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THEME C

Influence of Construction Techniques on Concrete Bridges
Influences des techniques de construction sur les ponts en béton

Einfluss der Baumethoden auf die Betonbriicken
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Long Span Concrete Bridges: Influence of Construction Techniques

Ponts en béton de grande portée:
influence des techniques de construction

Betonbrlicken mit grosser Spannweite: Einfluss der Bautechnik
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SUMMARY

For more than 25 years, the construction of large bridges has been marked by the association
of intensive pre-fabrication of box-girders in match-cast sections, and by the cantilever assem-
bly of these segments using powerful movable launching gantries. Associated with modern,
well-designed external prestressing, this technique is extremely successful nowadays due to
the quality and reliability of the structures obtained. In parallel with this, cable-stayed bridges
are spanning gaps that are wider and wider, and it is essential for a modern bridge designer to
completely master all of these different possibilities.

RESUME

Depuis plus de 25 ans, |"éxécution des grands ponts est marquée par |'association d‘une pré-
fabrication intensive des poutres caissons par trongons conjugués les uns aux autres et d'une
mise en place de ces éléments en encorbellement & I'aide de portiques de pose autodépla-
cables et puissants. Associée & une précontrainte extérieure moderne et bien concue, cette
technique connait aujourd hui un essor considérable lié a la qualité et a la fiabilité des structures
ainsi construites. Parallelement les ponts a haubans franchissent des breches de plus en plus
grandes et le concepteur d'aujourd’hui se doit de maitriser parfaitement toutes ces possibilités.

ZUSAMMENFASSUNG

Seit iber 25 Jahren werden bei grossen Brucken die vorgefertigten Trdgersegmente aneiander-
liegender Abschnitte von leistungsstarken, selbstfahrenden Montagebuhnen zusammenge-
fugt. In Verbindung mit einer modernen und gut konzipierten dusseren Vorspannung ist diese
Technik heute aufgrund der Qualitatund der Zuverlassigkeit der hiermit erstellten Bauwerke weit
verbreitet. Parallel hierzu Gberqueren Schragseilbriicken immer gréssere Taler und der heutige
Briickenbauer muss alle diese Bauweisen einwandfrei beherrschen.
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Large civil Engineering structures have always been designed taking into account a certain number
of parameters of which the following are the most usual ; geographical location ; available
materials ; known and practicable construction methods and most probably economic and esthetic
considerations.

During the last century a number of new materials were created, steel and concrete replacing wood
and stone and traditional construction methods have been improved.

Structures and forms have been simultaneously adapted to the evolution of resistant materials and
the imagination of construction Engineers.

Developed at the beginning of the century, the idea of prestressing, which is generally considered
to be the most homogeneous and fruitful construction technique ever imagined, is today
undergoing a spectacular regeneration responsible for renewing our present knowledge and perhaps
our way of thinking.

However, if reinforced and prestressed box-glrder beams of variable depth were rapidly adopted
for balanced cantilever construction, which remains the most adapted construction method for
large spans, PREFABRICATION OF SEGMENTS will be first mentioned because of the considerable
advantages it brings to this construction method.

Whilst forms and structures were based on the engineer’'s knowhow it is becoming apparent that
the best construction method is also that which is the most suited to the structure to be built, to the
chosen architecture and the best technological solutions.
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A structure made of an high strengh concrete arch supporting a composite deck

It is quite obvious that this trend is justified by the search for quality and perfection in construction
methods, which become easier, safer and quicker.

This lead to the development of new construction methods and span by span, or segment by
segment, progressive construction were considerably improved since 1980 in France and the
United States.

As a result of this the cost of equipment and labour per square metre of bridge deck is less and
less and in any case lower than the corresponding cost of raw materials.

In spite of this the quality and lightness of the structures thus built are also responsible for the huge
success of all the structures constructed in this way and numerous examples shows clearly how
interaction between construction technology and design is rather an advantage than a problem to be
solved more or less elegantly by engineers.

We will see that structural lightness and geometrical simplicity are the result of the on-going
research for increased competitiveness and must be associated with the use of EXTERNAL
PRESTRESSING which has the great advantage of obeying clear and precise design rules.

External prestressing of concrete presents, for Civil Engineering structures, practical and
theoretical advantages which have lead during the past few years to large constructions in all fields
where traditional prestressing allowed a fruitful development of structural methods and techniques.
It has been opening up new horizons for some time now, with the appearance of 3-dimensional
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concrete frames, composite steel-concrete structures built with the aim of bringing together
lightweight properties and efficiency.

Experience now acquired allows a rigourous explanation of the basic properties of simple and well-
balanced cable layouts in external prestressing, as well as the quality of structures built in this
way.

Research carried out in this field has allowed the optimization of the design of incrementally
launched bridges.

In an other way, as they are extending considerably the competitive span range of concrete
bridges, concrete CABLE STAYED BRIDGES will be finally presented as a powerful concept.

Directly derived from the idea of prestressing in the field of segmental cantilever construction,
concrete decks uniformly supported by inclined cable stays can be indeed erected easily with the
today's technology.

The stay forces generate a normal force in the concrete wich is the best material to resist
compressive forces and then the right material to the right place.

1. PREFABRICATION

The construction of bridges has, for nearly 30 years, been marked by the association of two major
concepts : combined PREFABRICATION of single or multicell box girders in short sections
(segments) and the CANTILEVER ASSEMBLY of these prefabricated elements across the bridge
supports using mobile launching gantries.

This method of construction has been in constant evolution, since the OLERON viaduct was built
between 1964 and 1966, and is often used for the construction of large bridges with fairly wide
and variable spans.

BALANCED CANTILEVER CONSTRUCTION USING A LAUNCHING GIRDER has now been
technologically mastered, and is perfectly adapted to bridges located on difficult sites where work
is difficult. It enables the quality and reliability of support structures to be improved under
interesting economic conditions. It can be used to build bridges of varying widths, whatever their
horizontal and vertical alignment.

1.1. Principle of manufacturing bridge segments

Although the traditional prefabrication of precast prestressed concrete girders has never really been
a practical problem, due to the fact that the prefabricated girders could be concreted then installed
individually, the same cannot be said for box girders cut up into segments.

In the first bridges constructed with short elements, (bridges over the Marne), the major problem
(final assembly) was partially solved by Freyssinet, who joined the segments with mortar during
the construction process.

These mortar joints, and the resulting constraints, remained an obstacie which prevented the
method from developing for a long time.

It was necessary to produce extremely thin joints. The idea was simple, but putting it into practice
was another matter :

- The joints between segments were liable to become the weak points of the construction, the
stresses could be unevenly shared and water may seep through and attack the cables, all this had to
be avoided.

~ The continuity of the material had to be restored in the most perfect manner, after prestressing
the deck.

1.1.1. Segment matching

Segments cast in series against each other in the same order as they will be assembled, after
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coating of mating faces with epoxy, was to be the only satisfactory solution.
During  prefabrication, the

segments are CONJUGATED such

as the joints are perfectly CONJUGATE UNIT
matched, the face of a completed GUANK-BND
segment being used as a

formwork for the new segment

to be cast.

Correct positioning of the

segments with respect to each

TO STORAGE

other (centring) is obtained by {1

means of a multiple key system CPES

on the mating faces. o R R e

1.1.2. Equipment used t

The prefabrication installations FABRICATION OF SEGMENTS -
used can be organised very Steps used in precasting operation

differently, depending  on

the available area on the site or on the type of segments to be produced. These installations
usually consist of concrete casting units {cells) used to prefabricate standard segments only, plus
one concrete casting unit used to produce pier or abutment segments.

1.1.3. Application of epoxy glue

This description of the principle used to produce the segments would be imcomplete if no mention
were made of the way in which the continuity of the deck is restored, when the different segments
are assembled together.
Match-cast joints allow to obtain an excellent degree of geometrical precision, but the result is
even more satisfactory if a film of glue is applied when the segments are assembled together.
Used in this way, the epoxy glue has four functions :
- During construction, before hardening :
. it lubricates the contact surfaces when the segments are assembled, whilst the keys temporarily
absorb the shear forces,
. it compensates minor imperfections in the combined surfaces.
- When the bridge is finished, after hardening :
. it constitutes a waterproof seal in the joints, particulary under the road surfaces,
. it plays a part in the strength of the structure, by transmitting the compression and shear
stresses through the joints.
The multiple keys spread out over the mating surfaces of the segments are nevertheless capable, on
their own, of providing the resistance of the deck to the extreme shear stresses in each joint, when
the bridge is opened to traffic.

1,2, Construction using a launching girder

The construction of bridges by successive cantilever progression from the supports is a very
ancient technique, that has been put into practice with all the materials used and developed
throughout the history of mankind.

The original idea of this method was furthermore simple and natural, since it consisted in taking
advantage of the decreasing gap as the bridge progressed.

The method has been taken up again, and developed, since the invention of reinforced and pre-
stressed concrete. The traditional method consists in casting bridge decks in successive
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symmetrical sections on either side of the piers, supporting the formwork on the part of the bridge
that is already built and resistant.

This method was used to build a great number of bridges, but it only started to be widely used
between 1950 and 1960 ; nowadays, it is used to construct very long span bridges, including cable-
stayed structures.

However, the construction of bridges by successive cantilever progression, and casting the
segments directly in position, does have its disadvantages which clearly limit its area of use :

. The concrete has to be stressed before it has had time to reach certain age,

. The method involves many delicate operations when the piers are difficult to reach.

The concept of prefabrication, applied to box girders, has solved all these problems through the
design of a fast and practical system for installing the prefabricated segments.

1.2.1. Principle used to install the segments

The first bridge to be built by successive cantilever progression, using prefabricated segments
(Choisy-Le-Roi bridge), was constructed using a high capacity floating crane which carried and
installed the segments symmetrically on either side of the piers (according to the standard
principle).

The most efficient method, however, is to install the prefabricated segments using a steel girder
launched over the deck part to be built.

This process, which was used for the first time in the construction of the Oléron viaduct, now
makes it possible to take advantage of the high production rate of the segments, since the rate of
installation of the prefabricated segments can be as high as their production rate.

The method basically consists in installing a steel girder with two legs (one in the centre and one at
the rear), the length of which is somewhat greater than the maximum bridge span, on the first
segment of the new symetrical deck cantilever to be constructed, and on the end of the deck that
has already been built.

The girder is equipped with a trolley, which runs on the lower chords of the girder, enabling the
successive segments to be installed.

Due to the static configuration of this type of girder, the segments necessary for the construction of
the deck can be supplied over the bridge itself, which explains the power and success of the
process - a very large number of bridges have been built in this way, both in FRANCE and
ABROAD. |
Movable launching gantries used are normally designed specifically for the bridges they are to be
used on. They can be designed to install segments of 130 t. with spans of 120 m.

They consist of a steel truss girder, built-in two tunnel legs which provide the opening for the
segments to pass through,

For large spans, the main girder is reinforced by a cable suspension system spread out over the
upper chords.

The central leg and rear leg are supported on steel beams, which enable the necessary adjustments
to be made according to the curve and inclination of the deck : a temporary front leg enables the
first segments of each double cantilever to be installed.

