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Dear All

This issue brings information about two significant and exceptional bridges: the Yavuz Sultan Selim Bridge (3”1 Bosphorus
Bridge) and the Osman Gazi (Izmit Bay) Bridge, both located in Turkey, close to each other. Both bridges are due to open in a
very short time.

We also include our translation of an article from the magazine Structural Engineering International about Dr. Michel
Virlogeux and a brief overview of his work. He also developed — together with Dr. Jean-Frangois Klein — the design of the 3"
Bosphorus Bridge.

We have prepared this issue with deep respect and admiration towards all people and companies involved, towards their
achievements, expertise and skills.

We very much thank you all who have participated and cooperated and helped us create this special issue. Thank you for
your time, valuable comments, suggestions and patience with my passion for bridges.

For the future of our magazine we very much welcome cooperation of you all — companies, bridge designers, bridge builders,
engineers - you all who love, create and build bridges.

We are also planning to extend our Editorial Board, create a team of consultants and start to search for partners willing to
support us.

In case you are interested in cooperation with our magazine, please contact us, for which we thank you in advance.

I wish a great day to you all.

VdZeni Ctendri,
Toto Cislo naseho casopisu Vam prindsi informace o dvou vyznamnych a vyjimecnych mostech: Yavuz Sultan Selim Bridge

(3"1 Bosphorus Bridge) a Osman Gazi (Izmit Bay) Bridge. Oba mosty se nachdzeji v Turecku, blizko u sebe. Oba mosty budou v
nejblizsi dobé otevrieny pro dopravu.

Do casopisu jsme také zaradili preklad clanku z Casopisu Structural Engineering International o Dr. Michelu Virlogeuxovi a
strucny prehled jeho dila v oblasti navrhovani most(. Spolecné s dalsi skvélou osobnosti v této oblasti, Dr. Jean-Frangoisem
Kleinem — navrhl i 3" Bosphorus Bridge.

Pripravili jsme toto Cislo s hlubokym respektem a obdivem vici vsem lidem a spolecnostem, kteri se podileji na realizaci
téchto unikdtnich mostd, vici jejich uspéchim, odbornostem a znalostem.

Mnohokrdt dékujeme vam vSem, kdo jste se podileli na pfipravé tohoto Cisla, dékujeme za vasi spoluprdci a pomoc, za vads
cas, cenné komentare, doporuceni a za vasi trpélivost s mym zaujetim mosty.

Do budoucna velmi uvitdme spoluprdci vds vsech — spolecnosti, projektantu i staviteli mostd, inZenyrd, zkrdtka vds vsech,
kteri mate radi mosty a stavite je.

Také pldnujeme rozsiteni nasi redakcni rady, sestaveni tymu konzultanttd, a rovnéZ zacneme hledat partnery, kteri nds v
nasem usili podpori.
Madte-li zdjem o spoluprdci s nasim casopisem, prosime, kontaktujte nds. Dékujeme.

Preji Vam vsem hezky den.

Magdaléna Sobotkovd

Chief Editor of e-mosty
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YAVUZ SULTAN SELIM BRIDGE

(3rd BOSPHORUS BRIDGE)

Commencement of works: 2013
Opening of the bridge to traffic: 2016

Type: hybrid suspension cable stayed, for road and rail
traffic

Length: 378 + 1,408 + 378m

Height of towers: over 322m

Width of deck: 58.5m

Design: Michel Virlogeux, Jean Francois Klein
Detailed design: T engineering

Subconsultants: Greisch, Lombardi, Grid, Temelsu,
CSTB, Envico

Main Contractor: Ictas — Astaldi Consortium
Design Manager: Roberto Sorge, Astaldi Spa
Construction Director: Gennaro Fiscina, Astaldi Spa

Project Manager: Samet Seyhan, IC ICTAS
CONSTRUCTION

EPC Contractor: HDSK, a Korean joint venture
between Hyundai E&C and SK E&C
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Zahajeni praci: 2013
Otevieni mostu pro dopravu: 2016

Typ: hybridni visuty zavéseny, pro silni¢ni a Zelezni¢ni
dopravu

Délka: 378 + 1 408 + 378 m

Vyska pylond: pres 322 m

Si¥ka mostovky: 58,5 m

Navrh: Michel Virlogeux, Jean Francois Klein
Realiza¢ni projekt: T engineering

Projektanti : Greisch, Lombardi, Grid, Temelsu, CSTB,
Envico

Hlavni zhotovitel: ictas — Astaldi Consortium
ManaZer projektu: Roberto Sorge, Astaldi Spa
Reditel vystavby: Gennaro Fiscina, Astaldi Spa

Manazer projektu: Samet Seyhan, IC ICTAS
CONSTRUCTION

Generdlni dodavatel: HDSK, korejské joint venture
Hyundai E&C a SK E&C




e-mosty

YAVUZ SULTAN SELIM BRIDGE

(3rd BOSPHORUS BRIDGE)
Magdaléna Sobotkova

1. INTRODUCTION 1. UVOD

1.1 Location 1.1 Umisténi

The 3rd Bosphorus Bridge is located in the Odayeri — 3rd Bosphorus Bridge se nachdazi v oblasti Odayeri —
Pasakdy area of the Northern Marmara Motorway Pasakdy projektu Northern Marmara Motorway.
project. The railway system on the bridge will carry Zelezniéni spojeni bude slouZit cestujicim z Edirne do
passengers from Edirne to izmit and will be connected izmitu a bude spojeno s Zelezniénim systémem, ktery
with the rail system which will integrate Marmaray and propoji Marmaray a Istanbul Metro, letité Atatiirk a

Istanbul Metro, Atatiirk Airport, Sabiha Gokcen Airport Sabiha Gokcen a v budoucnu i tfeti letisté.
and the 3rd Airport in the future.
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1.2 People and companies involved

The Northern Marmara Motorway and the 3rd
Bosphorus Bridge are constructed with the “Build,
Operate and Transfer” model.

The bridge concept design was developed by Dr. Jean
Francois Klein and Dr. Michel Virlogeux, the detail design
by T engineering, Switzerland/Turkey. Other companies
provided specific design solutions.

The construction was awarded as a result of an
international tender launched by KGM (Turkish Ministry
of Transport) and is executed by ICA, a Turkish-Italian
joint venture formed by Ictas and Astaldi. It also includes
operation of the project — which has an investment cost
of 4.5 billion TL (1.5 billion USS) — by the IC ictas — Astaldi
Consortium for 10 years, 2 months and 20 days which will
be delivered to the Ministry of Transportation at the end
of this period.

A Korean joint venture between Hyundai E&C and SK E&C
named HDSK was selected as the EPC contractor for the
bridge construction. A number of subcontractors dealt
with specific tasks, such as Freyssinet for the stay cables.

2. STRUCTURAL SOLUTION OF THE BRIDGE AND OF THE
HYBRID SYSTEM

2.1 Description

The bridge combines two different transport solutions -
rail and road - within the same corridor and the same
level, supported on a 58.5m wide steel deck. It will be the
widest suspended bridge deck in the world. The main
span is 1,408m in length, (world record for railway
bridges) with two on-shore concrete towers 322m in
height (the second highest concrete towers in the world),
accommodating a two-carriageway motorway with four
lanes in each direction, separated by a twin-track high-
speed railway system in the centre. The bridge is also
accessible to maintenance vehicles using the two
walkways built along external edges of the deck which
have a width of 2.5m.

2.2 The amount of materials:

Concrete: 23O,OOOm3

Cable: 28,000 tonnes

Structural Steel: 57,000 tonnes

Structural steel for the deck: 50,000 tonnes

2.3 Hybrid system

The 3rd Bridge is a suspension bridge combined with stay
cables (stiffening cables), i. e. a hybrid solution, called
HRSB (Highly Rigid Suspension Bridge).
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1.2 Lidé a spolecnosti zapojeni do projektu

Northern Marmara Motorway a 3rd Bosphorus Bridge
jsou realizovany v rezimu ,,Postav, Provozuj a Preved”.

Koncepéni navrh mostu byl vyhotoven Dr. Jeanem
Francoisem Kleinem a Dr. Michelem Virlogeuxem, projekt
spole¢nosti T engineering, Svycarsko / Turecko. Dalsi
spolecnosti dodaly specificka feSeni navrhu.

Realizace mostu byla zaddna na zdkladé vysledku
mezindrodni vefejné soutéZe tureckym ministerstvem
dopravy KGM  turecko-italskému  konsorciu  ICA
tvorenému spolec¢nostmi Ictas and Astaldi. Zahrnuje také
provozovani projektu — jedna se o investici v hodnoté 4,5
miliardy TL (1,5 miliardy USD) — konsorciem IC i¢tas —
Astaldi po obdobi 10 let, 2 mésice a 20 dni. Na konci
tohoto obdobi bude projekt predan ministerstvu
dopravy.

Korejské joint venture mezi Hyundai E&C a SK E&C s
nazvem HDSK bylo vybrano jako zhotovitel mostu
v rezimu EPC. Velké mnoZstvi podzhotovitell se podilelo
na specifickych c¢innostech, napf. spoleénost Freyssinet
pro zaveésy.

2. KONSTRUKCNI RESEN/ MOSTU A JEHO HYBRIDNI
SYSTEM

2.1 Popis

Most kombinuje dva druhy dopravy — Zeleznic¢ni a silni¢ni
— ve stejném dopravnim koridoru a na jedné Urovni.
Doprava je vedena po 58,5 m Siroké ocelové mostovce,
hlavniho pole je 1 408 m (svétovy rekord pro Zeleznicni
mosty) se dvéma betonovymi pylony na pevniné
vysokymi 322 m (druhé nejvyssi betonové pylony na
svété). Dalnice je vedena ve dvou smérech, kazdy ve
Ctyfech pruzich, a je vose mostu rozdélena dvéma
tratémi pro rychlostni Zelezni¢ni dopravu. Most také
umozniuje pristup obsluznym vozidldm, kterd mohou
pouZit chodniky po obou strandach mostovky. Kazdy je
Siroky 2,5 m.

2.2 MnozZstvi materialu:

Beton: 230,000m’

Zavésna lana: 28,000 tun

Konstrukéni ocel: 57,000 tun

Konstrukéni ocel pro mostovku: 50,000 tun

2.3 Hybridn{ systém

3rd Bridge je visuty most kombinovany se zavésnym, coz
je tzv. hybridni feseni.
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By adopting the suspension system in the middle of the
main span and the stay system in the sections near the
towers, this bridge combines advantages of a suspension
bridge for longer span capability and of a cable - stayed
bridge which exhibits greater rigidity which is beneficial
for railway traffic. The deck is divided into three zones
depending on the type of support: stay cables in the
stiffening zone, stays and hangers from the main cables
in the transition zone and finally only hangers in the
suspended zone.

Stiffening cable

Pouziti visutého systému uprostfed hlavniho pole a
zavéSeného  systému v oblastech  blizko  pylonu
kombinuje vyhody visutého mostu pfi dlouhych
rozpétich, a zavéSeného mostu, ktery vykazuje vetsi
tuhost — coZ je dobré zejména pro Zelezni¢ni dopravu.
Mostovka je rozdélena na tfi zény podle typu podpory:
Sikmé zavésy ve ztuZujici oblasti, Sikmé zavésy a svislé
zavésy hlavniho lana v pfechodové oblasti a oblast, kde
jsou pouze svislé zavésy z hlavniho visutého lana.

Main cable

&
<

0
>

Stiffening zone

2.4 Mr Virlogeux and his role, cooperation on the

Transition
zone

" Suspended
20ne

Transition
zone

2.4 M. Virlogeux, jeho uloha a spoluprace pfii realizaci

realization of the bridge

Dr. Michel Virlogeux developed the concept design of
the bridge together with Dr. Jean-Francois Klein from
T engineering.

Through his close collaboration with T engineering and
the design team he was involved in all design issues
throughout the whole process. An indication of his
contribution to the project is illustrated by the fact that
he issued almost 200 technical notes.

mostu

Dr. Michel Virlogeux vyvinul koncepcéni projekt mostu
spole¢né s Dr. Jeanem Francoisem Kleinem ze spole¢nosti
T engineering.

Diky Uzké spolupraci s T engineering a projekénim tymem
byl zapojen do kompletni problematiky navrhu. Rozsah
jeho podilu na projektu ukazuje skutecnost, Ze pfisel s
témér 200 technickymi ndpady a feSenimi.

