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1.ABSTRACT

H I'épupa tov Zelyn Zawt o cuvdésetl 1o vnoi Tov Aumod NTAUTL PE TNV NAEPOTIKN YOPOL Kol
amotelel pion TPOKANGN Y10 TOLG UNYOVIKOVS KOl TOVG KOTOOKEVAOTEG. To oyfuo TV Kupimg
Babpwv mov amotelovvtar amd LoEovg TPOoPOAOVE TOL KOUTVAMVOVTIOL Kol 6TIS dV0 d1EVOVIVGELS
pog T BdAacca Kot to petohkd To&o mov Tpocsapudloviat oto PaBpa kot ekteivoviat o€ Hyyog
60u divouv pia ewdva G dvoKoAidg Kot TePmAOKOTNTAG TOL £pyov. Me v peletntpla
aPYLTEKTOVIGN ZAyo. XaVTivt Tov TPOosTadel Vo OMEIKOVIGEL TOVG AGCVUETPOVS OUUOAOPOVS TG
EPNUOV TOV HETOPLAAOVTOL OKOVOVIOTO LLE TOV XPOVO KOL TOV GVELLO GTN YEPLPO, Ol UNYOVIKOTL Y10l
AN e @opd Bo Kavouv o GOAANYN TPOYLOTIKOTITA.

2. INTRODUCTION

While neighboring Dubai has its share of internagity recognized landmarks, from Burj al
Arab hotel to the new Palm Island development, Binabi has so far taken a more measured
approach to its infrastructure development.

Fig.1 Overall view of the bridge with lighting concept
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But in a couple of years’ time, visitors to theaistl will drive across a dramatic new bridge that
is intended to provide a gateway to the city, biefitits status as capital of the Emirates. The
bridge concept which was designed by architect Zdhdid, was inspired by the shape of
shifting sand dunes. But the asymmetric arch shiagieare intended to mimic the dunes have
provided many challenges for engineer in termsothi lolesign and construction.

3. PROJECT DESCRIPTION

The main bridge has a total length of 850m comggstif 11 spans. The main span is a mere
150m in length, but size is not everything on thisject. Making the sculptural, asymmetrical
shape viable from a structural point of view, andding and erecting the bridge have provided
challenges equal to those of some of the world'gelst structures. The foundations are huge;
The ‘arch’ shape do not act as arches, they amarasyrical and curve in all direction; right-
angle are nowhere to be found in the cross-sedfotihe piers; these are just a few of the
difficulties that the engineers have had to overeom

Fig.2 Construction of the central pier

The main bridge is a prestressed, concrete celhdarwith large crossbeams that link the two
carriageways. The arches above the deck leveltast Boxes, and have large cable hangers
which help to support the concrete deck. The bridge two carriageways, each with four
3.65m-wide traffic lanes, two 3m-wide emergencyelmmand a 1.5m-wide emergency walkways
on the outer edgat the west end of the bridge, on the island, thie structures consist of three
spans of 60m each, supported on concrete piersnoh The west main pier, also built on land, is
the one from which the first arch takes off; thisrpconsists of vertical element on which the
deck will be supported, and an inclined elementifag the ‘springing’ to which the steel arch is
connected. Two piers have been built in the watelhuge cofferdams, to form the supports for
the main span. The two arches from the west pin leut on either side of the road before
swinging back in to the next pier, dubbed the naapier. Through the central and eastern spans,
the arches rise between the two decks; to a hefg2m on the central span.
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The whole of the bridge is founded on large diambtzed piles, adding up to a total length of
16.7km of piles, most of which are 1.5m in diamefgpproximately 5,000t of sheet piles was
required to build the cofferdams for the piers, andther 13,000t of structural steel was needed
for the temporary works.

Fig.3 Construction of the deck using box girders and pipes

Extensive false work is being used for constructbbnthe deck, which is being cast insitu, and
also for supporting the formwork for the inclinedsles of the arches. The temporary works for
erecting the steel sections of the arches are sguoficant. By contrast the permanent works
required only 12,000t of structural steel, althoulgl bridge also needs 40,000t of reinforcing
steel and 5,000t of progressing steel. A total5gf,200n1 of concrete was also required.

