foundation

Both abutments were founded on the 13 piles with the diameter of
900 mm with the length of 15.0 m. Piles were drilled in the angle
10: 1. Pier P8 was founded on 246 micropiles with diameter 170 mm

Vahadlo na pilieri P6, budovanie tretej lamely s dizkou 5 m
Cantilever on pier P6, executing of the 3rd segment with the length 5 m
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Mostny zéver pre celkovy posun 360 mm
Expansion joint for the dilatation of 360 mm

Narazend podzemnd voda mala vztlakovy charakter. Voda z vrtu nie
je podla rozborov agresivna voci beténovym konstrukciam, voci oce-
li mé velmi nizku agresivitu (). V mieste piliera P6 bolo horninové
prostredie porusené potencidlnym zosuvom.

Zakladanie mosta

Pod kazdou z opér sa zrealizovalo trindst velkopriemerovych pilot
s priemerom 900 mm a dlzkou 15,0 m. Piléty pod oporami su navf-
tané v sklone 10 : 1 od zvislice. Pilier P8 je zalozeny na 246 mikropi-
l6tach s priemerom 170 mm a dizkou 8,3 m. Stavebnd jama piliera
P8 sa zapazila Stetovnicami, pricom pred baranenim stetovnic bolo
potrebné v osi Stetovnicovej steny zhotovit predvrty s priemerom
600 mm v rastri na dotyk. Tieto vrty sltzili na rozrusenie horniny, ked-
Ze sa v tychto miestach predpokladal vyskyt inosnych R3 a R4. Kazdy
z pilierov P4 a P12 bol zalozeny pomocou dvanéstich velkoprieme-
rovych pilét s priemerom 900 mm a dizkou 15,0 m (P4), resp. 12,0 m
(P12). Piliere P6 a P10 boli zaloZzené na 256 mikropildtach s prieme-
rom 170 mm a dizkou 9,8 m (P6), resp. 8,8 m (P10). Stavebné jamy pi-
lierov P4, P6, P10 a P12 boli zabezpecené striekanym betdnom, vy-
stuzenym kari sietou v kombindcii s kotvenim zemnymi klincami.
VSetky pildty su z betdnu C25/30. Na potvrdenie integrity vsetkych
zhotovenych velkopriemerovych pildt sa realizovala skiska metédou
PIT. Prebehla staticka zatazovacia skuska vybranej piléty, resp. dvoch
mikropilét pod kazdou oporou, resp. pilierom.

Spodna stavba

Opory boli navrhnuté ako ulozné prahy s rovnobeznymi kridlami
zalozené na pildtach. Sirka opér je 13,6 m, hribka Ulozného prahu
je 3,45 m. Vyska ulozného prahu je premennd z dévodu prie¢neho
sklonu 2,5 %. Na oboch oporach su zelezobeténové plenty s hrub-
kou 0,25 m.V plente st vsadené ocelové dvere na pristup do komo-
ry mosta. Rovnobezné kridla su zaloZzené na zékladovom pdse a su
pevne spojené s oporami. Dizka kridel je 6,0 m a hribka 0,6 m. Pre-
chodové oblasti s riesené s prechodovymi doskami s dizkou 6,0 m
a hrdbkou 0,3 m.

Z3klady pilierov P8, P6 a P12 maju rozmery 12,0 x 12,0 m. Vyska
zakladu je 2,8 m (pilier P8), resp. 2,5 m (piliere P6, P10). Pilier P8 tvorf
dvojica stojok s rozmermi 7,0 X 1,4 m a osovou vzdialenostou 6,0 m.
Viyska piliera P8 je priblizne 48,06 m. Zaklady pilierov P4 a P12 maju
rozmery 6,0 X 8,5 x 1,5 m. Piliere P4 a P12 maju rozmery 2,0 X 7,0 m.
Viyska piliera P4 je 13,82 m a vyska piliera P12 je 10,905 m. Na pilieroch
P4 a P12 su osadené loziska. Piliere P6 a P10 tvori dvojica stojok s roz-
mermi 7,0 X 1,2 m a osovou vzdialenostou 6,0 m. Vsetky piliere maju
na vonkajsej strane vybratie s rozmermi 2,2 x 0,15 m. Vyska piliera P6
je priblizne 33,135 m, P10 23,0 m . Piliere P8, P6 a P10 su v hornej casti
votknuté do nosnej konstrukcie. Betonaz vietkych pilierov prebieha-
la po etapéch so zaberom 5,0 m s dfzkou sedem dnf na jeden zaber.
Opory boli vyhotovené z beténu C30/37 a piliere z betonu C35/45.
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and the length 8.3 m. Foundation pit of the P8 was secured by the
sheet piles. Piers P4 and P12 were founded on the 12 piles with di-
ameter of 900 mm with the length 15.0 m (P4) and 12.0 m (P12). Piers
P6 and P10 were founded on the 256 micropiles with diameter of
170 mm and length 9.8 m (P6) and 8.8 m (P10). Foundation pits of
piers P4, P6, P10 and P12 were secured by the nailed reinforced
sprayed-concrete. All piles were made of concrete C25/30 and piles
with diameter 900 mm were tested by PIT test. Also, statical load
bearing test were made on the chosen pile and 2 micropiles.

Lower structure
Abutments were designed as abutment cross beams with longitu-
dinal wingwalls founded on piles. The width of abutments is 13.6 m
and the thickness 3.45 m. The height of the abutment cross beam
differs due to a superelevation of 2.5 %. On both abutments are lo-
cated two walls which serve as an entrance to the box profile of the
load bearing construction. Wingwalls are founded by the foundation
beam and they are bonded with the abutments. The length of the
wingwalls is 6.0 m and width 0.6 m. Approaching areas are designed
with approaching slabs of length 6.0 m and thickness 0.3 m.
Foundation of the pier P6, P8, P12 has the dimensions 12.0 X 12.0
m with the thickness of 2.8 m (P8) and 2.5 m (P6 and P10). Height
of the pier P8 is remarkable 48.06 m. Pier P8 consist of two columns
with dimensions 7.0 x 1.4 m and axial distance of 6.0 m. Foundations
of piers P4 and P12 have dimensions 6.0 X 8.5 X 1.5 m. Piers cross-
sections have dimensions 7.0 X 2.0 m. The height of the pier P4 is
13.82 m and P12 is 10.905 m. On the top of the piers P4 and P12 are
installed bearings. Piers P6 and P10 are made of two columns with
dimensions of 7.0 x 1.2 m with axial distance of 6.0 m. The height of
the pier P6 is approx. 33.135 m, P10 23.0 m. Piers P6, P8 and P10 are
connected with the supperstructure. Casting of the piers was exe-
cuted in stages with the length of 5.0 m and one stage lasted 7 days.
Abutments were made of concrete C30/37 and piers from C35/45.

Superstructure

Cantilever of the pier P6 has the length 94,0m and it was designed
as non-symmetric — 9 segments to pier P4, 8 segments to pier P8.
Cantilever of the pier P8 has the length of 89.0 m and is symmet-
ric. Cantilever of the pier P10 was also designed as non-symmetric —
9 segments to the pier P12 and 8 segments to the pier P8. The can-
tilever building method started at the piers with starting cantilever
of length 11.0 m. Casting of the non-symmetrical segment of canti-
levers P6, resp. P10 in direction to pier P4 resp. P12 was executed af-
ter the connection between the cantilevers of piers P6 resp. P10 by
link-up segment. The height of the cross section varies from 6.0 m
above the support, then it is parabolicaly decreasing until 3.0 m in
the middle of the span. Total length of the load bearing construc-
tion built on scaffolding between O2-P4 and P12-0O14 is 46.9 m. This
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Zrealizované mostné prislusenstvo
Executed equipment of the bridge

Nosna konstrukcia

Vahadlo piliera P6 mé dizku 94,0 m a bolo navrhnuté ako nesymet-
rické — devat lamiel smerom na pilier P4, osem lamiel smerom na
pilier P8. Vahadlo piliera P8 mé dizku 89,0 m a bolo navrhnuté ako
symetrické. Vahadlo piliera P10 m4 dizku 94,0 m a bolo takisto na-
vrhnuté ako nesymetrické — devét lamiel smerom na pilier P12,
osem lamiel smerom na pilier P8. Letméa betonéz vahadiel vyché-
dzala zo zérodku s dizkou 11,0 m. Betonaz nesymetrickej lamely va-
hadiel piliera P6, resp. piliera P10 smerom na pilier P4, resp. P12 sa
realizovala aZ po spojeni daného vahadla s vahadlom piliera P8 spo-
jovacou lamelou. Vyska prierezu vahadiel pilierov P6, P8 a P10 je pre-
menna. Prierez nad pilierom ma vysku 6,0 m, pricom smerom do
pola sa vyska parabolickym ndbehom zmensuje az na 3,0 m. Celko-
vé dlzka nosnej konstrukcie budovanej na pevnej skruzi medzi pod-
perami O2-P4, resp. podperami P12-014 je 46,9 m. Nosna konstruk-
cia zasahuje 4,7 m do pola medzi pilierom P4 a P6 (resp. piliermi P10
a P12), zvydna cast je v krajnom poli medzi oporou a krajnym pilie-
rom. Konstrukcia je vzajomne zmonolitnena s vahadlom piliera P6
(resp. piliera P10) prostrednictvom dobetondvky s dizkou 5 m. Vy3-
ka prierezu je 3,0 m, po dizke je konétantna. Medzi vahadlami pilie-
rov P6 a P8 sa vybetdnovala lamela L6-8, a to pomocou betonazne-
ho vozika vahadla na pilieri P6. Vahadlé pilierov P8 a P10 su spojené
lamelou L8-10, ktora sa beténovala pomocou betondZzneho vozika
vahadla na pilieri P10. Dizka lamiel L4-6 a L10-12 je 5,0 m, di?ka la-
miel L6-8 a L8-10 je 4,8 m.

Priecny rez mostom je navrhnuty ako komorovy so zvislymi ste-
nami. Hrubka stien a spodnej dosky sa meni s ohladom na prie-
beh statického namahania. Konzoly na oboch strandch maju diz-
ku 3,3 m. Sirka komory je 7,0 m. Prie¢ny sklon spodnej a hornej
dosky je 2,5 % smerom do stredu obltka. Pozdizny sklon kon-
strukcie sa meni s ohladom na vyskovy oblik na moste. Most je
predopnuty 19-lanovymi kablami @ 15,7 mm — St 1640/1860 MPa.
Pocas vystavby vahadiel sa postupne napinali vahadlové kéble ve-
dené v hornej doske a kotvené v mieste napojenia steny na hor-
nu dosku. Po dokoncenfi vietkych vahadiel a ich napojeni na kraj-
né polia boli napnuté zdvihané kable spojitosti veduce v stendch
a kdble veduce v poliach v spodnej doske. Konstrukcia budova-
nd na pevnej skruzi sa po betondzi predopla Styrmi zdvihanymi
kablami, ktoré boli kotvené v prie¢niku nad oporou a v kotevnych
naliatkoch pri pilieri P4 (resp. pilieri P12). Po zmonolitneni kon-
Strukcie so susednym vahadlom sa konstrukcia predopla 6ésmi-
mi zdvihanymi kéblami, ktoré sa zacinali pri priecniku P6 (resp.
P10) a boli ukonc¢ené v prie¢niku pri opore. Po predopnuti styroch
kablov sa demontovala skruz, pricom konstrukcia zostala docasne
podopretd v Styroch bodoch pod stenami v strede rozpdtia pola.
Po betonazi spojovacej lamely a dopnuti zvy$nych ésmich kdb-
lov v stenédch sa podpery odstranili. Betdon nosnej konstrukcie je
C45/55-XC4, XD1, XF2.

www.inzenyrske-stavby.cz

Osadeny a pripraveny par betonaznych vozikov na betondz prvej lamely vahadla
Pair of concreting cars which is installed and prepared for the concreting

Dokoncovanie vahadla P8, osadzanie betonaznych vozikov na zarodok vahadla P10
Finishing of cantilever P8, installation of the concreting car on starting cantilever P10

Budovanie nosnej konstrukcie na pevnej skruzi
Execution of the structure on scaffolding

structure overlaps between P4-P6 and P10-P12 on the length 4.7 m.
Structure is linked together with the cantilevers of pylons P6, P10
with the connection segment with length 5.0 m. The height of the
structure cross-section built on scaffolding is 3.0 m. Between canti-
lever on pier P6 and P8 was casted segment L6-8 by means of the
concreting car. Cantilevers of the pier P8 and P10 are connected by
the segment L8-10, which was concreted by means of the concret-
ing car on thy pylon P10. The length of segments L4-6 and L10-12 is
5.0 m. The lengths of the segments L6-8 and L8-10 is 4.8 m.
Cross-section is designed as a box profile with vertical walls. The
thickness of walls and the bottom slab alters due to the load effects.
Cantilevers on the both sides of the cross-sections are 3.3 m long.
The width of the box is 7.0 m. Superelevation of the bottom and top.
Grade line on the bridge varies due to the concave arch which is locat-
ed here. The superstructure is prestressed by the 19-wire steel strands
@15.7 mm - St 1640/1860 MPa. During the execution of this bridge
were consecutively prestressed the cantilever strands located in the
top slab. After all of the segments were finished and construction was
linked together, internal tendons were prestressed, which were locat-
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Pohlad na most tesne pred dokoncenim a uvedenim do prevadzky
View of the bridge shortly before the finishing

Prislusenstvo mosta

Na moste bola navrhnuta dvojvrstvova asfaltova vozovka s celkovou
hribkou 90 mm. Mostné zavery su kolmé, dodatoc¢ne sa osadili do vo-
pred pripravenych képs. Boli navrhnuté gumokovové mostné zévery,
ktoré minimalizuju hluk pri prejazde vozidiel a su schopné preniest cel-
kovy posun 360, resp. 260 mm. Odvodnenie povrchu mosta je riesené
kombinaciou prie¢neho a pozdfzneho sklonu. Mostné odvodrovace
s rozmermi 500 X 500 mm su vo vzajomnej vzdialenosti 10 m, pri zmene
prie¢neho sklonu st zhustené, zalstené st do pozdizneho zberného
potrubia. Celd konstrukcia rims je monolitickd Zelezobeténové s odra-
zovym obrubnikom s vyskou 150 mm (sklon 5 : 1). Cely povrch rimsy
sa natrie ochrannym polymeérovym povlakom. Na rimsach je osadené
ocelové zabradlie s vyskou 1 100 mm. Ako zachytné bezpecnostné
zariadenie na moste slzi ocelové zvodidlo pre Uroven zachytenia
H2. Na moste vedu kable ISD, ktoré s umiestnené v komore mosta.

Vystavba konstrukcie mosta

Viystavba mosta sa realizovala systémom letmej betondze v kombi-
nacii s betondzou na pevnej skruzi. Zacalo sa budovanim spodnej
stavby — pilierov P4, P12 a opdr O2 a O14 a7z po ulozny prah. Nasled-
ne sa pristupilo k vystavbe rdmovych stojok P6 a P8. Po vybudovani
zarodkov na pilieroch P6 a P8 sa na kazdu konstrukciu osadil par be-
tonaznych vozikov, pricom sa zacali postupne a symetricky beténo-
vat lamely vahadiel od podpery P6, resp. P8. Na stavbe sa pouzili dva
péry betonaznych vozikov od firmy BMTI s maximalnou df#kou zabe-
ru 5,0 m. Tiaz samotného vozika bola 50 az 60 t a maximalna nosnost
220 t. Betonaz kazdého zarodku sa realizovala v troch fézach (spod-
na doska, steny, horna doska) a v priemere trvala jeden mesiac. Do-
koncenie jednej lamely vahadla trvalo v priemere osem dni. Vahadla
sa po dokoncenf spojili dobeténovanim spojovacej lamely. Nasledne
sa vybetdnovala asymetrickd lamela na volnom konci vahadla P6. Po
dokonceni rdmovych stojok piliera P10 spolu so zdrodkom sa na kon-
strukciu osadil par betondznych vozikov a zacali sa postupne a sy-
metricky betonovat lamely vahadla P10. Nasledne sa dobeténova-
la spojovacia lamela a asymetricka lamela na volnom konci vahadla
P10. Nezavisle od letmej betonaze vahadiel sa budovali krajné polia
na pevnej skruzi od firmy PERI. Poslednym krokom bola betondz spo-
jovacich lamiel medzi vahadlami a krajnymi poliami. Po dokoncenti
nosnej konstrukcie sa zhotovi zvrSok a upravi sa terén pod mostom
vratane opevnenia koryta Markovho potoka.

Zaver

Cely budovany Usek dialnice D3 Svrc¢inovec — Skalité, a teda aj samot-
ny most Markov, bol dany do uzivania v juni 2017. Projekt vystavby
dialnice D3 Svr¢inovec — Skalité bol spolufinancovany z Kohézneho
fondu Eurépskej Unie a z TEN-T programu Eurdpskej tnie.
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ed in the walls of the box profile. Construction built on the scaffold-
ing was prestressed by 4 internal strands, which were anchored on the
cross beam on the abutment and above the piers P4 and P12. After
the connection of the cantilever construction with the structure built
on scaffolding, last 8 tendons were prestressed and the scaffolding was
dismantled. Concrete of the superstructure is C45/55-XC4, XD1, XF2.

Equipment of the bridge

On the bridge was designed double-layer asphalt pavement with the
total thickness of 90 mm. Expansion joints was additionally installed into
the prepared pockets on the abutment and the superstructure. The ex-
pansion joint was designed for the dilatational movement of 360 resp.
260 mm. Drainage of the bridge is secured by the longitudinal pro-
file in combination with superelevation. Bridge inlets have dimensions
500 x 500 mm and axial distance between them is 10 m, in the areas
with the change of the superelevation, the distance between them is
lower. These inlets are connected to the longitudinal drainage pipe.
Cornices are cast in site with the thickness of 150 mm. On the corrnices
the safety barriers with the level of H2 is installed, also the handrails with
the height of 1 100 mm. In the box profile we can find the cables for ISD.

Execution of the bridge

The execution was provided with combination of the two technol-
ogies, cantilever building method and scaffolding building. The ex-
ecution started with the building of the lowerstructure — piers P4,
P12 and abutments O2 and O14. Then the building of the piers P6
and P8 followed. After the starting cantilevers were build, concreting
cars were mounted and concreting starts symmetrically from sup-
port P6 and P8, segment after segment with the length of 5.0 m and
the duration of the starting cantilever lasted one month, because it
was divided into three parts: bottom slab, walls and the top slab. The
next segments lasted approx. 8 days. Concreting car weights approx.
50-60 t and maximum capacity was 220 t. Then the execution of the
asymmetric segment followed at the end of the cantilever P6. After
finishing of the piers P10 together with the starting cantilever started
the concreting of the segments at first symmetrically, then the con-
necting segment and the asymmetric segment at the end of canti-
lever P10 were concreted. Simultaneously the structure on the scaf-
folding was built. The scaffolding provided co. PERI. The last step was
to connect both technologies by means of the connecting piece. Af-
ter finishing of the structure, the equipment phase was executed.

Conclusion

Whole motorway section D3 Svr¢inovec — Skalité, therefore also the
bridge Markov were stared to use in 06/2017. Project of the motorway
D3 Svr¢inovec — Skalité execution was co-funded from the Cohesion
fund of European Union and from the TEN-T programme of the EU.
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Forma na mostny nosnik Betonovaci vozik
Prestavitelnd forma na mostné nosniky Zariadenie sa pouziva na letmd betonaz nosnych telies. Ide o rychlu
Forma pozostdva z viacerych tvarovo odlisnych casti, ktoré umoziujt vyrobu a progresivnu technoldgiu urcent na vystavbu mostov vysokej kvality.
Zelezni¢nomostnych nosnikov. Konstrukcia je zavesend na zarodok nosného telesa, z ktorého sa plynule
Forma je prestavitelnd, vdaka tomu je mozné vyrabat mostné nosniky na obidve strany, pomocou debnenia, zabezpecuje profil telesa samotného
s roznymi tvarmi a velkostami. Dizka formy: 30 m mosta. Konstrukcia je vyrdband z profilovanej ocele a vytvéracie plochy

sti z plechu. Zavesenie je rieSené cez 3pirdlové tyce, posun je zabezpeceny
Veterna elektraren pomocou hydraulickych valcov a 3pecidlnych loZisk. Uvedenym zariadenim

Jednotlivé betonové segmenty st namontované na seba a potom navzajom sa budoval most Lafranconi v Bratislave, cast dialnice Skalka — Nem3ova.
stiahnuté ocelovymi lanami.

Celkova vyska: 98 m Debnenie mostnych pilierov
Menovity vykon: 1800 KW Debnenie pilierov dialhi¢ného obchvatu Bratislava
Beténovanie Priemer: 4 000 mm, vy3ka pilierov: od 8 do 12 m

Na z&kladovi dosku sa namontujd vonkajsie a vnitorné debnenia.

Vy3ka debnenia je 3,95 m.
Debnenia st z prepravnych dévodov vyrobené v dvoch polovickach. m é§ m

Vytvdracia plocha: plech, 8 mm

Montostroj, a.s., Polna 4, 903 01 Senec, tel.: 02/40209915, e-mail: montostroj@montostroj.sk

www.inzenyrske-stavby.cz
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Richard Pucek - Jozef Marinak

Most Valy - najvyssi most na Slovensku
The Valy bridge - the highest bridge in Slovakia

Most Valy patri medzi dominanty dialni¢ného Useku D3 Svrcino-
vec - Skalité a dotvara peknu panordmu hornatého regiénu se-
verozapadného Slovenska. Samotny most sa nachddza v bez-
prostrednej blizkosti zaniknutého pohrani¢ného opevnenia
spred 18. storocia, ktoré sa rozprestieralo na celom vrchole kopca
Valy, podla ktorého je pomenovany.

Mostny objekt preklenuje hiboké tdolie Gorilovho potoka na dizke
priblizne 600 m. Na premostenie takého typu tUdolia sa zvolila Zzelezo-
betdnova konstrukcia s deviatimi polami s rozpétim od 29,5 do 92 m.
Nosnu konstrukciu tvori spojity monoliticky nosnik s komorovym
prierezom z predpatého beténu. Vzhladom na pomerne velké rozpa-
tia polf a velkd vysku mosta nad udolim (v mieste Gorilovho potoka
az 86 m) sa nosna konstrukcia realizovala technoldgiou letmej beto-
néze v kombinécii s technoldgiou betondze na pevnej skruzi. UloZzena
je na oporach a krajnych pilieroch pomocou dvojice hrncovych lozisk,
na zarodkovych pilieroch je zas pevne votknuta cez rdmoveé spojenie.

Stavebnikom je Narodna dialni¢na spoloc¢nost, a. s. Zhotovitelom
objektu je VAHOSTAV-SK, a. s, a projektantom Strasky, Husty a part-
nefi, s. 1. 0.

Realizacia objektu

Spodna stavba

Spodnu stavbu tvorf osem medzilahlych pilierov a dve krajné opo-
ry. S ohladom na naro¢nost konstrukcie a podmienok, v ktorych sa
zakladalo, sa pouzila kombinacia plo$ného a hibkového zaklada-
nia. ESte pred definitivnym ndvrhom zakladania sa overili geologické
podmienky formou prieskumnych vrtov v miestach buducich pilie-
rov a zaroven aj vitatelnost jednotlivych hornin. Na zaklade takto uro-
beného podrobného prieskumu sa navrhlo pri dvoch pilieroch plos-
né zakladanie a pri ostatnych hlbinné na velkopriemerovych pilétach

The Valy bridge is one of the dominant features of the D3 mo-
torway section Svréinovec - Skalité and completes the beauti-
ful panorama of the mountainous region of the north-western
Slovakia. The bridge itself is located in immediate vicinity of the
defunct border fortification of the 18th century that stretched
across the entire top of the Valy hill, after which it is named.

The bridge is crossing a deep valley of the Gorilov stream, about
600 m in length. To bridge this type of valley a reinforced concrete
structure of nine spans with a range of 29.5 to 92 m was chosen. The
bearing structure is formed by a continuous monolithic box girder of
pre-stressed concrete. Due to the relatively large spans and the large
height of the bridge above the valley (up to 86 m above the Gorilov
stream), the bearing structure was built by the free cantilever technol-
ogy in combination with the fixed scaffolding technology. The bearing
structure is placed on abutments and outer piers by means of the pot
bearings, whilst on the other piers it is fixed tightly through the frame
connection.

The employer of the construction is the NDS (National Motor Com-
pany, a. s.), the contractor is Vahostav-SK, a. s, and the designer is
Strasky, Husty and partners, s.r. o.

Construction of the bridge

Substructure

The substructure consists of eight intermediate piers and two
abutments. Due to complexity of the construction and conditions
given at the time a combination of shallow and deep foundation
was used. Prior to the final design proposal for foundations, the ge-
ological conditions as well as the drilling possibilities of individu-
al rocks were verified through the boreholes survey at the sites of
the future piers. Based on this detailed survey, shallow foundation

The length of the bearing structure in centre line of the D3 motorway
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PozdiZny rez mostom
The longitudinal section of the bridge
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Viystavba pilierov
Construction of the piers

s priemerom 900 mm. Pri troch pilieroch sa vsak nepodarilo zrealizo-
vat velkopriemerové piléty, ktoré sa museli v dvoch pripadoch dopl-
nit a v jednom pripade nahradit mikropilotami. Realizécia zakladania
prebiehala v potenciadlnom zosuvnom Uzemi, preto bolo nevyhnut-
né zaistovat stavebné jamy klincovanymi stenami a celé Gzemie od-
vodnit v predstihu pomocou horizontélnych odvodnovacich vrtov.

Piliere sa realizovali ako dvojica stien, navzajom prepojend v spod-
nej casti kolmou stenou do tvaru pismena H. Vystavba pilierov pre-
biehala po zaberoch s dizkou 5 m pomocou systémového $plha-
cieho debnenia. Navrhnuté bolo tak, aby umoziiovalo zmenu tvaru
pismena H na dvojicu stien a zéroven aj vystup pracovnikov na deb-
nenie z vystupnej veze, pri pilieroch vyssich ako 30 m aj zo staveb-
nych vytahov. Na posun debnenia sa vyuzivali veZové Zeriavy, ktoré
boli osadené pri kazdom zarodkovom pilieri. Zeriavy sa kotvili do sa-
mostatnych zékladov zalozenych na velkopriemerovych pildtach. Be-
tonaz pilierov, ktorych vyska sa pohybovala od 24,55 do 76,2 m, sa
realizovala pomocou mobilného ¢erpadla beténu a pri vacsich vys-
kach s vyuZitim Zeriavov a betondrskeho kosa.

Nosna konstrukcia

Nosna konstrukcia mostného objektu bola zrealizovana ako devét-
polovy spojity nosnik s komorovym prierezom z predpatého beténu.
Viystavba nosnej konstrukcie prebiehala dvomi technolégiami. Prvé
a posledné polia sa realizovali technoldgiou pevnej skruze. Pouzila
sa priestorova skruz doplnend o ocelové nosniky v tvare | s dizkami
8 az 10 m, ktorymi sa prekondvali terénne nerovnosti a prekazky. Na
takto zhotovené podopretie sa uloZilo debnenie nosnej konstrukcie.
Etapy na pevnej skruzi sa betdnovali na dvakrat. Najskor sa zrealizo-
vala spodnd doska spolu s trdmami, v druhej féze sa zrealizovala hor-
né doska. Po vybeténovani tychto casti sa nasledne vnieslo do kon-
strukcie predpatie pomocou sudrznych kablov. Konstrukcia sa stala
samonosnou, ¢o umoznilo jej odskruzenie a nasledny presun pod-
pernej priestorovej skruze do dalsej etapy.

Polia 2 az 7 sa zrealizovali pomocou technoldgie letmej betonaze
za sucasného budovania vsetkych piatich vahadiel. Vahadlé pozosta-
vali z dvanastmetrového zarodku a z deviatich patmetrovych lamiel.
Realizovali sa v pomerne velkej vyske (od 24,55 do 76,2 m), preto bolo
potrebné vyriesit podopretie zarodkov tak, aby sa kotvilo len do pilie-
ra. Hladal sa spbsob, ako ¢o najmenej zatazit podopretie. Riesenie sa
naslo v postupnom realizovani zarodku, kde boli jednotlivé ¢asti na-
vrhnuté ako samonosné a podpretie nemuselo prenédsat kompletné
zatazenie celého zarodku. Zérodky sa betdnovali na tri fazy. V prvej
féze sa zabetdnovala spodnd doska s ¢astou trdmov, nasledne zvysok
trdmov a v poslednej faze sa zabeténovala hornd doska. Konstrukcia
podopretia zarodkov sa kotvila do pilierov pomocou kotiey, ktoré sa
skrutkovali do kénusov zabudovanych pocas betonaze pilierov.

www.inzenyrske-stavby.cz

Realizacia nosnej konstrukcie
Construction of the bearing structure

was proposed for two piers, whilst for the other piers a deep foun-
dation on large-diameter piles (900 mm in diameter) was required.
However, it was not possible to implement large-diameter piles for
three piers and thus these had to be either completed (in two cas-
es) or replaced (in one case) with micro-piles. The execution of the
foundation was carried out in an area with a risk of land-sliding, so
it was necessary to secure the construction pits with soil nail wall
construction and to drain the entire territory in advance using hori-
zontal drainage boreholes.

The piers were built as pair of walls connected to each other by an
H-shaped perpendicular wall in their lower part. The construction of
the piers took place by 5 m shots using a climbing formwork. It was
designed to allow the H-shape to be transformed to a pair of walls,
as well as the entrance of the workers from the access tower or lifts in
case of the piers over 30 m high. Tower cranes fitted at each cantile-
vered pier were used to shift the formwork. The cranes were anchored
into separate foundations on large-diameter piles. Concreting of the
piers with the height from 24.55 to 76.2 m, was carried out using a mo-
bile concrete pump and in the case of greater heights by means of
cranes and a concrete bucket.

Bearing structure

The bearing structure of the bridge was constructed as a nine-
span continuous box girder of pre-stressed concrete. Construction
of the bearing structure was carried out by two technologies. The
first and last spans were built by the fixed scaffolding technology.
A spatial scaffolding supplemented with | steel beams of 8 to 10 m
in length was used to overcome the terrain unevenness and ob-
stacles. The formwork of bearing structure was then mounted on
the fixed scaffolding. Concreting on the fixed scaffolding was per-
formed twice. First, the bottom slab with webs was made and sec-
ondly the top slab was built. After concreting of these parts, the
pre-stressing was subsequently introduced into the structure using
the pre-stressing tendons. Once the structure became self-bearing,
the fixed scaffolding was removed and subsequently moved to the
next stage.

Spans 2 to 7 have been implemented using the free cantilever tech-
nology with the simultaneous construction by all five pairs of form
travellers. The cantilever consisted of the twelve-metre arms and nine
five-meter segments They were built at a relatively large height (from
24.55 to 76.2 m), thus it was necessary to design a temporary support
of the cantilever arms that would be anchored only to the pier. It was
necessary to find a way to minimize the loading of the temporary sup-
port. The solution was found in the gradual construction of the canti-
lever arms, where the individual parts were designed as self-bearing
and the temporary support did not have to carry the complete load-
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Pohlad na most Valy spusteny do prevéadzky
View of the Valy bridge in operation

Po realizacii zarodkov a odstraneni ich podopretia sa osadili vozi-
ky letmej betondze. Montéz vozikov sa realizovala pomocou vezo-
vych Zeriavov s tym, ze spodna podlaha, ktord mala velki hmotnost,
sa zmontovala na zemi a do Urovne zarodkov sa zdvihla pomocou
hydrauliky a styroch vysokopevnostnych tyci. Po skompletizovani
vozikov a ich nastaveni do betonarskej polohy prebiehala betonaz
patmetrovych lamiel symetricky na kazdu stranu vahadla. Pocas be-
tonaze bol povoleny maximalny rozdiel 10 m?® beténu, ¢o sa zabez-
pecovalo hydraulickym rozdelovacom umiestnenym na betondz-
nom potrubi, ktorym sa dostaval betén od staciondrneho cerpadla
beténovej zmesi na miesto zabudovania. Vzhladom na kratky cas,
ktory bol na realizaciu nosnej konstrukcie, sa sicasne nasadilo de-
sat kusov vozikov, na ktorych sa stcasne vybeténovalo péat vahadiel
a sest spojovacich lamiel (dobetonévok).

Predpétie sa do nosnej konstrukcie vnasalo v dvoch fazach. Naj-
skor sa predpinali sudrzné kdble pocas realizécie jednotlivych lamiel,
ktoré boli umiestnené v hornej doske. Po zmonolitneni jednotlivych
vahadiel sa predopli volné kable spojitosti vedené v komore nosnej
konstrukcie. Ako predpinaci systém sa pouzil 19-lanovy systém Proj-
star. Volné kable spojitosti dosahovali dizku az 372,5 m a boli zrea-
lizované bez prerusenia. Kablové kandliky volnych kablov boli zre-
alizované z HDPE rdr DN 125 zvaranych elektrofliznymi spojkami.
Predpinanie volnych kadblov prebiehalo vo viacerych etapach, pri-
¢om v prvej etape predpinania sa uvolnili doc¢asné podpery volnych
kdblov a v dalsich etapach predpinania sa sledovali a monitorova-
li oblasti devidtorov a prie¢nikov v mieste kotevnych oblasti. Celko-
vé skutocné prediZenie takychto dlhych kablov dosiahlo hodnotu az
2 640,7 mm. Pocas predpinania volnych kablov sa vykonalo monito-
rovanie napdtosti volnych kablov a monitorovanie beténového ko-
morového prierezu mosta. Na tento Ucel sa do komorového priere-
zu zabudovali vibra¢né tenzometre a do volnych kablov EM snimace.
Monitorovanie tychto snimacov prebehlo aj pocas statickej a dyna-
mickej zataZzovacej skusky mosta, nasledne sa bude vykondvat v urci-
tych ¢asovych intervaloch pocas uzivania mosta.

Prislusenstvo

Zaujimavou sucastou mostného objektu je okrem Standardného
prislusenstva pouzitie vetrolamu umiestneného na oboch stranach
mosta na eliminaciu boc¢nych Ucinkov vetra na vozidla. Konstrukciu
vetrolamu tvoria zvarané ocelové stipiky s vyskou 2,9 m kotvené do
rimsy. Vypl# vetrolamu je z hlinikovych lamiel s obdfznikovym prie-
rezom sklonenych pod uhlom 45°. UloZené su nad sebou v rozstupe
30 cm v pocte osem kusov. Navrh vetrolamu sa pred realiziciou na
mostnom objekte overil skiskami vo veternom tuneli.

Zaver

Most Valy je momentélne najvyssim mostom na Slovensku a v stred-
nej Eurépe. Je zaroven prvym mostom, na ktorom sa na nasom Uze-
mi pouzil vetrolam. Technoldgia letmej betonaze, ktord sa pouzila pri
vystavbe tohto mostného objektu, je zavedend technolégia, nikdy sa
viak na Slovensku nepourzila v takych velkych vyskach. Pocas vystav-
by sa muselo vyriesit vela problémov a vyziev, s ktorymi sa realizatori
museli vyrovnat. Nadobudnuté skdsenosti budd moct vyuZit pri rea-
lizicii podobnych mostov.
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ing of the entire cantilever arms. The cantilever arms were concreted in
three phases. In the first phase, the bottom slab with webs were con-
creted, then the remains of the webs, and the top slab was built in the
final phase. The cantilever support was anchored into the piers by an-
chors screwed into the cones which were built during the concreting
of the piers.

After the construction of the cantilever arms and the removal of
their temporary support, the form travellers were assembled. The
assembly of travellers was carried out using tower cranes, but the
bottom floor, enormous in weight, was assembled on the ground
and raised to the cantilever level by hydraulic equipment and four
high-strength bars. Once the form travellers were assembled and
ready for operation, the concreting of the five-meter segments
commenced symmetrically on both sides of the cantilever. During
the concreting, a maximum difference of 10 m3 of concrete was al-
lowed, which was ensured by a hydraulic distributor placed on the
concrete pipeline, which received concrete from the stationary con-
crete pump to the place of concreting. Due to the time shortage for
the construction of the bearing structure, 10 pieces of form travel-
lers were put in operation at the same time, by which five cantile-
vers and six connecting segments were simultaneously concreted
(additional casting).

The bearing structure was pre-stressed in two phases. Firstly, co-
hesive tendons were pre-stressed during the execution of the indi-
vidual segments which were placed in the top slab. After concret-
ing of the individual cantilevers, the external tendons led through
the box girder were pre-stressed. A 19 "Projstar" cable pre-stressing
system was used. External cohesive tendons length ranged up to
372.5 m and they were carried out without interruption. The tendon
ducts were made of HDPE pipes (see DN 125) welded by electrofu-
sion couplings. Pre-stressing of external tendons took place in sever-
al stages. The temporary support of external tendons was released
during the first stage of pre-stressing, and the areas of deviators and
crossbeams at the anchorage places were observed and monitored
in other pre-stressing stages. The total prolongation of these ten-
dons reached a value up to 2 640.7 mm. While pre-stressing the ex-
ternal tendons, the level of pre-stressing as well as the concrete box
girder cross section were monitored. For this purpose, there were vi-
bration strain gauges integrated into the cross section of the box
girder and the external tendons were equipped with elasto-magnet-
ic sensors. Monitoring of these sensors was also carried out during
the static and dynamic load test of the bridge and in future it will be
carried out at certain times during the lifespan of the bridge.

Accessories

In addition to standard accessories, an interesting part of the bridge
is the use of a windbreak located on either side of the bridge to elim-
inate the wind effects on the vehicles. The windbreak construction
is formed by welded steel posts of 2.9 m in height anchored to the
flange. The windbreak is filled by aluminium lamellas of rectangular
cross section, inclined at 45 ° angle. They are placed above each oth-
er at a distance of 30 cm. There are eight pieces in total. The wind-
break design was verified by wind tunnel tests prior to the bridge
construction.

Conclusion

The Valy bridge is currently the highest bridge in Slovakia as well
in the central Europe. It is also the first bridge in our territory on
which the windbreak was used. The free cantilever technology
used for the construction of this bridge has been an established
technology, but has never been implemented in Slovakia at such
a height. During the construction there were many problems and
challenges which had to be dealt with and overcome by the con-
tractor. Nonetheless, the gained experience will be used to build
similar bridges in future.

www.inzinierskestavby.sk
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Matus Buci — Vaclav Kvasnicka

Dialnica D3 Svrcinovec - Skalité, SO 237-10 most v krizovatke
Svréinovec nad tratou ZSR, Slahorovym potokom a cestou I/11

v km 21,780 - 22,220

D3 Svréinovec - Skalité, highway bridge no. 237-10 on the
Svréinovec intersection over the ZSR railway track, Slahorov
creek and class 1/11 road at km 21.780 - 22.220

Pri vystavbe nosnej konstrukcie dialni¢nych mostov stavebného
objektu sa pouZzila technoldgia postupného vysuvania z formy
po pilieroch. V tomto pripade bolo treba riesit aj odlisnosti opro-
ti Standardom pri vysuivanych mostoch. Posun sa realizoval kro-
kovacim zariadenim umiestnenym na medzilahlom pilieri. Pouzil
sa 36-metrovy ocelovy navadzaci nos s plnostennymi nosnikmi
a docasné klzné podlozky s bo¢nym vedenim. Vyrobna sa pocas
vystavby priecne presunula z favého mosta na pravy most. Situo-
vana bola v kontakte za oporou. Vysuv favého mosta sa realizoval
vratane zdrodku na napojenie odbocovacej vetvy. Most je situo-
vany v horskom teréne, ma vysku 45 m.

Technoldgia vystavby postupnym vysuvanim z formy po pilieroch
patri do sucasného portfélia vystavby mostov. Jej poufZitie je dispo-
zicne obmedzené na konstantné horizontalne a vertikalne zakrive-
nie. Vhodné su stredné mosty s rozpatim 40 az 60 m, komorové, ale
aj ocelové tramové. Priklad vhodného pouzitia predstavuje dlha es-
takada, kde sa najviac prejavi efektivita vystavby. Za oporou mosta je
umiestnend vyrobiia, standardne na dizku polovice pola, pri potrebe
urychlenia vystavby sa predizi na celé pole. Forma je za oporou odsa-
dend priblizne o jej dizku z ddvodu stability pri prvom vysuve, dosta-
toc¢nej reakcie od vlastnej tiaze na oporu (pre krokovacie zariadenie)
a pristupu k budovanej konstrukcii z terénu (kozmetika).

Projektové rieSenie nosnej konstrukcie mosta

Most na dialnici v krizovatke Svr¢inovec nad tratou ZSR, Slahorovym
potokom a cestou I/11 v km 21,780 — 22,220 je dominantou kriZzo-
vatky Svr¢inovec a najvyznamnejsim objektom z hladiska rozsahu
vystavby. Je zaloZzeny na osemnastich trvalych, dvoch provizérnych
pilieroch a na piatich oporach vybudovanych v udoli. Tento most
predstavuje hlavné dialni¢né spojenie z juhu od Cadce, od tunela
Svréinovec, smerom na Skalité a Polsko.

Most tvoria dve samostatné komorové konstrukcie z predpatého
beténu. Komorovy priecny rez ma vysku v osi 3,8 m, typické rozpatie
je 52 m. Od lavého mosta sa v 4. poli odpaja rampa odbocujucej vet-
vy krizovatky. Dalej je v poslednom poli hlavného favého mosta vlo-
Zené pole, ktoré je uloZzené na opore vrubovym kibom so $ikmostou
45°, na opacnom konci je uloZzené na konzolu v ¢ele vysunutej ko-
morovej konstrukcie. Oba hlavné mosty sa budovali metédou po-
stupného vysuvania z vyrobne umiestnenej velmi blizko od porté-
lu nadvédzujuceho tunela, teda za hornou oporou. Cast konstrukcie
v odbocujucej vetve ma jednotramovy priecny rez, vlioZzené krajné

The superstructure of the highway bridges within the construc-
tion unit was built with incremental launching. In this case the
project anomalies against the standard conditions in incremen-
tal launching had to be solved. The launching was realized with
a stepping device placed on the intermediate pier. A 36 m long
guiding nose with solid steel beams and temporary slide pads
with lateral guides were used. The casting yard was shifted in
transverse direction from the left to the right bridge. It was locat-
ed in contact beyond the abutment. Launching of the left bridge
included the starting part of the in situ cast ramp. The bridge is sit-
uated in mountainous terrain, height is 45 m.

The incremental launching method is a tested and verified tech-
nology. Its use is spatially limited to a constant horizontal and verti-
cal curvature. It is suitable for medium-sized bridges with a bridge
span of 40-60 m with box-girders but also steel beams. Long ele-
vated highways are a great example because the efficiency of con-
struction is most apparent in this case. The casting yard is located
behind the bridge abutment. Typically it is positioned at half of the
segment length and extended to the entire segment length when
the construction speed has to be increased. The formwork is lo-
cated behind the abutment at a distance of its own length to in-
crease the stability of the first launching, maintain sufficient verti-
cal reaction on the abutment (for the stepping device) and access
to the structure from the surrounding terrain (cosmetic repairs of
the surfaces).

Design solution of the superstructure

The highway bridge at the Svr¢inovec intersection over the ZSR rail-
way track, Slahorov creek and class I/11 road at km 21.780 — 22.220
dominates the Svrc¢inovec intersection and it is the most impor-
tant construction object in terms of scale. It is supported on 18 per-
manent and 2 temporary piers and 5 abutments built in the val-
ley. The bridge forms the main highway connection from the south
of Cadca in the direction from the Svr¢inovec tunnel toward Skali-
té and Poland. The bridge consists of two separate box-girder struc-
tures from prestressed concrete. The axial height of the box-gird-
er in the cross section is 3.8 m and the typical bridge span is 52
m. A-ramp branches off from the 4th span of the bridge. Further-
more, the last span of the left bridge is a separate structure, which
is placed on the abutment with a hinge at a 45° skew and it rests
on the cantilever at the head of the extended box-girder structure
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Obr. 1 Zaber z prevadzky mosta, april 2018
Fig. 1 Bridge traffic in April 2018

pole ma dvojtrdmovy rez. Obidve tieto Casti sa stavali monoliticky na
pevnej skruzi po dokoncenf vysivania lavého mosta.

Vacsina pilierov a opér mosta 237-10 sa nachadza v oblasti poten-
cidlneho zosuvu. Predpokladané sily od zosuvu, ktoré treba preniest,
dosahuju na rade podpér az 700 kN/m s hibkou §mykovej vrstvy a2
8 m. Samostatnou studiou bolo preukazané, ze takéto velké ucin-
ky zosuvu nie je vhodné prendsat vlastnou zdkladovou konstrukciou
mosta, kedze vzniknuté deformécie v zékladoch podstatne presahu-
ju kapacity pilierov a loZisk. Z tohto dévodu sa pri vacsine pilierov
realizovalo zaistenie sil od zosuvu ndvrhom samostatnej ochrannej
konstrukcie. Tieto ochranné konstrukcie pozostavaju zo stien z pilét
@ 880 mm, ktoré st v hornej Urovni spojené kotevnym a roznasa-
cim prahom. V fiom su zakotvené sikmé zemné pramencové kotvy.
Priestor medzi kotevnym prahom a bokom zékladového bloku je vy-
plneny lahko stlacitelnou hmotou tak, aby jeho deformécie od ucin-
kov zosuvu nevyvolavali vodorovné zatazenie posobiace na zaloze-
nie pilierov. Pri oporach sa doplnili sikmé mikropiléty @ 108/16 mm.

Opis realizacie vystavby mosta
V ¢ase od novembra 2014 do marca 2016 prebiehala vystavba nos-
nej konstrukcie mosta, ktory je v sticasnosti v prevadzke.

Podorysne vedie most v konstantnom obltku s polomerom v osi
dialnice R = 1 000 m. Niveleta trasy na moste je v konstantnom spa-
de 1,44 %. Vyrdbané mostné teleso sme vysuvali z vyrobne v spade
1,44 % smerom nadol. Brzdenie od Ucinkov vlastnej tiaze este nebo-
lo potrebné, no podla minimalnej trakénej sily sme sa pohybovali,na
hrane”. Koeficient trenia mosta pohybujtceho sa po pilieroch bol len
o malo vacsi ako 1,44 %.

Realizacia vystavby postupnym vysdvanim na tomto moste sa da
oznacit za unikdtnu v eurdpskom meradle. Pre stiesnené pomery
krajnej opory za tunelom na trase sa zriadila vyrobna tesne pred opo-
rou O1 a samotny posun mostnej konstrukcie vykonavalo hydraulic-
ké krokovacie zariadenie od fy. Eberspacher umiestnené na krajnom
pilieri P9. Jeho maximalna vytlacnd sila bola 9,6 MN a maximalna taz-
no-brzdna sila 4,8 MN. Na pilieri bol osadeny aj brzdny satelit, kto-
ry posobil pocas vystavby ako fixatny pevny bod mosta. Horizontal-
na reakcia od trak¢nej sily vysuvu na pilieri bola kotvend pomocou
ocelovych rozpier (4 x HEB550 + zopnutie s celozévitovymi ty¢ami
Dywidag 36WR). V krajnom poli sa zriadil pomocny Zelezobeténovy
pilier (spolu 2 ks — pravy, lavy most), ktory sa po vystavbe odstranil -
recykloval. Pomocny pilier sluzil na stabilitu systému pocas vysuva-
nia prvého taktu nosnej konstrukcie. Pred pilierom P9 bola v sme-
re vysUvania zriadena ocelova stojka s rdmom na uchytenie taznych
hydraulickych lisov vysuvu a prenos trakénej sily. Pre predstavu to aj
s pracovnou plosinou predstavovalo 39 t konstrukénej ocele. V pr-
vom poli sa zriadila drevend pracovna plosina na podpornej kon-
strukcii Pizmo na kozmetické prace na pohladovom beténe mosta
vysunutom z vyrobne.

www.inzenyrske-stavby.cz

Obr. 2 Krizenie vysivaného mosta SO 237-10 s mostom SO 237-20 na vetve A
Fig. 2 Crossing the incrementally launched bridge SO 237-10 with the bridge SO
237-20 on the A ramp

on the opposite end. Both main bridges were built by the incre-
mental launching method from the formwork located close to the
portal of the adjacent tunnel, i.e. directly behind the upper abut-
ment. A section of the off-ramp structure has a single beam cross
section and the separate span has a double T cross section. Both
these parts were cast-in-situ on a solid scaffolding after launching
of the left bridge was completed.

Most of the piers and abutments of the 237-10 bridge are locat-
ed in an area with potential landslides. The estimated force of the
landslide, which must be transferred, is up to 700 kN/m on a num-
ber of supports with a depth of the shear layer of up to 8 m. It was
shown in a separate study that such large landslide effects should
not be transferred through the foundations of the bridge, as the
resulting deformation of the foundations significantly exceeds the
capacity of the piers and bearings. For this reason, most of the piers
were secured against the forces of a landslide with a separate pro-
tective structure. These protective structures consist of walls of the
@ 880 mm piles, which are connected with the anchoring block
at their heads. Inclined ground strand anchors are attached to it.
The space between the anchoring block and the side of the foun-
dation block is filled with easily compressible substance so that
the deformations resulting from the effects of the landslide do not
cause horizontal load acting on the foundation of the piers. The
abutments were additionally supported by inclined micropiles @
108/16 mm.

Description of the construction of the bridge

The construction of the superstructure of the bridge was carried out
in the period from November 2014 to March 2016, and the bridge is
currently in use.

In terms of its ground shape, the bridge copies a constant curve
in the highway axis with a radius of R = 1 000 m. The grade line on
the bridge is in a constant longitudinal gradient of 1.44 %. The bridge
was incrementally launched from the casting yard at a downward
gradient of 1.44 %. No braking as a result of the dead weight was
necessary, but minimum traction power required for launching in-
dicated that the coefficient of friction of the bridge moving on the
piers only slightly exceeded 1.44 %.

The use of incremental launching on this bridge is unique on
a European scale. Due to the lack of space behind the abutment
in the tunnel area the casting yard was built directly in front of
the O1 abutment and the launching of the bridge segments was
performed by a hydraulic stepping device by Eberspacher, which
was located on the P9 pier. Its maximum pushing force was 9.6
MN and maximum pulling-braking force was 4.8 MN. The piers also
contained a braking satellite, which served as a fixed point on the
bridge during construction. The horizontal reaction of the trac-
tion forces on the pier was transferred by steel horizontal props
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Most SO 237-10, favy most pred odboéenim rampy
Bridge SO 237-10, left bridge before the off-ramp
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i
Most SO 237-10, favy most v mieste odbocenia rampy
Bridge SO 237 -10, left bridge at the off-ramp

Most SO 237-10, l'avy most, vloZené pole
Bridge 50 237-10, left bridge, embedded segment

Obr. 3 Charakteristické tvary prie¢neho rezu mosta SO 237-10
Fig. 3 Characteristic shapes of the SO 237-10, cross section

Na vystavbu sa pouzila vyrobna s pevnou podlahou s dizkou 26 m
(1/2 pola). Na zakladoch bol zriadeny Zelezobetonovy skelet s klzny-
mi stenami. Na fom bola uloZend ocelova konstrukcia z prie¢nikov
HEB600/18 m, ktord niesla debnenie komorky. Celd tdto zostava le-
zala na hydraulickych lisoch, ¢o umoznovalo oddebnenie. Samotny
most zostal po spusteni z vyrobne lezat na preglejkdch na vazeline
na klznych stenéch. Pri vychadzani z vyrobne sa preglejky odobe-
rali. Prvy most (favy) bol zhotoveny zo $trnéstich taktov vyroby vo
vyrobni. Pri 5., 6. a 7. takte sa debnenie atypicky prerabalo. V tychto
miestach sa vyrabala pracovna skdra na napojenie odbocovacej vet-
vy (vratane priecnika, zosilnenia trdmov, kotvenia predpétia vetvy..).
Tato vetva sa vyrabala po vysunuti lavého mosta na podpornom le-
seni — monoliticky vo vyske 40 m nad nepristupnym svahom ponad
Slahorov potok a elektrifikovanu trat ZSR.

Po lavom moste bola vyrobna presunuta (hydraulicky po teflo-
noch) na zéklady do pozicie pravého mosta. Pri prie€nom presune
sa forma smerovo aj vyskovo rektifikovala do novej polohy. Nosny ze-
lezobeténovy rdm bol na novych zékladoch podliaty cementovou
zélievkovou hmotou. Vyskovy rozdiel medzi favym a pravym mos-
tom predstavoval pri presune priblizne 40 cm. Pri prvotnej vystav-
be vyrobne sa nosné Zelezobeténové steny betdnovali na vysku na
dvakrat s pracovnou skarou s PVC féliou. Pri presune sa odobrala vy-
robra s hornou castou steny (bez ,podstavca”). V rdmci prie¢neho
presunu sa vymenil plast formy z paluboviek na pero a drazku.

Viystavba pravého mosta sa realizovala v sedemnéstich taktoch.
Na vysuv sa pouzil ocelovy navadzaci nos s dizkou 36 m a hmotnos-
tou 95 t. Tvorili ho dva plnostenné nosniky s premennou vyskou od
0,8 do 4,0 m s rozchodom 5,90 m. Nos bol votknuty do ¢ela mosta

Obr. 4 Prie¢ny presun vyrobne po ukonceni NK lavého mosta
Fig. 4 Lateral shift of the formwork after finishing the left bridge superstructure

InZinierske stavby / InZenyrské stavby 4/2018

4450 J I
10370

Most SO 237-10, lavy most, odbodujlica rampa
Bridge 50 237-10, left bridge, off-ramp

2900

(4 x HEB550 + connection with Dywidag 36WR threaded bars). In
the end span, a temporary reinforced concrete pier was erected
(2pcs - right and left bridge), which has been removed and re-
cycled after construction. The temporary pier provided the stabil-
ity of the system during the launching stage of the first span of
the superstructure. In front of pier P9 in the direction of launch-
ing there was a steel support with a frame to attach the hydrau-
lic jacks for launching and transfer of the traction force. The com-
bined weight including the working platform was 39 t of structural
steel. In the first segment there was a wooden work platform on
the Pizmo scaffolding for cosmetic work on the freshly exposed
concrete of the launched . A fixed casting yard was used, 26 m
long (1/2 of the span). A reinforced concrete skeleton with sliding
walls was established on the foundations. A steel structure made
of HEB600 18 m cross beams to support the formwork of the box
was placed on the skeleton. This whole assembly was placed on
hydraulic jacks, which allowed demoulding. After activating the
formwork, the bridge remained lying on the plywood greased
with Vaseline on the sliding walls. When leaving the formwork, the
plywood was removed. The first (left) bridge was made of 14 seg-
ments in the casting yard. In segments 5, 6 and 7, the formwork
had to be atypical. In these segments, it was necessary to make the
construction joints for the connection of the off-ramp (including
the cross beam, reinforcement of the walls, anchoring of the off-
ramp prestressing etc.). This branch was made after launching the
left bridge on the supporting scaffolding — cast-in-situ at a height
of 40 meters above an inaccessible slope over the Slahorov creek
and electrified ZSR railway track.

After finishing the left bridge, the formwork was moved hydrau-
lically on Teflon pads onto the foundations into the position of the
right bridge. During the lateral shift, the formwork was adjusted into
the new position both directionally and vertically. The area below
the supporting reinforced concrete frame was grouted with cement
grout. The height difference during the launching between the left
and right bridge was approximately 40 cm. During the initial con-
struction of the formwork the supporting reinforced concrete walls
were cast in two parts separated by s PVC foil. The stationary form-
work was removed with the top section of the wall (without the
"base"). During the lateral shift, we replaced the formwork mantle
made of tongue and groove floorboards.

The construction of the right bridge consisted of 17 segments. The
launching was performed with a guided steel nose with a length of
36 m and weight of 95 t. It consisted of two solid steel beams of
variable height 0.8 — 4 m, with a spacing of 590 m. The nose was
fixed to the front of the bridge using the Dywidag 36WR prestressed
bars. The superstructure was moving on the piers on slidepads with
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pomocou predpfnacich tyc¢i Dywidag 36WR. Nosna konstrukcia sa
pocas vystavby vysuvala po pilieroch po klznych podlozkach s boc-
nym vedenim na silikbnovej vazeline na teflonovych doskach. Po vy-
sunuti sa most pridvihoval na jednotlivych pilieroch (hydraulicky).
Klzné podlozky sa zamienali za definitivne mostné loziska. Na tieto
Ucely sa okolo kazdého piliera zriadilo lesenie s pracovnou podlahou
okolo hlavy piliera.

Pocas vysuvania nosnej konstrukcie sa na pilieroch merali naklo-
ny. Na hlave piliera bol osadeny rozvadzac, v ktorom bol pripojeny
meraci snimac. Na rozvadzaci bol nudzovy tlacidlovy vypinac a zvu-
kové signalizacia upozorfiujuca na pohybujici sa most. Vsetky pilie-
re boli zvedené do centrédlnej jednotky pri hydraulickom agregate na
vysuv. Celé toto zariadenie slUZilo ako bezpecnostny ochranny sys-
tém. Na displeji sa znazormovali horizontélne naklony pilierov, pricom
pri prekroceni pruzného pretvorenia ktoréhokolvek piliera sa zablo-
kovala vysuvna hydraulika.

Projektovanie tvarov mosta a technologickych zariadeni (vyrobria,
debnenie, klzné nosniky, klzné podlozky, hydraulické zariadenie) sa
dialo v stradniciach JTSK vyrovnanej siete stavby dialnice. Na realiza-
ciu pohybu mostnej konstrukcie, osddzania klznych nosnikov, klznych
podloZiek, rektifikaciu debnenia a na kontrolné merania sa pouzivala
transformacia kartézskych stradnic na trasovanie po vysuvnej osi (sta-
nicenie, horizontdlny ofset, vertikédlny ofset). Tak sa zhodovala presnost
vystavby s presnostou geodetického terestridlneho merania.

Zavery

Uz postaveny most 237-10 v Svr¢inovci tvorf teraz dominantu celého
Udolia. Mézeme potvrdit, Ze pri danej vyske a nepristupnosti terénu
sa kvalitou préc (dielenskd vyroba vo vyrobni), rychlostou vystavby
(104 m konstrukcie/mesiac) aj produktivitou prac potvrdila spravnost
zvolenej technoldgie vystavby. Most na dialni¢nej krizovatke v Svrci-
novci ukazuje priklad, kde sa napriek okrajovym podmienkam — sties-
neny priestor na vyrobriu za tunelom a ¢leneny horsky terén — poda-
rilo odovzdat dielo do uzivania nacas, v plnej kvalite a pri spokojnosti
verejnosti, objedndvatela a spravcu Narodnej dialni¢nej spolo¢nosti
a verime, Ze aj manazmentu realiza¢nej firmy Doprastav.

Obr. 5 Vysuv lavého mosta pri navddzani na pilier ¢. 7
Fig. 5 Launching of the left bridge onto pillar 7

lateral guides on silicone grease and Teflon boards. After launching,
the bridge was raised on the piers (hydraulically) and the temporary
slide pads were replaced by final bridge bearings. For this purpose,
the scaffolding with a working floor around the pier head was set up
around each pier.

During the launching of the superstructure, the piers were
measured for deflection. The pier head included a distributor with
a measuring sensor. The distributor was also equipped with an
emergency kill switch and sound warning to signal the moving
bridge. All piers were connected to the central unit in the hydrau-
lic launching unit. These tools served as a safety system. The dis-
play showed the horizontal deflection of the piers. When any of the
piers exceeded its maximum flexible deflection, the launching hy-
draulics was stopped.

The design of the bridge segments and technology (formwork,
sliding beams, slide pads, hydraulic jacks) was carried out in the JTSK
coordinate system in the level network of the highway construction
site. For the launching of the bridge, installation of slide beams, slide
pads, adjustment of the formwork and control measurements, the
Cartesian coordinates had to be transformed into directional coor-
dinates along the launching axis (chainage, horizontal offset, vertical
offset). This way the accuracy of construction matched the geodetic
terrestrial measurements.

Conclusions

The completed bridge 237-10 in Svr¢inovec is now a dominating
structure of the entire valley. In spite of the constrained conditions,
height above terrain etc. the resulting quality, speed of construc-
tion (104 m/month) and productivity all confirm the right choice of
this construction technology. The bridge on the Svr¢inovec high-
way intersection shows that despite the unfavorable conditions -
cramped space for formwork behind the tunnel and mountainous
terrain — we managed to hand the bridge into use on time, in full
quality and to the satisfaction of general public, the Client (Nation-
al Highway Company) and management of the construction com-
pany Doprastav.
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Stefan Choma - Frantisek Brlit

Novy zelezni¢ny most cez Vah v Trencine
A new railway bridge across the Vah river in Trencin

Novy Zelezni¢ny most cez rieku Vah je zhotoveny technolégiou
letmej betonaze. Je postaveny na zelezni¢nej trati v novom kori-
dore. Dovodom novej trasy Zeleznitnej trate je jej modernizacia
so zabezpecenim rychlosti 160 km/h.

Stavby modernizacii Zelezni¢nych trati na Slovensku prinasaju so
sebou vela neviednych vyziev, pred ktorymi stoja technici z oblas-
ti projektovania aj samotnej vystavby mostov. Jedna z nich sa tyka-
la prevedenia novej zelezni¢nej trate v okresnom meste Trencin cez
koryto rieky Vah. Zelezni¢na trat v Trencine prechadzala dovtedy po-
nad rieku Vah po starom moste, ktory ju aj po sprevadzkovani nové-
ho mosta stale premostuje. Teraz uz viak bez toho, aby plInil svoju
povodnu funkciu.

Mosty vzdy predstavovali unikatne inZinierske diela a tyka sa to, sa-
mozrejme, aj tohto mosta. Preto si dovolime uviest najvyznamnejsie
historické fakty z verejne dostupnych zdrojov (www.vlaky.net), ktoré
sprevadzali prevedenie Zelezni¢nej dopravy cez rieku Vah v Trencine.

Prvy Zelezni¢ny most cez rieku Vah bol postaveny v roku 1883.
V roku 1907 bol na spolo¢nych podperach postaveny sibezny most
na druhej kolaji. Povojnové roky 1945 a 1946 znamenali obnovenie
vojnou zni¢eného mosta. Najskor bol v roku 1945 opraveny jeden
z dvojice mostov — islo o novsiu konstrukciu postavent pri zdvojko-
lajneni trate na kolaji ¢. 2. Druhy most na kolaji ¢. 1 nahradil v roku
1946 novy most — pdvodnd konstrukcia bola neopravitelna. V roku
1984 sa starsi opraveny most na kolaji ¢. 2 nahradil novym mostom,
pretoze poévodny most uz nevyhovoval poziadavkdm na Unosnost.
Tieto mosty, ktoré stdle mozno vidiet na ich mieste, ale uz bez po-
vodnej funkcie, maju rozpdtia poli 4 x 61,62 m.

V roku 2014 sa zacala pisat nova histéria premostenia toku rieky
Vah na zabezpecenie Zelezni¢nej dopravy. Az do tohto ¢asu viedla
Zelezni¢na trat v koridore vytvorenom uz v roku 1883. Poziadavky na
modernizovanu zelezni¢nu trat, hlavne poziadavka na zvysenie rych-
losti na 160 km/h, si viak vyZiadali nevyhnutnost opustit povodny
koridor a hladat novu polohu Zelezni¢nej trate. Nova trat vedie sever-
ne od pévodnej trate, povyse toku rieky Vah.

' JyRRENGI ¢

Zelezni¢ny most cez Véh (fotografia z roku 1944)
Railway bridge across the river Vah (a photo from 1944)

The railway bridge over the Vah river is constructed by the ba-
lanced cantilever method. It is built on a railway line in a new
corridor. The reason for the new route of the railway line is its
modernization with a max. allowed speed of 160 km/h.

The modernisation constructions of railway tracks in Slovakia
bring many remarkable challenges that the technicians in the de-
sign and the actual bridge construction field must face. One of them
also concerned the building a new railway track in the district town
of Tren¢in across the river bed of the Vah. Until then, the railway track
led over the river of Vah across an old bridge, which still stands across
the river after commissioning of the new bridge. However, now with-
out performing its original function.

Bridges have always represented unique engineering works and
certainly the same applied to this bridge as well. Therefore, | would
like to take the liberty and indicate the most significant historical facts
from publicly available sources (www.vlaky.net) concerning the imple-
mentation of railway transportation across the river Vah in Trencin.

The first railway bridge across the river Vah was built in 1883. In
1907 a second parallel bridge was built on joint supports on the sec-
ond rail.

The post-war years of 1945 and 1946 meant restoration of the
town devastated by the war. Firstin 1945 one of the two bridges was
repaired; it was a newer structure built upon turning the railway track
on rail No. 2 into a double track. The second bridge on rail No. 1 was
replaced by a new bridge in 1946 as the original structure could not
be repaired. In 1984, the older, repaired bridge on rail No. 2 was re-
placed by a new bridge as the old bridge ceased to meet the bear-
ing capacity requirements. These bridges, which can still be seen at
their place but without their original function, have a range of fields
4x61.62m.

In 2014, a new history in bridging the Vah river flow in ensuring
railway transportation started. Until this time, the railway track was
conducted in a corridor created back in 1883. The requirements for
railway track modernisation, mainly the requirement for speed in-

Ked'stary dosluzi...
When the old retires...
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Pozdlzny rez favym mostom
Longitudinal section of the left bridge

Vsetky nosné konstrukcie mostov, ktoré slizili svojmu Ucelu v po-
vodnom koridore, boli navrhnuté a zhotovené v klasickom kon-
struk&¢nom usporiadani Zelezni¢nych mostov, ktorym bola prie-
hradovd ocelova konstrukcia so spodnou mostovkou. Zvratit toto
zauzivané pravidlo bolo pre tim projektantov velkou vyzvou. Novy
most cez koryto rieky Vah bol navrhnuty s pouzitim nosnej konstruk-
cie z monolitického predpétého betdnu. Takyto navrh este aj dnes
predstavuje v oblasti Zelezni¢nych mostov vynimocné riesenie. Pre-
lomit zauZivané pravidlo o ocelovych Zelezni¢nych mostoch sa na
Slovensku podarilo iba nedavno, prvymi mostami z predpatého be-
ténu po dlhom case nedodvery v takéto konstrukcie boli mosty na
tzv. Senkvickej prelozke. Ta bola postavena tiez v rémci modernizacie
Zelezni¢nych trati na zabezpecenie rychlosti 160 km/h.

Projektanti nasej spolo¢nosti, CEMOS, s. 1. 0., dostali prileZitost po-
dielat sa na zhotoveni dokumentacie na realizaciu stavby pre zhoto-
vitela. Bol to posledny stupen projektovej dokumentacie, ktory sa po-
uzil na samotnu vystavbu mosta potom, ako prebehla verejnd sutaz
a zhotovitel zadefinoval technické parametre na beténovacie voziky,
ktorymi sa mala postavit nosna konstrukcia.

Vseobecny opis

Vieobecné Udaje

Dizka premostenia: PM: 336,6 m, LM: 341,4 m

Dizka mosta: PM: 344,3 m, 'M: 349,1 m

Sikmost mosta: kolmy

Sirka jedného mosta: 7,05 m

Celkova Sirka objektu: 7,05 + 0,6 + 7,05 = 147 m

Vyska mosta: 15,95 m

Stavebnd vyska: 3,06 — 4,56 m

Plavebna vyska: 7,33 m

Plocha mosta: 336,6 x 7,05 + 341,4 X 7,05 =4779,9 m’
Zatazenie mosta: zatazovaci vlak 1,21 x ZM71 podla STN EN 1991-2

Realiz4cia piliera
Implementation of the pier
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crease to 160 km/h, made it necessary to give up the former corridor
and seek a new position for the railway track. The new track is led to
the north from the original track, up the flow of the river Véah.