3rd Bridge designer Dr. Michel Virlogeux: ,,We are building a unique masterpiece”.
Autor navrhu mostu Dr. Michel Virlogeux: “Stavime unikdtni mistrovské dilo”.
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French bridge master Dr. Michel Virlogeux expressed that
the 3" Bosphorus Bridge will be a unique structure in
many terms.

Highlighting the weight of the bridge, he said: “This
bridge has to hold big loads due to the fact that there is a
railway on it. In addition to this, the regular loading wil be
extremly high, as a result of the heavy traffic in Istanbul.
There are regular suspended cables and stiffening cables
— which are stretched out with direct connection to the
tower — in the design of the bridge. This is an
extraordinary system for the purpose of the combined
road/railway traffic. Similar bridges were built in the
19" century, but they did not have the same style. The
3" Bosphorus Bridge has been developed with this
philosophy from the beginning using all the actual
capacity we have with modern computering. We can call
it a hybrid structure. This adds additional feature to the
bridge”.

Dr. Michel Virlogeux stated that the bridge is the most
important bridge project in the world, which is under
construction at the moment. He also gave assurance to
the dwellers of Istanbul on the matter of earthquake
performance, he explained this by saying: “Earthquake is
a big question mark in Turkey. Thankfully, the Bosphorus
Region is more secure seismically when compared to the
izmit shoreline. It is at a level of one-third of the izmit
shoreline. Our bridge was designed in a way that it will
not be affected by any earthquake thanks to its
flexibility”.

Dr. Michel Virlogeux also drew attention to the fact that
the international characteristics of the project are very
important in terms of experience stating: “We increased
our experience and quality with the fact that people from
all around the world come and work here.... It is a major
advantage that talents and experience of many places
come to here”.

Prosluly francouzsky mostaf Dr. Michel Virlogeux Fekl, Zze
3rd Bosphorus Bridge bude unikatni konstrukci v mnoha
ohledech.

S poukdzadnim na hmotnost mostu uvedl: ,Tento most
musi byt schopen prenaset velkd zatizeni vzhledem k
tomu, Ze je na ném umisténa Zeleznicni trat. Kromé toho
bude nasledkem husté dopravy v Istanbulu extrémné
vysoké i béiné zatizeni. Vnavrhu mostu jsou
zakomponovana standardni visuta lana a ztuZujici lana —
kterd jsou v primém spojeni s pylony. Tento jedinecny
systém byl vytvoren kvili kombinaci silniéni a Zelezni¢ni
dopravy. Podobné mosty byly stavény jiz v 19. stoleti, ale
nemeély stejné technické reseni.

3rd Bosphorus Bridge byl od Uplného pocatku vyvinut
stouto filozofii, avsak svyuzZitim vSech soudobych
moznosti, které nam davaji moderni vypocetni metody.
MUZeme tomu Fikat hybridni konstrukce. Tato vlastnost
dodava mostu jeho jedine¢nost”.

Dr. Michel Virlogeux poznamenal, Ze tento most je
vsouCasné dobé realizuje. Také ujistil obyvatele
Instanbulu v otazkach tykajicich se zemétfeseni, coz
vysvétlil  slovy: ,Zemétreseni je v Turecku velkym
otaznikem. NaStésti je oblast Bosporu seizmicky
Intenzita zemétfeseni je na Udrovni jedné tretiny té v
oblasti Izmitu. Na§ most byl navrien tak, Ze diky své
pruznosti nebude ovlivnén Zzadnym zemétfesenim.

Dr. Michel Virlogeux také poukazal na skutecnost, Ze
mezinarodni povaha projektu je velmi zajimava a pfinasi
nové zkuSenosti: ,,Zvysili jsme si naSe zkusenosti a kvalitu
diky tomu, Ze sem pfisli pracovat lidé z celého svéta ...Je
to velkd vyhoda, kdyz se Clovék setkdva s talenty a
zkuSenostmi z mnoha mist”.

Dr. Michel Virlogeux participated in the wind tests that were performed on the 14m long bridge model
Dr. Michel Virlogeux se ucastnil test ve vétrném tunelu, které se délaly na 14 m dlouhém modelu mostu.
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2.5 Wind Tests

The durability and wind resistance tests for the bridge
were executed by CSTB (Nantes — France) and
POLITECNICO (Milan — ltaly). A computer model was used
to simulate how the bridge would behave in these
conditions. Different construction stages of the bridge
were considered and several tests were carried out on
the models in a 6-7 month period. The bridge models
were tested for the equivalent of a 300 km/h wind speed
(on the top of the pylon). In the last 40 years the highest
wind speed recorded in Istanbul was 130 km/h (at
ground level).

3. CONSTRUCTION

3.1 Foundation

The ceremony for laying the first foundation was held on
29 May 2013. The groundworks for the bridge were
commenced in the regions of Beykoz-Poyrazkéy and
Sariyer-Garipcge.

2.5 Testovani na zatizeni vétrem

Odolnost mostu pfi zatizeni vétrem se testovala
spole¢nosti CSTB (Nantes — Francie) a v POLITECNICO
(Milan — Italie). Byl pouZit pocitacovy model, na kterém
se simulovalo chovani mostu pfi zatizeni vetrem. Byly
testovany razné faze vystavby a béhem 6-7 mésicl
prochazely modely mostu rlznymi druhy zkousek.
Modely mostu byly testovany ve vétrném tunelu na
ekvivalent zatiZzeni vétrem o rychlosti 300 km/h (v horni
¢asti pylonu). Nejvyssi rychlost vétru zaznamenana
v Istanbulu za poslednich 40 let byla 130 km/h (na Urovni
zeme).

3. VYSTAVBA
3.1 ZaloZeni

Slavnostni poloZeni prvnich zdkladd mostu se konalo
29. 3. 2013. Zemni prace pro zaloieni mostu byly
zahajeny v oblastech Beykoz-Poyrazkdy a Sariyer-Garipge.

3.2 Towers

The towers are A-shaped. Each tower comprises of two
cylindrical reinforced concrete shafts below ground and
two triangular legs. The height of the towers is 322m,
making it a world record for a suspension bridge.
Concrete wall thickness is 1.5m at the base reducing to
1m at the height of 208m.

The legs of the towers are interconnected with a
concrete cross-beam at a height of 61m above sea level
just below deck level. Their completion required erection
of giant scaffolds. After their completion the deck was
placed on them. The depth of the girders between
towers is 11 meters at the ends and in the middle it is
6.5m. It is possible to walk between the legs through
passage ways and enter the bridge towers through doors
constructed at the level of the connection girder and go
up by elevator and stairs in the towers. The four
elevators each have 1,000kg capacity, with 11 stopping
stations and operate to suit the inclination of 6 degrees
in the towers. They provide access for maintenance and
service purposes.
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3.2 Pylony

Pylony maji tvar pismene A. KaZdy pylon se skladd ze
dvou kruhovych Zelezobetonovych diikd pod zemi a dvou
nohou s trojuhelnikovym prirezem. Vyska pylonl je 322
metrd, coZ je svétovy rekord u visutych mostd. Tloustka
betonovych zdi je 1,5 m u zékladu, sniZuje se azna 1 mve
vysce 208 m.

Nohy pylon( jsou propojené betonovymi tramy, které
tvofi pricle ve vysce 61 m nad morem, hned pod Urovni
mostovky. Jejich  zhotoveni vyZadovalo postaveni
rozsahlého leseni. Po jejich dokonceni byla na né uloZena
mostovka. VysSka betonovych tram( téchto pficli je 11
metrd na konci a 6,5 m uprostfed. Mezi nohama pylonu
je moiné projit prlchodem a vstoupit do pylonl na
Urovni spojovaciho trdmu a vyjet nahoru vytahem a
vystoupat po schodech uvnitf pylonu. Ctyfi vytahy, kazdy
snosnosti 1000 kg, projizdéji 11 stanicemi. Vytahy
funguji ve sklonu 6 stupnd, ktery je uvnitf pylon(.
Umoznuji pfistup pro udrzbu a obsluhu mostu.
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The towers were erected using two systems: To a height
of approx 200m a sliding formwork system was used.
Three heavy-duty lifting cranes operated non-stop at the
legs of bridge towers on both the European and Asian
sides. The sliding formwork moved upwards using 60
hydraulic jacks. It started directly from the top of the
concrete shaft. The dimension of the legs at the base is
approx 18 m (triangle height) and is tapered gradually.
The sliding formwork system had to be adjusted as it was
rising. Tower cranes attached to the bridge towers
moved upwards in 30m intervals. At 208m above the sea
level the transition to a climbing form system was made.

Pylony byly realizovany s pouZitim dvou systémd: do
vysky cca 200 metr(l bylo pouzito posuvné bednéni. Tri
jefaby uréené pro zvedani tézkych bremen byly
nepretrzité v provozu na nohach pylond na obou
stranach — evropské i asijské. Posuvné bednéni se
pohybovalo smérem vzhiru za pomoci 60 hydraulickych
zafizeni. Zacalo se pfimo z betonové $achty. Rozméry
nohou pylonu u jejich zakladny jsou cca 18 m (do
trojuhelniku) a postupné se zuzuji. Bednéni bylo tedy
treba prizpUsobit. Jefdby pfipevnéné kpylonim se
pohybovaly v 30ti metrovych Usecich. Ve vySce 208 m
nad mofem se preslo na Splhaci bednéni.

The mounting operation of the sliding form began at ground level. MontaZ posuvného bednéni zacala na trovni zemé.

The climbing formwork had 6 storeys and work
operations continued efficiently with the use of access
stairs rising through the formwork.

For structural stability, geometrical control and safety
reasons until permanent girders, main cables and other
cables were installed, temporary support girders were
placed between the towers. There were five temporary
girders in total, the weight of each girder is up to 103
tonnes. The girders were used to limit the temporary
bending moments in the bridge towers caused by the
inclination of the towers during construction.

Splhaci bednéni mélo 6 pater a pracovni operace
efektivné pokracovaly s vyuZitim pfristupovych schodist,
které prochdzely skrz bednéni.

Mezi pylony byly umistény docasné podplrné tramy do
doby, neZ byly instalovany trvalé tramy, hlavni lana a dalsi
lana, a to zejména aby bylo dosaZeno konstrukéni
stability, umoZnéna kontrola geometrie, a také
z bezpecnostnich dlvodd. Docasnych tramd bylo pét,

kazdy s hmotnosti az 103 tun. Byly pouZity také pro
snizeni ohybovych momentl v pylonech, které byly
zpUsobeny ndklonem pylonl béhem vystavby.

The anchorage boxes (top right picture) for the stiffening
cables were placed in the bridge towers from a height of
208m upto 304m above sea level. There are 176
anchorage boxes in total in the four bridge tower legs - ie
44 per leg. The biggest of these boxes is 65 tonnes,
approx. 14m high, the smallest one is 36 tonnes.

The overall height of the reinforced concrete towers is
304.6m. The tower saddles which house the main cables
were assembled at the deck level and lifted in one piece.
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Kotevni boxy (obrazek vpravo nahore) pro instalaci
zavésl byly umistény v pylonech od vysky 208 m aZ do
304 m nad morem. Celkem bylo vnohach pylond
umisténo 176 boxl — tj. v kazdé noze 44. Nejvétsi vazi 65
tun a je cca 14 m vysoky, nejmensi ma 36 tun.

Celkova vyska Zelezobetonové casti pylonl je 304,6 m.
Sedla na pylonech pro umisténi hlavnich visutych lan byla
smontovana na mostovce a vyzvednuta jako jeden kus.




Left: After topping out of the bridge towers at 304.6 meters, climbing formworks were removed.
Right: A lower panel of the tower upper beam, consisting of 7 parts with a weight of 208 tonnes, length 28m, was placed at a height of 268m with the help of high-
capacity cranes. Upper beam panels were welded to steel plates which were embedded into the tower concrete. After the lifting operation the welding quality was
checked by performing non-destructive testing.

Vlevo: Po dosaZeni vrcholu pylon( ve vysce 304,6 bylo Splhaci bednéni odstranéno.
Vpravo: Dolni panel horniho dilu pylonu, skiddajici se ze 7 Edsti o hmotnosti 208 tun, s délkou 28 m, byl jerabem umistén do vysky 268 m. Horni panely byly pfivareny
k ocelovym deskam, které byly predem pripraveny v pylonech. Po jeho osazeni byla nedestruktivnimi zkouskami zkontrolovdna kvalita svard.