4. ANALYSIS

The consultant carried out a step by step analgsiscommend sequencing of pouring concrete,
stressing tendons and releasing of shutteringhéalcthe design of the temporary works; to set
geometry to allow for elastic shortening, creepiritage and temporary works flexibility, based
on the actual time-frame of construction events] &m recommend heat control measures.
Arches, piles and temporary works were modeledhénAdina program as beam elements, pile
caps were modeled as grillages, the top and bdtorges of deck box girders as shell elements,
and all other parts as solid elements, with seveolils comprising any cross-section. This
resulted in a model with 51,000 elements, 164,08fea and 594,000 degrees of freedom. The
computer needed 6GB of RAM. Some 3,300 post-temrggaiendons were totally modeled
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5. TEMPORARY WORKSAND ERECTION

The piling and pilecaps for the marine piers weomstructed inside huge, double-walled
cofferdams. Pours of up to 3,500mere typical for pile caps, which had to be poliredtages.
Falsework consists of tubular steel columns suppgptongitudinal girders on which transverse
formwork trusses are placed. Screw jacks belowctiiamns will allow the formwork to be
released after casting.

Fig.4 Falsework system for the construction of the piers

The twin decks are multi-celled, prestressed cdadvex girders with cantilevered ‘fins’ along
each outer edge, featuring an open soffit which bel used to accommodate special lighting.
Complex falsework systems has been developed tposughe pier formwork. Tubular steel
columns are the mainstay of the modular systeny déine of 3m and 6m heights, with make-up
sections and these are arranged on a plan grigbwfatly 5m by 6m, all supported directly on
piles.

Fig.5 Temporary support towers for the erection of the arch segments
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On top of the columns is a system of primary beamgped by secondary beams which run

longitudinally. Additional stools are used to make the differences in height for the curved,

inclined pier shape. Flexible formwork panels ased) which can be warped by the use of
props, in order to form the curved surfaces requif@n the steeper parts of the piers and arch
bases, top formwork is also required.

Erection of the steel sections is expected to eajrthe most challenging parts of the project.
Not only are the sections significantly heavy, tely have to be lifted up to 60m high, aligned
with the twisting, curvy arches, and welded intagal under these tricky conditions. Specialist
subcontractor in supplying the strand jacking eougpt that will be used for the erection
process. A system of temporary towers will be bartbund each arch location, incorporating
crane beams topped with strand jacks, to lift #iens from the barges. These sections will be
up to 670t in weight, making the lifting processlmllenging operation even if size were the
only factor. There are 22 separate pieces whichhaVe to be raised between 30m and 60m
above the sea level, and connected by butt welding.

6.SEISMIC DESIGN

Seismic protection requirement on the structureseyeificant, and the system has been designed
to provide this protection includes viscous damped fuse links with particularly high
capacities. The bridge is required to withstandra@ events with ground accelerations in the
order of 0.25g. This will be provided through theewf fuse restraints, viscous dampers and
elastic restrainers acting in parallel to limit tHeck movement and associated forces, while
dissipating seismic energy. The fuse restraintsdasggned as rigid links that can withstand
lateral loads and minor earthquakes up to a predeted force. Under a specified earthquake,
the fuse links are designed to fail, leaving thenper elastic restrainers free to provide an
optimum structure period shift and the associatengy dissipation that is required.

Fig.6 Cad model for the arch stiffener plates and hangers

These are characterized by their load capacitwailoads ranging from 2,950kN to 18,580kN

depending on where they are located on the stricilinese are believed to be amongst the
largest in the world. Likewise, the viscous dampease a load capacity range of between
3,350kN and 5,100kN exceeding the usual standarthi®type of element.
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7.CONCLUSIONS

For the construction of Sheikh Zayed bridge, skesl been the predominant material for all the
formwork and falsework structures, taking advantageits geometrical and re-usability
capacities as well as material properties. Ereatioheavy lifting structures (600t) over the sea
has proved a very challenging task with the stdespembedded on the rock layer providing
adequate stiffness with the use of X- bracingseisitve use of box girders with longitudinal and
transverse stiffeners can provide solutions forviiddaads on large spans over the sea, or to
maintain access of the trucks below the falsewgskesn. Finally, construction analysis with the
appropriate software and modeling the stiffnesthefpouring stages in mass concrete structures
is a tool to provide economy and safety to the suppy structures.
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