All support structures that used to serve their purpose in the origi-
nal corridor were designed and constructed in the classical structural
arrangement of railway bridges, which was the steel framework struc-
ture with a lower bridge deck. To change this customary rule, it was
a great challenge for the designers. The new bridge across the river
bed of Vah was designed using a support structure made of mono-
lithic prestressed concrete. Even today, such a design in the field of
railway bridges still represents an extraordinary solution. Only recent-
ly they have managed to break the customary rule of steel railway
bridges in Slovakia; the first bridges made of prestressed concrete (af-
ter long distrust in such structures) were the bridges of the so-called
Senkvice relocation. This was also built within the framework of railway
track modernisation in order to ensure the speed of 160 km/h.

The designers of our company CEMOS, s. r. 0. had a chance to par-
ticipate in elaboration of the documentation for implementation of
the contractor's construction. It was the last level of the design docu-
mentation, which was used for the actual construction of the bridge
after the public tender took place and the contractor defined the
technical parameters for the concrete cars that the support structure
was supposed to be built with.

General description

General information

Bridging length: RB: 336.6 m, LB: 3414 m

Bridge length: RB: 3443 m, LB: 349.1 m

Obliquity of the bridge: vertical

Width of one bridge: 7.05 m

Total width: 705+ 06 +7.05=147m

Bridge height: 15.95 m

Building height: 3.06 - 4.56 m

Cruising height: 733 m

The area of the bridge: 336.6 X 7.05 + 3414 x 7.05 =4 779.9 m?
Load of the bridge: load train 1.21 x ZM71 according to STN EN 1991-2

The new railway bridge across the river Vah is 344.3 m long in the
axis of the right bridge and 349.1 m long in the axis of the left bridge.
The left bridge has 7 fields with ranges of 40.5 + 3 x 52.0 + 53.0 +
53.4 4+ 40.5 m. The right bridge also has 7 fields with the following
ranges: 40.5 + 3 X 52.0 + 50.8 + 50.8 + 40.5 m.

The bridge object is made up of two separate support structures,
which are placed on joint intermediate supports. The outer supports
in transverse direction of the bridge are separate for the left and the
right bridge as well. The ranges of each fields was selected with re-
spect to the arrangement of the fairway, which had to be respect-
ed. The fairway is divided into two parts; one is led between the sup-
ports No. 5 and 6 and the second one between supports 6 and 7.
With regard to the fact that the direction of the Véh river flow is not
perpendicular to the axis of the bridge, the piers are turned against
the perpendicular to the bridge axis. Despite the turning of the pier
shaft, the shape of the bed blocks is designed so that the actual
placement of the support structure is perpendicular to its axis.
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Novy Zelezni¢ny most cez Vah mé dlzku 344,3 m v osi pravého
mosta a 349,1 m v osi l[avého mosta. Lavy most ma sedem polf s roz-
pdtiami 40,5 +3 % 52,0+ 53,0 + 53,4 + 40,5 m. Pravy most ma tiez se-
dem poli s rozpatiami 40,5 + 3 x 52,0 + 50,8 +50,8 + 40,5 m.

Mostny objekt tvoria dve samostatné nosné konstrukcie, ktoré su
uloZzené na spolo¢nych medzilahlych podperdch. Krajné opory su
v prie¢nom smere mosta samostatné v ramci favého aj pravého mos-
ta. Rozpatia jednotlivych poli sa zvolili s ohladom na usporiadanie pla-
vebnej dréhy, ktord bolo potrebné respektovat. Plavebna dréha je
rozdelend na dve casti, jedna vedie medzi podperami ¢. 5 a 6, druha
medzi podperami 6 a 7. Vzhladom na to, Ze smer toku rieky Vah nie je
kolmy na os mosta, su piliere pootocené oproti kolmici na os mosta.
Napriek pootoceniu driekov pilierov je tvar tloznych prahov navrhnu-
ty tak, aby samotné ulozenie nosnej konstrukcie bolo kolmé na jej os.

Spodna stavba mosta
Zakladanie medzilahlych podpier a krajnych opor je navrhnuté na
kratkych velkopriemerovych pilétach s priemerom 0,90 m. Na pilo-
tach st zhotovené zakladové dosky s obdfznikovym tvarom, na nich
sU postavené samotné drieky pilierov. Ich pddorysny tvar re$pektu-
je umiestnenie pilierov v toku rieky a z toho vyplyvajicu poziadavku
na zvysenu ochranu pred erozivnymi Gc¢inkami prudiacej vody a pri-
padnych splavovanych drevin. Piliere maju kénicky tvar, ktory zabez-
pecuje minimalny odpor proti vodnému pridu. Vsetky pohladové
Casti spodnej stavby su oblozené tvarnicami z prirodného kamena,
ktoré zabrania vymyvaniu beténu pod vplyvom teclcej vody a su-
Casne tvorili stratené debnenie pri realizacii spodnej stavby. Zaklady
a samotné podpery mosta su zhotovené spolocne pre obidva mosty.

Zakladanie sa realizovalo v otvorenych stavebnych jamach pod
ochranou stetovnicovych stien. Na umoznenie realizacie zakladania
sa zriadila obsluzna plosina naprie¢ tokom rieky Vah. Tok bol presme-
rovany do priestoru mostného pola medzi piliermi ¢. 5 a 6 s tym, ze
v dvoch poliach bol prevedeny popod hradzu vlozenim sustavy oce-
lovych rdr s priemerom 1,00 m.

Uspesnost stavby mosta v narocnom prostredi tvorenom riekou
a jej inundaciou limitovalo posudenie spravania sa toku rieky s ob-
medzenim koryta uvedenymi hradzami. Zlozitost tohto procesu zna-
sobila skuto¢nost, ze samotny prietok Vahu predmetnym miestom
ovplyviiuje prevadzka vodného diela Trencianske Biskupice. Rea-
lizdcia zavisela od vzijomnej spoluprace zhotovitela stavby a pre-
védzkovatela VD Trencianske Biskupice, pretoze zakladanie sa dalo
realizovat iba za predpokladu udrziavania hladiny toku na drovni mi-
nimalnych prietokov na VD potrebnych na zabezpecenie jeho pre-
vadzky. Realizacia zakladania prebehla Uspesne aj napriek tomu, ze
sa Uplne nevyhla problémom suvisiacim s erozivnou ¢innostou toku
rieky a v neposlednom rade aj nédsledkom vysokych hladin (nad
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Pracovna plosina na realizaciu spodnej stavby
Work platform for implementation of the substructure

Substructure

The foundation of intermediate supports and outer supports is de-
signed on short large-diameter piles with a diameter of 0.90 m. Base
plates of rectangular shape are constructed on the piles and the ac-
tual pier shafts are built on them. Their plan shape respects the lo-
cation of piers in the river flow and the resulting requirement for in-
creased protection from erosive effects of the flowing water and
incidental timber floating. They are of conic shape, which secures
minimum resistance to water stream. The surface of a part of the
piers washed by the water is protected by stone cladding.

The foundation was implemented in open construction holes un-
der the protection of sheet piling. In order to enable implementation
of the foundation, a service platform was established across the Vah
river flow. The river flow was redirected to the space of the bridge
field between piers NO. 5 and 6 so that in two fields the flow was re-
directed underneath the dam by inserting a system of steel pipelines
with 1.00 m diameter.

The successfulness of bridge construction in a challenging envi-
ronment consisting of the river and its inundation was limited by the
behaviour of the river flow with river bed limitation by the above-
mentioned dams. The complexity of the process was multiplied by
the fact that the actual flow rate of the river Vah at the actual place
is influenced by operation of the Waterworks Trencianske Biskupice.
The implementation depended on mutual cooperation of the con-
struction contractor and the operator of the Waterworks Trencianske
Biskupice since the foundation could only be implemented provid-
ed that the level of the flow is kept at minimum flow rate level at
the WW necessary for ensuring its operation. The implementation of
foundation took place successfully despite the fact they could not
completely avoid problems related to the erosive river flow activi-
ty and eventually also the consequences of high levels beyond the
framework of the considered level due to excessive rainy weather.

Superstructure concrete:

e piles: C25/30-XC2, Cl04, D,,.,,25 (SK),
o foundations: C25/30-XC2, CI04, D,,,.25 (SK),
e piers: C30/37-XC4, XF3, Cl04, D,,,,25 (SK).
Concrete reinforcement of the substructure: B500B.

Superstructure
The actual support structure consists of two bridges, which are sym-
metrical with respect to the longitudinal axis of the bridge. The sup-
port structure has a variable height from 3.13 m in the middle with
arange up to 4.63 m above the intermediate supports. The support
structure is placed on each support using two spherical bearings. The
speciality of the bearings was the requirement for a relatively long hor-
izontal bearing capacity due to the specifics of the railway operation.
A static calculation of the bearing structure was processed using
the method of terminal elements on the framed space model for cal-
culation of the envelopes of moving load and the effects of forced
deformations. The actual assessment of the structure with effects of
constant load, preload, creep, shrinkage and effects of the chang-
es of static systems was performed on a planar model. The normal
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ramec hladiny, s ktorou sa pocitalo) z dévodu nadmerného dazdivé-
ho pocasia.
Betdn spodnej stavby:
e piloty: C25/30-XC2, Clo4, D, 25 (SK),
o zdklady: C25/30-XC2, Cl0,4, D,,,25 (SK),
e piliere: C30/37-XC4, XF3, Cl04, D, 25 (SK).
Betondrska vystuz spodnej stavby: B500B.

Nosna konstrukcia mosta

Samotnd nosnd konstrukcia pozostava z dvoch mostov symetrickych
vzhladom na pozdiznu os mosta. Nosna konstrukcia ma premennt
vysku od 3,13 m v strede rozpati do 4,63 m nad medzilahlymi podpe-
rami. Nosna konstrukcia je uloZzend na kazdej podpere prostrednic-
tvom dvojice kaldtovych loZisk. Zvldstnostou loZisk bola poziadavka
na pomerne vysoku horizontalnu tnosnost z dévodu Specifik zelez-
ni¢nej prevadzky.

Staticky vypocet nosnej konstrukcie bol spracovany metddou ko-
nec¢nych prvkov na pridtovom priestorovom modeli na vypocet oba-
lok pohyblivého zatazenia a Ucinkov vynutenych deformacii. Samot-
né posudenie konstrukcie s Uc¢inkami stdleho zatazenia, predpatia,
dotvarovania, zmrastovania a s Uc¢inkami zmeny statickych systé-
mov sa realizovalo na rovinnom modeli. Posudili sa normélové napé-
tia v krajnych vldknach prierezu pre MSP a takisto vybrané prierezy
na MSU v ohybe aj $myku. Staticky vypocet bol spracovany v sulade
s prislusnymi ustanoveniami noriem platnych k februdru 2013 (STN
a STN EN - Eurokody).

Betodn nosnej konstrukcie: C35/45-XC4, XF3, 10,2, D,,,,25 (SK).

Betondrska vystuz nosnej konstrukcie: B500B.

Predpinacia vystuz nosnej konstrukcie: prEN 10138-3-Y1860S7-
15,7-1-F1-C1 (sedemdrétové land s nizkou relaxaciou, priemer lana
15,7 mm, plocha lana 150 mm?, f, = 1 860 MPa).

K ndvrhu vedenia predpinacej vystuze bolo potrebné pristupovat
s reSpektovanim zvlastnosti nosnej konstrukcie mosta pre zeleznic-
nu trat. Specifika tvaru priecneho rezu zelezni¢nym mostom, ktoré
spocivali v chybajucich postrannych konzoldch (tie su samozrejmé
pri cestnych mostoch), posuvali taZisko prierezu niZsie, nez je to pra-
ve pri prierezoch cestnych mostov s konzolami. Z toho vyplyval aj
$pecificky priebeh predpinacich kablov v pozdZnom smere mosta.
Obmedzujucim bol samotny tvar prie¢neho rezu — jeho mala Sirka
obmedzovala umiestnenia predpinacich kdblov v prie¢nom smere
a ich postupné kotvenie v Celdch jednotlivych lamiel.

Nosna konstrukcia bola zhotovena technolégiou letmej betonaze
s pouzitim az $tyroch beténovacich vozikov. Casti krajnych poli nad
ramec symetrickych vahadiel boli zhotovené na pevnej skruzi. Jed-
notlivé vahadld sa pocas realizacie stabilizovali Zelezobeténovymi pi-
liermi pod kazdym trdmom priecneho rezu.

Vybavenie mosta a mostny zvrSok

Nésledne po zhotoveni nosnej konstrukcie sa pristupilo k realizacii
mostného vybavenia a mostného zvrsku. Samotné kolaje boli zho-
tovené systémom pevnej kolajovej jazdnej drahy. Jednotlivé zvrsko-
vé dosky pevnej jazdnej drahy su stabilizované pomocou kotviacich
blokov, ktoré boli zhotovené spojenim s nosnou konstrukciou po-
mocou zabudovanej betonarskej vystuze. Izoldcia nosnej konstruk-
cie je zhotovend s pouzitim natavovacich asfaltovych pésov na zape-
Catujucej vrstve na ocistenej nosnej konstrukcii.

Sprievodnymi konstrukciami mostov budovanych v dotyku so za-
stavbou su protihlukové steny. Tie sU na moste zhotovené v kon-
struk¢nom usporiadani zhodnom s konstrukciou PHS na celom Use-
ku Zelezni¢nej trate prilahlej k mostu.

Celkovy navrh protihlukovych stien, trak¢nych bran, ale aj rimso-
vych casti vychadzal z architektonického ndvrhu v predchéddzajucich
Castiach projektovej pripravy. Navrh bol tzko konzultovany so za-
stupcami hlavného architekta mesta Trencin. Na tieto casti sa kladol
velky doraz, pretoze most, ale aj samotna Zelezni¢na trat prechadza-
ju zastavanym Uzemim intravildnu mesta a vsetci zainteresovani na
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Realizécia nosnej konstrukcie
Implementation of the superstructure

tension in the outer fibres of the section for the serviceability lim-
it states was assessed, as well as the selected limit state design in
bending and in shearing. The static calculation was processed in
compliance with the respective provisions of standards valid as of
the date of 02/2013 (STN and STN EN - Euro codes).

The basic materials used for construction of the support struc-
ture were concrete C 35/45, concrete reinforcement B500B and pre-
stressing reinforcement prEN 10138-3-Y1860S7-15,7--F1-C1 (7-wire
ropes with low relaxation, rope diameter 15.7 mm, area of the rope
150 mm?, f, = 1 860 MPa). The design of conducting the prestressing
reinforcement required an extraordinarily responsible approach. The
specific shape of the longitudinal section of the bridge, which con-
sisted in the missing lateral consoles (they are automatic in case of
road bridges) moves the centre of gravity of the section lower than
it is actually in case of the sections of road bridges with consoles. It
also implied a specific course of prestressing cables in the longitudi-
nal direction of the bridge. The actual shape of the transverse sec-
tion was limiting. Its small width limited placement of the prestress-
ing cables in the transverse direction and their progressive mooring
in the face of each plate.

The support structure was constructed using the technology of
cantilever construction using up to four concrete cars. A part of
the outer fields beyond the symmetric bascules was constructed
on a fixed ring. During the implementation, the individual bascules
were stabilised by reinforced concrete piers under each beam of the
transverse section.

Bridge equipment and bridge overhead

After construction of the support structure, they started to imple-
ment the bridge equipment and the bridge surface. The actual rails
were constructed using the system of fixed rail carriageway. Each
surface board of the fixed carriageway was stabilised using moor-
ing blocks, which were constructed by connection with the support
structure using the built-in concrete reinforcement. The isolation of
the support structure is made of PVC isolation foil with underlying
geotextile. The isolation foil is protected by another layer of geotex-
tile and a separation PVC foil. On the surfaces outside the fixed car-
riageway, there is an isolation layer protected by a layer of reinforced
concrete.

The accompanying structures of bridges built in contact with res-
idential developments are sound absorbing walls. They are built on
the bridge in a structural arrangement aligned with the structure of
sound absorbing walls on the entire section of the railway track in-
termediate to the bridge.

The overall design of sound absorbing walls, traction gates as well
as cornice parts was based on the architectonic design in the pre-
vious parts of the design preparation. The design was closely con-
sulted with the representatives of the lead architect of the Town of
Trencin. High emphasis was placed on these parts since the bridge,
as well as the actual railway track, passes through built-up areas of
the town boundaries and all the stakeholders in the preparation
of the construction had an interest in it that the overall look of the
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Pohlad na novy most
View of the new bridge

priprave stavby mali zdujem, aby aj celkovy vyzor mosta dotvaral
prostredie svojou jedine¢nostou s dérazom na kazdy detail.

Spojazdnenim Useku Zelezni¢nej trate prechddzajucej mestom
Trencin v roku 2017 sa skoncila jedna etapa existencie starého mosta
a zacala sa etapa existencie nového mosta. Stary most predstavoval
vo vsetkych modifikdcidch vysledok Usilia technikov na drovni naj-
vyssich poznatkov o ndvrhu a vystavbe mostov vo vtedajsich obdo-
biach. Pevne verime, Ze aj novy most bude dIhé roky svedkom tech-
nickej zru¢nosti tejto doby. SU v nom viozené najlepsie schopnosti
vsetkych zUcastnenych na jeho priprave a vystavbe.

bridge should shape the environment by its uniqueness with atten-
tion to each and every detail.

By putting the railway track passing through the town of Trenc¢in in
operation in 2017, one stage of the existence of the old bridge finished
and the new stage of new bridge existence started. The old bridge, in
all modifications, represented the result of efforts of technicians at the
level of supreme knowledge of bridge design and construction at that
time. | strongly believe that also this new bridge will witness technical
competence of this era for a long time. It includes the best abilities of
all participants that took part in its preparation and construction.

Projektovanie inZinierskych sieti
InZzinierska ¢innost v stavebnictve

Konzultaéna ¢innost pre dopravné stavby a konstrukcie
Projektovanie ciest, diafnic a mestskych komunikacii
Dopravny urbanizmus a dopravné inZinierstvo
Projektovanie mostov a opornych konstrukcii

... Uz 20 rokov

2’ CEMOS

CEMOS, s.r. o.
Mlynské nivy 70, 821 O5 Bratislava
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Prvy letmo beténovany most s elektricky izolovanym

predpatim na Slovensku

The first free cantilever bridge with an electrically isolated

pre-stressing tendons in Slovakia

Sucastou modernizécie Zelezni¢nej siete na Slovensku na rych-
lost do 160 km/h su aj Useky, pri ktorych vzhladom na zlozité
hydrogeologické podmienky Uzemia investor a projektant die-
la rozhodli, ze vsetky predpaté mosty budu mat elektricky izo-
lované predpitie. VAHOSTAV-SK, a. s., je od roku 2012 drzitelom
licencie na predpinaci systém PROJSTAR-CH. V rdmci prebie-
hajucej certifikdcie podla eurépskej smernice ETAG 013 sa re-
alizovali aj skusky systému elektricky izolovaného predpatia.
V tomto prispevku je predstavena konstrukcia a niektoré vy-
sledky preukaznych certifikacnych skusok predpinacieho systé-
mu PROJSTAR CH-19/EIK a ich aplikdcia in-situ na zelezni¢nom
moste cez rieku Vah.

V 90. rokoch sa zrodila kategorizacia kablov predpatia, ktord po-
skytuje rézne stupne konstrukéného rieSenia antikoréznej ochrany
predpinacej vystuze [1]. Podla toho, v ktorej kategdrii agresivity pros-
tredia sa predpatie nachddza, sa stanovili tieto Urovne ochrany pred-
pinacieho kéabla PL (PL = Protection Level):

e PL1 - kdbel injektovany cementom v hadici zo sta¢aného plechu,
kotvy su zabeténované bez ochrannych krytov,

e PL2 — kabel injektovany cementom v PE hadici s ochrannymi kryt-
mi kotvenia, tzv. kabel s kompletnym vodotesnym obalom,

e PL3 — elektricky izolovany kdbel (EIK). Ide o kdbel PL2 doplneny
elektroizola¢nymi prvkami na ochranu proti bludnym prddom. Je-
ho korozivny stav moZno monitorovat meranim zmien izola¢ného
odporu EIK.

Najvyssiu urovert ochrany z hladiska chloridov, ako aj bludnych
prudov poskytuju tzv. elektricky izolované kéble, pri ktorych mozno
ochranu predpinacej vystuze proti korézii a bludnym pridom merat
pomocou elektrického odporu medzi predpinacou a betonarskou
vystuzou zabudovanou v betdnovej konstrukcii.

Prvy slovensky most s elektricky izolovanym predpétim je navrhnu-
ty ako spojity 5-polovy trdm (47,5 + 3 X 65 + 47,5 m) s dvojkomoro-
vym prie¢nym rezom so Sirkou 11,82 m a premennou vyskou — 8 m
nad podperou a 3 m v strede rozpdtia (obr. 1 a 2). Most s oznacenim
SO 44-33.18 premostuje rieku Vah a statnu cestu I1/507.

Nosna konstrukcia mosta bola navrhnutd na pouZitie technoldgie
letmej betonaze. Nad kazdym pilierom sa vybudovali zarodky s dizkou
13 m, z ktorych sa obojstranne realizovalo letmym spdsobom 3est la-
miel s dizkami 2 x 3 + 2 x 4 + 2 x 5 m. Aby sa zabezpeila stabilita va-
hadla pocas letmej betonaze, vybudovali sa pod zarodkami Zelezobe-
ténové stabilizac¢né stlpy, spolu Sest stlpov pre kazdy zarodok (obr. 4).

Within the Modernisation of the Slovakian Railways for the ve-
locity of 160 km/h, there are sections of railway for which, given
the complexity of hydrogeological condition of the area, the in-
vestor and the designer have decided that all pre-stressed bridg-
es shall have electrically isolated pre-stressing tendons. Since 2012
VAHOSTAV-SK, a. s. has held a licence for the pre-stressing system
PROJSTAR-CH. In terms of the ongoing certification the tests of the
system of electrically isolated pre-stressing tendons were carried
out in accordance with the European Directive ETAG 013. This arti-
cle describes the bridge structure and some results of the certifica-
tion tests of the pre-stressing system PROJSTAR CH-19/EIK as well
as their in-situ application on the railway bridge over the river Vah.

In 1990°s a categorisation of the pre-stressing tendons has ap-
peared. It provides various stages of the structural design of the anti-
corrosion protection of the pre-stressing tendons [1]. Depending on
aggressiveness of the surroundings the following protection levels
(PL) of the pre-stressing tendons have been designated:

e PLT — a cement grouted tendon in a duct made of rolled sheet
metal, anchorages are concreted without protective cover,

e PL2 - acement grouted tendon in a PE duct, anchorages have pro-
tective covers — so called tendon with an overall waterproof coating,

e PL3 - electrically isolated tendon (EIT). It is PL2 tendon with
electro-isolating elements for the protection against stray currants.

Its corrosive situation can be monitored by measuring changes in

EIT isolation resistance.

The highest level of protection against chlorides as well as stray
currents is provided by so called electro-isolating tendons (hereinaf-
ter only the EIT). The protection of the pre-stressing tendons against
corrosion and the stray currents can be measured by electrical re-
sistance between the pre-stressing tendons and concrete reinforce-
ment contained within the concrete structure.

The first Slovak bridge with the electrically isolated pre-stressing
is designed as a continuous 5-span beam (47.5 + 3 X 65 + 47.5 m)
with a double-box girder cross-section 11.82 m in width and varia-
ble height (8 m above the abutment and 3m in the middle of the
span), see Fig. 1 and 2. Bridge SO 44-33.18 crosses the river Vah and
the state road communication II/507.

The bearing structure of the bridge was designed for the free can-
tilever method of construction. Pier segments with 13m in length
were erected above each pier. From those there were six segments
(2X3+2x4+2x5m) constructed on both sides by the free can-
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Obr. 1 Pozdlzny rez mostom
Fig. 1 Longitudinal section of the bridge
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Obr. 2 Prie¢ny rez mostom
Fig. 2 Cross section of the bridge
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Aj ked rekonstruovand trat, na ktorej sa nachadza tento most, je na
celej trase napdjana striedavym pradom, generalny investor ZSR vy-
hodnotil tento Usek ako Usek so zvysenou hydrogeologickou zata-
7ou a na vietkych mostoch pozaduje pouzitie elektricky izolovanych
kéblov predpétia.

Na predpétie trdmu sa pouzili 12- a 19-lanové elektricky izolované
kéble PROJSTAR CH-12-19/EIK rozdelené do troch skupin. Prvd tvo-
ria konzolové kéble, ktoré sltZia na predopnutie jednotlivych lamiel
pocas vystavby vahadiel. V druhej skupine su kdble spojitosti, ktoré
slizia na zmonolitnenie jednotlivych casti nosnej konstrukcie. Tretiu
skupinu tvoria volné kéble, ktoré sa predopnu po zmonolitneni ce-
lej nosnej konstrukcie.

Konstrukcia elektricky izolovaného kabla

Z3kladna konstrukcia elektricky izolovaného sudrzného kabla vycha-
dza z konstrukcie kabla kategérie LP2. Na volnej dfzke je predpina-
cia vystuz primarne chranend PE extrudovanou hadicou. Na elektric-
ku izolaciu predpinacej vystuze v rozndsacich podlozkach je pouzity
PE kuzel a izola¢nd vysokopevnostna doska (obr. 5). Pri volnych kab-
loch je PE hadica nahradena HDPE rurou. PE ochranny kryt kotve-
nia ma vyvod na pripojenie vodi¢a na meranie elektrického odpo-
ru kabla (obr. 6).
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Obr. 3 Betondz zdrodku a prvych 3 m lamiel na beténovacich vozikoch
Fig. 3 The concreting of the pier segment and the first 3 segments constructed
by the form travellers

tilever method. To ensure the stability of the bridge saddle during
construction there were temporary stabilising reinforced-concrete
columns erected beneath the pier segment. In total there were six
columns at each pier segment (Fig. 4).

Although the reconstructed railway on which this bridge is locat-
ed is entirely supplied with alternating current, the general investor
ZSR evaluated this section as a section with an increased hydrogeo-
logical risk and thus the use of the electro-isolated pre-stressing ten-
dons is required.

To pre-stress the girder the 12 and 19 ropes electro-isolated ten-
dons PROJSTAR CH-12-19/EIT were divided into three groups. The first
group are cantilever tendons which serve to pre-stress the individual
segments during construction of the bridge saddle. The second group
are continuous tendons, the purpose of which is to pre-stress the parts
of the bearing structure together. The third group are external tendons
which are pre-stressed once the entire bearing structure is build.

Electro- isolated tendon structure

The basic structure of electro- isolated bonded tendon is based on
the structure of the tendon category LP2. The loose length of pre-
stressing tendons is primarily protected by PE extruded duct. In or-
der to provide electrical isolation of the pre-stressing tendons in the
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Obr. 4 Pohlad na rozostavany most
Fig. 4 A view of the bridge under construction

Vseobecne o merani elektrickych parametrov EIK
Predpinaci kabel

Je dobrym vodic¢om elektrického prudu a jeho zdkladnou charakte-
ristikou je jeho elektricky odpor R (Q)). Odpor predpinacieho kdbla ma
vacsinou hodnotu vyrazne pod 1 Q. Na vyvedenie ,meracich bodov”
sta¢i dobre izolovany medeny drot (aspon 1 mm? z dévodu mecha-
nickej pevnosti), ktory treba priskrutkovat cez vejérovitd” podlozku
ku kotevnej objimke aj rozndsacej podlozke. Pri meranf je dobré mat
obidva meracie body pokope.

Injektdzna malta

Nie je izolantom, merny odpor vzoriek injektdZznej malty odobra-
tych pri injektdzi na stavbe sa pohybuje po styroch tyzdrioch od
injektdze na Urovni 40 Q. m.V porovnani s mernym odporom zeleza
9,8.10% Q). m ma malta skoro o devét radov vacsi odpor.
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Obr. 5 Konstrukcia EIK pre sudrzné kable systému PROJSTAR-CH/EIK
Fig. 5 EIT structure for bonded tendons of the system PROJSTAR — CH/EIT
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bearing plates, there is a PE cone and an isolating high-strength slab
(Fig. 5). For external tendons the PE duct is replaced by a HDPE pipe.
The PE anchorage protection cover has an outlet for connecting
a device measuring electric resistance of tendons (Fig. 6).

General information on measurement

of the electric parameters of EIT

Pre-stressing tendon

Itis a good electric conductor and one of its basic properties is its
electric resistance R (QQ), which is usually far below 1 Q. The “measur-
ing points”are outlet by a well- isolated copper wire (at least 1 mm?
to ensure the mechanical strength), which must be screwed through
the “fan-shaped” pad to the anchor head and the bearing plate.
When carrying out the measurement it is recommended to have the
both measurement points next to each other.

Cement grouting

[tis not an insulation, the electrical resistance of cement grouting sam-
ples (taken at the time of grouting) is around 40 Q.m measured four
weeks after grouting. As compared to the measured resistance of iron
(9.8 x10® Q0.m), the grouting has nearly nine times greater resistance.

Tendon duct, transmission anchorage cover and isolation slab
Tendon duct, transmission anchorage cover and isolation slab be-
tween the anchorage clip and the bearing plate are insulations and
dielectrics. For this reason the most commonly measured value is the
“isolating” resistance between anchor head and bearing plate that
has been welded to concrete reinforcement.

Certification test of the EIK

The measurement of conductivity (resistance) of the tested
electrically isolated tendon

In the scope of certification procedure TSUS BA [4], a test of 19-strands
electrically isolated pre-stressing tendon was carried out. The tendon
was built-in, pre-stressed and grouted within a reinforced concrete
beam (500 x 800 x 5 000 mm), see Fig. 9.

The measurements of resistance were carried out using LCR meter
ELMA 6400: firstly, after it had been assembled, secondly after it had
been pre-stressed and once before and once after the grouting and
solidifying of cement mortar. The results of these measurements are
presented in Fig. 10.

www.inzinierskestavby.sk
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Obr.6 Ochranny kryt kotvenia s vodicom na meranie elektrického odporu

Fig. 6 Protective cover of anchorage with conductor for the measurement of
electric resistance

Kéblovy kanalik, prechodovy obal kotvy a izola¢na doska
Kablovy kanalik, prechodovy obal kotvy a izola¢na doska medzi kotev-
nou objimkou a rozndsacou podlozkou st izolanty a dielektrikd. Preto sa
najcastejsie meria hodnota,izola¢ného” odporu medzi kotevnou objim-
kou a roznasacou podlozkou, ktord je privarena k betonarskej vystuzi.

Certifikacna skaska EIK
Meranie vodivosti (odporu) skisobného El kabla
V ramci certifikacného konania TSUS BA [4] sa vykonala skuska na
19-lanovom elektrickom izolovanom predpinacom kabli, ktory bol
zabudovany, napnuty a zainjektovany v Zelezobeténovom trdme
s rozmermi 500 x 800 x 5 000 mm (obr. 9).

Merania odporu sa vykonali pomocou LCR metra ELMA 6400 po zo-
staveni kabla, jeho napnutf, pred a po injektdZi cementovou injektdznou
maltou a po jej zatvrdnuti. Viysledky tychto merani st uvedené na obr. 10.

Meranie vodivosti (odporu) injektadZnej malty

Nad rédmec certifikacnej skisky sa riesitelsky tim podujal preskimat
¢asovy priebeh vodivosti cementovej injektaznej malty. Na mera-
nie ¢asového priebehu vodivosti malty sa vyrobili tri skisobné val-
ce s antikorovymi elektrodami (obr. 12). Valce z HDPE rury sa naplnili
injektdZnou maltou priamo na stavbe, aby vzorky zodpovedali pod-
mienkam injektdZe na stavbe. Vzorka 3 sa naplnila maltou z inej zme-
si. Vzorky boli uloZzené pri izbovej teplote a pocas prvych dnf sa meral
ich elektricky odpor kazdych 12 hodin. Viysledok dlhodobého mera-
nia odporu je zndzorneny na obr. 11.

Ako vidiet z priebehu na obr. 11, injektdzna malta sa v uzatvore-
nom priestore sprava inak ako volné trdmiky s elektrédami, v litera-
tdre beZne pouzivané na meranie ¢asového priebehu elektrického
odporu malty. Hodnota elektrického odporu malty ma sice stupa-
juci trend, neda sa vsak tvrdit, ze malta bude po vytvrdnuti nevodi-
va, ¢o sa vacsinou zisti na volnych trdmikoch. Vnutorné usporiadanie
elektréd je symetrické, vzorky vsak boli injektované vo zvislej polohe.
Hned pri prvych meraniach sa vzorky spravali ako galvanicky ¢lanok
s napatim do 130 mV a tuto vlastnost si zachovali doteraz. Vysled-
ky dlhodobého merania odporu injektaznej malty v uzatvorenom
priestore (¢o EIK je) naznacuju, Zze chyby pri injektdzi EIK, ktoré spdso-
bia malu hodnotu izola¢ného odporu, sa ¢asom samy neopravia. Pre-
to treba priprave injektaZe EIK venovat zvysenu pozornost.

Vysledky merania kapacity koaxidlneho kondenzatora, tvoreného
sUstavou betdn (vonkajsia elektréda), HDPE rdra (dielektrikum) a in-
jektazna malta (vnutorna elektréda), nepotvrdzuju optimistické stu-
die, ktoré sa pokusaju tymto sposobom merat kvalitu injektaze EIK.

Zavery

Realizacia elektricky izolovaného sudrzného predpdtia in situ si vy-
Zaduje perfektné planovanie a pracovnu disciplinu od vietkych pra-
covnikov. Realizacia El kablov vyrazne predrazuje cenu predpatia.

www.inzenyrske-stavby.cz

Obr. 7 Meranie elektrického odporu kdbla pred injektdzou
Fig. 7 Measuring of tendon’s electric resistance before grouting
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Obr. 8 Ukladanie PE hadic injektovaného predpatia
Fig. 8 Laying of the PE ducts for the grouted tendons

Obr. 9 Skusobny trdm so zabudovanym EI 19-lanovym kéblom PROJSTAR CH
Fig. 9 Testing beam with the built-in electrically isolated 19-strands tendon
PROJSTAR CH

Measuring of electric conductivity (resistance) of the
cement grouting

Apart from the certification test the team undertook to investigate
the time course of the conductivity of the cement grouting. In or-
der to do so, the three cylinders with stainless steel electrodes were
manufactured (Fig. 12). The cylinders made of HDPE pipe were filled
by cement grouting directly on site to establish the same conditions
as the real grouting on site. The sample no.3 was filled by different
mixture of cement mortar. The samples were kept at the room tem-
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Obr. 10 Izola¢ny odpor R vzorky 19-lanového kébla PROJSTAR CH/EIK
Fig. 10 Isolated resistance R of the sample taken on 19-strands tendon
PROJSTAR CH/EIT
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Obr. 11 Casovy priebeh nérastu odporu injektéznej malty v uzatvorenom priestore
od 2.11.2016 do 28. 11.2017. Malta sa sprava pri kmitocte 100 Hz ako ¢inny odpor.
Fig. 11 Time course of the resistance growth of the cement grouting in enclosed space
from 2.11.2016 until 28.11.2017. At 100 Hz the mortar behaves as an active resistance.
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perature and their electric resistance was measured every 12 hours
during the first days. The result of the long-term measurement of re-
sistance is presented in Fig. 11.

As can be seen in Fig. 11 the cement mortar behaves different-
ly in enclosed space than the free joists with electrodes that are fre-
quently used in literature to measure the time course of the elec-
tric resistance of cement mortar. Although the value of the electric
resistance of cement mortar has increasing tendency, it cannot be
claimed that the cement mortar, once solidified, will be conductive.
This is what usually happens with the free joists. The inner layout of
the electrodes is symmetric, although the samples had been grout-
ed in vertical position. Right at the first measurements the samples
behaved as a galvanic cell with voltage of up to 130 mV and they
have remained so until today. The results of the long-term measure-
ment of the resistance of cement grouting in enclosed space (such
as the EIT) indicate that the errors made at the time of grouting,
which cause the low isolation resistance, cannot be corrected in time
by themselves. Therefore, an increased attention needs to be paid to
preparation of the EIT grouting.

The results of the capacity measurement of the coaxial capacitor,
formed by concrete (outer electrode), HDPE pipe (dielectric) and ce-
ment grouting (inner electrode) do not support the optimistic re-
search, which intends to apply this way to measure the quality of
the EIT grouting.

Conclusions

The development of the electrically isolated pre-stressing system
PROJSTAR CH/EIT and its certification depended on the require-
ments of the design documentation of the railway bridges in section
Puchov — Povazska Bystrica. It must be mentioned that this entire
railway route is fed by alternating current. At the time of construction
of the New bridge over the river Vah in the town of Trencin the use of
electrically non- isolated pre-stressing tendons of type PL2 was suffi-
cient (pre-stressing strands are in the PE ducts). Incorporation of the
El tendons will significantly increase the cost of pre-stressing, espe-
cially its execution. Therefore, this is the main reason why even the
“rich countries” continue to use the type PL2 tendons.
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Obr. 12 Skusobné vzorky na meranie odporu injektadznej malty a kapacity oproti okolitému beténu (simulovany Al féliou)
Fig. 12 Test samples for measurement of the resistance of cement grouting and the capacity against surrounding concrete (simulated by Al foil)
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Most 216-00 na dialnici D1 Hubova - Ivachnova
Bridge 216-00 on highway D1 Hubova - Ivachnova

Usek dialnice D1 Hubové - Ivachnova je situovany v okoli mesta Ru-
zomberok a bude tvorit jeho obchvat. Dialni¢ny viadukt 216-00 pre-
konéva cestu lll. triedy, Zeleznicu ZSR a rieku Vah. Most je umiestne-
ny vychodne od mesta Ruzomberok v Sirokom udoli formovanom
riekou Vah. Celkova dizka mosta je 596 m, rozpatie typickych poli
je 44 m. S vynimkou prvého mostného pola, ktoré je situované nad
patou zosuvného Uzemia, vedie most plochym udolim Vahu.

Cesta lll. triedy sa nachadza v druhom poli, trat ZSR je v Siestom
poli a rieka Vah v desiatom a jedendstom poli. Polovica mosta je si-
tuovana v inundacnom Uzemi Vahu. Koncové opora a dvanaste az
strnaste pole su situované v tesnej blizkosti luzného lesa lvachnova.
Uzemie medzi cestou a zeleznicou sa polnohospodarsky vyuziva. Trat
7SR tvoria tri kolaje a dve odbocujlce kolaje k drevarskemu zavodu
firmy Mondi. Zelezni¢né teleso je chranené protipovodriovym valom.
Nad uzemim mosta je ochranné pasmo miestneho $portového le-
tiska. Kazdy smer dialnice je prevedeny po samostatnej nosnej kon-
strukcii, ktord tvoria predpaté nosniky a spriahnutd Zelezobeténova
doska. Nosniky sa osadzovali pomocou jednonosnikového zavazaju-
ceho mosta. Zakladanie mosta v naro¢nych podmienkach bolo na-
vrhnuté metédou pilier — pildta, nevyzadujucou zékladové patky.

Opis koncepéného rieSenia mosta

Trasa D1 vedie po moste smerovo v priamke a vyskovo v zakruzova-
com obltku. Pozdl#ny spad na moste je premenny, klesé od 0,57 do
1,91 %. Vyska mosta nad terénom je od 5 do 14 m. Kazdy smer dial-
nice vedie po samostatnej mostnej konstrukcii. Celkova dizka lavého
mosta je 586 m, celkova dizka pravého mosta je 596 m. Lavy most
ma rozpatia poli 33 + 4 X 44 + 4 X 41,5 + 4 X 44 4+ 33 m. Pravy most
ma rozpdtia poli 33 + 12 x 44 + 33 m. VoIna Sirka vozovky na moste
je 11,75 m. Na vonkajsich rfimsach obidvoch mostov je situovany re-
vizny chodnik so sirkou 0,75 m. Nosnu konstrukciu mosta tvori na ce-
lej dizke mosta spojity nosnik.

Prie¢ny rez tvori spriahnuty prierez z dodato¢ne predpatych pre-
fabrikovanych nosnikov a dodato¢ne betdnovanych spriahnutych
dosiek a monolitickych prie¢nikov. Nosna konstrukcia je uloZzend na
spodnu stavbu prostrednictvom hrncovych lozisk. Opory tvoria ma-
sivne Ulozné prahy so zavernym murikom a kolmymi kridlami. Piliere
tvorf dvojica stihlych stojok s kruhovym prierezom. Opory su zalozené

ZILINA

Section Hubové - Ivachnova on highway D1 is located near town
Ruzomberok and it will form its bypass. Highway bridge 216-00
cross class IIl. road, ZSR railway and river Vah. The bridge is locat-
ed east from the town in a wide valley created by river Vah. To-
tal length of the bridge is 596 m, typical span length is 44 m. The
bridge is elevated above a flat valley except the first span which
is elevated above the bottom of land slide slope.

The road is located in the second span, railway in the sixth span
and the river Vah in the eleventh span. Half of the spans are located
in inundation area of the river. Abutment at the end of the bridge
and spans twelfth to fourteenth are located in the vicinity of bottom-
land forest. The area between railway and the road is used for agri-
culture. Railway is composed by three tracks of ZSR and two tracks
of Mondi company. Railway is protected by artificial embankment
against flooding. Above the bridge is located access cone of the air-
port. Each highway direction is located on the separate superstruc-
ture. The superstructure is formed by precast beams and compos-
ite concrete deck. The beams were placed using mono-beam heavy
launching girder. Foundation of the bridge in difficult conditions was
designed using monopiles.

Conceptual design

Highway is located on bridge in straight and in vertical curve. Ele-
vation profile is descending variable between 0.57 % and 1.91 %.
Height of the bridge varies between 5 to 14 m. Each highway di-
rection is located on a separate superstructure. Total length of the
left bridge is 586 m, of the right bridge it is 596 m. Left bridge span
lengths are 33 +4 x 44 + 4 X 41.5 + 4 X 44 + 33 m. Right bridge span
lengths are 33 + 12 X 44 + 33 m. Free width of the carriageway is
11.75 m. On the outside ledges there are maintenance walkways of
0.75 m width. Superstructure is formed by continuous girder in the
whole length of bridge.

Cross section is formed by a composite section of precast pre-
stressed beams and in-situ casted deck and cross beams. Superstruc-
ture is supported on piers by pot bearings. Abutments composed of
massive cross beams with abutment wall and perpendicular wing
walls. Piers are formed by two slender columns of circular section.
Abutments are supported on a group of bored cast-in situ concrete
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NAD PODPEROU P11 - PRAVY MOST /
SUPPORT SECTION P11 - RIGHT BRIDGE

NAD PGDPERQU - LEVY MOST /
SUPPORT SECTION - LEFT BRIDGE
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Priecny rez mostom — standardné uloZenie (viavo) a uloZenie na podpore P11 (vpravo)
Cross section — typical (left) and nontypical at P11 (right)

na skupindch vitanych pilét s priemerom 0,9 m. ZaloZenie pilierov
tvorf vzdy jedna vitana velkopriemerova piléta s priemerom 1,5 m,
priamo nadvizujuca na stojku piliera. DIzky pilét pri oporach sa po-
hybujt od 9 do 18 m. Dizky pildt pri vnitornych podporach sa pohy-
buju od 25 do 30 m.

Zakladanie mosta

Inzinierskogeologické, geotechnické a hydrogeologické pomery
Uzemia sa preskimali IG vrtmi a sondami dynamickej penetracie do
hibky 20 a2 25 m. Az do km 12,295 zasahuje do trasy mostného ob-
jektu zosuvny blok sutin a paleogénnych hornin s mocnostou 8 az
15 m, ktory prekryva okraj idolnej nivy. Od km 12,295 je tdolna niva
Véhu vyplnend ilovitymi a strkovymi ndplavami s mocnostou az 4 m.
Povrchové vrstva néplavovych ilov dosahuje hribku od 0,3 m pri ko-
ryte rieky aZ po 3 m pri pate svahu. Fluvidlne Strky maju charakter tr-
kov s primesou jemnozrnnych zemin. Predkvartérne podloZie tvoria
paleogénne flovce a pieskovce. Suvrstvie je zvetrané do hibky 9 a#
18 m, pri pate svahu je tektonicky porusené. Hladina podzemnej
vody sa v idolnej nive Zistila v hibkach 0,8 az 2 m, v zosuvnom svahu

piles of 0.9 m diameter. Piers are supported on mono-pile of 1.5 m
diameter which is exactly the same diameter as of the pier column.
Length of abutment piles varies from 9 to 18 m. The length of pier
piles varies from 25 to 30 m.

Foundation

Geological, geotechnical and hydrological conditions of the area
were determined by IG bore holes and heavy dynamic penetrations
into the depth of 20 to 25 m. Up to the chainage km 12.295 the lo-
cation is influenced by a land slide of gravels and rocks of 8 to 15 m
depth and which is also overlaying the edge of fluvial plain. From
chainage 12.295 the fluvial plain of river Vah is filled by clay or gravel
alluvial of up to 4 m thickness. The topmost layer of fluvial clay thick-
ness varies between 0.3 m at river banks to 3 m at span 1. Fluvial
gravel has fine grains admixture. Pre-Quaternary soil strata is formed
by Paleogene’s claystone and sandstone. Strata is weathered up to
the 9 to 18 m depth and it is seismically fractured at bottom of the
slope. Groundwater has been located at depth of 0.8 m to 2 min the
fluvial flat and at depth of 4 to 5 m in landslide slope. Groundwater
is not aggressive to the concrete structures and it is medium aggres-
sive to the steel structures.

The tender for construction of D1 Hubova - Ivachnové project
was launched as “Design and Build”. In comparison with Client’s doc-
umentation it was allowed to change some of the bridge character-
istics.

Main focus on possible changes of the bridge design was attained
to the foundation. In tender documentation the foundation has
been designed in a common arrangement using micro piles with
pile caps. Realization of such a foundation in the described soil con-
ditions would require extensive usage of pile sheeting works. Also, an
extensive use of temporary ground anchors would be required in ar-
eas of land slide, railway and river. Common solution using pile caps
was replaced by monopile solution. Expensive temporary sheets and
anchors did not been required and the time for foundation works
construction was significantly reduced. However, it was required to
produce large diameter piles of significant lengths in rock strata. Be-
cause of that it was decided to do a static load test of a non-system
pile. Doing a non-system pile it was also tested the technology and
means used for boring, casing and pile casting procedure. Load test
was done before piling works started and it showed the piles would
have enough load bearing capacity.

Foundation using large diameter piles was not suitable in railway
embankment. It is because of the track should remain in full service
during construction. Micropiles technology was kept as in tender
documentation. Outline and level of pile cap was adjusted to avoid
pile sheeting and temporary ground anchors.

Prace na zakladani mosta — vlavo realizacia pilét vo Véhu, vpravo realizacia mikropilot v zemnom telese
Foundation works — piling in the river on the left side, micro piling between ZSR tracks on the right side
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Zatazovacia skuska pildty — vlavo zataZzovaci most, vpravo vybavenie armokosa tenzometrami

Pile load test - load bridge on the left side, strain gauges in rebar cage on the right side

Atypické podpery mosta — piliere P6 a P11
Non-typical supports — piers P6 and P11

v hibkach 4 az 5 m. Podzemnd voda nie je agresivna k beténovym
konstrukcidm, k oceli je stredne agresivna.

Sutaz na zhotovitela stavby D1 Hubovd — Ivachnova bola vypisa-
na systémom ,Design and Build". Oproti dokumentacii predloZenej
a schvalenej v stavebnom konani tak bolo mozné menit niektoré pa-
rametre navrhu mosta.

Pozornost projektanta mosta sa zamerala predovsetkym na zme-
nu riesenia jeho zakladania. V dokumentéacii DSP bolo navrhnuté Stan-
dardné zakladanie s pouzitim zékladovych patiek na mikropilétach.
Na realizaciu takého zakladania by bolo v danom geologickom pro-
stredi nevyhnutné pourzit rozsiahle mnozstvo docasnych paziacich
a tesniacich konstrukci. Tie by bolo nutné doplnat do¢asnymi zem-
nymi kotvami v mieste ohrozenom zosuvom, v zemnom telese tra-
te a v koryte Vahu. Klasické riesenie s vyuzitim zdkladovych pétiek sa
tak nahradilo systémom pilier — pil6ta, vdaka ¢omu odpadli ndkladné
realizacie docasnych paziacich a kotviacich konstrukcif a ¢as potreb-
ny na realiziciu zakladania mosta sa vyrazne skratil. Velkopriemerové
piléty sa véak museli v horninovom prostredi realizovat s velkymi diz-
kami a pomerne velkymi priemermi. Z tohto dévodu padlo rozhod-
nutie vykonat staticku zatazovaciu skusku nesystémovej piléty. Pomo-
cou tejto skusky si zhotovitel overil technoldgiu vitania a betondze
pilot a tieZ ndvrhové parametre pildt. Zatazovacia skuska prebehla na
konci roka 2014 a preukézala dostato¢nu kapacitu v Unosnosti piloty.

7 dovodu nevyhnutnosti zachovania trvalej premévky na trati ZSR
a jej elektrifikacie nebolo mozné urobit zakladanie podpery mosta si-
tuované v zemnom telese trate medzi dvomi kolajami pomocou vel-
kopriemerovych vitanych pilét. V tomto pripade tak zostala navrhnu-
ta technoldgia zakladania na mikropilétach. Podorysny tvar zakladu
a vyska zakladovej Skary sa upravili tak, aby bolo mozné realizovat
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Substructure and superstructure

Bridge piers are composed of two slender circular columns of 1.5 m
diameter that straight follow up the section of concrete piles. Each
column has a head that enables stabilization of superstructure cross
beam during construction. Pile cap between tracks of ZSR is shown
above ground and has outline adjusted in such a way not to collide
with clearance profile. Both columns are stiffened with in-situ con-
crete wall which withstand train impact load better.

Bridge superstructure is designed as a 14-span continuous girder
composed of prefabricated prestressed beams and reinforced con-
crete composite slab. Deck is stiffened by crossbeams at each pier
and abutment and is supported on pot bearings.

Cross section is formed by 8 precast concrete beams VHP-PTMN
2010 of 2.1 m height and spaced at 1.7 m distance. Beams are con-
nected together using in-situ concrete slab of 220 mm thickness.
Precast beam composed of from 3 parts was casted using match-
cast methodology. All 3 parts were transported on site separately,
assembled and connected on ground before their erection using
4-strand tendons. There were beam lengths of 33.2, 40.5 and 43.0 m.

Cross beams were designed to stiffen the deck in torsion and in
transversal loading. Vertical load from precast beams is also trans-
ferred through them acting as indirect supports. Construction meth-
odology required casting of piers in two stages. First, part with out-
line of inverted T-shape was casted. On the first part the precast
beams were placed during deck construction. In the second stage,
in-situ slab together with the remaining part of cross beam were
casted. All cross beams were made of reinforced concrete except of
those at piers P6 and P11 where internal transversal prestressing was
required because of shorter distance between columns.
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prace v otvorenej vykopovej jame bez nutnosti docasnych kotev-
nych a paziacich konstrukcif.

Spodna stavba a nosna konstrukcia

Piliere mosta tvori dvojica stihlych stlpov s priemerom 1,5 m pria-
mo nadvizujlcich na beténové piléty. Na kazdom stipe je vyhotove-
na hlavica umoznujlca stabilizaciu prie¢nika NK pri vystavbe nosnej
konstrukcie. V mieste krizenia s telesom drahy je zakladanie uprave-
né na mikropildtové so zékladovou patkou. Zaklad je priznany na po-
vrchu zemného telesa trate tak, aby pri jeho realizacii nebolo nutné
stabilizovat zemné teleso, zaroven je dostatocne nizky, aby nezasa-
hoval do gabaritu. Dvojice stipov tu doplia monolitick4 stena, kto-
rd lepsie odoldva zatazeniu v mimoriadnej kombinacii pri naraze vla-
ku do podpory mosta.

Nosna konstrukcia kazdého mosta je navrhnutd ako spojity nosnik
so strnastimi polami tvorenymi prefabrikovanymi nosnikmi a Zelezo-
betdnovou spriahnutou doskou. Konstrukcia je nad podperami stu-
Zend pomocou prie¢nikov, na spodnu stavbu je uloZend pomocou
hrncovych loZisk.

Priecny rez mostom tvori 8 ks tycovych prefabrikovanych nosnikov
VHP-PTMN 2010 s vyskou 2,100 m ulozenych v osovej vzdialenos-
ti 1,700 m, ktoré su spojené zelezobeténovou spriahnutou doskou
s minimalnou hribkou 220 mm. Prefabrikovany nosnik bol vyrobe-
ny kontaktnym spésobom z troch samostatnych castf, ktoré sa tes-
ne pred uloZzenim nosnikov do konstrukcie predopli pomocou Stvor-
lanovych predpinacich kablov. Na moste sa pouzili prefabrikované
nosniky s dizkami 33,200, 40,500 a 43,000 m.

Nad kazdou oporou a podperou mosta sa navrhli prie¢niky zabez-
pecujlce stuzenie nosnej konstrukcie a prenos zataZzenia z nosnikov
a dosky do spodnej stavby (nepriame uloZenie). Technoldgia vystav-
by si vyzadovala zhotovenie prie¢nikov v dvoch etapach. Najprv sa
vybeténovali zérodky priecnikov v tvare obrateného T, na ktoré sa
kladli pri montazi prefabrikované nosniky, nésledne sa findlne spo-
jili nosniky s prie¢nikom pomocou monolitického beténového spo-
jenia, ktoré sa realizovalo sucasne s betondZou spriahajucej dosky.
Priecniky su Zelezobetdnové, iba na podpere P6 a P11 su s ohladom
na mensiu osovu vzdialenost pilierov predopnuté pomocou su-
drzného predpétia.

Monolitickd doska sa budovala po jednotlivych etapach s pracov-
nou skarou kolmou na os mosta, umiestnenou vzdy 3,500 m od osi
podpery. Stcasne s doskou sa beténovala aj druhd faza prislusného
priecnika a ¢ast dosky z predchddzajlcej etapy.

Lavy aj pravy most mali rovnaku technoldgiu postupnej monta-
ze predpatych nosnikov pomocou tazkého zavézacieho mosta, po-
stupnej betondze spriahajlcej dosky pomocou strateného debnenia
a postupného zmonolithovania prie¢nikov. Vystavba mosta prebie-
hala proti smeru stani¢enia od opory O15 smerom k O1.

Viystavba kazdého pola nosnej konstrukcie sa zacala vystavbou
prvej fazy priecnika, ktory bol docasne ulozeny na hlavicu piliera po-
mocou montaznych lisov a zavitovych tyci, zaistujucich stabilitu za-
rodku v ¢ase montdze. V pripade podpier v kolajisku (P6) a rieke Véh
(P11) sa urobilo predopnutie kdblov prie¢neho predpétia zérod-
ku. Nasledne sa pomocou Zeriavov alebo zavdzacieho mosta ulozili
prefabrikované nosniky na zarodky priecnikov a na nosniky sa ulozi-
li filigranove dosky s hribkou 55 mm, ktoré umoznuju pohyb pra-
covnikov po konstrukcii a zaroven slizia ako stratené debnenie mo-
nolitickej dosky. Nasledovala betondz prislusnej ¢asti spriahajucej
dosky a prie¢nika (druha faza priecnika) a presun zavdZacieho mosta
do nasledujlceho pola.

Zaver

Realizacia vietkych prvkov spodnej stavby aj nosnej konstrukcie
mosta prebehla Uspesne, v siicasnosti prebiehaju prace na prislusen-
stve mosta.

Navrh zakladania systémom pilier — piléta sa potvrdil na tejto stav-
be ako vyhodny. VyuZila sa dostato¢nd unosnost podloZia vo vacsich
hibkach a eliminovali sa komplikacie s realizéciou zakladovych patiek
pod hladinou spodnej vody.
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MontéZne uloZenie priecnika na hlavici a jeho detailné modelovanie v programe
ANSYS
Temporary cross beam supports on pier head and its structural modelling in ANSYS

In-situ slab was casted in stages following the span arrangement
and with construction joint arranged perpendicular to the bridge at
3.5 m distance from pier axis. Together with slab also 2nd stage of
cross beam and part of the slab in previous span were casted. Space
between beams top flanges was covered using precast slabs of 55
mm thickness acting as lost formwork.

Left and right superstructure was constructed using the same
technology. For placement of precast beams heavy launching gird-
er was used. Deck construction starts at abutment 15 and finished
at abutment 1.
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Doprava a osadenie predpétych nosnikov
Transport and placement of precast prestressed beams

Pohlad na dokoncenu vystavbu nosnej konstrukcie
View of the finished construction of bridge superstructure

Vystavba nosnej konstrukcie s pouzitim jednonosnikového zava-
zacieho mosta znamenala plynult vystavbu aj pri prekondvani roz-
licnych prekazok.

Investorom stavby je Narodna dialni¢na spolo¢nost, a. s. Zhotovi-
telom je Zdruzenie Cebrat: OHL ZS SK a VAHOSTAV-SK, a. s. Specidlne
zakladanie urobila firma Zakladanf staveb, a. s.

Spotreby materialu pri nosnej konstrukcii (dfzka 586,0 + 596,0 m; dirka 13,55 m;
plocha 16 016 m?)

Deck consumption of materials (length of 586.0 + 596.0 m; width of 13.55 m;
deck area of 16 016 m?)

Betén

12419 m? 0,78 m?
Concrete
Prepmaqa vystuz 248 t 28,0 kg
Prestressing steel
Betonarska vystuz 5132t 133,1 kg

Reinforcing steel

Pozn.: Betdn nosnej konstrukcie bol rozdeleny takto:
prefabrikované nosniky: C 50/60, ZB doska: C 30/37,
priecniky 1. fazy: C 40/50, prie¢niky 2. fazy: C 30/37.

Note: Deck concrete is distributed as follow:

precast beams: C 50/60, in-situ slab: C 30/37

crossbeam 1st stage: C 40/50, crossbeam 2nd stage: C 30/37.

www.inzenyrske-stavby.cz
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Predpétie atypickych prie¢nikov
Transversal prestressing of non-typical cross beams

Construction of each span starts with casting of 1st stage of cross
beam, which was supported on pier head on temporary jacks and
fixed against overturning by threaded steel rods. In case of pier P6
and P11 transversal prestressing tendons were also stressed. Next,
precast beams were placed using heavy launching girder. Then, pre-
cast slabs were placed on top of precast beams to cover space be-
tween their flanges. Precast slabs enable movement of site crew and
act as a lost formwork. Finally, the composite slab was casted togeth-
er with 2nd stage of cross beam. After reaching of sufficient concrete
strength heavy launching girder was moved to the next span.

Conclusion
Bridge construction was realized successfully and smoothly without
major difficulties and delays.

Foundation design using monopile system has been confirmed as
advantageous for the project. Sufficient load bearing capacity of soil
strata in larger depths was utilized and problems connected with
high level of underground water were eliminated.

Deck construction using mono-beam heavy launching gantry
largely contribute to the smooth and rapid construction above var-
ious obstacles.

The Client was Narodna dialni¢na spolo¢nost, a. s., the Contractor
was Joint Venture Zdruzenie Cebrat: OHL ZS SK a VAHOSTAV SK a. s,,
special foundation works were performed by Zakladani staveb, a. s.
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Most 213-00 na dialhici D1 v useku Hubova - Ivachnova

v km 8,214 - 8,969

Bridge 213-00 on D1 highway between Hubova - lvachnova

at km 8.214 - 8.969

Na rozostavanom Useku dialnice D1 Hubova - Ivachnova je naj-
dlhsim mostom objekt 213-00. Celkové dizka kazdej jeho nosnej
konstrukcie s patnastimi polami s maximalnym rozpatim vnutor-
nych poli 52 m a krajnych poli 39 m predstavuje 756 m. Spod-
na stavba je zalozend hlbkovo na velkopriemerovych pilétach
@ 0,9 m. Najvyssie piliere dosahuju vysku 41 m. Vystavba nos-
nych konstrukcii prebieha metédou vysuvania. Trasa dialnice lezi
v oblasti mosta v priamke a vo vrcholovom kruznicovom obluiku
s polomerom 28 000 m. V sucasnosti je vybudovana cela spod-
na stavba, ktora je vysunuta a ulozena na loziska obidvoch nos-
nych konstrukcii.

Mostny objekt 213-00 prevadza dialnicu D1 v danom staniceni ¢le-
nitym terénom nad polnymi cestami a bezmennym potokom. Vol-
na Sirka dialnice je v obidvoch smeroch 11,75 m, na vonkajsich stra-
nach mosta st umiestnené revizne chodniky so $frkou 0,75 m. Nosna
konstrukcia mosta je v kazdom dopravnom smere navrhnutéd ako
komorovéa z predpatého beténu s patnastimi polami s rozpatiami
39 + 13 X 52 + 39 m. Spodna stavba zahrnuje krajné opory a Strnast
dvojic pilierov s maximalnou vyskou 41 m. Z verejnej sUtaze na ten-
to Usek dialnice D1 si vybral investor stavby Narodné dialni¢na spo-
lo¢nost zdruzenie CEBRAT s veducim ¢lenom OHL 7S, a. s, a ¢lenom
VAHOSTAV-SK, a. s. DSP tohto objektu vypracoval DOPRAVOPROJEKT,
a. s, Bratislava v marci 2007, zaddvaciu dokumentéaciu v maji 2014.
Pre zhotovitela objektu OHL 7S, a. s, vypracovali DRS projektové kan-
celaria Novak a partner, s. . 0, a VTD technoldgie, projektova kance-
laria V-CON, s. 1. 0.V priebehu vypracovania tychto dokumentécif pri-
$lo oproti zadaniu k niekolkym zmendm, ktoré prispeli k optimalizacii
konstrukcie aj vystavby mosta.

Zalozenie a spodna stavba mosta

Na zéklade inZinierskogeologického prieskumu je zaloZenie celej
spodnej stavby mosta navrhnuté na velkopriemerovych pilétach
@ 0,9 m. Piléty maju dlzku 16 — 20 m a st votknuté do nevetranych
az zdravych flovcov a pieskovcov triedy R4 az R5. Zakladanie obi-
dvoch opdr sa realizovalo z ¢iasto¢ne zhotoveného ndsypu zo str-
kopiesku, ktory sa v pdte nasypového kuzela vymenil za stavajuce sa
podloZie. Paleogénne podloZie je zlozené zo striedajucich sa vrstiev
rézne zvetranych ilov a pieskovcov s mocnostou 10 az 15 m. Za opo-
rou 16 a v priestore vyrobne lamiel nosnej konstrukcie sa zazname-
nal aktivny pohyb zosuvného Uzemia. Spodnd stavba je v kazdom
dopravnom smere zloZzend z dvoch masivnych zelezobeténovych
opor s votknutymi rovnobeznymi kridlami a zo Strndstich pilierov.
Kazda opora je zaloZzend na jedendstich vftanych pildtach @ 0,9 m.

Object 213-00 is the longest bridge on currently built part of D1
highway between Hubova - Ivachnova in Slovakia. It consists of
two bridges, one for each direction. Each bridge has 15 spans
with maximum span of 52 m for inner ones and 39 m for outer
ones. The overall length is 756 m. The foundations are made of
concrete piles, 0.9 m in diameter each. The highest pier reaches
the height of 41 m. An Incremental launching method has been
used for constructing of both bridges. The bridge is straight hori-
zontally and curved vertically with the radius of 28 000 m. Nowa-
days, the substructure of both bridges is already finished and the
superstructure of both bridges is placed on permanent bearings.

Bridge object 213-00 surrounded by ragged terrain, is bridging D1
highway over agricultural road and nameless watercourse. The width
of the highway is 11.75 m in both directions. The inspection footway
with the width of 0.75 m is placed on the outer edge of the bridge. The
bridge superstructure is designed as a post tensioned concrete box
girder with 15 spans (39 + 13 X 52 + 39 m). The substructure consists
of 2 abutments and 14 piers with maximum height of 41 m. The joint
venture CEBRAT, which consists of leading company OHL 7S, a. s. and
amember OHL 7S, a. s, was chosen as the winner of the public tender
by the National Highway Agency as the main investor of the project.
The building permit documentation has been done by in March 2013
and tender documentation in May 2014 by DOPRAVOPROJEKT, a. s.
Bratislava. The construction documentation for OHL 7S, a. s. has been
done by design company Novék a partner, s.r. 0. and steel fabrication
with assembly plans by V-CON, s.r. 0. During the preparation of these
documentations, there were several changes that contributed to the
optimization of the bridge design and construction of the bridge.