3.3 Anchorage blocks

The anchorage blocks were excavated to a depth of
almost 35m. The sides were supported by rock bolt
systems and shotcrete. 24,000 cubic meters of concrete,
weighing 60,000 tonnes, was poured into each
anchorage block. The blocks anchor the tensile load
induced by the main bridge cables. The anchorages on
both the Asian and European sides have a bearing
capacity of 100,000 tonnes each. Together with the
reinforced concrete and backfill, the total structural
weight of each anchor block is approximately 150,000
tonnes.

3.3 Kotevni bloky

Stavebni jdma pro kotevni bloky byla vyhloubena az do
témér 35 m. Stény jamy byly zajistény ty¢ovymi kotvami a
stfikanym betonem. Pro kazdy blok bylo pouzito 24 000
m3 betonu, s hmotnosti 60 000 tun. Kotevni bloky slouZi
pro zakotveni tahové sily od hlavniho visutého lana. Bloky
na obou stranach — asijské a evropské — maji Unosnost
100 000 tun kazdy. Spolecné s Zelezobetonem a obsypem
je celkova konstrukéni hmotnost kazdého kotevniho
bloku cca 150 000 tun.

After completion of the concrete works, drainage,
waterproofing and back-filling works were performed.
Meanwhile the anchor block concrete was post
tensioned using 45,000m of post-tensioning cables with a
steel strength up to 1,860 MPa and the distribution
saddles were finished.

3.4 Deck

The bridge has a streamlined steel orthotropic deck
which improves the aerodynamic performance and
aesthetic appearance in the main span. The shorter side
spans are constructed using concrete which act as a
counterweight to the main span.

The total length of steel spanis 1,360m. It is composed of
prefabricated steeel segments, each 58,5m wide and
upto 24m long. Steel segments were manufactured in
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Po dokonceni betondze bylo provedeno odvodnéni,
izolace a obsyp. Mezitim byl beton v kotevnich blocich
dodatecné prepjaty za pouziti 45 000 metrd predpinacich
kabell z ocele s pevnosti az 1 860 MPa a byla dokoncena
roznaseci sedla.

3.4 Mostovka

Hlavni pole mostu ma aerodynamickou ortotropni
ocelovou mostovku, kterd zlepSuje jeho aerodynamické
vlastnosti i esteticky dojem. Kratsi vedlejsi pole maji
mostovku betonovou, kterd plsobi jako protizavazi
hlavnimu poli.

Celkovad délka ocelového pole je 1360 m. Sklada se
z prefabrikovanych ocelovych segment(, kazdy je 58,5 m
Siroky a 24 m dlouhy. Ocelové segmenty byly vyrobeny
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sections, assembled from 44 different panels. The deck
has 59 steel segments, the lightest being 300 tonnes, two
segments exceed 450 tonnes and the remaining 56 are
800 to 860 tonnes. The steel bridge segments were
manufactured in three different places.

z dilQ, které se skladaji ze 44 rlznych paneld. Mostovka
ma 59 ocelovych segmentl, nejlehéi ma 300 tun, dva
segmenty maji pres 450 tun a zbyvajicich 56 ma 800 az
860 tun. Ocelové segmenty byly vyrobeny na trech
rdznych mistech.

Bridge segment construction of 860 tons. Vvyroba segmentu s hmotnosti 860 tun.

The bridge segments were brought to the site via
ship. For the first steel deck lifting operations in the main
span, steel segments were transferred to the land first,
and lifted to their final level using cranes. The process
started from both of the towers and then extending out
over the sea using the cable stayed cantilever method.

Segmenty mostu byly na stavenisté dopraveny lodi. Pro
montdz prvnich segmentl v hlavnim poli byly nejprve
pfepraveny na pevninu a vyzdviZzeny do findIni podoby
jerdbem. Takto se postupovalo z obou stran pylonu, a
pokraCovalo dal pres more metodou letmé montaze
s vyvésovanim.

Approach viaducts, containing anchorage blocks which hold the b

-

ge cables, were connected to the towers over the tower crossbeam. Backspan acting as

counterweight to the main span.
Pristupovd pole s kotevnimi bloky, do kterych jsou zakotvena hlavni lana, byly k pylonam pfipojeny nad pricli pylonu. Vedlejsi zavésend pole pisobi jako
protizavaZi poli hlavnimu.

Later the method changed as the segments were lifted
directly from the sea using “Derrick Cranes”. The cranes
with pulley wheels held the bridge segments on two
sides. They lift the bridge segments from sea level before
securing them to the previously placed deck using
temporary attachment points to ensure the correct
alignment. The stiffening cables were then installed to
anchor the deck back to the towers. 44 of the 56
segments were lifted by these cranes extending the
cantilevers over 500 metres. Assembly works on the
Asian and European sides took place simultaneously.

Pozdéji se metoda zménila — segmenty byly zvedany
pfimo z mofe jefdby typu derik. Jefaby s kladkou drZely
segmenty ze dvou stran. Takto je vyzvedly z mofe a
nasledné je pfipevnily kjiz pfimontovanym segmentim
mostovky s vyuzitim docasnych Gchytd, které slouzZily pro
pfipevnéni do spravné polohy. Nasledné byly instalovany
zavésy, kterymi se pripevnil segment mostovky k pylonu.
44 7 56 segmentl bylo vyzdviZzeno témito jefaby, konzoly
mostovky presahly 500 metr(l. Montazni prace probihaly
soucasné na evropské i asijské strané.

Assembly of steel bridge segments progressing from a tower and showing the Derrick Crane.
MontadZ ocelovych segmenti mostu od pylonu s derikem.
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The cantilever construction progressed over 500 metres
from each tower through the stiffening zone and the
transition zone. When the remaining gap between the
sides was only 343 meters a different method was used
to lift the remaining 12 segments. 3,000 tonne capacity
“Lifting Gantry” cranes were used lifting the steel decks
directly from the main suspension cables. All of these
processes including steel deck lifting works were carried
out simultaneously on the European and Asian sides.

Prace pokracovaly aZz do okamziku, kdy konzoly na obou
stranach pylond presahly 500 m pres oblast zavésl a
pfechodovou oblast. KdyZ byla zbyvajici mezera mezi
obé&ma stranami 343 m, pro vyzdvizeni zbyvajicich 12
segmentl byl pouZit jiny postup. Byly pouzity jeraby
s nosnosti 3 000 tun, které byly umistény na hlavni nosné
lano, a znéj byly zdvihdny segmenty. VSechny tyto
procesy vcéetné vyzdvizeni segmentl byly provadény
soubézné na evropské i asijské strané.

Placing a steel bridge segment: the giant steel bridge segment was first lifted from the sea barge to the land and then connected to the end of the previous
steel bridge segment after checking the alignment geometry. It was one of the heaviest segments in the project.
Umisténi ocelového segmentu mostu: obrovsky segment byl nejprve vyzdviZen ze ¢lunu na mori, umistén na pevninu a ndsledné po ovéreni geometrie pripojen

3.5 Cables

The hybrid suspension system has three main parts:

176 stay (stiffening) cables

2,420m long suspension (main) cables

34 pairs of vertical hangers, supporting the central
section of the deck from the suspension cables

3.5.1 Stay (stiffening) cables (PSS — parallel strand system)

176 stiffening cables have lengths ranging from 154 to
597m and diameters between 225 and 315mm. There
are 65 to 151 strands in each cable and each strand has 7
wires with a diameter of 5.2mm. The total wire length is
121 thousand kilometers which would stretch three
times around the Earth. Wire strength is 1,960 MPa.
Each tower leg has 22 cables on the land side which
anchor the 22 cables on the main span side.

3.5 lana

Hybridni systém zavéseni mostu ma tfi ¢asti:

176 zavés (ztuzujici lana)

2 420 m dlouha visutd hlavni nosna lana

34 parl svislych zavésl, které podpiraji stfedovou Cast
mostovky pfimo z hlavnich visutych lan

3.5.1 Zavésy (PSS — rovnobézné pramence)

176 zadvést ma délku od 154 do 597 metr( a primér mezi
225 a 315mm. V kazdém lané je 65 az 151 pramencd a
kazdy pramenec se sklada ze 7 drat o prliméru 5,2 mm.
Celkova délka dratli je 121 tisic kilometrd, coz by trikrat
obepnulo zemékouli. Pevnost dratl je 1 960 MPa. Kazda
noha pylonu ma 22 lan smérem k pevning, které zakotvuji
22 lan hlavniho pole.
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One end of the stiffening cable is connected to
anchorages in the connection tubes located on the edges
of the steel bridge segments while the other end is
connected to the anchorage boxes in the towers.

Jeden konec zavésu je protazen prichodkami na stranach
ocelovych segmentll a zakotven, druhy konec je

pfipevnén ke kotevnim boxim v pylonech.

176 stiffening cables were installed in the short period of 11 months due to good planning and hard work.
176 zavésu bylo instalovdno behem pouhych 11 mésicu diky dobrému planovdni a velkému usili.

3.5.2 Main cables (PPWS — pre-fabricated parallel strand
system)

Two main cables weighing a total of 12,882 tonnes were
produced in a specialized factory in South Korea in less
than a year. The main cables carry 34 steel deck
segments, each of which has a weight of upto 860
tonnes. In total, 68 hangers weighing approximately 170
tonnes and having a material strength of 1,860 MPa were
used.

The main span cables have a diameter 723mm and
comprising 113 strands. In the side spans the main cable
has a diameter 752mm and has 122 strands. Each strand
has 127 galvanized wires of 5.4mm diameter which are
arranged in a hexagonal pattern.

3.5.2 Hlavni lana (PPWS — prefabrikované rovnobézné
pramence)

Dvé hlavni lana vazi celkem 12 882 tun a byly vyrobeny ve
specializované tovarné v lJizni Koreji za méné nezZ rok.
Hlavni lana podpiraji 34 ocelovych segment( mostovky, z
nichz kazdy vazi az 860 tun.

Celkem bylo pouZito 68 svislych zavésd s hmotnosti cca
170 tun a s pevnosti 1 860 MPa.

Hlavni lana v hlavnim poli maji prdmér 723 mm a skladaji
se ze 113 pramencl. Hlavni lana vedlejsiho pole maji
pramér 725 mm a maji 122 pramencl. Kazdy pramenec
se skladd ze 127 galvanizovanych dratl o priméru 5,4
mm, které jsou usporadany do tvaru Sestihranu.

Four huge steel saddles each weighing approximately 120 tonnes were lifted and positioned on bridge towers at a height of around 300m.
Ctyfi obrovskd ocelovd sedla s hmotnosti cca 120 tun byla vyzdvizena a umisténa na pylony ve vyice okolo 300 m.

The saddles were produced in Italy by AFC (Cividale del
Friuli). Two 150 tonne capacity jacks were used to lift
them into position with 280m long cables each having 20
strands (10 per jack). From temporary scaffolds built on
the towers, the jacking cables were lowered onto the
concrete deck and connected to the tower saddle on the
ground with the help of a lifting beam. Then the lifting
operation for each saddle was achieved in 16 hours.

After the saddles were secured, a messenger cable was
installed between the towers, followed by erection of the
temporary catwalks.
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Sedla byla vyrobena v Itdlii spolec¢nosti AFC v Cividale del
Friuli. Pro jejich vyzdvizeni a umisténi byla pouzita dvé
zdvihaci zafizeni s kapacitou 150 tun, s 280 metr(
dlouhymi lany, z nichZ kazdé mélo 20 pramenctd (10 na
kazdé zdvihaci zafizeni). Zdvihaci lana byla odvinuta z
docasného leSeni na pylonech a poté na mostovce
pfipevnéna k sedlim s vyuZitim zdvihaciho tramu. Cela
operace trvala u kazdého sedla 16 hodin.

Po zajisténi sedel do dané pozice na pylonu bylo
natazeno vodici lano mezi pylony, nasledovala instalace
montazZnich lavek.




Before catwalk construction, messenger cable was spanned (left)

The main cable PPWS strands are pulled into position
along the catwalks and over the steel saddles using a
hauling rope system. The pre-assembled cables are
unrolled from drums located on the European side and
then pulled to the Asian side one by one before fixing to
the anchorage blocks and prestressed.

Prefabrikované rovnobézné pramence hlavniho lana jsou
potom odvijeny soubézné s ldvkami a pres ocelova sedla
za pouziti navijeciho systému. Predem pfipravena lana
jsou jedno po druhém odvijena z bubnl na evropské
strané, a pred pretazenim na asijskou stranu jsou
upevnéna do kotvicich blokd a predpjata.