1.2.2. Operational stages of the construction

The part of the end span, which usually completes the first symetrical cantilever in order to
correctly balance the moments in the final bridge, is placed on a system of temporary supports
(multiple bents - scaffolding).

The installation gantry is then placed on the access ramp behind the abutment, and the precast
segments are successively installed outwards from the abutment. They are assembled together,
after gluing the joints, and secured by a temporary pre-stressing system.

When this initial phase has been completed, the launching gantry is moved onto the part of the
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deck that has been constructed, so that the troliey can install the segments on the first pier, which
will be used as a support for an auxiliary tower for the first launch of the gantry.

When the launch has been completed,
and the central leg is supported on the
centre-line of the first pier, the
construction  proceeds  with  the ;
installation of the segments which ITITITTIT T I
constitute the first symetrical cantilever. i
At the end of this second phase, the two
parts of the deck, constructed entirely
independently, are connected together by
casting a concrete joint between them
and, the next day, by tensioning the
prestressing cables passing through the
deck.

The launching gantry can then be moved
again to the end of the cantilever that has
just been completed, in a position which
enables the installation of the segments
on the following pier ; it is then launched
for the construction of corresponding
balanced deck cantilever, which is
subsequently joined to the part of the
deck that has already been constructed.
These steps are then repeated until the
gantry has completely crossed the gap to
be bridged. LAUNCHING GIRDER - Operational stages
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1.3, Advantages of prefabrication and construction using a launching girder

The advantages of prefabrication are noticeable in all fields where reinforced and pre-stressed
concrete play an important part.

To begin with, concrete which is produced on solid ground, on a site that can be set up as
efficiently as necessary, is normally of better quality than concrete which is cast direclty on site. It
is more homogeneous, stronger, of a better colour, and its edges are sharper.

Secondly, prefabrication means that segments can be produced well before being fitted to the
bridge structure, i.e., well before being prestressed. The concrete will therefore be older than
concrete which is cast directly on-site, when the cables are tensioned for the first time. This means
that there will be less creep and less residual shrinkage : the various distortions will be reduced.
Finally, the construction time of the bridge deck is greatly reduced, since it no longer depends on
concrete hardening times. Provided that there is enough room to store the segments produced, the
construction time will depend only on the transport, installation, adjustment and prestressing of the
segments.

Construction by successive cantilever assembly, using a movable launching gantry, enables the
deck to be built without the need for any intermediate support. Furthermore, the bridge under
construction is itself used to supply the facilities needed for its own construction : personnel,
segments, jacks, prestressing cables.

This process therfore makes it possible to span rivers, railway lines and roads without affecting
their normal operation. It enables congested areas to be spanned without any difficulty. It makes it
possible to build curved bridges of varying widths with a great degree of flexibility.
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The major disadvantage of construction by successive cantilever assembly of prestressed reinforced
concrete bridges, i.e. creep, cannot be totally eliminated, but the fact that there is no overloading
of the box sections at the ends of the consoles during assembly of the cantilevers, the speedy
execution, plus the undeniable advantages of prefabrication, all widely contribute to reducing the
effects of creep.

With the use of high-performance steels, and the concept of stay-cables, the equipment used has
reached a stage of perfection which tends to limit future progress.

For very large bridges, the performances of the method can nevertheless still be improved by
producing girders of a length which is longer than two consecutive spans ; this would mean that
the girder would, after a single displacement, be able to install the standard segments of the double
cantilever under erection and the pier segments of the next one to be constructed.

1.4. Tendon layout

The principle of the longitudinal prestressing in a bridge erected by successive balanced
cantilever construction is therefore particularly simple, since it necessary comprises two types of
tendons :

. The cantilever tendons, which ensure the final assembly of all the segments as they are installed

. The continuity tendons, which rigidly integrate the successive double deck cantilevers in order to
produce the final bridge.

This principle makes it possible to modulate the prestressing, and adapt it remarkably well to the
stresses generated in the bridge during its construction, to the cutting up into short sections
(segments), and to the final stresses involved. Furthermore, it is this technique that has contributed
to the success of the process in the field of prestressed concrete bridges.

Although very economical, these standard dispositions do have certain disadvantages, which affect
the quality of the prestressing :

. The prestressing tendons are too much deviated,

. The anchorages located in the webs are impractical,

. The anchor concrete blocks inside the box girders cause considerable local deviations.

2. EXTERNAL PRESTRESSING

The research carried out has shown that the idea of external prestressing is not new. Several
bridges were built in France with tendons outside the concrete as early as 1950.

Unfortunately the technology employed in these structures was umpractical and unreliable, as can
be judged by the state of the tendons at the present time.

More than 20 years had gone by before this simple idea was brought back into use, because of the
repeated experience with :

- Temporary prestressing (cantilever stability, blocking pin joints, incremental launching...)
outside the concrete because it was more adaptable and less expensive,

- Repair and reinforcement of existing structures because it was the only solution,

and definitely adopted in large prestressed structures.

2.1 Practical advantages of external prestressing

Henceforth, the elimination of tendons which were habitually located inside the concrete (at
gussets or spread out in the webs) constitues a large improvement in the quality of the structure. It
also opens up new horizons for geometry and materials and presents many advantages :

Better concreting conditions

Threading and tensioning problems eliminated

Suppression of discontinuities in tendon profile

Supression of injection tubes in the top slab
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Ease of visual and eventually mechanical checking of the prestressing
Possibility of cable replacement or addition
Large independance between the structure and its prestressing

2.2, The theoretical advantages of external prestressing

External prestressing improves, therefore, the general quality of prestressed structures ; these
advantages are well attuned to the present day trends towards safety, elimination of defects and the
option of easy and permanent checking.

Nevertheless safety and durability are also the result of the perfect operation of the structures
designed and the contribution to this made by the modern technology of external prestressing is
considerable.

2.2.1 Elimination of ducts embedded in the concrete

Generally speaking, the elimination of ducts in the concrete reduces the risk of local weakening of
the cross-section at locations where concreting is critical and where forces such as transverse
bending moments, general and local shear inevitably accumulate.

The suppression of "holes" corresponding to the duct passage along a section throughout the web
height puts aside any controversy about web resistance to shear forces.

In the absence of such voids during construction and of the heterogenious state (tendon + grout +
duct) in service it is certain that the compression paths are not deviated and consequently do not
become fragile.

In other words, in all important cross-sectional zones (gussets, webs, slabs) external prestressing
improves the structural resistance to all the forces applied to it and with less materials.

2.2.2. Tendon profile simplicity

External prestressing tendons present the advantage of being less deviated. The tendon profile is
simple and easy to respect. It

has many straight sections

for which friction coefficients

are inexistant because duct

wobble is impossible. Recent

technological  developments

eliminate  the risk of

alignment errors in deviation

saddles and anchorage

blisters. The  curvature =
friction coefficient, which

depends closely upon the

technology employed, can be

much lower than that

normally used for the

calculation of friction losses

and the final prestressing

forces in external prestressing

tendons are much higher than |
those obtained in classical

internal prestressing tendons. ARCINS BRIDGE - The pair of pier segments after final placement

2.2.3. Anchorages
Here again, the profile simplicity, which is the result of geometrical and physical analysis, leads to
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a concentration of anchorages in the diaphragms normally provided at piers and abutments. These
diaphragms are naturally massive and clearly adapted to receive the large forces applied by the
anchorages.

This disposition is one of the most important advantages of external prestressing (in spite of its
apparent discretion) because it eliminates the anchorages spread out along the total length of the
structure which are at the origin of high local tensile and shear stresses in areas where the general
forces are not sufficient to provide the required resistance (continuity cables in the bottom slab for
example).

2.2.4, Structural lightness

The logical consequence of the advantages cited above and therefore of the use of external
prestressing is the dead weight saving. For equal structural resistance it is possible to reduce the
web thickness, gusset volumes and, as will be seen later, the bottom slab thickness without
weakening the cross-section.

On the contrary, the homogenious character of all the cross-sections throughout the structure is an
additional advantage.

The load reduction due to lower dead weight is favourable both during service and construction.

2.2.5. Prestressing efficiency

The improved quality of the prestressing and the reduced cross-sectional area lead to an increase in
the stresses resulting from the axial prestressing force.

These factors compensate for the loss of eccentricity which can be encountered with external
prestressing and permit a better exploitation of certain construction methods at the time of
conception.

2.3. Important applications of external prestressing

It was towards the latter part of the 1970's that the first spectacular applications of external
prestressing were to be seen, combined with innovative construction methods. In the meantime,
the need for repairing and reinforcing existing structures provided the necessary experience and a
better understanding of its possibilities.

2.3.1. Structures built by segmental progressive construction

It was in the framework of structures built in such a way as to be likened to cast-in-situ structures
that the prestressing stay was developed.

Long Key Bridge (Florida -USA-) was the first modern bridge to use such a method and be
entirely equiped with external prestressing.

This entirely prefabricated structure of which no element weighed more than 60 t was built by the
span by span construction method, the segments being placed on a mobile steel truss and
assembled by prestressing before moving the truss to the next span.

This construction method eliminates all stability and resistance problems during construction
because the spans are subject to their own weight only after all the prestressing has been stressed.
The tendon layout is extremely simple.

All tendons are installed in a similar way to certain cable stays in polyethylene ducts outside the
concrete, cement grouted and anchored on either side of the pier segment.

Many other bridges of this type were built later using either the span concept or the segmental
progressive construction with temporary cable stays (Campenon Bernard - France) which lead to a
final structure with exactly the same forces and moments as the same structure constructed entirely
on formwork in one construction phase.

In all of these structures the external prestress has the remarkable advantage of being continuous in
each span, so there is no discontinuity in the prestressing forces, and the structural lightness
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(generally less than 0.50 m mean thickness) is clearly seen to be a principal characteristic of this
type of construction.

2.3.2. Balanced cantilever segmental Bridges

The structures previously mentioned comprise a tendon profile in a certain manner linked to the
construction method and not directly transposable to more traditional means, in particular balanced
cantilever construction.

However, the simplicity and absense of discontinuity of continuous exposed tendons is a seducing
factor for bridge designers and has lead to the development of better tendon profiles than was usual
in these structures.

INTERNAL CANTILEVER TENDONS :

PIER SEGMENTS DEVIATION SEGMENT
WATY JOINT
EXTERNAL PRESTRESSING CONTIN

INTERNAL CONTINUITY TENDONS

¥

_]'c 51.00 m. B

ARCINS BRIDGE - A modern tendon layout

The tendons comprise three families :

- The necessary cantilever tendons, inside the top slab gussets and almost entirely straight,

- Some continuity tendons, inside the bottom slab gussets and almost entirely straight also,

- A maximum of continuous exposed tendons, placed at the end of construction and anchored at
the abutment diaphragms,

and these tendon families are found with regularity in the structures built by the balanced
cantilever method.

2.4.3. New structures with total external prestressing

Finally, the theoritical developments achieved during the last few years lead also to the design of a
completely new type of incrementally launched bridge where the prestressing used is totally
external wether temporary or permanent.

All of these examples show how developments in technonoly and construction methods have been
integrated into the construction of economic structures.