Foundation and substructure

Based on the geological survey the foundation of the bridge is made
out of concrete piles with the diameter of 0.9 m. The length of piles is
between 16 to 20 m. Its foot reaches R4/R5 claystone and sandstone.
The foundation of both abutments is made of a gravel platform that
replaced the existing subsoil. The subsoil consists of alternating lay-
ers of sandstone and claystone with different level of degradation
with the thickness from 10 to 15 m. An active soil movement has
been registered behind the abutment 16, where the segment plat-
form should take a place. The substructure consists of two massive
concrete abutments, one for each direction, with fixed wings and of
14 piers. Each abutment is placed on 11 concrete piles with diameter
of 0.9 m. Abutment 16 is modified for bridge launching and is con-
nected to the fabrication plant for bridge segments. The foundation

Ing. Frantisek Hanus, Novék a partner, s. r. 0., Peruckd 5, 120 00 Praha 2, tel.: +420 221 592053, e-mail: frantisek hanus@novak-partner.cz
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Ing. David Malina, Novék a partner. s. r. 0. Perucka 5, 120 00 Praha 2, tel.: +420 221 592053, e-mail: david.malina@novak-partner.cz

Bc. Ondrej Matousek, Novak a partner, s. 1. 0, Perucka 5, 120 00 Praha 2, tel.: +420 221 592 053, e-mail: ondrej.matousek@novak-partner.cz
Ing. Jan BlaZek, V-CON, s. 1. 0, Variurova 505/17, 460 01 Liberec, tel.: +420 724 983110, e-mail: jan.blazek@v-con.cz

InZinierske stavby / InZenyrské stavby 4/2018

www.inzinierskestavby.sk



P R IE [: N Y R E Z Cross section in straight part of structure
REZ VEDENY V PRIAMEJ CIASTI KOMUNIKACIE

M0 NAD PILIEROM asove pie

Bridges under construction

V POLF In mid-span

29600

14100

1600 16100

]3m‘|

1550 1750 ) 50 1550
250 | Boosoosmo 2500 250 3750 3750 500500 800 700700800 500500, 3750 } 3750 250 2500 500500800 | 250
11711 . 111 LT [P [l 1117
5 s H 2o
. 8o . o

HUBOVA I S HUBOVA J g & o £ -
| &ls Eil =<3 IVACHNOVA "§|EIVACHN0VA |
=g = g2 |
i) 2
A58 "o '- ; Gg , 15% ;
R | - = —i
e [ — v T 20 &
I | 100 | £ 1700 fo0- LLT
I
2600 2 ! 200 ‘gl m
\\ | j [ 750 ] 100 | Gy T80
\-l. L | I_/ = Y
——= SAE T %
r ™ o L Li
1200 |, 2150 00 | fim s 2150 |_m 00| 2150 00 T 7500 250 | oo
3350 1200/ [s00 3800 500 | 1200 2850 2850 1200 5000 1200 3350
4550 R N 4050 4050 5000 4550
25 |r om0 || S0 25 13600 250
R 100 14100
T ! T
1500 I_ w00 | iso0
4 41
| | 5400 |

Priecne rezy nosnou konstrukciou
Superstructure cross section

Opora 16, od ktorej prebieha vysuv nosnej konstrukcie, je uprave-
néd na technoldgiu vysuvu a je spojend monoliticky so Zelezobeto-
novou konstrukciou vyrobne lamiel. T4 je zalozena plosne na zhut-
nenom strkovom nasype. Opora je tak schopnd preniest extrémnu
vodorovnu silu az 10 MN, ktord vznikne pocas vysuvu mosta pri vy-
skyte mimoriadnej hodnoty trenia. V DSP boli navrhnuté duté piliere
umoznujuce pristup k loziskdm po vnutornom ocelovom schodisku.
V DRS sa priecny rez piliermi zmenil na plny otvoreny prierez. Pristup
k loziskdm umoznuju otvory v spodnej doske komorového priere-
zu umiestnené nad kazdym pilierom, ktorymi sa bude mozné do-
stat na podestu v hlave piliera. Piliere maju premennu vysku od 16
do 41 m a su navrhnuté v prie¢nom reze v tvare pismena |, umiest-
neného naprie¢ mostom. Vsetky piliere st podla vysky rozdelené do
troch skupin — kazdéa z nich ma zhodné rozmery prie¢neho rezu pi-
liera, zakladu a pocet pilét zalozenia. Vietky piliere su zalozené hibko-
vo na vitanych pilétach @ 0,9 m, pricom podla druhu piliera sa pou-
Zilo 16, 20 alebo 25 pildt. Drieky pilierov su votknuté do zékladovych
dosiek s rozmermi 10 x 11 m az 13 x 12 m. Sirka vietkych pilierov je
konstantna, 5,4 m, ich druhy rozmer v pozdiznom smere mosta sa

Longitudinal section

POZDLZNY REZ

of this fabrication plant is made as a flat foundation on a compacted
gravel platform and is connected to the abutment. The abutment is
then capable to transfer the extreme force during the launching of
10 MN which occurs when abnormal friction happens. In the previ-
ous stage of documentation, the piers have been designed as hol-
low and allow access through the pier when inspecting bearings.
Cross section of the pier has been changed to | shape in the con-
struction documentation. Access to the bearing for its inspection is
provided through the bottom slab of the box girder. These openings
are placed above each pier. The height of piers varies from 16 to 41
m. All piers are divided into three groups depending of its height.
Each group has unified pier dimensions, base dimensions and num-
ber of piles. The foundation of all piers is made of piles with the di-
ameter of 0.9 m. 16, 20 or 25 piles are designed according to the pier
type. The base dimensions vary from 10 X 11 m to 13 x 12 m. Width
of all piers, perpendicular to the bridge axis is constant of 5.4 m.
There are three different pier dimensions parallel to the bridge axis,
3m, 3.6 mand4.2 m.The pier wall stem thickness is 0.6 m.The shape
of pier cross section is based on the pier height, to provide required
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\Viystavba pilierov
Piers construction

menf{ a dosahuje hodnoty 3,0, 3,6 a 4,2 m pri hribke spajajucej ste-
ny 0,6 m. Premenny tvar prie¢neho rezu bol navrhnuty s ohladom
na potrebnu tuhost piliera v zavislosti od jeho vysky. Najvyssie piliere
8 — 11 maju najvacsiu plochu, na nich je nosna konstrukcia ulozena
pomocou pevnych lozisk. Na ostatnych pilieroch a oporach je nosna
konstrukcia ulozend pomocou pozdiznych a viesmernych pohybli-
vych lozisk. Vonkajsi obrys pilierov je naich celej vyske konstantny, ¢o
sa ukézalo na jednoduchosti ich vystavby a estetickom vzhlade. Pri-
ruby pilierov su v hornej ¢asti na vysku 1,75 m zosilnené na hribku
1,5 m vzhladom na moznost ulozenia nosnej konstrukcie pomocou
lisov na definitivne loziskd. Toto zosilnenie sa vybetdnovalo po osa-
denf staveniskovych prefabrikatov viozenych do prierezu piliera. Tvo-
rf tak podestu, za ktorou su obsluhované klzné bloky pocas vysuvu,
ktoré budu sluzit na kontrolu lozisk pri prevadzke mosta.

Nosna konstrukcia a prislusenstvo mosta

Nosné konstrukcie obidvoch polovic mosta st navrhnuté ako jedno-
komorovy nosnik z predpatého beténu C35/45. Sirka obidvoch po-
lovic mosta je rovnaka, 13,60 m. S ohladom na postup vystavby bola
kazda nosna konstrukcia rozdelend na 29 lamiel s dfzkou priblizne
26 m. Na vysuv sa v DSP navrhlo centrické podoprenie so sudrznos-
tou, ktoré sa po vysunuti konstrukcie doplnilo zdvihanymi volnymi
kadblami vedenymi cez deviatory, umiestnenymi vnutri komorové-
ho prierezu. Spracovatel DRS urobil oproti DSP optimalizaciu navr-
hu nosnej konstrukcie pri dodrzani rozdeleni podpier v pozdfznom
smere. Upravil nielen tvar a vysku prierezu nosnej konstrukcie, ale aj
jej pozdlZzne predpétie. Viy$ka prierezu sa zvacsila z 3,65 na 3,80 m
a dodatocne napinané volné kdble vo vnutornom priestore komo-
rového prierezu sa nahradili zdvihanymi kablami so sudrznostou ve-
denymi v stendch prierezu. V kazdej stene komorového prierezu su
navrhnuté tri zdvihané kable s devatnastimi lanami. Takto navrhnuté
predpatie dosiahlo s ohladom na zvéc¢senu excentricitu vacsiu Ucin-
nost ako pévodné riesenie s volnymi kdblami navrhnuté v DSP. Na
vysuv konstrukcie sa navrhli kdble centrického predpatia s devatnas-
timi a dvandstimi lanami, umiestnené v doskach komory. Podper-
né lamely maju v oblasti pilierov silnejsiu spodnud dosku v celej Sirke
a obsahuju dodatoc¢ne beténované priecniky so sirkou 1,2 m.

Na moste su navrhnuté zelezobeténové monolitické rimsy, do
ktorych su osadené zvodidld s Uroviou zachytenia H2, na vonkajsich
strandch mosta je zabradlie. Medzi rimsami bude ulozené vozovkové
suvrstvie, ktoré bude mat vratane celoplosnej pasovej izolacie hrub-
ku 90 mm. Sirka vozovky obidvoch polovic mosta je 11,75 m. Od-
vodnenie mosta zaistuju odvodnovace s rozmermi 500 x 300 mm,
z ktorych sa voda odvédza priamo pod konzolu mosta do pozdfz-
nych zvodov. Na koncoch mosta su osadené mostné zévery pre cel-
kové posuny 600 mm na opore 1 a 500 mm na opore 16.

Postup vystavby
Nosné konstrukcie obidvoch polovic mosta sa vysuvali z vyrobne

umiestnenej za oporou 16. Trasa dialnice leZf v priamke a vo vrcho-
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Pohlad do vyrobne pri vysuve NK
Fabrication plant during bridge launching

stiffness. The highest piers 8 to 11 have the biggest cross-sectional
area and are equipped with fixed bearings. The rest of the piers are
equipped with a set of single and multidirectional moving bearings.
The cross section of all piers is constant along the height of the pier
and allows an easy construction as well as contributes to its aesthet-
ics. The top of the pier if modified to provide enough place for sup-
porting the structure during construction and allow placing of tem-
porary jacking devices. This modification has been made after the
prefabricated concrete platform was placed on the top of the pier.
This platform was used during launching for workers as well as will
be used for bearing inspection in future.

Superstructure and bridge equipment

Superstructure of both bridges is designed as post tensioned box gird-
ed made of C35/45 grade concrete. The width of each bridge is 13.6 m.
Due to the construction method, the structure has been divided into
29 segments with the length of 26 m. In the previous stage of docu-
mentation, bonded centric pre-stressed tendons were designed as the
main pre-stress during construction stages. In addition to that an un-
bonded external tendons situated inside of the box girder were used
for the final stage of the structure. In the documentation for construc-
tion, the bridge has been optimized. Length of the bridge and number
of spans remains the same. The cross-section shape, its height and all
pre-stress tendons have been modified. The section height increased
from 3.65 to 3.8 m and unbonded tendons has been superseded by
bonded internal tendons situated in the box girder walls. Three 19
strand tendons were designed in each wall. This tendon layout is far
more effective than the previous solution. The centric pre-stress ten-
dons are situated in top and bottom slab of the box girder. Two types
of centric tendons are used: 19 strand ones and 12 strand ones.

In terms of bridge equipment, the bridge is equipped with in-situ
poured concrete copes with safety barrier together with railing. The
thickness of surfacing including waterproof isolation is 90 mm, its
width between copes is 11.75 m. The bridge drainage system con-
sists of 0.5 X 0.3 m large drainers that are connected to drain pipe.
Expansion joint at the beginning of the bridge at abutment 01 can
cope with maximum movement of 600 mm, at the end of the bridge
at abutment 16 with 500 mm.

Construction sequence

Both bridge superstructures were launched from the fabrication plant
situated behind the abutment 16. The bridge is horizontally straight
and vertically curved with the radius of 28 000 m. Only a small por-
tion of the bridge close to abutment 01 is affected by the transition
between horizontal curved part of the road and the straight one. The
maximum deviation from straight line in this part is 115 mm. This dif-
ference is solved by varying length of bridge cantilevers. The fabrica-
tion plantis 26 m long and its beginning is situated 29 m far from axis
of abutment 16. Between fabrication plant and axis of abutment 16
there is a temporary pier there. This has been used for positioning of
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lovom obluku s polomerom 28 000 m. Iba pociatocnych priblizne
53 m nosnej konstrukcie mosta pri opore 1 lezi v prechodnici s ma-
ximalnou odchylkou 115 mm od priamky. Tento rozdiel je rieSeny
premennym vylozenim konzol s komorovym prierezom. Vyrobna la-
miel mosta ma dizku 26,5 m a jej pociatok bol umiestneny 29 m za
os uloZenia na opore 16. Medzi zaciatok vyrobne a os uloZenia na
opore 16 sa umiestnil pomocny pilier. Pred betondzou prvej lamely
sa ulozil pred vyrobiiu ocelovy nadstavec s celkovou dfzkou 32,0 m,
ku ktorému sa tato lamela pribeténovala. Pripojenie ocelového nad-
stavca k nosnej konstrukcii sa realizovalo predpinacimi kablami s de-
vatnastimi a dvanastimi lanami a ty¢ami @ 40 mm. Vyrobna lamiel
bola s oporou 16 spojena Zelezobeténovymi monolitickymi zaklado-
vymi pasmi. Vlastna vyrobna bola zloZzena z dvoch Zelezobeténovych
stien plosne zaloZenych na hutnom zasype zo $trkodrviny. Monolitic-
k& konstrukcia vyrobne bola doplnena o ocelové konstrukcie nesené
vonkajsim debnenim a podhlad komorového prierezu NK. Konstruk-
cie spocivali na lisoch, aby bolo po betonazi lamely mozné realizovat
jej oddebnenie. Betonaz komorového prierezu prebiehala v dvoch
etapach: v prvej etape sa vybetdnovala najskér spodna doska a ste-
ny, v druhej etape potom hornd doska. Vlastné vysuvné zariadenie
sa skladalo z taznych pistoli firmy VSL, opretych o lice opory 16, kto-
rymi prechddzali predpinacie kable zakotvené do ocelovych tfrov
vsunutych do komorového prierezu nosnej konstrukcie. Postupnym
prekotvovanim lan a ich tahanim dochadzalo k posunutiu vybeto-
novanej ¢asti nosnej konstrukcie o dizku jednej lamely, t. j. 0 26 m.
Po dosunuti lamely bola celd sustava nosnej konstrukcie v priesto-
re opory 16 zakotvend lismi o pomocné ocelové konstrukcie za-
preté o Casti zavernej stienky. Tymto postupom sa realizoval vysuv
konstrukcie rychlostou priblizne 5 az 6 m za hodinu. Viystavba a vysu-
nutie beznej lamely trvali v priemere osem dn.

Sledovanie mosta pocas vystavby

Ukladanie predpinacich kablov do nosnej konstrukcie, ich napinanie,
injektovanie a zaistenie vysuvu nosnych konstrukcif realizovala firma
VSL SYSTEMY (C2), s. 1. 0. Pocas vysuvu jednotlivych lamiel NK prebie-
halo kontinudlne sledovanie spodnej stavby a vlastnej NK; ktoré rea-
lizovala firma CCE Praha, s. r. 0. Vysledkom vsetkych uvedenych cin-
nostf sa ziskali tieto hodnoty:

a

Viysuv nosnej konstrukcie favého mosta (8/2016)
Left bridge superstructure launching (8/2016)
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Tazné pistole SLU-330 firmy VSL SYSTEMY (C2)
Launching jacks SLU-330, VSL SYSTEMY (CZ2)

30 m long steel launching nose before first segment launching took
place. This launching steel nose is connected to the bridge structure
by 19 strand and 12 strand pre-stressing tendons together with pre-
stressing bars with 40 mm in diameter. The fabrication plant is con-
nected to the abutment via buried concrete struts. The foundation of
the fabrication plant is made on a compacted gravel platform. Addi-
tional steel structures are supporting superstructures vertically mov-
able formwork. This was placed on hydraulic jacks. Pouring of con-
crete was done in two stages: in first stage the bottom slab and both
walls were poured, in the second the top slab. Launching device itself
consists of massive hydraulic jacks owned by VSL Company. These
jacks were connected to the face of the abutment 16. Steel launch-
ing girders were placed vertically through the box girder and were
connected to the jacking devices with steel tendons. The structure
was then moved out of the formwork by pulling the tendons. When
every single segment with the length of 26 m left the formwork, the
entire structure was then fixed by steel breaking elements against
movement. The speed of launching was 5 to 6 m per hour and time
span between two consecutive segments launches was 8 days.
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J Mosty vo vystavbe
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Pohlad na obidve vysunuté nosné konstrukcie
Both fully launched bridge structures

e prietahy vietkych centrickych kablov kotvenych v danej lamele
a sprava o ich injektazi,

e hodnoty tlakov v lisoch vysuvného zariadenia v pokoji aj v pohy-

be pocas vysuvu danej lamely a z nich vychadzajuce celkové vo-

dorovné sily,

sadnutie spodnej stavby a vyrobne,

posuny hlav pilierov od vodorovnych sil pocas vysuvu NK,

odchylka osi NK'v jednotlivych podperdch pocas ich vysuvu,

aktudlna celkova dizka nosnej konstrukcie.

Projektant DRS mosta dostaval po vysuve kazdej lamely priebez-
ne vsetky uvedené data a porovnaval ich s teoretickymi hodnota-
mi. Vietky ziskané namerané hodnoty zodpovedali predpokladom,
s ktorymi sa pocitalo v DRS, a ziadne z nich neprekrocili vopred sta-
novené maxima. Vsetkym Ucastnikom vystavby to tak prinasalo is-
totu, Zze pocas vysuvu nosnych konstrukcii nenastand mimoriadne
situdcie, ktoré by negativne ovplyvnili priebeh vystavby mosta.

Zaver

Viystavba mostov metddou vystvania je v sucasnosti velmi dobre
technologicky zvladnutd. Pri priprave DRS je vsak potrebné, aby pro-
jektant uzko spolupracoval so zhotovitefom mosta a jeho ,podzho-
tovitelom’, ktory zaistuje vysuv NK. Pri tejto metéde vystavby treba
pouzit alebo upravit technoldgiu, ktorou disponuje zhotovitel. Aka
kvalitna priprava bola pocas prace na projekte, sa ukazalo pri vlastnej
realizacii mosta. Projektant DRS mosta mal dobré skisenosti s firmou
OHL 7S, a. s, a s firmou VSL SYSTEMY (CZ), s. 1. 0., z vystavby vysuva-
nych mostov realizovanych v Ceskej republike. Vietci pritom uplat-
nili svoje dlhoro¢né skusenosti s danou metddou vystavby. Kazdy
z Ucastnikov tak prispel svojimi odporicaniami a ndpadmi k celko-
vému zdaru diela. Dokazom toho bola plynuld realizacia mosta v po-
Zadovanej kvalite.
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Bridge monitoring during construction stages

Company VSL SYSTEMY (C2), s. r. 0. was responsible for placing ten-

dons into the structure before concreting, for its pre-stressing and

for launching of the bridge. During the launching of each segment

a continuous monitoring of substructure took place as well as moni-

toring of superstructure itself. This was done by CCE Praha. Following

data have been obtained as a result of this monitoring:

e elongation of all centric pre-stress tendons together with a report
about its grouting,

e pressure values in hydraulic jacks for launching which indicates

a launching force at the beginning and during each launch,

the settlement values of piers, abutments and fabrication plant,

horizontal movement of the top of the piers during the launch,

horizontal position of the bridge superstructure,

actual length of the superstructure.

These values were checked by the designer against the theoreti-
cal ones used in the design. All obtained values met the assumptions
made in the design and none of them reached or exceed its maxi-
mum. This brought confidence to all participants and minimized any
unexpected events to happen.

Conclusion

Incremental launching method is very well technologically managed
nowadays. Very critical is a close relation between a contractor and
a designer during the design process. There is a need to suit the used
technology to the design and when it is not possible to modify the
technology to comply with the design. Taking all these aspects in play
in the preliminary design shows itself as very beneficial in the construc-
tion process. All participants have used their long-standing experience
in this construction method gained on previous projects. Every partic-
ipant contributed to the successfully built bridge structure. A smooth-
running construction that met expected quality criteria is a proof of that.
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Jozef Marinak - Richard Pucek — Lubomir Oslovi¢ .93

Vystavba nosnej konstrukcie mosta z tycovych prefabrikatov na

stavbe D1 Hubova - lvachnova

Construction of the skeleton of bridge from pole prefabricate on
construction D1 Hubova - Ivachnova

Mostny objekt 216-00 prevadza dialnicu D1 ponad cestu, Zeleznic-
nu trat a koryto rieky Véh dvomi sibeznymi 14-polovymi mostami.
Nosnu konstrukciu tvoria tycové predpaté prefabrikované nosniky
spriahnuté monolitickou Zelezobetédnovou doskou. Ukladanie nos-
nikov sa realizuje pomocou jednonosnikového zavazacieho mos-
ta (JZM), ktory umoznuje zavazat nosniky po postupne realizova-
nej nosnej konstrukcii.

Sucastou stavby D1 Hubova — Ivachnova je aj mostny objekt
216-00, ktory prevadza dialnicu D1 ponad cestu I11/018104, trat ZSR,
trat Mondi Business Paper SCP, a. s., Ruzomberok a koryto rieky Vah.
Nachadza sa v extravildne obce Liskovéd na rozhrani katastralnych
Uzemi Liskova a Ivachnova, v inudacnom uzemf rieky Vah v blizkos-
ti luZzného lesa Ivachnova. Zaroven prechddza ochrannymi pasma-
mi letiska. Stvorpruhové smerovo rozdelend komunikéacia na most-
nom objekte je z kategdrie D26,5, v rdmci kazdého dopravného
smeru je zrealizovany samostatny most. Stavebnikom je Narodna
dialni¢na spolo¢nost, a. s, zhotovitefom stavby je Zdruzenie Cebrat
v zlozeni VAHOSTAV-SK, a. s, a OHL ZS, a. s. Projektantom objektu je
firma Strasky, Husty a partnefi, s. r. o.

Charakteristika objektu

Zakladné udaje

Dizka lavého mosta je 589,00 m, pravého 599,00 m. Samotna nos-
nda konstrukcia ma 586,00 m pri lavom moste (IM) a 596,00 m pri
pravom moste (PM). Sirka vozovky medzi zvodidlami je 11,75 m, 3ir-
ka sluzobného chodnika 0,75 m. Celkova Sirka nosnej konstrukcie je
13,55 m. Vyska nosnej konstrukcie je 2,32 m, vyska mosta priblizne
11 m. Smerovo vedie trasa v priamke. Niveleta je ¢iasto¢ne vo vys-
kovom zakruzovacom obltku s R = 25 000 m so sklonom doty¢nic
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Bridge object 216-00 overpasses the D1 motorway above the
road, railway, and riverbed Vah by two parallel 14-pole bridges.
The supporting structure consists of pre-assembled pole prefab-
ricated beams connected by a monolithic reinforced concrete
plate. The laying of the beams is realized by means of a single-
beam load-bearing bridge (JZM), which allows the loading of the
beams after a gradually realized support structure.

Part of construction D1 Hubova — Ivachnova is also a bridge build-
ing 216-00, which carries the D1 highway above the road Il / 018104,
7SR line, Mondi Business Paper SCP, a. s. Ruzomberok and Vah river-
bed. It is located in rural area of village Liskovd on the boundary of
the cadastral areas of Liskova and Ivachnovd, in the inlaid territory of
the river Vah near the floodplain forest lvachnova. At the same time
it passes through the protection zones of the airport. Four-way, di-
rectionally divided communication on the bridge object is catego-
ry D26.5, a separate bridge is realized for each traffic direction. The
builder is Narodna dialni¢na spoloc¢nost, a. s., the contractor of the
construction is Association Cebrat in the composition of VAHOSTAV-
SK, a. s. and OHL ZS, a. s. The construction designer is Strasky, Hus-
ty a partnefi, s.r. .

Characteristics of the object

Basic information

The length of the left bridge is 589.00 m, right 599.00 m. The load-
bearing structure itself has 586.00 m at the left-hand bridge (LB)
and 596.00 m at the right-hand bridge (RB). The width of the road
between barriers is 11.75 m, the walkway width is 0.75 m. The to-
tal width of the load-bearing structure is 13.55 m. The height of the
load-bearing structure is 2.32 m, the bridge height is approximately
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Obr. 1 Pozdizny rez mostom
Fig. 1 Longitudinal section of the bridge
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ABOVE SUPPORT - THE LEFT BRIDGE IN SPAN - THE RIGHT BRIDGE
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Obr. 2 Vzorovy priecny rez
Fig. 2 Sample cross section

-0,57 % a -1,91 %. Prie¢ny sklon je jednostranny s hodnotou 2,5 %.

Lavy aj pravy most maju rovnako 14 poli, rozpdtia s 33,0 + 12 x
440 +330mpriPMa330m+4x440+4 x415+4 X440 +
33,0 m pri M.

Zakladanie a spodné stavba

Spodnu stavbu tvoria krajné opory a trindst medzilahlych podpier
(pri kazdom moste samostatne). Krajné opory P1a P15 st monolitic-
ké, Zelezobetonové, zalozené na velkopriemerovych pildtach s prie-
merom 900 mm. Tvorf ich Ulozny prah, kridla a zaverny murik. Podpe-
ry P2 az P5 a P7 az P14 maju dvojicu pilierov s kruhovym prierezom,
ktoré priamo nadvazuju na velkopriemerové pildty s priemerom
1500 mm. Podpera P6, ktora sa nachddza medzi kolajami Zelezni¢-
nej trate, ma zaklad zaloZzeny na mikropildtach. Dvojica pilierov, kto-
rd vychadza zo zakladu, je navzajom prepojena stienkou stuzujlcou
piliere proti U¢inkom ndrazu vlaku. V hornej ¢asti su vsetky piliere za-
konc¢ené hlavicou s vyskou 2 m, ktoré je rozsirend len v pozdiznom
smere a je rovnaka pri vsetkych pilieroch. Maximélna vyska piliera aj
s hlavicou je priblizne 9,6 m.

Nosna konstrukcia

Nosna konstrukcia je so spodnou stavbou spojené vzdy dvojicou
hrncovych lozisk. Konstrukcia je navrhnutd ako spojity nosnik z pred-
patych tycovych I-nosnikov s vyskou 2,1 m, spojenych spriahajtcou
Zelezobetdnovou doskou s hrubkou minimélne 220 mm. Nosniky
sa ukladaju na monolitické priecniky, ktoré sa realizuju v dvoch fé-
zach. V prvej faze sa zrealizuje Cast potrebna na ulozenie nosnikov,
v druhej faze sa priec¢nik zmonolitni so zvyskom nosnej konstrukcie.
Spodnd ¢ast prie¢nikov na oporadch méa obdlznikovy tvar so $irkou
1,7 m a hrdbkou 0,5 m. Spodna ¢ast priecnikov nad piliermi ma tvar
obrateného pismena T s vyskou 2,71 m. Sirka spodnej dosky je 3 m,
hrabka priblizne 0,6 m. Hribka strednej steny v osi prie¢nika je 0,6 m.
Vzhladom na poziadavku povodia a ZSR bolo pri podperach P6 a P11
nevyhnutné zmensit osovu vzdialenost podpier, ¢o vyvolalo nasled-
ne potrebu pouzit prie¢ne predpdtie umiestnené v stredovej stene
prie¢nika.

V prie¢nom reze sa na priecnik ukladd osem prefabrikovanych
nosnfkov typu VHP-PTMN 2010, ktorych vyrobcom je VAHOSTAV-SK-
-PREFA, s. 1. 0. Nosniky su od seba vzdialené 1,7 m, ukladaju sa do vy-
sokopevnostnej malty. Vyska prierezu nosnika je 2,1 m, sirka spodne;j
pésnice 0,8 m a $irka hornej pasnice 1,1 m. Sirka stojiny je 0,2 m. Diz-
ka nosnikov zavisi od dizky jednotlivych poli a pohybuje sa od 33,2
do 43 m. Nosniky su zloZzené z troch segmentov — krajné segmenty
maju dizku 14 m, stredovy segment je upraveny podla celkovej diz-
ky nosnika. Spajanie jednotlivych casti prebieha na stavbe vnesenim
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11 m. Direction leads line in line. The level is partly in a height-curve
arch with R =25 000 m with a slope of -0.57 % and -1.91 %. The trans-
verse slope is one-sided with a value of 2.5 %.

Left and right bridges also have 14 span fields 33.0 + 12 x 44.0 +
33.0 mfor RBand 33.0 + 4 X 440 + 4 X 41.5 + 4 X 44.0 + 33.0 m for
LB.

Base and bottom structure

The bottom structure consists of extreme supports and 13 interme-
diate supports (each bridge separately). The extreme supports P1
and P15 are monolithic, reinforced concrete, based on 900 mm large
diameter pilots. They are formed by storage place, wings and termi-
nal wall. Supports P2 to P5 and P7 to P14 have a pair of circular cross-
section pillars which directly follow the large-diameter pilots with
a diameter of 1500 mm. The support P6, which is located between
rail tracks, is based on micropiles. The pair of pillars, which come from
the base, is interconnected by a stiffening wall against the impact of
the train. At the top, all pillars are ended with a 2 m head, which ex-
tends only in the longitudinal direction and is the same for all pillars.
The maximum height of the pillar and head is approximately 9.6 m.

Framework

The supporting structure is connected to the lower structure by
a pair of pot-shaped bearings. Structure is designed as a continu-
ous beam of prestressed pole | beams of 2.1 m height, connect-
ed by a reinforced concrete plate with a thickness of min. 220 mm.
The beams are mounted on monolithic cross-sections, which are
performed in two phases. In the first phase, it is usually performed
the part necessary for the bearing of the beams, in the second
phase, the cross-section is multiplied with the rest of the support-
ing structure. The lower part of the bars on the supports has a rec-
tangular shape with a width of 1.7 m and a thickness of 0.5 m. The
lower part of crossbars above the pillars has the shape of the in-
verted letter T with a height of 2.71 m. The width of the bottom
plate is 3 m, approximately 0.6 m thick. The thickness of the mid-
dle wall in the transverse axis is 0.6 m. Due to the requirement of
the river basin and ZSR, it was crucial to reduce the axial distance
of the supports on the supports P6 and P11, which subsequently
caused the need to use a transverse bias located in the central wall
of the cross member.

In the transverse section eight prefabricated beams of the VHP-
PTMN 2010 type are stored, which are manufactured by VAHOSTAV-
SK-PREFA, s.1. 0. The beams are 1.7 m apart and are stored in a high-
strength mortar. The cross section height is 2.1 m, the bottom flange
width is 0.8 m and the upper flange width is 1.1 m. The width of
the web is 0.2 m. The length of beams depends on the length of
each field and ranges from 33.2 to 43 m. The beams are composed
of three segments — extreme segments have a length of 14 m, the
central segment is adjusted according to the overall length of the
beam. The joining of the individual parts takes place on construc-
tion site by addition of additional preload into the girders stored in

Obr. 3 Odoberanie nosnika zavazacim zariadenim z vozidla
Fig. 3 Removal of beam by loading device from the vehicle
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Obr. 4 Umiestnenie podpier JZM pri ukladani tycovych prefabrikatov
Fig. 4 Location of the JZM supports when laying bar prefabricates

dodatoc¢ného predpétia do nosnikov ulozenych na skladke. Pri pred-
pinani sa vyuziva vlastny predpinaci systém PROJSTAR.

Aby bolo mozné manipulovat so segmentmi, su na ich koncoch
v hornej prirube umiestnené Uchyty typu DEHA. Na néslednu ma-
nipuldciu so zopnutym nosnikom su v stojine krajnych segmentov
umiestnené otvory, do ktorych sa vklada specidlny zdvihaci pripra-
vok navrhnuty na tento Ucel.

Nosnik ma v hornej pasnici vybratie na umiestnenie strateného
debnenia. Ako stratené debnenie je pouzity Zelezobeténovy pre-
fabrikat (filigran) s obdfZnikovym tvarom s hribkou 55 mm, &irkou
660 mm a dlzkou od 1 895 do 2 445 mm.

Ukladanie nosnikov zariadenim JZM

Zakladny opis zariadenia a spdsob ukladania nosnikov

Pri ukladani nosnikov sa vyuziva jednonosnikovy zavézaci most
(JZM). Toto zariadenie odoberd nosniky priamo z vozidla, ktoré sa po-
hybuje po uz zhotovenej ¢asti nosnej konstrukcie, nasledne ich ukla-
déa na priecnik.

Zariadenie je schopné klast nosniky s hmotnostou az 100 t, pri-
¢om dizka nosnika méze dosahovat 44,5 m. Dizkové obmedzenie je
dané dizkou hlavného nosika, ktory mé 78 m.V prie¢nom smere je
mozné zavazanie po kolajniciach - jedna je umiestnend vpredu na
priecniku a druhd, zdvojena kolaj, vzadu na mostovke (obr. 4). Bre-
meno je vtedy zavesené na hlavnom nosniku medzi prednou a zad-
nou podperou.

Dalej sa nosnik moze zdvihat a spustat pomocou dvoch samo-
statnych navijakov, ktoré sa posuvaju nezavisle po zékladnom nos-
niku. Presunut JZM z piliera na pilier mozno vysunutim hlavného
nosnika, ktory je osadeny na styroch podperach — dve pomocné su
upevnené na koncoch nosnika a dve hlavné sa po nom mézu po-
suvat. Podpery sa daju zdvihat a spustat pomocou hydrauliky, ¢o
umoziiuje v kone¢nom vysledku kracanie, pricom maximalna diz-
ka kroku moéze byt priblizne 45 m. Zariadenie je schopné kracat do-
predu aj dozadu.

Opatrenia umoznujuce zefektivnenie ukladania nosnikov
Aby bolo mozné vyuzit vsetky vyhody zariadenia JZM, treba tomu
prispdsobit konstrukciu mosta uz pri projektovani. Na objekte 216-00
to bolo mozné v maximalnej miere, kedZe v sulade so zmluvnymi
podmienkami Zltej knihy FIDIC, ktorymi sa stavba riadi, zabezpecu-
je zhotovitel aj dodavku realiza¢nej dokumentacie.

Opatrenia, ktoré sa prijali v spolupraci s projektantom, sa zacali re-
alizovat uz samotnym postupom vystavby — smer ukladania sa zvo-
lil od koncovej opory mosta, kedZe za nim je dostato¢na plocha na
montdz zariadenia aj na spinanie nosnikov. Pri projektovani prie¢ni-
kov sa zohladnila potreba umiestnenia kolaje pre prednu podperu
JZM, a to navrhnutim spodnej ¢asti v tvare obrateného pismena T.
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the landfill. The pre-tensioning system uses own pre-tensioning sys-
tem PROJSTAR.

In order to be able to handle segments, DEHA handles are locat-
ed at their ends in the upper flange. For the following handling with
the beam closed, there are holes in the edges of external segments
in which a special lifting device is inserted designed for this purpose.

The bearer has a removal in the upper flange for the placement of
lost formwork. The lost formwork is a rectangular reinforced concrete
(filigree) with a thickness of 55 mm, a width of 660 mm and a length
of 1895 to 2 445 mm.

Beams distribution by JZM device

Basic description of the device and method of laying beams
By installation of beams, one-sided loading bridge JZM is used. This
device takes the beams directly from the vehicle, which moves on
the already constructed part of the load-bearing structure, then plac-
es them on the transom.

The device is capable of putting beams to 100 tons of beams, with
a beam length of 44.5 m. The length limit is given by the length of
the main beam, which is 78 m. In the transverse direction, it is pos-
sible to load the rails — one is located on the front of the crossbeam
and the other, the doubled track, at the back of the bridge (Fig. 4).
The load is then hung on the main beam between the front and
back supports.

Further, the beam can be lifted and lowered with help of two sep-
arate reels which move independently along the base beam. The
JZM can be moved from pillar to pillar by ejecting the main beam,
which is mounted on four supports - two auxiliaries are fixed at the
ends of the beam and two main ones can be moved. Supports can
be lifted and lowered by hydraulics, which ultimately leads to a walk,
with a maximum length of about 45 m. The device is able to move
forward and backwards.

Measures to make installation more efficient

In order to use all the advantages of the JZM, it is necessary to adapt
the bridge construction in the process of designing. On the object
216-00 it was possible to do the maximum, as the contractor also
provides the delivery documentation for the building, in accordance
with the FIDIC yellow book terms of reference.

The measures, taken in cooperation with the designer, began to
be implemented by the construction itself — the direction of laying
was chosen from the end of the bridge, as there is a sufficient area
for the installation of the device as well as for switching the beams.
When designing crossbars, the need to place the track for the front
support JZM was taken into account by designing the lower part in
the shape of the inverted letter T. The track can thus be disposed on
the central wall. At the same time, the shape of the inverted T is di-
mensioned to be self-supporting. This means that after casting it is

Obr. 5 Postavenie JZM
Fig. 5 Positioning of JZM
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Fig. 6 Laying of filigrees

Na stredovu stenu tak mozno rozmiestnit kolajovi drahu. Zéroven je
tvar obrateného T nadimenzovany tak, aby bol samonosny. To zna-
meng, Ze po vybeténovani je schopny preniest vlastnd hmotnost,
no zéroven aj hmotnost nosnikov, mostovky, JZM a vozidla, na kto-
rom sa prepravuje nosnik dalsieho pola. Zaroven pritom nemusf byt
podopierany pomocnym podpernym systémom, vyZzaduje si to vsak
podlozenie hydraulickymi valcami v mieste hlavice piliera aj kotve-
nie DW-tyc¢ami. Tomu sa musel prispdsobit tvar hlavice piliera. Rov-
nako dolezité je aj vhodné zvolenie pracovnej skdry a Uprava vystuze
hornej dosky, kde je potrebné posunut betondz ¢o najblizsie k priec-
niku, pretoZe osova vzdialenost medzi kolajovymi drdhami prednej
a zadnej podpery je obmedzend maximalne na 48 m. To umoznuje
vozidlu cuvat tesne k zadnej kolaji a tak odoberat nosniky z vozidla.
Aj civanie nosnikov v osi piliera a poradie ukladania nosnikov pat-
ria medzi opatrenia, ktoré prispievaju k realizovatelnosti takto zvole-
nej vystavby.

Po ulozeni nosnikov v poli prebieha s vyuzitim JZM aj ukladanie
filigranov. Nasledne mézu pokracovat prace na debneni, armovani
a betonazi hornej dosky a druhej casti prie¢nika.

Zaver

Jednonosnikovy zavadzaci most JZM predstavuje jediné takto fun-
gujlce zariadenie svojho typu na Slovensku. Je vlastnictvom firmy
VAHOSTAV-SK, ktora ho vyuziva uz od roku 2008. Zariadenim sa ukla-
dali nosniky na objekte 207 v Povazskej Bystrici, na stavbe D1 Dub-
na Skala — Turany aj na D3 Svr¢inovec — Skalité. Postupne sa zdoko-
nalila technika ukladania, aj samotné zariadenie JZM. Zefektivnilo sa
vyuZivanie zariadenia prispdsobenim nosnej konstrukcie jeho potre-
bam. Idedlne je vozit nosniky pod zariadenie bez medziskladky, aby
sa usetrilo na sklddkach, druhotnom prevoze a Zeriavoch potrebnych
na nakladku. To vsak zavisi od moznosti dopravy, vzdialenosti a pre-
kézok na trase. NajdIhsi nosnik, ktory sa takto podarilo doviezt z vy-
robne priamo pod JZM, mal 38 m.

VWhody JZM sa najviac prejavia v nepristupnom teréne a vo vel-
kej vyske alebo pri prekondvani prekazok, ako su cesty, vodné toky
¢i zeleznica.

BeZny takt sa pohybuje na Urovni 18 dnf, ak su vak vedla seba dva
mosty a ich vzdjomné rozmiestnenie umozriuje prechod medzi nimi,
mozno ukladanie zefektivnit na 12-diovy takt, za urcitych podmie-
nok aj na 10-dnovy.

JZM sa zéroven vyuziva na jednoduché ukladanie filigranov, ktoré
maju hmotnost priblizne 220 kg.

Vyhody JZM sa vyuzili aj pri objekte 216-00, kde sice nie je velkd
vyska, ale objekt krizuje vodny tok, cestu a Zeleznicu so Siestimi ko-
[ajami.
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Obr. 7 Ukladanie nosnikov v mieste krizenia s riekou Vah
Fig. 7 Laying of beams at the crossing point with the river Vah

able to transfer its own weight, but also the weight of the beams,
the bridge, the JZM and the vehicles on which beam of the next
field is transported. At the same time, it does not have to be support-
ed by an auxiliary support system. However, it requires a hydraulic
cylinder support at the pillar head position and DW-anchoring bars.
This had to adapt to the shape of the pillar head. It is equally impor-
tant to choose a working joint and adjust the top plate reinforce-
ment where it is necessary to move the concrete as close as possi-
ble to the cross member as the axial distance between the front and
back rail tracks is limited to a maximum of 48 m. This allows the vehi-
cle to reverse close to the back track to remove the beams from the
vehicle. Even the reversing of beams in the pillar axis and the laying
of beams are among the measures that contribute to feasibility of
the chosen construction.

After laying beams in the field, the laying of the filigree is also car-
ried out using JZM. After, the works on forming, reinforcement and
concreting of the top plate and the second part of transom can con-
tinue.

Conclusion

The single-beam load bridge JZM represents the only device of its
kind in Slovakia. It is owned by the company VAHOSTAV-SK, which
has been used it since 2008. The equipment was used to lay beams
for the 207 building in Povazska Bystrica, on construction D1 Dub-
na Skala — Turany and D3 Svr¢inovec — Skalité. Sequentially, the lay-
ing technique and the JZM have itself improved. It has made the use
of the equipment more efficient by adapting the load-bearing struc-
ture to its needs. It is ideal to carry the beams without interlocking
in order to save on landfills, secondary transport and cranes neces-
sary for loading. However, this depends on the transport options, the
distance and the obstacles on the route. The longest beam, which
was in this way transported from the factory directly under the JZM,
was 38 m.

The benefits of JZM are mostly evident in inaccessible terrain and
high or by overcoming obstacles such as roads, watercourses or rail-
ways.

The usual cycle is 18 days, but if two bridges are side by side to
each other and their intersection allows transition between them,
the laying can be made more efficient on a 12-day cycle, under cer-
tain conditions, even a 10-day cycle.

At the same time, JZM is used for the simple laying of filigrees
weighing around 220 kg.

The advantages of the JZM have also been used in 216-00 object,
although it is not a huge height, but the object crosses waterway,
road and railway with six rails.
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Lubomir Placek - Rébert Magyar — Jozef Marinak - Richard Pucek

Most na dialnici D1 v useku Hubova - Ivachnova v km 0,411 - 0,849
Bridge on the highway D1 at section Hubova - lvachnova at

km 0.411 - 0.849

Sucastou stavby D1 Hubovd - Ivachnovd je aj most na D1 v km
0,411 - 0,849 (SO 201), ktorym prechédza dialnica ponad medziné-
rodnu cestu E50, rieku Vah, Zelezni¢nd trat Zilina - Kosice, prelozku
cesty lll. triedy a potencidlne zosuvné tzemie. Pri vystavbe nosnej
konstrukcie mostného objektu sa vzhladom na technologické moz-
nosti zhotovitela zvolila technolégia letmej betonéze v kombindcii
s podpernou skruzou.

V stcasnosti prebieha vystavba nového Useku dialnice D1 Hubo-
vé — Ivachnové s dlzkou 15,275 km, ktory vedie v geologicky zna¢-
ne naro¢nom Uzemi okresu mesta Ruzomberok. Zacina sa mimo-
Urovnovou krizovatkou Hubovd, ktord pokracuje mostom na D1
v km 0,411 - 0,849. Ten vedie dialnicu ponad medzindrodnu cestu
E50, rieku Vah, Zelezni¢nu trat a cestu I11/01898. Stavebnikom je N&-
rodna dialni¢na spolocnost, a. s., zhotovitelom stavby je Zdruzenie
Cebrat v zloZeni Vahostav-SK, a. s, a OHL 7S, a. s. Projektantom mos-
ta je DOPRAVOPROJEKT, a. s.

Pocas vystavby mostného objektu sa na zdklade geotechnického
monitoringu a doplnkovych prieskumov zistili neocakdvané skutoc-
nosti v geologickej skladbe podloZia, ¢o vyustilo do potreby predi-
Zit mostny objekt. V prispevku predstavujeme konec¢né riesenie pre-
dlzeného mosta.

LEFT BRIDGE

LENGTH OF SUPERSTRUCTURE EUT — 372.0m

Bridge on the highway D1 in km 0,411 - 0,849 (SO 201), which is
part of the construction of D1 Hubova - Ivachnov4, is designed
to is to carry the highway over the international road E5, the river
Véh, railway Zilina - Kosice, relocation of class 3 road and poten-
tial landslip area. Constructing the superstructure of the bridge,
the cantilever method for cast-in-situ bridge construction in
combination with scaffolding was selected due to the techno-
logical possibilities of the contractor.

Construction of the new section of the highway D1 Hubova —
Ivachnova with length of 15.275 km is currently being executed. The
highway section passes through geologically challenging landscape
in the area of Ruzomberok municipality. It begins with interchange
Hubova, which continues with bridge on D1 at km 0.411 - 0.849.The
bridge leads the highway over the international road E5, the river
Vah, railway and road 111/01898. The investor of the project is the Na-
tional Motorway Company, a. s., the contractor of the project is the
Consortium Cebrat consisting of Vahostav-SK, a. s. and OHL 7S, a. s.
The designer of the bridge is DOPRAVOPROJEKT, a. s.

During the construction of the bridge there have been, based on
the geotechnical monitoring and complementary geotechnical in-
vestigation, unexpected findings discovered in terms of the geolo-
gical structure of the subsoil, which resulted in the necessity of ex-
tending the bridge.

LENGTH OF SUPERSTRUCTURE EU2 — 151.6m
1.
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RIGHT BRIDGE
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Obr. 1 Pozdizny rez
Fig. 1 Longitudinal section
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Obr. 2 Priecny rez
Fig. 2 Cross section

Charakteristika mosta

Mostny objekt je rieseny ako dvojica samostatnych mostov v kaz-
dom smere dialnice. Lavy a pravy most tvoria dva dilata¢né celky
(DC1 a DC2). Nosnu konstrukciu DCT oboch mostov tvorf jednoko-
morovy nosnik s premennou vyskou od 3,00 do 5,75 m. Rozpétia
poli su 82,0 + 100,0 + 102,5 + 85,5 m. Nosna konstrukcia DC2 nad-
vézuje plynulo na predchddzajuci dilatacny celok. Tvorf ju jedno-
komorovy nosnik s konstantnou vyskou 3,00 m. DC2 favého mos-
ta méa rozpdtia 44,8 + 60,0 + 44,8 m, pravého mosta 3822 + 51,0 +
38,2 m.

Sirka lavého mosta medzi zvodidlami je 11,75 m, pravého mosta
13 m. Prie¢ny sklon je jednostranny, meni sa od -2,5 do 4 %. Smero-
vo vedie trasa na moste v protismernych prechodnicovych obltkoch
s parametrami R=800m, L =37522maR=1000m,L =200 m. Ni-
veleta vedie na zaciatku mosta vo vyskovom obluku, dalej v priam-
ke v pozdiznom sklone 4,5 %. Maximalna vyska nivelety od terénu je
priblizne 26,1 m (obr. 7).

Spodna stavba a zakladanie
Medzilahlé podpery sa skladaju zo zakladovej dosky a z dvojice stl-
pov rdmovo spojenych prieclou v ich hornej casti. Piliere maju
v prie¢nom reze tvar obdlZnika so skosenymi hranami, po vyske je
konstantny. Rozmery priecle v hornej ¢asti piliera boli navrhnuté tak,
aby zabezpecili jeho priaznivé reagovanie v pripade seizmickych
ucinkov a aby umoznili kontrolu loZisk. Prechodova podpera tvarovo
nadvazuje na ostatné podpery a pozostava zo zékladu a $tvorice stl-
pov spojenych doskou v ich hornej ¢asti. Krajné opory st navrhnuté
ako Ulozné prahy so zavesenymi kridlami. Na kazdej podpere je na-
vrhnutd dvojica hrncovych loZisk.

ZaloZenie mosta je navrhnuté na velkopriemerovych vitanych pi-
|6tach s priemerom 900 mm.

Nosna konstrukcia

Tvar nosnej konstrukcie DC1 je navrhnuty ako jednokomorovy s vy-
lozenymi konzolami z predpéatého beténu C45/55 (obr. 2). Vyska nos-
nej konstrukcie sa po dizke meni od 3,00 m v strede rozpétia po
5,75 m nad medzilahlymi podperami. Sirka nosnej konstrukcie lavé-
ho mosta je 14,20 m, pravého mosta 15,45 m. Sirka komérky obi-
dvoch mostov je 8,00 m. Konstrukcia je predopnuté sudrznymi 15-
a 19-lanovymi kdblami vedenymi v ocelovych rdrach s priemerom
95 mm, volné kéble st navrhnuté 19-lanové. Cast volnych kablov ve-
denych v prvom poli bolo potrebné pocas vystavby vahadla 3 po-
stupne odpinat. Na zaciatku vystavby posobilo prvé pole ako prosty
nosnik. Postupnym budovanim lamiel jednostrannej letmej betona-
ze doslo v prvom poli k jeho odlah¢eniu a tym k potrebe redukcie
predpétia. Preto sa po vybeténovani a predopnuti lamiel ¢. 6,7 a 8
odopla vzdy dvojica volnych kéblov. V definitivnom stave je nosna
konstrukcia predopnuta 6smimi volnymi kablami. PouZity je predpi-
naci systém Projstar.

www.inzenyrske-stavby.cz

Bridge description

The bridge is designed as a couple of two individual bridges for
each direction of the highway. The left and the right bridge con-
sists of two expansion units (EU1 and EU2). For both bridges, the
superstructure of EU1 is constituted by single-cell box girder with
variable height from 3.00 to 5.75 m. The spans are 82.0 + 100.0 +
102.5 + 85.5 m. The expansion unit EU2 continually follows the
foregoing expansion unit. It is composed of single-cell box girder
with constant height of 3.00 m. The spans of EU 2 for the left and
the right bridge are 44.8 + 60.0 + 448 m,and 382 + 51.0 + 382 m
respectively.

The width in between the safety barriers is 11.75 m and 13
m for the left and the right bridge respectively. The crossfall is
one-sided and varies from -2.5 up to 4.0 %. In terms of the hori-
zontal alignment, the road line on the bridge is arranged as two
contra-directional spiral-curved arcs with parameters R = 800 m,
L =37522mand R=1000m, L =200 m. The vertical alignment
consists of vertical arc at the beginning of the bridge and contin-
ues in a straight line with longitudinal slope of 4.5 %. The maxi-
mum height of the vertical alignment with respect to the terrain
is 26.1 m (Fig. 1).

Substructure and foundations
The intermediate piers are composed of foundation slab and a pair
of columns creating a frame together with a cross-beam placed on
the column tops. The cross-sectional shape of the piers is designed
as a rectangle with chamfered edges and it is constant along the pier
height. The dimensions of the cross-beam in the upper part of the
pier were designed so that it secures favorable behavior of the pier
in case of seismic action and at the same time it allows the bearing
inspection. The shape of the transition pier follows the shape of the
other piers and it consists of footing and four columns connected
with a slab in their upper part. The abutments are designed as abut-
ment seats with flying wing-walls. A pair of pot bearings is designed
for each of the abutments.

The bridge foundations include bored piles with diameter of
900 mm.

Superstructure
The shape of the superstructure EU1 is designed as single-cell girder
with over-hanged cantilevers made of pre-stressed concrete C45/55
(Fig. 2). The height of the superstructure varies along its length from
3.00 m in the midspan up to 5.75 m in place of the intermediate
piers. The width of the superstructure of the left and the right bridge
is 14.20 m and 15.45 m respectively. The width of the cell of both
bridge girders is 8.00 m. The structure is pre-stressed with bonded
15 and 19 strand cables placed in steel ducts with diameter of 95
mm, the external tendons are designed with 19 strands. It was nec-
essary to sequentially remove part of the external cables led in the
first span during the construction of the cantilever 3. At the begin-
ning of the construction, the first span acted as a simple supported
beam. Gradual adding of the segments of one-sided cast-in-situ can-
tilever method resulted in unloading of the first span, which led to
need for stress reduction. For this reason, a pair of external tendons
was removed after casting and pre-stressing of cantilever segments
6, 7 and 8. In the final state, the superstructure is pre-stressed using
eight external tendons. Pre-stressing system Projstar was used.

The superstructure of the second expansion unit follows the shape
of the first expansion unit. The structure is reinforced by means of 15
and 19 strand cables and permanent external 19 strand cables.

Bridge construction

Construction of the piers began with execution of the piling plat-
forms, from which the piles have been bored. At pier 2, the piles
have been extended by means of square columns (90 x 90 cm) with
height of approximately 1.5 m and subsequently the embankment
was completed. After that, the abutment seat was constructed using
a formwork system.
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Obr. 3 Schéma stabilizécie vahadla podpery ¢. 5
Fig. 3 Stabilization scheme for cantilever of pier no. 5

Nosné konstrukcia druhého dilata¢ného celku tvarovo nadvézu-
je na prvy dilata¢ny celok. Konstrukcia je predopnutd sudrznymi 15-
a 19-lanovymi kdblami a volnymi trvalymi 19-lanovymi kdblami.

Vystavba objektu

Realizécia opor sa zacala zhotovenim pilotaznych plosin, z ktorych sa
navrtali pildty. Pri podpere 2 sa piléty nadstavili &tvorcovymi stipmi
(90 x 90 cm) s vyskou priblizne 1,5 m a dosypal sa nasyp. Nasledne
sa v systémovom debneni zrealizoval Ulozny prah.

Na zabezpecenie stability stavebnych jam 3 az 8 sa pouzili Stetov-
nicové steny — pri podperach 7 a 8 z dvoch stran a pri podperach 3
az 6 po celom obvode. Zéklady sa beténovali do Stetovnic v kombi-
nacii so systémovym debnenim. Pri pilieroch sa zvolilo postupne $pl-
hané systémové debnenie s maximalnymi 5-metrovymi zabermi. Na-
koniec sa zrealizovala prie¢la na debneni osadenom na konzolach
ukotvenych k pilieru.

Pri vystavbe nosnej konstrukcie dilatacného celku 1 je pouzitd
technoldgia letmej betonaze v kombindcii s betondZou na podper-
nej skruzi. Jednostrannou letmou betondzou sa realizuje konzola od
podpery 3. Od podpier 4 az 8 je navrhnutd symetrickd letma beto-
naz. Krajné polia a zarodky sa realizuju na skruzi.

Na realizaciu prvého pola na lavom moste (etapa 1 az 3) sa z do-
vodu komplikovaného terénu zvolila kombinacia lahkej podpernej
skruze a nosnikov I-500, ¢iastocne aj s vyuzitim pizma. Etapa sa pre
velku dizku (89 m) a zaroven aj vy$ku prierezu nosnej konstrukcie
v mieste podpery 3 rozdelila na dve Casti. Prva ¢ast (od podpery 3) sa
realizovala na tri zdbery (spodna doska, tramy a horna doska), druha
¢ast (od opory 1) na dva zébery (spodna doska s trdmami a nasledne
hornd doska). Na zadebnenie sa vyuzilo systémové debnenie DOKA,
ktorym sa najskér zadebnila spodnd doska s trdmami, po betondzi sa
debnenie trdmov odstranilo a zadebnila sa horna doska.

Pred realizaciou zarodku sa najskor vybudovali stabilizacné stojky,
ktoré po odstraneni debnenia a podpornej konstrukcie zabezpecu-
ju stabilitu vahadla az do realizacie spojovacej lamely. Na stabilizaciu
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Obr. 4 Pohlad na rozostavané vahadlo nad podperou ¢. 5
Fig.4 View of the construction of the for cantilever above pier no. 5

1 S il i
Obr. 5 Pohlad na zrealizovanu ¢ast nosnej konstrukcie
Fig. 5 View of the completed part of the superstructure

Sheet pile retaining walls were used in order to secure the stability
of excavations 3 to 8 — sheet pile walls on two sides in case of piers
7 and 8, and along the whole excavation perimeter in case of piers
3 to 6. The footings were casted into the sheet piles in combination
with formwork system. Climbing formwork system with maximum of
5-meter height was selected. Finally, the cross-beam was construct-
ed using formwork installed on consoles anchored in piers.

Executing the construction of expansion unit 1, the technol-
ogy of cantilever method for cast-in-situ construction is used in
combination with concrete casting using scaffolding. Cantilever
reaching from pier 3 is constructed by means of one-sided can-
tilever method. Symmetric free cantilever method is proposed in
case of piers 4 to 8. Side spans and the pier tables are executed
using scaffolding.

Due to complicated terrain, a combination of light scaffolding and
beams I-500, partially reinforced by means of PIZMO elements, was
selected for construction of first span on the left bridge (sequence
1 to 3). The sequence was divided into two parts due to extensive
length (89 m) as well as the height of the cross-section of the su-
perstructure at the place of pier 3. The first part (from the pier 3)
was constructed in three stages (lower slab, webs and upper slab),
the second part (from abutment 1) was done in two stages (lower
slab with webs and subsequently the upper slab). Formwork system
DOKA was used while the formwork was first carried out for the low-
er slab with the webs, it was removed after casting and subsequent-
ly the formwork was constructed for the upper slab.

Stabilizing posts were constructed before the execution of the
pier tables in order to provide stability of the cantilever after remov-
ing the falsework up to the point of execution of the closure stitch.
Combination of self-made structure made of steel posts that was
used on a different construction together with monolithic reinforced
concrete posts fixed into foundation slab of the pier (Fig. 3, 4) was se-
lected for stabilization. There are hydraulic cylinders located in the
upper part of the posts, which will be used in order to release the

www.inzinierskestavby.sk



sa zvolila kombindcia konstrukcie vlastnej vyroby z ocelobeténovych
stojok, ktord sa uz pouZila na inej stavbe, a monolitickych Zelezobe-
ténovych stojok votknutych do zakladovej dosky podpery (obr. 3a 4).
Na hornej casti stojok sa nachadzaju hydraulické valce, ktorymi sa
uvolni podoprenie vahadla po zrealizovani spojovacej lamely. Tvar
spodnej dosky v mieste hydraulickych valcov si vyzadoval pouzitie
klinov, ktorymi sa spodnd doska upravi do roviny. Na tento Ucel su
nad hydraulickymi valcami ulozené ocelobeténové kliny pripevne-
né k spodnej doske zérodku skrutkami. Po zrealizovani stojok sa na
podoprenie debnenia zarodku postavila tazkd podperné konstruk-
cia (pizmo), na ktoru sa osadilo systémové debnenie. Betondz potom
prebiehala na trikrat (spodna doska, trdmy a nakoniec horna doska).
Po odstrdneni podoprenia sa na zarodok osadil betdnovaci vozik, po-
uzil sa vozik od firmy BBE Solutions, ktory je vo vlastnictve firmy Vé-
hostav-SK. Tento vozik umoznuje betdnovat lamely s hmotnostou az
300 t Cerstvého betdnu. Kazdé vahadlo ma devat lamiel. Pri beténo-
vani lamiel najma ponad Zelezni¢nu trat, kde sa uz vyloznikom nedali
dostat pumpy, sa pouZili dva samostatné vylozniky prepojené potru-
bim s rozdelovacim ventilom umiestnenym nad zarodkom. Pumpa
sa prepoji pomocou gumovej hadice s ventilom a betdn sa striedavo
rozdeluje na obe strany vahadla. Rozdiel v hmotnosti pocas betond-
7e nesmie prekrocit 4,5 m?* beténu.

Zaver

Most sa buduje v geologicky a v geomorfologicky zloZitom tUzem!.
V nadvaznosti na nové poznatky ziskané z geotechnického monito-
ringu pocas vystavby dilatacného celku 1 (obr. 5) sa musela vystavba
pozastavit a nasledne sa rozhodlo o predizeni mosta (dilatacny celok
2), s ktorého vystavbou sa zacne v najblizéom case. V ¢ase pisania pri-
spevku (jul 2018) sa sustreduje vsetko Usilie na dostavanie a spojazd-
nenie lavého mosta, ktory bude sluZit ako pristup k zdpadnému por-
talu pretrasovaného tunela Cebrat, ¢im sa v nedalekej obci Hrboltovéa
vyrazne znizi dopravné zatazenie tazkou stavebnou technikou.

cantilever support after the construction of the key segment. Due
to the shape of the slab in place of the hydraulic cylinders it was re-
quired to use wedges that would adjust the lower slab of the gird-
er into plane. Steel-concrete wedges attached to the bottom slab of
the pier table by means of bolts are placed above the hydraulic cyl-
inders for this purpose. After the construction of posts, heavy sup-
porting structure (PIZMO) was constructed in order to support the
formwork of the pier table. The casting was executed in three stag-
es (lower slab, webs and finally the upper slab). After removing the
temporary supports, form traveler is installed on the pier table. The
form traveler from BBE Solutions that is in the ownership of compa-
ny Vahostav-SK was used. This form traveler enables the casting of
segments with mass equal to 300 t of fresh concrete. Each cantilever
is composed of 9 segments. Casting the units, especially above the
railway with no access for the pump jib, there were two individual
jibs connected with duct including a distributing valve placed above
the pier table used. The pump was interconnected by means of rub-
ber hose with valve and the concrete was alternately distributed into
both sides of the cantilever. The mass difference during casting must
not exceed 4.5 m? of concrete.

Conclusion

The bridge is being constructed in geologically and geomorpho-
logically complicated area. Due to the new findings obtained from
geotechnical monitoring during the construction of the expansion
unit 1 (Fig. 5), the construction has been interrupted and subse-
quently the decision has been made to extend the bridge (expan-
sion unit 2), construction of which will be commenced soon. At the
time of writing the article (July 2018), the whole effort is focused on
completion and commissioning of the left bridge, which will serve as
an access to west portal of the rerouted tunnel Cebrat, which would
substantially decrease the heavy machinery traffic load in nearby
village Hrboltova.
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Na modernizaci D1 se podileji
supermobilni betonarny SBM Euromix

Hned dvé supermobilni betonérny Euromix bylo mozné vidét v bezprostfedni blizkosti stavby na useku délnice D1 Hofice (EXIT 75)
- Koberovice (EXIT 81) od Cervence 2017 do Cervna 2018. Celkovd modernizace spocivé v rozsifeni komunikace na kategorii D 28, teda
o dva jizdni pasy o Sifce zpevnéni 11,5 metrl a zlepseni stavebnétechnického stavu délnice, a bude dokoncena v listopadu 2018.

Realizaci betonovych praci zajistovaly spo-
le¢nosti Eurovia a Colas. Mobilni betonarny,
o nichz byla zminka v tvodu, jsou konkrétné
Euromix 3000 CC+ 84L s vykonem az 250 m?
betonu za hodinu a Euromix 1600 s maxi-
malnim vykonem 80 m?. Tyto betondrny je
mozné uvést do provozu jiz za tfi dny od
zacdtku instalace! Supermobilni betonarny
Euromix jsou schopny michat jak cemento-
vou stabilizaci, tak vysoce kvalitni beton. Na
Useku Hotice—Koberovice bylo béhem mo-
dernizace stavby namichano cca 32 000 m?
cementobetonového krytu a cca 19 000 m?

A

cementové stabilizace. Prace spojené s po-
klddkou betonu byly dokonceny v cervnu
2018 dle harmonogramu stavby. Diky tém-
to rychle pfemistitelnym zafizenim s velkym
vykonem Ize splnit zadané dalni¢ni zakazky
v extrémné kratkych terminech.
Supermobilni betonérny rakouské firmy
SBM Mineral Processing slouzi po celém tech-
nicky vyspélém svété. Zajimavosti je, ze letos
spole¢nost SBM slavi jiz dvacet let od vyrobeni
prvni supermobilni betonarny typu Euromix.
Na ceském a slovenském trhu zastupuje
rakouskou spole¢nost SBM Mineral Processing

SUPERMOBILNI BETONARNU

¢eskd firma ALPAM se sidlem v Uherském
Hradisti. ALPAM zajistuje také nakup a prodej
pouzitych betonéren a je zaroven obchod-
nim zastupcem firmy BIBKO © — némeckého
vyrobce recyklingll pro zbytkovy beton.
Nové firma ALPAM spolupracuje se spolec-
nosti Blend — FBG, zabyvajici se vyrobou mo-
bilnich volumetrickych michacd MOVMI.

ALPAM, s. 1. 0.

Viehrdova 487, 686 01 Uherské Hradiste, CR
Tel.: +420 571 110 186, mobil: +420 608 712 562
e-mail: info@alpam.cz

www.alpam.cz, www.movmi.cz

EUROMIX®

POSTAVITE SNADNO TAM, KDE CHCETE.
NA JAK DLOUHO POTREBUJETE.

TREBA NA MESIC.

ALPAM

myslime dal, myslime mobilné

INZERCE
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PPP projekt D4R7 - sucast nultého obchvatu mesta Bratislavy
PPP project D4R7 - part of zero bypass of the city of Bratislava

Nulty obchvat Bratislavy ma, resp. bude mat, pre hlavné mesto
SR mimoriadny vyznam. Projekt PPP D4R7 s celkovou dizkou
takmer 60 km (z toho 27 km dialnice D4 a 32 km rychlostnej
cesty R7) je v sucasnosti najvacsim infrastruktirnym projektom
nielen na Slovensku. Jeho trasa vedie rovinatym, teda geogra-
ficky jednoduchsim tizemim. S¢asti mé vSak charakter ,mestské-
ho okruhu” s viacerymi naro¢nymi krizovatkami a prechédza aj
Uzemim so zvySenou environmentalnou ochranou eurdpskeho
vyznamu (Natura 2000).

Technické riesenia vietkych, priblizne 1 100 stavebnych objek-
tov (z toho 116 mostov) presli viackriteridlnou optimalizaciou.
NajikonickejSou sucastou projektu D4R7 je dunajské simostie,
ktorého nové koncepcia riesenia, ako aj dovody jej prijatia su
tiez uvedené v ¢lanku.

Dlhodobo pretazeny vnutorny okruh Bratislavy tvoreny dialnicou
D1 s Pristavnym mostom (s priemernou dennou intenzitou viac ako
100 000 vozidiel) a dialnicou D2 s tunelom Sitina, ako aj velky rozvoj
satelitného byvania v sidlach pozdlZ cesty 1/63 smerom na Dunajsku
Stredu, kde sa intenzita dopravy za uplynulych 15 rokov viacndsobne
zvysila, si vyziadali akutnu potrebu vystavby nového cestného pre-
pojenia.

Projekt PPP D4R7 sa sklada z dvoch uUsekov dialnice D4 a z troch
Usekov rychlostnej cesty R7 (obr. 7). Dialnica D4 na Useku Brati-
slava-Jarovce — Bratislava-Raca predstavuje dopravné prepoje-
nie s existujucimi dialni¢cnymi tahmi D1 a D2 v juznej a vychodnej
¢asti hlavného mesta SR Bratislavy. Vystavbou tejto ¢asti dialnice
sa odklonf tranzitnd doprava smerujuca do Rakuska a Madarska,
prechadzajuca v sucasnosti po dialnici D1 naprie¢ Uzemim Brati-
slavy, a zlepsi sa dennodennd naro¢na dopravna situacia s opaku-
jucimi sa kongesciami v prilahlych obciach. Rychlostna cesta R7
v Useku Bratislava — Holice bude suc¢astou medzinarodného eu-
ropskeho tahu E 575 a hlavnou spojnicou medzi Bratislavou a juz-
nymi centrami Trnavského a Nitrianskeho kraja. Doterajsia hlavna
dopravna tepna, cesta 1/63, uz svojimi technickymi parametrami
nevyhovuje existujicemu dopravnému zatazeniu a zaroven zne-
hodnocuje zivotné prostredie hlukom i exhaldtmi a ohrozuje bez-
pecnost obyvatelov.

Prevazna cast dialnice D4 je navrhnuté v $irkovom profile 25,5 m,
rychlostnd cesta R7 v profile 24,5 m. Nachadza sa tu 14 mimourovrio-
vych krizovatiek a 116 mostov.

Charakteristika a parametre projektu
V rokoch 2012 az 2015 bola vypracovana projektovd dokumen-
tdcia na uzemné rozhodnutie aj stavebné povolenie a prebehli

The so-called Zero Bypass of Bratislava is, or should we say, will
be extraordinarily significant for the capital city of SR. PPP Project
D4R7 with overall length almost 60 km (comprising 27 km of D4
highway and 32 km of R7 expressway) is currently the biggest in-
frastructure project, considering also other projects abroad. The
project is routed in flat, i.e. geographically simpler, area. It is par-
tially an“urban bypass” with several complicated interchanges and
it also crosses a special environmental protection site of European
significance (Natura 2000).

The technical solutions of all the approximately 1100 building ob-
jects (116 bridges thereof) were subject to multi-criterial optimi-
zation. The most iconic part of D4R7 is the Danube crossing whose
new solution concept as well as the reasons for its acceptance is
also specified in the article.

The inner traffic circuit in Bratislava, which consists of D1 highway,
the Harbour bridge (Pristavny most) with the average traffic intensity
exceeding 100 000 vehicles, and D2 highway with tunnel Sitina, has
been for long overloaded. This fact and considerable boom of resi-
dential areas in the neighbouring municipalities along road 1/63 to-
wards Dunajskd Streda where the traffic intensity multiplied in the
previous 15 years are the reasons behind the acute need to con-
struct a new connecting road.

The PPP Project D4R7 consists of two sections of D4 Highway and
three sections of R7 expressway (Fig. 7). D4 highway in section Bra-
tislava-Jarovce — Bratislava-Raca represents a traffic connection with
the existing D1 and D2 highways in the southern and eastern part
of Bratislava. This highway section to be constructed will reroute the
transit traffic heading to Austria and Hungary, which currently uses
D1 highway and crosses the territory of Bratislava, everyday compli-
cated traffic situation with repeated traffic jams in the adjacent mu-
nicipalities will be mitigated. The R7 expressway, Section Bratislava —
Holice, will form part of the international European route E 575 and
the main juncture connecting the capital city of SR, Bratislava, with
the southern centres in Trnava and Nitra Self-Governing Region. The
technical parameters of the main traffic course there has been so far
- road 1/63 — does not cope with the existing traffic load, noise and
air pollutants any longer, the latter depreciate the environment and
jeopardize the safety of inhabitants.