After construction of the catwalks, main cabling started. For the 2 main cables, which weigh a total of 13,000 tonnes, operations took place simultaneously on
both European and Asian sides. Po instalaci montdZnich Idvek zacalo navijeni hlavniho lana. Operace u obou hlavnich lan, kterd celkem vdzi 13 000 tun, probihaly
soucasné na evropské a asijské strané.

Finally the completed cables were compressed using
compaction machines, followed by the hanger clamps
and cable wrapping operations. The cable wrapping
comprises two parts: firstly galvanized steel wires with a
diameter of 3.5mm are spun around the circumference
of the cable followed by a waterproof elastomeric rubber
membrane which has heat sealed joints.

When main cable cabling operations were completed,
subsequent works included painting the outer surface
with slip resistant paint, safety rail installation,
establishing and testing the cable dehumidification
system and installation of lighting and mechanical
systems. All of these features will assist with future
maintenance and repair operations on the main cable.
On completion the catwalks were dismantled and
removed.

Nakonec byla hlavni lana pomoci specidlniho zafizeni
usporaddna do poZadovaného tvaru, ndsledné byly
upevnény svorky na lanech a posléze byla lana opatfena
vrchnim obalem.  Toto obalovéni probihd ve dvou
krocich: nejprve jsou okolo obvodu lana navijeny
galvanizované draty sprimérem 3,5 mm, nasleduje
vodotésna gumovad membrana, jejiz spoje jsou zataveny.

Kdyz byly dokonceny vSechny prace na hlavnim lané,
nasledovaly prace jako natér vnéjsiho povrchu vrstvou
proti skluzu, instalace bezpecnostniho zabradli, instalace
a testovani dehumidacniho systému a instalace osvétleni
a dalsich systém. VSechna tato zarizeni budou slouzit pfi
budouci Udrzbé a opravé hlavniho lana.

Po dokoncéeni vsech praci
rozmontovany a odstranény.

byly montaini lavky

Left: Main cable  Right: Installation of cable-stay stiffening hangers
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3.5.3 Hangers — PWS (parallel wire system)

The hangers are the vertical cables that support the
bridge deck from the main cables in the transition and
suspended zones of the main span. In the transition zone
the 11 bridge deck segments are also supported by the
stiffening cables. In the suspended zone, 13 steel bridge
segments are supported directly. There are 68 hangers
in total, with lengths from 13 to 106 metres, diameter
100 — 175mm, with a total weight 171 tonnes and
characteristic strength 1,770 MPa.

3.5.3 Svislé zavésy — PWS (rovnobézné draty)

Svislé zavésy jsou lana, kterd podpiraji mostovku v
pfechodové a visuté ¢asti hlavniho pole. Jsou pfipevnény
k hlavnimu lanu. V prechodové oblasti je 11 segment(
mostu rovnéz podpirdno zavésy. Ve visuté oblasti je 13
mostnich segmentl podpirdno pfimo. Celkem je na
mosté pouzito 68 svislych zaveés(, s délkou od 13 do 106
metrd, s primérem 100 — 175 mm, s celkovou hmotnosti
171 tun a charakteristickou pevnosti 1 770 MPa.

Completed bridge.

Photo: Stirling Lloyd Polychem Ltd.

Source:

Drawings and information provided by Astaldi
T engineering - Switzerland
3kopru.com

astaldi.it

freyssinet.com
ICCE 2016 — 35" Conference on Coastal Engineering, Turkey
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VYNIKAJICI  PROJEKTANT:  MICHEL
VIRLOGEUX — UMELEC V NAVRHOVANI
MODERNICH FRANCOUZSKYCH MOSTU

EMINENT STRUCTURAL ENGINEER:
MICHEL VIRLOGEUX - STRUCTURAL
ARTIST OF MODERN FRENCH BRIDGES

You may remember an article from the
magazine SEI (published by IABSE) from
2013 and you may also realize that this
significant bridge engineer celebrates this
year his 70" birthday. That is why we asked
SEI  for permission to publish Czech
translation of this article which is an
excellent overview of Mr Virlogeux's life
and work.

The article was published in the magazine
Structural Engineering International 3/2013,
pp. 350 —353.

MozZnd si nékteri Ctendri Casopisu  SEI
(vyddva IABSE) pamatuji ¢lanek publikovany
vroce 2013 a také jste si mozna uvédomili,
Ze letos tento vyznamny mostni inZenyr slavi
kulaté Zivotni vyroCi. Proto jsme poZadali
redakci SEI o svoleni k publikovani ceského
prekladu zminéného Clanku, ve kterém jsou
zachyceny vyznamné body profesniho Zivota
jubilanta.

Clanek byl uvefejnén v ¢asopise Structural
Engineering International 3/2013, str. 350 —
353.

Allison Beth Halpern: PhD Candidate, Civil and Environmental Engineering, Princeton
university, Princeton, USA;

David Perking Billington, Gordon Y.S. Wu Prof Engineering, Emeritus; Prof., Civil and
Environmental Engineering, Emeritus, Princeton University, Princeton, USA. Contact:
abphalper@princeton.edu

DOI: 10.2749/101686613X13627347099836

Brief CV

1946 Born in July in Vichy, France

1967 Graduates from the Ecole Polytechnique in Palaiseau,
France

1970 Graduates from the Ecole Nationale des Pont set
Chaussées in Champs-sur-Marne, France

1970 Becomes an Ingénieur des Ponts et Chaussées of the
French Civil Service and works in Tunisia until 1973

1973 Completes the Docteur Ingénieur degree from the
Pierre et Marie Curie University in Paris

1973-1993 Works as a Professor of Bridge Design at the Ecole
Spéciale des Travaux Publics in Paris, France

1974 Joins the Bridge Department of SETRA, the technical
service of the French Highway Administration in
Bagneux, France

1974 Starts designing the Chateaubriand Bridge, but the

project is abandoned from 1976 — 1978 for financial
reasons and is not started until 1986, when he
proposed with Jacques Mathivat an arch bridge for the
final design

Strucny Zivotopis
v Cervenci se narodil ve francouzském Vichy

promuje na Ecole Polytechnique v Palaiseau, Francie

promuje na Ecole Nationale des Pont set Chaussées v
Champs-sur-Marne, Francie

stdva se mostnim inzenyrem a do roku 1973 pracuje v
Tunisu

dokoncuje doktorska studia na pafizské Pierre et Marie
Curie University

pUsobi jako profesor navrhovani most( na Ecole
Speciale des Travaux v Pafizi

nastupuje do SETRA, oddéleni mostd, technické sluzby
French Highway Administration v Bagneux

zacind pracovat na navrhu Chateaubriand Bridge,
projekt je viak v obdobi 1976 — 1978 z financnich
dlvod( prerusen, znovu zahajen az 1986, kdy

s Jacquesem Mathivatem navrhl obloukovy most
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1979 Completes his first major work, the Ottmarsheim Bridge dokoncuje své prvni velké dilo, Ottmarsheim Bridge —
— a classical cantilever bridge in lightweight concrete klasicky letmo betonovany most z lehkého betonu

1978-1991 Works as a Professor of Structural Analysis at the Ecole ~ PUsobijako profesor konstrukéni analyzy na Ecole
Nationale des Ponts et Chaussées in Champs-sur-  Nationale des Ponts et Chaussées v Champs-sur-Marne
Marne, France

1980 Promoted to Head of the Concrete Bridge Division of ~ povyseni na pozici vedouciho divize betonovych mostd
SETRA v SETRA

1983 Awarded the inaugural IABSE Prize mu byla udélena Inaugural IABSE Prize

1984 Becomes Ingénieur en Chef of the French Civil Service stava se hlavnim inzenyrem French Civil Service

1985-2006 Works as a Professor of Stability of Concrete Structures  pUsobi jako profesor statiky betonovych konstrukei
at the Centre des Hautes Etudes de la Construction in v Centre des Hautes Etudes de la Construction v Arcueil,
Arcueil, France Francie

1987 Promoted to Head of the Large Bridges Division, Steel povyseni na pozici vedouciho divize velkych ocelovych a
and Concrete of SETRA betonovych most(, SETRA

1987 Completes work on his first vehicular cable-stayed ~ dokonCuje prace na svém prvnim silni¢nim zavéseném
bridge, the Seyssel Bridge, which crosses the Rhéne — Mmosté Seyssel Bridge, pfes feku Rhonu v Seyssel,
River in Seyssel, France Francie

1994 Works as a consultant for the Highways Direction at the Qracujejako konzultant pro Highways Direction at the
Ecole Nationale des Ponts et Chaussées in Champs-sur-  Ecole Nationale des Ponts et Chaussées v Champs-sur-
Marne, France Marne, Francie

od 1995 Starts work as a private consultant engineer plsobi jako soukromy konzultacni inzenyr

2003 Awarded the IABSE International Award of Merit in mezinarodni cena IABSE International Award of Merit in
Structural Engineering Structural Engineering

od 2008 Works as a Professor of Bridge Design and Construction plsobi jako profesor navrhovéni a konstrukci mostd na
at the Ecole Nationale des Ponts et Chaussées in Ecole Nationale des Ponts et Chaussées v Champs-sur-
Champs-sur-Marne, France Marne, Francie

2009 Receives Doctor in Technology Honoris Causa,  UdéleniCestného doktoratu na Loughborough
Loughborough University University

Uvod navrhoval vyznamné stavby. Kratce po ziskani svého PhD

Pfindsime Vam tento clanek u pfileZitosti tficatého a
desatého vyroci udéleni Inaugural IABSE Prize v roce 1983 a
IABSE International Award of Merit in Structural Engineering
vroce 2003. Cena za zasluhy byla udélena jako uznani
Lvynikajiciho prispéni v oblasti navrhovani, s obzvlastnim
pfinosem pro spole¢nost” . Tento ¢lanek zdGrazriuje
profesni  myslenky  profesora  Virlogeuxe, které
charakterizuji riznorodost jeho ndvrhd mostd, a zaroven
jeho prispévek k inZenyrskému vzdélavani.

V navaznosti  na  skvélou  francouzskou  tradici
konstruktérl mostd, jako napf. Gustave Eiffel v 19. stoleti
a Eugéne Freyssinet v prvni poloviné 20. stoleti, se také
Michel Virlogeux v poslednich tfech dekadach 20. stoleti
stal vyznamnou osobnosti francouzského mostafstvi, a
sneménnym zapalem pokracuje ve své praci i v 21.
stoleti. Na pocatku roku 1974 zacal Virlogeux pracovat
pro SETRA, spolecnost zajistujici technické sluzby
Francouzské spravé dalnic, a ve svych 28 letech jiz
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vroce 1973, vroce 1975 studoval a navrhl feseni
konstrukce z lehkého betonu pro své prvni velké dilo —
Ottmarsheim Bridge, ktery byl dokoncen v roce 1979. Od
té doby, mezitim co pUsobil v hlavnich vzdélavacich
institucich, dostaval opakované prilezitost navrhovat
vyznamné francouzské mosty.

Aktivity ve vzdélavani

Cinnost Michela Virlogeuxe ve vzdélavani v oblasti
navrhovani mostl daleko presahuje ramec akademické
oblasti. Publikovanim mnoha ¢lankd o svych mostnich
projektech, coZ je v jeho profesi ojedinélé, nas Virlogeux
uci z Uhlu pohledu projektanta. Rozpoznal ddleZitost
povyseni role inZenyra na roli projektanta a zddraznil tak
dila skvélych inZenyrd, napf. Maillarta, Ammanna,
Menna’ i jednotlivych projektantd a spolecnosti, které
vyznamné pfispély k uspéchlim jeho navrh( mostd, a
oznacuje Jacquese Mathivata a Reného Walthera jako
pfimé zdroje své profesni inspirace. Virlogeux také
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vroucné apeluje na inZenyry, aby pfi navrhovani mostd
vzali v uvahu i estetickou stranku v ramci efektivity,
hospodarnosti a elegance. Zaroven je povzbuzuje, aby
spolupracovali s témi architekty, ktefi cti konstrukéni
hodnoty, napf. s Charlesem Lavignem.

Prostfednictvim svych clank( Virlogeux také poskytuje
vhled do svého vlastniho procesu navrhovani, pouzivani
ru¢né kreslenych obrazkd a zjednodusenych teoretickych
vypoctl, které jsou okamzité srozumitelné ctenardm,
inZenyrdm na rlznych Urovnich. Dlraz na rukou kreslené
vykresy navrh(l je zfejmy napfi¢ celou jeho kariérou: od
hrubé nacrtnutych koncepcnich navrh( az k jejich peclivé
vykreslenym  specifickym detaildm. Virlogeux také
pouziva rucné kreslend schémata sméru plsobeni sil v
konstrukci, aby zddraznil vztah mezi analyzou konstrukce
a jejim ndvrhem, napf. jak ucinky sil v zavésech ovliviiuji
tvar pylond mostu.