But over and above this progress, new structures which may be the “structures of the future” are
begining to take form thanks to the new degrees of freedom found in external prestressing and
Cmore especially in the field of composite steel-concrete structures for which Campenon Bernard,
imagined a framework where the webs would be made of thin corrugated steel panels, which
would not drain axial compressive forces and which increase the efficiency of the cross-section in
combined bending and axial load, several bridges having already been built in this way.
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3. CABLE-STAYED CONCRETE BRIDGES

The rapid development of cable-stayed bridges, over the past 25 years, lead to three successive
generations of stay-supported decks depending on the choice of the geometrical configuration and
the number of the stays which are subject to a wide variety of considerations.

3.1. The first generations of cable-stayed bridges

The concrete bridges of the first type consisted of decks, with high bending stiffness and a large
amount of prestressing, supported by few stays. The cable stays were used to replace intermediate
bearings which could not be acceptable for various reasons and the statical scheme of these bridges
was similar to a continuous girder with many spans additionally prestressed by the stays. The
bridge deck carrying the main bending moments had to be very stiff and heavily prestressed. The
cable-stays generated large forces requiring massive anchorage systems.
As long as a large number of stays simplifies the anchorage and distribution of forces to the deck,
the second generation consists of concrete cable-stayed bridges with many stays resting on the
main piers at each tower (partical suspension). These bridges constitute a natural extension of
traditional concrete bridges, erected by the balanced cantilever method, since the cables providing
stability and resistance for the typical double cantilever are placed outside the concrete and simply
deviated at the towers. The deck of the bridges can be compared to a girder supported by an elastic
bearing system with moderate bending stiffness. Compared to the first generation bridges they
have the two following major advantages :

- The transmission of the concentrated forces from the stays to the deck is simplified due to

the fact that they are reduced as well as the length between suspension points and so the

bending moments in the deck.

- The replacement of the stays, in the event of an accident, can be easily insured without

interrupting the traffic because the supression of one stay involve a small change of the

distribution of forces in the structure.
Brotonne Bridge is the prototype of such bridges (1278.4 m long). World record in the domain of
prestressed concrete structures for several years and undoubtly at the origin of a great number of
very similar and large concrete cable-stayed bridges throughout the world, it consists of a cable-
stayed unit, about 640 m long, and two approach viaducts. The stayed portion of the structure
includes the main span (320 m) and two lateral spans (143.5 m) connected to the approaches. The
stays are placed in a single plane along the longitudinal axis of the bridge.
As the erection of Brotonne Bridge attracted the attention of Engineers during 3 years as an
application of the balance cantilever method to very large concrete bridges a third generation of
cable-stayed concrete bridges progressively appareared in major projects. This generation involves
new design in which the stays support the whole deck, over its entire length, since the deck does
rest on the bottom part of the towers. The performance of this type of structure is thus different
from that of a simply bent girder. In reality the deck constitutes the compression chord of a
reticulated lattice, where the stays are the tensioned diagonals and the tower the compressed strut.
As a result, the height of the deck is almost independant of the length of the main span and can be
limited, on the condition that it resists buckling and that the longitudinal deflection remain
compatible with the operating conditions.

3.2. 1 ast development in the field of cable stayed bridges

Modemn concrete cable-stayed bridges are therefore characterized by very closely spaced stays. The
spacing (several meters) corresponds to the length of one or two segments and provides a high
level of bending strength with a reasonnable deck depth (generally between 1.5 and 3.0 meters).

Nevertheless the designers can choose a lot of parameters and more especially "lateral span length-
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main span length" ration, height of pylons, number of stay planes and corresponding deck cross-
sections, with regard to the main geometrical characteristics of the site and depending on special
architectural considerations.

This is the reason why the interaction between construction problems in this field and structural
choices will be carefully taken into consideration as showned by the experience gained when the
erection of super spans will start soon :

The first one will be the Normandie Bridge, with the world's longest cable-stayed span (856 m
long), located near the English Channel port of Le Havre.

618,00 m. 856,00 m. ‘ 737,50 m.

L1 ] ey

l 2211,50 m.

NORMANDIE BRIDGE - A super span 856 m long

Designed by M. VIRLOGEUX (French Department of Tranportation) the Normandie Bridge consists
of two approach concrete viaducts extending from the abutments to the Y reverse shaped towers
and to the central steel deck of the main span trough two concrete cantilevers. Due to the reduced
depth of the box-girder selected both for aerostability reasons and limited transverse wind-induced
forces in the main span, the typical span length of the access viaducts was less than 50 meters in
the preliminary design.
It was then possible to construct easily the bridge from one abutment to the middle of the central
span, ¢ither by incremental launching or progressive segmental construction of the concrete and
steel girders without any discontinuity (excepted at the level of the transverse beam of each tower).
In addition to the fact that the main span could be secured during its construction this project offers
numerous advantages :
- The various problems of erection of the main span are greatly reduced,
- The high number of lateral piers increases the number of back stays which are distributed
in the whole rear stay system. (allowing the distribution of the top anchorages along a
highest part of the pylons) but the difference of linear weight between concrete approaches
and steel part of the main span prevent any uplift of the deck on side piers
- This multiplication and distribution of back stays along the whole structure allows for a
decreased displacement of the main span and towers more especially under loading of the
856 meters long span. On the contrary when the side spans are loaded no forces are
generated in the stays and the total range of moments consequently generated in the main
span is subsequently reduced.
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Prefabricated Reinforced Concrete Bridges for High Speed Construction

Structures préfabriquées en béton armé pour la construction
rapide de ponts-routes

Vorfabrizierte Stahlbetonbriicken zur schnellen Erstellung
von Autobahnbricken
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SUMMARY

The accelerated erection of precast concrete bridge structuresin the USSR is based on the utili-
zation of two main types of prefabricated superstructures. Discussed in this report are the main
design and production principles behind their development as well as some aspects of the
accelerated erection process.

RESUME

La mise en ceuvre rapide d'éléments structuraux de ponts préfabriqués en URSS repose sur
I"utilisation de deux types principaux de superstructures préfabriquées. Le présent article exa-
mine |'étude technique et les principes de fabrication ayant favorisé leur développement, ainsi
gue certains aspects du procédé de mise en ceuvre accélérée.

ZUSAMMENFASSUNG

Die Erhohung der Brickenproduktion in den UdSSR basiert auf der Verwendung von zwei Typen
vorfabrizierter Betonbricken. Dieser Beitrag beschreibt die Hauptentwicklung der Aspekte von
Entwurf und Konstruktion sowie einige Eigenheiten der schnellen Montage.
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The development of the accelerated erection methods in bridge construction
was made possible by resolving the organizational, economic as well as
technical problems associated with the methods and production capabilities of
the industry.

This also involved the problems related to the establishment of necessary
construction organizations, financing, availability of skilled labour as well
as that of equipment and materials.

The problem of the accelerated construction of bridges has a very high
priority in USSR. It is resolved through an extensive application of
prefabricated, factory assembled units including the ones mamafactured by
press-technology. This approach has proven to be quite econamical, since the
USSR has the industrial base necessary for the mamufacturing of prefabricated
bridge components for spans up to 150 m, and over 50 years of experience in
erection of these structures.

With regards to the railway bridges, the accelerated construction is designed
to overcame the following challenges:

-short construction seasons in the northern climatic zone (Siberia, Arctic
region, Far East) due to severe weather conditions;

-erection of adjacent (so—called "next-track") structures, i.e. those in
close proximity to the operating railway tracks;

-reconstruction of the operating railway structures subjected to heavy
traffic, which is difficult to carry out due to the strict time schedules.

In view of the above and due to the strict requirements of structural
reliability imposed on railway bridges in USSR, reinforced concrete
superstructures for these bridges, including their waterproofing, are fully
prefabricated. The prefabricated components must be free of any field work
except for simple erection operations required for the installation of bridge
girders in their design positions and placement of the bridge deck.

These are the types of concrete superstructures currently in production for

railway bridges:

~for spans up to 16 m - sinmple slabs (Fig 1) or T-beams, with regular
reinforcement.,

-for spans up to 33 m - T-beams, prestressed, with the tendons being
tensioned before the concrete is placed (Fig 2).

Until recently, the standard designs have called for two prefabricated

members per one railway track (Fig 1 & 2). However, as a result of

modernization of railway facilities, the width of bridge decks had to be
increased to ensure their compatibility with the mechanized road base

maintenance equipment. With this in mind, the four-beam per track

prefabricated superstructures for the spans of over 24 m were developed
(Fig 3).

The technological process which ensures the effectiveness of the accelerated
construction system consists of the following:

~equipment and devices of the production plants having a production
capability of tens of thousands of tons of prefabricated concrete
structures for the spans of up to 33 m, one half of this volume being
prestressed structures.



A

A.L. TSEJTLIN

225
-railway transportation facilities capable of transporting bridge girders to
distances in excess of 1000 km.
—-cranes and other erection equipment with maximum capacity of over 120 tons.
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The production of prefabricated structures is effectively the bottle-neck of
this system. The average output of a plant form is two girders per month,
the minimum time of the production process being 10 days and the maximum time
20 days. Such a low output can be attributed mainly to the complexity of
prefabricated members and to the uncompromising requirements of high quality.

The construction of bridges of the Baikal-Amur railway line is a vivid
example of the accelerated erection process. It was preceded by an extensive -
research work to ensure the development of technology necessary for the
erection of prefabricated bridge components: superstructures, piers,
abutments. This approach made it possible to carry ocut bridge construction
work all year arourd.

The effectiveness of the system was such that it took only one work shift to
have a bridge superstructure erected, since there was practically no need for
any in-place concreting. Obviously, with the operations carried out in a
simultaneous fashion the mounting rate becames even higher.

The accelerated construction of highway bridges, viaducts and overpasses is a
recent development which was intended to resolve two pressing problems:
The first was associated with the construction of highways in Western Siberia
and the non—chernozemic zone of
Elevation Russia. In Western Siberia
roads are designed for the
industrial development and the

I-1 11-1t | servicing of oil and gas
B | fields. The expected service
. life of these roads is limited
2 'R to 20 years. Bridges on these
— roads must be capable of
3 .}_ 12000/2 J carrying specj_al l‘BaVY-lOﬂi

Cross section  vehicles (including the
terpillar-tread transporters

1800 20 1800 20 1poo 20 1800 Saﬁue giéthstaxﬂing the severe )
weather conditions. These
bridges are erected, as a rule,
in the areas of limited
maintenance capability and,
therefore, are limited to
maximum spans of 12 m.

There are two principal designs
selected for the construction of
highway bridges in Western
Siberia. In principle, both
designs used the same approach
(see Fig. 4 & 6).

Figure 5 - Highway Superstructure
1-Girder 2-Bearing3-Pier
4-Precast Road Slab 5-Road Bed
[Special Sand] 6-Bituminous or
Polymer Pavement
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Figqure 6 - Highway Structure
1-Girder 2-Bearing 3-Pier
4-Precast Road Slab 5-Road Bed
[Special Sand] 6-Bituminous or
Polymer Pavement

The superstructures, which are
assembled from prefabricated
members, are not joined by any
transverse connectors which
would create a continuous
framework. As a consequence,
each prefabricated component of
the superstructure carries load
independently. The top face of
each precast girder is provided
with a factory applied
waterproofing. The reinforced
concrete deck slab is placed on
a layer of a select sard, spread
over the top faces of the
girders. As a result, these
bridges can be built all year
around very quickly and with a
minimm number of workers and
pieces of equipment. Besides
that, the presence of the
precast concrete deck slab
prevents the waterproofing of
girders from being damaged by
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the caterpillar tread
transporters.