Predominant part of D4 highway is designed in width configura-
tion 25.5 m, R7 expressway is designed in configuration 24.5 m. It
comprises 14 interchanges and 116 bridges.

Project description and parameters
The Zoning Permit Documentation and Building Permit Documen-
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’ D4 lvanka Sever - Raca

| R7 Prievoz - Ketelec
| R7 Ketelec - Dun.Luzna |
| R7 Dunajska Luzna - Holice |

Obr. 1 Prehladnd mapa Usekov projektu D4R7
Fig. T Concise map of D4R7 project sections

Uzemné a stavebné konania. Na zéklade niekolkostupriovej analyzy
financovania sa na vystavbu a naslednu 30-ro¢nu prevédzku zvolil
model verejno-sukromného partnerstva (PPP).

Verejné obstardvanie sa zacalo v marci 2015, pocas celého roka
potom intenzivne prebiehal sutazny dialdg so styrmi uchadzacmi,
ktori vzisli z predkvalifikacie, s cielom ziskat pre Slovensku republi-
ku ¢o najvyhodnejsiu ponuku. V méji 2016 bola podpisand zmluva
medzi Slovenskou republikou, zastupenou Ministerstvom dopravy
a vystavby SR (MDV SR) v Ulohe verejného obstardvatela (VO), a spo-
lo¢nostou Zero Bypass Limited (ZBL) ako koncesionarom, ktory za-
bezpeci financovanie, vystavbu a prevadzku budiceho obchvatu
Bratislavy (koncesna zmluva). Spolo¢nost ZBL je konzorciom firiem
Cintra Infrastructures, Macquarie Capital a PORR AG. V si¢asnom ob-
dobf ide o jeden z najvacsich PPP projektov v Eurépe.

Technickd priprava realizcie projektu sa zacala v juni 2016, ked
spolo¢nost ZBL uzatvorila zmluvu na projektovanie a vystavbu dial-
nice D4 a rychlostnej cesty R7 (tzv. EPC zmluvu) so spolo¢nostou
D4R7 Construction, s. r. 0. (D4R7), ktora je dcérskou spolo¢nostou
FERROVIAL AGROMAN, S.A,, a Porr Bau GmbH. Nasledne D4R7 uza-
tvorila zmluvu na projektovanie a vykon inZinierskej ¢innosti so spo-
lo¢nostou DOPRAVOPROJEKT, a. s.

V rdmci verejného obstardvania na koncesiu bolo mozné realizo-
vat zmeny s cielom optimalizovat technické riesenia a ziskat ¢o naj-
efektivnejsiu ponuku. Obe materské spoloc¢nosti zhotovitelského
konzorcia sa v ostatnych rokoch ztcastnili na podobnych alebo véc-
sich projektoch dopravnej infrastruktiry v réznych krajindch, a ako
v kazdom projekte, aj v tomto pripade boli alternativne technické
rieSenia navrhnuté tak, aby sa v maximalnej miere uplatnili predcha-
dzajuce skusenosti.

Otvoreny tender, umoznujuci alternativy technického riesenia sta-
vebnych objektov (SO), mal za nasledok, Ze v technickej ponuke bolo
takmer vietkych 1 100 SO predloZenych az po podrobnej analyze —

1900

Obr. 2 Prehlad novonavrhnutych prefabrikovanych nosnikov a ich hlavnych parametrov

Fig. 2 Summary of newly designed precast beams and their main parameters
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Studie a projekty pripravovanych mostnych objektov

tation were elaborated and zoning permit proceeding with building
permit proceeding took place in 2012-2015. A multistage analysis of
funding served to select the public-private partnership (“PPP") mod-
el for the construction and subsequent 30-years operation.

The public procurement started in March 2015 and an intense
competitive dialogue with four tenderers who passed the pre-qual-
ification took place throughout the year, to obtain the most advan-
tageous tender bid for the Slovak Republic. In May 2016, the Slovak
Republic represented by the Ministry of Transport and Construction
SR (MTC SR) acting as the public authority (PA) and the company
Zero Bypass Limited (ZBL), as the Concessionaire who will ensure fi-
nancing, construction and operation of the future Bratislava bypass,
signed a contract (the Concession Agreement). Company ZBL is the
consortium of Cintra Infrastructures, Macquarie Capital and PORR
AG. This project is currently one of the biggest PPP projects in Eu-
rope.

The technical preparation of the project execution started in June
2016, when company ZBL concluded the contract on design and
construction of D4 highway and R7 expressway (so called EPC Con-
tract with company D4R7 Construction, s. r. 0. (D4R7), a subsidiary of
FERROVIAL AGROMAN, S.A. and Porr Bau GmbH). D4R7 subsequent-
ly concluded contract for the preparation of Design Documenta-
tion, consulting and related engineering works with company
DOPRAVOPROJEKT, a. s.

The public procurement of the concession allowed for changes
in order to optimize the technical solutions and obtain the most ef-
ficient tender bid. In previous years, both parent companies of the
contractor’s consortium participated in similar or bigger traffic infra-
structure projects in different countries and alike in every project, po-
tential alternatives of technical solution were designed to apply the
previous experience to the maximum possible extent.

An open tender which allowed alternatives of technical solution of
building objects (BO) had a consequence that in the technical ten-
der (i.e. proposal) all 1100 BOs were submitted only after detailed
analysis — optimization under principle “4 E". This principle advocates
for Efficient (functionally and structurally), Economic (both during
the construction and the operation), Aesthetic (large part of the pro-
ject is located in highly urbanized surroundings), Environmental so-
lutions (considerable part of the project alignment crosses natural
site with the highest conservancy class and European significance —
Natura 2000). The technical proposal, which forms part of the Con-
cession Agreement, resulted in extensive changes of all decisive ob-
jects of the project — changes in the vertical alignment and width
configuration of the highway and expressway themselves, including
interchanges; structural changes of bridges, adjustment of the drain-
age system, etc. as well as the adjustment of related objects, espe-
cially the relocations of existing roads and utilities.

Concrete bridges and structures

All bridges, except of five, are made of concrete. There are 116 bridg-
es in total, with the overall ground plan equal to 200 000 m? ap-
prox., half of such ground plan is taken up by the plan of 3 km long
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optimalizacii podla principu 4 E. Teda tak, aby boli Efektivne (funk¢-
ne aj konstrukéne), Ekonomické (pocas vystavby aj pocas prevadz-
ky), Estetické (velka cast projektu sa nachddza v silne urbanizovanom
prostredi) a Environmentélne (zna¢na cast trasy prechddza prirod-
nym prostredim s najvyssim stupriom ochrany eurépskeho vyzna-
mu — NATURA 2000). Vysledkom technického ndvrhu, ktory je sucas-
tou koncesnej zmluvy, su rozsiahle zmeny véetkych rozhodujucich
objektov projektu — zmeny vyskového vedenia a $irkového usporia-
dania samotnej dialnice a rychlostnej cesty vratane krizovatiek, kon-
struk¢éné zmeny mostov, Uprava systému odvodnenia a pod., ako aj
Uprava suvisiacich objektov, najma preloZiek existujucich ciest a inzi-
nierskych sietf.

Betonové mosty a konstrukcie

S vynimkou piatich su vietky mosty beténové. Spolu ich je 116
s celkovou podorysnou plochou priblizne 200 000 m?, z ktorej po-
lovicu tvori plocha dunajského stimostia s dizkou takmer 3 km. Do
skupiny ostatnych konstrukcii patria oporné mury. V. malom rozsa-
hu su navrhnuté ako monolitické beténové, podstatnu cast vsak
tvoria betonové licne strany — fasady vystuzenych zemnych kon-
Strukcif s pohladovou plochou viac ako 55 000 m? V zakladani sa
pouziju velkoplodné pildty v pocte 1092 ks s celkovou dizkou 12
300 m.

Mosty
Hoci trasa prechadza geograficky jednoduchsim tzemim, vystavba
mostov ma aj v tomto pripade svoje specifika. Roznorodost most-
nych objektov mozno zdéraznit napriklad ich ¢lenenim podla réz-
nych kritérii. Podla polohy rozlisujeme dialni¢né mosty (v pocte 51),
mosty nad dialnicou (18), krizovatkové mosty (24) a iné mosty (23).
Podla premostovanej prekdzky ide o mosty nad vodnou plochou
(14), mosty nad Zeleznicou (8), mosty nad pozemnou komunika-
ciou inou ako D a R (38), ekodukty, produktovody a iné mosty (56).
Podla technoldgie zhotovenia rozlisujeme monolitické mosty letmo
betdnované (2), monolitické mosty betdnované na vysuvnej skruzi
(2), monolitické mosty beténované na pevnej skruzi (28), montova-
né mosty z prefabrikovanych nosnikov (66), montované mosty z pre-
fabrikovanych ramovych alebo polobltkovych prvkov (13) a ocelo-
vé mosty (5).

Velkd pozornost sa venovala ndvrhu mostov, pri ktorych sa dala
efektivne uplatnit prefabrikacia. S ohladom na charakter dzemia sa
ako najvhodnejsia z hladiska vystavby, ale aj z mnohych inych dévo-

dov doslova ,pontikala” pozdlzna prefabrikécia. Preto sa zhotovitel

rozhodol uplatnit ju v ¢o najvacsom rozsahu. Statickou a konstruke-
nou optimalizaciou doslo k ndvrhu série novych prefabrikovanych
nosnikov s réznymi dizkami, s réznymi vyskami a s prie¢nym rezom
v tvare . Z hladiska $irky hornej a dolnej priruby su navrhnuté dva
typy nosnikov (A a B), z hladiska vysky prierezu su nosniky odstup-
nované od 800 do 1 900 mm. Pri ich uloZenf v osovej vzdialenosti
2,0 m st potom vhodné na zhotovenie cestnych mostov s max. roz-
patim pola od 19 do 39 m. Na vystavbu 66 mostov sa pouZije viac
ako 1 000 prefabrikovanych, vopred predpatych nosnikov, ktorych
celkovéa dizka by bola 32 075 m. Na obr. 2 vidiet schému prie¢nych
rezov vsetkych typov prefabrikovanych nosnikov. V tab. 1 st uvedené
maximalne mozné rozpatia v rdmci kazdého typu, ako aj celkové diz-
ky nosnikov kazdého typu.

Konstrukcie

Znacna Cast dialnice a rychlostnej cesty vedie na nasypoch. Nasypy
sU vacsinou riesené ako vystuzend zemnd konstrukcia, po stranach
zakoncena tuhymi licovymi prvkami — beténovymi panelmi (nahra-
dzaju svahy nésypu), s ktorymi sa pocita aj v mieste opdr niektorych
mostov. Fasada — licna cast vystuzenych zemnych konstrukcif (VZK) -
je navrhnutd zo zvislych prefabrikovanych beténovych panelov na
celt vysku. V celom projekte sa nachadzaju VZK's robznou vyskou od
2 do 12 m.V pripade mostnych opér z VZK je ulozny prah ulozeny
bud na plosnom zaklade priamo na VZK, alebo na pildtach precha-
dzajucich cez VZK.

www.inzenyrske-stavby.cz
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Danube crossing. Other structures concern the abutment walls. Mi-
nor part of them is designed as cast-in-situ concrete walls. The ma-
jority is formed by concrete revetment — facades of reinforced earth
structures with the visible (face) side exceeding 55 000 m% Amount
of 1092 pieces of large-diameter piles, with overall length 12 300 m,
will be used in bridge foundations.

Bridges

Despite the fact the route crosses geographically simpler area, the
construction of bridges has its particularities even here. The varie-
ty of bridge objects can be emphasized by their classification pursu-
ant to several criteria. In terms of their position, bridges are further
subdivided into highway bridges (51 pcs), bridges over highway (18),
bridges at interchanges (24), other bridges (23). Bridged obstacle
subdivides bridges into bridges over a water body (14), bridges over
railway tracks (8), bridge over roads, which do not have the character
of highway or expressway (38), ecoducts, bridges with product lines
and other bridges (56). In terms of the construction technology, we
differentiate between cast-in-situ bridges constructed with the bal-
anced cantilever method (2), cast-in-situ bridges constructed using
the movable scaffolding system (MSS) (2), cast-in-situ bridges con-
creted from the stationary scaffolding (28), precast bridges with pre-
cast beams (66), bridges made of precast frames and precast half-
arch components (13), steel bridges (5).

Significant attention was paid to the design of bridges where pre-
cast elements could be efficiently used. The character of the territo-
ry virtually tempted the designers to apply longitudinal pre/post-ten-
sioning is the most suitable in terms of the construction, but also for
many other reasons. The Contractor therefore decided to apply the
pre/post-tensioning as much as possible. The static and structural op-
timization resulted in the design of a series of new precast beams of
different lengths, heights and I-shaped cross section. Two types of
beams (A and B) are designed in terms of the width of their upper and
bottom flange, there are beams ranging from 800 to 1 900 mm de-
pending on the height of beam cross section. If installed in the axial
distance 2.0 m, these beams are suitable components of road bridges
with the max. bridge span of 19 to 39 m. More than 1 000 precast, pre-
tensioned prestressed beams will be used to construct 66 bridges, the
total length of beams would be 32 075 m. Fig. 2 details the scheme of
cross sections of all types of precast beams. The Tab. 1 details the maxi-
mum possible span and the total length of beams for each beam.

Tab.1 Maximéalne mozné rozpétia a celkové dizky nosnikov

Tab 1 Maximum possible span and the total length of beams

Dizka nosnikov podla
typu (m)/

Typ nosnika/

Na max. rozpatie (m)/

1900 B 39 4740
1700 B 35 7240
1500 B 33 2393
1200 B 30 12252
1000 A 23 3055
800 A 19 395
Celkova dizka nosnikov 32075 m

Beams length in total

Structures

Considerable part of the highway and the expressway is routed on
embankments. The majority of embankments is solved as reinforced
earth structure with solid revetment elements on both sides there-
of —i.e. concrete panels (which substitute the embankment slopes).
Concrete panels are also considered in abutments of certain bridg-
es. The facade — the revetment of reinforced earth structures (RSS) is
designed as vertical precast concrete panels at the full height of the
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KAYAK

Biskupické rameno
Biskupice river arm

DANUBE

Obr. 3 Dunajské simostie, situécia
Fig. 3 Danube crossing, plan view

Obr. 4 Dunajské simostie, 3D model
Fig. 4 Danube crossing, 3D model

Dunajské sumostie, opis a podmienky
projektovania
Dunajské sumostie prevadza dialnicu ponad rieku Dunaj, inundacné
Uzemie Dunaja a prilahlé oblasti na dizke 3 km. Vedie cez osobitn(
oblast ochrany zivotného prostredia (Natura 2000).

Sumostie sa ¢leni na Styri Useky:

Zapadné predmostie

Tento Usek premostuje hradzu a suvisiaci priesakovy kanal na zapad-

nej strane a Jarovecké rameno — vyhladavanu rekreacnu oblast.
Podla technickych poziadaviek VO nesmie mat tento mostny ob-

jekt v Jaroveckom ramene viac ako pét pilierov, pricom vietky pilie-

re mosta musia splhat poziadavku minimalnej vzdialenosti od hradze

a od priesakového kandla (platf to aj pre vychodnu hradzu).

Hlavny most ponad kanoisticku a veslarsku drdhu
Za Jaroveckym ramenom sa nachadza Upline izolovany kanal s diz-
kou 2 000 m a sirkou 200 m, ktory sa pouziva na vodné aktivity.

V sulade s technickymi poZiadavkami VO nesmie byt Ziadny pilier
mosta umiestneny vo vodnej ploche veslarskej a kajakarskej drahy,
pre ktoru je pozadovany plavebny gabarit 200 m na $irku a 4 m na
vysku. Ide o najkritickejsiu poziadavku.

Hlavny most ponad Dunaj
Dvesto metrov od pravého brehu veslarskej a kajakarskej drahy sa
za¢ina hlavny tok Dunaja s pribliznou &frkou 300 m a hlbkou 6 m.
V zmysle technickych poziadaviek musi most vyhoviet poziadavke
na plavebny gabarit so $irkou 150 m a vyskou 10 m pri maximalnej
plavebnej hladine na Dunaji.

Vychodné predmostie

Medzi favym brehom hlavného toku Dunaja a lavostrannou hradzou
sa nachadza 325 m Siroky pas inundacného Uzemia s hustou vege-
taciou. Za hrddzou sa vo vzdialenosti 225 m nachddza priesakovy ka-
nél a Biskupické rameno, ktoré trasa dialnice sSikmo krizuje. V sulade
s technickymi poZiadavkami VO nie je mozné umiestnit do Biskupic-
kého ramena pilier. Tato poziadavka a obmedzenia vyplyvajice z pri-
lahlej hradze a priesakového kandla ovplyvnili umiestnenie pilierov
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reinforced earth structure. The height of RSS throughout the project
ranges from 2 to 12 m. If bridge abutments have the form of a rein-
forced earth structure, the bearing seat is either placed on flat foun-
dation directly on such reinforced earth structure, or on piles cross-
ing the reinforced soil structure.

Danube crossing, description and design conditions
3 km long Danube crossing will route the highway above the
Danube River, its floodplain and the adjacent areas. It crosses a spe-
cial environmental protection site (Natura 2000).

We distinguish 4 section of the Danube crossing:

West approach section

This section bridges the dike and the associated seepage canal on the

west river bank and the Jarovecké rameno — sought recreational area.
According to the PA's technical requirements, this structure shall

have no more than 5 piers inside the Jarovecké rameno and any pier

of the bridge shall comply with a minimum distance to dike and

seepage canal (this also applies to the east dike).

Kayak section

Once you cross the Jarovecké rameno, there is a completely isola-

ted canal used for water sports, it is 2 000 m long and 200 m wide.
According to the PA's Technical Requirements, the bridge shall

avoid any pier in the kayak canal where the horizontal clearance of

200 m and vertical clearance of 4 m is required. This is the most crit-

ical requirement.

Danube section

200 m from the west bank of the kayak canal, approx. 300 m wide
and 6 m deep Danube main watercourse starts. According to tech-
nical requirements, the bridge shall comply with 150 wide and 10 m
height navigation clearances at the highest water level scenario for
navigation in Danube.

East approach section
There is 325 m long strand of inundation area with thick vegeta-

tion between the left bank of the main Danube watercourse and the

www.inzinierskestavby.sk
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Obr. 5 Prie¢ny rez predmostiami a mostom ponad veslarsku a kajakdrsku drahu (priecny rez nad podperou)

Fig. 5 Cross section of approach bridges and Kayak bridge (pier cross section)

na vychodnom predmosti, z ¢oho vyplynulo rozpétie medzilahlych
poli 70 m.

Posledny Usek s dizkou 650 m, uz mimo inunda¢ného Uzemia,
predstavuje chranené lesné Uzemie v rdmci programu Natura 2000.
Technické poziadavky VO pozadovali premostenie s dostato¢nou re-
zervou od chrédnenej oblasti.

Poziadavky na Sirkové usporiadanie
V sulade s technickymi poziadavkami VO v $tadiu konecnej ponuky
je typicky priecny rez definovany 2 + 2 jazdnymi pruhmi a rozsireny-
mi krajnicami umoznujucimi v pripade nutnosti rozsirenie na 3 + 3
jazdné pruhy. Na jednej strane je chodnik pre pesich so Sirkou 3,0 m,
na druhej strane je chodnik pre cyklistov.

Uvedené Sirkové usporiadanie si vyzaduje minimalne 34,5 m Siro-
kd nosnu konstrukciu.

Technické rieSenie a zasady projektovania

V $tadiu pripravy konec¢nej ponuky tim inZinierov koncesiondra Zero
Bypass Bratislava podrobne preskiimal poZiadavky a okrajové pod-
mienky pre dunajské stimostie s cielom vypracovat technicky funke-
né a nakladovo optimalizované rieSenie. Na dosiahnutie vyssie sta-
novenych cielov sa prijali tieto koncepcné zasady:

Vseobecny princip, jednotné riesenie v kazdom useku

Cielom bolo dosiahnut optiméalny navrh so zohladnenim miestnych
podmienok a opakovania rieseni. Uvedenu optimalizaciu vsak moz-
no tazko dosiahnut, ak je na jednom homogénnom Useku liniovej
stavby navrhnutych viac typov mostov a s tym suvisiacich metod re-
alizacie, ktoré si vyzaduju pouzitie réznych prostriedkov. Zrejmé vsak
bolo, Ze vychodné aj zdpadné predmostie na jednej strane a most
ponad Dunaj, a most ponad veslarsku a kajakarsku drahu na stra-
ne druhej predstavuju podobny ,ndvrhovy scenar”. Preto sa pri nich
uplatnia rovnaké navrhové a optimaliza¢né pristupy.

Postup vystavby

Casové obmedzenia v stavebnej féze si vyziadali budovanie jednotli-
vych (4) ¢asti dunajského sumostia so samostatnymi technologicky-
mi prostriedkami. Jednotlivé ¢asti sa budu realizovat sucasne a ne-
zavisle od seba.

channel
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left-hand side dike. In a short distance after the dike (225 m), there
is the seepage canal and Biskupické rameno (Biskupice river arm),
which is crossed by the highway route in a skew direction. Accord-
ing the PA's technical requirements, it is not possible to place pier in
Biskupické rameno. This requirement and restrictions resulting from
the adjacent dike and seepage canal influenced the position of piers
in the east approach section which resulted in 70 m span of inter-
mediate spans.

The last - 650 m long section, outside the floodplain area is a pro-
tected forestall area under declaration Natura 2000. PA's technical re-
quirements required the bridging with sufficient safety margin to the
protected area.

Width configuration requirements

In line with the PA's technical requirements, the typical cross section is

defined by 2 + 2 traffic lanes with widened shoulders allowing the ex-

tension to 3 + 3 traffic lanes in the future, if necessary. There is a 3.0 m

wide pedestrian path on one side and cycling path on the other one.
The given width configuration requires at least 34.5 m wide bridge

superstructure.

Technical solution, design principles

During the stage of the preparation of the tender, the design team
of the Concessionaire, “Zero Bypass Bratislava’, thoroughly studied re-
quirements and constraints of the Danube crossing to develop a sat-
isfactory and competitive cost effective proposal to be fully compli-
ant with the requirements of the project.

The main design drivers to achieve this proposal were the
following:

General principle, harmonised solutions in each section

The aim was to achieve the optimal design which would take into
consideration the location conditions, and apply it to all sections.
However, it is hard to obtain such optimization if within this homo-
geneous section of the linear construction project, several different
bridge types, different construction methods are designed. From
that point of view, it was clear that east and west approach in one
side, and Danube and Kayak bridge at other side are quite similar
"design environment” and therefore, would have similar optimal de-
sign outcome.

BRATELAVA

Obr. 6 Vychodné predmostie
Fig. 6 East approach section

j

a
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Obr. 8 Hlavné mostné polia — vitazna alternativa |
Fig. 8 Main-span sections — adopted option 1

Usporiadanie mostnych poli

Predmostia

Hlavnym principom pri projektovani predmosti bolo zjednotit diz-
ku vetkych mostnych poli tak, aby sa dosiahla optimalna produkti-
vita vyroby.

Po zohladneni okrajovych podmienok a predbeznych analyz kon-
Strukcii bolo vychodné predmostie navrhnuté ako spojity nosnik
s dizkou 1 250 m a s medzilahlymi polami s dizkou 70 m (obr. 6).

Na zéklade rovnakého pristupu sa definoval spojity 10-polovy nosnik
pre zapadné predmostie s medzilahlymi polami s dizkou 67,5 m (obr. 7).

Hlavné mostné polia

Po zohladneni véetkych obmedzeni sa stanovili minimalne dizky

hlavnych mostnych polina 170 a 210 m:

e alternativa 1: dva mosty, kazdy po tri polia (130 + 210 + 130 m,
resp. 130 + 170 + 130 m),

e alternativa 2: jeden most s tromi hlavnymi polami a dvomi krajny-
mi polami (120 + 3 x 220 + 120 m).

Prvé alternativa uprednostiiuje kritérium ,minimalnej dizky poli”
(ako najrentabilnejsie rieSenie pre mostovky), zatial ¢o druhé alterna-
tiva uprednostnuje ,harmonizaciu” kritérif. Po ich porovnanf a niekol-
kych diskusiach sa vybrala alternativa 1 (obr. 8).

Konstruk¢né typy mostov

Pouzitie dodatoc¢ne predpétej betdonovej komorovej konstrukcie via-
de tam, kde je to realizovatelné, sa potvrdilo ako optimalne riesenie
z hladiska nakladov aj trvanlivosti.

Hlavné mosty (Useky kajakarska a veslarska draha/Dunaj)

Minimélne pozadované rozpatie (210 m v kajakérskej a veslarskej
drdhe a 170 m v Dunaji) je realizovatelné ako beténovéa komora bu-
dovand technoldgiou letmej betondaze.

Predmostia (Useky zdpad/vychod)

Pozadované rozpatia pri predmostiach (cca 70 m) st vhodné na do-
datocne predpatu komoru, ktoréd je realizovatelnd technoldgiou vy-
suvnej skruze. Dolezitym faktorom pri rozhodovani bola aj lokdlna
stavebnd prax a skusenosti s podobnym typom mostov.

Konstrukéné typy prie¢nych rezov
Skumali sa dve moznosti:
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Construction strategy

Due to the time constraint for construction phase in the project, it
is foreseen to execute each (4) section of the Danube crossing with
separated technological equipment, in an independent and simulta-
neous execution

Span arrangement
Approach sections

The main driver during the design of the approach bridges was
the unification of all spans to the same length to optimize construc-
tion productivity.

The review of the constraints and after some preliminary struc-
tural assessments, it leads to propose for the east approach section
a 1250 m jointless bridge with straight spans 70 m long (Fig. 6).

Same exercise in west approach leads to a continuous bridge with
10 identical straight spans 67.5 m long (Fig. 7).

Main-span sections

After considering of all constraints, minimum main span lengths
were fixed to 170 and 210 m:

e Option 1: 2 bridges, 3 spans each (130 + 210 + 130 m, resp. 130 +

170+ 130 m),

e Option 2: 1 bridge with 3 main spans + 2 side spans (120 + 3 x 220

+ 120 m).

The first option prioritized the “minimum span length” criteria (as-
sumed as the most cost efficient solution for bridge decks) while the
second one prioritizes “harmonization” criteria. After their compari-
sons and after some discussions, option 1 was adopted (Fig. 8).

Structural type of bridges

The use of post-tensioned concrete box girder, in all sections where
feasible, was confirmed as the optimal outcome from cost and du-
rability point of view.

Main bridges (kayak/Danube section)

The minimum required span length (210 m in kayak and 170 m in
Danube) are compatible with the bridge type of “in situ” concrete
box girder built in balance cantilevered method.

Approaches (west/east sections)
The required span lengths for the approaches (approx. 70 m) suits
well with a PT box girder that could be in principle constructed with

www.inzinierskestavby.sk



Obr.9 Most cez Dunaj
Fig. 9 Danube bridge

e dva paralelné a oddelené komorové mosty,
e jeden most so Sirkou 35 m.

Prvd alternativa si vyzaduje dvojndsobné mnozZstvo technologic-
kych zariadeni a je pri nej redlne riziko moznych kolizif pri vystavbe
druhej mostovky. Druhd alternativa si vyzaduje dvojfdzovu vystav-
bu - najskor sa musi postavit jadro prierezu komory a potom sa do-
kon¢i druhd féza prierezu (konzoly). Konzoly si podopreté na jad-
re beténovej komory pomocou diagonélnych vzpier. Vybrala sa tdto
moznost (jedna mostovka), pretoze konstrukcia je sUstredend na jed-
nom prvku, je najefektivnejsia z hladiska stavby. Z estetickych dévo-
dov sa pri predmostiach a hlavnych poliach zjednotila geometria
prie¢neho rezu a ostatné detaily (tvar a rozstupy vzpier).

Dunajské sumostie, opis prijatého riesenia

Navrhované simostie prevedie Styri pruhy dialnice a trasy pre chod-
cov a cyklistov ponad Dunaj a prilahlé Uzemie s vodnymi plochami.
Tomu zodpovedd aj typicka Sirka mosta 35 m. Zaroven bude simostie
prevadzat vodovodné potrubie a velké mnozstvo dalsich inzinierskych
sietl. Na celom sumosti je na oboch strandch navrhnutéd zabrana pro-
ti preletu vtakov. Geometria prie¢neho rezu vsetkymi mostmi je navrh-
nutd tak, aby vyhovovala poZzadovanym priestorovym narokom a zaro-
ven, aby mosty navzéjom tvarovo korespondovali. Vsetky Styri mosty
su rozdelené do dvoch skupin s podobnymi viastnostami:

Predmostia (zépadné a vychodné)

Zapadné predmostie vedie dialnicu D4 ponad zapadny priesakovy
kanal, hradzu a Jarovecké rameno. Predpatd komora mosta ma kon-
Stantnu vysku 4,3 m, dvanast poli (53,0 + 10 x 67,5 + 52,5 m) a cel-
kovu dizku 786,9 m. Vychodné predmostie vedie dialnicu D4 ponad
vychodnu hradzu rieky Dunaj, priesakovy kandl a Biskupické rameno.
Predpédtd komora mosta ma konstantnu vysku 4,3 m, osemnast poli
67,5+ 16 x 70,0 + 65,0 m) a celkovi dizku 1 251,5 m.

Obe predmostia sa pozdlzne predpinaju v dvoch fazach, v dalsej
faze sa predpinaju aj priecne. V kazdej faze pozdizneho predpinania sa
pocita s bsmimi predpinacimi kablami zostavenymi z tridsatjeden Ian.

V prvej faze sa bude budovat jadro nosnej konstrukcie (komo-
ra s kratkymi konzolami) technolégiou vysuvnej skruZe po jednot-
livych poliach. V tejto féze vystavby sa bude predpinat prva cast
pozdlznych predpinacich kablov. Vystavba jadra nosnej kontrukcie
je navrhnutd systémom pole - konzola.

V druhej faze sa vybuduju konzolové dosky. Rozmiestnia sa prefab-
rikované tycové vzpery, prebehne betonaz konzol hornej dosky na
betonarskych vozikoch a dobuduje sa nosna konstrukcia v celej Sirke.
Tato faza zahtna prie¢ne predpinanie hornej dosky nosnej konstruk-
cie a predopnutie druhej ¢asti pozdiznej predpinacej vystuze, ktora
zaroven zabezpeci eliminaciu tahovych napéti v konzolach.

Most zdpadného predmostia tvorf jedna opora, jedendst medzi-
lahlych pilierov a jeden pilier, ktory je spolo¢ny s prilahlym mostom.
Pevné uloZenie je v pozdfznom smere navrhnuté na troch pilieroch,
v prie¢cnom smere na kazdom pilieri.

Nosnu konstrukciu vychodného predmostia tvorf jeden pilier, kto-
ry je spolo¢ny s prilahlym mostom, sedemnast medzilahlych pilierov
a jedna opora. Pevné uloZenie je v pozdiznom smere navrhnuté na
styroch pilieroch, v prie¢nom smere na kazdom pilieri.

Piliere s navrhnuté vo forme dvojice hydraulicky vhodnych stlpov
prepojenych stenou k ich zakladu. Vichnd cast tejto steny je pri vsetkych
mostoch rovnaka. Zéklady su postavené na pildtach s priemerom 1,2 m.

www.inzenyrske-stavby.cz

methodology of movable scaffolding system (MSS) construction.
The important factor in decision-making was also local construction
practice and experience with the similar type of bridges.

Structural type of cross sections

Two options were studied:

e 2 parallel and separated box girder bridges,
e 1 single bridge with 35 m platform wide.

The first option requires twice a double amount of technological
equipment and there is a real risk of potential clashes in median dur-
ing the construction of the second deck. The second option requires an
“evolutive” (two-phase) construction; first to be built the core section of
the box girder and afterwards the second stage of transverse cantilevers
(overhangs) is completed. The overhangs are supported on the core box
girder by means of diagonal struts. This option (1 evolutive deck) was se-
lected because as the structure is concentrated in one single element is
the most effective for Construction. Finally, for aesthetical purposes, the
geometry of cross section and associated details (as struts spacing and
shape) has been harmonized between the approaches and main spans.

Danube crossing, description of the solution
adopted

The Danube crossing comprises 4 highway lanes and pedestrian and
cyclist footways, water pipe, and other utilities across the Danube flood-
plain and adjacent area with corresponding typical width of 35 m. Along
the entire crossing, a bird barrier is proposed on both sides. The cross-
section geometry of all bridges meets the required space requirements
and the shape of bridges corresponds to each other. The 4 bridges can
be grouped in 2 types with similar characteristics:

Approaches (west and east)

The west approach bridge carries the D4 motorway over the west
seepage channel, dike and the Jarovecké rameno. The bridge is a sin-
gle box continuous girder, 4.3 m constant deep, with 12 spans (53.0
+10x67.5 4 52.5 m) and total length of 786.9 m. The east approach
bridge carries the D4 motorway over the Danube east dike, seepage
channel and the Biskupické rameno. The pre-stressed box continu-
ous girder has 4.3 m constant depth, with 18 spans (67.5 +16 x 70.0
+ 65.0 m) and total length of 1251.5 m.

Both approach bridges are also pre-stressed both in the longitudi-
nal (2 phases) and transversal direction. Each longitudinal PT phase
comprises 8 pieces of 31-cable tendons.

In the first phase, the core of the superstructure (box with short
overhangs) is built by the MSS technology. At this stage of the con-
struction, the first part of the longitudinal tendons is pre-stressed in
each individual span. The construction of the superstructure core is
designed by the span-console system.

In the second phase, the overhangs are built. The precast struts are
erected and the concreting of the overhangs is executed onto a wing
traveller to complete the whole width. This phase comprises pre-
stressing of top slab transversal tendons and the second phase of lon-
gitudinal tendons, which prevent tension stresses in the overhangs.

The west approach bridge consists of 1 abutment, 11 intermediate
piers and 1 shared pier with adjacent bridge. The deckiis fixed longitudinal-
ly only to 3 central piers, while is transversally fixed to all supporting lines.

The east approach bridge substructure consists of 1 shared pier
with adjacent bridge, 17 intermediate piers and 1 abutment. The
deck is fixed longitudinally only to 4 central piers, while is transver-
sally fixed to all supporting lines.

Piers are designed as a pair of hydraulically-suitable column shafts
interconnected by a wall at their base. The top elevation of this wall
is the same for all bridges. The substructure is founded deeply on
1.20 m large-diameter piles.

Main bridges (Kayak bridge and Danube bridge)
The Kayak bridge carries the D4 motorway over kayak channel. The
bridge is a single box continuous girder with 3 spans (130 + 210 +
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Obr. 10 Dunajské simostie, nacrt 3D modelu pilierov
Fig. 10 Danube crossing, draft 3D model of piers

Hlavné mosty (Most Kajak a Most Dunaj)

Most Kajak vedie dialnicu D4 ponad kajakérsku a veslarsku drahu.
Most ma komorovy prierez, tri polia (130 + 210 + 130 m) a celkovu
dizku 468,0 m. Vyska komory sa po dizke menfod 4,3 m (stred rozpé-
tia) do 13,0 m (nad pilierom). Most je postaveny metddou letmej be-
tonaze z hlavnych pilierov.

Dunajsky most vedie dialnicu D4 ponad rieku Dunaj. Je to jedno-
komorovy most s rozpatim mostnych poli 130,0 + 170,0 + 1300 m
a s celkovou dfzkou 430 m. Vyika komory sa pohybuje od 4,3 m (kraj-
né polia a stred hlavného pola) do 10 m (nad pilierom).

Most je postaveny metéddou letmej betonaze z hlavnych pilierov.

Komora hlavnych mostov je zloZzend z dvoch zarodkov s lamelami
budovanymi symetricky na os piliera. Stabilita je zabezpecend docas-
nym pilierom. Nesymetrické Useky mostovky v krajnych poliach sa
realizuju z podpernej skruze.

Nasledne sa osadia prefabrikované vzpery na oboch stranach ko-
mory a betdnuju sa prie¢ne konzoly dosky mostovky (2. stadium).
Po dobeténovani sa realizuje priecne predpatie hornej dosky. V po-
slednom Stadiu sa most predopne predpinacimi kablami spojitosti
(3. $tadium pozdizneho predpinania).

Spodna stavba mosta pozostdva z dvoch krajnych pilierov, ktoré su
spolo¢né s prilahlymi mostmi, a z dvoch stredovych pilierov. Stredo-
vé piliere pozostavaju z dvojice naklonenych driekov kotvenych do
zakladového bloku. Vrch driekov piliera je prie¢ne spojeny s priecni-
kom s vy$kou 2,5 m a spolu tvoria ram. Pohybom v pozdiznom sme-
re zamedzuje jeden pilier navrhnuty s pevnym loZiskom.

Zavery
PPP D4RY7 je zlozity a ndro¢ny projekt. S ohladom na ,otvoreny ten-
der”, z ktorého vyplynuli zmeny takmer vsetkych stavebnych objek-
tov, vznikla zvldstna situécia, ked sucasne prebiehaju projektové ak-
tivity na roznych stuprioch projektovej dokumentdcie — podklady na
posudenie zmien v rdmci procesu EIA (zmena navrhovanej ¢innosti),
spracovanie dokumentécie pre potrebu zmeny existujucich staveb-
nych povoleni (DZSD), realiza¢na a vyrobno-technickd dokumenta-
cia (DRS, VTD) —, zaroven prebieha povolovaci proces v zmysle legis-
latfvy a kde je to uz legislativne mozné, aj realizacia stavby.
Technické riesenia vietkych stavebnych objektov a ich detailov
velmi podrobne analyzovali pocetné skupiny odbornikov. Pri ndvrhu
na Slovensku dosial nepouzitych alebo menej zndmych rieseni spo-
lupracuje mnozstvo inZinierov pod vedenim projektového oddelenia
D4R7 Construction, s. 1. 0., a projektového timu spolo¢nosti DOPRA-
VOPROJEKT, a. s. Na postdenie tychto navrhov boli prizvani spicko-
vi odbornici zo slovenskych univerzit a vyskumnych Ustavov. Okrem
toho materské spolocnosti ¢lenov zhotovitelského konzorcia zapoji-
li svoje odborné kapacity, ktoré samostatne alebo spolu so sloven-
skymi expertmi potvrdzuju ndvrh a efektivnost predkladanych riese-
ni. Najma trojkilometrové dunajské simostie je vynimocné stavebné
dielo, a to v celom procese svojho vzniku a aj po dokoncent.
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130 m) and a total length of 468.0 m. The depth of the box varies from
4.3 m (lateral spans and middle of main span) to 13.0 m (over pier). The
construction methodology is balance cantilevered from main piers.

The Danube bridge carries the D4 motorway over the Danube river.
The bridge is a single box continuous girder with 3 spans (130.0 + 170.0
+ 130.0 m) and total length of 430.0 m. The depth section varies from
4.3 m (lateral spans and middle of main span) to 10.0 m (at main piers).
The construction methodology is balance cantilevered from main piers.

The girder core box (1. stage) is constructed from two starting seg-
ments (hammerheads) by individual segments symmetrically erected
to pier axis. Stability is guaranteed by a temporary pier. The unbalanced
deck sections at lateral spans is executed on temporary scaffolding.

Afterwards, precast struts are erected at both sides of box girder
and the transverse cantilevers of deck slab are concreted (2. stage).
After concreting, the top slab is transversely prestressed. In the last
stage, the complete section is longitudinally post-tensioned by ten-
dons conducted within the top and the bottom slab of box section
core (3. stage of longitudinal prestressing).

The substructure comprises two lateral piers shared with adjacent
bridges and two intermediate main piers. Main piers consist of a pair
inclined piers shafts embedded in the foundation block. The top of
the pier shafts are transversely connected with a crossbeam 2.50 m
deep, creating a frame. The movement in longitudinal direction is
prevented by 1 pier designed with fixed bearing.

Conclusions
PPP D4R7 is a complex and demanding project. With regard to the
,open tender”, from which the changes of almost all building objects
have resulted, a special situation occurred, when project activities on
different stages of design documentation — documents for assess-
ment of changes within the process EIA (Change of proposed activi-
ty), processing of documentation for the need of change of existing
building permits (DCCC), detailed design and production-technical
documentation (DD, PTD) - are at the same time ongoing, permit-
ting procedure in line with the legislation is ongoing and at the same
time also execution of the construction, where legislatively feasible.
Technical solutions of all building objects and their details have
been analysed in a detail by numerous groups of experts. Many engi-
neers led by the design department of D4R7 Construction, s.r. 0. and
design team of the company DOPRAVOPROJEKT, a. s. are coope-
rating when designing solutions, which have not been so far used in
Slovakia or less-known solutions. Top experts from Slovak universities
and research institutes were invited to review such designs. Apart
from that parent companies of the members of contractor joint ven-
ture engaged their expert capacities, which independently or to-
gether with the Slovak experts confirm the design and effectiveness
of the submitted solutions. Particularly, the 3-km long Danube cross-
ing is and will be an exceptional construction work since its con-
struction and also after its completion.

www.inzinierskestavby.sk
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The design and construction of
Bratislava Bypass D4/R7, with total
length exceeding 59 km, inter alia
including new bridge over Danube,
new flyover in Slovnaft location,

14 interchanges, 116 bridge objects,
and more than 1000 building objects, is
carried out by construction joint venture
D4R7 Construction s.r.o. representing
international companies Ferrovial
Agroman and PORR AG. Currently

one of the largest PPP infrastructure
projects in Europe has been recognised
with the European PPP Deal of the Year
prize awarded by the magazine Project
Finance International (PFI).
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V stavebnictve sme doma. Po celom svete

CRH patri medzi svetovych lidrov v oblasti stavebnych materidlov, v si¢asnosti je druhou najvacsou spolo¢nostou na svete. Tato diver-
zifikovana medzinarodné skupina sidli v lrsku a zamestnava viac ako 85 000 ludi vo viac ako 3 600 prevadzkach v 32 krajinach. Jednou
z nich je aj Slovensko. CRH vyréba a distribuuje roznorodu $kélu stavebnych materidlov a produktov spolu s poskytovanim sluzieb: od
vyroby zékladnych stavebnych materidlov a stavebnych prvkov cez vyrobky s pridanou hodnotou a logistické sluzby az po konstrukéné
a rekonstrukéné sluzby. Produkty CRH sa pouzivaju na novu vystavbu, ale aj na opravy a rekonstrukcie v reziden¢nych, nebytovych aj in-
frastrukturnych projektoch. Za takmer 50 rokov svojej existencie sa skupina CRH podpisala pod velké mnozstvo roznych stavieb, od ma-

lych ,hobby” projektov az po diela celosvetového vyznamu. Radi by sme vam predstavili aspon niektoré z nich.

Queensferry Crossing

Most Queensferry Crossing, Skotsko
Queensferry Crossing je cestny most ne-
daleko Edinburghu, jeho vystavba sa zaca-
la v septembri 2011 a do prevadzky ho slav-
nostne uviedla kralovna Alzbeta Il. v roku
2017. Je tretim mostom postavenym v Ustf
zélivu Firth of Forth (prvym bol Zelezni¢ny
Forth Railway Bridge a druhym bol cestny
most Forth Road Bridge). Celkové dizka zave-
seného mosta je 2 700 m. Viyska troch pylo-
nov je 207 m a maximalna vzdialenost medzi
nimi 650 m. Na stavbu mosta bolo pouZitych
150 000 t beténu a ocel na mostovku vazi
35000 ton. Zo skupiny CRH patrila medzi do-
davatelov vyrobkov z nehrdzavejucej ocele
na stavbu mosta spolo¢nost Ancon.

Dialnica 25, mostna konstrukcia,
Kanada, oblast Greater Montréal
Spolo¢nost CRH Kanada sa podiela na vy-
stavbe dialnic v Kanade, napr. aj na vystavbe
mostov pre dialnicu 25.

Rehbergerov most, Nemecko

Rehbergerov most, tiez znamy ako Slinky
Springs to Fame, sa rozprestiera na kanali
Ryn-Herne v nemeckom Oberhausene. Skla-
dé sa z 496 spirdlovych krazkov, kazdy s prie-
merom 5 m, postavenych 10 m nad kandlom
s celkovou dizkou 406 m. Spolo¢nost HAL-
FEN navrhla a vyrobila riesenie pozostava-
juce zo zUbkovanych ocelovych kandlov na

pripojenie zdbradlia k hornej casti betdnovej
dosky a $pirdly pod doskou ako sucasti toho
istého prvku.

Most Lovo, Finsko

Spolo¢nost Rudus dodala viac ako 3 000 m?
mrazuvzdorného betéonu pre 473 m dlhy
most Lovo. Tento most nahradil trajektové
spojenie v tejto malebnej lokalite v stostro-
vi Kemio vo Finsku.

Tunel Gottard, Svajéiarsko

Tunel Gottard je s dizkou 57 km je to najdlh-
3 Zelezni¢ny/cestny tunel na svete. V projek-
te sU dva samostatné tunely obsahujuce jed-
nu trat. Tunel bol sldvnostne otvoreny v roku
2016.

Koskenkyld, ¢ast dialnice E18, Finsko
Premena cesty E18 na dialnicu je jednym
z najrozsiahlejsich projektov cestnej pre-
mavky vo Finsku. Cast Koskenkyla s rozlohou
53 km ma Sest krizovatiek a 68 novych mos-
tov. Dodédvatelom 150 000 m® beténu a be-
ténovych vyrobkov bola spolo¢nost Rudus.

Most Haven Avenue pri Los Angeles,
Kalifornia

Spolo¢nost skupiny CRH, Oldcastle Precast,
vyrobila Specidlne predpété beténové nos-
niky pre mesto Rancho Cucamonga pri Los
Angeles v Kalifornii. Most mé dva nosniky vy-
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Infrastruktira pre
uar Land Rover, S|

Rehbergerov mos

soké 33 stop a 52 stop, ktoré spolu nesu dve
Zelezni¢né trate nad Haven Avenue.

Most Georgea Washingtona, New York
Zamestnanci spoloc¢nosti Tilcon pracovali na
ikonickom moste George Washington Bridge
v New Yorku. Projekt zahfiial demontdZ a vy-
menu mostoviek s pouZitim cca 2 000 t Spe-
cidlnej asfaltovej zmesi.

Projekty na Slovensku

Vdaka svojim dvom cementdrnam v Rohoz-
niku a v Turni nad Bodvou, sieti osemnastich
betonarni, troch Strkovni a $tyroch kamerio-
lomov je spolo¢nost CRH (Slovensko) a.s. vy-
znamnym doddavatelom stavebnych materig-
lov pre biely cement nielen na Slovensku, ale
aj v sirSom regione (Madarsko, Rakusko, tiez
iné krajiny EU). Aktuélne sa svojimi dodav-
kami podielame na mnohych vyznamnych
stavbach, za ktoré spomenieme napr. vystav-
bu dialnice D1 Hubové - Ivachnové ¢i infras-
truktudru pre zadvod Jaguar Land Rover v Nitre.

Cielom strategickej vizie spolo¢nosti CRH je byt
najvyznamnejsim doddvatelom stavebnych
materidlov na svete. Trvald udrZatelnost a spo-
loc¢enskd zodpovednost podnikov su pritom ne-
oddelitelnou stcastou celkovej stratégie a roz-
voja spolocnosti CRH.

www.crh.com, www.crhslovakia.com

www.inzinierskestavby.sk



Stavajte na stabilite.
— S betonom od
siineho partnera.

Celosvetovo aj lokdlne patrime medzi lidrov

v oblasti stavebnych materialov. Na Slovensku
vyrabame aj kvalitné betdny z vlastnych
certifikovanych surovin. Siroka siet betonarni

nam umoznuje dodavat betdn na rézne stavby
vratane velkych infrastruktirnych projektov.

Mame dihorocné skusenosti a v nasich referenciach
najdete vyznamné diela slovenského stavebnictva.
V beténoch sa vyzname. Sme CRH.

www.crhslovakia.com | www.crhbeton.sk
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Inovacia mostnych prefabrikatov firmy VAHOSTAV-SK
Innovation of precast concrete bridge elements by

VAHOSTAV-SK

V prispevku je zhrnutd viac ako osemroc¢na projekéno-vyvojova
praca timu autorov zamerand na inovaciu produkcie mostnych
prefabrikdtov v spolo¢nosti Vahostav-SK-Prefa, s. r. 0. Vysledkom
tejto prace je realiza¢nd dokumentdcia - katalogy pokryvajuce
Siroky sortiment predpitych prefabrikatov s vyrobnymi dizkami
od 9 do 42 m. Ostatné Styri roky sa vyvojové prace orientovali na
znizovanie ekonomickej naro¢nosti a pracnosti firmy pri vystav-
be mostov z tychto prefabrikatov. Ako priklad mozno uviest vyvoj
vldknobeténovych debniacich dosiek s vystuzou GFRP, redukciu
poctu prefabrikatov v prie¢nom reze mostom, certifikaciu 5-lano-
vého kotevného systému PROJSTAR CH-5, ktory nahrédza 4-lano-
vy a pod.

Spolo¢nost Vahostav-SK-Prefa, s. 1. 0, bola zalozend v roku 2001 ako
dcérska spoloc¢nost firmy Vahostav-SK, a. s. Vyroba beténovych a Ze-
lezobeténovych prefabrikdtov i transport beténu v prevadzke v Hor-
nom Hri¢ove ma vsak dlhorocnu tradiciu, ktora siaha az do roku 1964.

Od roku 2014 sa realizuje vo firme Véhostav-SK, a. s., projekt ino-
vacie mostnych prefabrikdtov VPH-PTMN 2010, ktory pokracuje aj
v tomto roku. V rdmci tohto projektu sa postupne riesili tieto tlohy:
e aplikdcia VHB pri vybranych typoch mostnych prefabrikatov

(2014 - 2015) [3],

e prefabrikaty so znizenou vyskou (2016 — 2017) [4],
e redukcia poctu prefabrikdtov v priecnom reze mostom

(2017 - 2018) [5],

e debniace dosky s GFRP vystuzou na dizky 40 — 180 cm

(2016 - 2018) [6].

Nosniky typového radu VPH-PTMN 2010 [2]

V roku 2010 bol uvedeny do vyroby novy typovy rad mostnych nos-
nikov VPH-PTMN 2010 [3]. Aby sa minimalizovali néklady na Upravu
ocelovych foriem, reSpektoval sa pri ndvrhu novych nosnikov tvar
dolnej priruby dodatocne prepinanych nosnikov MDP38, ktoré sa vy-
rabali v Prefe od roku 2008 [1].

Katalodgy nosnikov VPH-PTMN 2010 pokryvaju prefabrikéty s df#-
kou 18 — 42 m a su rozdelené do typov podla ich vyrobnej vysky
(obr. 1):

e Kataldg I-nosnikov s dizkami 18 — 21 — 24 m a s vyskou 1,2 m (vo-
pred predpdtych),

e Katalog I-nosnikov s dizkami 27 — 30 - 32 m a s vyskou 1,4 m (va-
riant vopred, resp. vopred/dodatocne predpatych),

e Kataldg I-nosnikov s dfzkou 38 m a s vy$kou 1,9 m (dodato¢ne
predpéatych segmentovych),

e Kataldg I-nosnikov s dizkou 42 m a s vyskou 2,1 m (dodatocne
predpéatych segmentovych).

The article summarizes more than 8 years of design-development
team work of the authors, aimed at innovation in precast bridge el-
ements production at VAHOSTAV-SK-PREFA, s. r. 0. The result of this
work s the construction documentation - catalogues, covering a wide
range of pre-stressed precast elements with production lengths of
9-42m. For the last 4 years, the development work has focused on re-
ducing the economic and production complexity in erecting bridg-
es from the precast elements. To provide an example: development
of fibre reinforced concrete formwork panels with GFRP (Glass Fibre
Reinforced Polymer); reduction of the number of precast elements in
a cross section of a bridge; certification of the 5-cable anchor system
PROJSTAR CH-5, replacing the 4-cable one, etc.

VAHOSTAV-SK-PREFA, s. 1. 0. was established in 2001 as a branch
company of VAHOSTAV-SK, a. s. Nonetheless, the production of con-
crete/reinforced concrete precast elements as well as the transport of
concrete in Horny Hricov has had a long tradition dating back to 1964.

Since 2014 VAHOSTAV-SK, a. s. is developing an innovative design
of the precast bridge elements type VPH-PTMN 2010, which contin-
ues also this year. Within this project the following tasks have been
gradually solved:

e application of the high-performance concrete (HPC) for the selec-

ted types of bridge precast elements (in years 2014-15) [3],

e precast elements with reduced height (in years 2016-17) [4],
e reduced number of precast elements in the cross section of the

bridge (in years 2017- 2018) [5],

o formwork panels with GFRP reinforcement for lengths of 40-180 cm

(in years 2016 -2018) [6].

VPH-PTMN 2010 beams [2]

In the year of 2010, production of a new type series of bridge beams

VPH-PTMN 2010 [3] has commenced. In order to minimise the costs

of modifying steel moulds, design of the new beams maintained the

bottom flange of the post-tensioned beams MDP38, which were be-

ing produced in the precast factory since 2008 [1].

Catalogues of beams VPH-PTMN 2010 contain precast elements
of length 18-42 m, divided into types according to their production
height (Fig. 1):

e Catalogue of I-shaped beams of length 18-21-24 m with height of
1.2 m (pre-tensioned),

e (Catalogue of I-shaped beams of length 27-30-32 m with height
of 1.4 m (alternative pre-tensioned or pre-tensioned/post-tensio-
ned),

e Catalogue of I-shaped beams of length 38 m with height of 1.9 m
(post-tensioned, segmental),
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Obr. 1 Nosniky VPH-PTMN 2010 na dlzky 24 =32 - 38 -42m
Fig. 1 Beams VPH-PTMN 2010 for lengths of 24, 32,38 and 42 m

Nosniky typového radu VPH-PTMN 2010 z VHB [3]

V rdmci Ulohy ,Aplikacia VHB pri vyrobe mostnych prefabrikdtov” sa
primarne riesil problém vhodnej receptiry beténovej zmesi a jej
spracovania vo formdach na vyrobu I-nosnikov VPH-PTMN 2010
s vyskou 1,4 m. Pocas standardnej vyroby nosnikov sa vo forme
vybeténovali aj segmenty z VHB s dizkou 1,0 m z beténu C80/95
podla receptury ¢. R10/Vah. Pri pociatocnych skuskach betdnovej
zmesi sa dosiahli priemerné hodnoty pevnosti a modulu pruznos-
ti 48,5 MPa/31,5 GPa po dvoch droch a 94,0 MPa/42,0 GPa po 28
dnoch.

Segmenty obsahovali identickd vystuz a rdrky kablovych kanali-
kov ako vo vyrdbanom nosniku. Touto skuskou sa overovala kvalita
povrchu nosnika (dutinovost) pri Standardnom postupe ukladania
betdnovej zmesi a jej zhutfiovania systémom priloznych vibratorov
osadenych na existujucej forme. Vysledky tejto prace boli publikova-
né v [2]. Staticko-ekonomickd analyza na nosnikoch s dizkou 32 m,
doplnend o nosniky s dizkou 42 m (pri riesent Ulohy pozri dalej), pre-
ukdzala, Zze Uspory vyplyvajuce z redukcie poctu nosnikov v prie¢-
nom reze mostom (cca o 1 az 2 ks) vratane ich transportu a montaze
neprevysuju vyrazne naklady na vyrobu VHB betonu.

Nosniky typového radu VPH-PTMN 2016 [4]

Typovy rad nosnikov VPH-PTMN 2016 bol vypracovany s ciefom do-
plnit sortiment vopred predpatych nosnikov na kratke rozpétia a pre
vyskovo obmedzené prekazky.

V sortimente nosnikov z roku 2010 chybal sortiment mostnych
prefabrikatov na kratke rozpdtia 9 az 15 m. Pri tychto rozpatiach moz-
no pourzit atypické nosniky v tvare obrateného T spriahnuté s mono-
litickou Zelezobeténovou doskou. Na navrh riesitela sa tato katego-
ria nosnikov doplnila o systém tzv. doskovej konstrukcie zostavenej
z vopred predpatych nosnikov v tvare obrateného T, ktoré sa po do-
plnenf spriahajlcej vystuze zabetdnuju in situ bez pouZitia pod-
perného debnenia (obr. 2). Toto riesenie umoznuje realizovat malé
mosty velmi rychlo a mimoriadne ekonomicky. Zékladné typy pre-
fabrikatov spolu s dobeténovanou zelezobetdnovou doskou su uve-
dené v tomto katalogu:

e Kataldg nosnikov v tvare obrateného T s dizkami 11, 13, 15 m

(VPH-PTMN 2016-PM) pre doskové mosty.

Pre mosty na krizeniach dopravnych komunikécii, kde su limito-
vané vysky prejazdovym gabaritom (zdola) a niveletou komunikécie
(zhora), bolo potrebné vypracovat katalégy s minimalizovanou vys-
kou nosnej konstrukcie pre rozpatia 18 az 32 m (obr. 3):

e Katalog nosnikov v tvare obrateného T s dizkami 18, 21, 24 m so

znizenou vyskou 1,0 m (VPH-PTMN 2016-T),

www.inzenyrske-stavby.cz

MODEL CROSS-SECTION - D26.5
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VPH-PTMN 2016 - PM 15 m long,
Outer precast element K-shaped

VPH-PTMN 2016 — PM 15 m long,
Intermediate precast element M-shaped

575

Obr. 2 Nosniky VPH-PTMN 2016-PM na dlzku 15 m
Fig. 2 Beams VPH-PTMN 2016 — PM for the length of 15 m

e Catalogue of I-shaped beams of length 42 m with height of 2.1 m
(post-tensioned, segmental).

Beams type VPH-PTMN 2010 made of high-
performance concrete (HPC) [3]

In the scope of the task,Application of the high-performance concrete
for the production of bridge precast elements’, the primarily addressed
problem was a suitable concrete mixing ratios and its processing in
moulds for the I-shaped beams VPH-PTMN 2010, with the height of 14
m. During the standards production of beams, the high—-performance
concrete was also used to precast segments with the length of 1.0 m
from concrete type C80/95 according to the mixing formula no.R10/Vah.

The initial tests of the concrete mixture carried out after two days
showed an average rates of strength and the modulus of elasticity
48.5 MPa/31.5 GPa. The tests taken after 28 days indicated the values
of 94.0 MPa/42.0 GPa.

In segments were fitted with identical reinforcement and ten-
don duct pipes as in the beam produced. By this test, we verified
the quality of the beam surface (cavities) in the standard method of
pouring the concrete mixture and its compaction with the system of
the surface vibrators attached to the existing mould. The results of
this work were published in [2]. Static-economic analysis made on
32 m long beams and later supplemented with 42 m long beams (to
solve the task bellow) showed that the savings resulting from the re-
duction in the number of beams in the cross section of the bridge
(approx. by 1-2pcs), their transport and assembly do not significantly
exceed the production costs of high-performance concrete.

Beams type VPH-PTMN 2016 [4]

The type of beams VPH-PTMN 2016 has been developed to comple-
ment the assortment of pre-tensioned beams for short bridge spans
and height-restricted obstacles. The assortment of beams from 2010
was lacking a range of bridge precast elements for short bridge
spans of 9 to 15 m. For these spans an inverted T-shape beams cou-
pled with a monolithic reinforced concrete slab can be used. At the
suggestion of the researcher, this category of beams was supple-
mented with a so-called ,slab structure made of pre-tensioned in-
verted T-shaped beams, which are, after replenishing the composite
reinforcement, cast in situ without the use of supporting formwork
(Fig. 2). This solution makes it possible to make small bridges very fast
and economically-efficient. The basic types of the precast elements
together with the additionally cast-in-situ reinforced concrete slab
are listed in the catalogue:

e Catalogue of beams of an inverted T-shape with the lengths of 11,

13 and 15 m (VPH-PTMN 2016 - PM) for slab bridges.
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MODEL CROSS-SECTION - D26.5
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Obr.3 Nosniky VPH-PTMN 2016-1 a VPH-PTMN 2016-T na dfiky 18az32m
Fig. 3 Beams VPH-PTMN 2016- and VPH-PTMN 2016-T for the lengths 18 to 32 m

e Katalog I-nosnikov s dizkami 27 — 30 - 32 m so znizenou vy$kou
1,2 m (VPH-PTMN 2016-1).

Tuto ulohu sme sa rozhodli riesit znizenim vysky typovych I-nosni-
kov VPH-PTMN 2010 0 200 mm (obr. 3). Pri nosnikoch s dizkou 18 —
24 m a vyskou 1,0 m bolo potrebné vynechat hornu prirubu a pouzit
nosniky v tvare obrateného T.

Nosniky typového radu VPH-PTMN 2018 [5]
V rdmci optimalizécie nékladov na vystavbu mostov sa realizova-
la vyvojova uloha ,Redukcia poctu prefabrikdtov v priecnom reze
mostom*. Uspe$nost riesenia tejto Ulohy je spatd s vyvojovou Ulo-
hou Vldknobeténové debniace dosky s vystuzou GFRP”. Sortiment
debniacich dosiek presiel vyrobnymi a certifikacnymi skiskami a po-
kryva rozpétia od 500 do 1 800 mm. Paralelne so statickou analyzou
prebehla aj ekonomickd, zahrnujica materidlové, dopravné a mon-
tdzne néklady. Zo statickej analyzy vyplynula moznost redukcie poc-
tu nosnikov z 9 na 7 ks pri prostych poliach a na 6 ks pri spojitych po-
liach mostov na komunikacidch D26,5. Pri komunikaciach C7,5 bude
prie¢ny rez mostom zostaveny z piatich, resp. Styroch kusov prefabri-
kétov. Viypracovali sa tieto katalogy:
e Kataldg I-nosnikov s dizkou 38 m a s vyskou 1,95 m (prosté polia —
spojité polia),
e Katalog I-nosnikov s dizkou 42 m a s vy$kou 2,15 m (prosté polia —
spojité polia).

Tento typovy rad nosnikov (obr. 4, 5) sa bude lisit od radu 2010
(obr.1) stenou hrubSou o 20 mm, ¢o vyplynulo z pouzitia vacsich
5-lanovych predpinacich jednotiek PROJSTAR CH-5/2S. O 50 mm sa
zvacsihornd priruba, ktord musi byt vystuzena makkou vystuzou, aby
preniesla vacsiu tiaz Cerstvého betdnu v podopreti debniacej dosky.

V zadanf rieSenia sa objavila aj striktnd poZiadavka na hodnotu
modulu pruznosti beténu v ¢ase vnesenia predpatia. Pri betone trie-
dy C55/67 pozadujeme modul pruznosti £, = 34 — 36 GPa.

Vyvoj a vyrobné skusky vlaknobeténovych
debniacich dosiek vystuzenych nekovovou
vystuzou GFRP [6]

Debniace dosky s GFRP vystuzou su vo svete beznym vyrobkom.V na-
$om pripade sme sa upriamili na dizky 120 ~180 cm. Vyplynulo to z rie-
$enia redukcie poctu prefabrikatov (najméa nosnikov s typovou dizkou
35-42m) v prie¢nom smere mosta (obr. 4). Cena tychto prefabrikédtov
a prepravné a montézne naklady pri vystavbe mosta s znac¢né, a tak
Uspora ¢o len jedného prefabrikétu nie je zanedbatelna.
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Obr. 4 Nosniky VPH-PTMN 2018 na dlzky 38 az 42 m
Fig. 4 Beams VPH-PTMN 2018 for lengths 38 to 42 m
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Obr. 5 Priecne rezy nosnikmi VPH-PTMN 2018
Fig. 5 Cross sections of beams VPH-PTMN 2018

For bridges on crossings of traffic routes, where the heights are
limited by the maximum clearance of cars from below and the road
levelling from above, it was necessary to develop catalogues with
minimum height of bearing structure for the spans of 18 mto 32 m
(Fig. 3):

e Catalogue of inverted T-shaped beams with the lengths of 18, 21

and 24 m with the reduced height of 1.0 m (VPH-PTMN 2016-T),
e Catalogue of I-shaped beams of lengths 27, 30 and 32 m with the

reduced height of 1.2 m (VPH-PTMN 2016-).

We have decided to solve this problem by reducing the height
of I-shaped beams VPH-PTMN 2010 by 200 mm (Fig. 3). For 18-24 m
long beams, of 1.0 m height, the upper flange was omitted and the
inverted T-shaped beams were used.

Beams type VPH-PTMN 2018 [5]
As part of the optimization of bridge construction costs, the develop-
ment task "Reduction of the number of precast elements in the cross
section of bridge" was performed. The success of this task is related
to the development task of "Fibre-reinforced concrete formwork pan-
els with GFRP reinforcement". The assortment of formwork panels has
passed manufacturing and certification exams and covers the spans
of 500 — 1 800 mm. Along with the static analysis, the economic anal-
ysis was carried out, including material, transport and assembly costs.
The static analysis showed the possibility of reducing the number of
beams from 9pcs to 7pcs for simple spans and to 6pcs for continuous
spans of the road bridge at D26.5. For roads C7.5, the cross section of
the bridge will be composed of 5, respectively 4 pieces of precast ele-
ments. The following catalogues have been worked out:
e Catalogue of I-shaped beams of 38 m in length, with the height of
1.95 m (simple spans — continuous spans),
e Catalogue of I-shaped beams of 42 m in length, with the height of
2.15 m (simple spans — continuous spans).

This type of beams (Fig.4, 5) will differ from the 2010 series (Fig. 1)
by 20 mm thicker wall —this resulted from the use of the larger 5-ten-
don pre-stressing units PROJSTAR CH-5/2S. The upper flange, which
must be reinforced to withstand the weight of fresh concrete, is in-
creased by 50 mm.

www.inzinierskestavby.sk
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Obr. 6 Tvar a vystuzenie zékladnych typov DD
Fig. 6 Shape and reinforcement of basic types DD

Zakladné kritéria pri konstrukcii DD/GFRP
Tvar a vystuzenie dosiek
Pri konstrukcii debniacej dosky je primdrnym ¢initelom nahrada oce-
lovej vystuze nekorodujucou vystuzou GFRP, ktord umozriuje mini-
malizovat v tenkostennych debniacich doskach hribku krycej vrstvy
betdnu na minimélnu hodnotu zabezpecujucu jej sudrznost s oko-
litym beténom. Prie¢nu GFRP vystuz sme pouzili len na udrzanie
polohy pozdiZznej vystuze. Jednosmerné statické pésobenie dosky
dovoluje prisposobit sirku a tym aj tiaz dosky potrebam ru¢ného uk-
ladania. Pri dizkach dosiek vécsich ako 900 mm sme na redukciu tia-
Ze pouzili prebierkovy profil s tenkou dolnou dosti¢kou.

Viysledné tvary debniacich dosiek su na obr. 6. Debniace dosky
s konstantnou hribkou sme oznacili ako DDF (flat), rebierkové typy
ako DDT (trapéz).

Vyrobné zatazovacie skusky

Na obr. 7 je pracovny diagram priehyb/zatazenie z vyrobnej zataZo-
vacej skugky dosky s dizkou 800 mm a s hrdbkou 35 mm. Zakladné
typy DD podla obr. 6 boli certifikované v statnom skisobnom Usta-
ve TSUS Bratislava.