Nadjezdy

Modernizace silnice Route Nationale 9 v letech 1975 az
1986 a nasledny rozvoj délnice A75 v roce 1986 ve Francii

vyzadovaly realizaci mnoha mostl, od dalni¢nich mostd
malych rozpéti az po velké viadukty. ProtoZe se SETRA
vyznamné podilela na ndvrhu této silni¢ni trasy, Michel
Virlogeux, jako vedouci divize betonovych mostl v roce
1980 a vedouci divize velkych mostl v roce 1987, pUsobil
na téchto mostnich projektech jako projektant nebo
konzultant®. Realizace dalnice A75 vyzadovala prdchod
Massif Central a nadjezdy, jako napf. Antrenas a Truc de
la Fare, opét spojily silnice prerusené vyhloubenim
dalnice. Pro tyto dva mosty podobného rozpéti a
mistnich podminek Virlougeux navrhl dvé odliSna reseni.
Antrenas Bridge (1994, obr. 2) je ocelovy trubkovy
segmentovy oblouk - segmenty zlepsuji chovani v ohybu -
s rozpétim 56 m, spojeny s betonovou mostovkou pro
zlepSeni podélné stability ocelovou pfihradovinou
z trubek. Ve vzdélenosti 8 km od Antrenas Bridge na jih se
nachazi Truc de la Fare Bridge srozpétim 53 m (1993,
obr. 3), je to sptfazena konstrukce tvofend prihradovym
nosnikem s konstantnim napétim a predpjatou
betonovou mostovkou spojenou se spodnimi pfedpjatymi
kabely pomoci pri¢nych rozpér ve tvaru V.*

Obr. 3: Truc de la Fare overpass
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Oblouky

Zelezobetonové oblouky Chateaubriand Bridge® (1991,
obr. 4) a Morbihan Bridge (1995, obr. 5), které navrhl s
Jacquesem Mathivatem, jsou dal$im pfispénim do jeho
portfolia navrhd mostld. PrestoZe oba mosty maji
Zelezobetonové mostovky, mostovka Chateaubriand
Bridge je sprazend se dvéma ocelovymi plnosténnymi
nosniky rozepfenymi ocelovymi ztuzidly. Mostovka
Morbihan Bridge ma ocelovy komorovy nosnik s do boku
vyloZzenymi trojuhelnikovymi ocelovymi konzolami. PFi
svém dokonceni byl Chateaubriand Bridge s rozpétim

250 m osmy nejdelsi Zelezobetonovy obloukovy most na
svété, zatimco Morbihan Bridge ma& 200 m. Kromé
vzhledu maji mosty jesté jednu spolecnou véc: oba mosty
byly navrzeny, aby ulehcily dopravnimu provozu, a proto
nahradily stdrnouci visuté mosty postavené na konci
padesdtych let. Zatimco oba visuté mosty mély po
stranach chodniky, pouze Morbihan Bridge ma prostor
pro chodce. Virlogeux byl inspirovan japonskym Kintai
Bridge, radou péti drevénych obloukovych mostl
slouzicich i jako lavka, a lavku umistil vné obou stran
oblouku.

Obr. 4: Chateaubriand Bridge

Zavésené mosty

Prvni zavéseny most pro silniéni dopravu byl Seyssel
Bridge srozpétim 220 m (1987, obr. 6), ktery Michel
Virlogeux navrhl vdobé svého plsobeni v SETRA.
Pfedstavuje pocatek pretrvavajici jedinecnosti Virlogeuxe
jako predniho projektanta zavésenych most(. Pfedbézné
studie pro Normandie Bridge byly provedeny v letech
1976 az 1979; v dobé, kdy Virlogeux pracoval pro SETRA

Obr. 6: Seyssel Bridge
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Obr. 5: Morbihan Bridge

jen par let a podilel se pouze na navrhu pylond.
Ekonomicka krize v roce 1979 zpozdila projekt, ktery byl
obnoven aZ na podzim roku 1986. Kratce po
znovuzahdjeni praci na projektu byl Virlogeux povysen na
pozici vedouciho divize velkych mostt a byl odpovédny za
navrh celého mostu. Normandie Bridge (obr. 7) byl pfi
svém dokonceni nejdelSim zavéSenym mostem svéta, a
to jak délkou hlavniho pole — 856 m — tak i celkovou

Obr. 7: Normandie Bridge
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délkou — 2 141 m. Normandie Bridge byl takto ojedinély
az do dokonceni Tatara Bridge (1999) s rozpétim hlavniho
pole 890 m a Rion-Antirion Bridge (2004) s celkovou
délkou 2 880 m. U tohoto mostu pulsobil Virlogeux jako
konzultant koncepcniho nadvrhu spojité, plné zavésené
mostovky.

Normandie Bridge pfinesl vyznamné inovace v navrhu
zavésenych mostl plynouci z naro¢ného vyzkumu Unavy,
odolnosti proti korozi, snizovani vibraci a umisténi
tlumicl, plsobeni Ucinkd vétru a desté, a parametrické
excitace (buzeni). Rozsahlé zkousky ve vétrném tunelu
pomohly kndvrhu aerodynamického pficného Fezu
s vylepSenou aerodynamickou stabilitou pfi silném vétru.
Pro pfistupova pole a konzolovou 116 m dlouhou ¢ast od
obou pylond smérem k hlavnimu poli pouZil Virlogeux
pfedpjaty beton, nez preSel na ortotropni ocelovou
mostovku.  Timto  novatorskym  navrhem  dosahl
hospodarnosti vyuziti materidlu a vy3$si aerodynamické
stability pfi Stihlém a odlehéeném ndvrhu, a elegance
konstrukce konstantnim prdfezem bez ohledu na zmény
materidl(.°

S navrhem 2 460 m dlouhého a 343 m vysokého Millau
Viaduct (2004, obr. 8) Virlogeux presel od navrhovani
klasickych zavésenych mostl dlouhych rozpéti k vyzvam,

které predstavuji zavésené mosty o vice polich. V ¢lanku
s ndazvem ,Bridges with Multiple Cable-Stayed Spans”
vysvétluje: ,Nebylo by mozné navrhnout Millau Viaduct
bez zkuenosti ziskanych realizaci Normandie Bridge” ’.
Navrh Millau Viaduct jako zavéseného mostu s vice poli
Virlogeux vymyslel v roce 1990 v ramci predbézné studie,
béhem poslednich let jeho spoluprace se SETRA. Tato
studie nakonec vroce 1993 vyustila ve vypracovani

pfedbézného navrhu.

Vybér pozadovaného resSeni navrhu mostu vysel ze
soutéZze o ndvrh, kterou organizoval v roce 1996 silni¢ni
Urad, kdy Virlogeux doprovazel vitézny tym jako autor
nadvrhu v roli nezdvislého konzultanta. Rozsahlé
zkuSenosti v oblasti ndvrhd na uUcinky zatizeni vétrem
vedly Virlogeuxe ktomu, Ze odradil tym od pouziti
aerodynamicky nevhodného feSeni mostovky, a tim
ovlivnil  realizaci ve prospéch aerodynamického
trapézového tvaru. Uzkou spolupréci s tymem architekta
Sira Normana Fostera zajistil, Ze vysledny navrh Millau
Viaduct  nejenom  vyhovél vSem  konstrukénim
pozadavk(lm, ale reflektuje i estetické hodnoty. Zrcadlovy
obraz pylond a pilitd vytvari konstrukéné vérnou formu,
jez odrazi tok sil za soucasného dodrzeni stejného tvaru
vsech pilifd, tim ddva mostu jednotny esteticky raz.

Obr. 8: Millau Viaduct

Vice informaci o Millau Viaduct naleznete v nasem casopise e-mosty ,, Francouzské mosty“ cerven 1/2015
More information about the Millau Viaduct you can find in our magazine e-mosty , French Bridges*®, June 1/2015
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Térénez Bridge (2011, obr. 9) je nejnovéjsi pocin v navrhu
zavésenych mostl. Vyraznym rysem tohoto mostu
zejména v porovnani s pfimym visutym mostem, ktery se
nachazi 80 m proti proudu, a ktery jiZz neni v provozu, je
sméroveé zakfivend mostovka. Pylony Térénez Bridge maji

tvar podobny Feckému pismeni lambda a naklani se
smérem ven, mimo 285 m dlouhé zakfivené hlavni pole.
Zavésy jsou zakotveny v hlavach pylond. Virlogeux vybral
tento tvar pylon(, protoZe jejich naklon odrazi vysledny
smér sil ze zavésl na pylony a vytvari tak ucinnou,
snadnou pochopitelnou formu. °

Obr. 9: Térénez Bridge

Zavér

Ukonceni vystavby visutych most( ve Francii uprosttfed
dvacatého stoleti urcilo zacdtek moderniho obdobi
v navrhovani mostl. Michel Virlogeux ukazal cestu
k estetickému navrhu francouzskych mostl, kterou
predstavuji nejen dva betonové oblouky, Normandie
Bridge a Térénéz Bridge, tvofici alternativy nebo nahrady
starnoucich visutych mostl z poloviny dvacatého stolet;,
ale také svou Ucasti v procesu navrhovani vice nez 100
mostl jen ve Francii samotné. Michel Virlogeux navrhl
dlouhou fadu rlznych mostl dle zasad konstrukéniho
uméni, a proto ho druhé vydani knihy , The Tower and
the Bridge” prohlasilo umélcem v navrhovani modernich
francouzskych most. ®

PFi svém vystoupeni na konferenci obhajoval myslenku,
Ze inzenyr by mél ocenit estetickou stranku véci i
rozmanitost v navrhovani mostd: ,Vénoval jsem cely svij
profesni Zivot — a mohl bych fict velkou vétsinu svého
Zivota — navrhovani mostl. Moznd jsem mél Stésti, Ze
jsem meél tolik prilezitosti — a nikdy neprisly ndhodou — ale
vidy jsem se snazil vytvofit hezky most.. stdle se
priklanim ke kvalité a eleganci, aniz bych vidy musel mit
za cil inovaci nebo originalitu. A to se budu snazit délat i
v dalsich letech, a to je smér, kterym by se podle mého

nazoru méli inZeny¥i ubirat”. °
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Podékovani

Autoti dékuji Dr. Michelu Virlogeuxovi za svoleni, Ze
mohli pouZzit vSechny Udaje uvedené v ¢lanku.
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OSMAN GAZI BRIDGE

(IZMIT BAY SUSPENSION BRIDGE)

Commencement of works: 2013
Opening of the bridge to traffic: 2016
Type: suspension

Length: 566 m + 1550 m + 566 m

Detailed design: COWI
Concessionaire: OTOYOL YATIRIM ve ISLETME A.S
Main Contractor: NOMAYG JV

Bridge SubContractor: IHI-ITOCHU Consortium
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Credits: Fatih Zeybek

Zahdjeni praci: 2013
Otevfeni mostu: 2016
Typ: visuty

Délka: 566 m + 1550 m + 566 m

Navrh: COWI
Koncesionai: OTOYOL YATIRIM ve ISLETME A.S
Zhotovitel: NOMAYG JV

Podzhotovitel mostu: IHI-ITOCHU Consortium
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OSMAN GAZI (IZMIT BAY)
SUSPENSION BRIDGE

Fatih Zeybek

Suspension Bridge Project Manager

1. INTRODUCTION

The Izmit Bay Suspension Bridge carries the new
Gebze-Orhangazi-lzmir motorway across the Sea of
Marmara at the Bay of Izmit in northern Turkey. The
420 kilometer motorway was contracted by Turkish
State General Directorate of Highways to “OTOYOL
YATIRIM ve ISLETME A.S.” which was formed by Nurol,
Ozaltin, Makyol, Astaldi and Gocay as a Build-Operate-
Transfer (BOT) concession project for 22 years and 4
months in September 2010. The NOMAYG joint
venture was formed by the same five companies as
OTOYOL, acting as the EPC implementing body to
construct the motorway including the Izmit Bay
Suspension Bridge. The tender process for the bridge
construction started in 2010.