The principal designs differ in the confiquration of the girders. In the
first case (see Fig 4 & 5), it is a T-girder with supported diaphragms. These
girders rest on bearings placed under the diaphragms (Fig 4) in such a manner
as to ensure their work both in bending and torsion.

In the second case the precast girder is shaped as a channel (see Fig 6).
The girder has no diaphragm and rests on bearings placed under each leg.

In both cases precast members are reinforced by regular unstressed bars of
Class A-III. As a possible alternative, both the T-shaped and the channel
shaped girders may be reinforced by bars preassembled into flat planes. The
experience of bridge construction in Western Siberia has shown that the
channel shaped girders are more efficient. They are easier to fabricate,
transport and erect.

The experience in Western Siberia has made it also possible to find a better
solution for the accelerated bridge construction in non-chernozemic areas of
Russia. The highway bridges in these areas are of "permanent" design with a
normal service life expectancy. They are usually comprised of spans of up to
18 m long. Besides the "cammon" designs intended for the application in such
cases, the use was made of some special designs of bridges with prefabricated
reinforced concrete superstructures. They applied the principles of
accelerated construction of bridges in Western Siberia, based on utilization
of prefabricated structures assembled from the factory made components.
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This special design alternative is a further development of the channel
shaped girders. The prefabricated member is shaped as a double tee girder.
The cantilever can facilitate deck drainage, thus contributing to the
durability of the structure. The variable width of these girders ensures the

more rational use of bridge deck dimensions.
expectancy has necessitated a certain change in reinforcement.

The longer service life
Three types

of girders are in production: girders with non-prestressed reinforcement,
girders with external plate reinforcement and girders with prestressed

reinforcement (two steel strands K-7).

Even though the quantity of concrete in each special design superstructure
has slightly increased, in camparison with the "common" design, they offer a

better flexibility in manufacturing and transportation.

One such bridge

superstructure can be assembled by a team of 5 men in one work shift (8

hours).

Unfortunately the simplified deck designs made it impossible to recommend
them for the use on the primary ard secondary highways. But the newly
proposed fully assembleable superstructures with a span of up to 30 m,
fabricated for the accelerated construction, are free of this drawback. One

such superstructure is shown in Fig. 7.

The superstructure consists of the

following three prefabricated components: girder(l), standard diaphragms (2),

and standard deck slab (3).
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highway and urban bridges"[2].

The girder is of a trapezoidal cross-
section which simplifies modifica-
tions of its height and length. As a
result, the same form can be used for
the manufacturing of girders ranging
from 12 to 33 m in length. The deck
slabs are 3 m wide with their length
matching the width of the super-
structure. Dimensions of deck slabs
and diaphragms, as well as their
reinforcement, are independent from
those of the main load-bearing member
(the girder). This facilitates the
design of versatile precast, factory
finished structures. This bridge
superstructure can be easily adapted
for skewed and curved crossings. The
prefabricated members are furnished
with unique inter-locking units,
which makes it possible to have them
erected in one work shift.

The solution of the second prcblem of
the accelerated bridge construction
is associated with the development of
the "multi-purpose (versatile) tech-
nology of construction of long span

The main goal of this development was the

A
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creation of a process that would enable reduction of construction time by
half, quantity of material by 25 per cent and improve the structure
reliability and quality. This work resulted in the development of a
technological process of construction of reinforced concrete superstructures
with spans of 33 to 105 m, which can be erected by various methods of
assembly and are suitable for different roadway widths on straight, curved
and skewed crossings.

This technological process is based on the following three principles:

- modular construction, i.e. the development of bridge superstructures of a
wide range of spans and cross-sectional dimensions, suitable for fabrication
as modular, factory-assembled units and fit for transportation by rail and
highways;

- flexibility of design and construction, i.e. the design, manufacturing and
erection technology should provide the possibility for construction of
straight, skewed and curved bridges, including sharp turns, with multi-span
superstructures;

- variability of erection methods, i.e. the bridges assembled from
standardized modular components should be suitable for different erection
methods with the help of an appropriate erection and special equipment.

Cross Section Segment K The above principles laid the basis
: for a new form of technological
design, namely the camputer aided

rv) i design. The bridge superstructures
i Afe) Pp1 3 thus developed were of the segmental
T L tYEE'

H{v)

s tﬂl’[//’,/////ﬁ//‘//j"ll'd-m-rw/w// // ST ITT rrrTT e rren

‘-(c) Two modular assemblies have been

developed, the assembly of the

: B(c) l"l 2 slab-on-stem sections "PRK" for the
1 K spans of 33 - 63 m and the assembly
Cross section segment K of the box section "K" for the spans
of 63 to 105 m (see Fig 8).
0 rv) ptI ;
| L(c) | A(c) : uc) j Despite their difference in shape
1 : both modular assemblies have similar

outside dimensions and weight.
Therefore, their transportation and
storage are hardled by the same
lifting and transportation equip-
ment. Both assemblies are factory-
manufactured and their production is
based on common principles: use of
reinforcement assembled in planes,
application of duct tubes, utiliza-
tion of the same equipment and fix-
tures for concrete mixing, placement,

consolidation and curing. The para-
meters of these assemblies are
divided into constant or "fixed" (c)
and flexible or "(variable)"(v). The
Figure 8 Segment "PRK" and "K" first, (c) parameters, make it possi-
V-Varying Size C-Constant Size ble to have the basic dimensions
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standardized in order to improve the production adaptability and simplify the
forms. The second, (v) parameters, make it possible to produce camponents
for various purposes. The dimensions of the assemblies ensure their trans-
portation by rail and highways with no specific limitations. The mass of
each assembly is within 60 t. which ensures their lifting and transportation
by standard facilities.

The prestressing steel can be placed both inside the cast-in ducts and on the
outside of the assembly. To conform to the road geometrics, the top surface
of the bridge deck is made either with a crown or flat. The flat bridge
decks are intended both for the roadways with a uniform superelevation and
for the roadway with a variable superelevation. The uniformly superelevated
bridge decks are constructed by adjusting their supporting parts, while the
variable superelevation is ensured by the method of casting {4]. The bridge
decks on straight aligmments are made rectangular in plan. On skewed or
curved alignments the deck shape is trapezoidal in plan which is accommodated
by the moulding fixtures [3].

A specific feature of the slab-on-beam assemblies [3] is the utilization of
the pair of beams directly under the deck (see Fig. 8).

There are two alternatives of the slab-on-beam assembly. The first is
intended for highway construction. In this case the structural depth of the
assenbly is normal and is equal to the 1/20 of the span. The second
alternative is designed for the construction of urban viaducts and over-
passes. These structures and their architectural outlook are subject to more
stringent requirements. The assembly has a shallower construction depth
equal to 1/25 of the span. In the case of the slab-on-beam assemblies, the
ducts for post tensioning reinforcement are provided only in the beams. In
the case of the first alternative the beams are 750 mm thick, and those of
the second alternative are 1250 mm thick. Substantial dimensions of the
beams ensure an adequate arrangement of tendons and reqular reinforcement and
facilitate the forming of the assembly.

A specific feature of the box-section assembly ("K") is that its ocutside
dimensions H(c), B(c) and A(c) plus L(c) are constant. Depending on the
longitudinal position of the assembly in the superstructure, the variable
dimension t (v) is changed through modifications to the inside dimensions of
the cross-section. As a result, these assemblies, like the slab-on-beam
ones, are suited for alternative methods of erection: balanced cantilever
method, span-by-span construction, incremental launching, progressive
placement. Another feature of the box-section assemblies is that the ducts
for post-tensioning are arranged at the ends "in a standard way” which makes
it possible to standardize the butt-end forms. This being the case, the
length of the assembly and the pitch of post-tensioning ducts are in direct
relationship.

The systematic design approach made it possible to use the modular assemblies
in forming of continuous and frame structures with joints treated by an
adhesive. In order to strengthen these structures, post-tensioning is
provided by steel strands of a capacity detemrmined by the method of

erection. In the case of the cantilever method of construction, the strength
of steel strands is 200 tf, and for the span-by-span construction and
incremental launching it is 200 and 300 tf respectively.
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The production lines for manufacturing of the slab-on-beam and the box
section assemblies (PRK and K assemblies) are based on the method of
incremental casting and a step-by-step procedure, with the form retained in a
stationary position. The forms of the matrix type are outfitted with
vibrating plates for the mechanized placement and consolidation of concrete.
These forms use the compensating heating system which, for the process of

of concrete, utilizes mainly the excthermic heat of cement. The
deficiency in the exothermic heat energy is campensated by external sources
of heat transferred through the internal and external panels of the form. In
the process, the forms are positioned at two stations. The first station is
used for concreting and the second for the subsequent curing of the cast
block. The heat treatment of the cast block is provided at both stations.
Provisions are made for the moisture retention of the hardening concrete.
Since the matrix-type forms cannot be disassembled, the whole casting table
is moved from the first station to the secornxl. This is done by a
"manipulator" which is also used for transportation purposes inside and
outside the shop. The forms allow for three—dimensional changes of the
shape[4], providing for the rotation of the butt-end forms in relation to the
casting table in the vertical plane by an angle oc . The position of the
casting table relative to the direction of concreting can be changed in the
horizontal plane by an angle < . These operations, necessary in forming of
skewed and curved shapes required on curved sections of highways are
controlled autcmatically and need no interference by operators.

Geametric parameters of each block and its position in relation to other
members of the erected structure are checked with the help of a special
system of reference marks made on the blocks during their casting.

The production line uses an automatic temperature control system that
provides the compensated heating of concrete. This system makes it possible
to accurately predict the strength gain of concrete.

The highest rate of production of the assembly blocks is one block per day
for a single outfit. The labour intensity required for slab-on-stem assembly
blocks is about 2.5 times lower than that of the box sections.

The modular assemblies were developed bearing in mind their suitability for

the erection methods discussed earlier. These methods are well known in the
Soviet Union and were extensively used for the erection of the monolithicaly
cast segments [3] except for the method of progressive placement.

Presently, the USSR has piants for manufacturing of the modular assemblies,
with an output of 20000 m~ of reinforced concrete elements a year.

To resolve same specific problems of construction and to ensure a gradual
development of the so called "multi purpose production", two methods of
erection are widely used in the USSR today: span-by-span erection from the
PRK asemblies (Fig. 9 & 11) and balanced cantilever method of erection from
the K assemblies (Fig.10)
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The bridge superstructures made from the PRK assemblies both on the curved
and straight road sections are erected by the span-by-span method [4] with
the help of a mobile erection set. The maximum rate of erection is one 42 m
long span per week.

Figure 9 - South Bridge - Inside view of the
precasting factory. Short-line precasting segment "PRK".