Zavery

V tomto prispevku sme zosumarizovali viac ako Stvorro¢né obdobie
velmi aktivnej vyvojovej prace firmy Vdhostav-SK, a. s., v oblasti most-
nej prefabrikacie. Predstaveny siroky sortiment mostnych prefabriké-
tov umoznuije firme velmi rychlo a fundovane reagovat na poziadav-
ky objednévatelov a projektantov.
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Obr.7 Debniaca doska DDF 800/750/35 - priehyb pri zatazeni (max. zatazenie
640 kg)

Fig. 7 Formwork panel DDF 800/750/35 — deflection 0.5 mm caused by the load
representing the weight of the 250mm thick concrete slab during its casting
(max. loading of 640 kg)

Assignment of the task contained a strict requirement con-
cerning value of the modulus of elasticity of concrete at the time
of pre-stressing. For the concrete C55/67, a modulus of elasticity
E, =34-36 GPa is required.

Development and production tests of the fiber-
reinforced concrete formwork panels with a non-
metalic reinforcement GFRP [6]

The GFRP reinforced formwork panels are common in the world. In
our case, we focused on the lengths of 120-180 cm. This resulted
from the solution of the reduction of the precast elements (especial-
ly the type of beams with the length of 35-42 m) in the transverse di-
rection of the bridge (Fig. 4). The price of these precast elements as
well as transport and assembly costs at the bridge construction are
considerable, and therefore saving of even one precast element is
not insignificant.

Basic criteria for DD/GFRP structure
Shape and reinforcement of panels
For the structure of formwork panel, the primary factor is the re-
placement of the steel reinforcement by the non-corrosive rein-
forcement (GFRP), which, in the thin-walled formwork panels, allows
the thickness of the concrete cover layer to be minimized to a val-
ue necessary for fixing it within the surrounding concrete. The trans-
verse GFRP reinforcement was used only to maintain the position
of the longitudinal reinforcement. The unidirectional static action of
the panel allows the width to be adjusted as well as the weight of
the panel to enable the manual placement. For panel lengths over
900 mm, we reduced the weight using a ribbed profile with thin bot-
tom sheet.

The resulting shapes of the formwork panels are shown in Fig. 6.
The formwork panels with a constant thickness have been labelled
DDF (flat), ribbed type DDT (trapezoidal).

Load testing in production

Fig. 7 shows a working diagram of deflection/loading from the load
test carried out during production of a slab 800 mm long and 35 m
thick. The basic DD types according to Fig. 6 have been certified by
the Building Testing and Research Institute (TSUS) Bratislava.

Conclusions

In this article, we have summarized more than 4 years of a very ac-
tive development work performed by Vahostav-SK, a. s. in the area of
bridge precast elements production. A wide assortment of precast
elements is available to enable the company to respond quickly and
reliably to the requirements of employers and designers.
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Radoslav Vida - Jaroslav Halvonik

Experimentalne overovanie Smykovej odolnosti mostovkovych dosiek
Experimental verification of shear resistance of bridge deck slabs

Schopnost Zelezobeténovych dosiek roznasat zatazenie v prie¢cnom
smere je vyznamnym faktorom pri ich posudzovani. Na urcovanie
roznosu, tzv. spoluposobiacej Sirky, existuje viacero metdd, ktoré
vsak nie si normovo stanovené. Prispevok sa zaobera experimen-
talnou analyzou spolupdsobiacej Sirky na Smykové overenie na
konzolovych doskach vystavenych koncentrovanému zataZeniu.
Smykové odolnost dosiek sa porovnévala so vzorkami, ktoré nema-
li moznost priecneho roznosu, a na zaklade tohto porovnania sa
urcila spoluposobiaca Sirka, ktora sa zapojila do prenosu zatazenia.

Mostovkové dosky komorovych a trdmovych mostov predstavuju
typické priklady betonovych dosiek vystavenych koncentrovanému
zatazeniu od kolesovych tlakov. Normové modely kolesovych tla-
kov su pomerne jednoduché a maju formu rovnomerného zataze-
nia v kN/m?, ktoré pdsobi na ohranic¢enej ploche. Podstatne zlozitej-
Sie je stanovit, ako sa toto zatazenie rozndsa smerom k podpere, resp.
aka sirka dosky sa bude podielat na jeho prenose. Da sa ocakavat,
Ze $picka namahania bude v osi zatazovanej plochy, ktord vedie kol-
mo na os podopretia. Z praktickej skisenosti vieme, Ze aj po prekro-
¢eni odolnosti v tejto oblasti zlyhanie nenastane, kedze déjde k re-
distribucii zatazenia, ktoré sa zacne presuvat do menej namahanych
oblasti. Urcit velkost tejto oblasti je najma v pripade Smykového na-
mahania pomerne zloZité, pricom neexistuju jednoznacné pravidla,
aka ma byt roznasacia sirka dosky pri overeni $mykovej odolnosti. Na
obr. 1 je francizsky a holandsky model [1] na stanovenie Ucinnej Sirky
dosky pre Smyk. Obe metddy su zalozené na roznose pod uhlom 45°,
V pripade franclzskej metddy sa roznos meria od vzdialenejsieho

eff FR

beft,p

lokalne
zataZenie
concentrated load bz2

podpera
o™

The possibility of transverse load distribution is an important
factor in reinforced concrete slabs assessment. There are multi-
ple methods to account for horizontal load spreading, so called
effective width, but they are not prescribed in current codes.
The paper deals with experimental analysis of effective width for
shear assessment of slabs subjected to concentrated load. Shear
resistance of slabs was compared to samples without the possi-
bility of transverse redistribution and based on this comparison,
the effective width was calculated.

Bridge deck slabs are typical examples of reinforced concrete slabs
subjected to concentrated load caused by wheel load. Current code
models of wheel loads are fairly simple and have a form of distribut-
ed load (kN/m?), which acts on a certain area. It is much more diffi-
cult to assess how this load transfers towards the support, or what
part of the slab actually carries the load. It can be expected that the
peak of the load will be in the axis of the loaded area perpendicular
to the support. The practice experience shows that the excessing of
the shear resistance in this area does not lead to failure of the struc-
ture, since a redistribution of load occurs, by which the load starts to
spread to less strained areas. It is quite difficult to assess the size of
this area, mainly in the case of shear strain. Moreover, there are no
united rules to calculate the width of the slab that should be used
in shear assessment. Fig. 1 shows the French and the Dutch model
[1] for effective width calculation in shear. Both methods are based
on load spreading under 45°. In case of the French method, the load
spreading is measured from the further edge of loaded area, while in
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zatazenie
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e — efektivna irka dosky podla francuzskej metédy

«p — efektivna Sirka dosky podla holandskej metody

- svetld vzdialenost zatazenia od podpery

s — €ffective width of the slab according to the French method
.o — effective width of the slab according to the Dutch method
a, — clear distance between the support and the load
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b
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Obr. 1 Model prie¢neho roznosu
Fig. 1 Load spreading models

b, — €fektivna Sirka dosky podla MC 2010, prostd podpera

b, — efektivna sirka dosky podla MC 2010, votknutie

d - 0cinna vyska dosky

besiuc,, — effective width of the slab according to the MC 2010, simple support
besucy, — effective width of the slab according to the MC 2010, cantilever

d - effective depth of the slab
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Obr. 2 Tvar doskovej vzorky
Fig. 2 Shape of the tested samples

okraja zatazovanej plochy, v pripade holandskej metédy od stredu
zatazovanej plochy.

Prie¢ny roznos na Smykové overenie je uvedeny aj v Model Code
2010 (obr. 7). Pri konzolovych doskéch je podobny francizskemu
modelu. Pri proste podopretych doskéch sa predpoklada roznos pod
uhlom 60°. Za kriticky prierez sa povazuje miesto vzdialené o men-
Siuzhodnoétdaa,/2.

Eurépska norma EC2 nepontika model na uvazenie prie¢neho roz-
nosu pri Smykovom postdeni dosiek pri pdsobenf koncentrovaného
zatazenia. To je jednou z pricin toho, Ze pri projektovani novych mos-
tov vznika aj pri pomerne velkej hribke mostovkovych dosiek potre-
ba navrhnut do dosky Smykovu vystuz, ¢o v porovnani s minulostou
zvysuje najma pracnost pri realizacii novych mostov.

Preto sa na lepsie pochopenie pdsobenia dosiek zatazenych kon-
centrovanym zataZenim az do porudenia Smykom pripravila experi-
mentalna kamparn, ktord bude zahfnat spolu Sestnast testov, z kto-
rych osem sa vykond s pouzitim koncentrovaného zatazenia.

Opis experimentu

Experimentdlne overovanie Smykovej odolnosti dosiek s koncentro-
vanym zataZzenim sa doteraz vykonalo na troch Zelezobeténovych
vzorkach s dfzkou 2,5 m (SL 0.1, SL 1.1 a SL 1.2), ktorych tvar prie¢-
neho rezu je na obr. 2. Kazda vzorka umoznila uskuto¢nit dva testy.
Najprv bola zatazend do porusenia jedna strana vzorky (strana A), po
prestaveni zataZzovacej zostavy nasledoval test na druhej strane vzor-
ky (strana B).

Druht skupinu tvorili doskové pasy s rovnakym geometrickym
usporiadanim a vystuzenim s vynimkou dizky, ktord bola zmensen
na 0,5 m, aby sa dalo dosiahnut konstantné Smykové naméhanie na
celej sirke dosky (ST 1.1 a ST 1.2). Porovnanie odolnosti umoznilo od-
hadnut velkost spolupdsobiacej sirky dosky pre Smykové porusenie.

Obr. 3 ZataZovacia zostava
Fig. 3 Test setup

www.inzenyrske-stavby.cz

case of the Dutch method, it is measured from the centre of the area.
Transverse redistribution for shear assessment is also presented in
Model Code 2010 (Fig. 1). For cantilevers, it is similar to the French
model and for simply supported slabs, the load spreading is consid-
ered under 60°. The critical section is considered to be placed in the
smaller distance of d and a,/2 from the face of the support.

European code EC2 does not offer a model for considering the
transverse redistribution for shear assessment for slabs under con-
centrated load. That is one of the reasons why there is a need to
design shear reinforcement in new bridges (even with thick slabs),
which leads to more work- and time-consuming construction com-
pared to the past.

Therefore, to better understand the behaviour of slabs under con-
centrated load, an experimental campaign consisting of 16 samples
(8 of them with concentrated load).

Description of the experiment

Experimental verification of shear resistance has been so far carried
out on 3 reinforced concrete samples with the width 2.5 m (SL 0.1, SL
1.17aSL 1.2). The shape of the samples can be seen in Fig. 2. Two tests
have been carried out on each sample. First, one side of the slab has
been tested until failure (side A) and after the rearrangement of the
test setup the second side was tested (side B).

Second group consisted of slab strips with the same shape and re-
inforcement, except width, which was decreased to 0.5 m, in order
to reach constant shear strain on the whole width (ST 1.1 and ST 1.2).
Comparison of resistance of these two groups allowed to assess the
effective width in shear.

Description of tested specimens

Reinforced concrete slabs were cast from concrete class C30/37, the
measured cylindrical strength, together with reinforcement ratio are
given in Tab. 1. Effective width of the slab d was 168 mm.

Test setup

The load was generated with a hydraulic jack supported by a steel
frame with a dynamometer (2 MN). The load was introduced into the
slab through a steel plate with dimensions 250 x 250 mm (Fig. 3).
The balance of the tested specimen was ensured by a second syn-
chronised jack supported by another steel frame and massive steel
beam on the slab. Two steel plates 2 x 40 mm ensured almost uni-
form loading of the area under. The front edge of the steel plate was
placed in the distance of 335 mm (2d) from the face of the support.

Measuring devices
The measuring devices consisted of the dynamometer and 8 de-
form-meters with the base length of 400 mm and the accuracy of

Obr. 4 Deformometre
Fig. 4 Deform-meters
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J Veda a vyskum

Tab. 1 Charakteristiky vzoriek a maximélne dosiahnuté zatazenia
Tab. 1 Characteristics of samples and maximum measured loads

110

STO.1TA 36,05 0,7 =
STO0.1B -
ST1.1A 34,80 1,7 135
ST1.1B 130
ST12A 32,15 7 125
ST1.2B 135

" hodnota plati aj pre vzorky SL, ? priemerna hodnota
"value also valid for SL specimens, ? average value

Opis skusobnych vzoriek

Zelezobeténové dosky boli vyrobené z betonu C30/37, dosiahnuté
priemerna valcovd pevnost betonu £, je spolu so stupriom vystuzenia
uvedené v tab. 1. U¢inna vyska dosky d v mieste votknutia bola 168 mm.

Zatazovacia zostava

Zatazenie bolo generované hydraulickym lisom rozopieranym do
ocelového rdmu cez dynamometer (2 000 kN) a do dosky cez ocelo-
vU platru s rozmermi 250 x 250 mm (obr. 3). Protivéhu zabezpecoval
synchrénne pracujuci druhy lis, opat rozopierany do ocelového rdmu
a cez mohutny ocelovy priecnik do dosky. Zdvojend ocelové platria
s hribkou 2 x 40 mm zabezpecovala takmer dokonalé rovnomer-
né plosné zatazenie. Predny okraj ocelovej platne bol umiestneny vo
vzdialenosti 335 mm (2d) od lica podpery.

Meracie prostriedky

Meracie prostriedky tvorilo okrem dynamometra osem deformo-
metrov so zékladrou s dfzkou 400 mm s osadenymi tisicinovymi vy-
chylkomermi. Deformometre boli osadené pri hornom okraji dosky
(obr. 4) tak, aby sa zachytil prie¢ny roznos zatazenia. Dalej sa pou-
Zili vzdy tri libely osadené na konci dosky a Sest snimacov na me-
ranie deformécii konca dosky a pod bremenom. Pootocenie dosky
nad podperou sa meralo dvoma dvojicami linedrnych snimacov dra-
hy umiestnenymi na oboch koncoch vzorky.

Merania
Namerané odolnosti pri poruseni su zhrnuté v tab. 1. Okrem sily pri
poruseni uvadzame pri doske so $irkou 0,5 m aj odolnost vyjadrenu
Smykovym napatim v, , ktoré sa vypocitalo podla vzorca (1). Pri do-
skovom pase s nizsim stupriom vystuzenia sa nepodarilo ziskat hod-
noty v;, pretoze pri jednej vzorke nastalo ohybové porusenie.
Vae = Frnax, 05/ (0o ) )
Spolupodsobiaca Sirka dosky b pre $mykové porusenie sa ziskala
z pomeru sily pri dosiahnutf porugenia na vzorke s dizkou 2,5 m a ex-
perimentalne stanovenej odolnosti v, .
befﬁ test — Fmax, 2,5/(VR,C . d) (2)
Distribucia pomernych pretvorenf{ po Sirke dosky meranych pri
hornom povrchu v ramci vybratého zatazovacieho kroku je na obr. 5.

Mozno sledovat koncentraciu pretvoreni v Urovni zatazovacej plat-
ne a postupny, ale pomerne rychly pokles smerom k okrajom vzorky.

Porovnania s teoretickymi modelmi

Na stanovenie teoretickej Smykovej odolnosti sa pouzil su¢asny mo-
del EC2 z roku 2004, dalej novy model EC2 odvodeny z tedrie CSCT
z roku 2017 a model MC2010.

Porovnanie sa realizovalo s pouzitim franctzskeho modelu a mo-
delu MC2010, ktoré davaju rovnaké efektivne Sirky pre experimen-
talne vzorky. V pripade modelu EC2 (2017) sa efektivna Sirka vypo-
¢ftala vo vzdialenosti d/2 od lica podpery, v ostatnych pripadoch to
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= SLO.TA 347 =
SLO.1B 362 =
1,577 SLT.TA 373 1,407
SL1.1B 451 1,702
1,547 SL1.2A 382 1,470
SL1.2B 419 1,612

0.001 mm. They were installed on the upper face of the slab (Fig. 4),
in order to measure the horizontal load spreading. Moreover, there
were installed three levels on the free end of the slab and 6 sensors
for measurement of deformations of the free end and under the jack.
The rotation above the support was measured by two couples of
LVDT sensors placed on both sides of the specimen.

Measurements

Measured resistance of specimens is summarized in Tab. 1. The ta-
ble shows not only the resistance of the slab strips, but also the re-
sistance expressed as a shear stress v, that was calculated accord-
ing to (1). It was not possible to obtain shear resistance for slab strips
with the lowest reinforcement ratios, since these samples failed in
bending.

Q)

Vee = /:max, 0,5/(bo,5 )

The effective width of the slab b, for shear was calculated as a re-
lationship between the failure load for slabs and the experimentally
obtained shear resistance v, (2).

beff, test = Fmax, 2,5/(VR,C . d) (2>

The distribution of strain along the width of the slab measured on
the upper surface of the slab is shown in Fig. 5. It is possible to ob-
serve a concentration of strain near the loading plate and a gradual
but fairly quick decrease towards the edges of the slab.

Comparison with theoretical models

Current model EC2 2004, new EC2 2017 model derived from critical
shear crack theory and model from Model Code 2010 were used to
calculate the theoretical shear resistance.

The comparison was carried out using the French model for cal-
culation of effective width, since it gives the same effective width as
the MC2010 model. The effective width for EC2 (2017) model was
calculated at the distance d/2 from the face of the support. For oth-
er models, it was calculated in the distance a,/2, a, is the shear span,
in our case equal to 2d.

) 35
2 25
2 2
2F 15
e o8
& 0 500 1000 1500 2000 2500

Sirka dosky [mm)]
Width of the slab

Obr. 5 Pomerné pretvorenia po $irke dosky SL 1.1 B pri sile F,; =410 kN
Fig. 5 Strain along the width of the slab SL 1.1 B, at load F,; = 410 kN
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Tab. 2 Porovnanie dosiahnutej Smykovej odolnosti doskovych pasov a normovych vypoctov

Tab. 2 Comparison of failure load of slab strips and theoretical calculations

-

Rm 2004

max, 0,5 avr

Rm MC2010

Rm 2017

(kN) VelVy v /v VelVy

(kN) (-) (kN) (kN) ()
ST1.1 1325 135,1 17,8 1147 13838 0,973 104,6 1292
sT12 130, 1326 1148 1,155 135,1 0,981 1006 1318

Tab. 3 Porovnanie maximalnej sily z experimentu a podfa normovych vypoctov
Tab. 3 Comparison of maximal force from experimem and code calculations

Rm 2004
max 25
(kN)
(kN)

max/

SLT.TA 250,6 1,488
SL1.1B 451 250,6 1,799
SL12A 382 2441 1,565
SL128B 419 2441 1,717

Rm 2017 Rm MC2010

(kN) (kN) (- )

342,4 1,089 2219 1,681
3424 1,317 2219 2,032
3331 1,147 213,2 1,792
3331 1,258 213,2 1,965

Tab. 4 Experimentélne zistena spolupdsobiaca sirka dosiek s p = 1,7 % a uhol roznosu
Tab. 4 Experimentally obtained effective width of slabs with p=1,7 % and the angle of redistribution

max 25 max 0,5avr eff test eff od
- () (kN)

SL1.1A 132,5 1,407

SL1.1B 451 132,5 1,702

SL1.2A 382 130,0 1,470

SL1.2B 419 130,0 1,612
bolo vo vzdialenosti a,/2 od lica podpery, kde a, je $mykové rozpa-
tie, v nasom pripade rovné 2d.
bera=b,,+2.(b,, +d)=025+2.(0,25+0,168) = 1,086 m 3)

bugp=b,+2.(b,,+15.d)=025+2.(025+15.0,168) = 1254 m (4)

Model EC2 (2004)
Smykova odolnost sa stanovi podla vzorca (5) ako strednd hodnota.

Veme = 2.d/a) . Gy k(100 p, . £, )" (5)
VRm, 2004 = VRm,c . d . beff (6)
kde f, je valcovad pevnost beténu v MPa — namerand strednd
hodnota,
Cae — empiricky sucinitel, C, .= 0,18,

k — sucinitel zohladnujuci tzv. size efekt, k = 2.

Model EC2 (2017)
Smykova odolnost sa stanovi podla vzorca (7) ako strednd hodnota.

VRm,2017 = (100 - pl N fcm . ddg/av)]B' d . beff (7)
kde d,, je sucinitel vplyvu kameniva, ak d,, > 16 mm,
potom ddg =32mm,
a, — Smykové rozpatie, a, = max (Mg,/Vey; 2,5 . d),
Mqy/Vey — ohybovy moment/priecna sila vo vzdialenosti d/2 od

lica podpery.

Model MC2010
Smykové odolnost sa stanovi podla vzorca (8) ako stredné hodnota.

Vemwicaono = (2/a,) .04/(1 +1500. ) . 1300/(1 000 +ky, .z (£, )" 2. b (8)
kde k4, je sudinitel vplyvu kameniva, ak d; ., > 16 mm,

potom ky, =1,

www.inzenyrske-stavby.cz

5,62
6,80
5,88
6,45

effd/ 2 b4 begs 24
) )

51 55 60 71
46 51 56 68
49 54 58 70

beff,d = bz,2 +2. (bzﬂ + d) = 0,25 +2. (0,25 + O/] 68) = 1[086 m
beff,d/2 = bz,z +2. (sz + 1!5 . d) =

@)
025+2.(025+15.0,168)=1,254m (4)

Model EC2 (2004)
Shear resistance is calculated according to formula (5) as a mean
value.

Veme = (2.d/a) . Gy k(100 py . £ )" )
Vern, 2004 = Vame - 0 - beg

&

where f_ is the compressive cylinder strength of concrete (MPa) —
measured mean value,
Cae — anempirical factor, G . = 0,18 (),

k — size effect factor, k = 2 ().

Model EC2 (2017)
Shear resistance is calculated according to formula (7) as a mean value.

v,

Rm, 2017 —

(7

—

=(100.p .1, .d,/a)".d by
is a factor for concrete type and maximum aggregate
size, if d, . > 16 mm, d;, = 32 mm,
a, - shear span, a, = max (MEd/\/Ed; 25.4d),
Me,/Vey — bending moment and shear force determined at d/2
from the face of the support.

where d,

Model MC2010
Shear resistance is calculated according to formula (8) as a mean value.

Voo = 2d/a) .04/(1+1500. &) .1300/(1 000+ k.2 (f,,)"*.7. by (8)
where ky, is afactor for the aggregate, if d, .., > 16 mm, then k, =1,

Z — innerarm lever,
g — strain in the axis of the member in the section at a,/2
from the face of the support.
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z — rameno vnutornych sil,
g, — pomerné pretvorenie dosky v osi prvku v priereze
vzdialenom a,/2 od lica podpery.

Pri doskovych pasoch sa vypocitali teoretické Smykové odolnos-
ti podla jednotlivych modelov s pouzitim nameranych pevnosti ma-
teridlov, bez parcidlnych sucinitelov. V tab. 2 si sumarizované tieto
vysledky a zaroven sa uvaddza porovnanie priemernej Smykovej sily
v kritickom priereze (lokdlne pdsobiace zatazenie a vlastna tiaz prv-
ku) V. a teoretickej odolnosti V;.

Ndsledne sa podla nich vypocitali teoretické odolnosti vzoriek
SL 1.1 a SL 1.2 s vyuzitim spolupdsobiacej Sirky urc¢enej podla obr. 1
(pozri odsek porovnania s teoretickymi modelmi). Z takto ziskanych
vysledkov sa po odpocitani vplyvu vlastnej tiaze vzorky urcila teore-
tickd maximalna lokédlne posobiaca sila F,, ktord sa porovnala s expe-
rimentélne ziskanou silou F_..

Vysledky sumarizuje tab. 4, ktord zarover uvadza potrebny uhol
prie¢neho roznosu na dosiahnutie danej Sirky v pripade ur¢ovania
befi s VO vZdialenosti d/2 od lica podpery (b4 ,) podla EC2 (2017), vo
vzdialenosti d (b4 ) podla EC2 (2004), resp. MC2010 a tiez vo vzdiale-
nosti 0d (b« o4) @ 2d (bug »g), €O predstavuje okraj zatazovanej oblasti.

Zaver

Cielom vyskumnej kampane bolo zistit ucinnu Sirku dosky v Smyku
pri pdsobeni koncentrovaného zatazenia sustredeného na ploche
s rozmermi 250 x 250 mm, ktoré je umiestnené tak, Ze okraj zataZe-
nia je vo vzdialenosti 2d od lica podpery — ide o $mykovo najucin-
nejsiu polohu. Z porovnania experimentalnych odolnosti v ¢istom
smyku a odolnosti v sustredenom zatazeni sa zistila minimalna spo-
lupdsobiaca Sirka 1,4 m, ¢o reprezentuje 5,6-ndsobok pddorysného
rozmeru zatazovacej platne pri vystuzeni p = 1,7 %. Ak by sa pocitalo
so spolupdsobiacou sirkou dosky na okraji zatazovanej plochy (b ,4),
minimalny uhol roznosu by dosahoval hodnotu 67° a, naopak, v lici
podpery (b4 by uhol dosahoval hodnotu 45°. Z uvedeného je zrej-
mé, ze modely pre roznos zatazenia v Smyku by mali definovat po-
lohu kritického prierezu pri koncentrovanom zatazeni vzhladom na
okraj zatazenia a nie na lice podpery. Nami odporicand vzdialenost
je vzdialenost d od okraja zatazenia.

Projekt bol realizovany s finan¢nou podporou Vedeckej grantovej agen-
tury Ministerstva Skolstva a vedy SR, registracné ¢islo projektu je VEGA No.
1/0810/16, a s financnou podporou projektu Agenttiry na podporu vedy
a vyskumu ¢. APVV-17-0204.
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Theoretical shear resistance for slabs strips were calculated ac-
cording to the aforementioned models using the measured charac-
teristics of materials, without the partial safety factors. Tab. 2 summa-
rises these results and also shows comparison of average shear force
in critical section (concentrated load together with self-weight of the
member) V; with the theoretical resistance V.

Theoretical resistance for slab specimens SL 1.1 a SL 1.2 were cal-
culated using the effective width assessed according to Fig. 1. From
these results, the influence of self-weight of the slab was subtract-
ed and this theoretical maximal concentrated load F, was compared
with experimentally obtained force F, ..

Results are summarised in Tab. 4, which also shows the required
angle of horizontal load spreading in order to reach the width b ...
For EC2 (2017), the distance is d/2 from the face of the support
(Degeg o), for EC2 (2004) and MC2010, the distance is d (b4), and also
in the distance 0d (beff,0d) and 2d (b4 .4), which is the edge of the
loaded area.

Conclusion

The goal of the experimental campaign was to find the effective
width of slabs under concentrated load on an area of 250 x 250 mm,
that is placed in the distance 2d from the face of the support. It is
considered as the most effective position for shear load. Compari-
son of experimentally obtained resistance in uniform shear and re-
sistance in shear under concentrated load showed the minimal ef-
fective width of 1,4 m, which is 5.6 times the size of the loaded area
(the reinforcement ratio p = 1,7 %). If the effective width would be
calculated on the edge of the loaded area (by,,), the angle of redis-
tribution would be 67°, while for the effective width measured at the
face of the support (b, ,,), the angle would be 45°. It can be conclud-
ed, that the models for effective width calculation for shear should
define the location of control section in relationship to the location
of the load and not the face of the support. Our recommendation
based on the experiments is in the distance of d from the edge of
the loaded area.

This work was supported by the Scientific Grant Agency of the Minis-
try of Education, science, research and sport of the Slovak Republic and
the Slovak Academy of Sciences No 1/0810/16 and by the University
Science Park (USP) of the Slovak University of Technology in Bratislava
(ITMS:26240220084).
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Experimentalne overenie vyuzitia FRP vystuze v beténovych

konstrukciach

Experimental verification of the usage of FRP reinforcement in

concrete structures

Vyskumnd cinnost na Katedre betédnovych konstrukcii a mostov
SvF STU v Bratislave sa zameriava vo vyraznej miere aj na aplika-
cie nekovovych vystuzi do beténovych konstrukcii. V minulosti sa
vyskum v tejto oblasti zameriaval na zosilfiovanie existujucich kon-
Strukcii, kde sa FRP vystuz aplikovala na povrch beténovych prv-
kov. V poslednom obdobi sa overuje najma aplikacia FRP vystuze
ako nahrady ocelovej vystuze pri vyuziti v oblastiach zvyseného
environmentalneho zataZenia s potrebou vyliéenia kordzie vystu-
Ze alebo zabezpecenia elektromagnetickej neutrality jednotlivych
prvkov nosnej konstrukcie. Overoval sa stupen vystuzenia GFRP
vystuzou a s tym suvisiace spdsoby porusenia nosnikov v ohybe
a Smyku, sudrznost GFRP vystuze s beténom, moznosti kontroly
skorych trhlin pri prvkoch vystuzenych GFRP vystuzou. Okrem kla-
sického vystuzenia sa GFRP vystuz poutzila aj v predpdtom varian-
te a overovala sa moznost vyuzitia vo forme strateného debnenia.
Z hladiska rozsirenia vyuZitia nekovovej vystuze je dolezita aj otaz-
ka dlhodobého posobenia a pripadnej degradacie mechanickych
vlastnosti, ktora je zatial v Stadiu teoretického overovania.

V porovnani s ocelovou vystuzou su pri pouziti FRP kompozitov
pociatocné materidlové ndklady vysoké, o v mnohych pripadoch
investora odradi. V horizonte celkovej Zivotnosti, s uvazenim niz-
kych udrziavacich nékladov, ktoré treba vynaloZit pocas prevadzky,
sa vsak negativa vysokych pociato¢nych ndkladov eliminuju. Existu-
ju aj aplikacie, kde ocelovu vystuz ani nie je mozné pouZzit. Prikla-
dom su prvky vystavené vysokému environmentdlnemu zataZeniu,
pripadne prvky, na ktoré sa kladu Specidlne poziadavky, napr. nevo-
divé materidly, pripadne materialy neovplyvriujice magnetické pole.
FRP kompozity poskytuju okrem toho mnohé dalsie vyhody, ako su
vysoka odolnost proti agresivnym chemikalidm, vyrazne vyssia hod-
nota pevnosti v tahu v porovnani s ocelovou vystuzou pri vybranom
Zlozeni, nizsia hmotnost, eliminacia poziadaviek na minimalnu hod-
notu krycej vrstvy z hladiska trvanlivosti (poziadavky na krytie vsak
treba posudit z hladiska poziarnej odolnosti).

Ohybova odolnost prierezov vystuzenych GFRP

Prva cast experimentélneho programu bola in$pirovand myslienkou
nahrady ocelovej vystuze GFRP vystuZou jednoduchou zdmenou,
ktord bola odvodend na zaklade pribliznej ekvivalentnej tahovej pev-
nosti pruta ocelovej vystuze a GFRP vystuze (napr. ocel @ 10 mm —
GFRP @ 8 mm, ocel @ 14 mm — GFRP @ 12 mm atd’). Na stanovanie
ohybovej odolnosti beténovych prierezov sa zda ekvivalencia vo vy-
stuzeni na zéklade tahovej odolnosti vystuze na prvy pohlad spravna,

The research activity at the Department of Concrete Structures and
Bridges of the Slovak University of Technology in Bratislava focus-
es significantly on the application of non-metallic reinforcements
to concrete structures. In the past, research in this area has been
focused on strengthening existing structures where FRP reinforce-
ments were applied to the surface of concrete elements. Recently,
the application of FRP reinforcements has been verified to replace
steel reinforcements for use in areas of increased environmental
loads, with a need to exclude the corrosion of the reinforcement or
to ensure the electromagnetic neutrality of the individual elements
of the load-bearing structure. The GFRP reinforcement ratio was
verified considering failure modes in flexure and shear, the bond
of the GFRP reinforcement with concrete, and the possibility of the
control of early-age cracks in elements reinforced with a GFRP re-
inforcement. Besides classical reinforcements, GFRP has also been
used in prestressed variants, and the possibility of its use as perma-
nent formwork has been verified. In terms of extending the use of
non-metallic reinforcements, it is important to note the long-term
exposure and possible degradation of the mechanical properties.

Compared to steel reinforcements, the initial material costs are
higher, which in many cases can discourage the investor. Over the
lifetime of the reinforcement the negatives of high starting costs are
reduced due to the low maintenance costs that need to be spent
during the structure’s operation. There are also some applications
where a steel reinforcement may not even be used. Examples in-
clude elements subjected to a high environmental load or elements
for which special requirements are asked, non-conductive materials,
or materials not affecting the magnetic field. In addition, FRP com-
posites provide many other advantages, i.e. high resistance to ag-
gressive chemicals, a significantly higher tensile strength compared
to steel reinforcements, less weight and elimination of the mini-
mum requirement for a concrete cover for durability (but the cover
requirement is necessary to be assessed in terms of fire resistance).

Bending resistance of cross sections reinforced with
GFRP

The first part of the experimental investigation was inspired by the
idea of replacing the steel reinforcement with Glass Fiber Reinforced
Polymer (GFRP) by a simple change that was derived based on the
approximate equivalence of the tensile resistance of the steel and
composite reinforcement (e.g., steel @ 10 mm — GFRP @ 8 mm, steel
2 14 mm — GFRP @ 12 mm, etc.). At first sight, the tensile strength-
based equivalence seems to be correct for calculating the bending
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Obr. 1 Zatazovacia zostava na stanovenie ohybovej odolnosti a poruseny nos-
nik (1. séria)

Fig. 1 Scheme of the loading test for determining the bending resistance (di-
mensions in mm) and the beam of the first series after failure

avsak vzhladom na chybajucu plasticki vetvu posobenia GFRP je aj
pristup k stanoveniu ohybovej odolnosti odlisny.

V prvej sérii experimentov sa odskusalo spolu $est nosnikov s diz-
kou 1,5 m a s rozmermi prie¢neho rezu 100 X 100 mm. Krytie vystu-
7e s hodnotou 15 mm bolo jednotné pri vietkych vzorkach. Zelezo-
betédnové nosniky boli vystuzené dvomi pratmi vystuze s priemerom
6 mm (stupen vystuzenia 0,57 %), nosniky s kompozitnou vystuzou
mali dva pruty s priemerom 4 mm (stupen vystuzenia 0,21 %). Nos-
niky boli zatazované Stvorbodovou skuskou (obr. 1), nosniky vystuze-
né GFRP vystuZou sa porusili pri sile predstavujicej 41 % odolnosti
prvkov s ocelovou vystuzou. Pri prvych zatazovacich krokoch nosni-
kov vystuzenych GFRP vystuzou vznikla trhlina, ktorda sa rychlo $iri-
la po vyske prierezu a nédsledne nastal kolaps vzorky roztrhnutim vy-
stuze. Stupen vystuzenia GFRP bol blizky k tzv. balan¢nému stupriu,
pri ktorom sa predpokladd, Ze sa vystuz roztrhne pri poruseni prvku
v ohybe. Pri uvazeni ramena vnutornych sil na rovni 90 % ucinnej
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resistance. The approach for determining the bending resistance dif-
fers however, considering the lack of plastic behavior of GFRP com-
pared to a steel reinforcement.

A total of 6 beams with a length of 1.5 m and cross-sectional di-
mensions of 100 x 100 mm were tested in the first series. The con-
crete cover was 15 mm for all the specimens. The steel reinforced
beams had 2 bars (a reinforcement ratio of 0.57 %); the GFRP rein-
forced beams had 2 bars with a 4 mm diameter (a reinforcement ra-
tio of 0.21 %). The beams were subjected to a four-point load test
(Fig. 1). The failure of the GFRP-reinforced beams occurred at a force
representing 41 % of the resistance of the steel-reinforced speci-
mens. The first loading steps of the GFRP-reinforced beams induced
alarge crack that rapidly developed along the height of the con-
crete section; the collapse of the beam subsequently occurred due
to the splitting of the bar. The reinforcement ratio of the beams was
close to the so-called balanced reinforcement ratio, which expects
a beam’s failure in bending due to the collapse of the reinforcement.
Considering the lever arm of the reinforced cross section at a level of
90 % of the effective height, the stress in the GFRP bar reached a val-
ue of about 800 to 900 MPa at the moment of failure. A characteris-
tic effect of the failure of beams with the GFRP reinforcement in the
first series was that the reinforcement bar’s rupture did not appear in
the section where the crack was. Upon the collapse the beams broke
into two pieces, and, from the point of the beam’s failure (Fig. ), the
GFRP reinforcement was sticking out approximately 50 mm from the
crack. This mode of failure suggests bond problems resulting from
a large difference in stiffness between the cracked and non-cracked
sections.

In the next series 8 beams were tested. The specimens were once
again 1.5 m long with cross-sectional dimensions of 175 mm in
width and 75 mm in height. The concrete cover was 15 mm. Two
steel-reinforced beams were reinforced with two bars of a diameter
of 12 mm (a reinforcement ratio of 2.4 %) and another two beams
were reinforced with two bars with a diameter of 14 mm (a reinforce-
ment ratio of 3.3 %). Two other beams were reinforced with GFRP
reinforcements with a diameter of 10 mm (a reinforcement ratio of
1.5 %) and two beams with the GFRP reinforcement with a diameter
of 12 mm (a reinforcement ratio of 2.3 %). The results of the exper-
imental measurements are presented in fig. 2. The beams with the
GFRP reinforcement showed greater deflections even when loaded
with a lower force than the steel reinforced beams.

The failure of the beams reinforced with the GFRP reinforcement
with an equivalent reinforcement ratio occurred at a force with a lev-
el of about 57 % of the resistance of the beams with a steel rein-
forcement. The reinforcement ratio of GFRP-reinforced beams of the
second series was higher than the balanced reinforcement ratio.
Flexural failure was attained due to the crushing of the concrete in

Obr. 2 Pracovny diagram zatazovacej skusky nosnikov druhej série s ocelovou vystuzou @ 12, @ 14 mm a GFRP vystuzou @ 10, @ 12 mm a charakteristicky detail porusenia
Fig. 2 Force-deflection diagram of the loading test of the beams of the second series with steel reinforcements of @ 12 mm and @ 14 mm and GFRP reinforcements of @

10 mm and @ 12 mm, and the characteristic details of the failure
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vysky prierezu dosahovalo dopocitané napatie v GFRP vystuZi pri po-
rusenf priblizne 800 az 900 MPa. Charakteristickym javom pri poruse-
ni nosnika s GFRP vystuzou v tejto sérii bola vystuz roztrhnutd mimo
prierezu, v ktorom vznikla trhlina. Nosniky sa pri porusenf rozlomi-
li na dve casti, pricom GFRP vystuz bola vytiahnutd z beténu a poru-
send priblizne 50 mm od trhliny — miesta zlomenia nosnika (obr. 7).
Tento spdsob porudenia naznacuje problémy so sudrznostou, ktora
vznikla v désledku velkej zmeny tuhosti medzi prierezom bez trhli-
ny a s trhlinou.

V druhej sérii experimentov sa odskusalo osem nosnikov. Nosni-
ky mali opéat dizku 1,5 m, $irka prie¢neho rezu bola tentoraz 175 mm
a vyska 75 mm. Dva Zelezobeténové nosniky boli vystuzené dvo-
mi prdtmi s priemerom 12 mm (stupen vystuzenia 2,4 %), dalsie
dva nosniky dvomi prdtmi s priemerom 14 mm (stupen vystuze-
nia 3,3 %). Dva nosniky s GFRP vystuzou boli vystuzené dvomi prut-
mi s priemerom 10 mm (stupen vystuzenia 1,5 %), dalsie dva nos-
niky dvomi prdtmi s priemerom 12 mm (stupen vystuzenia 2,3 %).
Viysledky experimentalneho merania su uvedené na obr. 2. Nosniky
s GFRP vystuzou vykazovali vacsi priehyb pri mensej sile ako Zelezo-
beténove nosniky.

Nosniky vystuzené GFRP vystuzou s ekvivalentnymi stupnami vy-
stuzenia sa porusili pri priblizne 57 % odolnosti prvkov s ocelovou
vystuzou. Stupen vystuzenia nosnikov s GFRP bol pri druhej sérii vac-
$i ako balan¢ny stupen. Porusenie v ohybe sa dosiahlo v tlacenej be-
ténovej Casti prierezu, ¢im nedoslo k poruseniu GFRP vystuze. Cha-
rakteristicky detail porusenia GFRP nosnikov je na obr. 2.

Z vysledkov je zrejmé, Ze spravanie GFRP vystuze v ohybanych
prvkoch je znac¢ne rozdielne v porovnani s prvkami vystuzenymi
ocelovou vystuzou, obzvlast pri nizsich stupnoch vystuzenia. Pri za-
tazovani nosnikov vystuzenych kompozitnou vystuzou bolo moz-
né pozorovat vznik dominantnej trhliny, ktord sa ihned od zaciatku
rozsirovala a po kratkom ¢ase nadobudla Sirku vacsiu ako 0,3 mm,
¢o sposobil 4-krat mensi modul pruznosti, ako ma ocelova vystuz.
Pri ndvrhu konstrukcii s GFRP vystuzou je nevyhnutné obmedzit
napdtie v GFRP vystuZi tak, aby nedoslo ku krehkému poruseniu,
a zaroven zabezpecit maximalnu Sirku trhlin a priehyb, ¢o moéze
viest k znacne zvysenému stupnu vystuzenia. Pri vyssich stuprioch
vystuzenia (analyzovanych po kalibracii modelu nelinearnym vy-
poctom) je uz spravanie nosnikov vystuzenych GFRP a ocelovou
vystuzou podobné. Hlavnym nedostatkom v tomto pripade je viak
menej duktilny spodsob porusenia zaloZeny na zlyhani beténu v tla-
ku. Pri experimentalnom overovani boli zlyhania nahle, bez predo-
$lého upozornenia.

Sudrznost GFRP vystuze s beténom

Sudrznost GFRP vystuze s betonom je zabezpecend trenim a mecha-
nickym zaklinenim upraveného povrchu vystuze. V porovnani s oce-
lovou vystuzou m& GFRP mensi modul pruznosti a mensie profilova-
nie povrchu, ¢im sa zmen3uje aj vplyv zaklinenia. Najvacsi podiel na
sudrznosti GFRP vystuze s beténom ma trenie, ktorého Ucinnost zvy-
suje zdrsnenie povrchu. Okrem toho maju na sudrznost GFRP vystu-
Ze s betdonom vplyv viaceré faktory ako tvar povrchu a mechanické
vlastnosti vystuze, priemer vystuze, pevnost beténu v tlaku, kotevna
dizka a ovinutie vystuze.

Na urcenie charakteristik sudrznosti medzi vystuZou a betébnom sa
pouziva niekolko skusobnych metdd. Pri GFRP sa pouzivaju dva typy
skusok sudrznosti medzi vystuzou a beténom — pull-out testy (vyta-
hovacie skusky) a nosnikové skusky. Skusky sa odlisuju nielen kon-
cepciou, ale aj dosiahnutymi vysledkami. Napdtie v sudrznosti ziska-
né nosnikovymi skiskami je vacsinou mensie ako z pull-out testov.
V uskutocnenej experimentalnej $tudii sa realizovali pull-out testy
GFRP vystuze, ktorej rebierka su vytvorené ovijanim. Vzorky sa skusa-
li tri dni, resp. 28 dni po betondzi.

GFRP vystuz sa vytahovala z kocky s hranou s dizkou 200 mm. Na
tahanej casti vzorky sa GFRP vystuZ separovala od betdnu pomocou
PE hadice. Kotevné df#ka GFRP vystuZe v beténe bola 5@. Separaciou
vystuZe sa zamedzilo pésobenie klenbového ucinku na sudrznost.
Schéma usporiadania pull-out testu je na obr. 3.
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the compression zone; therefore, the rupture of the GFRP did not oc-
cur. Details of the characteristic failure of GFRP reinforced-beams of
the second series are shown in Fig. 2.

Based on these results, it can be stated that the behavior of the
GFRP reinforcement in concrete members subjected to bending
differs considerably from members reinforced with steel, espe-
cially at lower values of the reinforcement ratio. When beams re-
inforced with GFRP reinforcement were loaded, a dominant crack
was observed, which extended right after its formation and quick-
ly attained a width greater than 0.3 mm. This was caused by the
modulus of elasticity, which is four times lower than the modu-
lus of elasticity of the steel reinforcement. The serviceability lim-
it state seems to be a particularly important factor in the design of
concrete members reinforced with composite reinforcements. The
application of GFRP could be used in parking lots, highway bridg-
es, and places where conventional reinforced concrete structures
suffer from aggressive properties of the local environment. In or-
der to avoid fragile failure, it is necessary to limit the tension in
the GFRP reinforcement when designing and also ensure the max-
imum crack width and deflection, which can lead to a considera-
bly increased reinforcement ratio. With a higher reinforcement ra-
tio, the behavior of beams reinforced with GFRP and steel is already
similar. In this case, a less ductile mode of failure based on the fail-
ure of concrete in a compression zone becomes the main deficien-
cy. During the experimental verification, the failures were sudden
and without any prior notice.

Bond of the GFRP reinforcement in concrete

The bond between the GFRP reinforcement and concrete is ensured
by friction and possibly by the mechanical interlocking of the modi-
fied reinforcement surface. The mechanical interlocking is significant
for steel reinforcement, which is the main difference. For the GFRP
reinforcement the main part of the bond belongs to friction, the ef-
fect of which is increased by roughening the surface. The other fac-
tors affecting the bond between a GFRP reinforcement and concrete
are the shape of the surface and the mechanical properties of the
reinforcement, the diameter of the reinforcement, the compressive
strength of the concrete, the anchoring length, and the confinement
of the reinforcement.

Several test methods are used to determine the characteristics
of the bond between a reinforcement and concrete. For the GFRP
reinforcement, two types of bond tests are used, i.e,, pull-out tests
and beam tests. These tests are conceptually inconsistent in the re-
sults achieved. The bond stress obtained from the beam tests is
usually lower than that of the pull-out tests. The experimental pro-
gram includes pull-out tests of the GFRP reinforcement with a di-
ameter of 16 mm and with a surface modification by confined ribs.
Specimens were tested in two series, i.e, 3 and 28 days after the
concreting.

The GFRP reinforcement was pulled out of a cube with dimen-
sions of 200 mm. Part of the GFRP reinforcement embedded in the
concrete was separated from the concrete by a plastic pipe (on the
pulled side) to prevent a vault effect on the bond. The anchorage
length of the GFRP reinforcement in the concrete was five times the
diameter of the reinforcement. The arrangement of the pull-out test
is shown in Fig. 3.

At the beginning of loading, the bond between GFRP reinforce-
ment and concrete is transmitted by the mechanical interlocking of
the modified surface of the reinforcement. Increasing the slip of the
GFRP reinforcement on its loaded end leads to the formation of lon-
gitudinal microcracks at the ends of the bar. Higher values of bond
stresses greatly increase the effect of mechanical interlocking; the ra-
dial component of the bond force is in the equilibrium with the ra-
dial stress from the transverse strain of the concrete. As a result, con-
crete causes the confinement of the reinforcing bar. Young concrete
cannot ensure a thorough confinement of the reinforcement, so the
3-day tests did not reach the maximum bond stress of the 28-day
specimens.
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Obr. 3 Schéma usporiadania pull-out skusky a vzorky po poruseni
Fig. 3 Arrangement of the pull-out test and specimens after failure

Na zaciatku zatazovania je sudrznost medzi GFRP vystuzou a be-
ténom zabezpecend mechanickym zaklinenim upraveného povrchu
vystuze. Zvysovanim poklzu na zatazenom konci pruta vystuze vedie
zaklinenie k vzniku pozdiznych mikrotrhlin na koncoch pruta, ktoré
umoznia poklz pruta vystuze. Predpoklada sa, Ze oneskorenie tvorby
mikrotrhlin je spdsobené maksim povrchom GFRP vystuZe v porov-
nani s ocelovou vystuzou. Pri vyssich hodnotach napdtia v sudrznos-
ti narasta znacne Ucinok zaklinenia, radidlna zlozka sily v sudrznosti
je v rovnovéhe s radidlnym napétim od prie¢neho pretvorenia betd-
nu. Dosledkom toho je, Ze betdn spdsobi ovinutie pruta vystuze. Ak
je radidlne napdtie vacsie ako pevnost betdnu v tahu a vystuz nie je
dokonale ovinuta, mézu vznikndt prie¢ne trhliny pozdl? prita vystu-
7e.Tie mozu spdsobit rozdrvenie betdnu na povrchu skisobného te-
lesa. V experimente nenastalo zlyhanie beténu v Smyku vdaka dosta-
tocne velkému krytiu vystuze.

Porusenie nastalo vytiahnutim vystuze. V ¢ase skusania tri dni po
betondZi nedokézal mlady beton zabezpecit dokladné ovinutie vy-
stuze, ¢o sa prejavilo nielen vacsim porusenim povrchu GFRP vystu-
7e, ale aj absenciou rezidudlneho napétia sudrznosti.

www.inzenyrske-stavby.cz
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The failure of the 28-day specimens occurred by cutting the mod-
ified reinforcement surface (cutting of the ribs). The surface layer of
the fibers of the GFRP reinforcement was peeled off at the 3-day
specimens. The failure of the concrete from being crushed between
the reinforcement ribs did not occur in either case.

Prestressed GFRP reinforcement in lost formwork
The benefits of the GFRP reinforcement properties enable many ap-
plications, one of which is to reinforce the elements of the lost form-
work as there is no need to provide high thickness of concrete cover
because of corrosion resistance.

The concrete slab, which was to be used as lost formwork with-
out any further supporting function, was designed with a thickness
of 40 mm, and reinforced with 2 bars of the GFRP reinforcement
with a diameter of 10 mm. The slab dimensions were 2060 x 500
X 40 mm; the concrete cover was 10 mm. The slabs were designed
for short-term loads from the self-weight of the fresh concrete with
a thickness of 250 mm and one worker with a weight of 100 kg. Ac-
cording to research on long-term stress on the reinforcement of pre-
cast prestressed beams, the maximum limit value of the stress for the
reinforcement at the time of prestressing was set at 550 MPa. The
prestressing of the GFRP reinforcement was realized in three phases.
The first level of the prestressing force was at 11 kN, the second level
at 22 kN, and finally the full value of the prestressing force at 34 kN.
The prestressing for the GFRP reinforcement process was followed
by the pouring of the concrete.

Based on the known position of the strain gauges and the val-
ues of the GFRP reinforcement strains at the time before and after
the prestressing transfer, it was possible to evaluate the length of
the transfer, which is necessary for the transfer of the pre-stressing
force into the element. The increase in the prestressing force over
the length of the element was considered to be linear. On that ba-
sis it was possible to determine the transfer length of 280 mm for
the dead end and 350 mm for the live end with the use of a graph-
ic evaluation.

Long-term properties

To date, there is not enough information about the long-term be-
havior of FRP reinforcements, because they have not been used for
a long period of time and because structures with FRP reinforce-
ments or strengthening systems have not yet reached their service
life.

According to various standards, the long-term properties of FRP
reinforcement are calculated from short-term properties by the in-
troduction of reduction factors. Properties reduced according to
these requirements are very low, and the use of the FRP reinforce-
ment does not seem to be effective.

The main factor causing the limit usage of the FRP reinforcement
is its creep rupture. An FRP reinforcement subjected to a constant
load over time can suddenly fail after a time period known as the “en-
durance time” This phenomenon is known as creep rupture. The en-
durance time of an FRP reinforcement decreases as the ratio of the
sustained tensile stress to the short-term strength increases. The en-
durance time also decreases with the effects of high temperature, ul-
traviolet radiation exposure, high alkalinity, wet and dry cycles, and
freezing-thawing cycles. Carbon fibers have a very good resistance
to creep rupture. Aramid fibers are more susceptible to this phenom-
enon, and glass and basalt fibers are most susceptible. Nevertheless,
the susceptibility of resin is the greatest problem.

A few series of creep rupture tests have been conducted on FRP
reinforcements with different fibers (carbon, aramid, glass, basalt).
The tests have usually lasted for 100 h, and the results were linearly
extrapolated to 500 000 h (more than 50 years). The results of the ex-
perimental programs are summarized in Tab. 1. These studies show
that glass and basalt fiber-reinforced polymers have a very low resist-
ance to long-term loading.

With FRP composites, it is generally necessary to address the
issue of durability as various environmental influences signifi-
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Predpita GFRP vystuz pri vyrobe prvkov strateného
debnenia

VWhody materidlovych charakteristik GFRP vystuze umoznuju mnohé
aplikécie, jednou z nich je aj vystuzenie prvkov strateného debnenia,
kedZe nie je potrebné zabezpecovat vysoké krycie vrstvy vzhladom
na odolnost proti kordzii.

Betdnova doska, ktord ma sluzit ako stratené debnenie bez dal-
sej nosnej funkcie, bola navrhnuta s hribkou 40 mm, vystuzena
pomocou 2 @ 10 mm GFRP. Rozmery prvku st 2 060 x 500 x 40 mm
s krytim vystuze 10 mm. Prefabrikdty boli navrhované na zataze-
nie Cerstvou beténovou zmesou s hridbkou 250 mm a hmotnos-
tou jedného pracovnika cca 100 kg. Maximalne napatie vo vystu-
7i v Case vnesenia predpétia do prvku bolo 550 MPa. Predpinanie
vystuze prebiehalo v troch stupnoch. Prva hladina sily je na drov-
ni 11 kN, druhd 22 kN a nakoniec plnd hodnota predpinacej sily
je na urovni 34 kN. Po predopnuti GFRP vystuze nasledovala
betonaz.

Na zéklade merania pomernych pretvorenf po dizke prvku moz-
no vyhodnotit prenosovti dizku, na ktorej sa vnesie plna predpina-
cia sila do prierezu. Zjednodusene sa pocitalo s linedrnym nérastom
predpinacej sily po dizke prvku. Pomocou grafického vyhodnote-
nia bolo mozné stanovit prenosovt dizku 280 mm pre mftvy koniec
a 350 mm pre Zivy koniec.

Dlhodobé vlastnosti

Dodnes nie su k dispozicii dostato¢né informacie tykajlce sa dliho-
dobého spravania sa FRP vystuze, pretoze konstrukcie, v ktorych sa
pouzila, nedosahuju este zdaleka svoju predpokladanu Zivotnost.

Dlhodobé vlastnosti sa podla réznych normovych predpisov po-
¢ftaju z krdtkodobych vlastnosti zavedenim redukenych sucinitelov.
Takto upravené vlastnosti su viak velmi nizke a znamenali by, Ze vyu-
Zitie FRP vystuze nie je efektivne.

Jednym z hlavnych faktorov limitujucich vyuzitie FRP vystuze je
jej porusenie v dotvarovani. FRP vystuz vystavend konstantnému
dlhodobému zatazeniu sa modze po ur¢itom case nahle porusit.
Tento fenomén sa nazyva ,creep rupture” (porusenie v dotvaro-
van(). Dochddza k nemu tym skér, ¢im je pomer tahového napa-
tia od dlhodobého zatazenia a pevnosti v tahu vyssi, a tiez pri
vysokych teplotach, vystaveni ultrafialovému Ziareniu, vysokej al-
kalite prostredia, striedavom zmacanf a vysusovani a pri zmrazo-
vacich a rozmrazovacich cykloch. Uhlikové vldkna maju proti to-
muto sposobu porusenia velmi dobrd odolnost, viac nachylné su
vé vlakna. V kazdom pripade je najvacsim problémom odolnost
polymérnej Zivice.

Experimenty na overenie odolnosti proti poruseniu z dotvarovania
sa realizovali v rdmci roznych typov FRP kompozitov (s uhlikovymi,
aramidovymi, sklenymi a bazaltovymi vidknami s réznymi matrica-
mi). ISlo o kratkodobé experimenty (100 hodin), z ktorych sa vysledky
linedrne extrapolovali na ¢as dIhsi ako 50 rokov (500 000 hodin). Vy-
sledky spomenutych experimentalnych overeni su zhrnuté v tab. 1.
Z vysledkov je zrejmé, Ze najma pri polyméroch vystuzenych skleny-
mi a bazaltovymi vldknami sa predpokladd, Ze odolnost je pri dlho-
dobom zatazenf velmi nizka.

Pri FRP kompozitoch sa treba vo vseobecnosti zaoberat aj otaz-
kou trvanlivosti, kedZe rézne vplyvy prostredia ovplyviuju vo vy-
raznej miere ich vlastnosti. Niekolko studif z poslednych rokov sa
zaoberd zmenami mechanickych vlastnosti FRP kompozitov pri dlho-
dobom vystaveni vplyvom prostredia. Na zéklade tychto skuto¢nostf
sa v niektorych krajinach zaviedli redukéné sucinitele vplyvu prostre-
dia na obmedzenie hodnét mechanickych vlastnosti FRP kompozi-
tov (v rozpati od 0,95 pri CFRP az po 0,5 pri GFRP).

Napriek tomu nie je mozné zovieobecnit, ze FRP kompozity ne-
spifiaju svoju funkciu pocas zivotnosti konstrukcie, pretoze hodnoty
redukenych sucinitelov su len extrapolované z urychlenych skusok
a redlne skdsenosti na konstrukcidch ich nepotvrdzuju. Na ich potvr-
denie treba uskutoc¢nit merania v redlnom case, ktoré sa aj na Staveb-
nej fakulte STU pripravuju.
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Obr. 4 Meranie pomernych pretvoreni GFRP vystuze pocas predpinania
Fig. 4 Measurement of the relative strains of the GFRP reinforcement during pre-
-tensioning
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Obr. 5 Grafické vyhodnotenie na stanovenie prenosovej dizky
Fig. 5 Measured strains of GFRP reinforcement alongside the element

Tab. 1 Redukéné sucinitele napati pri dlhodobom zatazeni
Tab. 1 Long-term stress limitation factors

CFRP GFRP AFRP
ACI 440.1R-06 0,55f, 0,201, 030f,
Yamaguchi et al. (1997) 0,93 f, 0,29 f, 0,47 f,
Ando et al. (1997) 0,79 f,, = 0,66 f;,
Seki et. al (1997) = 0,55 f;, =

*f., je pevnost FRP v tahu.
*f,, is the tensile strength of FRP reinforcement.

cantly affect their properties. Several studies in recent years
have focused on changes in the mechanical properties of FRP
composites after long-term exposure to environmental influ-
ences. Based on these facts, environmental impact reduction
factors have been introduced in some countries to limit the me-
chanical properties of FRP composites (ranging from 0.95 for
CFRP to 0.5 for GFRP).

Nevertheless, it cannot be stated that FRP composites will not re-
liably satisfy their function in the structure and that structures with
FRP reinforcement will fail before reaching their service life because
the values of residual stresses are only extrapolated from short-term
tests. We need actual experience over time to determinate the true
long-term degradation of these materials.

Conclusions

FRP reinforcements are used in both civil engineering and build-
ing structures, either in the form of the reinforcement of new struc-
tures or in renovations. Slabs, beams and columns are reinforced
with composite materials. Extending the use of composite materials
is particularly hampered by the absence of standard procedures for
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FRP vystuz nachddza uplatnenie v inZinierskom stavitelstve aj v po-
zemnych stavbach - ¢i uz vo forme vystuze novych konstrukcii, ale-
bo pri rekonstrukcidch. Rozsirenie vyuzitia kompozitnych materidlov
obmedzuje najma absencia normovych postupov na navrh novych
aj zosilnenych prvkov a malé informovanost projektantov.

Uvedené priklady aplikécie FRP vystuze su dokazom, Ze spravne
Specifikované FRP kompozity su vhodnou nahradou ocelovej vystu-
ze. Vyskum aj aplikéacie v oblasti FRP kompozitov sa po celom svete
vyskytuju ¢oraz vo vacsej miere a zavedenim medzindrodnych nor-
movych postupov na ich ndvrh sa FRP kompozity stanu rovnocen-
nou alternativou klasickej aj predpinacej ocelovej vystuze.

Vyskum realizovany na Stavebnej fakulte STU v Bratislave prispieva
svojou castou k rozsireniu databdzy informacif o spravani sa FRP vy-
stuze pri roznych spésoboch namahania betdnovych prvkov, ako aj
pri ich vzéjomnom spolupdsobent.

Tdto prdca bola podporovand Agenturou na podporu vyskumu a vy-
voja na zdklade Zmluvy & APVV-15-0658 a s podporou Univerzitného ve-
deckého parku STU Bratislava (ITMS: 26240220084).
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designing new and strengthened structural members and the lack of
awareness of designers.

The stated examples showing the application of FRP reinforce-
ments are evidence that properly specified FRP composites are
a suitable replacement for steel reinforcements. Both research on
and applications of FRP composites are becoming more and more
widely deployed throughout the world; by introducing internation-
al standard procedures for their design, FRP composites can become
an equivalent alternative to both classical and prestressing steel re-
inforcements.

The research carried out by the Faculty of Civil Engineering of the
Slovak University of Technology in Bratislava with its part contributes
to an expanding database of information on the FRP reinforcement
behavior in various ways of stressing the concrete structural mem-
bers and their interaction.

This work was supported by the Slovak Research and Development
Agency under Contract No. APVV-15-0658 and the University Science
Park (USP) of the Slovak University of Technology in Bratislava (ITMS:
26240220084).
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Nova vystuz proti pretla¢eniu zelezobeténovych dosiek
New punching shear reinforcement for concrete flat slabs

Navrh bezprievlakovych Zelezobeténovych stropov je ¢asto limito-
vany odolnostou dosky proti poruseniu pretlacenim (vy,). Smyko-
vé vystuZe bezne dostupné na slovenskom trhu umoziuju zvysit
odolnost az na hodnotu 1,96 . v, , a tym optimalizovat navrh celej
konstrukcie. V niektorych pripadoch v3ak ani takdto odolnost nie je
postacujuca. V prispevku prezentujeme informécie o novom type
vystuze proti pretlaceniu Zelezobeténovych dosiek, ktord vyvinula
spolo¢nostou Peikko a ktorej pouzivanie na Slovensku je schvalené
technickym osvedc¢enim vydanym TSUS.

Navrh a realizécia bezprievlakovych stropov su podmienené spo-
fahlivym zabezpecenim lokalneho podoprenia dosky na stip. V tom-
to detaile je nosnd schopnost dosky najcastejsie limitovana jej odol-
nostou proti poruseniu pretlacenim.

Smykové tfne s rozkovanou hlavou st v sicasnosti jednym z naj-
efektivnejsich systémov na vystuzovanie bezprievlakovych strop-
nych a zékladovych dosiek proti poruseniu pretlacenim. Hlavnymi
prednostami Smykovych tffiov v porovnani s beznymi spdsobmi vy-
stuzovania (napr. strmienky) su vyssia odolnost dosky, ako aj vyssia
produktivita prace na stavbe.

PouZivanie tfriov ako Smykovej vystuze v zelezobeténovych dos-
kach sa v roku 2004 nezahrnulo do normy EN 1992-1-1, na zaklade
¢oho vyrobcovia tychto vystuzi pristUpili k tvorbe eurdpskych tech-
nickych osvedcent, ktoré v stcasnosti definuju rdmec a metodiku na
navrhovanie tychto vystuzi v Eurépskej unii. Smykové tfne PSB vy-
rébané spolo¢nostou Peikko boli schvalené na zadklade rozsiahleho
experimentalneho vyskumu realizovaného v spolupraci medzi spo-
lo¢nostami Peikko Group a EPFL v Lausanne, ktorého vysledky su
zhrnuté v dostupnej literatdre [3, 4]. V rdmci Eurdpskeho technické-
ho osvedcenia ETA 13/0151 [2] je maximdlna odolnost dosky vystu-
Zenej tiimi PSB stanovend na hodnotu

VRd, max, ETA =1,9. VRd,c 0

kde Vi, je odolnost dosky bez Smykovej vystuze. Tato hodnota
je priblizne o 40 % vyssia ako odolnost dosky vystuzenej beznymi
strmienkami. Na zaklade technického osvedcenia ETA 13/0151 [2]
schvalil TSUS v roku 2013 pouzivanie smykovych tfiiov PSB v celej EU
a umoznil vyrobcovi vystuzi umiestnit na vystuze znacku CE.

Na Slovensku bola v roku 2014 vydand narodna priloha STN EN
1992-1-1 [1], ktora schvaluje pouzivanie tfriov ako vystuze proti po-
ruseniu pretlacenim za podmienok, ktoré su velmi podobné pod-
mienkam definovanym v technickom osvedceni ETA 13/0151 [2].
V stcasnosti prebieha aj priprava revizie normy EN 1992-1-1 a je
pravdepodobné, Ze metodika na navrhovanie $mykovych tfhov
bude zakomponovana do tejto normy aj na celoeurdpskej drovni,
a to najneskoér do roku 2022.

The resistance against punching shear failure (v, ) is often lim-
iting the load bearing capacity of reinforced concrete flat slabs.
Conventional reinforcement against punching failure availa-
ble on Slovakian market allows to increase the resistance of the
slab to values up to 1.96 . v, . Even though such resistance is
sufficient for most common design situations, higher resistances
might need to be achieved in extreme cases. Information about
new type of reinforcement against punching shear failure of re-
inforced concrete flat slab will be presented in this paper. It has
been developed by Peikko Corporation and approved by Build-
ing testing and research institute (TSUS). The technical approv-
al allows usage of this new reinforcement in Slovakian market.

The proper functioning of flat slabs is conditioned by a proper de-
sign and execution of the slab to column connection. The load bear-
ing capacity of the slab is thus often limited by the punching shear
failure resistance of this detail.

Currently one of the most effective system of reinforcing flat slabs
and ground slabs against punching shear failure are double-headed
studs. The main benefit of studs compared to conventional types of
reinforcement (e.g. stirrups) is a higher resistance of the slab and also
higher efficiency at building site.

The use of double-headed studs as punching shear reinforce-
ment in reinforced concrete slabs hasn't been included in code
EN 1992-1-1 (2004). Therefore, producers of studs developed Eu-
ropean technical assessments, which currently define require-
ments and methodology for design and use of double-headed
studs in European union. PSB studs produced by company Pei-
kko have been approved based on extensive experimental re-
search executed in cooperation between company Peikko and
EPFL in Lausanne. Results of this research are presented in refer-
ences [3,4]. In accordance with European technical assessment
ETA 13/0151 [2], maximum resistance of slab reinforced with PSB
studs is defined as

VRd, max, ETA =1,9. \/Rd,c (M

where v, _is resistance of slab without punching shear reinforce-
ment. The resistance according to Eq. (1) is approximately 40 %
higher than resistance of a slab reinforced by conventional stir-
rups. Based on technical approval ETA 13/0151 [2] issued by TSUS
in 2013, PSB studs were approved for use in EU and allowed being
CE marked.

In 2014 a new national annex STN EN 1992-1-1 [1] has been pub-
lished in Slovakia, which allows to use studs as reinforcement against
punching shear failure. Conditions of use are similar to requirements
determined by technical assessment ETA 13/20151 [2]. New revision
of standard EN 1992-1-1 which is currently under preparation will in-
clude a methodology for design of punching shear stud at Europe-
an level latest in 2022.
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Obr. 1 Tfne Peikko PSB
Fig. 1 PSB studs

Obr. 2 Doska vystuzena tifimi Peikko PSB
Fig. 2 Flat slab reinforced with PSB studs

Z vyssie uvedeného vyplyva, Ze Smykové tfne sa v sicasnosti sta-
vaju standardnym postupom na vystuzovanie Zelezobeténovych do-
siek proti poruseniu pretlacenim. Snaha vyrobcov tychto vystuzi sa
teda zacina orientovat na vyvoj novych postupov na vystuzovanie
dosiek, ktoré mézu doplnat smykové tine, napriklad v pripadoch do-
siek vystavenych extrémne velkému zataZeniu. Systém PSB PLUS vy-
vinuty spolo¢nostou Peikko patri medzi takéto systémy.

Systém PSB PLUS

Systém PSB PLUS je vytvoreny kombindciou zvislych a vodorovnych
tfhov. Zvislé tfne sU navrhnuté a pouzivané v zmysle technického
osvedcenia ETA 13/0151 [2]. Vodorovné tine su umiestnené tak, aby
prechadzali cez stlp a boli ukon¢ené hlavou vo vzdialenosti min. 2d
od lica stlpa (d je efektivna hribka dosky).