The geotechnical investigation was conducted by
Fugro between November 2010 and April 2011 under
a contract from OTOYOL AS in order to assess the
local geology and site conditions around the proposed
bridge foundations and specifically the presence of
seismic faulting. Construction of the Suspension
Bridge was contracted in July 2011 to a consortium of
IHI Infrastructure System and Itochu as EPC
contractor. IHI-ITOCHU employed COWI to undertake
the detailed design of the bridge, and HALCROW as
Independent design checker.
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1. UvoD

Visuty most prevadi novou dalnici Gebze-Orhangazi-
Izmir pfes Marmarské more v zatoce Izmit na severu
Turecka — viz mapa. Realizace nové dalnice Gebze-
Orhangazi-lzmir byla zaddna v zafi 2010 statnim
Ufadem Turkish State General Directorate of
Highways spolegnosti “OTOYOL YATIRIM ve ISLETME
AS.”, kterd je tvorena spolecnostmi Nurol, Ozaltin,
Makyol, Astaldi a Gocay, v reZimu projektu Build-
Operate-Transfer (BOT). Joint Venture NOMAYG bylo
vytvoreno stejnymi péti spole¢nostmi jako OTOYOL v
rezimu EPC za Ucelem vystavby 420 km dlouhé trasy
silnice véetné visutého mostu v lzmit Bay. Verejna
zakazka na realizaci mostu byla vypsana v roce 2010.

Fugro realizovalo geotechnicky prizkum v listopadu
2010 aZ dubnu 2011 na zakladé smlouvy s OTOYOL AS.
Cilem tohoto prlzkumu bylo stanoveni mistnich rizik
selhani, geologie a podminek v misté zakladd a
budouciho stavenisté mostu. V Cervenci 2011 byla
uzaviena smlouva se sdruzenim [HI Infrastructure
System a Itochu jako zhotoviteli vreZzimu EPC.
Projektovd dokumentace byla zhotovena spole¢nosti
COWI, IHI-ITOCHU puUsobila jako dozor a HALCROW
bylo zadano nezavislé ovéreni projektu.

Visuty most Izmit Bay je spojity most se tfemi
poli. Hlavni pole ma 1 550 metr( a spole¢né se
dvéma pristupovymi poli se stane vdobé
svého dokonceni vroce 2016 CcCtvrtym
nejdel$im visutym mostem na svéte.

The Izmit Bay Suspension Bridge consists of a
three span continuous suspension bridge
having the main span of 1550m which will be
the world’s fourth longest span suspension
bridge at completion in 2016.
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2. DETAILED DESIGN
2.1 Wind Tunnel Tests

A series of wind tunnel tests was carried out to obtain
the design data and to ensure aerodynamic stability of
the bridge during both construction and in-service
conditions.

The deck sectional model at a geometric scale of 1:65
was tested in smooth and turbulent flow by FORCE
Technology in Denmark. The tests investigated
aerodynamic stability, vortex induced vibration, static
load co-efficient and aerodynamic derivatives on the
deck section with different types of traffic barrier and
with/without traffic. The testing verified the
performance of the deck section as well as the
incorporation of monitoring equipment to collect all
necessary data, for construction and in-service
conditions.

The tower aerodynamic model at a geometric scale of
1:70 was tested in smooth and turbulent flow in
BLWTL in Canada to investigate aerodynamic stability,
vortex induced vibration and static load coefficient for
construction and in-service conditions.

The full bridge model at a geometric scale of 1:220
was tested in smooth and turbulent flow by
Politecnico di Milano in Italy to provide overall
confirmation of the aerodynamic stability of the
suspension bridge during construction and in-service
conditions.

The fundamental basic wind velocity is 25.4 m/s and
derived from the measured wind data at three
meteorological stations near the construction site.
The critical wind velocity for deck instability is 58 m/s
for horizontal wind.

2. PROJEKT

2.1 Testy ve vétrném tunelu

Udaje potiebné pro ndvrh a zjisténi aerodynamické
stability v prlbéhu vystavby a provozu byly ziskany
provedenim série testl ve vétrném tunelu.

Predbéiny prlzkum aerodynamické stability byl
proveden v Dansku, kde byl testovan model mostovky
v méritku 1:65 na zatizeni laminarnim a turbulentnim
proudénim zahrnujicim vibrace zpUsobené
odtrhdvadnim  vird, soucinitele  statického a
aerodynamického zatiZzeni na fezu mostovky s rdznymi
typy zachytnych zafizeni s/bez zatiZzeni dopravou
véetné sbéru vsech nezbytnych adajd pro obdobi
realizace i v podminkdach provozu.

Aerodynamicky model pylonu v méfitku 1:70 byl
testovan nalaminarni a turbulentni proudéni ve
vétrném tunelu s atmosférickou mezni vrstvou
v Kanadé za ucelem ovéreni aerodynamické stability
zahrnujicim rovnéz vibrace zpUsobené odtrhavanim
vird i souclinitele statického zatiZzeni pro obdobi
vystavby i provozu.

Model celého mostu v méfitku 1:220 byl testovdn
v lamindrnim a turbulentnim proudéni v Politecnico di
Milano v Itdlii za uUcelem konetného potvrzeni
aerodynamické stability visutého mostu béhem
vystavby a v podminkéch provozu.

Zakladni rychlost vétru 25,4 m/s je stanovena na
zakladé dat namérenych na trech meteorologickych
stanicich blizko mista stavenisté.

Kritickd rychlost vétru ovliviujici stabilitu je 58 m/s
v pfipadé horizontéIniho proudéni.

Full Bridge Wind Tunnel Test

2/2016
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2. 2 Seismic Design

A performance based seismic design approach was
adopted by using three different ground motions with
different return periods as shown in Table 1.

Seismic horizontal time histories at competent
soil/rock interface level are provided in the PSHA
undertaken by Fugro based on the soil investigations
carried out in 2010. The response spectra of the three
ground motions are illustrated in the figure below
with comparison with the 1999 Marmara Earthquake.

2.3 Seizmické zatizeni

Pfi ndvrhu na seizmické zatizeni byl aplikovan pristup s
pouzitim tfi rGznych pohybl zemé s rliznymi obdobimi
navratu, viz tabulka 1.

Fugro na zédkladé prizkumu pady, ktery byl proveden
vroce 2010, zpracovalo Udaje  seizmickych
vodorovnych zatizeni v prislusnych vrstvach zeminy /
horniny dle PSHA. Spektrum odezvy pro tfi rdzné
sméry pohybu zemé jsou ukazany v grafu nize, ve
srovnani se zemétfesenim Marmara v roce 1999.

Table 1. Seismic Performance Criteria

Place Ground Motion Seismic Damage
Return Period Performance Performance Level
Level

Functional 150 years Immediate No Damage

Evaluation (50% in 100 years) Access

Earthquake (FEE)

Safety Evaluation 1000 years Limited Access  Repairable Damage

Earthquake (SEE)  (10% in 100 years)

No Collapse 2475 years No collapse, life

Earhquake (NCE) (4% in 100 years)

5 % Damping

safety Damage

Spectral Acceleration (g)
@

N
/ "\vgg Marmara ECKMaX

' —~~ FE

05 / o — " X
— —'——,"—“‘e"(-?/;’ = G \\ ~
= 1999 Marmara EQ._Median . ==

o = . : B i
0.01 0.1 1

Period (s)

Response spectra of the input ground motions for 5% damping.

2.3 Live Loads and Load Combinations

The verification was carried out for serviceability limit
and ultimate limit states respectively for different load
combinations in accordance with Eurocode design
standards. Additionally accidental design situations
such as ship impact, rupture of hanger cable, collision
with the vehicle restraint system, fire and tsunami are
also considered. Traffic loads were determined
based on EN 1991-2 by using the notional lane
approach. A constant total of 82kN/m traffic load was
applied across the whole deck and was independent
of the loaded length.
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2.3 Nahodila zatiZzeni a kombinace zatiZzeni

Ovéreni bylo provedeno pro mezni stavy pouZzitelnosti
a unosnosti pro rdzné kombinace zatiZzeni. Dodatecné
byly zkoumany i mimoradné ndvrhové situace, napf.
naraz lodé, prasknuti visutého lana, naraz do svodidel,
pozadr a bylo také uvazeno i tsunami. Navrhovana
zatizeni dopravou jsou prevzata z EN 1991-2
s vyuzitim ndrodni pfilohy. Celd délka mostovky byla
zatizena  konstantnim  spojitym  rovnomérnym
zatizenim o celkové hodnoté 82 kN/m (nezavislé na
zatéZovaci délce).
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2.4 Tower Foundations

The tower foundations are designed as concrete
caissons placed on a 5 meter thick gravel bed on
improved soil at -40 m and -35 m below sea level for
the north and south foundations. This allows the
tower foundation to slide during a strong earthquake
without transferring a huge seismic force into the
bridge system. The soil below the caisson is improved
by 2m diameter steel inclusion piles driven to a depth
of about 35m below the sea bed providing the
required bearing capacity and eliminating potential
risk of liquefaction during earthquake. The 5 m thick
gravel bed separates the improved soil and the
concrete caisson to provide a controlled sliding
surface during seismic events. The purpose of the
gravel layer is to act as a ‘fuse” under seismic loading
by limiting the maximum interface shear friction and
thereby reducing the seismic loads on the structure
for high amplitude earthquakes.

Plinth

3. CONSTRUCTION

3.1 Tower Foundations

The two tower foundation caissons were partially
constructed in a -7.8 meters deep dry dock with the
base slab and outer walls fully cast in three stages,
and the inner walls being partially built. After floating,
they were then towed to the wet dock, where the
inner walls were completed, the top slab cast and the
steel shafts installed, the lower part also having its
concrete cast. To achieve the 100 year design life
requirement, very high concrete quality is needed,
with a low chloride migration ratio, low permeability
and low heat of hydration. Following the completion

2.4 ZaloZeni pylond
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Pro zaloZeni pylond byl navrien betonovy keson
umistény na stérkovém loZi na zlepSenych zeminach
v hloubce 40 m (severni ¢ast) a 35 metrQ (jizni ¢ast)
pod hladinou more. Tento zplsob zaloZeni umoznuje
pohyb zdkladl pylond pfi silném zemétreseni, jehoz
ucinky tak nebudou pfenaseny na hlavni nosnou
konstrukci mostu. Zemina pod kesony byla zlep$ena
vetknutim ocelovych pilot o prdméru 2 m do hloubky
cca 35 m pod Urovni dna mofe. Toto opatfeni poskytlo
poZadovanou unosnost a sniZilo riziko ztekuceni
béhem zemétreseni. Pét metrd silnd Stérkova vrstva
oddéluje zlepsené zeminy od betonovych kesonl a
poskytuje Fizeny kluzny povrch béhem seizmickych
udalosti. Stérkova vrstva plsobi jako pojistka pfi
seizmickém zatiZzeni tim, Ze snizi maximalni plochu
smykového treni a tim sniZi seizmické zatizeni
konstrukce pfi zemétresenich velkych amplitud .

Caisson top slab

3. VYSTAVBA

3.1 Zalozeni pylont

Pro zaloZeni pylond byly v suchém doku v hloubce
-7,8 m Castecné sestaveny dva kesony, se zakladovou
deskou a obvodovymi zdmi plné betonovanymi ve
trech etapach, a s ¢aste¢né zabudovanymi vnitfnimi
prickami. Potom byly pretazeny do zaplaveného doku,
kde byly dokonceny vnitfni pFicky, vybetonovana horni
deska a instalovdny ocelové Sachty. Také byly
dobetonovany spodni ¢dsti. ProtoZe je ndvrhova 7i-
votnost 100 let, bylo tfeba pouzit velmi kvalitni beton
s nizkym obsahem chloridd, nizkou propustnosti a
pomalym vyvojem hydratacniho tepla. Po dokonceni
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of caissons in the dry and wet docks, the caissons are
towed to their final positions, sunk and placed on the
gravel bed at -40 m below sea level.

While caisson construction was proceeding, dredging
works were carried out at the foundation locations by
a grab dredger over an area of 87 m by 74 m and up
to 5 m depth. Some 195 inclusion piles of 2.00 meter
diameter and up to 35 meters long were driven by an
underwater hydraulic hammer. The gravel bedding
was placed using a tremie pipe mounted on a floating
barge crane, and the surface of the gravel was
levelled by specially manufactured hydro-mechanical
levelling equipment.

keson vsuchém a zaplaveném doku byly kesony
umistény do finalni pozice, zaplaveny a uloZzeny na
Stérkové loze v hloubce 40 metr( pod urovni hladiny
more.