Figure 10 - South Bridge - Segmental in progress.
One typical precast segment "K" placed in the superstructure.

The bridge superstructures made from K assemblies are erected by the
cantilever method in sections, with the help of a new, efficient erection
set, crane MA-65, weighing 50 tons. It is a walking machine that requires no
special track. This set has mechanized all operations of the cantilever
method, including the placement and tensioning of strands. The maximum rate
of erection, with the help of the MA-65 crane, is one span of 80 m in 20
days, including site preparation and set up of the crane.
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Figure 11 - Curved structure of the South Bridge
Span-by-span assembly of precast segment "PRK".

In increasing the rate of construction of segmental structures, an important
role is played by the so-called "group cementing" method. It was originally
developed for the erection of the PRK assemblies with the help of a mobile
trestle [3]. The "group cementing" technique is based on a simultaneous
application of the cementing adhesive to a group of prefabricated members
arranged on the trestle and a subsequent post-tensioning operation. One PRK
section, 42 m long, comprised of 16 blocks, is assembled during one work
shift (8 hours).

This job is done by a team of about ten men. The total weight of the erected
members is 400 tf, the area of one cemented joint being 8 m~. This
technology is applied to the cantilever erection process, in which case a
section on the pier consisting of 5 to 7 K assembly blocks is cemented in one
work shift. Besides considerable reduction in erection time, this technology
ensures a high accuracy of erection of the base sections on the pier, and
consequently the accuracy of the position and dimensions (both plan and
elevation) of the entire structure. Provisions have been made for the
application of the "group cementing" method when mounting the K assembly
blocks on mobile trestle or when mounting either K or PRK assembly blocks '"on
the floor" for the subsequent erection by the incremental launching method.

Application of alternative erection methods is associated with the develop-
ment of new equipment: sluice jib cranes for the progressive placement con-
struction, outfits for the balanced cantilever method, mobile trestles, etc.
On one hand these pieces of equipment require a considerable investment of
materials and on the other hand they can only be used in certain specific
situations. For this reason use is now made of specially developed
multi-purpose erection devices (UMK) from which the necessary erection
outfits can be assembled.
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Principles of the accelerated erection of railway bridge superstructures
through application of so-called "flexible (multi purpose) technology" have
been put to work during the construction of the South Bridge trestle in
Kiev. The experience of this construction has proven to be very useful.

Long overpasses made from the PRK assemblies with spans of 42 m [4] and flood
plane trestles from the K assemblies with spans of 80 m were subsequently
constructed.

The rate of construction in this case has not been the fastest possible,

yet. It is believed that further improvements in the above process depend on
a stricter adherence to the assembly schedule, fine tuning of organizational
aspects arxl the application of computer aided design. Computer aided design,
in this case, utilizes software which has already been developed for personal
camputers. Development of the first camputer aided composite system is based
on non-interacting models of the construction sequence, representing the
manufacturing, transportation and erection of segments.

Development of the first composite model was completed during construction of
the South Bridge trestle in Kiev [1].

The second composite model (CBD) has now been developed for the camputer
aided design of segmental structures. It will ensure a prompt adaptation of
the modular assemblies to the construction problems in real conditions.
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SUMMARY

The method of construction proposed for a multiple span cable-stayed bridge with a slender
prestressed concrete deck is described. Since the 250 m long deck is poured in one operation
on a steel truss the analysis of the construction stages is relatively simple and the deformation
of the truss during construction has only a small effect on the final forces.

RESUME

Larticle décrit la methode de construction proposée pour un pont haubané a travées multiples
avec un tablier mince en béton précontraint. Le tablier de 2560 m de longueur est coulé en une
opération sur une poutre a treillis en acier; I'analyse des étapes de construction est simple et
les déformations du treillis pendant la construction ont un effet négligeable sur les sollicitations
résultantes.

ZUSAMMENFASSUNG

Die Baumethode fur eine mehrfeldrige Schragseilbriicke mit schlanker Fahrbahnplatte wird
beschrieben. Da die 250 m lange Fahrbahnplatte in einem Guss auf einem Stahlfachwerktrager
hergestellt wird, sind die Beanspruchungen die durch die Durchbiegung des Stahltragers
erzeugt werden, relativ gering.
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1. INTRODUCTION

A fixed 1link across Northumberland Strait between New Brunswick and Prince
Edward Island has been a dream project for Canadian Engineers for more than a
century. In the late sixties this project was in the final planning stages
when it was cancelled in favour of a 15 year regional development plan. In the
late eighties the project was revived and at present time three consortia are
competing for the contract to build the bridge, among them the SCI consortium.
The final decision regarding this project is expected in 1991 after a two year
period to conduct an environmental assessment review of the project.

This paper describes one of the two options developed by the SCI group for the
fixed 1link with special emphasis on the interaction between method of
construction and design.

2. DESCRIPTION OF THE PROJECT
2.1 Location

The total length of the proposed bridge is approximately 13 km and it will
cross the Strait at its narrowest point. The bridge will connect Port Borden,
the present ferry terminal on Prince Edward Island, with Cape Tormentine on the
New Brunswick side. The maximum water depth is only about 30 m and the average
depth 1is 20 m. The soil 1investigations indicate that sedimentary rock
(sandstone, mudstone, siltstone) is overlain by glacial till which is up to 9.5
m thick.

2.2 Environmental Conditions

The environmental conditions are rather harsh and ice normally covers the
Strait from mid-December till mid-April. The ice force on a cylindrical pier
is about 2.0 MN per metre width. The 10 and 100 year wind speeds at 10m above
the water are 126 and 161 km/h, respectively. The corresponding wave heights
are 3.7 and 4.7 m and the maximum current velocity is 2.0 m/s.

2.3 Geometry

According to the Proposal Call Informa-
tion the minimum span length is 150 m
with a navigational channel of 200 m
near the middle of the Strait. The T
minimum clearance 1is 28 m except over
the navigation channel where it 1is
49 m. The structure discussed in this
this paper is a multispan cable-stayed
bridge with 250 long spans and a deck
width between curbs of 11.00 m. Closely
spaced cables are arranged in the fan
configuration and supported by a pair
of diamond-shaped towers with a tie A
beam at the deck level (Fig. 1). This

45,000

el
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WATER LEVEL~

tower configuration was chosen to pro-

vide the stiffness required £for un- ]
balanced live loads. The A-type tower ! g

configuration above the deck minimizes
the size of the tower 1legs since they
are primarily subjected to axial
compression. The open diamond con-
figuration rather than wide wall-like
tower was selected in order to reduce

Fig.l Tower configuration
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the hazard to traffic produced by the difference in lateral wind pressure
between two wide parallel walls. Also, the diamond shaped configuration is
very appealing from an aesthetic point of view. The lower legs are subjected
to large moments under unbalanced live loads so that their dimensions have to
be increased from 2 m at the deck level to 5 m at the pier table. The pier
table is located as low as possible so as to generate a large open space
between deck, towers and pier table. This space is used to accommodate the
large steel truss for the construction of the concrete deck.

3. CONSTRUCTION
3.1 General

Conventional construction methods such as precast or cast-in-place segmental
construction are not suitable for such a project, because they would either
take excessively long to construct such a long bridge, or they would require
extensive, costly equipment together with many experienced erection crews, both
of which are not available, As a result new techniques had to be developed.
Among the various options considered was the construction of a full
cable-stayed span in a dry dock on shore and towing it to the site. However,
the method discussed in this paper is a cast-in-place concrete deck on a steel
truss extending over two spans. The truss which has a depth of 20 m, a width
of 12 m and a total length of about 520 m weights approximately 3300 t and fits
between the space provided below the bridge deck. The truss is launched by
means of hydraulic jacks. To support the free ends of the cantilevers during
launching, flotation tanks are lowered from the inside of the truss and
submerged in the water to produce a constant uplift force of about 3 MN.
Because of the more than 40 identical spans this construction method is very
economical. Time of construction of one span is 4 to 5 weeks.

3.2 Detailed Description of the Method of Construction

The following steps describe the construction procedure.

(1) Lowering of the truss and submerging of flotation tanks from inside of
truss (Fig. 2, Stage 1),

(2) Launching of truss by means of hydraulic jacks (Fig. 2, Stage 2).

(3) Withdrawal of flotation tanks, followed by some additional launching and
lifting of truss till deck form is 300 to 500 mm above final position of
deck soffit. Note the step in top chord at point (a) to accommodate the
already finished span.

(4) In elevated deck position, rebars and prestressing tendons are placed and
simultaneously the stay-cables are installed by temporarily anchoring
them to the top chord of the truss. The cable drums are lowered into the
truss at point (a), Fig. 2. Stage 3 and moved on trolleys to the anchor
locations. The cables close to the tower will be slack at this time
because of the elevated deck position.

(5) Pouring of the concrete deck (1800 m3) in one continuous pour.

(6) After the concrete has reached sufficient strength the temporary anchors
are released thus transferring the cable forces to the concrete deck.
Subsequently, the truss is lowered until the deck is freely suspended
from the cables. At this stage all the cables have reached their desired
forces. Cable force adjustment can be made if necessary. The truss is
lowered sufficiently to leave enough clearance below the deck for
launching.

(7) While the deck is being produced the precast segments for the new tower are
erected.
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3.3 Design of the Truss

The truss is designed to resist the maximum forces generated during
construction, including wind and current forces during launching, assuming the
deck to be produced 500 mm above its final level. The maximum forces are due
to its own weight plus a portion of the weight of the deck. The temporary
anchorage and stressing of the stay-cables to the top chord of the truss
greatly assist the truss in carrying the weight of the concrete. The level of
the deck forms during construction above the final position of the deck soffit
depends on the force that can be anchored economically to the top chord of the

truss.

The location of the truss posts and diagonals is governed by the location of
the cable anchors as the cables should be anchored at the joints. The joint
spacing, in turn, governs the length of the pier table since during launching
the bottom chord can only be supported at the joints as shown in Fig. 3.

10,000 10
12,000

4. INTERACTION BETWEEN
DESIGN AND CONSTRUCTION

4.1 General Comments

In order to achieve a level
deck for the completed
bridge all the deformations
during the various stages
of construction, as well as
the time-dependent effects
have to be considered. 1In
the present paper the
following deformations
developing during

construction are discussed.

BOTTOM CHORD OF
/ LAUNCHING TRUSS

]

1
LIDING TRACK

CIRCULAR SHAFT

Fig.3 Truss moving on pier table
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Time-dependent effects and the effect of the heat of hydration are not
considered here.

Deflection of truss due to self weight

Deflection of truss due to temporary cable forces

Deflection of truss due to weight of concrete

Deflection of deck after lowering it into its final position.

Two different elevated positions for the production of the deck are
investigated:

(1) 500 mm above the final level
(2) 300 mm above the final level.