Prvé prototypy systému PSB PLUS navrhla spolo¢nost Peikko
v roku 2014 a odskusala ich v laboratériu Stavebnej fakulty Zilinskej
univerzity. Vysledky skusok potvrdili, Ze vodorovné vystuze umozriu-
jU zvysit maximalnu silu pri poruseni dosky v porovnani s doskou vy-
stuzenou vylu¢ne zvislymi Smykovymi tfiimi.

Rozsiahly experimentélny program realizovany v rokoch 2015
az 2017 v spolupréaci medzi spolo¢nostami Peikko a EPFL Lau-
sanne umoznil vytvorit ucelend metodiku na navrhovanie do-
siek vystuzenych systémom PSB PLUS. Vyskumny program bol
od zaciatku koordinovany s TSUS (pobocka Kosice) tak, aby spi-
nal kritérid pozadované na schvélenie tohto inovativneho rie-
$enia na vystuzovane dosiek na Slovensku. Technické posude-
nie SK TP — 18/0026 [5], ktoré vydal TSUS v marci 2018, definuje
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FPSH Studs

Obr. 3 Systém PSB PLUS
Fig. 3 PSB PLUS System

Obr. 4 Skuska prototypov PSB PLUS na Zilinskej univerzite
Fig. 4 Testing of PSB PLUS prototypes at University of Zilina

The above indicates that double-headed studs are progressive-
ly becoming as standard solution for reinforcing flat slabs against
punching shear failure. This motivates the producers of double-
headed studs start with development of new solutions with poten-
tially even higher added value, for instance solutions that provide
even higher resistances than those that can be achieved using PSB
studs. PSB PLUS system developed by company Peikko is one of such
systems.

System PSB PLUS

PSB PLUS system is combination of vertical studs and horizontal
studs. Vertical studs are designed in accordance with technical as-
sessment ETA 13/0151 [2]. Horizontal studs are placed in form of
cross right above column and have a forged head at distance 2d
from column face (where d is effective height of slab).

First prototypes of PSB PLUS system were developed by Peikko
in 2014 and tested in laboratory of University of Zilina. Test results
confirmed that horizontal studs increase maximum failure resist-
ance of slab in comparison to slabs reinforced only with vertical
studs.

Extensive experimental research program was executed during
years 2015-2017 in cooperation between company Peikko and EPFL
Lausanne. Results from research allowed to create comprehensive
method for design of slabs reinforced by PSB PLUS system. From the
beginning research program has been coordinated by TSUS (divi-
sion Kosice), to follow criteria required for approval of this innova-
tive solution in Slovakia. Technical approval SKTP — 18/0026 [5] is-
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Obr. 5 Konstrukéné zésady PSB PLUS
Fig. 5 Installation instruction for PSB PLUS

podmienky na navrhovanie a pouZzivanie systému PSB PLUS, ¢im
umoznuje jeho uvedenie do praxe.

Navrh vystuze

Navrh vystuze PSB PLUS vychadza v zmysle Technického posudenia
SKTP - 18/0026 [5] z metodiky ndvrhu tfrov definovanej v technic-
kom osvedceni ETA 13/0151 [2]. Maximalna odolnost dosky vystuZe-
nej systémom PSB PLUS je definovana ako

VRd, max, PLUS = VRd, max, ETA +n. VRd, PLUS (2)

kde Viyp s je definované v tab. 1 v zavislosti od priemeru vodorov-
ného pruta a n je pocet aktivnych vodorovnych pruatov.
Konstrukené zdsady na usporiadanie vystuze su uvedené na obr. 5.

Zavery

Viystuz PSB PLUS sa bude pouzivat predovsetkym v lokalne podopre-
tych doskach vystavenych extrémnym zatazeniam. V najblizsom ob-
dobfi bude spolo¢nost Peikko tento systém schvalovat a uvédzat na
trh vo viacerych krajinach EU. Vdaka efektivnej spolupréci spolo¢nos-
ti Peikko a TSUS Kosice je uz v sicasnosti vydané Technické postde-
nie SKTP — 18/0026 [5], ktoré umozriuje pouZivat tento systém vystu-
7ovania na Slovensku.
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sued by TSUS v March 2018 defines conditions for design and use
of PSB PLUS system in Slovakia and allows the use of PSB PLUS sys-
tem in practice.

Design of reinforcement
The design of PSB PLUS punching reinforcement in accordance with
technical approval

SK'TP — 18/0026 [5] is based on the procedure defined by the
European technical assessment ETA 13/0151 [2] for double-headed
studs. The maximum punching shear resistance of a slab reinforced
by PSB PLUS system is defined as

Vag, max, pLus = Ved, max e1a + N Vag pLus )

where Vi, s is dependent on diameter of horizontal PSH stud
(Tab. 1) and number n of active horizontal PSH studs.

Tab. 1 Zvisld odolnost vodorovnych pritov
Tab. 1 Vertical shear resistance of horizontal studs

Navrhova hodnota
Smykovej odolnosti pre
jeden PSH tfii a jednu
Smykovu rovinu/

Priemer
vodorovného
PSH tina/

Krytie PSH tina/

Dogy (MmM) ¢y (mm) Viaprus (KN)
25 46,5 24,5
32 50 40
40 54 56,8

The layout of the PSB PLUS system with detailing rules is presen-
ted in Fig. 5.

Conclusions

PSB PLUS system will be used for locally supported flat slabs loaded
by extreme vertical reactions. The new punching reinforcement sys-
tem will be approved and launched in several European countries in
near future. The efficient cooperation between company Peikko and
TSUS Kogice allowed to create Technical approval SK TP — 18/0026
[5]. Therefore, PSB PLUS system can be used in Slovakia already now.
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Peikko PSB® Vystuz proti pretlaceniu dosiek

Optimalizacia konStrukcnej vysky stavby
Jednoducha a efektivna instaldcia
Vyssia odolnost v porovnani so strmefovymi vystuzami
Jednoduchy vypocet pomocou programu Peikko Designer®
Schvalenie podfa ETA-13/0151, oznacenie CE
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Vplyv zneéistenia prostredia na zmenu odolnosti ZB prierezu

a na korézne mapy uhlikovej ocele na Slovensku

Influence of environmental pollution on change of resistance RC
cross section and on corrosion maps of carbon steel in Slovakia

Korézia ako degradécia materidlu je jednym z najdélezitejsich
faktorov urcujucich zivotnost materidlov a zvysujucich riziko
poruchy prvkov. Klimatické prostredie a znecistenie ovzdusia
maju velky vplyv na degradaciu réznych stavebnych materidlov,
z ktorych su vyhotovené najmd zZelezobeténové alebo ocelové
konstrukcie, ako su budovy, mosty, tunely ¢i stavby kultdrneho
dedicstva. Prispevok je zamerany na Zelezobeténové konstruk-
cie a mosty a opisuje vplyv znecistenia atmosféry (prostredia)
na degradéciu (kordziu) betonarskej vystuze na Slovensku. Z at-
mosférického znecistenia mozno vytvorit koréznu mapu, kto-
ra opisuje agresivitu prostredia a jeho vplyv na rychlost koro-
zie. Korézna mapa nepoméha chrénit materialy, moze byt vsak
uzito¢na pri vypocte zmeny odolnosti prvku v ¢ase a pri vy-
pocte trvanlivosti. Udaje o zne¢isteni a klimatologickych pod-
mienkach, ako su CI, SO,, O,, PM, ;, PM,,, pH, teplota, mnozZstvo
dazda a relativna vlhkost, sa meraju v sieti meracich stanic Slo-
venského hydrometeorologického Ustavu a nasledne sa z nich
vytvdraju korézne mapy.

Klimatické zmeny s na celom svete zretelné a vyrazné a platf to
aj v pripade Slovenska. Priemernd ro¢na teplota rastie, znecistenie
ovzdusia sa zvacsa zvysuje, no v niektorych oblastiach dochadza aj
k jeho znizovaniu, a to vdaka réznym projektom na znizovanie znecis-
tenia a medzivliddnym rozhodnutiam. Znecistenie ovzdusia ma znacny
vplyv na degradaciu vietkych konstrukénych materidlov, ako betonar-
ska vystuz, betdn, konstrukeéna ocel, zinok, hlinik, murivo, kamen atd.
To znamena, Ze su ovplyvnené vietky typy konstrukcii, ako st budo-
vy, mosty, tunely alebo konstrukcie kulttrneho dedic¢stva. Degradacia
nielen kovovych, ale aj inych stavebnych materidlov (beton, omietka,
malta, kamene, sklo atd’) vo forme kordzie vplyvom chemickych alebo
fyzikdlno-chemickych environmentalnych zatazeni je ¢oraz vaznejsim
problémom nielen na Slovensku, ale na celom svete. Kordzia spdso-
buje hospodarstvu velku financnu zataz z dovodu vysokych nakladov
na opravy a rekonstrukcie, ¢i uz ide o dopravnu infrastrukturu, alebo
konstrukcie, a zaroven sposobuje znizenie spolahlivosti konstrukénych
prvkov, ¢o méze viest k vadznym poruchdm [1 —4].

Model korézie betonarskej vystuze
Degraddcia materidlov vratane koroézie vystuze alebo inych kovovych
materidlov je jednym z rozhodujucich faktorov urcujucich Zivotnost

The corrosion is one of the most decisive factors determining the
lifetime of materials and increases the risk of failure. Climatic pa-
rameters and atmospheric pollution have the high impact on deg-
radation of several construction materials, from which the rein-
forced concrete or steel structures, such as buildings, bridges,
tunnels or cultural heritage structures, are made. The paper is fo-
cused on reinforced structures and bridges and describes the im-
pact of multi-pollution of atmosphere on degradation (corrosion)
of reinforcement in the Slovak Republic. It is possible to determine
the map of corrosion from the atmosphere pollution, which de-
scribes the aggressiveness of environment and its influence on
corrosion. The corrosion map does not help to protect materials
but can be useful for prediction of the resistance change in time
and for calculation of durability. Data on pollution and climatolog-
ical conditions, like CI, SO,, O,, PM,;, PM,,, pH, temperature, rain,
relative humidity, are measured in the network of Slovak Hydro-
meteorological Institute environmental stations and consequently
the maps of carbon steel are made from them.

The climate changes around the world are clear and prominent. This
is also the case of Slovakia. The average year’s temperature is increas-
ing, the atmospheric pollution is also mostly increasing, but in some
areas, there is a decreasing of pollution due to various projects and
governments' decisions. The atmospheric pollution has considerable
impact to degradation of all the construction materials like reinforce-
ment, concrete, structural steel, zinc, aluminium, masonry, stones etc.
That means that all the types of constructions are affected, such as
buildings, bridges, tunnels or structures of cultural heritage structures
and art sculptures. Degradation not only of metal materials, but oth-
er construction materials (concrete, plaster, mortar, stones, glass, etc),
as well, by chemical or physicochemical environmental loads is an in-
creasingly serious problem not only in Slovakia, but all over the world.
The corrosion causes to economy a major financial problems due to
high costs on repairs and reconstructions, whether in traffic infrastruc-
ture or building constructions, it also causes the reliability reduction of
structural elements that can lead to serious consequences [1-4].

Corrosion model of reinforcement
Degradation of materials, including the corrosion of reinforcement or
other metal materials, is one of the most decisive factors determin-
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materidlov a zvysujucich riziko poruchy konstrukcie v ¢ase. Prispevok
je zamerany na uhlikovu ocel, z ktorej sa vyraba betonérska vystuz.

Kordzia betonarskej vystuze nezmensuje len priecny rez vystu-
e a tym Unosnost prierezu, ale spdsobuje aj pozdfZzne trhliny a na-
sledné odpadévanie krycej vrstvy v dosledku radidlnych tahovych
sil okolo vystuZe a zniZenie sudrznosti medzi beténom a vystuZou.
To znamend, Ze klesd ohybova tuhost prvku [5 - 8]. Preto korézia
ovplyviuje nielen medzné stavy tnosnosti (MSU), ale aj medzné sta-
vy pouZzivatelnosti (MSP).

Podla Eurokddov STN EN 1992-1-1 a STN EN 1992-2 [9 - 10] je plasticka
ohybové odolnost Zelezobeténového prierezu (ZB) (obr: 1) dané rovnicou

A f
MRd:FS'Z:ASfy‘Z:ASfyﬂih_c_%}_lbeﬁffcj Q)

Rovnica nezohladnuje degraddciu materidlov v case t. Ak sa
zohladnfi korézia vystuze [5], rovnica (1) sa zmeni na
Ayt).f, J

2. beff fc
@

/\/le(t)=Fs(T)-Z(f):As(t)-fy-Z(t):AS'(t)'fy[[h_C_@}_

e sila v tahanej vystuzi meniaca sa v case v dosledku
korozie vystuze (kN),
z(t) = rameno vnutornych sil meniace sa v ¢ase (m),
f, — medza klzu ocele (kN/m?),
f. — pevnost beténu v tlaku (kN/m?),
h - vyska prierezu (m) (obr. 1),
1) — priemer vystuze meniaci sa v ¢ase (m),
h, — hrubka dosky (m) (obr. 1),
b — Sirka prierezu (m) (obr. 1),
by — efektivna sirka prierezu (m) (obr. 1),
¢ - hrdbka krycej vrstvy (m) (obr. 1),
n - pocet vystuzi v priereze (-) (obr. 1),
A () — priecny rez vystuZzou meniaci sa v case v dosledku koro-
zie vystuze (m?).
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Obr. 1 Priecny rez zelezobetonovym T-prierezom a kordzia vystuze
Fig. 1 Cross section of flanged RC beam and corrosion of reinforcement
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ing the lifetime of materials and increases the risk of structure’s fail-
ure in time. The paper is focused on carbon steel, from which is
made the reinforcement.

The corrosion of reinforcement does not only decrease the reinforce-
ment” cross-section due to the rust, but it also causes the cracks and
spalling (dropping out) of the concrete cover due to the radial tensile
forces around the reinforcement. That means that the flexural stiffness
is decreasing [5-8]. Therefore, the corrosion influences not only the Ul-
timate Limit States (ULS), but also the Serviceability Limit States (SLS).

According to Eurocodes (STN EN 1992-1-1, STN EN 1992-2) [9, 10],
the plastic moment resistance of the flanged reinforced concrete
(RC) beam (Fig. 1) is given by formula

Ay f, j 0

2‘beff'fc

My :ﬁ~Z:A5~fy<Z:ASfyﬂh—C—g}—

That formula does not take into account the degradation of ma-
terials. If the corrosion of reinforcement is considered [5], the formu-

la (1) is changed to
M}_ A0).f,
2 2.b 1.

2

Mes () =F,(0). 2(t) = A (0).1, .z(t) = As(r)fy[[h—c_

where
F.(t) is the force in tensioned reinforcement changed in time
due to corrosion (kN),

Z(t) — the lever of internal forces changed in time (m),
f, — the steel yield strength (kN/m?),
f. — the compressive strength in concrete (kN/m?),
h - the height of cross section (m) (Fig. 1),

2(t) — the reinforcement diameter changed in time (m),

h. - the height of a slab (flange) (m) (Fig. 1),

b — the width of cross section (m) (Fig. 1),

b — the effective width of cross section (m) (Fig. 1),
¢ — the concrete cover thickness (m) (Fig. 1),
n — the number of reinforcements in the cross section (- )
(Fig. 1),

Ay (t) - the reinforcement cross section changed in time due
to reinforcement corrosion (m?).

The change of the resistance moment M,(t) with time depends on
the reinforcement cross section area A, (t) and it depends exactly on
change of the reinforcement diameter o(t) in time t. The corrosion starts
after the passive stage. The passive stage means time t,, from the be-
ginning of the bridge operation, when degradation agents penetrate
through the concrete cover up to level of reinforcement, and reinforce-
ment does not corrode. After the passive stage, the concrete loses its
passivation protection (concrete stops to protect the reinforcement)
and the reinforcement corrosion starts — this time is called as the active
stage (t - t,) and take a time to end of member’s lifetime (t,, T,).

There are two known models describing the change of the rein-
forcement diameter with time due to corrosion in the case of the uni-
form corrosion (Fig. 7) using the corrosion rate r_ or the corrosion cur-

corr

Thus, that process can be described by formulas

rent density

o(t) =0, ift<t, (3a)

o(t) =0 -00232 (t-t) .1

o If t> 1, according to [11, 12]
comes out from [13],

(3b)

o) =0 - (t-t).r

corr’

if t > t,, according to [14], (30)

where
Iy is the corrosion rate (um/year),
] is the corrosion current density (LA/cm?), (1 uA/cm? is
equal to 11.6 um/year of corrosion),
t — time,
t, — the length of time of passive stage.

o

leonr —
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Zmena odolnosti prvku namahaného ohybom M, (t) v ¢ase z&-
visi od plochy prie¢neho prierezu vystuze A (t), ktora zavisi prave
od zmeny priemeru vystuze g(t) v Case t. Kordzia vystuze nastava
po pasivnom Stadiu. Pasfvne Stadium znamend ¢as t, od zaciatku
zivotnosti mosta alebo konstrukcie (0, ), ked degradacné Cinite-
le prenikaju cez kryciu vrstvu az po Urovenr vystuze, no vystuz za-
tial nekoroduje. Po pasivnom $tadiu betdn strdca svoju pasivacnu
ochranu (prestane chranit vystuz) a moze nastat kordzia vystuze —
ide uz o aktfvne Stadium (t - t,), ktoré trvé az do konca Zivotnos-
ti prvku (¢, Ty).

V pripade rovnomernej povrchovej kordzie existuju dva zndme
modely (obr. 1), ktoré opisuju zmenu priemeru vystuze v ¢ase v do-

sledku kordzie s pouzitim rychlosti korézie r,,, alebo hustoty prido-
vej korozie i, Tento proces mozno opisat pomocou vzorcov
o(t) =0,akt<t, (3a),
o(1) =0 -00232 .(t-t) . i, ak t>t, podla [11,12]
vychéadzajuc z [13], (3b),

o) =0 - (t-t).r,

corr’

ak t>t,, podla [14] (30),

kde r., je korézna rychlost (um/rok),
iy — hustota prudovej kordzie (UA/cm?), pricom 1 pA/cm?
predstavuje 11,6 um/rok skorodovanej vrstvy,
t — cas (roky),

t. — dlzka pasivneho 3tadia (roky).

Ako mozno vidiet, oba modely odporicané pri kordzii betonarskej
vystuze su linedrne.

Na vypocet zmeny odolnosti prierezov zelezobeténového prvku
v Case treba vo vsetkych pripadoch poznat zdkladnt hodnotu, a to
rychlost korézie r,,. Podla STN EN ISO 9223 [15] mozno hodnotu
rychlosti korézie ziskat tromi spdsobmi.

Prvou moznostou je stanovit rychlost korézie pomocou merani na
vzorkdch v skuto¢nom prostredi. Tento spdsob je najlepsi, ale znac-
ne ¢asovo a finan¢ne naroc¢ny. Vyzaduje si osadit vzorky vo vietkych
prostrediach, v ktorych chceme ziskat rychlost korézie, a merat ko-
rézne Ubytky aspon jeden rok, optimalne niekolko rokov.

Druhym spdsobom je stanovit rychlost korézie pomocou meranf
na vzorkach v koréznej komore. Ide o zrychlené testy. Tu vsak nasta-
va problém prevodu rychlosti korézie v komore do skutocnych pod-
mienok.

Treti pristup je zaloZeny na informacidch o Zivotnom prostredi. To
znamena, Zze ak pozndme agresivitu daného prostredia, mozno urcit
mieru korézie pomocou tzv. dose-response funkcif (davka — odozva).
Tieto funkcie umoznuju vypocitat rychlost kordzie v roznych oblas-
tiach a prostrediach v zavislosti od nameraného znecistenia Zivot-
ného prostredia. Zarovern mozno zobrazit zmenu rychlosti kordzie
po vypocitani v grafickej podobe, tzn. vytvorit korézne mapy (mapy
rychlosti korézie).

Sposoby stanovenia koréznej rychlosti

Korézne mapy

Rovnica (dose-response funkcia), ktord opisuje mieru kordzie uhliko-
vej ocele podla STN EN ISO 9223 [15] po jednom roku vystavenia [3],
je takdto

=177 .[50,]052 00Rh M 1010 [CHOS2 b33 g0, @)
kde AT) je 0,15.(T-10),ak T< 10 °C, inak -0,054 . (T - 10),

Rh - relativna vihkost (%),
ClI= = obsah chloridov (mg/l).

Vsetky tieto parametre maju rozdielne hodnoty alebo koncentra-
cie v roznych oblastiach Slovenskej republiky a v priebehu rokov sa
menia. Mapy na obr. 2 ukazuju, ze miera korézie uhlikovej ocele na
Slovensku klesla z priemernej hodnoty 21,35 um/rok v roku 2004
na 18,08 um/rok v roku 2014. Mapy na dalsie roky (2015 - 2018) sa
v tomto ¢ase spracivaju.
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na Slovensku medzi rokmi 2004 a 2014

Obr. 2 Rychlost kor¢zie uhlikovej oceler,
a) 2004 — 2006, b) 2007 - 2010, ¢) 2011 = 2014
Fig. 2 Corrosion rate of carbon steel in Slovakia between years 2004-2014
a) 2004 - 2006, b) 2007 - 2010, ¢) 2011 - 2014

orr

As it can be seen, both models, which are recommended for the
reinforcement, are linear (linear function).

In all the cases, it is needed to know the basic value — corrosion
rate — to calculate the changes of resistances of cross-sections from
various materials with time. According to EN ISO 9223 [15], there is
possibility to achieve the value of corrosion rates using three ways.

The first possibility to achieve the values of corrosion rates is by
determining the corrosion aggressiveness using measurements on
samples in the real environmental pollution. That way is the best, but
very time and money consuming. That means to put samples in all
environments where it is wanted to detect and measure the corro-
sion losses and measure at least for one year, optimally after sever-
al years.

The second way is to determine the corrosion rate using measure-
ments on samples in the corrosion chamber. It means the rapid tests.
In this case, the problem with conversion between corrosion rate in
chamber and in the real conditions occurs.

The third approach is based on information about environment.
That means that if one knows the aggressiveness of environment,
it is possible to determine the corrosion rate using dose-response
functions. The dose-response functions give the possibility to calcu-
late the corrosion rates in various areas, depending on measured en-
vironmental pollution. Moreover, it is also possible to show chang-
ing of corrosion rates in a graphical form — that means to create the
corrosion maps.

Ways of corrosion rate determining
Corrosion maps

The equation (dose-response function) for the carbon steel accord-
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Obr. 3 Miera korozie vzoriek v koréznej komore D,
Fig. 3 Corrosion rate of samples in corrosion chamber D,

corrch

Experimentélne merania v kor6znej komore

Je vela faktorov, ktoré moézu ovplyvnit rychlost korézie — napr. mnoz-
stvo zrazok, kyslost zrazok H*, koncentracia kyseliny dusi¢nej HNO,,
0zén O,, koncentrécia tuhych castic frakcie PM,, atd. [1, 17, 18]. Naj-
dolezitejsimi faktormi podla normy STN EN 1SO 9223 [15] su teplota
T, relativna vlhkost vzduchu Rh, chloridy CI~ a oxid siri¢ity SO,. Podla
tejto normy su tieto Styri parametre vstupnymi hodnotami pri vypoc-
te ro¢nej miery korozie r_,.. V priebehu rokov a v réznych oblastiach
Slovenska sa vsak tieto klimatické data menia [19, 2]. Rozsah menia-
cej sa koncentracie hodnot teploty, relativnej vihkosti a oxidu siricité-
ho nie je taky dolezity, ako je to v pripade meniacej sa koncentracie
chloridov. Rychlost prenikania chloridov (mg/m?/den) merané pod-
la normy STN EN 1SO 9225 [20] m6ze byt v rozsahu od 3 mg/m?/den
(v pripade vnutrozemskych oblasti) [19, 211 do 90 mg/m?/den (v pri-
pade postrekovanych transportnych mechanizmov) [22], alebo do
8000 mg/m?/den (v pripade striekajiceho transportného mechaniz-
mu rozmrazovacej soli pocas zimného obdobia) [23]. To vedie k z&-
veru, ze miera prenikania chloridov mé vyrazny vplyv na trvanlivost
a spolahlivost konstrukcii nielen v blizkosti cestnej dopravnej infras-
truktury, kde sa pouZiva rozmrazovacia sol, ale aj v oblastiach pokry-
vajucich stovky metrov okolo ciest [23].

Z tohto dovodu sa zvolil test podla normy STN EN 1SO 9227
[16], kde su vzorky vystavené pdsobeniu 5-percentného (50 g/l
+ 5 g/l) roztoku chloridu sodného. Dal$imi parametrami nasta-
venymi v kordznej komore su teplota (35 °C + 2 °C) a hodnota
pH roztoku (od 6,5 do 7,2). Pred zacatim testu sa na kalibrova-
nych védhach zistovala pociato¢nd hmotnost (a tiez hydrostaticka
hmotnost — hmotnost vzoriek pod vodou) a di#ka vzoriek. Potom
sa vypocitala objemova hmotnost p kazdej vzorky. Spolu sa sle-
dovalo dvadsat nechranenych vzoriek vystuze z kazdého prieme-
ru (@ 6 mm, 2 10 mm, @ 14 mm, @ 25 mm). Zvolené ¢asové inter-
valy na kontrolu aktudlnej hmotnosti vzoriek boli 2,1; 4,9; 9,0; 13,9;
18,0; 27,1; 36,0; 45,0; 53,9 a 62,8 dni. V kazdom z tychto ¢asovych
intervalov sa z komory odobrali dve vzorky z kazdého priemeru
(@6 mm,2 10 mm, @ 14 mm, @ 25 mm) a zvazila sa ich hmotnost.
Jednotlivé zaznamenané hodnoty pri vystuzi s @ 6 mm sa publi-
kovali v [24]. Rovnica (5) opisuje vypocet rychlosti korézie v ko-
réznej komore D, , na zéklade predpokladu, Ze cely povrch vzo-
riek je skorodovany (obr. 3).
4.Am -0

(8.¢+4.0).0%, . +(2.4 +4.4.1)D
P ©)

8.D°

corrch corrch

Vypocitana rychlost korozie D, je uvedena na obr. 4 az 7. Na
tychto obrazkoch mozno vidiet aj linedrnu funkciu aproximovanu na
koréznu rychlost a korelacny koeficient R? v ramci kazdého prieme-
ru vystuze.

Je zrejmg, Ze vysledné krivky rychlosti korézie D, ., sU velmi po-
dobné lineadrnym funkcidm. Korela¢ny koeficient R* ukazuje, ako uve-
dené vysledky dobre suhlasia s modelom. Jeho rozsah je velmi blizky
hodnote jedna, od R? = 0,9849 (pri priemere vystuze 14 mm) aZz po
R?= 10,9957 (pri priemere vystuze 10 mm).

Na obr. 8 je uvedena linearna rychlost korézie v koréznej komore
orrchiin POdIa rovnic z obr. 4 az 7.

Z4averom tejto ¢asti mozno tiez spomenut, ze podobny vysledok
pri konstrukénej oceli dosiahli na ocelovych vzorkach aj dalsf auto-
ri [25, 26].

D
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ing to STN EN ISO 9223 [15], describing the corrosion attack after one
year of exposure [3], is the following

I =177 150,107 002080 D 0,102 . [CI]062 e33R gboeT, (4)
where

fT) is 0.15 (T=10) if T < 10 °C otherwise —0.054 (T - 10),

Rh — the relative humidity (%),

CI= - the content of chloride (mg/I).

All those parameters have different concentrations in different are-
as of the Slovak Republic and they also change during the years. The
three maps in Fig. 2 show that the corrosion rate r_., of the carbon
steel is decreased from the average value of 21.349 um/year in the
year 2004 to 18.08 um/year in the year 2014 in Slovakia. The follow-

ing years (2015-2018) are under processing.

Experimental measurements in corrosion chamber

Itis a lot of factors, which can affect the speed of corrosion rate like
amount of precipitation Rain, acidity of precipitation H*, nitric acid
concentration HNO,, ozone O,, concentration of particular mat-
ter PM,, and so on [1, 17, 18]. But the most important factors ac-
cording actual standard EN ISO 9223 [15] are temperature T, rela-
tive humidity Rh, chloride CI~ and sulphur dioxide SO,. These four
parameters are as the input parameters on calculation of the first-
year corrosion rate r_, according this standard (this equation is so
called dose-response function). During the years, the climatic data
are changing in different areas of the Slovak Republic [19, 2]. The
range of the changing concentration of the parameters like tem-
perature, relative humidity and sulphur dioxide is not as significant
as it is in the case of chloride concentration. The chloride deposi-
tion rate (in unit mg/m?/day), measured according the standard EN
ISO 9225 [20], has range from 3 mg/m?/day (in the case of inland
areas) [19, 21] to 90 mg/m?/day (in the case of spraying transport
mechanisms) [22] or to 8 000 mg/m?/day (in the case of splashing
transport mechanisms of de-icing salt during the winter period)
[23]. This leads to the conclusion that the chloride deposition rate
has a significant impact on the durability and reliability of the con-
struction not only near of the traffic infrastructure network, where
the de-icing salt is applied, but also in the area spanning hundreds
of meters around the roads [23].

The test according to standard ISO 9227 [16] was chosen for this
reason, where the specimens are exposure to the 5 % (50 g/| +
5g/l) sodium chloride solution. Other controlled parameters are
temperature (35 °C £ 2 °C) and pH (from 6.5 to 7.2). Before start-
ing the test, the initial weight (also the hydrostatic weight — weight
under water) and length of the samples were measured on the cal-
ibrated machines then the bulk density p of each sample was cal-
culated. The total number of non-protected reinforcement samples
was twenty for each diameter (2 6, @ 10, @ 14, @ 25). The selected
time intervals for inspection were 2.1,4.9, 9.0, 13.9, 18.0, 27.1, 36.0,
45.0, 53.9 and 62.8 days. In each of these time intervals, two sam-
ples of each diameter (2 6, @ 10, @ 14, @ 25) were taken from the
chamber and their weight was measured. The individual measured
values, for the diameter @ 6, are described in [24]. Equation (5) de-
scribes the calculation of the corrosion rate in the chamber D, ,
based on the assumption that the whole surface of the samples is
corroded (Fig. 3).
4.Am -0

(8.¢+4.0).0%, . +(2.6 +4.4.0)D
v (©)

8.D°
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The calculated corrosion rate D, ., can be seen in Fig. 4-7. In fig-
ures can be also seen the linear function approximated to the corro-
sion rate and coefficient of determination R? for each diameter.

It is clearly seen that the corrosion curves of the corrosion
rate D, is very close to the linear function. The coefficient

of determination R? provides a measurement of how well the
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Obr. 4 Rychlost korézie pri vystuzi @ 6 mm
Fig. 4 Corrosion rate for diameter @ 6 mm
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Obr. 6 Rychlost korézie pri vystuzi @ 14 mm
Fig. 6 Corrosion rate for diameter @ 14 mm

Zavery

V prispevku su prezentované vysledky vyskumu a meranf zamera-
né na vplyv znecistenia prostredia na Slovensku na rychlost koroézie,
resp. kordzne Ubytky uhlikovej ocele, z ktorej sa vyrdba betondrska
vystuz. Podla normy STN EN ISO 9223 [15] sa Uroven neistoty pri uhli-
kovej oceli ziskava v rdmci dvoch réznych tried posudzovania. Jedna
z metdd zalozend na meraniach miery korézie Standardnych vzoriek
predstavuje odchylku 2 %. Uroven neistoty stanovend odhadom za-
loZzenym na informécidch o Zivotnom prostredi je vyssia a predstavu-
je priblizne -33 az +50 %. V skuto¢nosti spbsobuju obrovsky rozdiel
mnohé aspekty a neistoty. Hlavné faktory ziskané v norme STN EN
ISO 9223 [15] by mohli byt zalozené na neistote dose-response funk-
cie alebo na meraniach znecistenia ovzdusia a klimatickych Udajov.
V sulade so znecistenim ovzdusia na Slovensku je dlhodobym cie-
lom navrhnut a upravit dose-response funkcie jednotlivych staveb-
nych materidlov so zameranim sa nielen na vplyv oxidov siry, dusi-
ka, uhlika, castic PM,;, PM,; a ozénu, ale aj na vplyv ultrafialového
Ziarenia a chloridov, a to nielen vo vzduchu, ale aj v oblastiach v tes-
nej blizkosti cestnej siete, teda v oblastiach, kde sa vyskytuju most-
né konstrukcie.
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Obr. 8 Lineérna rychlost korézie v koréznej komore D
Fig. 8 Linear corrosion rate in the chamber D,
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Obr. 5 Rychlost kordzie pri vystuzi @ 10 mm
Fig. 5 Corrosion rate for diameter @ 10 mm
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Obr. 7 Rychlost korézie pri vystuzi @ 25 mm
Fig. 7 Corrosion rate for diameter @ 25 mm

observed results are replicated by the model and its range is
very close to one, from R? = 0.9849 (for diameter 14 mm) to R’
=0.9957 (for diameter 10 mm). Fig. 8 illustrates the linear corro-
sion rate in the chamber D according to equations from
the Figs. 4-7.

It can be also mentioned that the similar result, i.e. the linear func-
tions of the corrosion steel samples, were obtained on the steel plate
samples by other researchers [25, 26].

corr,ch,lin

Conclusions

The paper presents the results of research and measurements fo-
cused on the impact of environmental pollution in Slovakia on the
corrosion rate, respectively corrosion losses of carbon steel, from
which the reinforcement is produced.

According to the standard EN ISO 9223 [15], the level of uncer-
tainty for the carbon steel and zinc is obtained in two different class-
es of assessment. One of the methods based on the measurements
of corrosion rates of standard samples, represent 2 percent variation.
The level of uncertainty, established by estimate based on the infor-
mation about the environment, is higher and represents about -33
to 50 percent. Actually, the huge difference is due to many aspects
and uncertainties. The main factors obtained in this standard EN ISO
9223 [15] could be based on the dose-response function uncertain-
ty or by measurements of air pollution and climatic data. In accord-
ance with the climate and air pollution in Slovakia, the long-term ob-
jective is to design and adjust dose-response functions for individual
construction materials, focusing on the impact of not only sulfur ox-
ides, nitrogen, carbon, particles PM, ., PM,; and ozone, but also the
impact of UV radiation, and the last but not the least chlorides, not
only in the air, but in the areas of the network of roads, especially
bridge structures, as well.

This research is supported by the Slovak Research and Development
Agency under contract No. APVV-14-0772, and by Research Project No.
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Vplyv otvorov na odolnost v pretlaceni lokalne podopretych dosiek
Effect of openings on the punching shear of flat slabs

Bezprievlakové stropné dosky su bezne pouzivanym typom nos-
nych konstrukcii v sucasnej architekture, napriek tomu sa pri sta-
tickom navrhu stretdvame s réznymi problémami. Otvory umiest-
nené v blizkosti stipa sa ¢asto pouzivaju pre potrubné instalécie,
avsak tato pozicia otvoru zvysuje Smykové naméhanie v okoli
stipa. Prispevok sa zaoberd experimentalnym vyskumom zame-
ranym na odolnost v pretlaceni bezprievlakovych stropnych do-
siek s dvomi otvormi v blizkosti stipa. Vplyv otvorov sa skima ex-
perimentalne a tiez s pouzitim réznych vypoctovych modelov na
predikciu odolnosti v pretlaceni, uvedenych v relevantnych nor-
movych predpisoch. Materidlové charakteristiky beténu a beto-
narskej vystuze sa ziskali z laboratérnych testov v laboratériu Sta-
vebnej fakulty STU v Bratislave.

Vo svete sa vykonalo mnozstvo experimentov, ktorych cielom
bolo objasnit pretlacenie stropnych konstrukcii. Experimentalne pra-
ce zaoberajlce sa pretlacenim lokdlne podopretych dosiek s otvormi
viak nie sU v zahrani¢nych databdzach casté. Preto sme v laboraté-
riu odskusali niekolko sérif takychto dosiek. Prva séria dvoch vzoriek
bola referen¢na a neobsahovala otvory. Dal3ie tri série obsahovali
dva symetricky umiestnené otvory s rozmermi 200 x 300 mm, kto-
ré sa vzdalovali od lica stipa v nasobkoch tc¢innej vysky 0d, 1d, 2d.
Prispevok sa venuje porovnaniu odolnosti v pretlaceni dosiek bez
otvorov a s otvormi prilahlymi k stipu (obr. 1), teda vo vzdialenosti 0d.
V doskach nebola pouzitd Smykova vystuz. Ziskané vysledky su porov-
nané s normovymi postupmi, a to so stcasne platnou STN EN 1992
(skr. EC), MC 2010 (skr. MC) a s ndvrhom, ktory bude obsahovat dru-
hé generdcia EC2 (skr. EC25*).

Modely na predikciu Smykovej odolnosti dosiek

v pretlaceni - vplyv otvorov podla noriem

Model, ktory pouZiva sucasne platnd norma STN EN 1992-1-1, je em-
piricky. Odolnost v pretlaceni bezprievlakovej stropnej dosky bez
smykovej vystuze zavisi od parametrov, ktoré zohladnuju mnozstvo
pozdiznej vystuze (p), pevnost betdnu v tlaku (f,) a hribku strop-
nej dosky (size effect — k) (1). Pocita sa so vzdialenostou prvého (zé-
kladného) kontrolného obvodu od lica podpery 2d. Vplyv otvorov
je zohladneny redukciou dfzky z&kladného kontrolného obvodu u,
podla obr. 1g, b [1].

C
VRde = ;drc k(1 00pf )1/3 m

C

Vpoctovy model uvadzany v Model Code 2010 je fyzikélny, zalo-
zeny na teorii kritickej Smykovej trhliny (Critical Shear Crack Theory —
CSCT) [2]. Prispevok beténu k odolnosti zavisi od pootocenia dosky
v nadpodperovej oblasti, ktoré ma vplyv na roztvorenie kritickej smy-
kovej trhliny, porov. vzorec (2), kde b, je dizka kontrolného obvodu
vo vzdialenosti d,/2 od lica podpery, f,, charakteristickd hodnota

Flat slabs are commonly used structures in contemporary archi-
tecture. In spite of their common use there is still problem in de-
sign of these structures. The openings adjacent to a column are
often used for plumbing and such a position of the openings in-
creases shear stresses in the flat slab near the column. This paper
deals with experimental work focused on the punching shear re-
sistance of the flat slab specimens with openings adjacent to col-
umn compared to the flat slab specimens without openings. The
opening influence is determined experimentally and by using
models for the assessment of punching resistance from relevant
standards and codes. The material properties of concrete and re-
inforcing steel were obtained from the laboratory tests.

A large number of experiments have been carried out in the world
to clarify the punching shear of flat slabs. Experimental work dealing
with punching of flat slabs with openings is not common in world-
wide databases. Therefore, we have tested several series of such flat
slabs at the STU Central Laboratories. The first two specimens were
a reference and did not contain openings. The next three series in-
cluded two symmetrically located openings 200 x 300 mm moving
away from the face of the support in multiples of effective depth 0d,
1d, 2d. This paper deals with the comparison of punching resistance
of flat slabs without openings and with the openings adjacent to the
column (Fig. 1), at 0d. There was no shear reinforcement used in the
experimental flat slabs. The obtained results are compared with the
results of the methods for the assessment of punching resistance in-
troduced in the following standards and codes — STN EN 1992 (EQ),
MC 2010 (MC) and with the model proposal for the second genera-
tion of EC2 (EC2%).

Models for prediction of punching shear resistance
of flat slabs - influence of openings according to
standards

The model used in STN EN 1992-1-1 is empirical. The calculation of
the flat slab punching resistance without shear reinforcement de-
pends on the several parameters: amount of longitudinal rein-
forcement (p), compressive strength of concrete (f,) and flat slab
thickness (size effect — k) (1). The distance of the basic control pe-
rimeter from the face of support is 2d. The influence of the open-
ings is considered by reduced length of the basic control perimeter
u, (Fig. 1a, b) [11.

C
Vege = ;M k(100pf, )" ©)

C

The model in Model Code 2010 in comparison to the model given
in STN EN 1992-1-1 is physical model, based on Critical Shear Crack
Theory (CSCT) [2]. The concrete contribution to shear resistance de-
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Obr. 1 Redukcia zakladného kontrolného obvodu pri otvore — STN EN 1992-1-1 (a, b), MC 2010 a navrh druhej generacie EC2 (c)

Fig. 1 The reduction of the basic control perimeter considering influence of the opening — STN EN 1992-1

valcovej pevnosti betonu v tlaku, - parcidlny sucinitel spolahlivosti
pre beton, d, Ucinna vyska dosky v Smyku a k,, () je sucinitel zohlad-
nujuci vplyv roztvorenia kritickej Smykovej trhliny, jej drsnost a tiez
size effect [3].

fo
Rd C k J_k bO dv (2)

Ve

Vypocitand odolnost zavisi od Urovne aproximacie, s ktorou sa po-
¢ita vo vypocte (Level of Approximation — LoA). Model Code 2010
uvadza Styri Urovne aproximacie. Pri nami pouzitej analyze sa pocita-
lo s trefou Urovriou aproximacie.

f 15
A m
W) =127 [—) ©

Pootocenie v oblasti podpery mozno vypocitat podla vztahu (3),
kde r, je vzdialenost miesta nulovych radidlnych ohybovych momen-
tov od osi podpery, d Ucinna vyska, f, navrhova medza klzu ohy-
bovej vystuze, £, modul pruznosti ohybovej vystuze, m_, priemer-
ny navrhovy ohybovy moment v stipovom pruhu a my, je ndvrhovy
moment odolnosti dosky v stipovom pruhu. Pri tretom stupni apro-
ximéacie sa pootocenie vypocita podla vztahu (3). Tento vztah mozno
pouzit, ak r, a m., urCujeme z linedrne elastického modelu [3].

Vzhladom na to, Ze sa pripravuje druha generdacia EN, uvddzame
vypocet odolnosti aj podla ndvrhového postupu [4]. Zékladom vy-
poctového postupu Smykovej odolnosti bez Smykovej vystuze je
CSCT ama tvar (4):

/3
de,c=f—b(100 £ ng d <—J_ d, (kN/m) )
C

v

Vo vztahu (4) je k, Smykovy gradient, dg, zavisi od typu beténu
a pouzitého kameniva a a, je Smykové rozpdtie. Ostatné veli¢iny su
rovnaké ako vo vztahu (1).

Opis experimentu

Analyzované skusobné vzorky mali osemuholnikovy tvar s hribkou
250 mm (obr. 2 a 3). Odskusali sa dve vzorky bez otvorov, oznacené
SO-1 a S0-2, a dve vzorky so symetricky umiestnenymi otvormi vedla

Tab. 1 Zékladné udaje o skusanych vzorkach
Tab. 1 Basic information of experimental specimens

Hrabka dosky U¢inna vyska d
(mm) (mm)
SO-1
S0-2
250 200 ©20/100
S1-1
S1-2

www.inzenyrske-stavby.cz

-1 (a, b), MC 2010 and the second generation of EC2 (c)

pends on rotation of a slab in support area, which has influence on
critical shear crack opening (2), where b, is length of basic control
perimeter in distance d,/2 from the face of the support, f, character-
istic value of concrete compressive strength, y. partial safety factor
for concrete, d, shear resisting effective depth of the slab and k,, ()
considering influence of critical shear crack opening, its roughness,
shear slenderness and size effect [3].

\/E b,d, 2)

Ve

Rdc = 74

The assessed resistance depends on used Level of Approximation
(LoA). Higher LoA increases the calculation accuracy of the design
process. Model Code 2010 provides 4 Levels of Approximation. The
third Level of Approximation was chosen for used analysis.

f 15
r m

Vo )=1221 | s

Vo) deE. [m%] @)

The rotation of a slab in support area can be calculated by (3)
where r, indicates the position where the radial bending moment is
zero with respect to the column axis, f ; design yield strength of re-
inforcement and £, elasticity modulus of reinforcement, m_4 is the
average bending moment per unit length in the support strip of
the column and mg, is the design average flexural strength per unit
length in the support strip. When using the third LoA the equation
(3) can be used, where r, and m_, are calculated from linear elastic

(uncracked) model [3].

As the second generation of Eurocodes is being prepared, the as-
sessment of punching resistance according to the design method
was carried out [4]. The basis of the calculation method of punch-
ing resistance without shear reinforcement is CSCT, see equation (4).

d 1/3
Vid,e :}k/_b[]oopfckfj d, <_\/_d (kN/m) “)
C v

Where in equation (4) k, is shear gradient enhancement factor,
d,, depends on concrete type and its aggregate properties and a, is
shear span. Other variables are the same as in equation (1).

Stuper vystuzenia Pevnost beténu f,

Medza klzu ocele f,

) (MPa) (MPa)
41,02
33,41
0,0157 550
43,26
32,89
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Obr.2 Schéma skusobnej zostavy
Fig. 2 Experimental set-up scheme

stlpa, oznacené S1-1 a S1-2. Symetrické umiestnenie otvorov sa vy-
bralo zdmerne, z dbvodu zamedzenia vnésania nevyrovnaného ohy-
bového momentu do skusanej dosky. Jednotlivé parametre skisob-
nych vzoriek s uvedené v tab. 1.

Vlystuzenie vsetkych dosiek bolo ©20/100 mm, pri doskach S1-1
a S1-2 sa k otvorom pridali pruty 120 z kazdej strany otvoru. Pevnost
betdnu sa zistovala experimentalne vzdy v Case skusania danej dosky.

Vzorky boli z hornej strany podopreté kibovo na predpinacich ty-
¢iach @ 36 od firmy Freyssinet, ktoré boli upevnené v podlahe labo-
ratoria a tvorili reakciu. Zatazenie sa vnasalo cez hydraulicky lis umies-
teny pod stlpom dosky. Na doskéch sa merali priehyby pomocou
LVDT snimacov, pootocenie dosky sa meralo pomocou libiel. Pomerné
pretvorenia horného povrchu sa merali pomocou posuvného defor-
mometra a pretvorenia dolného povrchu tenzometrickymi paskami.

V spoluprdci s Katedrou geodézie SvF STU sme sa Uspesne po-
kusili ziskat priestorové deformacie horného povrchu dosky pomo-
cou viacsnimkovej konvergentnej fotogrametrie. Na povrch objektu
sa nalepilo 80 RAD-znaciek pre systém PhotoModeler. Snimkovanie
sa vykonalo 36-megapixelovou digitédlnou zrkadlovkou Nikon D80OE
s objektivom s 35 mm ohniskovou vzdialenostou. V kazdej zatazova-
cej etape sa vyhotovilo 18 aZ 20 snimok zo $pecidlneho zavesného

Tab. 2 Porovnanie vypoctovych odolnosti v pretlaceni s experimentom
Tab. 2 Comparison of experimental and assessed punching resistance results

vz, EC2 MC EC2 v, Ve,
(u,) (b) (kf\j) (kN)
(mm) (mm)
SO-1 1051 956
3313 1428
S0-2 950 892
S1-1 831 424
1440 712
S1-2 751 387

Obr. 3 Fotografia skiisobnej zostavy
Fig. 3 Experimental set-up photo

Experimental work

The analysed specimens were octagonal shaped slabs of a 250 mm
thickness (Fig. 2, 3). Two of four tested specimens were without open-
ings, named SO-1 and S0-2 and two specimens with symmetrical-
ly placed openings next to the column, were named S1-1 and S1-2.
The symmetrical positioning of the openings was intentionally cho-
sen to prevent influence of the unbalanced bending moment. The
parameters of the specimens are in Tab. 1.

The reinforcement of all slabs was ©20/100 mm and the 1®20 bar
was added to each side of the opening in the S1-1 and S1-2 slabs.
The strength of the concrete was experimentally determined at the
time of each slab test.

The samples were hinged on the top and fixed to the floor of the
laboratory using Freyssinet prestressing bars which created a reac-
tion. The sample was loaded under axis-symmetric conditions with
a hydraulic jack placed under the slab column 200 x 200 mm.

The slab deformations were measured by LVDT sensors. The slab
rotation was measured using levels. The upper surface strains were
measured by the deformometer and the lower surface strains with
strain gauges. In successful cooperation with Department of Survey-
ing the spatial deformations of concrete specimen were measured

A e ves Vi VS
=) (kN) =) (LQ) =)
1,10 835 1,26 1028 1,02
1,07 772 1,23 960 0,99
1,96 512 1,62 562 1,47
1,94 456 1,64 490 1,53

Tab. 3 Porovnanie vypoctovych odolnosti v pretlaceni s upravenou redukciou dizky zékladného kontrolného obvodu s experimentom
Tab. 3 Comparison of experimental results with punching resistance assessed using experimentally determined reduction of the basic control perimeter

EC2 MC EC2%¢¢

p L (by o 5
(mm) (mm)

S1-1 831 830
2823 1028

S1-2 751 756

InZinierske stavby / InZenyrské stavby 4/2018

V!esl/ VECZ VMC Vtest / VMC ngz

= (kN) ) (kN)
1,00 677 1,23 811 1,03
0,99 606 1,24 707 1,06
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Obr. 4 Redukcia zékladného kontrolného obvodu podla jednotlivych normovych postupov

Fig. 4 Basic control perimeter reduction according to standards

systému umiestneného 3 m nad doskou. Automatické subpixelové
meranie znaciek a presna kalibracia kamery pocas fotogrametrické-
ho spracovania umoznili ziskat 3D suradnice pozorovanych bodov
s presnostou 0,02 mm. Dosiahnuté vysledky sa porovnali s tradicny-
mi metddami merania pretvoreni a priehybov.

Porovnanie experimentalnych
a vypoctovych odolnosti
Vysledky ziskané z experimentu V.., sa porovnali s hodnotami ziska-
nymi vypoctom podla jednotlivych normovych postupov (tab. 2).

Z vysledkov ziskanych zo vzoriek SO-1 a S0-2 mozno usudit, ze
postupy podla platnej STN EN 1992 (obr. 1b) a navrhu modelu pre
druhu generéciu EC2 vykazuju dobrd zhodu s experimentom (max.
odchylka 10 % od nameranej sily pri zlyhani, tab. 2). MC 2010 je pri
uvazenf tretej Urovne aproximacie v tomto pripade neekonomicky
(odchylka od nameranej sily pri zlyhant je vacsia ako 20 %). Z uvede-
ného vyplyva, Ze pripravovany vypoctovy postup druhej generacie
EC2 je bezpecny a ekonomicky.

Interpretécia vysledkov ziskanych zo vzoriek s otvormi S1-1 a S1-2
je zloZitejsia. Pouzitie normového postupu na redukciu zdkladného
kontrolného obvodu sa ukazuje ako konzervativne.

Pri pouziti redukcie obvodu podla obr. 4a (pre vypocet podla STN
EN 1992) dostdvame v porovnani s nameranou odolnostou takmer
polovi¢nu odolnost (tab. 2). Pri pouziti Upravy redukcie podla obr. 4b
dosiahneme s experimentom velmi dobri zhodu (tab. 3). Ide o pre-
rusenie obvodu iba v mieste otvoru.

Obr. 5 Smykové trhlina po poruseni dosky D1-1 v mieste otvoru
Fig. 5 Shear crack after failure of the slab S1-1

www.inzenyrske-stavby.cz

using multi-image convergent photogrammetry. 80 RAD-targets for
PhotoModeler system were glued on the surface of specimen. The
images were taken using a 36-megapixel DSLR Nikon D800E with 35
mm lens. 18-20 images were taken in every load stage from a spe-
cial hanging system 3 meters over the specimen. Automatic subpix-
el measurement of targets and precise calibration of camera during
photogrammetric processing resulted in 3D coordinates of observed
points with 0.02 mm accuracy. The obtained results were compared
with the traditional strain and deformation measurement tech-
niques.

Comparison of experimental and assessed
punching resistance results

The results obtained from the experiment V..., were compared with
calculated punching resistances according to the model introduced
in standards (Tab. 2).

From the results obtained from SO-1 and SO-2 samples, it can be
concluded that the methods according to STN EN 1992 (Fig. 1b) and
the second generation of EC2 show a very good coincidence with
the experimental results (maximum 10 % difference from the meas-
ured force at failure, Tab. 2). MC 2010 using LoAlll is in this case less
economic (difference from the measured force at failure is greater
than 20 %). It follows that the next generation of EC2 calculation
method is safe and economical.

Interpretation of results obtained from specimens S1-1 and S1-2 is
more complex. The use of the standard method for the reduction of
the basic control perimeter appears to be pretty conservative. When
using a perimeter reduction according to Fig. 4a, for the assessment
according to STN EN 1992, almost half the resistance is obtained
(Tab. 2), compared to the measured resistance. Using the experimen-
tally determined reduction according to Fig. 4b, a very good match
is achieved (Tab. 3). It is a reduction of the perimeter only at the out-
line of openings.

When assessment is carried out according to MC 2010, the match
with the experimental results is better than with STN EN 1992 (the
measured value is still more than 60 % greater than calculated ones).
However, even after applying the reduction according to Fig. 4d, the
difference between the assessed and the measured value is greater
than 20 % (Tab. 3). The MC 2010 allows the reduction of basic control
perimeter as in Fig. 4d is indicated, but only if the pipes or inserts are
in the slab (Fig. 1c).

The proposed model in the second generation of EC2 provides
the best match with the experiment compared to other standards
(difference between assessed and measured results is greater than
50 %). Using the reduction according to Fig. 4d, the coincidence of
the assessed and measured results is very good (less than 6 %). This
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Pri vypocte podla MC 2010 je zhoda s experimentom lepsia ako pri
STN EN 1992 (namerand hodnota je ale stale o viac ako 60 % vacsia
ako vypocitang, tab. 2). Aj po aplikécii redukcie podla obr. 4d je vsak
rozdiel medzi vypocitanou a nameranou hodnotou vacsi ako pribliz-
ne 20 % (tab. 3). MC 2010 umozriuje redukciu zdkladného kontrol-
ného obvodu, ako je to na obr. 4d, ale iba v pripade, ak sa v stropnej
doske nachddzaju lezaté rozvody (obr. 1¢).

VWpoctovy postup podla navrhovanej druhej generacie EC2 vyka-
zuje v porovnani s ostatnymi normovymi postupmi (rozdiel medzi
vypocitanou a nameranou hodnotou vacsi ako 50 %, tab. 2) najlep-
Siu zhodu s experimentom. Po aplikacii redukcie podla obr. 4d je zho-
da vypocitanej a nameranej hodnoty velmi dobrd — do 6 %, tab. 3. Aj
tento postup umoznuje redukciu zakladného kontrolného obvodu,
ako je to na obr. 4d, v tom pripade, ak sa v stropnej doske nachadza-
ju lezaté rozvody (obr. 1c).

Zaver

Z uvedenych vysledkov vyplyva, Ze postup podla pripravovanej druhej
generacie eurokodov je s experimentalnymi vysledkami vo velmi dob-
rej zhode. STN EN 1992 a MC 2010 su konzervativnejsie, hlavne pri vy-
poctoch zohladhujlcich vplyv otvorov. Redukcia dizky zékladného
kontrolného obvodu podla obr. 4g, ¢ sa ukazuje ako velmi konzerva-
tivna, a teda neekonomické. Redukciou podla obr. 46, d dostdvame re-
alne vysledky odolnosti stropnych dosiek v pretlaceni. KedZe zlyhanie
takejto konstrukcie ma krehky charakter, je potrebné dalsie skiimanie
tejto problematiky, najma zohladnenia nevyrovnaného ohybového
momentu, réznej pozicie otvorov v pddoryse a réznej velkosti otvorov.

Tento prispevok vznikol s finan¢nou podporou projektu Agentury na
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method also allows the basic control perimeter to be reduced as in
Fig. 4d, but only if the pipes or inserts are in the slab (Fig. 1c).

Conclusion

The results show that the model introduced in the upcoming second
generation of Eurocodes is in very good match with the experimen-
tal results. STN EN 1992 and MC 2010 models are more conservative,
particularly when assessment contains an influence of openings. The
reduction of the basic control perimeter according to Fig. 4a and
Fig. 4c seems to be pretty conservative and therefore less economi-
cal. Using reduction of the control perimeter according to fig. 4b and
Fig. 4d the more realistic results of the punching resistance of flat slab
are obtained. Due to the brittle mode of punching failure in such
a structure, further investigation of this phenomenon is necessary,
especially considering the unbalanced bending moment, the differ-
ent position and size of the openings.
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Najstarsie zelezobetdnové mosty Slovenska

- sumarizacia vyskumu

The oldest reinforced concrete bridges in Slovakia

- summary of the research

Najstarsi zelezobetédnovy most na tzemi Slovenska bol posta-
veny v roku 1892 v meste Krasno nad Kysucou. Tento most typu
Monier bol zrekon3truovany v roku 2014 po viac ako 122 rokoch
od postavenia. Okrem neho sa na Uzemi Slovenska nachédza via-
cero dalsich zelezobetonovych mostov, ktoré maju v stcasnos-
ti uz viac ako 100 rokov, pricom niektoré z nich este stale slizia
cestnej doprave, pripadne ako lavky pre pesich. Pri takychto sta-
rych mostoch sa zvacsa nezachovali Ziadne vykresy ani static-
ké vypocty a nie su k dispozicii ani ziadne relevantné dokumen-
ty, z ktorych by bolo mozné cerpat informacie o mechanickych
vlastnostiach betonu ¢i ocele spred viac ako 100 rokov, ktoré su
potrebné pri predbeznych statickych vypoctoch. Vyskum, ktory
sa uskutocnil v rokoch 2012 - 2016, sa zameral najma na stanove-
nie mechanickych vlastnosti beténu a ocele, ktoré sa pouzivali na
stavbu mostov v tom obdobi. Vyskum sa venoval aj hribkam kry-
cich vrstiev a formam degradacie v kontexte pouzitych beténov
s ciefom ndjst hlavné parametre, ktoré zabezpecili dIhu Zivotnost
tychto zachovanych konstrukcii. V zavere su uvedené korelacie
medzi nameranymi mechanickymi vlastnostami tychto beténov
a ich porovnanie s normovymi hodnotami platnymi v stc¢asnosti.

Vyskum sa zameral primérne na kategériu zelezobeténovych mos-
tov, ktoré boli na prelome 19. a 20. storocia len na zaciatku vyvoja
a patrili medzi prvé aplikacie Zelezobetonu v mostom stavitelstve.
Tieto mosty su Specifické aj tym, Ze k nim neexistuje Ziadna alebo
iba strohd vykresova dokumentdcia a ani relevantné normy, podla
ktorych sa staticky prepocitavali. Pri drvivej vacsine mostov starsich
ako 90 rokov su nezndme aj materidlové vlastnosti, ako aj stav a po-
stup ich degraddcie. Vysledky vyskumu tak mali poskytnut aspon za-
kladné informdcie o mechanickych vlastnostiach beténov a vystuzi
pouzivanych pri vystavbe mostov v obdobi prvych aplikécif beténu
v mostnom stavitelstve na tzemf SR.

Primarne sa vybrali Zelezobetdnové mosty starsie ako 100 rokov,
kedZe prave tato hranica sa povazuje za ndvrhovu zivotnost mostov.
Dalgim kritériom pri vybere bola moznost vyuzit ziskané poznatky pri
ich rekonstrukcii, resp. pri rekonstrukcii a vypoctoch Unosnosti po-
dobnych, rovnako starych mostov.

Na podrobny vyskum sa tak vybrali tieto mostné objekty:

e beténové piliere Starého mosta v Bratislave (vek konstrukcie v ¢a-
se merani 125 rokov),

e Zelezobetdnovy most v Krasne nad Kysucou (vek konstrukcie v ¢a-
se merani 122 rokov),

o Zelezobeténovy most pri Hlohovci (vek konstrukcie v ¢ase meranf

104 rokov),

o Zelezobetonova lavka pre pesich v Ruzomberku (vek konstrukcie

v ¢ase merani 102 rokov),

The oldest reinforced concrete bridge in Slovakia was built in
1892 in Krdsno nad Kysucou. This Monier Arch Bridge was re-
constructed in 2014 after being in service for 122 years. There
are many other concrete bridges in daily use in Slovakia,
which are already more than 100-years old, even though their
real load bearing capacity is unknown. In most cases neither
drawings, structural design calculations, nor any information
about the properties of concrete and reinforcement are availa-
ble for reconstruction purposes. The main aim of our research
(2012 - 2016) was to examine structural and chemical state of
concrete and steel reinforcement used in the construction of the
bridges 100 years ago in Slovakia. Research was focused also on
cover depths a degradation forms in relation to the properties
of concrete, with the main aim to identify the key parameters,
which ensured the long service life of these bridges. Correlation
between the measured concrete strength and modulus of elas-
ticity is shown on graph and compared with relevant structural
design documents.

Research was focused primarily on the category of 100 years old
reinforced concrete bridges, which were at the turn of 19th and 20th
century only at an early stage of development.

No drawings nor information about their structure have been pre-
served and no relevant standards existed at the time of their con-
struction. For the vast majority of bridges older than 90 years also the
material properties of their structural materials, as well as the state
and progress of deterioration, are not known. Our research results
should provide at least some general information about the me-
chanical properties of concretes and reinforcements used in the con-
struction of bridges at the very beginning of applications of concrete
in bridge construction in Slovakia. To select representative bridges
from this period, we tried to choose those, which are likely to be re-
constructed in near future and by this means our research results
could be used by the designer in the preliminary stage. Results could
also serve for the designers of similar bridges from this construction
period as a rough estimate of expected properties

The following bridge structures, were selected for detailed research:
e concrete piers of the old bridge in Bratislava (age of the structure

125 years),

e reinforced concrete bridge in Krdsno nad Kysucou (age of the
structure 122 years),

e reinforced concrete bridge in Hlohovec (age of the structure 104 years),

e reinforced concrete bridge in Ruzomberok (age of the structure
102 years),
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Obr. 1 Pohlad na verifikované mostné objekty
Fig. 1 Selected structures

a) Bratislava, b) Krdsno nad Kysucou, c) Hlohovec, d) Ruzomberok, e) Nyiregyhaza (HU), f) Nizna Mysla, g) Sladkovi¢ovo

e priehradovy nosnik z madarského okresu Nyfregyhdza (pri hrani-
ciach SR, vek konstrukcie v ¢ase merani 100 rokov),

e most v Niznej Mysli (presny vek mosta je nezndmy, avsak viac ako
96 rokov),

e most pri Slddkovicove (presny vek mosta je nezndmy, avsak viac
ako 96 rokov).

Dalsie doplfiujlce informécie o tychto mostoch mozno néjst aj
v knihe Mosty na Slovensku (Paulik, 2012). Fotografie jednotlivych
objektov st na obr. 1a az 1g.

Ziadne povodné vykresy mostov sa nezachovali, v sicasnosti je
k dispozicii len niekolko odbornych ¢ldnkov z ¢ias ich vystavby. Jed-
nym z nich je ¢ldnok napfsany stavitelom bratislavského mosta G.
Pulszkym [5], ktory vo svojom prispevku opisuje okrem stavby mos-
ta aj vlastnosti cementov, ktoré boli v tom case na trhu v blizkom
regiéne mesta Bratislava. V roku 1889 G. Pulszky testoval viaceré
cementy od réznych vyrobcov a v ¢lanku [5] uvaddza vysledky taho-
vych pevnosti po 1, 7 a 28 dnoch, objemové hmotnosti zdmesi a vi-
zudlny opis cementov. Roménsky cement dosahoval pevnost v tahu
0,29 MPa po 7 drioch a 0,47 MPa po 28 drioch. Najpevnejsi portland-
sky cement zaznamenal priemernu pevnost v tahu po 28 drioch
1,48 MPa [5]. Vzorky na tahovu skusku sa zhotovovali z malty pozo-
stavajucej z jedného hmotnostného dielu cementu a troch hmot-
nostnych dielov piesku, pricom vzorky mali tvar,piskoty” s minimal-
nou prierezovou plochou 500 mm? [6]. Vodny stcinitel nebol presne
dany. Malta sa zhotovovala postupnym priddvanim vody, az kym sa
pri zhuthovani nezacala ,potit” [6]. Vysledky skusok boli preto vzdy
¢iastocne ovplyvnené aj fudskym faktorom. Priemernd 28-drnova
pevnost v tlaku cementovej malty bola 15 MPa [6] pri velkosti ko-
ciek s hranou 70 mm.

Ciasto¢né historické informéacie sa daju néjst v dvoch knihach [7, 8]
vydanych firmou Wayss. Cennym zdrojom historickych informécii su
vedecké ¢lanky zverejnené vo vtedajsom Madarsku Takacsom Gy-
6z6m a Zoltdnom Gyézém [9, 10, 11]. Typicka betdnova zmes pouzi-
vana firmou Wayss v 90. rokoch 19. storocia pri vystavbe mostov vo
vtedajsom Uhorsku (pod ktoré patrilo aj Uzemie dnesnej SR) pozo-
stavala z jedného dielu portlandského cementu a troch dielov strko-
piesku s maximalnym zrnom kameniva 25 mm [9]. Relevantné doku-
menty neuvadzaju ani pevnosti v tlaku, ani pevnosti v tahu betonov.
Viypocty betdnovych klenieb sa v tom case (r. 1892) realizovali len
velmi ziednodusene a vacsinou sa vychddzalo z experimentov. Do-
bovy priklad vseobecného vypoctu klenby zo Zelezobetdnu doku-
mentuje kniha Das System Monier [8].

www.inzenyrske-stavby.cz

e bridge truss girder from Hungary, near Slovak borders (age of the
structure 100 years),

e reinforced concrete bridge in Nizna Mysla (age is unknown, but
more than 96 years),

e reinforced concrete bridge in Sladkovi¢ovo (age is unknown, but
more than 96 years).

Further information about the bridges could be found in book
Bridges in Slovakia (Paulik, 2014 — available for free at www.mosty-
naslovensku.sk/en). Selected structures are depicted in Fig. 1a - 1g.

Even though original drawings have not been preserved, we have
found a detailed report about the construction of the piers of the
bridge in Bratislava from the year 1891, which was written by the
builder Garibaldi Pulszky [5]. In the article, he described the prop-
erties of the cements available on the market at that time in the re-
gion near Bratislava (former name of the town was Pozsony). In 1889,
G. Pulszky tested cements from several different manufacturers and
in the article [5] he reports the results of tensile strengths after 1,
7 and 28 days, mass densities and visual appearance of tested ce-
ments. According to his report [5], the used Roman cement reached
after 7 and 28 days of curing an average tensile strengths of 0.29
MPa and 0.47 MPa. The strongest Portland cement was character-
ized by an average 28-days tensile strength of 1.48 MPa [5]. Cement
samples for the tensile tests, at that time, were made of mortar with
cement to sand ratio 1 : 3 by weight. The test specimens had the
shape of a "bone” with a minimum cross-sectional area of 500 mm?
[6]. Water to cement ratio was not exactly given, but batch water
was added gradually until the mixture was moist and during its com-
paction only slight “sweating” would be observed. Hence the test re-
sults were partially influenced by a human factor. The average 28-
days compressive strength of such cement mortar tested on cubes
was mostly around 15 MPa [6]. The cubes with edge of 70 mm were
used for the strength determination at that time [6].