Nez se dokoncily kesony, byl v misté zaklad(l vybagro-
van prostor o rozloze 87 x 74 m, s hloubkou az pét
metrd. Pro zlepSeni zakladové pldy bylo pod vodou
pomoci hydraulického beranidla do podloZi vetknuto
cca 195 pilot o prdmeéru 2 metry, s délkou aZz 35 me-
tri. Roznaseci Stérkové loZze bylo vytvoreno pomoci
betonarské roury osazené na Clunu s plovoucim jera-
bem a povrch Stérku byl vyrovnan specidlné vyrobe-
nym hydromechanickym vyrovndvacim zafizenim.

Sinking of caisson tower foundation

Submerging the caisson, including the steel shaft, is
carried out by pumping in ballasting water as the
caisson is kept in position. The caisson is divided into a
number of cells. The cells at four corners are filled
with water to provide stability.

The plinth and tie-beam construction is the final stage
of the construction of the tower foundation and is
carried out in the following sequence: concrete
casting of the upper part of the steel shaft, placing
prestressed concrete cover inside the steel shaft
followed by concrete casting of the plinth up to
+2.0m, installation of the anchor bolts to connect the
steel tower to the foundation, concrete casting of the
plinth to its final height, and construction of the tie-
beam.
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Keson véetné ocelové Sachty byl po umisténi do
stanovené pozice ponoren zatizenim balastni vodou.
Keson je rozdélen do velkého mnoistvi komor.
Komory ve vSech rozich jsou naplnény vodou a tim
davaji kesonu stabilitu.

Spodni ¢ast (podstavec) a ztuZidla jsou zhotoveny
v posledni fazi realizace zalozeni pylonl soubéiné
s betondzi horni ¢asti ocelové Sachty, nasledované
betondzi podstavce az do +2,0 metrl, instalaci
kotevnich Sroubl pro pfipojeni ocelovych pylond
k zakladim. Nakonec probéhla betonaZ podstavce az
do finalni vysky a realizace ztuZidel.
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3.2 Steel Tower

The 252m tall H-shaped towers are stiffened steel
plate construction. They were fabricated in steel due
to demands for high seismic loads and short construc-
tion time. Closed box sections were used for both legs
and cross beams. The slightly tapered tower legs are
single-cell box steel structures over their full height
measuring 7.0 m x 8.0 m at elevation +10.075 meters
and 7.0 m x 7.0 m at elevation +245.500 meters. The
legs are inclined, being 36.2 m apart at the base and
30.1 m at the top. They are braced using two cross-
beams.

Each tower leg was divided into 22 segment blocks to
suit the lifting capacity of the crane used for erection.
The blocks were connected to each other at
horizontal joints using welding for the perimeter
plates and high strength friction grip bolts for the
vertical stiffeners. Mass dampers were provided to
mitigate wind vortex induced vibrations during
construction and in-service condition.

The fabrication process consisted of panel fabrication,
segment assembly and trial assembly. The trial
assembly was undertaken in a horizontal position,
where the design alignment and root gap at the
horizontal joint were achieved within the specified
tolerance. After the trial assembly, the tower leg
segments were dismantled/unbolted to each block
and then to four panels where applicable to suit
erection and for shipment to the site.

The tower leg segments no. 1 thru. 11 and the lower
cross beam were erected using a floating crane, while
the tower legs segments no.12 thru. 22 and the upper
cross beam were erected by using a self-climbing
crane mounted on the support structure connected to
the lower crossbeam as shown in the figure below.

The tower leg segment or panels were lifted and
placed onto the segment previously erected and are

Block Erection
No.1to 11

A
1 T T+

3.2 Ocelové pylony

252 metrd vysoké pylony ve tvaru H jsou tvoreny
plnosténnou konstrukci, vyrobenou z oceli s ohledem
na vysokou odolnost na seizmicitu a poZadavky na
kratky cCas vystavby. Pro stojky i pricniky jsou pouzity
uzaviené komorové prlrezy. Od zaloZeni po sedla
kabelll jsou pylony tvoreny jednokomorovym
prafezem. Pricle spojujici stojky pylond maji délku
30,1 m v horni ¢asti a 36,2 m vdolni ¢asti. Stojky
pylonl maji pficny rozmér 7 x 8 m ve vysce +10,075 m
a7x7mvevysce +245,500 m.

Kazda stojka pylonu je s ohledem na nosnost jerabu
rozdélena na 22 segment(. Jednotlivé segmenty byly
vzajemné spojovany ve vodorovnych spardach,
obvodové platy svafovanim, svislé vyztuhy pomoci
trecich spojd. Pro snizeni vibraci zplsobenych
odtrhavanim virl béhem realizace i v provoznich
podminkdch byly osazeny tlumice.

Proces vyroby zahrnoval vyrobu panell, montaz seg-
mentd a zkuSebni montdz. Zkusebni montdz byla
provadéna ve vodorovné poloze, kdy navrhované
usporadani a spdra u horizontdlniho spoje dosdhnou
poZzadované tolerance. Po zkuSebni montdzi byly
stojky pylon0 rozpojeny na jednotlivé segmenty a
pozdéji dale na Ctyfi ¢asti, které byly montovany na
stavenisti.

Segmenty ¢. 1 — 11 a spodni pficel byly instalovany
pomoci plovoucich jerdbl, segmenty ¢. 12 — 22 a
horni pficel byly osazeny pomoci samosplhaciho
jerdbu osazeného na podplrné konstrukci pfipevnéné
ke spodni pficli — viz obrazek.

Segmenty (jejich ¢asti) pylonu byly vyzdvizeny a
umistény na jiZz osazené segmenty pylonu. Tyto
segmenty na sebe plné dosedaji. Po ovéreni
geometrie jsou segmenty pylonu pfipevnény
k pfedchozim castem predpjatymi Srouby na vSech
svislych vyztuhdch pomoci docasnych stycnikovych
desek.

Self-Climbing

Crane
Main Span &,
o Panel Erection
L 1l |No.12to 22 .
ke |
i

&
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supported by temporary matching pieces with full
contact. After the geometry is confirmed, the tower
leg segment or panels are connected to the segment
below with preloaded bolts and temporary splice
plates on all vertical stiffeners to maintain the
geometry then the matching pieces are removed prior
to final welding of the perimeter plates.

3.3 Cable works

The main span cables are each made up of 110
strands of pre-fabricated parallel wire strand (PPWS).
Each strand consists of 127 No. 5.91 mm diameter
cable wires having the breaking strength of 1760Mpa.
The side span cables have 112 strands.

In order to carry out the erection of the main cable,
an aerial walkway (catwalk) equipped with a hauling
and tramway system was provided as shown in figure
below.

The PPWS were pulled by the hauling system, then
clamped by the tensioning system at each cable sad-
dle, connected to the cross head slab at the anchor-
age and adjusted to its design length by sag control.

Upon completion of the erection of the PPWS, the
cables were compacted in order to obtain a circular
shape with the specified void ratio. Initially this was
done with a simple tool then with the compacting
machine. The erection of the cable clamps and the
hanger ropes were then carried simultaneously by
using a bogie running on the main cable.

Tramway Bent

Cross Bridge

Tower Top Bent
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Pfed privafenim obvodovych desek jsou kontaktni
Casti odebrany.

3.3 Instalace lan

Hlavni visuté lano je tvofeno 110 prfedem vyrobenymi
rovnobéznymi pramenci (PPWS). V hlavnim poli se
kazdy pramenec sklada ze 127 dratd o priméru 5,91
mm s pevnosti 1760 Mpa. Dva totoiné pramence
jsou navic pfidany v krajnich polich.

Pro realizaci hlavniho visutého lana byla zhotovena
lavka (catwalk), vybavena systémem pro navijeni lana,
viz obrazek nize.

PPWS byly timto systémem navijeny, nasledné
pfipevnény k predpinacimu zafizeni v kazdém sedle
pylonu, pfipojeny k pficnym deskdm v misté jejich
ukotveni a rektifikovany pro dosazeni navrhované
délky a prihybu.

Po dokonceni montdze pramencl PPWS byly visuté
kabely usporddany do pozadovaného kruhového tvaru
se specifikovanym stupném mezerovitosti. Usporadani
bylo provedeno nejprve jednoduchym nastrojem,
posléze  zpevfiovacim strojem. Nasledné byly
upevnény svorky na lanech a zavésy pomoci
specialniho zatizeni, které pojizdi po visutém lané.

Splay Bent
Side Span Pier Bent

Tensioning Device

Driving Winch

Temporary Catwalk for Cable Erection
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3.4 Deck Works

The suspended deck is a 30.1m wide and 4.75m deep
single stream-lined orthotropic steel box girder deck.
2.8m inspection and maintenance walkways are
cantilevered on both edges. The suspended deck is
2682m long over 3 spans and restrained transversely
at the towers and at the deck ends. Vertical support
is through the cable hangers and at the deck end
piers.

The general fabrication process consisted of panel
fabrication, segment assembly and trial assembly.
Each completed deck segment was matched with its
adjacent deck segments using trial assembly.

After trial assembly, the deck segments were
dismantled, stored at the storage yard, and finally
transported in sequence to site on a barge. Barge
transit time to the site was approximately 3 hours
from the fabrication yard.

The deck erection was carried out by two different
methods for the unsuspended and suspended parts of
bridge. A floating crane having 1600 ton lifting
capacity was used for the unsuspended transition
spans and the suspended deck segments were lifted
using a lifting device having a 350 ton lifting capacity.

3.4 Mostovka

Zavésenda mostovka, tvofend aerodynamickym
ortotropnim komorovym nosnikem s 2,8 metr(
Sirokou inspekéni lavkou na obou stranach, je 30,1
metr(l Sirokd a 4,75 vysoka. Spojitd zavésena
mostovka celkové délky 2 682 m je podeprena
pricné v misté pylont a na svém konci. Svisle je
podeprena lany a na krajnich opérach.

Proces vyroby zahrnoval: vyrobu panell, montaz
segmentl a zkusSebni montaz. Kazdy dokonceny
segment musel v ramci zkusebni montaze licovat
k predchozimu segmentu.

Po zkusebni montdzi byly segmenty mostovky
rozmontovany, ulozeny, a posléze pfepraveny na
¢lunech na stavbu podle predepsaného
harmonogramu. Pfeprava trvala tfi hodiny.

Montdz mostovky byla realizovana dvéma
odlisSnymi metodami pro nezavé$ené a zavésené
Casti mostu. NezavéSené Ccasti byly zdvihany
plovoucim jefabem s kapacitou zdvihu 1 600 tun a
zavésené Casti byly zdvihany zdvihacim zafizenim
s kapacitou 300 tun.

2/2016
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1. Erection of Deck Segment by using Floating Crane

Temp. Clamp & Hanger Temp. Clamp & Hanger

Temp. Clamp & Hanger Temp. Clamp & Hanger

2, Erection of Deck Segment by using Lifting Device

3. Deck Closure

Horth Slde

- i =

Erection of Deck

The suspended deck segments are erected by lifting devices as shown in below pictures.
Obrdzek nize ukazuje zdvihdni jednotlivych segmenti mostovky.

For both installation methods temporary connections
were achieved using the matching pieces prepared for
both the top and bottom plates to re-establish the
deck alignment measured at the trial assembly. The
temporary connections prepared on the nose plate
took vertical shear force and the top plate took
horizontal forces that would occur under wind
conditions.

The works continued with final welding of the decks,
waterproofing and mastic asphalt paving, stone
mastic asphalt wearing surfacing and electro-
mechanical installations. The bridge is due to open to
traffic by June 2016.
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U obou metod docasné styky, tj. licovani v horni i
spodni ¢asti, znovu vytvorily usporadani mostovky tak,
jak bylo vytvoreno pfi zkuSebni montdzi. Docasné
styky pfipravené na Cele prenaseji svislé smykoveé sily,
a vhorni ¢asti prendseji sily, které by se mohly
vyskytnout pfi zatizeni vétrem.

Prace pokraCovaly svafovanim mostovky, izolaci a
poklddanim asfaltového povrchu a elektrickymi
instalacemi. Otevieni mostu pro dopravu je planovano
na Cerven 2016.
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Tower Foundation North
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Tower Foundation South
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PHOTOGALLERY

For the south anchor block first a diaphragm wall was made with a depth of 32m to enable the excavation of
anchorage in dry conditions. With the help of the diaphragm wall the excavation went up to -14.50 meters depth
safely and without any support in semi circular section. The south anchor block was designed as a massive guitar-
shaped concrete structure serving as anchorage and foundation for the south transition pier and the side span pier.
The soil was sand and gravel layers and such foundation type provided a solution to control differential settlements.