4,2 Deflection of the Truss

The truss axis was assumed to be initially level. Under its own weight
(including the weight of the steel forms) the truss deflects a maximum of 230
me (=£/1100) as shown in Fig. 4, curve (1). After the application of the
temporary cable forces to the top chord of the truss, the truss is almost level
again, see Fig. 4, curve (2).
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@ OWN WEIGHT OF TRUSS AND 2oris
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Fig.4 Deflections of truss and deck during construction for temporary deck
elevation + 500 mm

The temporary cable forces in the elevated position of the truss are based on
the cable lengths which were established in a separate geometrically nonlinear
analysis for the completed structure under dead load. The cable stresses under
this loading condition were assumed to be 0.375 £ where £ is the tensile

strength of the cables. pu pu

The forces in the cables anchored at 120 m and 60 m from the centre line of the
tower are listed in Table 1 for the different construction stages. Also listed
are the forces in selected truss members.

The weight of the deck concrete produces a deflection of almost 300 mm at the
centerline of the span (Fig. 4, curve 3). The transfer of the cable forces from
the truss to the deck adds 50 mm to the deflection of the truss. Upon lowering
of the truss the deck moves into an almost perfectly level position and the
forces reached in the cables are within 1 percent of those established in the
preliminary analysis for the dead load.

If the truss axis is straight for the no load condition, then the concrete
hardens in the deflected configuration represented by curve (3) in Fig. 4, i.e.
there is some initial curvature built into the deck which is a maximum in the
vicinity of the tower. Upon lowering the deck inte its final position a
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positive moment will be introduced. The resulting bending stresses (+0.4 MPa)
are beneficial in the region of the supports at the tower and for this reason
there is no need to introduce some initial camber into the steel truss. These
stresses will, of course be reduced by creep.

The truss forces of Table 1 indicate that the maximum compression force (28.45
MN) occurs after pouring the deck while the maximum tension (33.20 MN) develops
after the cable forces are transferred to the deck. The maximum cable force to
be anchored to the truss is 2.45 MN.

The deflection to be expected if the deck is at +300 mm during construction are
shown in Fig. 5. The maximum cable force to be anchored is 2.67 MN which
corresponds to an increase of 9 percent relative to the +500 mm case. The
maximum compression force in the truss is 24.39 MN (17% reduction) and the
highest tension decreases by 23 percent to 26.95 MN. The final cable forces
are the same in both cases. (see Table 1).

5. CONCLUSION

The proposed method of construction is an efficient and expedient way to
construct multiple span cable-stayed bridges. Because of the flexibility of
the solid deck slab, the deformations of the truss supporting the cast-in-place
concrete deck do not have a significant effect on the stresses in the deck.

- E’; Construction Stage Force i{n stay Forces {,B)truss
&4 cables™ - MN Members - NN
1 2 1 2 3
(1) Truss weight - - 16.45 -12.94 2.38
(2) Temporary cables +(l) 1.82 = -3.23 -6.94 -1.38
E (3) Concrete weight +(2) 2,45 | 0.41 26.56 -28.45 2.03
S |(4) After transfer of cable forces to deck| 2.62 | 0.38 33.2 -25.76 3.31
“ I(5) Deck in final position 2.95{ 1.63 16.45 -12.94 2.38
(6) Temporary cables +(1) 2.05 0.46 -6.90 -3.69 -2.18
E |(7) concrete weight +(6) 2.67 | 0.97 19.0 -24.39 -1.49
S (8) After transfer of cable forced to deck]| 2.91 0.98 26.95 -20.51 2.73
™ 1(9) Deck in final position 2.95 ) 1.63 16.45 -12.94 2.38

(1) Cables 1 and 2 are anchored at 120 m and 60 m, respectively from centreline of tower
(2) Members 1 and 2 are top and bottom chords at pier,
Truss member 3 is bottom chord at the centre of the span.

Table 1 Forces in selected stay cables and truss members
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Fig.5 Deflection of truss and deck during construction for temporary deck
elevation + 300 mm
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SUMMARY

The technologies described allow the production of prestressed concrete bridges, precast in a
monalithic form both for simply supported and continuous beams. It combines durability, speed
of construction and economy. Some works are also described with particular reference to a
viaduct with a continuous box girder deck under construction in a seismic zone in lItaiy.

RESUME

La technologie décrite permet la production des ponts & poutre-caisson en béton précontraint,
préfabriqués sous forme d‘éléments monolithiques destinés aussi bien a des travées simple-
ment appuyées qu’'a des travées continues. Cette technologie joint la durabilité & la rapidité de
construction et a I’'économie. L'article décrit quelques ouvrages, en détaillant un viaduc de ce
type, actuellement en construction dans une zone sismique en ltalie.

ZUSAMMENFASSUNG

Die hier beschriebene Technologie ermdglicht die Vorfertigung monolithisch vorgespannter,
einfach aufgelagerter bzw. durchlaufender Kastentrager. Sie zeichnen sich aus durch ihre Lan-
glebigkeit, Wirtschaftlichkeit und schnelle Montage. Unter einigen beschriebenen Ausfih-
rungsbeispielen sticht besonders ein Viadukt mit einem durchlaufenden Kastentrager hervor,
das zur Zeit in einer seismisch gefédhrdeten Zone Italiens im Bau ist.
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1. INTRODUCTION

The structures and equipment described in the report have arisen out of the ex-
perience acquired by the technical staff of "FERROCEMENTO - Costruzioni e Lavori
Pubblici S.p.A" in many years of activity in design and construction.

Through these technologies it was possible to obtain the prefabrication of pre-
stressed concrete bridge decks in a monolithic form both for isostatic and
continuous beams.

The aim of combining the criteria of high quality and durability with that of
high speed of construction was pursued: the result achieved may be considered as
the final step in the art of prefabricating viaducts.

Experience shows that, when dealing with structures obtained by assembling to-
gether many prefabricated elements, the strength and durability of the whole,
hence its level of reliability, generally depends on the number and difficulty
of the structural connections to be done on site.

The prefabricated bridge decks do not escape this rule: the fewer the number of
connections, the greater the reliability of the structure.

The assembling procedure of precast elements is really the most important and
difficult problem of a prefabrication process. In fact, connections are usually
located in zones of maximum stress and consequently through the connections the
performance of the whole is determined. Moreover, the assembly operation is car-
ried out in the open air, most of the time in difficult working conditions and
is to be repeated for a large number of cases; finally it is usually carried out
by a labourforce encouraged to save time, which certainly does not work in favor
of good quality.

Experience also shows that the durability of structures in prestressed concrete
is affected by the complexity of the post-tensioning technology and shows that
this sophisticated system leads, if not accurately executed, to a need for
large-scale repairs a short time after completion of the structure. Accordingly,
statistics in recent years have shown that in the field of bridge decks, which
is the most suitable for precasting and prestressing processes, the post tensio-
ned cables and the structural joints between precast segments too often display
an advanced state of degradation shortly after completion and require costly re-
pair operations.

As a consequence of such a disquieting situation, nowadays approaches to
structural design give top priority to the criteria of durability and degrada-
tion of materials.

The construction processes and techniques described herein have had as their
main aim the elimination of the above mentioned problems.

First the concept itself of "assembling and joining" was eliminated by producing
the entire span in a single large precast element; then the post-tensioned cable
prestressing system was partially or totally substituted by the system using
pre-tensioned steel directly embedded in the concrete.

In addition to the criteria of durability and reliability, also costs and pro-
duction rates were taken into due account. As regards costs, it must be said
that, as in all construction processes based on prefabrication, it is necessary
to produce a large number of elements in order to justify the costs of implan-
tation and equipment. In our case, the element is an entire span, so a great
number of spans becomes necessary. In other words, a long viaduct is needed:. the
longer the viaduct the more competitive the process.

As regards production rates, this system has greatly reduced the construction
time as it is 5 to 6 times faster than any other advanced techmnology. With the
yard in full production, entire spans of 30 to 35 m in length and 5000 kN in
weight can be produced and set in place at the rate of one a day, and entire
spans of 45 to 50 m and 10000 kN at the rate of one every two days with just one
stock of equipment,

We have dealt with durability, economy and rapidity of construction, but it is
also important to say that from an engineering point of view we are dealing with
an advanced process of high technical level which leads, as we shall see in the
following, to structural designs of great interest.
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2. BACKGROUND

This system of construction was first
used about 20 years ago to build a 3
km motorway viaduct with simply sup-
ported spans carrying dual carria-
geways. Each box girder span, 32 m
long and weighing 5000 kN, was precast
with an 8 hours continuous pouring of
concrete and prestressed with the use
of the pretensioning system. The com-
pleted deck was then lifted out of the
formwork using 4 hydraulic jacks thus
allowing the transport equipment to be
placed underneath (Fig.l).

This equipment comprises 16 railway
trolleys propelled by an external mo-
tor.

Each trolley 1is fitted
with an outsize hollow
rubber cylinder in order
to distribute the weight
of the element evenly, and
to eliminate all problems
connected with compensa-
tion of 1loads, dynamic
factors and risk of break-
downs (Fig.2).

‘The trolley equipment then
carries the element along
the completed part of the
viaduct to the launching
position where it can be
lowered into place. The
purpose built launching
equipment operates by
first enveloping both the
element and the trolleys.
The launching gantry of
the equipment then hooks
up the element and lifts
it off the trolleys so
that they are free to re-
turn for the next cycle.
The equipment then frees
the space below the su-
spended element so that it
can be lowered into place
on the piers, following
which it prepares itself
for the next launch
(Fig.3).

The launching phase takes
about 2 hours. The entire
cycle, from the construc-
tion of the element to its
setting in place, takes 24
hours, using the hours of
darkness for the steam
curing phase.
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This construction technology has
also been used to build a number
of viaducts, totalling 10 km, on
the Roma - Firenze
"Direttissima" railway line. In
this case, however, some modi-
fications were thought opportune
because the railway viaducts
differ from roadway ones in that
gradients are much lower, the
bending radii are much greater
and the live loads much heavier.
In addition, the wviaducts were
distributed along the whole
line. One modification was to
substitute the transport on
rails with a system on rubber
wheels which made the machine
faster although it was much hea-
vier (Fig.4); the other was to
adapt the launching equipment to
deal with this mnew transport
system (Fig.5).

These viaducts also used
prestressed box girder decks,
each span weighing 5000 kN,
which  were constructed and
installed at the rate of one
span a day.

3. THE POGGIO IBERNA VIADUCT

The structure which best
illustrates the wuse of this
advanced  technology is  the
Poggio Iberna viaduct, actually
2 viaducts running in parallel,
which is being built as part of

the Livorno - Civitavecchia - Fig.5

Roma motorway.

The statical scheme is a continuous beam connected with hinges to the piers.
Each viaduct, carrying a 4-lane carriageway, consists of 60 spans divided into
eight stretches (i.e. 120 spans, 16 stretches in total) ranging in length from
252 m to 336 m and connected to each other using long expansion joints.

Each span is a single giant precast element 12,25 m wide, 42 m long and 9000 kN
in weight. The girder, in box section, is prestressed by pre-tensioned strands
directly embedded in the concrete.

These elements are constructed in a purpose-built shed located near the job-site
so that production takes place in a protected area under optimal conditions;
this also allows for accurate monitoring of materials and processes which are
planned with industrial precision.

The main part of the pouring platform is a multi-form steel mould adjustable by
computer control which is able to assume all the geometrical configurations nee-
ded to adapt the produced units to the particularly tortuous geometry which cha-
racterizes the motorway alignment in that zone. The external form is a steel
mould based on a concrete structure which is also capable of resisting a 45000
kN force transferred by pre-tensioned strands.