Some information could be found also in two books [7, 8] pub-
lished by the Wayss company. Another source of information are
the scientific articles published in former Hungary by Takdcs Gy6z6
and Zoltan Gyéz6 [10, 11, 9]. According to their articles, the typical
concrete batch used by the Wayys company for the construction of
Monier Arch Bridges in Hungary consisted of 1 part of high qual-
ity portland cement and 3 parts of gravel-sand, with a maximum
coarse aggregate being 25 mm [9]. Neither compressive nor tensile
strengths are reported in their articles. The design of these concrete
structures was in the end of 19th century based only on previous ex-
perimental investigation, since the theory of reinforced concrete was
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Obr. 2 Odkrytd pdvodna vrstva vozovky z 19. storocia, ktord sa nachédzala pod
vrstvami asfaltu na moste v Krasne nad Kysucou.

Fig. 2 Original road pavement from 19-th century found under asphalt layers at
the bridge in Krasno nad Kysucou.

| ST » s L e, -
Obr. 3 Jadrovy vyvrt z klenby mosta v Krdsne nad Kysucou s viditelnym rozhra-
nim medzi beténom klenby a nadbetonavkou.

Fig. 3 Drilled core sample from the bridge in Krdsno nad Kysucou with visible in-
terface between the concrete of the arch and arch overfill.

Zakladné udaje o vybranych mostoch

Piliere Starého mosta v Bratislave (BA)

Most mal sedem polf a celkovt dizku 454,7 m (obr. 1a). Cast ocelovej
konstrukcie stojf aj po rekonstrukcii na povodnych pilieroch postave-
nych z beténu a kamena v roku 1890. Vietky pévodné piliere v ko-
ryte rieky Dunaj boli zalozené na ocelovych kesénoch vyplnenych

Obr. 4 Pohlad na most typu Monier v Krasne nad Kysucou po rekonstrukcii
Fig. 4 Bridge in Krasno nad Kysucou after reconstruction

InZinierske stavby / InZenyrské stavby 4/2018

not well known back then. Contemporary simple example of a cal-
culation of reinforced concrete arch could be found in the book "Das
System Monier" [8] published in 1887.

A brief description of the investigated bridges

Piers of the Old Bridge in Bratislava (BA)

The original bridge had 7 spans and a total length of 454.7 m. All
original piers situated in the river Danube were founded on steel
caissons filled with concrete. Parts of the piers were made of differ-
ent types of concrete. Concrete in the caissons was made of roman
cement, concrete in the bottom part of the piers, just above the cais-
son, was made of portland cement and the concrete used for the
construction of the middle and upper parts of the piers was again
made of roman cement [5].

In 1945, at the end of World War 2, the original steel superstructure
was destroyed and then replaced with a new steel structure stand-
ing on reconstructed piers. This new structure was in service until
2010 when it was closed to traffic and a brand new superstructure
was designed. Reconstruction of the bridge took place in 2014 and
2015. Some part of it still stands on original piers built back in 1890
(Fig. 1a).

Along the vertical axis of four piers (No. 3, 4, 5, and 6) drill cores of
110 mm diameter were performed by special equipment. The long-
est drill reached a depth of 23.15 m. Selected mechanical properties
measured on drilled core samples are reported in Tab. 2. The piers
were cladded with thick, impermeable stones, thus the atmospheric
carbonation was not present. Since the piers are made of plain con-
crete there was neither a reinforcement to research.

Reinforced arch bridge in Krasno nad Kysucou (KnK)

Road bridge above the river Bystrica in Krdsno nad Kysucou (Fig. 1b)
is believed to be the oldest preserved reinforced concrete bridge
in Slovakia, and one of the oldest Monier Arches in central Europe,
which are still in service. The bridge was completed in 1892 as one
from the series of Monier Arches built in the former Austro-Hungar-
ian monarchy.

www.inzinierskestavby.sk



Tab. 1 Vybrané mechanické vlastnosti ocelovych vystuzi
Tab. 1 Mechanical properties of steel reinforcements

Materials

Vzorka* Medza pevnosti Medza klzu/medza pevnosti Taznost A,,
(MPa) (%)
BA - - - - -

K1 321
KnK K2 330
K3 363
HC = =
R1 304
RK
R2 296
NY1 238
NY (HU)
NY2 236
N1 292
NM
N2 299
SL = =

378
389
416
364
359
349
333
315
361

0,85 39
0,85 nemerané / not measured
0,87 31
0,84 38
0,83 38
0,68 35
0,71 28
0,93 13
0,83 34

*Vietky vzorky vystuze z mostov mali kruhovy prierez a boli hladké bez povrchovej Upravy.

*All samples had circular cross section and smooth surface.

Tab. 2 Vybrané mechanické vlastnosti betonov
Tab. 2 Mechanical properties of concretes

Priemerna pevnost v tlaku na vzorke

G LY Z jadrového vrtu

Vv ramci mosta

(MPa)

nad kesénom

; 18
above caisson
BA _ keson 3,7
in caisson
pilier
pier 12
nadbetonavka obluka
23,1
arch overfill
KnK
parapet
parapet A
opora
abutment &
e horna stavba 364
superstructure
pilier 172
pier !
opora
abutment 7/
RK 5
horna stavba 325
superstructure
NY ngsmk 17,0
girder
opora
abutment [
NM 5
horna stavba 166
superstructure
opora
St abutment e

betdnom. Betdn v kesénoch bol zhotoveny z romdanskeho cementu,
v spodnej casti pilierov bezprostredne nad kesénmi z portlandského
cementu a zvy3na cast pilierov bola zhotovena opétovne z roman-
skeho cementu [5]. V roku 1945 bola pocas 2. svetovej vojny ocelova
konstrukcia hornej stavby znicend, nasledne ju nahradil novy ocelo-
vy most na opravenych pilieroch. Tato nova konstrukcia sltzila az do
roku 2010, ked bola pre dopravu uzavretd a rozhodlo sa o vybudova-
ni novej konstrukcie hornej stavby na existujucich pilieroch. Rekon-
$trukcia mosta sa uskutocnila v roku 2014 a 2015. Pozd[? zvislej osi
Styroch pilierov (€. 3,4, 5 a 6) sa odobrali jadrové vyvrty s priemerom

www.inzenyrske-stavby.cz

Priemerna pevnost v tlaku stanovena prepo¢tom

Pdrovitost cementovej

z merania Schmidtovym tvrdomerom matrice
(MPa) (%)

_ 25,1

- 39,2
26,7 21,8
16,9 26,6
24,9 22,1
44,1 -
16,9 24,7

_ 23,3
30,6 19,3
56,3 16,0
33,2 19,8
16,7 27,0

It has survived the World Wars without any damage and served
until 2014 without any major repair. The old age has been indirectly
confirmed by the original stone pavement found under asphalt lay-
ers during its reconstruction in 2014. The bridge consists of two re-
inforced concrete arches supported by stone abutments and stone
central pier, which were the part of a previous stone arch bridge.
Each arch has a span of 16.8 m and a span to rise ratio of 0.138 m.

The thickness of the primary arch is variable from 400 mm in the
springing to 150 mm in the crown of the first arch, and only 130 mm
at the crown of the second arch. Above the primary arch, which is re-
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Tab. 3 Priemernd hibka karbonatizacie
Tab. 3 Average carbonation depth

Priemerna
hibka
karbonatizacie

Poloha miesta merania
Vv ramci mosta

(mm)
BA - - -
KnK horna stavba XC3 <4
superstructure
horna stavba XC3 72
superstructure
HC pI|I9I.‘, Cast nevystavena d:azdu XC3 65
pier, sheltered from rain
pilier, ¢ast vystavena dazdu xca 25
pier, exposed to rain
opora, cast vystavena daz_du Xca 15
abutment, exposed to rain
RK
horna stavba
superstructure X3 30
NY horna stavba XC3 25
superstructure
opora, ¢ast nevystavena dazdu
abutment, sheltered from rain X3 105
NM horna stavba XC3 53
superstructure
parapet XC4 25
parapet
opora, ¢ast nevystavend dazdu
abutment, sheltered from rain NS q&
SL
opora, ¢ast nevystavena dazdu XC3 <4

abutment, sheltered from rain

110 mm. NajdIhsi vyvrt dosiahol dizku az 23,15 m. Vybrané vlastnosti
betdnov dokumentuje tab. 2. Piliere sU oblozené kamenom, preto sa
nestanovila hibka karbonatizacie. Nevykonala sa ani verifikacia stavu
zabudovanej ocelovej vystuze, pretoze piliere ju neobsahuju.

Zelezobeténovy most v Krasne nad Kysucou (KnK)

Cestny most v Krasne nad Kysucou (obr. 1b) preklenujuci rieku Bys-
tricu sa pokladd za najstarsi zachovany Zelezobeténovy most na
Slovensku a jeden z najstarsich oblukovych mostov typu Monier
v strednej Eurdpe, ktoré su este stale v prevadzke. Most bol dokon-
¢eny v roku 1892 ako jeden zo série tohto typu mostov postavenych
na Uzemf byvalého Rakusko-Uhorska.

Bez poskodenia preZil svetové vojny a sluzil az do roku 2014 bez
zasadnych oprav. Most sa sklada z dvoch Zelezobeténovych klenieb
postavenych na kamennych opordch a kamennom pilieri, ktoré boli
sicastou predchadzajiceho kamenného obltkového mosta. Podla
opakovaného zamerania uskuto¢neného pocas rekonstrukcie dosa-
huju jeho dve klenby svetlost 16,8 m. Hribka primdrnej klenby je
premenna od 400 mm v pate obldka po 150 mm v strede prvého
oblika a len 130 mm v strede druhého oblika. Nad zékladnou klen-
bou vystuzenou pri oboch povrchoch sa nachddza povodné nadbe-
tondvka z prostého beténu, ktord dosahuje pri patach klenby hribku
az 600 mm a postupne sa vytraca smerom k stredu obltka. Komplet-
na rekonstrukcia mosta sa uskutocnila v roku 2015.

Odobralo sa $est jadrovych vyvrtov (Styri z klenby a dva z parape-
tov), z ktorych sa vyhotovilo osem vzoriek (vysledky mechanickych
vlastnosti su uvedené v tab. 2).

Krycia vrstva zistovand na jadrovych vyvrtoch sa pri spodnom po-
vrchu namerala v rozmedzi od 30 do 60 mm a pri hornom povrchu
od 70 do 180 mm. Parametre vystuze sa skusali na dvoch vzorkéach
odobratych z klenby mosta (tab. 1). Hlibka karbonatizacie (tab. 3) je
na vsetkych skdsobnych miestach minimalna. Tuto nizku hodnotu
potvrdili a c¢iastocne objasnili az opakované vrty v juni 2016. Nizku
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inforced at both surfaces, there is also an unreinforced overfill, which
reaches a thickness of up to 600 mm near the springing and grad-
ually diminish towards the crown. Complete reconstruction of the
bridge was carried out in 2014.

A set of 6 drill cores were carried out (4 from the arches and 2 from
the parapets) from which 8 samples were prepared in laboratory for
mechanical tests results (summarized in Tab. 2).

The measured reinforcement cover was in the range between 30 to
60 mm at the bottom surface and 70-180 mm at the upper surface.
Reinforcement properties were tested on three samples taken from
the arch (Tab. 7). The depth of carbonation (7Tab. 3) measured on the
bottom surface of the arch was extremely small. Extremely small car-
bonation depth was independently confirmed by three research insti-
tutes (STU Bratislava, Technical University of Zilina and TSUS Bratislava).

Reconstruction in 2014 consisted of casting of a new arch separat-
ed from the original arch by a flexible material, transferring the hor-
izontal forces from the arch to the bedrock, refurbishing the con-
crete surfaces and the construction of a new waterproofing with
effective drainage. Within the framework of the reconstruction, the
stone gravity walls on the access roads were also restored and the
bridge railings were replaced. After reconstruction the bridge was
ranked among the main attractions of the town of Krdsno nad Kysu-
cou and a memorial plaque was placed on the bicycle road, which
is leading under the bridge. Also thanks to the sensitive reconstruc-
tion, the bridge will soon be included among the official technical
monuments of Slovakia.

Reinforced concrete bridge in Hlohovec (HC)

From the original bridge, only 3 continuous spans of 24 + 29 + 24
m were preserved (Fig. 1c). The superstructure consists of three main
girders having a height of 1.3 m in the middle of the span and 1.8 m
above the supports. Width of the girders varies from 350 to 770 mm.
The bridge was built in 1910, but its main steel span was destroyed
in 1945. Since then the remaining part of the bridge serves only to
local citizens to cross an oxbow lake of river Vah. Five drill core sam-
ples were taken from the structure, two from the pier (HP1 and HP2),
one from the abutment (HOT) and 2 from the superstructure (HTA
and H2B). The results of the mechanical properties measured on core
samples are reported in Tab. 2. The reinforcement samples were later
found to be damaged and unusable for firm mechanical tests (new
reinforcement samples are going to be taken soon). Carbonation
was measured at four places H1A, H2B, HP1 and HP2, and the results
are reported in Tab. 3. The average reinforcement cover was 35 mm.

Reinforced concrete bridge for pedestrians in Ruzomberok (RK)
Pedestrian bridge across river Véh consists of two parallel arches with
3 spans of 22 m. The arches are interconnected by cross beams at
regular intervals. There are two main girders under the bridge deck,
supported by small columns which transfer the load to the main par-
allel arches. General view of the bridge is in Fig. 1d. Abutments and
pier footings are made of plain concrete. The average concrete cov-
er at the main arch is 30 mm. The structure was completed in 1912
and since then is in service without any repairs, however its techni-
cal condition is already quite bad due to reinforcement corrosion.
Three drill cores were taken from the bridge, but one of them was
later found to have a transverse crack and thus was not usable for
firm mechanical tests. The results of the remaining two samples are
reported in Tab. 2 (RKV1 and RKV2). Also two reinforcement samples
were taken for determination of mechanical properties of the steel
(R1and R2 in Tab. 7). The carbonation was determined at three loca-
tions and the results are summarized in Tab. 3 (RKV1, RKV2 and RKV3).

Reinforced concrete bridge truss girder from the
Nyiregyhaza, Hungary (NY-HU)

The bridge served on a local lll. Class road in Hungary in Nyiregyhdza
district, near the Slovak borders (at the time of its construction Slova-
kia was still part of the Austro-Hungarian Monarchy). The truss gird-
er was researched within a technical cooperation between Hunga-
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karbonatizaciu beténu potvrdili nezavisle od seba tri vyskumné pra-
coviska (STU Bratislava, TU Zilina a TSUS Bratislava).

Rekonstrukcia uskuto¢nend v roku 2014 spocivala v nadbeténova-
ni novej klenby odseparovanej od pévodnej pruznym materidlom,
zachytenfi horizontdlnych sil v pate obluka, rekonstrukcii betonovych
povrchov a zhotoveni novej hydroizoldcie s U¢innym odvodnenim
klenby mosta. V rdmci rekonstrukcie sa obnovili aj kamenné oporné
mury na prijazdovych cestach a vymenilo sa zabradlie mosta. Most
sa po rekonstrukcii zaradil medzi hlavné atrakcie mesta Krasno nad
Kysucou a na cyklotrase, ktoréd vedie popod most, sa osadili pamat-
né tabule. Aj vdaka citlivej rekonstrukcii sa most ¢oskoro zaradi me-
dzi oficidlne technické pamiatky Slovenska.

Zelezobeténovy most v Hlohovci (HC)

Zachovali sa tri spojité betonové polia s rozpdtiami 24 + 29 + 24 m
(obr. 1¢). Horné stavba pozostava z troch hlavnych trdmov, ktorych vys-
ka je v strede rozpatia 1,3 m a nad podperami 1,8 m. Sirka tramov sa tiez
meni z 350 mm v strede rozpétia na 770 mm nad podperami. Hribka
mostovky je priblizne 190 mm. Most je od roku 1945, ked bolo hlav-
né ocelové mostné pole znicené, nefunkcny a sluzi len miestnym oby-
vatelom dedinky Sulekovo na preklenutie mftveho ramena rieky Vah.

Zelezobeténova lavka pre pesich v Ruzomberku (RK)

Lavku tvoria dva paralelné obluky s rozpatim cca 22 m. Obluky su
vzdjomne prepojené prie¢nikmi v pravidelnych intervaloch. Pod sa-
motnou Zelezobeténovou mostovkou su dva hlavné trdmy lezZia-
ce na prie¢nikoch, cez ktoré sa prenasa zatazenie prostrednictvom
kratkych stipikov do hlavnych oblukov. Pohlad na ldvku je na obr. 1d.
Opory su zhotovené z prostého beténu podobne ako zaklady pilie-
rov. Krytie vystuze v hlavnych oblikoch je v priemere cca 30 mm.

Zelezobeténova priehradova konstrukcia mosta v blizkosti
mesta Nyiregyhdza v Madarsku (NY-HU)

Most sa nachadzal na ceste Ill. triedy v Madarsku v okrese Nyiregyhéa-
za nedaleko slovenskych hranic (v ¢ase jeho stavby bolo Slovensko
este sucastou Rakusko-Uhorska). Nosnik sa odskusal v ramci odbor-
nej spoluprace Madarska a Slovenska. Ide o vynimo¢nu konstrukciu,
ktord je velmi ojedineld, kedZe ju tvoria priehradové Zelezobeténové
nosniky. Presné datovanie mosta sa nepodarilo zistit, avsak s istotou
ho mézeme zaradit do obdobia vystavby medzi rokmi 1910 az 1919.
Most je zobrazeny na obr. Te.

Most tvorilo osem priehradovych nosnikov typu Visintini s rozpa-
tim 5 m. Nosniky boli vzdy zdvojené v systéme jedna dvojica na kra-
joch mosta a dve dvojice v strede mosta. Nad nosnikmi bola nadbe-
ténovana doska s hribkou priblizne 200 mm, ktora tvorila mostovku.
Samotny priehradovy nosnik bol vysoky 690 mm, pri¢com horna pés-
nica mala hrdbku 140 mm a spodnd pasnica 90 mm. Diagondly boli
hrubé 90 mm. Vystuz hornej pasnice a diagonal tvorila hladka vystuz
s roznymi priemermi (podla zataZzenia daného prvku), vystuz spod-
nej pasnice tvorila zdvojend ocelova péasovina 59 x 11 mm. Sty¢ni-
ky vystuzf boli spracované so,zdmocnickou” presnostou. Styk vystu-
7e s ocelovou pésovinou v spodnej pasnici bol rieseny cez vyvrtany
otvor v pasovine a prevlec¢enim i zahnutim vystuze zvislice, pripad-
ne vystuze diagonaly. Priemernd hrdbka krycej vrstvy bola 25 mm.

Most v Niznej Mysli (NM)

Most bol postaveny zaciatkom 20. storocia (pred rokom 1914) ponad
byvalu zelezni¢nu trat, ktoré bola zrusena v roku 1945. Most je odvtedy
mimo prevadzky a postupne ho zarastd vegetdcia (obr. 7f). Konstruk-
cia pozostdva z troch hlavnych trdmov osovo vzajomne vzdialenych
1,75 m. Most tvorf rdmova konstrukcia s tromi polami s rozpatiami 6 +
18 + 6 m a s mostovkou Sirokou 5 m. Zvréok mosta tvori Zelezobeto-
nové zabradlie a vozovka vysypana kamenom, ktord je dnes uz zaras-
tend trdvnatym porastom. Priemernd krycia vrstva vystuze je 30 mm.

Most pri Sladkovicove (SL)
Most sa nachddza na ceste |ll. triedy smerujicej do mesta Sladkovi-

¢ovo ponad potok (obr. 1g). Ide o jednoduchu tramovu jednopolovu
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ry and Slovakia. This kind of concrete truss bridge structure, which is
around 100 years old, is very rare in Slovakia and Hungary. The pre-
cise date of its construction is not known, but according to the Road
Administration Datasheet it was built between the years 1910 - 1919.
The bridge structure during its demolition is shown in Fig. Te.

The original bridge consisted of eight parallel main truss girders
with a span of 5 m. The bridge deck was made of 200 mm thick rein-
forced concrete partially connected with the main truss girders. The
height of the truss was 690 mm, with the upper flange being 140
mm thick and the bottom flange being 90 mm thick. Diagonals were
90 mm thick.

The top chord and the diagonals were reinforced with a smooth
reinforcement of various diameters (depending on the loading of
the element) whereas the bottom flange was reinforced with 59x11
mm steel strips. Joints of the reinforcements were bent and made
with high precision. Reinforcement bars were connected to the bot-
tom steel strips by means of hooks inserted to the holes drilled into
the middle part of the strips.

Four drill core samples were taken from the girder and are report-
edin Tab. 2 (V-U2,V-U3,V-U6 and V-U8). Mechanical properties of the
reinforcement were measured on 2 samples (NY1 and NY2 in Tab. 7).
Carbonation was determined at four places and the results are sum-
marized in Tab. 3 (V-U2, V-U3, V-U6 and V-U8). Average reinforcement
cover was 25 mm.

Bridge in Nizna Mysla (NM)

The bridge was built in the beginning of the 20th century (before 1914),
over the former railway line, which was abandoned in 1945, Since then,
the bridge was not in service anymore (Fig. 1f). The bridge consists of
three parallel main girders axially spaced 1.75 meters. Bridge is a frame
structure with three spans of 6 + 18 + 6 m and with a 5.0 m wide deck.
The bridge has a concrete parapets and the roadway is made of com-
pacted gravel layer, which is today overgrown with grass. Three drill
cores were made from which 5 samples were prepared (NM1, NM2a,
NM2b, NM3a and NM3b in Tab. 2). Two reinforcement samples were
taken from the structure to determine the mechanical properties of
steel (samples N1 and N2 in Tab. 7). Carbonation depth was measured
at four places (at abutment — NM1, at the superstructure -NM2 and
NM3 and also at the concrete parapets — NM4). These results are re-
ported in Tab. 3. Average reinforcement cover was 30 mm.
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konstrukciu s rozpatim 4 m. Pébvodny most bol postaveny este v 19.
storoci, avsak jeho horné stavba bola rekonstruovand v roku 1965. Na
tomto moste sa takisto namerala extrémne nizka hodnota karbona-
tizacie a vrty sa tiez opakovali v juni 2016. Podobne ako pri moste
v Krdsne nad Kysucou sa tieto hodnoty potvrdili.

Vysledky

Viysledky mechanickych vlastnosti beténu a vystuze namerané na
vzorkdch odobratych zo Zelezobetdnovych mostov starych viac ako
100 rokov st zhrnuté v tab. T a 2.

Diskusia

Viyskum sa vykonal na siedmich réznych mostoch starsich ako 100
rokov. Dva sa skumali s cielom asistovat projektantom priamo pri ich
rekonstrukcii (most v Krdsne nad Kysucou, piliere mosta v Bratislave),
pricom vysledky vyskumu sa premietli priamo do stavebnej praxe.
Skdimanie dalsich mostov sledovalo ciel vytvorit orientacnu databazu
pre buduce rekonstrukcie Zelezobetdnovych mostov z tohto histo-
rického obdobia. Na zadklade skuisok mechanickych vlastnosti tychto
viac ako 100 rokov starych beténov na Slovensku mozno konstatovat
velku variabilitu pevnosti a modulov pruznosti nielen v celkovom su-
bore, ale ¢asto aj v rdmci jedného konstruk¢ného prvku daného mos-
ta. Tento velky rozptyl materidlovych vlastnosti pripisujeme primarne
nedostato¢nému hutneniu pri spracovavani zmesi, ktorému sa v za-
¢iatkoch aplikacif betonu v mostnych stavbach nevenovala dostatoc-
né pozornost (prvé interné vibrovanie sa pouzilo az v roku 1932 [22]).

Z vysledkov je zjavné, Ze aj ked istd zavislost medzi minimalnym
nameranym modulom pruznosti a medzi pevnostou beténu v tlaku
existuje aj pri tychto skimanych beténoch, je v moduloch pruznosti
pomerne velky rozptyl (obr. 5). Z vysledkov RTG rozboru beténu moé-
Zeme konstatovat, ze vietky betdny boli zhotovené z kremicitého ka-
meniva, a nasledne dévodne dedukovat, ze pozorovany rozptyl nie
je spésobeny roznym druhom kameniva.

Velky rozptyl nameranych hodnét méze byt zapric¢ineny aj pou-
Zitim réznych frakcif kameniva, réznym vekom betdnu, réznou pev-
nostnou triedou betdnu. Z uskuto¢nenych jadrovych vrtov je zrejmé,
Ze na vystavbu mostov sa pred 100 rokmi pouzili betdny s kameni-
vom s roznou frakciou. Rozdielne velkosti zfin kameniva a podiel jed-
notlivych frakcif sa prejavuju na nameranych hodnotadch dynamic-
kého modulu pruznosti. Vacsi podiel vacsich zin moéze prispievat
k zvysenej hodnote dynamického aj statického modulu pruznosti.

Z porovnania dynamického modulu pruznosti a statického mo-
dulu pruznosti nemozno hovorit o silnej zavislosti. Pri stanovova-
ni mechanickych vlastnosti viac ako 100 rokov starych beténov pre-
to odporticame merat pred rekonstrukciou mosta aj staticky modul
pruznosti a nespoliehat sa iba na vysledky nedestruktivnych skusok
a ani na korela¢né vzorce z aktudlnych noriem. Platf to aj pri stano-
veni modulu pruznosti, ktory sa musi merat nezavisle a nemozno ho
odvodzovat z pevnosti betonu podla sucasnych noriem (obr. 5).

Zavery

Z doteraz vykonaného rozsahu experimentalnych prac na siedmich

priblizne 100-ro¢nych a starsich mostnych konstrukciach a z ich vy-

hodnoteni vyplyvaju tieto délezité skuto¢nosti:

1) PrevaZné vécsina skimanych beténov nesplia kritéria ani na za-
radenie do najnizsej pevnostnej triedy C 12/15 podla platnej EN
1992-1-1 [23].

2) Namerané moduly pruznosti mali pomerne velky rozptyl a vac-
sinou boli ich hodnoty mensie nez hodnoty prepocitané vztah-
mi uvaddzanymi v sucasnych relevantnych dokumentoch [23, 24].
Okrem toho je zrejma aj velkd variabilita mechanickych vlastnos-
ti aj v ramci jedného mostného elementu. Tdto variabilitu mozno
pripisat nedostatocnému hutneniu beténovej zmesi, ktorému sa
na zaciatku 20. storocia venovala len velmi mald pozornost.

Prispevok vznikol s finan¢nou podporou Agentiry na podporu vedy a vy-
skumu v rdmci zmluvy ¢ APVV-17-0204 a Univerzitného vedeckého par-
ku (ITMS: 26240220084).
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Bridge in Sladkovic¢ovo (SL)

The bridge is located on alocal Ill. Class road nearby the city of
Slddkovi¢ovo over a small creek (Fig. 1g). The bridge has a single span
of 4 m. The bridge was built in the end of the 19th century, howev-
er its superstructure was reconstructed in 1965. Thus from the con-
temporary structure only the concrete abutments are older than 100
years and 2 drilled core samples were taken from them (SL1 and SL2
in Tab. 2). Since the abutments are made of plain concrete, no rein-
forcement samples were found. Carbonation depth was measured
at two places and the results are reported in the Tab. 3 (SL1 and SL2).
Extremely low carbonation depth could not yet be explained exactly
and as well as in the case of the bridge in Krasno nad Kysucou it will
be a part of our further research.

Results

The results of the mechanical properties of concrete and reinforce-
ment measured on samples taken from almost 100 years old or old-
er bridge structures are summarized in Tab. 1 and Tab. 2.

Discussion

Research was performed on 7 various concrete bridges, which were
almost 100 years old or older. Two bridges were researched in order
to assist the designer directly during their reconstruction (Bridge in
Krdsno nad Kysucou and bridge piers in Bratislava) and the research
results were immediately reflected into practice. Other researched
bridges were part of our intention to create a basic indicative data-
base for future reconstructions of reinforced concrete bridges from
this historical period. Based on the research results, a high variabili-
ty of strengths and modulus of elasticity could be seen, not only be-
tween various bridges, but also often within a single structural ele-
ment of the same bridge. The large scattering of material properties
we attribute primarily to insufficient compaction of concrete during
its pouring, to which only a limited attention was paid at that time
(first internal vibration compaction was used in 1932 [13]).

The results, plotted in the graph in Fig. 2, show, that even through
there is some relation between the minimum measured modulus of
elasticity and the compressive strength of the concrete, there is a rela-
tively large scatter. From X-ray analysis of the concrete we have found
that all concretes were made of quartzite aggregates and thus the
scatter could probably not be caused by different types of aggregates.

On graph in Fig. 3 a certain relation between the dynamic and static
modulus of elasticity could be observed, but once again we could not
talk about some strong relationship. Thus when dealing with more
than 100 years old bridges we propose to measure not only the com-
pressive strength of concrete, but also the modulus of elasticity and
not to rely on current standards and documents for their conversion.

Conclusions

From the results of our experimental investigation performed on

seven concrete bridges that are almost 100 years old or older, it is

possible to formulate the following conclusions:

1) The values of compressive strengths and modulus of elasticity
shows, that the vast majority of surveyed concrete does not meet
the criteria for classification even to the lowest strength class C
12/15 according to EN 1992-1-1 [23].

2) Modulus of elasticity had a relatively large scatter, and mostly the
real values are much smaller than values derived from compres-
sive strengths according to relevant documents [23, 24]. Overall,
there is a great variability in the measured mechanical properties
even within a single bridge element. This fact could be attribut-
ed to a poor compaction of the concrete during construction, to
which only a limited attention was paid at the beginning of 20th
century.

The authors wish to express their gratitude to Slovak Agency for Research
and Development (project APVV-17-0204) for financing this research
work. and the University Science Park (USP) of the Slovak University of
Technology in Bratislava (ITMS: 26240220084 ).
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Futbalovy turnaj

JAGA CUP 2018

Skvelé individudlne vykony, timovy duch, enormné nasadenie, taktickd vyzretost - to vietko
sprevadzalo prestizny futbalovy turnaj JAGA CUP, ktory sa konal 23. augusta 2018 na ihrisku
v Pezinku. Aj osemnasty ro¢nik turnaja si vybral nadherny sinecny den, ktory sa niesol vzname-
ni elektrizujucej atmosféry, futbalového zanietenia, kreativnych sutazi a pecenych prasiatok.

Futbalové zdpolenie opdt moderoval Sla-
vo Jurko. Muzstva boli rozdelené do troch
skupin, z kazdej skupiny neskér postupili do
bojov o prvenstvo ti najlepsi. Na turnaji muz-
stiev prvej stavbarskej a developerskej ligy
sa opat stretli druzstva spolo¢nosti Baumit,
Dopravoprojekt, Ingsteel, JUB, Knauf Insula-
tion, Penta Investments, Porfix, Wienerber-
ger/Tondach, Slovenskej komory stavebnych
inzinierov a vydavatelstva JAGA. Tohto roku
sme privitali aj novych hracov zo spolo¢nosti

www.inzenyrske-stavby.cz

ITB Development/Architekti Sebo Lichy, Obo
Bettermann a STRABAG Pozemné a inZinier-
ske stavitelstvo. Vitazstvo si odnieslo druzstvo
novacikov STRABAG Pozemné a inZinierske
stavitelstvo, druhé bolo druzstvo Ingsteel, na
tretom mieste sa umiestnil Knauf Insulation.

Vitazom srdecne gratulujeme, ale daku-
jeme aj vietkym zUcastnenym druzstvam,
ktoré opat pozdvihli Uroven futbalu na Slo-
vensku. Tesime sa na stretnutie buduci rok —
presnejsie 22. 8. 2019.
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Dlouhodobé sledovani
stavebnich konstrukci

Kontinualni méreni stavebnich konstrukci ziskdva postupné stale
vice na vyznamu a je Castéji pouzivano pro priibézné hodnoceni
stavebné-technického stavu konstrukci. Spolecnost INSET s.r.o.
se systematicky vénuje provadéni monitoringu konstrukci,

v¢. vlastniho vyvoje snimacl a méfici techniky.

Stavebnim konstrukcim se monitoring
(tj. dlouhodobé, kontinuaini méreni) ur-
Cujici jejich stavebné-technicky stav za-
tim spise vyhybal. V souc¢asné dobé je
v CR dlouhodoby monitoring vétsinou
pfedepisovan az u stavebnich konstruk-
ci, kde jiz doslo k néjakym porucham
nebo se jednd o konstrukce, které se bli-
Zi konci své projektové Zivotnosti.

U vyznamnych staveb v zahranici je
sledovani stavebnich konstrukcf jiz sou-
¢asti projektové dokumentace a poci-
td se s provadénim kontinudlniho mo-
nitoringu po celou dobu Zivotnosti

konstrukce. Diky tomu je mozné v kaz-
dém okamZiku Zivota stavebni konstruk-
ce jednoznacné a objektivné stanovit
jeji stavebné-technicky stav. Vysledky
provadéného monitoringu také umoz-
nuji predikovat potieby oprav, nutnost
rekonstrukcf, zesileni apod. Souc¢asné je
mozné v piipadé mimoraddné udalos-
ti (napf. ndraz kamionu do pilife mos-
tu, pozar v budové, zemétreseni atd.) ur-
¢it vliv této udalosti na statiku stavebnf
konstrukce.

Pro dlouhodobé sledovani konstruk-
cf je vhodné do jedné méfici linky integ-




rovat mnozstvi snimacu, které umoznujf
méfit rlzné fyzikalni parametry. Napfi-
klad pro mostni konstrukci to mohou
byt snimace kmitani, tenzometry, snima-
¢e naklonu, snimace posunu, monitoro-
vani napéti v lanech a seismickd mére-
ni podloZi. Déle je mozné k méfici lince
pfipojit meteostanice, systém pro vazeni
vozidel, kamery atd.

Zasadnf pro ndvrh méfici linky je ur-
¢it frekvenci méfeni a Ucel pofizovanych
dat. Na jedné strané pomysiné skély na-
rocnosti bude stat méfeni pomalych
déjl, kde nenf potfeba data okamzité
vyhodnocovat. Pfikladem takového mé-
feni mlze byt méfeni teploty mostnich
konstrukci pro urceni skute¢ného zatize-
ni mostu teplotou. V tomto pfipadé staci
odecty s frekvenci 1-2 hodiny, odesilan{
dat z méficiho stanovisté jedenkrat den-
né (nebo bude stacit manualni stahova-
ni dat) a zpracovani dat po roce mefeni.
Na opacné strané skaly bude stat méfeni
rychlych déjd (specidlné méfeni kmitani
konstrukci), kde je tfeba data zpracovat
okamzité. Pfikladem tohoto bezpecnost-
niho méfenf je zavéseny most, u které-
ho je stanovena limitni rychlost kmitan,
pfi jejimz prekrocent je tfeba konstrukci

pro dopravu uzaviit. Méfici systém musf
tedy méfit rychlost kmitani nepfetrZité
(v tomto konkrétnim pfipadé by se jed-
nalo o 200-1000 jednotlivych méfeni za
sekundu na kazdém ze snfimacd kmita-
nf). Soucasti sytému musi byt automa-
tizované vyhodnoceni a porovnani s li-
mitnimi hodnotami. Tato méfici linka
musi byt schopna, po pfekrocenti limit-
nich stavd, reportovat tuto skutecnost
dale (formou SMS a mail) zuc¢astnénym
osobdm a fidit dalsi systémy.

Dle popsaného rozdéleni je voleno
technické provedenf viastni linky. V prv-
nim pfipadé bude pouzito levnéjsi fe-
seni s dataloggerem v siti RS-485 s pfi-
pojenymi snimaci. Hlavnimi vyhodami
tohoto fedeni je jednoduchd kabelaz
(vSechny snimace sdileji jeden datovy
kabel) a moZnost provozovat cely sys-
tém z baterii. V druhém popsaném pfi-
padé bude pouZita sloZitd méfici linka
s neékolika pocitacia A/D prevodniky, pfi-
pojend na sit 230 V, komunikujici s cen-
tralnim serverem (mobilni sité). Pfi vel-
kych vzdalenostech mezi snimaci maze
byt celd linka rozdélena na nékolik ¢as-
tf (kazda ¢ast s viastnim méficim podi-
tacem) pfi zachovéani komunikace mezi

pocitaci. Kabeldz bude adekvétné slozi-
t4, kazdy snimac bude vyzadovat vlastni
datovy kabel k méficimu pocitaci. Dale
je tfeba fesit dostatec¢né zalohovani pro
pfipad vypadku proudu, poruchy méfici-
ho pocitace, také ochranu proti prepéti
v siti (Udery blesk(), klimatizaci pro mé-
ficl pocitace a A/D prevodniky, ochranu
proti vniknuti vody atd.

Nedilnou souc¢dsti méficich linek je
automatizované zpracovani dat a pre-
zentace vysledkd. Nejcastéji se k tomuto
Ucelu pouzivaji webové aplikace. V pfi-
padé slozitéjsich linek byva standardem
vzdaleny on-line pfistup k méfici lin-
ce pro provedeni zmén parametrd, dia-
gnostice snimact apod.

Spolec¢nost INSET s.r.o. dlouhodobé
provadi v CR a zahrani¢i monitoring né-
kterych vyznamnych mostd, podzem-
nich dél a stavebnich konstrukci. Sou-
¢asné vyviji vlastni méfici systémy,
snimace a softwarové vybaveni. Zédkaz-
nikdm je schopna nabidnou fesenf na
kli¢ dle jejich specifickych pozadavku.

Autor textu: Ing. Josef Machac
INSET s.r.o., divize Energetika
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Tridsattri rokov EM metddy merania napatosti

v predpinacej vystuzi

Thirty-three years of the EM method for measuring stress

in pre-stressed tendons

Suvis medzi mechanickym namahanim feromagnetickych prv-
kov a ich magnetickymi vlastnostami (inverzna magnetostrik-
cia alebo magnetoelasticita) objavil uz v roku 1864 Villari. Za-
Ciatkom 80. rokov minulého storocia vyvinula firma Bekaert
prvé magnetoelastické snimace sily v predpinacej vystuzi
Tensiomag. Vysledky zrejme neboli uspokojivé a k ich praktic-
kej aplikécii nedoslo. Aplikacii tejto metddy sa zacali venovat
autori tohto prispevku uz v roku 1984. Od roku 1990 prebiehal
vyvoj EM metddy, konstrukcie meracej aparatury a snimacov
vo firme Projstar-PK, s. r. 0. V rdmci medzindrodnej vedecko-
vyskumnej spoluprace firmy s partnermi z VB, USA, SRN, Ciny,
Spanielska a Japonska bola tato technolégia aplikovana na via-
cerych mostoch v zahranici.

Magnetizécia feromagnetického materidlu (magneticky mo-
ment jednotkového objemu) zavisf aj od vnutorného mechanic-
kého napdtia, sposobeného najcastejsie mechanickym namaha-
nim materidlu tahom alebo tlakom. Nasytend magnetizicia je
zakladnou magnetickou charakteristikou feromagnetického ma-
teridlu, nezavisi od teploty ani mechanického napatia (vietky
domény v materiali sU orientované v smere silného magnetuju-
ceho pola). Je ,pevnym” referen¢nym bodom materialu. Ak po-
zndme hysteréznu slucku feromagnetického materidlu (obr. 1),
mozeme zistit velkost mechanického napdtia v materiali. Na
tento Ucel sa pouZiva EM snimag¢, ktory sa najcastejsie volne na-
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Obr. 1 Zmena tvaru hysteréznej slu¢ky magnetizécie predpinacieho lana Ls 15,7
pri mechanickom namahani tahom. Sile 200 kN zodpovedd napétie 1 333 MPa.
Fig. 1 Changing the shape of the hysteresis loop of the pre-stressed tendon mag-
netization of Ls 15.7 at the application of mechanical tension. Force of 200 kN
corresponds to tension of 1 333 MPa.

The connection between the mechanical stress of ferromagnetic
elements and their magnetic properties (inverse magneto-stric-
tion or magneto-elasticity) was discovered in 1864 by Villari. In
the early 1980s, Bekaert company developed the first magneto-
elastic force sensors in the pre-stressed tendons Tensiomag. The
results were probably not satisfactory and their practical appli-
cation did not occur. The authors of this paper commenced to
explore the application of this method back in 1984. Since 1990,
the development of EM methods, construction of measuring in-
struments and sensors has been carried out by the company of
Projstar-PK, s. 1. 0. In the framework of international scientific re-
search collaboration with partners from the UK, the USA, Germa-
ny, China, Spain and Japan, this technology has been applied to
several bridges abroad.

Magnetisation of the ferromagnetic material (the magnetic mo-
ment of the unit volume) also depends on the internal mechanical
stress caused by the most frequent mechanical tension of the mate-
rial by pulling or pressing. Saturated magnetization is the basic mag-
netic characteristic of a ferromagnetic material, regardless of temper-
ature or mechanical stress (all domains in the material are oriented
in the direction of a strong magnetic field). It is a reference point for
the material. If we know the hysteresis loop of ferromagnetic materi-
al (Fig. 1) we can determine the magnitude of the mechanical stress
in the material. For this purpose, an EM sensor is used that is loose-
ly slipped over or attached to the material. A magnetic circuit is pro-
duced, the properties of which will vary along with the change of
mechanical tension and temperature of the measured material. An
appropriate physical measurement method is used to measure the
properties of the magnetic circuit.

[t looks simple and tempting. Ever since the precast concrete has
been used in construction engineering (Eugene Freyssinet, 1928),
there has been a need to measure the tensile force in the pre-stress-
ing tendons, which must provide a permanent pressure reserve in-
side the concrete. Using the EM sensor, it is possible to measure the
force in bonded, un-bonded and external pre-stressing tendons
without any physical contact, even though a thin-walled steel tube
(cable duct), HDPE pipe, plastic anti-corrosion protection or a mon-
ostrand type plastic pipe.

Obviously, the laboratory measurement methods had to be
adapted for use under industrial conditions. We have been dealing
with this issue since 1984. During this period, construction of the first
suspended bridges (the bridge over the river Labe in the town of
Podébrady and the bridge over the pond Jordan in the town of Ta-
bor) and the first bridges with external pre-stressing tendons (the V1-
450 Bridge and the Lafranconi bridge in Bratislava) commenced. At

doc. RNDr. Andrej Jarosevic¢, PhD., PROJSTAR-PK; s. 1. 0., Nad ostrovom 2, 84104 Bratislava, tel..+421 905 917440, e-mail: projstar@projstar.sk, od r. 2014 konzultant a vyvojar

firmy Inset, s. 1. 0.

doc. Ing. Milan Chandoga, PhD., PROJSTAR-PK; s. 1. 0., Nad ostrovom 2, 84104 Bratislava, tel.: +421 903 722252, projstar@projstar.sk
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sunie na material alebo sa priloZi k materialu. Vznikne magnetic-
ky obvod, ktorého vlastnosti sa budd menit pri zmene mecha-
nického naméhania a teploty meraného materidlu. Na meranie
vlastnosti magnetického obvodu sa pouzije vhodné fyzikalna
meracia metdda.

Vyzerd to jednoducho a ldkavo. Odkedy sa v stavebnictve pouZi-
va predpdty beton (Eugéne Freyssinet, 1928), vznikla potreba merat
tahovu silu v predpinacej vystuzi, ktord musi zabezpecit trvalu tla-
kovu rezervu v betdne. Pomocou EM snimaca mozno merat bez-
kontaktne silu v sudrznych, nesudrznych a externych predpinacich
kabloch, a to dokonca aj cez tenkostennu ocelovu rdrku (kdblovy ka-
nalik), HDPE ruru, plastovu protikoréznu ochranu alebo plastovu rdr-
ku lan typu monostrand.

Samozrejme, laboratérne meracie metédy bolo potrebné upravit
na pouzitie v priemyselnych podmienkach. Tejto problematike sme
sa zacali venovat v roku 1984.V tomto obdobi sa v CSFR zacali budo-
vat prvé zavesené mosty (most cez Labe pri Podébradoch a most cez
rybnik Jorddn v Tabore) a prvé mosty s volnymi predpinacimi kdbla-
mi (most V1-450 a Most Lafranconi v Bratislave). Zaroven prebiehala
vystavba jadrovej elektrarne Temelin s predpatymi beténovymi obal-
kami reaktorov.

Po prvych laboratérnych skdskach, vyvoji meracej aparatiry a EM
snimacov sa metdda zacala od roku 1986 vyuzivat v stavebnej pra-
xi. SU¢asne prebiehal jej dalsi vyvoj, inSpirovany potrebami praxe. Od
roku 1990 prevzala na seba nosnu ulohu v rozvoji EM technologie
a jej aplikécii v praxi firma Projstar-PK, s. 1. 0.

V rokoch 1990 az 2017 sa prostrednictvom tejto firmy realizova-
la viac ako stovka projektov EM merani doma aj v zahranici (obr. 2).

V rokoch 2014 az 2015 doslo k dohode o odkupeni dusevného
vlastnictva (know-how), materidlu a zariadeni EM systému PSS (Proj-
star Smart Sensor) firmou INSET, s. 1. 0,, ktord v sic¢asnosti zabezpecu-
je aj dalsi vyskum a vyvoj.

Vyvoj aplikacii EM metédy merania sil

v predpinacej vystuzi

Problematika, ktord bola predmetom vyvoja snimacov a metodiky

merania, sa tykala najma:

e kontroly vnesenia predpinacej sily a distribucie sily medzi jednotli-
vé lana predpinacieho kabla,

e kontroly distriblcie predpinacej sily po dizke kabla (strata pri za-
kotvenr a strata trenim v zakriveni),

e dlhodobého sledovania zmien sily v predpinacej vystuzi (reoldgia
betonu),

e dlhodobého sledovania Zivotnosti predpdtia (kordzia, poskodenie,
redistribucia..) a moznosti monitorovat aj jestvujice predpdtie
(dodato¢ne navinuté snimace),

e monitoringu predpinacej sily pri experimentalnom vyskume,

e merania dynamického namdhania predpinacej vystuze, najma
Zavesov mostov.

Pri Standardnych predpinacich systémoch sa otazka spolahlivos-
ti vnesenia predpinacej sily a jej strat riesi v certifikacnej procedure.
Pouzitie EM monitoringu tu pIni len funkciu kontroly kvality vykona-
nych prac. Pri sidrZznom predpati registruju snimace po zainjektovani
kabla iba zmeny napatosti v lokdlnom mieste betonovej konstrukcie,
ale daju sa vyuzit na meranie lokalneho dynamického naméhania vy-
stuze.

Pri nesudrznom predpati, ako su volné kadble a zavesy zavesenych
mostov, umoznuju EM snimace monitoring tahovej sily v stadiu na-
pinania kablov a neobmedzene pocas celej Zivotnosti konstrukcie.
Osobitne cennym monitorovacim prostriedkom st EM snimace pri
zosilfovani betonovych mostov. Monitorovatelné predpatie tu plnf
funkciu senzora, ktory zachyti pripadny zhorsujuci sa stav podvodné-
ho predpatia.

Na kontrolu distribucie sily medzi jednotlivé lana predpinacieho
kabla sme vyvinuli multilanové snimace, ktoré su bud' sicastou napi-
nacieho zariadenia, alebo kotvenia kébla (obr. 3 a 4).

www.inzenyrske-stavby.cz

Obr. 2 Deleny EM snimac¢, dodato¢ne navinuty na zaves mosta Ashidagawa, Ja-
ponsko; spolupraca s firmou Keisoku Research Consultants, Hiroshima, rok 2002
Fig. 2 Divided EM sensor, additionally wound on a cable stay system of the Ashi-
dagawa bridge, Japan; collaboration with Keisoku Research Consultants, Hiroshi-
ma, 2002

the same time, the Temelin nuclear power plant was under construc-
tion with the pre-stressed concrete reactor containments.

Since 1986, after carrying out the first laboratory tests and the de-
velopment of the measuring instrument and EM sensors, the meth-
od has begun to be used in construction practice. At the same time,
its further development has been going on, inspired by the needs of
practice. Since 1990, the leading role in the development of EM tech-
nology and its practical applications has been taken over by Projstar-
PK, s.r. 0. From 1990 to 2017 Projstar-PK, s. r. 0. carried out more than
one hundred EM projects measured at home and abroad (Fig. 2).

In 2014 - 2015 there was an agreement to buy intellectual proper-
ty (know-how), material and equipment of the PSS system (Projstar
Smart Sensor) by the company of INSET, s. r. 0. which is currently per-
forming additional research and development.

Development of the EM method application for
measurement of forces inside the pre-stressed
tendons

The subject of sensor and measurement methodology develop-

ment, concerned in particular:

e control of the pre-stressing force input and the distribution of for-
ce between the individual wires of the pre-stressing tendon,

e control of distribution of the pre-stressing force throughout the
length of the tendon (the loss by anchoring and the loss by curva-
ture friction),

e |ong-term monitoring of changes in force within the pre-stressing
tendons (concrete rheology),

e |ong-term monitoring of lifespan (corrosion, damage, redistribu-
tion..) and the possibility of monitoring the existing pre-stress of
tendons (additionally wound sensors),

e monitoring of the pre-stressing force in an experimental research

e measuring the dynamic tension of the pre-stressed tendons, in
particular the cable stay strands of the bridges.

Concerning the standard pre-stressing systems, the question of
the reliability of the pre-stressing force insertion and its loss is ad-
dressed in the certification procedure. Here the use of the EM moni-
toring serves only to check the quality of works performed. In terms
of the bonded pre-stressing of the grouted-in tendon, the sensors
record only the stress changes locally in the given spot of the con-
crete structure, although they can be used to measure the local dy-
namic tension of tendons.

In terms of the un-bonded pre-stressing such as external tendons
and stay cables of cable stayed bridges, the EM sensors are able to
monitor the tensile force at the time of pre-stressing as well as un-
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Obr. 3 Pouzitie jednolanovych EM snimacov na meranie distribucie sily medzi
jednotlivé lana kabla a ich nahrada multilanovym snimacom, ktory je sti¢astou
kotvenia kébla.

Fig. 3 Use of the single-strand EM sensors for measuring the distribution of force
between the individual strands of the tendon and their replacement by a multi-
-strand sensor, which is a part of tendon anchorage.

Vyvoj meracej aparatury a snimacov
Viyvoj vzdy pruzne reagoval na potreby praxe aj na stav elektroniky
a vypoctovej techniky v danom obdobi. Prva pocitatom riadena apa-
ratlra sa pouzila v roku 1994 na meranie sily v predpinacich kadbloch
obalok reaktorov jadrovej elektrarne Temelin v Ceskej republike. Prva
impulznd aparatura riadend mikroprocesorom sa pouzila na mostoch
Jiangyin a Nanjing cez rieku Yangtze v Cine. V aparaturach sa nepou-
Zivali komer¢ne vyradbané diely, ¢o bolo ndrocné na vyvoj aj vyrobu.
Firma Inset vyvija od roku 2015 novu generdciu EM meracieho
systému, ktorého zakladnym prvkom je priemyselnd meracia karta
(DAQ), doplnend nevyhnutnymi (vacsinou jednoduchymi) obvodmi.
Riadiaci pocita¢ ovldda pomocou LabVIEW VI aplikdcii cely proces
merania a vyhodnocovania, ¢o umoznuje pruzne prispdsobit konfi-
gurdciu meracieho systému konkrétnym potrebdm zakaznika. Dial-
kové ovlddanie a prenos dét cez internet si samozrejmostou. Na obr.
5 je porovnanie meracej aparatiry Dynamag NT408 (Projstar, 2004)
s prototypom meracej aparatury Triomag_8S (Inset, 2018). Na riade-
nie a zber dat je v aparature pouzitd DAQ NI USB 6001/2 OEM. Stcas-
na& meracia aparatura predstavuje sofistikovany meraci pristroj, ktory
mozZno metrologicky overit. VSetky meracie aparatiry su navzajom
zamenitelné a dokdzu merat statické aj dynamické naméhanie me-
raného prvku tym istym EM snimacom novej generacie.

restrictedly throughout the lifespan of the structure. The EM sensors
are especially valuable monitoring device for strengthening the con-
crete bridges. Here the monitored pre-stress behaves as a sensor
that captures any deterioration of the original pre-stress.

We have developed multi-strand sensors that are either a part of
the pre-stressing device or the tendon anchorage (Fig. 3, 4) to con-
trol the distribution of the force between the individual pre-stressing
strands of the tendon.

Development of the measurement device and
sensors

The development has always responded flexibly to the practical
needs as well as to the enhancement level of electronics and com-
puting in the given period. The first computer-controlled device was
used in 1994 for the measurement of force in the pre-stressed ten-
dons of Temelin nuclear power plant reactor containments in the
Czech Republic. The first microprocessor-controlled impulsive de-
vice was used on the Jiangyin and Nanjing bridges across the Yang-
tze River in China. The device was not composed of commercially
manufactured parts, which was challenging for both its develop-
ment and production.

Since 2015, the company Inset has been developing a new gener-
ation of the EM measuring system, the core element of which is the
industrial measurement card (DAQ), supplemented by the necessary
(mostly simple) circuits. Computer controls the entire measurement
and evaluation process with LabVIEW VI applications. This makes it
possible to flexibly adapt the configuration of the measuring sys-
tem to the specific needs of the customer. Remote control and data
transfer over the Internet are a matter of course. In Fig. 5, the measur-
ing device Dynamag NT408 (Projstar, 2004) is compared to the pro-
totype of the Triomag_8S (Inset, 2018) measuring device. The DAQ NI
USB 6001/2 OEM is used for control and data acquisition. The current
measuring device is highly-sophisticated and it can be metrological-
ly verified. All measuring devices are mutually interchangeable and
able to measure both static and dynamic stress of the measured ele-
ment with the same EM sensor of the new generation.

The EM sensors have gone through the similar development. The
current measuring sensor of EMHM type can be metrologically ver-
ified and measured by any EM device. The EM sensor parameters
and the measurement process are optimized so that the influence
of measurement on the measured object (mainly the heat increase
of the measured element) is minimal. It should be remembered that
the sensor is the measured ferromagnetic material itself with its elas-
to-magnetic properties. A database of materials suitable for the EM
method application is an important part of the research.

Obr. 4 Multilanovy snimac pre 55 lan ur¢eny na zabudovanie do predpinacieho lisu PAUL TENSA. Snimac bol vyvinuty pre firmu DSI, Unterschleissheim, Nemecko.
Fig. 4 Multi-strand sensor designed for 55 strands and intended for installation into the pre-stressing machine PAUL TENSA. The sensor was developed for the company

DSI, Unterschleissheim, Germany.
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Obr. 5 Vlavo: 8-kanalové aparatira Dynamag NT408 (Sirka 325 mm), vpravo: prototyp 8-kanalovej aparatuiry Triomag_8S s riadiacim pocitacom Minix NEO Z83-4 Pro
Fig. 5 On the left: 8-channel measuring device Dynamag NT408 (325 mm wide), on the right: a prototype of the 8 channel measuring device Triomag_8S with Minix NEO
/83-4 Pro

Podobnym vyvojom presli aj EM snimace. Suc¢asny meraci snimac
typu EMHM mozno metrologicky overit a merat lubovolnou EM apa-
ratdrou. Parametre EM snimaca a proces merania su optimalizova-
né tak, aby bol vplyv merania na merany objekt (hlavne zohrieva-
nie meraného prvku) minimalny. Treba si uvedomit, Ze snimacom je
samotny merany feromagneticky materidl a jeho elasto-magnetické
vlastnosti. Databdza materidlov vhodnych na aplikdciu EM metody je
dolezitou sucastou vyskumu.

Priklady realizacii merania sil

Na webovej strdnke www.projstar.sk su uvedené najvyznamnejsie re-
alizdcie EM monitoringu, ktoré vykonala firma PROJSTAR-PK, s. 1. 0.,
od roku 1992.V tomto prispevku uvadzame tieto:

Dlhodoba spolahlivost EM metédy

V rokoch 1986 az 1987 sme v réamci spoluprace TSUS Bratislava a Sta-
vebnej fakulty SVST realizovali monitoring napétosti v zévesoch za-
veseného mosta cez rybnik Jordan v Tabore, CR. I$lo o prvy letmo
beténovany zaveseny most v Ceskoslovensku a prvu aplikaciu EM
metddy pri vystavbe inZinierskeho diela. Na meranie sily v zdvesoch
mosta (18 1an 15,5 mm v tenkostennej ocelovej rure) boli vyvinuté
EM snimace H125 spolu s aparaturou na ich meranie pocas vystavby
a konecnej rektifikacie zavesov. Posledné meranie snimacov sa reali-
zovalo v roku 1989, odvtedy su snimace dlhodobo vystavené pove-
ternostnym podmienkam. Pri technoldgii ich vyroby sa predpoklada-
lo iba kratkodobé pouzitie pocas vystavby.

Vo februdri 2018 vykonala firma Inset kontrolné meranie pomocou
prototypu meracej aparatury Inset ATXP. Z celkového poctu 26 sni-
macov sa podarilo odmerat 16 snimacov (ostatné mali poskodené
privody) a z priebehu majoritnej hysteréznej slucky vypocitat napatie
v jednotlivych zévesoch. Priemernd hodnota napatia bola 699 MPa,
maximalne napétie 804 MPa, minimalne napatie 600 MPa, ¢o je v roz-
sahu povodne projektovanych hodnét. Vlastnosti EM snimaca zavisia
len od geometrickych rozmerov a poctu zavitov jeho vinuti, neme-
nia sa ¢asom. Zivotnost samotného EM snimaca je prakticky neob-
medzena.

Meranie dynamického namahania pomocou dynamického
EM snimaca

V rdmci certifikatného konania kotevného systému PROJSTAR-
-CH sa realizovali aj unavové skusky kotvenia. Nad $tandard poZia-
daviek ETAG 013 sme vykonali EM meranie napétosti vo vybranych
landch. Na tento Ucel vyvinula firma Projstar-PK dynamicky EM sni-
mac a aparatlru na jeho meranie. Skuska prebiehala na pulzatore
USTARCH SAV v Bratislave. Kabel bol zostaveny z ésmich lan s prie-
merom 150 mm?, celkovd maximalna sila bola 1 451 kN, maximaélna
sila na jedno lano 181,375 kN, pozadovany rozkmit dynamickej zloz-
ky namahania 12 kN. Na meranie dynamickej zlozky sa pouzil dyna-
micky EM snimac (Sipka vlavo), na meranie statickej sily EM snimace

www.inzenyrske-stavby.cz

Examples of forces measurement performance

The web site www.projstar.sk presents the most significant perfor-
mances of the EM monitoring carried out by PROJSTAR-PK, s. 1. 0.
since 1992. In this paper we can mention the following:

Long-term reliability of the EM method

In the years 1986 — 1987, within the framework of cooperation be-
tween the Building Testing and Research Institute, Bratislava and
the Faculty of Civil Engineering of Slovak University of Technol-
ogy, we monitored the tension in the cables of the cable stayed
bridge over the pond Jordan in the town of Tabor, Czech Republic.
It was the first cable stayed concrete bridge built by the free can-
tilever method in Czechoslovakia and the first application of the
EM method to the construction engineering work. For the meas-
urement of the force in the stay cables of the bridge (18 cables of
15.5 mm in a thin-walled steel tube), the H125 EM sensors were de-
veloped as well as a device for their measurement during the con-
struction and final rectification of cables. The last measurement of
the sensors was done in 1989. Since then the sensors have been
exposed to weather conditions, although, considering the technol-
ogy of their production, the sensors were designed for only a short-
term use during construction.

In February 2018, the company Inset carried out a control meas-
urement using the prototype of the Inset ATXP measurement de-
vice. Out of the total number of 26 sensors 16 were measurable (oth-
ers had damaged leads) and the stress in the individual stay cables
were calculated from the course of the hysteresis loop majority. The
average stress is 699 MPa, the maximum stress is 804 MPa, and the
minimum stress is 600 MPa, which falls within the range of original-
ly designed values. The features of the EM sensor depend only on
the geometric dimensions and the number of threads of its wind-
ing, they do not change in time. The lifespan of the EM sensor itself
is practically unlimited.

Dynamic stress measurement using dynamic EM sensor

Within the certification procedure of the PROJSTAR-CH anchor sys-
tem, the fatigue anchoring tests were also carried out. Outside the
standard ETAG 013 requirements, the EM has been used to measure
stress in the selected tendons. For this purpose, Projstar-PK has de-
veloped a dynamic EM sensor and a device for its measurement. The
test was carried out on the USTARCH SAV pulsator in Bratislava. The
tendon was composed of eight 150 mm? strands, a total maximum
force was 1451 kN, a maximum force per strand was 181.375 kN, and
the required dynamic stress component range was 12 kN. To meas-
ure the dynamic component, a dynamic EM sensor (left arrow) was
used to measure the static force of the EM sensor PSS16 (right ar-
row). The course of the force in the four of the eight strands during
the tendon loading, and the course of the dynamic loading of one
strand in the fatigue test is shown in Fig. 8. The dynamic stress curve
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Obr.6 Zaveseny most v Tabore
Fig. 6 Cable stayed bridge in Tabor

Obr. 7 Testovanie EM snimaca H125 v roku1986, Kloknerov Ustav, Praha
Fig. 7 Testing of the EM sensor H125 in 1986, Klokner institution, Prague

PSS16 (ipka vpravo). Priebeh sily v styroch z 6smich lan pri zatazo-
vani kabla a priebeh dynamického naméhania jedného lana pri tina-
vovej skuske su zobrazené na obr. 8. Tvar dynamického naméhania
s kmitoc¢tom 5,69 Hz je sinusovy. Opét sa prejavuje nerovnomerné
rozdelenie sily medzi jednotlivé land kratkeho kdbla pri skupinovom
napinanf (napriek velmi starostlivej instalacii vzorky).

Zaver

Ked sme v roku 1984 zacali s vyvojom EM monitoringu predpina-
cej sily, nikto z nds nepocital s tym, Ze to bude taky Uspesny pribeh.
Zakladom Uspesnosti bola timova praca riesitelského kolektivu fyzi-
kov a stavbarov. Velkym prinosom pre pracu riesitelského timu a po-
pularizaciu metddy bola realizacia monitorovacich prac na mostoch
v zahranici a transformacia nasich vysledkov prostrednictvom spo-
lo¢nych vedeckovyskumnych a realiza¢nych projektov s UIC Chica-
go, KRC Japonsko a DSI SRN.
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Obr. 8 Dynamické namahanie 1an pri Unavovej skuske
Fig. 8 Dynamic loading of strands in the fatigue test

with a frequency of 5.69 Hz is sinusoidal. Again, there is an uneven
distribution of force between the individual strands of the short ten-
don at the group stressing (despite the very careful sample installa-
tion).

Conclusion

In 1984, when we started to develop the EM monitoring of the
pre-stressing force, none of us had anticipated that it would turn
out to be such a successful story. The teamwork of physicists and
construction engineers was the basis for the success. A great con-
tribution to the work of the team and the popularization of the
method was the implementation of monitoring work on bridges
abroad and application of our results through joint scientific re-
search and realization projects with UIC Chicago, KRC Japan and
DSI Germany.
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STAT-KON - uspesny rast spolocnosti

V uplynulom obdobi dvoch rokov spolo¢nost medziro¢ne rastla o 50 %, v roku 2017 trzbami dosiahla hranicu 1,0 mil. €. Aktudlny dopyt
na stavebnom trhu je predpokladom optimistického vyhladu aj na rok 2018. V obdobi prvych siedmich mesiacov roka 2018 podla prie-
beznych hospodarskych vysledkov dosiahla spolo¢nost rovnaké trzby ako za cely uplynuly rok 2017, ¢o vypoveda o vybornej kondicii
firmy a rovnako trhu v oblasti priemyselnej vystavby.

Dlhodoby ciel firmy je budovanie dobrého
mena a rozsiahleho portfélia silnych klientov
s rovnako stabilnymi hospodarskymi vysled-
kami. Spolo¢nost so svojim silnym technic-
kym timom dokaze pre svojich klientov za-
bezpecovat projektové riesenia na viacerych
velkych investi¢nych celkoch sucasne.

Projektovy tim STAT-KON, s. r. o, tvori 24
statikov a konstruktérov s Uzkou Specializa-
ciou na ocelové a beténové konstrukcie pre-
vazne v oblasti priemyselnych, vyrobnych
a technologickych objektov. Nasimi stalymi
klientmi su popredné a najvacsie realizacné
firmy na nasom trhu, ako aj vyrobné spolo¢-
nosti v oblasti vyroby ocelovych, resp. pre-
fabrikovanych konstrukcif.

Spolo¢nost napreduje vdaka neustdle-
mu inovovaniu projektovych rieseni, apli-
kacii kombinovanych konstrukénych systé-
mov ocel/PREFA beton/monoliticky betdn.
Pre trvale udrzatelny rast chdpeme ako nut-
nost neustéle investovanie do ludskych zdro-
jov, odbornych skoleni, konferencii a rozvoj
jednotlivca v spolo¢nosti. Taktiez je nutné

www.inzenyrske-stavby.cz

neustdle investovanie do najmodrenejsich
softvérovych rieseni, 3D softvérov — tak vy-
poctovych, ako aj grafickych.

V rdmci Uspesne ukoncenych projektov
moZeme spomenut rozsiahle investi¢né cel-
ky ako Jaguar Land Rover Nitra, kde sme boli
spracovatelom nosnych konstrukcii v stupni
realizacnej a vyrobnej dokumentacie mon-
taznej haly T&F. V roku 2017 sme ukonci-
li v rovnakom rozsahu spracovanie projekto-
vej dokumentdcie na rozsirenie aredlu IKEA
Components Malacky. Aktudlne pracujeme
na viacerych projektoch vyrobnych objek-
tov, kde spolo¢na zastavana plocha dosahuje
takmer 100-tisic m2,

Spolo¢nost tvoria dve divizie — DIVIZIA
OCELOVYCH KONSTRUKCII a DIVIZIA BETO-
NOVYCH KONSTRUKCII. V oboch oblastiach
spracovavame statiku nosnych konstrukcif vo
vypoctovom softvéri SCIA Engineer 17.0. Oce-
[ové konstrukcie spracovdvame uz od Uvod-
nych stupnov aZz po projekty na realizaciu
stavby a vyrobnu dokumentaciu v 3D softvéri
TEKLA 2016i a Advance Steel 2017. Beténové

konstrukcie spracovdvame taktiez pre vietky
stupne projektovej dokumentacie v 3D sof-
tvéri ALLPLAN Engineer 2017. Vyhodou spra-
covania nosnych ocelovych a beténovych
konstrukcif systémom BIM je vysoka kvalita
vystupnych informécii, koordinécia s rozny-
mi profesiami, rychlost projektovania. Pre vy-
brané architektonické timy a investorov spra-
covavame nosné konstrukcie v softvéri REVIT.
STAT-KON, s. 1. 0., je ¢lenom Slovenskej ko-
mory stavebnych inzinierov. Na zvysenie
kvality riadenia projektov a poskytnutia pro-
fesiondlnych sluZieb je v spolo¢nosti zave-
deny systém manazérstva kvality STN EN 1SO
9001:2016 v odbore projektovanie pozem-
nych stavieb, uskutoc¢riovanie stavieb a ich
zmien a inzinierska ¢innost v stavebnictve.

Ing. Juraj LETKO
konatel spolo¢nosti

GTAT-KON
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Marek Mallo - Juraj Letko

Ochranna a poziarna stena - IKEA Malacky
Protective and fire wall - IKEA Malacky

V rdmci rozsiahleho rozsirovania vyrobnych a skladovych objek-
tov spolo¢nosti IKEA Components Malacky v roku 2016 bolo nevy-
hnutné vyriesit poziarne oddelenie objektov. Ide o skladovy objekt
SO 520 a vyrobny objekt SO 510.