Pro jizni kotevni blok byla nejprve realizovdna podzemni sténa, s hloubkou 32 m, kterd umoznila vyhloubeni jamy
v suchych podminkdch. S pomoci podzemni stény dosdhla hloubka jdmy bezpecné az -14,5 m, a to bez jakékoliv
podpory. Jizni kotevni blok je navrZen jako masivni betonovd konstrukce ve tvaru kytary, slouZi jako kotevni blok a
zéklad pro jizni pilif a pro pilif bocniho pole. Zeminy byly tvoreny vrstvami pisku a Stérku a tento typ zaloZeni byl
resenim, jak kontrolovat rozdilné seddni konstrukce.

{ Dry dock and reclamation
— Caisson towing from dry dock
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CABLE SPINNING
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Photo: Fatih Zeybek



Photos: Fatih Zeybek
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Last deck segment. Credits: Gia Jilani
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Official Ceremony on the deck closure, 21 April 2016. Credits: Fatih Zeybek

Completed deck. Credits: Gia Jilani
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Fully bonded waterproofing system applied as a spray at 2mm in one coat.

A cold spray applied high performance waterproofing membrane is applied to the bridge deck. The system is based on
proprietary polymer resin technology, mixed with methacrylate monomers to produce an acrylic resin system for the
protection of concrete and steel structures from the corrosive effects of water and chloride ions. It provides a tough, flexible
seamless membrane. To meter, mix and apply the product, airless spray equipment was used. The system can be amended to
accommodate both high and low ambient temperatures without any detriment to the performance. On Osman Gazi Bridge
over 5000m2/day of full system was successfully applied.

Na mostovku je postfikem za studena nanesena vysoce ucinnd hydroizolaéni membrdna. Systém je zaloZen na technologiich
polymerovych pryskyric smichanych s metakryldtovymi monomery. Takto vytvoreny systém akryldtovych pryskyric slouzi pro
ochranu betonovych a ocelovych konstrukci proti uc¢inkim koroze a chloridovych iontd. Vytvari pruznou, odolnou bezesSvou
membrdnu. Pro ddvkovani, michdni a aplikaci bylo pouZito postrikovaci zarizeni. Systém mdiZe byt prizplsoben jak vysokym,
tak nizkym teplotdm beze zmény jeho ucinnosti. Na Osman Gazi Bridge byla piné osetfena plocha 5 000 m2 za den.

Photos: Stirling Lloyd Polychem Ltd.
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E&E CONGRESS 2016 PRAGUE

1-3 June 2016 - Prague Congress Centre
Organised by EAPA & Eurobitume

“Investing in our greatest asset”

DESTINATION * PRAGUE

EURASPHALT & EUROBITUME

The Eurasphalt and Eurobitume (E&E) congress is a unique
event organised every four years since 1996 by the
European bitumen and asphalt industry in a well-known
European city.

The congress aims to raise the awareness across a wide scope of
the industry about key drivers in the market environment, to
share best practices and technology, and also to respond with
solutions to future challenges. This successful platform allows
the bitumen and asphalt industry to work together and respond
to these challenges identified by showcasing how they are
contributing with solutions through their extensive network of
experts and professionals.

Congress Centre in Prague

Fatih Zeybek, Izmit Bay Suspension Bridge Project Manager at
OTOYOL / NOMAYG, had a presentation at Session 6B ,Smart
management of road infrastructure” focusing mainly on:

e Financing of the Gebze-lzmir Motorway Project which is one
of the largest infrastructure projects in Turkey

e Suspension Bridge — 4th longest in the world — Osman Gazi
Bridge (Izmit Bay Suspension Bridge)

Importance of Bridge

K2 Kmi13+268;
S/

th Eyrasphalt
Eurobitume
ongress

The distance between K1-K2 intersections around Izmit bay is 90 km and it takes
around 1 hr and 20 minutes. The Ferry passage is around 50-60 minutes.

2/2016

Kongres Eurasphalt & Eurobitumen (E&E) je vyznamna
akce, ktera se jiz od roku 1996 kona jednou za Ctyfi roky v
nékterém z evropskych mést a jejimz organizatorem jsou

vyrobci asfaltu a asfaltovych smési.
E&E kongres slouzi jako Siroka platforma pro vyménu nazord a
poznatkd tykajicich se celé rady nejriznéjsich témat, jako jsou
napfiklad otazky trhu, nejlepsi postupy a technologie ¢i feseni
zameérena na budouci rozvoj. Kongres nabizi mimoradnou
prilezitost pro spolupraci v ramci daného oboru a
prostrednictvim rozsahlé sité odbornikd i ostatnich profesionald
se snazi pfispét k hledani novych a zajimavych feseni.

| Otoyol Yatirim ve igletme A.S.

OTOYOL Stand with Izmit Bay Bridge presentation

Fatih Zeybek, manaZer projektu realizace visutého mostu
Osmana Gaziho (Izmit Bay) z OTOYOL / NOMAYG, se pfi své

prezentaci zaméfil zejména na:

e Financovani dalnice Gebze-lzmir, co? je jeden z nejvétsich
infrastrukturnich projektd v Turecku
e Visuty most Osman Gazi Bridge — Ctvrty nejdelsi na svété

Fatih Zeybek

at E&E Congress
in Prague
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gg Wroctaw University of Technology 5 RC"I

Faculty of Civil Engineering - October 5-7, 2016, Wroctaw, Poland

8" International Conference on Arch Bridges

ARCH 2016

October 5-7, 2016, Wroctaw, Poland

On behalf of the Organizing Committee we have a great pleasure to inform you that Wroctaw University of Technology
is organizing the 8" International Conference on Arch Bridges (ARCH 2016), which will take place in Wroctaw, Poland,
on 5" - 7" October, 2016 with the general topic: “Arch Bridges in Culture”.

The main idea of the cyclic ARCH conference is the international meeting of scientists, experts, designers, contractors
and all those who are interested in problems of arch bridge structures aimed at effective exchange of experiences and

dissemination of specialist knowledge and information in this field.

We are pleased to invite you!

Jan Bien Jan Biliszczuk Pawet Hawryszkow Tomasz Kaminski
Chairman of the Scientific ~ Chairman of the Organizing Co-Chairman of the Co-Chairman of the
Committee Committee Organizing Committee Organizing Committee

ARCH 2016 Secretariat

IABSE Wroctaw University of Technology
FoLisH eRouP 27 Wybrzeze Wyspianskiego St.
Wroctaw 50-370, Poland

7') DOLNOSLASKA Tel: +48 71 320 45 40, 48 71 320 45 62
pHPEESNE Fax: +48 71 320 35 45

Generalna Dyrekcja . il
o Drég Krajowych i Autostrad INZYNIEROW Email: arch16@pwr.edu.pl
CONMITTEE FOR CNIL ENGIVEERING BUDOWNICTWA www.arch 16.pWr.Wr0C.p|


mailto:arch16@pwr.edu.pl
http://www.arch16.pwr.wroc.pl

Interactive reviewed English-Czech quarterly magazine about bridges.

We welcome papers on arch bridges for our December issue.
Please contact us.

WE ARE HAPPY TO PROVIDE MEDIA PATRONAGE

‘T 8" International Conference ]|\ 2016
. . on Arch Bridges o
Wroctaw University of Technology 'QC”

Faculty of Civil Engineering October 5-7, 2016, Wroctaw, Poland
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Inzerce / Advertisement

vesele mosty

dievéna stavebnice,
14 skute¢nych modelii

Mate moznost shlédnout stavebnici, jejiz jednotlivé dily lze pomérné snadno sestavit
do celkem 14 modelii typové odlisnych mostnich konstrukci, které vérné napodobuji redlné
mosty vcetné jejich zakladniho statického piisobeni. Stavebnice tak miiZe slouZit nejen
jako hracka, ale také jako vyukova pomiicka, nebot na jednotlivych typech mostii mohou byt
velmi jednoduse vysvétleny a pochopeny zdkladni statické a dynamické principy jednotlivych
typii konstrukci.

Stavebnice je také vhodnou pomiickou pro rozvoj kreativniho konstrukcniho mysleni, nebot
Jjednotlivé prvky stavebnice umozZiuji sestaveni také dalSich variant konstrukci dle fantazie
deti i dospélych, pricemz uspésné sestaveni nosného systému bez dodatecnych podpor (prvkii,
které nejsou soucasti stavebnice) rozviji statické mysleni.

Sestaveni jednotlivych modelit mostii navic neklade zZddné pocatecni vysoké pozZadavky
na odborné znalosti jejich ,, konstruktérii™, nebot' nespravné pochopeni principii chovani
konstrukce a tedy nespravné seskladani jednotlivych prvkii se na modelu okamzité projevi
viditelnou nefunkcnosti konstrukce. I metodou ,,pokusit a omylu“ tak Ize jednoduse usoudit,
které reseni je sprdavné a proc.

Konstrukce a design stavebnice jsou chranény CZ uzitnym vzorem ¢. 24734 a CZ
prumyslovymi vzory ¢. 35354 a ¢. 35350. Pro vice informaci navstivte Www.veselemosty.cz

oo (?»‘.’f//m///ﬂ.

e

=
E'%‘Wﬁ
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Inzerce / Advertisement

funny bridges

wooden construction set,
14 models of real bridges

We would like to present to you a box of construction set whose individual parts can be easily
assembled into 14 different models; each model contains different bridge construction. These
models represent faithful replicas of real bridges including their basic statics. The
construction set may therefore serve as a toy as well as a teaching aid, since the individual
types of bridges may provide a simple illustration of elementary static and dynamic principles
of the different types of constructions.

The construction set is also a suitable aid for development of creative construction thinking,
as the individual parts of the set allow for assembling of many other different types of
construction, depending on the imagination of children and adults as well. In addition to that,
successful assembly of the support system without further supportive elements (that are not
part of the set) develops static thinking.

Assembling individual models of bridges does not place any high initial demands on the
expertise of their “constructors” - inaccurate understanding of the construction principles, in
other words the incorrect assembly of individual components, immediately becomes apparent
in visible malfunction of the construction. Even applying “trial-and-error method” will
ultimately determine which solution is the correct one and why.

The set is based on real principles of bridge engineering. The construction and design of the
set are protected by Czech utility model number 24734 and by Czech industrial models
number 35354 and 35350. Please go to www.veselemosty.cz for more information.
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Spole¢nost PROF-ENG, s. 1. 0. je specializovana jazykova a prekladatelska
agentura v oblasti anglického jazyka, ktera nabizi vysoce kvalitni sluzby pro
obory pravo a stavebnictvi, se specializaci zejména na mostni stavitelstvi,
zaklddani staveb, vodohospodafské stavby a souvisejici obory.

V oblasti pravnich pfeklad( se zaméfuje na pfeklady smluv, memorand, ob-
chodni korespondence atd.

Vice informaci o spolec¢nosti a sluzbach, které nabizi, reference a dalsi infor-
mace naleznete na strankach www.professional-english.cz.

-~ professional-english.cz

The company PROF-ENG, s. r. 0. is a specialised language and translational
agency in Czech and English languages that offers its high quality services in
the fields of law and civil engineering, especially bridge engineering, founda-
tion of structures, water engineering and related fields.

In the field of law the company offers translations of contracts, memoranda,
commercial correspondence etc.

More information about the company and services it offers, references and
other information you can find on www.professional-english.cz
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e-mosty 3/2016: Santiago Calatrava. Bridges.

It will be released on 20 September

MARGARET MC DERMOTT BRIDGE, DALLAS, USA (left)
MARGARET HUNT HILL BRIDGE, DALLAS USA (right)

BRIDGE OF STRINGS, JERUSALEM, ISRAEL
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SHARQ CROSSING, DOHA, QATAR

Cultural City Bridge

West Bay Bridge

Al Sharq Bridge

To make this issue more complex and show more bridges, we welcome cooperation with you who have
participated in detailed design and construction of other Mr Santiago Calatrava’s bridges. We would
appreciate more detailed structural and construction information, drawings, pictures etc.

Please contact us: redakce@e-mosty.cz

We have already collected some information, in cooperation with Santiago Calatrava LLC, the City of Dallas, Dallas Horseshoe
Project etc. - mainly about the bridges above.
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Osman Gazi Bridge
(Izmit Bay Bridge)