After the concrete pouring, the steam treatment and the pretensioning steel cut-
ting phases are over, the internal form folds inwards in order to be drawn out
with a longitudinal movement, so that the element is ready for the lifting
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phase.

The transport equipment moves in
under the platform so that its
hydraulic jacks can 1lift the
element off the external form.
The transport equipment consists
of a train of 24 fully
mechanized and motorized
trolleys moving on metallic
wheels and rails. An automatic
system of  hydraulic jacks
ensures that the wvalue of the
loads transmitted to the wheels
is distributed evenly (Fig.6).
The giant element is transported
along the previously positioned
units until the whole reaches
the launching equipment. This
machine, similar to the one Fig.6
briefly described in section 2,
is able to manoeuvre with same
speed and safety although the
dimensions and weight of the
transported unit has doubled
(Fig.7) .

In about two hours the precast
deck 1is launched on the piers
and left resting on provisional
supports.

These supports will be removed
afterwards when the structural
continuity of a stretch has been
achieved and the continuous deck
may be placed on permanent
supports.

The structural continuity in the
Poggio Iberna viaduct has been
obtained by joining with post-

tensioning cables the adjacent Fig.7

ends of the spans.

This operation is performed once all the elements of a viaduct are in position.
However it should be pointed out that the connection between one span and
another is done without recourse to supplementary castings, as the joint is made
by pumping a layer of highly resistant mortar into the narrow space left in
between. This kind of connection is nearly a "no-thickness joint". In other
words, the deck remains, even in its continuity, monolithic and entirely
prefabricated.

In addition to the results obtained with monolithic casting such as fast con-
struction rate and a high standard of structural reliability for all the via-
ducts described so far, the Poggio Iberna is also characterized by the structu-
ral continuity of the deck. This is a determining factor whether seen from the
point of view of user comfort, on maintenance.

Another important aspect which characterizes this viaduct has been the system
developed to resist earthquakes. As aforementioned, the structure is made up of
a series of hyperstatic systems, each one consisting of a long stretch of deck
and piers. Each stretch is connected to the piers through anti-seismic devices
capable of buffering the seismic actions in every direction. These devices,
which work like hinges installed in the center of each pier, allow slow longitu-
dinal relative movements caused by variations in temperature, shrinkage and
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creep, while they impede relative dynamic
movements such as those caused by ear-
thquakes. Moreover, the stiffness of these
devices can be varied and programmed in
both longitudinal and transversal
directions according to the design require-
ments.

In particular, every stretch is
barycentrally connected to its central pier
through an anti-seismic device of a fixed
type (Fig.8), and to the other piers
through anti-seismic devices of a mobile
type (Fig. 9).

The vertical loads are supported by two
multi-sliding bearings on each pier.
Through this structural system and the
programmable stiffness of the devices it is
possible to modify appropriately the
response of the structure to the seismic
actions both in longitudinal and
transversal directions. In fact, the
stiffness of each pier is substituted by
that of the pier-device system, so allowing
the levelling of the seismic bendings
moments .

In this way both a safer and more
competitive structure is obtained.

4. CONCLUSIONS

The technological effort in construction
will never be too great if high reliability
of the structure and competitiveness are
achieved. The only limits are those imposed
by the equipment, but as long as this
evolves, the art of building will evolve
with it.
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SUMMARY

Tomei-Ashigara Bridge was constructed as a part of the reconstruction project of the Tomei
Expressway which is one of Japan’s most important trunk roads. It is a 3-span continuous pres-
tressed concrete cable-stayed bridge having a length of 370 m. As the bridge was to be located
at a scenic place with a beautiful view of Mt. Fuji, the design involved a variety of aesthetic
problems. In addition, the seismic study, aero-dynamic study, and model experiments were
carefully carried out, and a number of devices were introduced to reduce the construction
period. This paper reports the features in design and construction of the bridge.

RESUME

Le pont Tomei-Ashigara a été réalisé a la suite du projet de reconstruction de la voie express
Tomei, qui est une des plus importantes routes nationales. D’une longueur de 370 m, ce pont
haubané en béton précontraint comporte 3 travées continues. Etant donné qu’il se trouve en
un lieu offrant une vue merveilleuse sur le Mont Fuji, le projet a di tenir compte de divers problg-
mes esthétiques et, outre, réaliser avec soin une étude sismique, une étude aérodynamique et
des essais sur maquette, ainsi que prévoir un certain nombre de dispositifs en vue de réduire
la durée de mise en ceuvre. Le présent article expose les caractéristiques du projet et de la cons-
truction de ce pont.

ZUSAMMENFASSUNG

Die Tomei-Ashigara Bricke wurde im Zuge der Modernisierung des Tomei-Expressways, eine
der wichtigsten Hauptverkehrsadern in Japan, errichtet. Es handelt sich um eine (ber drei Fel-
der durchlaufende Spannbeton-Schragseilbriicke von 370 m Léange. Wegen ihrer herausgeho-
benen Lage an einem Aussichtspunkt mit besonders schonem Blick auf den Mt. Fuji waren
einige dsthetische Probleme zu I6sen. Der Entwurf umfasst Studien zum seismischen und aero-
dynamischen Verhalten, Modellversuche und Vorkehrungen zur Verklrzung der Bauzeit.
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1. GENERAL VIEW OF THE BRIDGE
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Fig.1 Elevation and typical cross section

2. CONSIDERATION IN DESIGN

2.1 Aesthetic Design

As the bridge passes over the existing Tomei Expressway, the aesthetic aspect was
examined with emphasis on giving least sense of oppression to running vehicles. In
particular, the bridge was to intersect the existing Tomei Expressway at a sharp angle
of 26 °, two piers would be seen like pressing ahead from the passengers running on the
current highway. As the pier is a massive concrete block with a crown width of about
25m, a lower end width of 15m, and a thickness of 6.5m, various approaches were made so
that it would look as slender as practicable. For the result, by introducing curves in
the section, a feeling of softness was provided, and by extending wavelike stripes to
beneath the girder, there was produced a dense space on the large surface to give an
effect similar to that of a relief.
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Also, the tower had two segments slightly tilted to the inside and the section reduced
to upward and further , vertical grooves extending to the top , and thus it was
possible to give a tight impression as a whole. Moreover, by coloring the grooves in
sky blue, the effect was
enhanced.

As the strut at the middle stage
of the tower strongly appeals
to the drivers running on the
bridge, it was desired to give
a feeling of release. Thus the
hunch was designed with a
smooth curve , and the central
part of the strut was reduced to
3.5m in height. Also, at the
central part, stripes similar to
those on the pier were provided,
while on the lower surface of
the strut, grooves continueing
from the tower were carved, so
that the strut would look as
slender as practicable.

Fig.2 Tower model

2.2 Seismic Study

The bridge is located in one of the intensive earthquake zones in “Earthquake Island
Japan” and is included in an “Earthquake Disaster Prevention Area.” Also, the bridge is
located at a key point of the Tomei Expressway which is a main artery for
transportation of materials, and so it must have the function highly maintained in the
event of an emergency or disaster. In view of the foregoing, the aseismatic design was
made according to the following principles.

(1) Dynamic analysis according to the response spectra

The sections of the members were designed according to the allowable stress intensity
method and ultimate strength theory so that each member maintains required yield
strength and produces no excessive deformation against earthquakes occurring at a
certain probability during the service period.

(2) Elasto-plastic time history response analysis

Assuming a large-scale
earthquake that may
occur during the
service period, it was
verified that the
structural system has
a required yield
strength and ductility.
The analysis was made
with an acceleration
wave form assuming a
Tokai Earthquake.

Tomei-Ashigara
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2.3 Other Examinations

As other items to be particularly examined, the following may be cited.

(1) Aero-dynamic study
a) Wind survey : Measurement of the wind directions and speeds at the site.

b) Wind tunnel tests:
Sectional model —Examination made particularly for the effects of
noise barrier
Full model —Examination of the aero-dynamic behavior of the whole bridge
Cable model ——Examination of the rain vibration.

{2} Mode]l tests for establishing the design method
a) Torsional tests with a partial model of the tower (scale:1/4)
* Estabiishment of the design method for a torsional moment acting to the complex
sectional form of the tower.
b) Full model tests (scale: 1/2)
» Reinforcement of cable anchorages
« Flow of stress in girder

Details are omitted here., For more details, see the reference No.3.

3. CONSTRUCTION WORK

3.1 Amount of Major Materials

The construction work of the bridge had an overall order issued inclusive the earthwork,
foundation work, substructure work and superstructure work. The amount of the major
materials of the bridge is shown below.

» Concrete Caissons, abutments 9,600 o
Piers, towers 8,600 nof
Girder 5,900 nof
« Reinforcing bars 3,300 t
* Prestressing steels 380 t
+ Stay cables (HiAm anchorage cable) 260 t
» Earthwork 96, 000 of
+ Slope pavement 16, 000 nf

3. 2 Work Schedule

The Tomei Expressway reconstruction work had & social requirement to complete the
section including this bridge by March 1991. However, it was 7 months after the initial
schedule that the work could be started, and so various rapid work processes were
incorporated,

3.3 Pier Work

The pier work period was reduced by the following two work methods in order to start the
girder work as soon as possible,

(1) As the pier was designed as a steel framed reinforced concrete (SRC) structure, the
work of the girder on the segment on the pier , and concrete placement of the pier were
carried out in parallel just after the steel frame was set up. (See fig.4)
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Fig.4 Pier construction method

{2) The concrete placement height for each block was increased to reduce the number of
lifts , and maximum 1,200m" of concrete was placed continuously in a lump day and night.

By the foregoing two methods, 2 months were reduced for the work period.

3.4 Girder and Tower Works

From the locational condition of the bridge, the girder work method was limited to the
means of cantilever cast in place construction. To reduce the work process as much as
possible under such restriction, the following processes were adopted.

(1) Simultaneous work of girder and tower

The bridge comprises a plane alignment (R=2, 600m), and the horizontal component of force
of the cable tension in a direction perpendicular to the bridge acts as to tilt the
tower toward the inside of the curve. To resist such force, the strut on the tower
assumes a very important
role. But there was
not enough time to wait
completion of the tower
before commencement of the
girder work , two stages %
of temporary struts were

settled , so the work of
the girder was done
simultaneously with that
of the tower.

@ Erect Ist~5th
blocks and 1st
temporary strut

@ Erect 6th~B8th
blocks and 2nd
temporary strut

@ Lifting up the
SRC steel

@ Erect 9th~14th
blocks

® Strut concrete
placement
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(2) Post-working of the strut

The strut work would constitute a critical path for the works of girder and tower, and
so the strut was constructed as to be capable for resisting the external force by the
steel frame alone at the time of installation , and the concrete cast work was done
after whole other works for the tower were completed.