Skladovy objekt SO 520 sa realizoval ¢iasto¢ne ako samonosna
konstrukcia z tenkostennych profilov s vyskou 31,50 m a ¢iastocne
(expedi¢na ¢ast) ako jednolodova hala s nosnymi beténovymi stip-
mi a ocelovou strechou s vyskou 10,60 m. Vyrobny objekt SO 510
s vyskou atiky 11,36 m sa realizoval ako viaclodové hala s betono-
vymi stipmi a ocelovou strechou. Administrativny objekt (SO 530)
je situovany paralelne s vyrobnym objektom. Vzhladom na dané
moznosti sa poZiarna stena projektovala v rdmci stavebnej Casti ako
Zelezobetonové, ¢o bolo nevyhnutné dodrzat.

Stavebné rieSenie

Poziarna stena Uplne respektuje poziadavky stavebnej a poZiar-
nej Casti projektu. Jej vyska vychadza z vysky samonosného re-
gélového zakladaca (31,50 m), pri zmene vysky postupne klesa
na Uroven expedi¢nej casti (11,64 m). Zelezobetonova konstruk-
cia steny je oplastend sendvicovymi panelmi s jadrom z mineral-
nej viny. Nachddzaju sa v nej otvory na dvere a brany medzi da-
nymi objektmi.

Statické riesenie
Nosnu konstrukciu steny tvoria zelezobeténové prefabriko-
vané steny a stlpy. Pri hornom povrchu sa nachadza pozdlzne

T R
Obr. 1 Celkovy pohlad na areél a hlavny skladovy objekt SO 520
Fig. 1 Overall view of the campus and the main storage building SO 520

Within the extensive expansion of the production and storage faci-
lities of the company IKEA Components Malacky in 2016 it was
necessary to solve fire separation of objects. The objects are -
storage facility SO 520 and production facility SO 510.

SO 520 Storage facility was executed partly as a self-supporting con-
struction of thin-walled sections with a height of 31.50 m and part-
ly (expedition part) as a single-nave hall with a height of 10.60 m
with supporting concrete columns and a steel roof. The production
facility (SO 510) with a height of 11.36 m was designed as a multi-
lane hall with concrete columns and a steel roof. The administrative
building (SO 530) is located parallel to the production facility. Due
to the design possibilities the firewall was designed in the architec-
ture as a reinforced concrete wall and this had to be kept.

Building design

The firewall fully respects the building and fire-resistance require-
ments of the project. Its height is based on the height of the self-
supporting rack loader 31.50 m and gradually changes to the height
of the expedition part to 11.64 m. The reinforced concrete wall struc-
ture is covered with sandwich panels with a mineral wool core. There
are openings for doors and gates between the objects.

Structural design

The supporting structure of the wall is formed by reinforced con-
crete prefabricated walls and columns. At the top surface there is
a longitudinal bracing — steel cross section 193 x 10. Prefabricated

Ing. Marek Mallo, STAT-KON, s. 1. 0., Trencin, tel.: +421 918 932286, e-mail: marek.mallo@stat-kon.sk
Ing. Juraj Letko, STAT-KON, s. 1. 0, Trencin, tel.: +421 911 568007, e-mail: jurajletko@stat-kon.sk
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Obr. 2 Priebeh ohybovych momentov
Fig. 2 Bending moments

Obr. 3 Priebeh nutnej plochy vystuze
Fig. 3 Required reinforcement area

vystuzenie — ocelovy prierez (193 x 10). Prefabrikované stipy
sU po vyske delené na dve casti. Maju prierez v tvare |, pricom
v spodnej ¢asti, t. j. po Uroven 48,30 m, maju vysku 2 000 mm
a od tejto Urovne 1 600 mm. V niZsej ¢asti maju konstantny prie-
rez v tvare | s vyskou 1 000 mm. Steny maju hribku 150 mm
a rozpatie 5,030 m aZ 7,520 m. Stlpy st votknuté do zékladovych
konstrukcif.

Staticky prendsa stena okrem vlastnej tiaZe aj tiaZ striech okoli-
tych objektov, ktorych nosna konstrukcia je na stene Ciasto¢ne ulo-
Zené. Zatazenie vetrom sa bralo do Uvahy v dvoch fazach. Vzhladom
na to, Ze stena vznikala v rdmci postupu vystavby ako prvé, poso-
bila v Uvodnej faze ako volne stojaca, ¢o bol zo statického hladiska
rozhodujuci stav. Po dobudovani okolitych objektov pdsobf stena
z hladiska zataZenia vetrom ako fasddna. Maximélne ohybové mo-
menty vo votknutf stipov dosahuju s Gc¢inkami tedrie druhého radu
6 360 kNm. Nevyhnutna plocha vystuze dosahuje v najviac zataze-
nom stipe 150 cm?.

Zakladanie

Zakladanie nosnych stipov konstrukcie sa realizovalo cez vftané pi-
I6ty. Pod typickym stlpom su tyri piléty s priemerom 900 mm a diz-
kou 7,00 m v rastri 2,80 x 1,80 m. S klesajucou vyskou steny je pocet
pilét optimalizovany na dva kusy na jeden stip. Vzhladom na vyiku
hladiny podzemnej vody a nevyhnutnost zahlbenia prefa stipa do
kalicha (pri danom pomere Mc,/N¢, az 3,00 m) sa stipy kotvili do roz-
nésacich hlavic pomocou PEIKKO stipovych pétiek a kotevnych skru-
tiek. Kotevné skrutky sa osadzali pomocou 3ablény za pritomnosti
geodeta.

www.inzenyrske-stavby.cz
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Obr. 4 Podorys kotvenia typického stlpa
Fig. 4 Ground plan of anchorage of a typical column

Obr. 5 Stipové patky PEC integrované na platne
Fig. 5 Columns footings PEC integrated in plates

columns in the higher building are divided into two parts. They are
of an "" cross section, with the bottom part, i.e., up to + 8.30 m they
are 2 000 mm high, and from this level they are 1 600 mm high. In
the lower part of the building they have a constant | cross section of
1000 mm height. The walls have a thickness of 150 mm and they
have a span from 5.030 to 7.520 m. Columns are considered to be
fixed into the foundation structures.

From a structural point of view the wall bears, in addition to its
own weight, the roofs of the surrounding objects, the bearing struc-
ture of which is partly stored on the wall. The wind load had to be
considered in two phases. Due to the fact that the wall was built first
in the construction process, it initially acted as a free standing wall,
which was a determining structural condition. After completion of
the surrounding objects the wall acts as a facade-wall in terms of
wind load. The maximum bending moments in the piloting of the
columns reach 6 360 kNm including the impact of the second-or-
der theory. The required reinforcement area in the most loaded col-
umn is 150 cm?.

Foundations

The foundation of the concrete columns is realized through drilled
piles. Under the typical column there are 4 piles with a diameter of
900 mm and a length of 7.00 m in a raster of 2.80 x 1.80 m. With de-
creasing wall height the number of piles is optimized to 2 pieces
per 1 column. Due to the height of the groundwater level and the
necessity of embedding of the prefabricated column into the cup
(at a given M /N, ratio it is up to 3.00 m), the columns were an-
chored to the spread heads using PEIKKO column footings and an-
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KOTVENIE
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Obr. 6 Spoj horného a spodného stipa v trovni +8,300 m
Fig. 6 Top and lower join of column at a level +8.300 m

DETAIL 2
KOTVENE PANELOY NA STENU
1

0 750 150, 0

DETAIL1

STYK PANELOV
M 120

Obr. 7 Detail kotvenia stenovych panelov
Fig. 7 Anchorage detail of wall panels

|

Obr. 8 Detail drazky a kotevného U-profilu
Fig. 8 Detail of scoring and anchorage U-profile
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chor bolts. Anchor bolts were mounted using a template in the pres-
ence of a geodesist.

Construction design
The anchoring of the columns to the foundation heads was real-
ized using the PEIKKO anchorage system. Concrete reinforced bolts
PPM type were embedded in each head. The bottom parts of the
columns with built-in PEC column footings were placed on them,
which had to be integrated on one plate due to layout and column
geometry.

Due to the transport and assembly options the columns were di-
vided into two parts. The total height of one column would be 32.30
m and a total weight of 76.08 t.

Obr. 9 Stenové panely pred montazou
Fig. 9 Wall panels before installation
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Obr. 10 UloZenie stresnych ocelovych vaznikov
Fig. 10 Laying of steel roof girders

Konstrukcné rieSenie
Stipy sa do zakladovych hlavic kotvili pomocou kotevného systému
PEIKKO. V jednotlivych hlaviciach sa zabeténovali a podla ndvrhu vy-
stuzili kotevné skrutky typu PPM. Na ne sa osadili spodné ¢asti stlpov
50 zabudovanymi stipovymi patkami PEC, ktoré museli byt vzhladom
na rozmiestnenie a geometriu stipa integrované na jednu platfu.

Vzhladom na prepravné a montazne moznosti sa stipy vyrobne
rozdelili na dve ¢asti. Celkovd vyska jedného stipa je 32,30 m a cel-
kova hmotnost 76,08 t. Rozdelenie je realizované vo vyske +8,30 m
pomocou HPM a HPKM prvkov. V tomto spoji je realizovany aj pripoj
stresnej konstrukcie vyrobnej haly SO 510.

Stenové panely sa medzi stipy ukladali vzajomne na seba a kotvi-
li sa do stipov pomocou skrutkového pripoja. V stendch su v mieste
spoja drazky, v ktorych je zabeténovany U-profil s narezanou draz-
kou na skrutku M16. Ta je kotvend do zabetdnovanej HTA kolajnice
v stipe. Cely spoj je nasledne chraneny zélievkovou maltou.

Prislichajuce vyrobné a skladové objekty sa na mnohych miestach
pripojili na stenu. Najvyraznejsie bolo pripojenie stresnych ocelovych
vaznikov vyrobnej haly SO 510 na stipy poZiarnej steny.

Obr. 12 Findlny pohlad na stenu
Fig. 12 Final view at the wall

www.inzenyrske-stavby.cz

Obr. 11 UloZenie obvodovych nosnikov
Fig. 11 Laying of circumferential beams

The distribution is realized at +8.30 m using HPM and HPKM ele-
ments. This joint is also used to connect the roof bearing structure of
the SO 510 Production hall.

The wall panels were stacked between two columns and joined to
them by means of a bolt connection. In the walls there are grooved
slots in which a U-profile is threaded with a hole for bolt M16, which
is anchored to the embedded HTA rail in the column. The entire joint
is then protected by a grout.

The relevant production and warehouse facilities have been con-
nected in many places to the wall. The most notable was the con-
nection of the SO 510 steel roof girders to the firewall columns.

Obr. 13 Realizicia
Fig. 13 Realization
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Rekonstrukcia havarijného stavu segmentového mosta ponad

VN Ruzin

Rehabilitation of segmental bridge above water reservoir Ruzin

V poslednom case sa na Slovensku venuje ¢oraz vécsia pozor-
nost starnucej infrastruktdre pri zvysenej premévke na cestnych
mostoch. Niektoré predpété mosty postavené v 60. rokoch 20. sto-
rocia su v sucasnosti v prevadzke uz viac ako 50 rokov, ¢o sa podpi-
suje na ich zlom technickom stave. Na viacerych konstrukcidch su
pozorované viaceré vazne poruchy, ako nadmerné deformacie, roz-
siahle trhliny, siln degradacia predpdtia a pod. Tieto poruchy maju
povod v tzv. detskych chorobach a medzi inym sa ukazuje ako vy-
znamny faktor kvalita realizacnych prac. Ide predovietkym o velmi
nizku Uroven ochrany predpinacej vystuze. Prispevok sa zaobera
navrhom rekonstrukcie mosta na béze zmeny statického systému
a aplikdcie externe vedeného predpitia. Vychodiskovymi podklad-
mi na rekonstrukciu boli podrobna analyza poruch a vysledky nu-
merickej analyzy, ktoré sa pouzili na stanovenie aktualnej predpo-
kladanej trovne pévodného predpdtia. Most ponad VN Ruzin bol
postaveny v roku 1967 metédou letmej montaze ako jeden z pr-
vych segmentovych mostov realizovanych na Slovensku.

Koncom decembra 2016 sa uskutoc¢nila mimoriadna prehliad-
ka mosta ¢. 547020 cez VN Ruzin na ceste II/547. Obhliadka potvr-
dila kriticky, havarijny stav mosta. Na zaklade zistenych skuto¢nostf
odporucila odbornd komisia uzavretie mosta, v désledku ¢oho za-
dal spradvca mosta spracovanie projektu Studie rekonstrukcie mos-
ta. Viypracovana studia riesila rekonstrukciu mosta nadstavbou mos-
ta na poévodnej mostovke, ¢im sa mala zvysit niveleta novej vozovky
mosta po rekonstrukcii asi 0 2,70 m. Uvedené technické riesenie vsak
bolo technicky, cenovo a ¢asovo ndro¢né, az nerealizovatelné a zna-
menalo by vyznamné pritaZenie stredovych pilierov az na zakladovu
skaru. Po zacati procesu verejného obstardvania udelil objednavatel
uchddzacom suhlas na predloZenie alternativnych spésobov rekon-
Strukcie mosta. Spolo¢nost STRABAG, s. r. 0., ako uchadzac v proce-
se verejného obstardvatela, spojila svoje sily so Stavebnou fakultou
Zilinskej univerzity a spolo¢nostou DOPRAVOPROJEKT, a. s., divizia
Presov, a predloZila alternativne riesenie projektu rekonstrukcie. Uve-
deny ndvrh rekonstrukcie mosta odsuhlasila v procese verejného ob-
stardvania hodnotiaca komisia objednévatela. Rekonstrukcia sa zaca-
la v maji 2017 a skoncila sa v decembri 2017.

Opis povodnej mostnej konstrukcie a zistenych
poruch

Most bol realizovany v roku 1967. Mostny objekt tvorf ramova kon-
$trukcia s rozpatiami 38,5 + 77,0 + 38,5 m s posuvnym kibom
uprostred stredného pola. Na moste je asfaltovéd vozovka so Sirkou
7,50 m a obojstranné chodniky so irkou 1,25 m. Celkova dizka mos-
ta je 154,80 m. Nosnd konstrukcia mosta bola vybudovand techno-
l6giou symetrickej letmej montadZe z oboch pilierov v symetrickych

Recently more attention has been paid to aging infrastructure with
increased traffic on the roads in Slovakia. Some prestressed bridg-
es built in the 1960's are currently in service over 50 years. Many
of them have been evaluated on level as a bad technical condi-
tion. Serious faults such as enormous deformation, wide cracks, ex-
tensive prestressing degradation have been observed on any pre-
stressed bridges. These faults came from the so-called "childhood
diseases" of prestressing. The quality of the realization works has
been often the significant factor, especially very low level of pre-
stressing protection. This paper deals with the design of bridge re-
habilitation based on structural system changing and additional
external prestressing application. The initial assumptions for the re-
construction have been based on detailed analysis of the defects
and determination of actual prestressing level. The bridge was built
in 1967 as one of the first generation segmental bridge in Slovakia
assembling over the reservoir Ruzin.

The extraordinary inspection was realized on the Ruzin bridges at the
end of December 2016. The inspection confirmed the emergency con-
dition of the bridge. The bridge was immediately closed and all traffic
that had been redirected to the bypass about 60 km longer. The first
study of the bridge rehabilitation was not accepted due to long time
consumption, big cost and some unrealistic technical solutions with the
significant additional load to the center piers and their basements. At
last the second technical proposal was submit by the regional road ad-
ministrator as the result of public competition. Company Strabag, Ltd.
was selected as the general contractor. Strabag has been joined forces
with the Faculty of Civil Engineering of University of Zilina that provided
diagnostic and analytical works and company DOPRAVOPROJEKT Inc,
Division Presov that provided design works. They have been prepared
together an alternative solution for the reconstruction project. The pro-
posed rehabilitation works began in May 2017 and finished in Decem-
ber 2017 when the bridge was opened for the traffic.

Bridge description and failures analysis

This superstructure is acting as a frame structure with spans 38.5 +
77.0 + 38.5 m with a sliding joint in the middle of the center span.
The total length of the bridge is 154.80 m. The road width on the
bridge has 7.50 m and with two sided pavements of 1.25 m wide.
The superstructure of the bridge was erected using symmetrical bal-
anced cantilever method from both of piers as a segmental struc-
ture. The cross section of the frame consists of two separate box
girder sections with variable height. Precast ribbed concrete slabs
of 3.0 m width have been laid on upper surface of box girders in the
lateral direction. The transversal diaphragms were built as a mono-
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Obr. 1 Dispozi¢na schéma mosta
Fig. 1 Basic original bridge scheme

vahadlach. Prie¢ny rez rdmovou prie¢lou tvoria dva samostatné ko-
morové prierezy s premennou vyskou. Medzi vahadla sa v prie¢-
nom smere dodatocne osadili zelezobetonové doskové prefabrikaty
s rebrovym prierezom. Priecne stuzidld sa vybudovali ako monolitic-
ké a su vo vzdialenosti 23,0 m od pilierov, koncové su nad uloZzenim
a v mieste posuvného kibu. Kazdé vahadlo sa predoplo 39 konzolo-
vymi kdblami z patentovanych drotov 24 @ 7,0 mm, ktoré vedu v tzv.
vanicke hornej dosky komory. Spodnu stavbu tvoria dve krajné gravi-
ta¢né opory s rovnobeznymi gravita¢nymi kridlami a dva medzilahlé
piliere. Nosna konstrukcia je na krajnych oporach ulozena na kyvné
7B steny. Piliere tvorf dvojica stlpov s obdZznikovym prierezom. Beto-
naz prebiehala do strateného debnenia tvoreného beténovym pre-
fabrikdtom. Zakladanie spodnej stavby bolo navrhnuté plosné na za-
kladovych patkach (obr. 1).

Hlavnou pri¢inou uzatvorenia mosta bol nadmerny priehyb v stre-
de stredného pola, ktory sa nameral v rozsahu okolo 210 mm. Rovna-
ko doslo k otvdraniu stredovej dilatacie s viditelnym poklesom hlav-
ne vahadla v smere od Margecian (obr. 2).

Podrobnou diagnostikou mosta uvedenou v [1] sa ukazali aj pri-
marne priciny zlého stavu konstrukcie. Hlavnou pri¢inou daného
stavu bola nevhodna koncepcia vedenia predpinacich kablov, kto-
ré boli ulozené na hornom povrchu segmentov vo vanicke” a na-
sledne zaliate spadovou vrstvou beténu. Zélievka nebola vsa-
de dobre zrealizovand, nachddzalo sa v nej napriklad aj kamenivo
s rozmerom zrna okolo 30 mm a boli tam aj nezaliate kaverny (obr.
3). Z toho dbévodu sa da predpokladat, Ze ¢ast predpétia podso-
bi ako nesudrzné predpétie. Efekt zatekania kdblov zvyraznila aj
zle realizovana izoldcia mostovky s nenatavenymi kusmi izolécie,
¢o sa neskor potvrdilo aj pri buracich pracach. Navyse, oproti po-
vodnej PD boli niektoré kdble pddorysne posunuté prave na kritic-
kom vahadle smerom k vonkajSiemu okraju, smerom ku ktorému
bola mostovka vyspadovana a boli ulozené odvodnovace. Kontrol-
né odhalenia z hornej strany mostovky ukazali velmi premenlivy
stav kordzie predpinacich drotov — prakticky od zdravych drétov
bez znakov korozie az po skorodovanie celého prierezu drotu, teda
v rozsahu od 0 do 100 % (obr. 3).

Voda, ktord sa dostavala cez poskodent izolaciu a zalievkovid hmo-
tu na segmentoch, prechddzala a Ustila az po kotvenie kablov, kto-
ré bolo realizované povodnym klinovym systémom kotvenia. Vacsi-
na kotiev silno pretekala, ¢o dokazovalo netesnosti po dizke kéblov
(obr. 4). Okrem vyssie uvedenych kardinélnych vplyvov spdsobuju-
cich pokles predpadtia, ktory bol preukdzany aj geodeticky zamera-
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Obr. 2 Viditelnd deformécia vahadla a otvéranie stredovej dilatacie
Fig. 2 Visible deformation of the cantilever and gap opening under the bridge joint

lithic element above the bridge supports, in the middle of center
span where the sliding joint is placing and next one at the distance
of 23.0 m from the piers. Each cantilever was prestressed by 39 ten-
dons, each of them consists from 24 patented wires @ 7.0 mm. They
were embedded in "the tray" on the top slab of box girder and sub-
sequently protected by the concrete layer of 150 mm depth. The
bridge substructure consists from two massive abutments with par-
allel gravity wings and two intermediate pillars. The superstructure is
mounted on the outer supports on the concrete wall bearings. The
piers shape a pair of columns of rectangular cross section. Concret-
ing of piers passed into a lost formwork made of concrete box pre-
casts of 2.40 x 2.40 m. All supports are based on concrete ribbed
footings slab of 0.80 m depth (Fig. 7).

An excessive increasing deformation in the middle of the center
span has been observed already some time. It was the main cause
to the bridge closure, because the deformation was measured in the
range more than 200 mm. There was also observed the wide gap
opening under the central joint and visible decrease of the cantile-
ver from the side of support No. 1 (Fig. 2).

There was revealed the primary causes of the poor structure con-
dition by the detailed diagnostics of the bridge [1]. Inappropriate
concept of the prestressing location to the “tray” on the upper sur-
face of the box girder segment has been one of the main concep-
tual cause of bad bridge condition. After revealing the concrete
layer there were observed next deficiency caused during the re-
alization works. There were revealed some cavities and bad con-
sistency of concrete. For example aggregates with a grain size of
about 30 mm (Fig. 3), etc. For this reason it can be assumed that
any part of the prestressing acts as an unbonded prestressing.
The effect of water leaking around the prestressing wires was also
highlighted by the insufficient insulation of the bridge with poor
melting of insulation pieces that was later find out during the reha-
bilitation works. In addition some tendons were horizontally shift-
ed around 20 cm, very closed to the critical point toward to the
outer water drainage hole, opposite to the original design docu-
mentation. Very variable conditions of the prestressing wires were
found out in the opened control windows on the upper slab of box
girders. There were observed wide scale of prestressing wires cor-
rosion attack. There can be seen from some healthy wires without
corrosive signs until the wires rupture which were observed just
near the drainage holes. So the average corrosion range can be
considered around 70 % (Fig. 3).
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Obr. 3 Zdravé, ako aj vplyvom korézie pretrhnuté predpinacie droty v blizkosti odvodnovaca
Fig. 3 Opened window of prestressing wires in concrete layer, corroded prestressing wires near by the drainage

Obr. 4 Pohlad na odhalent pretekajicu kotvu v komore mosta
Fig. 4 Water in anchor in the bridge box girder

nim deformécie konstrukcie, sa ukédzala aj nizka kvalita cementovej
zalievkovej hmoty v kontaktnych skdrach medzi segmentmi, kto-
ré mali sirku 40 az 50 mm. S velkou pravdepodobnostou viak doslo
uz v procese predpinania k vyznamnejsim poklesom predpatia vply-
vom zvyseného stlacenia zalievok. Tuto skutocnost sa vsak exaktne
nepodarilo preukazat, kedze chybalo pévodné geodetické zamera-
nie mosta po findlnom predopnuti, resp. pred kolaudéciou.

Ostatné poruchy zistené na moste zodpovedali prakticky stavu
mosta po 50-ro¢nej exploatacii. Velkou vyhodou, ktord do istej mie-
ry predznacovala aj moznosti statického riesenia zosilnenia NK mos-
ta, bola dobra kvalita beténov - ¢i uz samotnych prefabrikovanych
segmentov mostovky, monolitickych zarodkov, alebo aj pilierov. To
znamena, Ze vychodiskovy predpoklad na aplikdciu zmeny statické-
ho systému a pridania dalSieho predpatia do mostovky bol splneny.
Pocas sledovania a diagnostiky mosta sa vykonalo viacero nedestruk-
tivnych, ako aj destruktivnych skisok pevnosti betdnu, ktoré stanovi-
li tieto priemerné tlakové pevnosti:

e segmenty: 51,20 MPa,
o zarodky: 45,10 MPa,
e driek pilierov: 32,80 MPa (skruz pilierov 40,50 MPa).

Kontrola stupna karbonatizacie beténu a obsahu chloridov rovna-
ko potvrdila pomerne dobry stav beténu.

Vypoctovy model konstrukcie a stanovenie
zostatkovej kapacity predpaitia
Hlavnym cielom diagnostiky bolo stanovit funkénost a zostatkovu
kapacitu predpatia v nosnej konstrukcii so zamerom spravne defino-
vat velkost pridavného predpétia, s ktorym sa bude pocitat v kon-
cepte rehabilitdcie mosta. Z toho dévodu bolo treba vytvorit vy-
pocet na fazovanom vypoctovom modeli, jednak s pdsobenim na
samostatnom vahadle, ako aj na posudenie Ucinkov na findlnej kon-
Strukcii (obr. 5).

Zvyskova kapacita predpadtia sa stanovila z numerického modelu
vahadla itera¢nym spdsobom, porovnavanim teoretickych a name-
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Water has been passed through the damaged insulation and con-
crete layer on the segments and has been given on to the anchors
which were realized by the original wedge system. Several anchors
in the box girder were wet with significant corrosion attack which
was caused of water leakage along the tendons length (Fig. 4).

Decreasing of prestressing resulted to the excessive deformation
in the middle of center span that was proved by surveying. In ad-
dition to above mentioned cardinal problems of prestressing wires
corrosion the next problem was low quality of the cement mortar
in the contact joints between the segments of 40 — 50 mm wide. It
is most likely, that increased compression in the contact joint raised
during the tensioning process due to the poor quality of cement
mortar. However, this fact was not able to prove precisely because of
the original surveying of the bridge after the final prestressing had
not been stored in the archive.

The other observed defects at the bridge practically correspond to
the condition of the bridge after 50 years of exploitation. A great ad-
vantage which been indicated the possibility of structural strength-
ening solution was a good quality of the concrete either precast
segments of the bridge, the monolithic diaphragms and the pillars
themselves. That means the basic assumption for applying next ad-
ditional prestressing to the bridge was accomplished. During the di-
agnostics works on the bridge several non-destructive and destruc-
tive tests of the concrete compression strength were carried out and
determined the following average concrete strength:

o for the segments: 51.20 MPa,
o for the monolithic parts: 45.10 MPa,
e for the piers = 32.80 MPa (lost concrete formwork of the piers =

40.50 MPa).

The checking of the depth of carbonization and the concrete
chloride content has also confirmed the relatively good condition
of the concrete.

Structural model of the bridge and determination
of residual prestressing capacity

Functionality and residual prestressing capacity of the superstructure
were the main reason for the diagnostics works and numerical anal-
ysis carrying out. It was necessary to determine the prestressing ef-
fect to the proposed concept of bridge rehabilitation been correct.
For that reason phased calculation model was created. The first one

Obr. 5 Vypoctovy model celej konstrukcie
Fig. 5 Structural model of the bridge - final phase
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Obr. 6 Vysledky analyzy predpétia a namerané deformacie
Fig. 6 Analysis of deformation on cantilever (phase 1) — theoretical and measured
values

Obr. 7 Roztlacanie vahadiel nosnej konstrukcie
Fig. 7 The process of pushing opposite cantilevers

ranych deformacii vahadla. Namerané hodnoty sa ziskali z nezavis-
lych geodetickych meranti, ktoré sa zrealizovali jednak este koncom
roka 2016 pred uzatvorenim mosta, jednak pocas diagnostiky mos-
ta pred jeho rekonstrukciou (obr. 6). Hodnoty deformécif sa sledo-
vali hlavne v strede hlavného pola, pricom pri oboch samostatnych
meraniach sa pomerne dobre zhodovali. Priemernd hodnota defor-
macie v tomto mieste z roku 2016 bola -208 mm (znamienko minus
znamenda smerom nadol), namerand priemerna deformdcia z roku
2017 bola -195 mm. Hodnota deformaécie, ktord sa predpoklada-
la a ktord zohladnovala vietky pritazenia stalymi zlozkami zatazenia,
straty predpatia v Case, ako aj Uc¢inok dotvarovania beténu stanove-
ny podla noriem [3, 4], bola -6 mm. To znamen4, ze rozdiel teoretic-
kej hodnoty deformécie od priemeru vietkych merani bol -136 mm.
Na tuto hodnotu sa potom kalibroval uc¢inok pévodného predpatia,
ktory vo vysledku dosiahol len okolo 68 % svojho predpokladaného
povodného ucinku (obr. 6).

Projekt a realizacia rekonstrukcie mosta

Rekonstrukcia mosta spocivala primdrne v zmene statického sys-
tému a vo vneseni dodato¢ného predpdatia do nosnej konstrukcie.
Zmena statického systému spocivala v zmonolitneni stredového
klbu, ¢im sa odburali problematické deformécie dvoch na seba nad-
vazujucich konzol. Zmonolitnenim sa zdsadne zvysila tuhost stred-
ného pola a zaroven sa zniZila odozva na dodato¢ne vnesené zata-
Zenia, preto sa fixacia konstrukcie do zmeneného statického systému
realizovala na odlahcenej konstrukcii o mostny zvrsok. Pred samot-
nym zmonolitnenim sa roztlacili vahadld nosnej konstrukcie (obr. 7).
Tymto spdsobom sa eliminovali U¢inky dodato¢ného predpdtia na
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covers load action on the model of cantilever structure that simu-
lates the main erecting phase (phase 1) and the second one covers
all load effects on the final structure (phase 2), Fig. 5.

The residual prestressing capacity was analytically determined
from the numerical model of the cantilever. The theoretical and
measured vertical deformations of the cantilever have been com-
pared. The actual prestressing action was defined on the base of de-
formation difference by the step by step iterative method.

Measured values were obtained separately from independent
measurements, which were realized at the end of 2016, before the
bridge closing and the next one were realized during the diagnos-
tics works on the bridge before its rehabilitation (Fig. 6). The deci-
sive deformations were mainly observed at the middle of the center
span. Both of them were relatively well coincided. The average value
of vertical deformation in the observed point from measurement at
2016 was -208 mm (minus sign means downward) and average de-
formation at 2017 was -195 mm. The theoretical value of deforma-
tion that was assumed and taking into account all actions due to
the dead loads, all prestressing losses during the time, as well as the
creep effect of the concrete according to the [3, 4] was -66 mm. That
means the difference between the theoretical value and the average
of all recorded ones was -136 mm (Fig. 6). On that deformation dif-
ference was then calibrated the effect of the original prestressing. It
has been achieved only about 68 % of its assumed original prestress-
ing effect in the result.

Design and execution of bridge rehabilitation

The bridge rehabilitation primary consisted of the changing the
bridge structural scheme and using additional external prestressing
to the superstructure. The change of the structural scheme consist-
ed from the central hinge concreting process that eliminates prob-
lematic deformations both of adjacent balanced cantilevers. It came
the noticeable increasing of the stiffness in the midspan by embed-
ding of central hinge. As well as reduction of stresses in the cross-
section above the piers for any part of permanent load effect and

Obr. 8 Vedenie kablov v komore (beténovy devidtor a nadpodperovy priecnik)
Fig. 8 External tendons in the box girder (concrete deviator and strengthened dia-
phragm over the pier)
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Obr.9 Pohlad na ocelovy devidtor a koncovy prie¢nik

Fig. 9 View on the steel deviators (centre span) and edge diaphragm above the support

podpery. Na roztlacenie sa pouzili Styri lisy umiestnené v priestore
stredového klbu, kaZdy s nosnostou 200 t. Na stabilizaciu roztlace-
nych vahadiel do zmonolitnenia sa pouzili ocelové profily HEB 300.
Vnesenie dodato¢ného predpétia sa realizovalo prostrednic-
tvom volnej predpinacej vystuze. Predpinacie kdble boli rozde-
lené do dvoch skupin. Prvé skupina kablov pozostdva zo 4 ks Idn
15 % Ls15,7/1860 vedenych priamo v hornej ¢asti dvojkomorového
prierezu (obr. 8). Tieto kable dopliaju Gcinky pédvodného predpétia
vedeného vo vanicke” Druhd skupina kdblov pozostava zo 4 ks de-
viovanych lan 15xLs15,7/1860. V krajnych poliach su kable deviova-
né k spodnym doskam dvojkomorového nosnika prostrednictvom
vybudovanych beténovych devidtorov (obr. 8). Tie boli vybudova-
né v miestach poévodnych stuzujucich prie¢nikov. Nad podperami
su kable zdvihané k hornym doskam dvojkomorového nosnika pro-
strednictvom pévodnych nadpodperovych prie¢nikov, ktoré boli
zosilnené z pévodnych 0,3 na 0,5 m (obr. 8). V strednom poli vy-
chddzaju kable z dvojkomorového nosnika a s deviované prostred-
nictvom ocelovych devidtorov umiestnenych v tretine rozpatia pod
NK (obr. 9). Deviované kable vykryvaju Gcinky dopravného zataZenia
a znizuju Smykové namahanie konstrukcie zdvihovymi Ucinkami.
Obidve skupiny kablov vedu kontinudlne cez celd NK a su kotvené
v zosilnenych koncovych prie¢nikoch, odkial sa realizovalo aj samot-
né predpinanie. Ako prvé sa predpinali priame kéble, nésledne lome-
né. Predpinanie sa realizovalo dvojfazovo, v prvej fdze bolo vyvodené
napatie na urovni 50 %, v druhej faze sa kédble dopli na 100 % hod-
noty findlneho napatia. Findlna hodnota napatia predpinacich an sa
stanovila na Urovni 1 200 MPa. Kéble su ulozené a chrdnené v HDPE
kanalikoch @ 110 x 5,3 mm, ktoré su vyplnené injektdznou maltou.
Na krajnych oporach sa zrealizovala vymena kyvnych ZB stien za
hrncové loZiskd. Na kazdej opore sa dvojkomorovy nosnik podo-
prel dvomi kyvnymi stenami, ktoré boli nahradené styrmi hrncovy-

Obr. 10 Vymena kyvnych stien za hrncové loziska
Fig. 10 Changing the concrete wall bearings to the pot bearings
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all live load effect. All process has been realised on the unweighted
structure that means structure without bridge pavements. Opposite
cantilevers were pushed away each other before embedding pro-
cess (Fig. 7). By this way we reached elimination of external prestress-
ing effects to the supports. Four jacks (installed in central hinge po-
sition) were used for that pushing, each one with carrying capacity
200 t. Steel profiles HEB 300 were used to the stabilization of cantile-
vers in their new position.

External unbonded tendons were used to complete the original
prestressing effect. Tendons were divided into two basic groups ac-
cording their structural function. The first one consist of 4 strands
15 x Ls 15.7/1860 MPa placed directly in upper part of two box
girder cross-sections (2 pcs. at each box) (Fig. 8). These strands
should supplement effects of original prestressing that had been
installed in the ,tray” Second group of tendons consist of 4 devi-
ated strands 15 x Ls 15.7/1860 MPa (2 pcs. at each box). Deviated
tendons have to carry the live load effects and have to decrease
of shear stress by uplift effect. Tendons have been deviated by the
new concrete blocks located in the bottom slab of the box at the
middle cross sections both of edge spans (Fig. 8). These deviator
blocks were realized at the same location as original diaphragms.
Tendons have been lifted to the top slab of the box over supports
through the original diaphragms that had been strengthened from
0.30 to 0.50 m (Fig. 8). Tendons come out from the box girders at
central span on high eccentricity using rigid steel deviators located
at 1/3 of the span under the superstructure (Fig. 9).

Both groups of tendons are placed continually through the su-
perstructure and they are anchored in strengthened edge dia-
phragms. In this place there was executed all tensioning too. At
first the straight tendons were tensioning and after that the other
ones. Tensioning process was executed in two phases. At first there

www.inzinierskestavby.sk
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Obr. 11 Pozdlzny a priecny rez - po rekonstrukcii
Fig. 11 Longitudinal section and cross-section — after rehabilitation

mi loziskami. Nosna konstrukcia bola pocas burania kyvnych stojok
a nasledne pocas budovania Uloznych blokov pod loziskami stabili-
zovana tromi lismi, ulozenymi na docasnej konstrukcii z ocelovych
profilov HEB 300 (obr. 10).

Mostny zvriok bol navrhnuty tak, aby splhal poZiadavky na girko-
vé usporiadanie, ale zéroven nepritazoval nosnu konstrukciu. Vyme-
na mostného zvrsku pozostava z vybudovania spadovej (beténovej)
vrstvy, odvodnovacieho a izola¢ného systému, chodnikovych dosiek,
bezpecnostnych zariadeni, vozovky a mostnych zéverov.

Zavery

Vysledky cielenej diagnostiky, efektivneho statického néavrhu zosil-
nenia NK, ako aj kvalitného zrealizovania vietkych rekonstrukénych
prac na moste sa po ich dokonceni Uspesne overili aj statickou zata-
zovacou skuskou (obr. 12), ktord prebehla koncom roka 2017. Skuska
sa vykonala s Uc¢innostou zatazenia n = 0,88, ktoré sa stanovilo vzhla-
dom na normové zatazenie podla Eurokddu. Jej vysledky potvrdili
spravnost vypoctovych predpokladov a preukézali spolahlivé fungo-
vanie nosnej konstrukcie. V priebehu tohto roka ma navyse prebie-
hat na moste aj dlhodoby monitoring napétosti pri prevadzkovom
zatazeni.

Aj tento priklad rieSenia havarijného stavu na moste poukazuje
na zvysenu potrebu klast v sti¢asnosti déraz na sledovanie a veasnd,
cielent diagnostiku starsich mostnych konstrukcif, ktoré dnes maju
50 az 60 rokov prevadzky za sebou. Su to hlavne predpaté konstruk-
cie, na ktorych sa zacinaju vyraznejsie prejavovat aj viaceré koncepc-
né nedostatky daného obdobia. VEasnym zdsahom sa nielenze pred-
chddza materidlnym a spolo¢enskym stratdm, ale mozno povodnu
konstrukciu velakrat este vyuzit a efektivne asanovat tak, aby spolah-
livo plnila svoju funkciu aj v dalsom obdobi.

Tento prispevok vznikol s finan¢nou podporou grantovej agentury
VEGA, ¢islo 1/0336/15 a 2/0033/15.
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Obr. 12 Statickd zataZzovacia skuska
Fig. 12 Final load test on rehabilitated bridge structure

was applied up to the 50 % of final value and at second phase all
tendons were tensioned up to 100 %. Final stress value in strands
was estimated to the 1200 MPa. External tendons have been pro-
tected in the plastic HDPE ducts @ 110 x 5.3 mm and grouted by
cementitious grout.

All concrete bearings on outer abutments were changed to the
pot bearings. Each of box girder were supported by the two rein-
forced concrete walls. Each wall was replaced by two pot bearings.
The superstructure was stabilized by the three jacks supported on
temporary construction from steel profile HEB 300 (Fig. 10), during
demolition of concrete walls and during the concreting of bearing
blocks.

The bridge pavement was designed to satisfy the road adminis-
trator requirements of the two lanes with two sidewalks geometry.
Of course, the new pavement cannot overload the superstructure.
The exchange of the bridge accessory consisted of the new con-
crete layer, new drainage and waterproof system, pavement, side-
walk gadroons, safety devices and expansion joints at the ends of
the bridge.

Conclusions

The results of detailed diagnostics work and structural analysis on
the phased model provide very effective and low cost structural
design of the superstructure strengthening. The emergency situ-
ation on the bridge was solved in about 6 months by this way. As
well as the quality of all execution works on the bridge were suc-
cessfully proved by the load test realized after the bridge comple-
tion (Fig. 12). The load test was performed at the end of the year
2017. The loading effectiveness was performed on the level n =
0.88. It has been estimated to the variable load according to the
Eurocode. The results of the test fully confirmed accuracy of theo-
retical assumptions and have shown reliable behaviour of the su-
perstructure. The long-term monitoring program on the bridge is
being prepared over this year. It could be able to verify the structur-
al behaviour under temperature and service load from long-term
point of view.

This example of emergency situation solution has shown urgent
need to perform monitoring and early target diagnostics of older
bridges that have been 50 till 60 years in service at present. We are
the witness that some conceptual deficiencies of the time of ori-
gin being started to manifest on especially prestressed structures
today.

We can prevent not only material and social losses, but it is possi-
ble to rehabilitate the original structure very effectively so it can re-
liably fulfil our requirement for the new designed structures by ear-
ly intervention.

The research was supported by the Research Project No. 1/0336/15
and 2/0033/15 of Slovak Grant Agency VEGA.
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Martin Krizma - Lubomir Bolha — Martin Moravcik

Vplyv dlhodobého namahania na parametre interakcie pri sanacii
linearnych Zelezobeténovych prvkov s ¢lenitym prierezom
Influence of long term load on parameters of interaction by
remediation of linear strengthened concrete of ragged section

Zosilfhovanim poskodenych beténovych linedrnych prvkov sa za-
oberame od roku 2003 v ramci spolupréce pracovisk USTARCH
SAV Bratislava, SvF ZU v Ziline a SvF STU v Bratislave. Problemati-
ka Uzko suvisi s ndrastom cestnej premévky a tym aj s ndslednymi
poruchami mostnych konstrukcii. Spdsob sanovania poskodenych
prvkov je v podstate takyto: vacsinou ide o aplikaciu novej nadbe-
ténovanej spriahajlcej dosky s vystuzenym kontaktom (poskode-
ny nosnik/spriahajuca doska), resp. o aplikaciu spriahajucej dosky
bez vystuzeného vzdjomného kontaktu - nahradou vystuzenia je
geometricka Uprava kontaktu podla EC2 a doplnenie pripadu jed-
na, ide o zosilnenie tkaninami GFRP, ktoré sa aplikuju zvonka v ob-
lastiach maximélneho diagonélneho tahu (systém EBR - externally
bonded reinforcement).

V sUcasnosti sa bezne pouzivaju stavebné materidly s vy$simi me-
chanickymi vlastnostami, ¢o vedie k navrhovaniu ekonomicky vy-
hodnych a estetickych konstrukcii. V- mnohych pripadoch pritom
nemusi rozhodovat z hladiska prevadzky Unosnost konstrukcie, ale
medzny stav pouZivatelnosti. Pri mnohych nosnych konstrukciach je
nasledne dolezitd kontrola deformécil. Ide pritom nielen o okamzi-
té deformdcie, ale aj o tie, ktoré su funkciou velkosti dlhodobo pé-
sobiaceho zatazenia. V 90. rokoch minulého storocia konstatovala
pracovna skupina organizacie CEB (Comité Euro-International du
Betdn) v TG 2/4 ,Models for limit states of serviceability” nedosta-
tok experimentalnych vysledkov pretvoreni dlhodobo zatazenych
linedrnych prvkov s ¢lenitym prierezom. Organizacie autorov, kto-
ri su uvedeni v prispevku, reagovali na toto konstatovanie realizé-
ciou projektov agentury VEGA ¢. 2/4086/1997 a 2/7034/2000.V rdm-
ci tychto projektov sme odskusali sériu nosnikov s |-prierezom pri
stupnovito rasticom kratkodobom zatazeni do porusenia s ozna-
¢enim B-STL a tieZ pri dlhodobo pdsobiacom zatazeni B(i)-LTL. DI-
hodobo pdsobiace zatazenie sa realizovalo pri hladindch zatazenia
y=35, 50, 65 %. Celkové vysledky vratane vstupnych veli¢in su uve-
dené napr. v [1, 3.

Témou zosilhovania linedrnych beténovych prvkov sa zaobera-
me v USTARCH-u SAV v Bratislave od roku 2008. Ide o teoreticko-
-experimentalny program v spolupréci so Stavebnou fakultou Zilin-
skej univerzity v Ziline a ¢iastocne so SvF STU v Bratislave. Program
je rozdeleny na dve etapy — kratkodobé zatazovanie (projekt VEGA
¢. 2/0143/12) a dlhodobé a cyklické zatazovanie (projekt VEGA
¢.2/0033/2015). Vysledky v ramci prvej etapy su uvedené napr.
v [3] az [6] (ide o nespevnené nosniky ST(i)-STL-n a spevnené nos-
niky ST(i)-STL-s, kde i = 1, 2). Pri dlhodobom a cyklickom zataZovani
sme z hladiska kontinuity s ostatnymi experimentmi zvolili hladinu

Strengthening of damaged concrete linear elements has been
dealt with since 2003. The collaboration is between institutions -
USTARCH SAV Bratislava, SvF ZU in Zilina and SvF STU Bratislava.
Topic is closely related to increase of road traffic and consequently
with defects on bridge constructions. The mode of remediation of
damaged elements is as follows - in majority we speak about appli-
cation of new concreting monolithic slab with strengthened con-
tact - damaged girder/coupling slab, resp. about application cou-
pling slab without strengthened mutual contact - strengthened
substitute is geometrical modification of contact according to EC2
a completion of case one - we speak about reinforcement with tis-
sues GFRP, which are externally applied in area of maximal diagonal
traction (system EBR - externally bonded reinforcement).

Nowadays usage of construction material with higher mechani-
cal attributes is common. For that reason economically convenient
and aesthetic constructions are being deployed. In many situations
from the point of view of operation management, carrying capacity
of construction is not the primary decision factor. That factor is lim-
it state of usability. In many of frameworks, consequently is impor-
tant inspection of deformation. We speak about immediate defor-
mation, and also deformation as result of functional size of long-term
load factor. In 90s of last century work group of organization CEB
(Comitet Euro-International du Betén) TG 2/4 ,Models for limit states
of serviceability” stated lack of experimental results of transformation
of long term loaded elements with built up cross-section. Organiza-
tions of authors, who are mentioned in article, reacted on this state-
ment by realization of projects of VEGA agency — 2/4086/1997 and
2/7034/2000. In this projects, we've tested series of girders | - section
by gradually increasing short term load till breach with indication B
- STL and also by long term load B(i)-LTL. Long term load was imple-
mented in loading level y = 35, 50, 65 %. Final results, together with
input values, are displayed e. g.in [1, 3].

Strengthening of linear concrete elements topic has been dealt
with in USTARCH SAV in Bratislava since 2008. It's a theoretical —
experimental program in cooperation with Faculty of Civil Engi-
neering of University of Zilina and partially with SvF STU in Brati-
slava. It's divided into two stages — short term loading — project
VEGA 2/0143/12 and long term and cyclic loading — project VEGA
2/0033/2015. Results of first stage are displayed e.g. in [3], till [6]
(non-strengthened girders — ST(i)-STL-n, strengthened ST(i)-STL-s,
where i = 1, 2). For long-term and cyclic loading from continuity
point of view on other experiments, we've selected loading level
y=50% (ST(i)-LTL- s). Program has been aimed mainly on damaged

Ing. Martin Krizma, PhD,, Ustav stavebnictva a architektury SAV, Dubravska cesta 9, 845 03 Bratislava, tel.: +421 2 59309-228, e-mail: martin.krizma@savba.sk
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Obr. 1 Geometrické a vystuzovacie charakteristiky nosnikov

a) nespevnené nosniky B(i), b) spevnené nosniky ST(i), Z(i) a ST-TF(i), ¢) detail
Upravy kontaktu pri nosnikoch Z(i) podfa EC2

Fig. T Geometrical and reinforced characteristics of girders

a) non reinforced girders B(i), b) reinforced girders ST(i), Z(i) and ST-TF(i), ¢) detail
of adjustment of contact for girders Z(i) - according to EC2

zatazenia y = 50 9% (ST(i)-LTL-s). Program sa zameral hlavne na po-
skodené prefabrikované prvky, ktoré sa aplikuju napriklad v most-
nom stavitelstve (miera poskodenia y = 70 %). Prefabrikacia uzko su-
visf s technoldgiou spriahania a predstavuje U¢innd metédu spajania
hlavne tycovych prefabrikatov s monoliticky zhotovenou doskou.
Analogickd technoldgia sa vyrazne vyuziva pri sanacii poskodenych
konstrukcii. Nadbetonovana doska prindsa v spojenf so sanovany-
mi prefabrikdtmi a spriahajucimi prvkami aj vyrazny efekt zosilnenia.
Problematika sanacie a pouZitia spevriovacich prvkov sa rozsiruje aj
o druh kontaktu ,poskodeny prvok/spriahajuca doska” V prispevku
sa zameriame na problematiku interakcie poskodenych Zelezobetd-
novych nosnikov so zosilAujucimi prvkami pri kradtkodobom a dlho-
dobom zatazovani. Pri experimentoch sme pouzili dva pristupy. Pri
spevrovani sme realizovali vystuzeny kontakt ,poskodeny nosnik/
spriahajica doska” (nosniky ST) a nevystuzeny kontakt (nosniky so
zazubenim podlfa EC2 — nosniky Z). Pri druhom pristupe sa aplikova-
la technologicka (najma geometrickd) Uprava povrchu poskodeného
nosnika podla [9]. Dopliujuci treti pripad rozsiril problematiku nos-
nikov ST o aplikaciu lokalne nalepenych GFRP tkanin — ide o nosni-
ky s oznacenim ST-TF (spevriovaci systém TYFO). DIhodobé vysled-
ky experimentov boli publikované pri nespevnenych nosnikoch [1].
Viysledky v rdmci spevnenych nosnikov pri dlhodobom zataZenf su
v sucasnosti v tlaci [14], resp. su uz publikované [11, 12, 13, 15].

Experimentalny program

Vo vietkych pripadoch sme realizovali zosilfovanie na poskodenych
nosnikoch pomocou nadbeténovanej dosky a dosky v kombina-
cii s GFRP tkaninou, miera poskodenia bola y = 0,70. Geometrické
a vystuzovacie charakteristiky nespevnenych a spevnenych nosnikov

70,180,180 9 x 360 180,180, 70
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Obr. 2 Dvojnésobna fiktivna priehradova sustava
Fig. 2 Double virtual thruss system
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prefabricated elements, which are applied e. g. in bridge engineer-
ing (level of defect y = 70 %). Prefabrication is in close relation with
composite technology as efficient splice method mainly for bar
prefabricates with monolithically constructed slab. Analog tech-
nology is being significantly used for sanation of damaged con-
structions. Concreting monolithic slab in connection with sanated
prefabricates and splicing elements has function as effect of am-
plification. Sanation and usage of strengthened elements topic ex-
tend also towards type of contact — ,damaged element/splicing
slab” In the article we will focus on topic of interaction of damaged
reinforced concreted girders with reinforced elements by short and
long term loading. In the experiments two approaches were used.
By reinforcement we implemented reinforced contact ,damaged
girder/splicing slab” (girders ST) and non-reinforced contact (gird-
er with keyed joint according EC2 — girders Z). In second approach,
technologic (mainly geometric) adaptation of surface of damaged
girder according [9] has been used. Supplementary third case has
extended the girder’s issue ST for application of locally glued GFRP
tissues — we speak about girders with indication ST-TF (reinforcing
system TYFO). Long term results of experiments were published for
non-reinforced girders [1]. The results for reinforced girders in long
term loading are currently in the press [14], resp. have been already
published [11, 12,13, 15].

Experimental program

In all the cases the amplification by over — concreted slab and slab
with combination with GFRP tissue was realized on damaged gird-
ers, level of defect was y = 0.70. Geometric and reinforcement char-
acteristics of non - reinforced and reinforced girders type ST(i), Z(i)
and ST-TF(i) are illustrated on Fig. 1a, 1b. The detail of geometric ad-
justment of girders' contact Z(i) is on Fig. Ic.

Fundamental characteristics of experimental girders time approx-
imately 28 days are displayed in Tab. 1. We used Danube gravel from
Lipovec location, cement 42.5 R, producer Holcim, a. s. Rohoznik.
No additive has been used. Concrete reinforcement was defined
by these average working characteristics: yielding f,, = 577 MPa,
strength limit £, = 724 MPa, modulus of tensile flexibility £, = 202
GPa, it's a reinforcement with periodical surface.

On Fig. 2 is illustrated double virtual thruss system, which ena-
bles, based on measured transformation by Williot-Mohr translo-
cated shapes, to separate effect of shear from flexion - it is main-
ly about deflections. On individual measurements we note down
strain in strip of both of the edges and strain in diagonals to the
right ascending and descending. The mentioned strains in time are
illustrated on Fig. 3.

Tab. 1 Priemerné hodnoty: kockova pevnost f,, pevnost v tahu pri ohybe £, mo-
dul pruznosti v tlaku £, maximalna experimentdlna sila f__,
Tab. 1 Average values: cubic solidity ., solidity in load in flexion ., modulus of elastici-
ty in tension £, maximal experimental power F__,

nosnikov/

Nosnik/

fcc fc!,f Ec
(MPa) | (MPa) | (GPa)

STO-STL-n 5996 631 3842 - - - 502

ST1-LTL-s 59,87 598 3926 61,22 6,00 41,13 680
ST2-LTL-s 62,47 6,72 3973 6144 683 4000 670
Z0-STL-n"" 55,91 6,19 36,45 = = = 498
Z1-STL-s 56,70 7,27 3362 6035 879 3842 668
Z2-STL-s 62,02 8,06 33,12 59,19 893 3788 645
ST1-TF-STL-s 56,92 5,19 3919 6549 569 43,75 740

ST2-TF-STL-s 53,74 5,36 36,50 54,07 510 37,50 700

/" Nosniky na overenie odolnosti
/" Girders for verification of resistance
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Fig. 3 Experimental strains in time

a) upper strip, b) lower strip, ¢) diagonals descending to the right d) diagonals ascending to the right

typu ST(i), Z(i) a ST-TF(i) su zndzornené na obr. 1a a 1b. Detail geomet-
rickej Upravy kontaktu nosnikov Z(i) je na obr. Ic.

Z3kladné materidlové charakteristiky skisanych nosnikov v case
priblizne 28 dni su uvedené v tab. 1. Pouzili sme dunajsky strk z loka-
lity Lipovec, cement 42.5 R od vyrobcu Holcim, a. s., Rohoznik. Nepo-
uzila sa ziadna prisada. Betonarsku vystuz definovali tieto priemerné
pracovné charakteristiky: medza sklzu f,, = 577 MPa, medza pevnos-
ti f,, = 724 MPa a modul pruznosti v tahu E, = 202 GPa. Ide o vystuz
s periodickym povrchom.

Na obr. 2 je zndzornend dvojnasobné fiktivna priehradova sustava,
ktord umoznuje separovat Ucinky Smyku od Ucinkov od ohybu (ide
hlavne o priehyby) na zéklade nameranych pretvoreni pomocou Wil-
liot-Mohrovych translokacnych obrazcov. Pri jednotlivych meraniach
zaznamenavame pretvorenia v pasoch oboch okrajov a pretvorenia
v doprava stupajucich a klesajucich diagonalach. Uvedené pretvore-
nia v ¢ase su vykreslené na obr. 3.

Pri kratkodobych aj dlhodobych skuskach posobila zatazovacia
sila F v strede nosnika (trojbodovd skuska), ktorého teoretické rozpa-
tie bolo /, = 3,6 m a zodpovedalo danym podmienkam laboratoria.

Pri krdtkodobo zataZenych nosnikoch sa realizoval stupriovito
rastuci makky zatazovaci rezim. Pri dlhodobo zatazenych nosnikoch
sa aplikovali zatazovacie valce s aretovacimi objimkami na zabez-
pecenie velkosti hodn6t dlhodobého zatazenia — makky rezim. Pri
skuskach sa zaznamendvali pretvorenia zékladni ndsobnej priehrado-
vej sustavy [8, 11], priamo merané priehyby a charakteristiky procesu
rozvoja trhlin (obr. 3 a 4).

Pri charakteristikdch pouZivatelnosti (hlavne pri priehyboch) maju
relevantny vplyv na vysledné hodnoty tieto informacie: Spriahajuca
doska zvysuje hodnotu tvarového sucinitela y a sicasne sa meni po-
mer a = I/h (I - rozpétie, h — vyska). Pri nespevnenych nosnikoch
sU potom a = 7,5, x = 1,875, pri spevnenych nosnikoch o =6,2,
% = 2,173. Uvedenym skuto¢nostiam zodpovedd aj zmena pome-
ru B = a(sh)/a(tot). Pri hladine zataZenia y = 0,5 je pri nespevnenych
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By short term and long term examinations, loading force F was affec-
ting in the middle of girder (three-point examination), which theoretical
span was I, = 3.6 m and corresponded to the conditions of lab.

By short term reinforced girders gradually increasing soft load re-
gime was realized. By long term reinforced girders loading hydraulic
jacks with locking receptable were applied for ensuring the size of
long term values — soft regime. Doing examinations we noted down
strains of bases of double virtual thruss system [8, 11], directly meas-
ured deflections and characteristics of crack development process
(Fig. 3, 4).

In the usability characteristics (mainly by deflections), following infor-
mation has relevant influence on final values: Coupling board increases
value of shape factor y and at the same time changes the ratio a=I/h
(I - spread, h — height). For non - reinforced girders then are oo = 7.5,
x. = 1875, for reinforced girders o = 6.2, y = 2.173. To the mentioned
facts corresponds the change of ratio 8 = a(sh)/a(tot) too. By the level of
loading y= 0.5 it is for non-reinforced girders approximately 8= 0.24, for
reinforced 8= 043. lllustration Fig. 3 for girders Z documents that the in-
crease of strain is mainly in the areas of diagonal traction, it corresponds
also for the girders ST. For this reason the ST girders were reinforced in
the area of center of shear with the tissues GFRP — ST-TF girders. Loading
system is stated e.g. [14]. Similar statement is valid also for girders type Z.

Relevant results of short term examinations
Complete results in short term loading are described in [5] till [8].
During the examinations we have focused on influence of contact
girder/slab on resistance, including kind of breach and characteris-
tics for limit state of usability. The comparison of working experimen-
tal and theoretical working diagrams of girders type ST(i) and Z(i) is
e.g.on [14].

From the fig. 4 it's obvious that by non - reinforced girders there
is a failure in strain during the flexion of upper strip. By girders ST(i)
the damage is happening in the middle area of shear. By reinforced
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Obr. 4 Kratkodobé poskodenie skisobnych nosnikov
a) nespevnenych, b) spevnenych typu ST

Fig. 4 Short term damage of probationary girders

a) non-reinforced, b) reinforced type ST

nosnikoch priblizna hodnota f = 0,24, pri spevnenych = 0,43. llu-
stracny obr. 3 tykajuci sa nosnikov Z dokumentuje, Zze narast pretvo-
reni je hlavne v oblastiach diagonalneho tahu, ¢o zodpoveda aj vy-
sledkom pri nosnikoch ST. Z tohto dévodu boli nosniky ST zosilnené
v oblasti stredu Smyku tkaninami GFRP — ST-TF nosniky. Zatazovacia
zostava je uvedend napr. v [14]. Podobné konstatovanie plati aj pri
nosnikoch typu Z.

Relevantné vysledky kratkodobych skisok
Kompletné vysledky pri krdtkodobom zatazovanf su opisané v [5] az
[8]. Pocas nich sme sa zamerali na vplyv kontaktu ,nosnik/doska“ na
odolnost vrdtane typu porusenia a charakteristiky pri medznom sta-
ve pouzivatelnosti. Porovnanie pracovnych experimentalnych a teore-
tickych pracovnych diagramov nosnikov typu ST(i) a Z(i) je napr. v [14].
Z obr. 4 je zrejmé, Ze pri nespevnenych nosnikoch dochadza k po-
ruseniu horného pésa v tlaku pri ohybe. Pri nosnikoch ST(i) dochédza
k poruseniu v oblasti v strede Smyku. Pri spevnenych nosnikoch typu
Z(i) dochadza navyse k strate spojitosti doska/nosnik okrem oblas-
ti vnesenia zataZenia. Pri nosnikoch ST-TF(i) sa prejavuje GFRP lamela
a v oboch pripadoch nosnikov dochadza ku kombinovanému kolap-
su — nastdva vydrvenie beténu horného pésa a prekrocenie limitné-
ho Smykového namahania v stene nosnikov.

Relevantné vysledky dlhodobych skusok

Z priestorovych dévodov uvedieme v prispevku iba nosniky typu ST-
-TF(i). Grafické porovnania vysledkov nosnikov ST(i) a Z(i) su uvede-
né napr. v [12, 13, 15]. Za ndhradu predmetnych experimentalnych
vysledkov v ¢ase sme zvolili funkciu zodpovedajuiceho koeficientu
dotvarovania v tvare

#(t.t,)=a|1- ei[%] (1)

Ide o analégiu s normou STN 73 1201 [10]. Vo vztahu (1) sd a; a b,
parametre funkcie, pricom t, zodpovedd retardacnému casu a t, ¢asu
realizacie dlhodobého zatazenia. Pri priehyboch st indexy i = sh, fl,
tot. Funkcia opisuje vyvoj celého reologického priehybu s uvazenim
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girders type Z(i) there is in addition loss of continuity slab/girder ex-
cept of area of loading introduction. By girders ST-TF(i) GFRP lamina-
tion is manifested and in both of the cases of girders combined col-
lapse is in place — concrete crushing of upper strip and overrun of
shear’s limit strain in the wall of girder.

Relevant results of long-term tests

Because of spatially reasons only girders type ST-TF(i) are listed in the
article. Graphic comparison of girders' results ST(i) and Z(i) are indi-
cated e.g. in [12, 13, 15]. For replacement of experimental results in
time we've selected function of the corresponding shape factor in
form

#(tt,)=a 1—6{%} 1

It's an analogy with norm STN 73 1201 [10]. In relation (1), ai and
bi are function parameters, while tr corresponds to retarding time,
to corresponds to time of realization of long term loading. In the de-
flection, the index is i = sh, fl, tot. The function describes the develop-
ment of rheological deformations with creep and shrinkage discre-
tion. The function is generally usable, it concerns also the curvature
and bevel for both of the edges.

However according to our own long term experience, in many
of cases we use also the function that is defining the coefficient of
creep as follows on [11]. Its form is as follows

B.(t-t)=a ((t;)b )

t—t, ) +c

Indication in relation (2) is equal with the relation (1), ¢, is other pa-
rameter of function.

All the curve’s parameters (1) for girder ST-TF are indicated in Tab. 2.
Correlations’ index R? are near to the value 1 and confirm suitability
of application of approximation curve.

Initial, final and deflections’ increments in time for objective
girders’ groups are indicated in [15].
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a) parcidlne priehyby a celkovy priehyb v ¢ase, b) sucinitel dotvarovania pre celkovy priehyb horného okraja, ) sucinitel dotvarovania pre spodny okraj, d) stcinitel dotva-

rovania pre priemerné skosenie
Fig. 5 Time factor influence for girder ST1-TF-LTL

a) partial deflections and overall deflection in time, b) shape factor for overall deflection of upper edge, ¢) shape factor for bottom edge, d) shape factor for average slope

dotvarovania a zmrastovania. Funkcia je pouzitelnd vseobecne, tyka
sa to aj krivostf a tieZ skoseni pri oboch okrajoch.

Na zaklade vlastnych dlhodobych skisenosti z mnohych pripadov
vsak pouzivame aj funkciu definujicu stcinitel dotvarovania podlfa
[11]. Jej tvar je

ﬂi,rt (t - to): ¢ '((t;())b @

t—t, ) +c,

Oznacenie vo vztahu (2) je identické ako vo vztahu (1), ¢, je dalsi
parameter funkcie.

VSetky parametre krivky (1) pri nosniku ST-TF su uvedené v tab. 2.
Indexy korelacie R? s blizko k hodnote 1 a dokumentuju vhodnost
aplikacie aproximacnej krivky.

Pociato¢né a koncové priehyby a prirastky priehybov v ¢ase pri
predmetnych skupindch nosnikov st uvedené v [15].

Zavery

Uvedené vysledky zodpovedaju okrajovym podmienkam pri zatazo-
vacom procese. Realizovali sa trojpodové skusky (obmedzené labo-
ratorne podmienky), v redlnych podmienkach ide o spojité zataze-
nie. Predmetné skusky su na strane bezpec¢nosti.

Aplikédcia zataZzovacich valcov s aretéciou je dostato¢ne presna —
odchylka pri dlhodobom zatazovani je do 5 %, pri merani boli hod-
noty zatazenia nastavené na pozadované hodnoty.

Spracovanie nameranych pretvoreni podla Williot-Mohrovych
analégif je vyhodné.

Pri charakteristikdch pouZivatelnosti (hlavne pri priehyboch) maju
relevantny vplyv na vysledné hodnoty tieto informdcie: Spriahajlca
doska zvysuje hodnotu tvarového sucinitela y a sicasne sa meni po-
mer o= I/h (| - rozpatie, h — vyska). Pri nespevnenych nosnikoch su po-
tom a =75,y = 1875, pri spevnenych nosnikoch e = 6,2, 3 = 2,173.

Dlhodobé zataZenie nemd pri danej hladine zatazenia vplyv na
odolnost a charakteristiky spolahlivosti sledovanych nosnikov s rbz-
nym typom kontaktu — vystuzeny/nevystuzeny.
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Tab. 2 Parametre ndhradnej funkcie (1), retardacny cas a index korelécie pre
parcidlne priehyby a celkovy priehyb

Tab. 2 Spare function parameters (1), retarding time and correlation index for partial de-
flections and overall deflection

Parametre funkcie (2)
aretardacny cas/

Sledovany

Nosnik/ priehyb

t(r)

a, 0499 0312 5000 0,982
ST1-TF-s a, 0337 0316 5000 0,975
dy, 0420 0300 5000 0,989

Conclusions

The stated results correspond to the marginal conditions by loading
process. Three-point examinations were realized (limited lab condi-
tions), in real conditions we speak about continuous loading. Objec-
tive examinations are on the security side.

The application of loading cylinders with detent is sufficiently
accurate — the deviation by long term loading is up to 5 %, dur-
ing the measurement the values of loading were set up on re-
quired rates.

The processing of measured strains according the Williot-Mohr
analogies are convenient.

By the usability characteristics (mainly by strains) following infor-
mation has relevant influence on final values: Coupling slab increas-
es the value of shape factor y and at the same time the ratio a = I/h
(I - spread, h - height) is changing. For non - reinforced girders are
then a= 7.5,y = 1.875, for reinforced girders a = 6.2, y = 2.173.

In that level of loading, long term loading does not have influence
on resistance and reliability characteristics of observed girders with
different type of contact - reinforced/non reinforced.
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O vhodnosti nevystuzenej geometrickej Upravy rozhodne pravde-
podobne opakované namahanie.

V sucasnosti sa konci dlhodoby experimentélny vyskum nosnikov
typu ST a ST-TF, ktoré su doplnené zosilhujucimi GFRP tkaninami (sys-
tém TYFO) v oblasti stredu smyku.

V roku 2017 sa zacal vyskum tychto nosnikov pri opakovanom na-
mahani. K vysledkom sa vratime.

Tento prispevok bol ciastocne podporovany grantovou agenturou
VEGA pri MS SR a SAV. Projekty No. 1/0336/15 a No. 2/0033/15.
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About suitability of non-reinforced geometric treatment most like-
ly the repeated load will determine.

At present we finish with long term experimental research of gird-
ers type ST a ST-TF, that are completed by GFRP tissues (system TYFO)
in the middle area of shear.

In 2017 has started the research of these girders in repeated strain.
We will come back to these results.

This article was partially supported by Scientific Grant Agency VEGA by
MS SR and SAV. Projects No. 1/0336/15 a No. 2/0033/15.
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Vystavba mostu na D1
se systémy bednéni a leseni PERI

Dalni¢cni most pres udoli KreSického potoka

ZastfeSeni o vnitfnim rozponu 15 m a délce 150 m spolehlivé chrénilo pracovniky pfi
provadeéni izolaci pred povétrnostnimi vlivy. Podpérnéa konstrukce byla zhotovena ze
systému PERI UP Flex, nosnéa konstrukce z hlinikovych prihradovych nosniki, na kterych
byla osazena kolejnice s plachtou. Opéry, pilife a mostovka byly realizovany se systémy
bednéni DOMINQO, TRIO a VARIOKIT. Pro obsluhu a bezpecnou préci na bednéni

pilifa byl nasazen systém MXK — pracovni lavky s lehkymi konzolami a s zebfiky.
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