3.5 Protection for The Existing Tomei Expressway

The existing Tomei Expressway has as much a traffic volume as about 60,000 cars a day,
and fall of the construction materials onto the cars running at a high speed may
result in a serious
accident. In addition to
complete protection of the
travellers, a guard roof
was settled over the current
expressway for the length
of 120m as a second safety
measure. The roof was made
of 48 steel truss girders,
which the length of 30m and
a width of 2.35m, were
arranged in parallel on
supports constructed on the
shoulders of the existing
Tomei. This work was
made at night when the
traffic of the existing
Tomei Expressway was
suspended from 6:00 o' clock
in the afternoon to 7:00
o' clock in the next morning.

Fig.6 Protection of existing expressway

4, POSTSCRIPT

The construction has completed in March 1991 , and now we can see this monumental
structure with automobils running in full speed and beautiful background “Fuji Yama”. It
was very fortunate that we could have a precious chance to make a great deal of studies
for design and construction , and further we hope that these experiences will be also
useful to other bridges in future. We truly appreciate the effort which designer Sori
Yanagi has made for aesthetic design , also thank to the members of the “Construction
Commitee” (Dr.Manabu [to as a chairman) and to all persons concerned.
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Pont a haubans mis en place par rotation
Bau einer eingeschwenkten Schrégseilbriicke

Cable-Stayed Bridge Swung into Position
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RESUME

Louvrage principal de Gilly-sur-Isére est un pont haubané a deux travées dissymétriques de por-
tées 60 m et 102 m, avec un méat central en forme de A inclinéde 20° vers I'arriére. Le mat est
construit verticalement puis incliné en position définitive par basculement. ensemble du
tablier est construit sur la berge parallelement & I"Isére, puis, aprés haubanage, mis en place par
rotation.

ZUSAMMENFASSUNG

Die Schragseilbrucke bei Gilly-sur-isére besteht aus zwei ungleichen Spannweiten von 60 und
102 m. Der 40 m hohe Pylon in A-Form ist 20° nach hinten geneigt. Er wird senkrecht erstelit
und anschliessend abgekippt. Der Briickentrager wird auf dem Damm parallel zur Isére erstellt,
an den Seilen aufgehangt und in die endglltige Position gedreht.

SUMMARY

The cable-stayed bridge near Gilly-sur-Isére has two unequal spans of 60 and 102 m. The A-
shaped pylon is inclined backwards at 20°. It is constructed in the vertical and then rotated into
position. The bridge deck girder is constructed on a dam parallel to the river, lifted up and swung
into its final position.
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Le pont de Gilly-sur-isére, situé 8 |'entrée d'Atbertville, en Savoie (France),
a la configuration, en plan, d'un ouvrage cruciforme, comportant deux tabliers
perpendiculaires :

- l'ouvrage principal, qui permet le franchissement de |'lsére et de la RN.90,
route d'accés aux stations du site Olympique.

- l'ouvrage secondaire qui supporte les bretelles de raccordement de la RN.90
a8 l'ouvrage principal.

Si les bretelles d'accés latérales ne présentent pas de caractéristiques
particuliéres, par contre |'ouvrage principal a &té realisé suivant des
techniques de construction spécifiquement adapt&es & sa structure propre.
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Cet ouvrage est un pont & haubans en béton précontraint, a deux travées, de
portées respectivement 102 m. au-dessus de i'lsére et 60 m. au-dessus de la
RN.90, et comportant un mat central en forme de A, inclingd & 20° vers |'arriere.

Gilly Grignon
\‘\1 RN g0 a
A L' Isére
. \ — S —
6C m. i 102 m.
I* T >
Outre |'appui central, sous le pyléne, constitué de deux socles de forme
pyramidale, et situés sous chacune des jambes du mat, ['ouvrage est simplement

appuyé sur une culée chevétre, en rive gauche, c&té Grignon, tandis qu'il
comporte, en rive droite, une culée massive dans laquelle est encastré le
tablier et constituant le contrepoids d'équilibrage de ce fldau dissymétrique.
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Transversalement, le tablier, d'une largeur de 12 m., et qui doit supporter
une chaussée routidre & deux veies et un trotteoir pour piétons, est formé de
deux poutres latérales longitudinales de 1,90 m. de hauteur et 1,10 m. de
largeur, entretoisées par un réseau de poutres transversales distantes de
3,0 m.et supportant la dalle supérieure sous chaussée.

|
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Cet ouvrage é&tant principalement vu en é&lévation par les automobi l istes
circulant sur la RN.90, un des critéres principaux & privil&gier pour le choix
des techniques de construction é&tait la garantie d'obtention d'une parfaite
rectitude géométrique des ardtes du tablier sur toute la longueur de |'ouvrage.
Cette perfection aurait &té difficile & assurer en utilisant des méthodes
classiques de construction par encorbellements successifs, d'autant plus que
le pyldne n'é&tant pas, par lui-méme, autostable, du fait de son inclinaison,
devait é&tre construit progressivement avec mise en tension successive des
haubans au fur et & mesure de sa construction. Par ailleurs, la réalisation
de |'ouvrage par coulage en place du tablier sur un cintre général appuyé sur
des palées provisoires, fondees dans |'lIsére, posait des probiémes liés &
| 'encombrement du |it de la rividre et & son régime de crues intempestives,
et présentait des risques d'affouillement trés importants.

Les m&thodes de construction retenues ont &té& les suivantes :

- )'ensemble du tablier de |'ouvrage principal, de 162 m. de longueur, a é&té
coulé en place sur un cintre général disposé sur la rive droite de |'lIsere,
parallelement & |la riviére, entre cette derniére et la RN.90.

Une fois le tablier terming, et aprés son dé&cintrement par mise en tension
des haubans, |'ensemble a &t& ameng dans sa position définitive par rotation
de 90° autour d'un axe vertical passant par le pied pyramidal aval du pyl6ne.
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- le pyléne, en forme de A, a &té& construit en position verticale, provisoi-
rement encastré a sa base sur des cales en béton, et stabilisé& par des barres
de précontrainte. Aprés la fin de sa construction, il a &té basculé jusqu'a
sa position dé&finitive, par pivotement autour de deux articulations provisoires
disposées &8 ses pieds, l'ensemble &tant retenu par deux cébles 19T15 accrochés
en téte du mat et relachés progressivement depuis |'exitremité du Tablier, a
I'aide d'un vérin "avaleur de cdbie" & double plateau.

(31T15)
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LE BASCULEMENT DU PYLONE

Ltarticulation provisoire en pied de pyldne &tait constituée d'un demi-cylindre
métal lique rempli de béton, de 400 mm. de diamétre et de 800 mm, de longueur,
posé dans un berceau métallique de méme diamétre, rempli aussi de béton et
scell& sur le tablier, |'ensemble de l|a surface de contact entre les deux
cylindres é&tant scigneusement graissé.

N \\\\\\\IL\\\\\\\\\\\

L'amorce du mouvement de bascuiement, & partir de la position verticale
initiale, aprés démontage de |'encastrement provisoire en pieds de pyléne,
a &té effectuée au moyen de deux cébles mouflés, & I'aide de tireforts, jusqu'd
ce que i{'inclinaison du pyl6ne scit suffisante pour compenser |'effet de rappel
des cébles 19T15, du fait de ieur propre poids, le m&t devenant alors le propre
générateur du mouvement.

Durant tout le basculement du pyléne, le contrdle de |'opération consistait
8 suivre corrélativement les déplacements de l|a tate du mat par relevés topo-
graphiques et la tension dans les haubans de retenue par mesure de la pression
au vérin. En outre, au début de |la manoceuvre, la tension dans ces haubans é&tant
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trés faible, elle &tait contrdlée par la mesure de |la fléche de la chatlnette
que formaient ces cé&bles. Paralldiement & ces mesures, le comportement des
articulations provisoires en pied de mat &tait surveillé et controlé en
permanence.

Aprés basculement, les articulations sont bloquées, par manchonage de barres
d'acier de 40 mm. de diamétre pour assurer |{'encastrement, et les pieds du
mat sont bétonnas.

LA ROTATION DU TABLJER.

Apras bascuiement du mét et la fin du bé&tonnage des différents plots du tablier,
la mise en tension de |'ensemble des haubans assure le décintrement complet
de la structure. La mesure des contraintes dans les cales d'appui en béton,
au moyen de cordes vibrantes, permet de ré&aliser |'équilibrage du flé&au, en
disposant des contrepoids au droit de la culée arrigdre. Cette opération a permis
de "caler" le cenitre de gravité de la structure exactement au centre du polygone
de sustentation, & la précision prés de lecture des fréquences des cordes
vibrantes.

La rotation du tablier s'effectue autour de l'axe vertical du socle aval, qui
constitue le pivot du mouvement. Durant cette opération, le socle amont, qui
est provisoirement encastré au tablier qu'il! supporte, se déplace sur une
longrine circulaire en b&ton armé, par |'intermédiaire de deux patins en acier
inoxydable poli, glissant sur des plaques de néopréne té&flon.

L
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Le mouvement de rotation est engendr& par un cé&blie de préacontrainte 17T15
accroché au socle mobile, devié ponctuel lement par des sabots métalliques fixés
4 la longrine, et tiré par un vérin avaleur de cé&ble, 3 double plateau, de
350 t. de force utile, ancré derridre la semelle d'arrivée.
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Durant |'opération de rotation, |'ensemble de la structure de 162 m. de
longueur, 18 m. de largeur, 48 m. de hauteur, et pesant 6.000 t., repose sur
trois points : le pivot tournant constituant |'axe de rotation, et les deux

patins de glissement. Le polygone de sustentation est donc un friangle isocéle
de 16,50 m. de hauteur et de 6,50 m. de base.

Tous les calculs de stabilité de |'ouvrage durant la rotation ont é&té& effectués
sous les sol licitations extrémes qui pouvaient lui étre appliquées, notamment
sous des effets dynamiques accidentels ou cycliques (vents, dé&célérations
brutales, séisme, etftc...). Un &quipement é&lectronique complet permettant
d'enregistrer de fagon continue les variations de contraintes dans les cales
tout au long du mouvement de rotation a permis de contrdler ces effets
dynamiques et d'assurer une sécurité maximale & |'opération.

En conclusion, le recours a des méthodes de construction originales, spécifi-
quement adaptées aux caractéristiques de |'ouvrage et aux conditions générales
du site et de son environnement, d'une part en construisant le mat en position
verticale puis en le basculant, d'autre part en construisant le tablier sur
la rive puis en le tournant, a permis de réaliser, dans de bonnes conditions
économiques et en toute sécurité, un ouvrage de trés haute qualite, tant sur
le plan structurel qu'esthétique.
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Prestressed Concrete Horizontal Arch Bridge

Pont en arc en béton précontraint, avec arc dans un plan horizontal

Vorgespannte Betonbriicke mit horizontalem Bogen
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This article concerns design and construction of a unique bridge. This bridge is 9 span pres-
tressed concrete curved continuous box girder bridge. Both ends of the bridge are fixed in the
horizontal plane. Thus the bridge acts as a horizontal arch for seismic force and temperature
change. It was constructed by the incremental launching method.

RESUME

Cet article décrit I’étude et la construction d’un pont exceptionnel. Il s'agit d’un pont a poutre-
caisson en béton précontraint, comprenant 9 travées continues et incurvées. Les deux culées
extrémes du pont sont fondées sur un plan horizontal. De la sorte, il s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>