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DESIGN AND CONSTRUCTION



1. INTRODUCTION. THE PROJECT. THE ORGANIZ



About 15 years ago, the "Chambre de Commerce build a new bridge over the river S iine, at its very mo 1988, it has been commissionned by the French Gov new toll bridge, the Pont de Normandie, 20 kilometres



bridge. With a main span 856 metre long, this cable-stayed b
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from two separate bids: one for the concrete parts of the bridge, and one for the steel main span and the Suspension. The goal of this Separation was to avoid that steel contractors, which are of a much smaller size in France than the great contracting companies, could only work as subcontractors. Only three groups of contracting companies could be selected for the concrete parts of the bridge. Two of these groups, piloted by Bouygues for one of them and by Campenon-Bernard for the other, gathered most of the major French contractors. The big European contractors from Germany, Netherlands, Great Britain, Spain or Italy had surprisingly not been interested by the competition. For the steel part of the contract, seven contractors were qualified, from different European countries: France, Germany, Great Britain, Denmark... This more favourable Situation led us to think that we had a great¬ er competition for this part of the contract.
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-



2. THE RESULTS OF THE CALL FOR BIDS



THE ORGANIZATION OF THE CONSTRUCTION The bids have been opened on August 8th, 1988, and the contracts for the bridge construction have been signed in May, 1990 for the concrete parts of the bridge, and in November, 1990 for the steel parts. The long time which has been necessary forthe preparation of the contracts needs some explanations. 2.1.



The Results of the Call for Bic s



For the concrete parts of the bridge, the two most important groups of contractors joined. They pre¬ sented two separate offers, but they very soon declared that they wanted to work together to limit technical and financial risks. Nearly all French major contracting companies are thus finally involved in the groupment in Charge of the construction, called GIE du Pont de Normandie: Bouygues and Campenon-Bernard, who are pilots, Dumez, Grands Travaux de Marseille (G.T.M.), Quillery, Soctete" Auxiliaire d'Entreprise (S.A.E. Borie), Soctete* Generale (SOGEA), and Spie Batignolles CITRA. This Situation probably limited the competition, and partly explains that the prices in the three bids were much higher than expected. For the steel parts of the bridge, two companies were in close competition: Eiffel Constructions Metalli¬ ques (the new name of the Compagnie Franchise de Construction Metallique C.F.E.M.), and a Danish Com¬ pany, Monberg and Thorsen. For this part of the Job which is of course the most innovative and difficult -, the prices were more in the line of the predictions. This Situation obliged the Client the Chambre de Commerce et d'lndustrie du Havre to look for some amendments in the design in order to reduce the total price of the bridge, to match with its financial capacities. As the contractors proposed some improvements in their offers, they were analyzed by the design team which finalized the project as we shall explain later.
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2.2.



The Construction Organization



The Owner intended to büld a unique contract after the call for bids, for both the concrete and the steel parts of the bridge. But thf. GIE du Pont de Normandie and Eiffel Constructions Metalliques did not accept this Solution, considering that a concrete contractor could not take the place of a steel constructor if the latter is not able to achieve construction. It was thus necessary to finalize two separate contracts for the bridge construction, what left open the problem of the coordination of detailed analyses and of short drawings. In addition, the concrete contractors limited their responsibility, in their offers, considering that they could not be responsible for the evaluation of the wind effects and for their consequences. Due to the fact that the Normandie Bridge design is totally governed by wind and wind forces, accepting such a restriction of the contractors' responsibility would have meant that they would have had only a very limited real responsibility in the design. The Owner the Chambre de Commerce et d'lndustrie du Havre -, the Project Manager la Mission du Pont de Normandie -, the design team piloted by S.E.T.R.A., and the authorities of the Ministry of Trans¬ port decided then to abandon the classical French system: the design team and through it the Owner remains responsible for the bridge Jesign, described as an "Avant-Projet Detaille" in the contracts. It became its responsibility to amend its initic. design to introduce the construction methods and techniques which were part of the offers from the contra ,tors, and to reduce the cost as we already explained by some improve¬ ments and modifications, partly or the basis of propositions or ideas suggested by the contractors, and partly from its own ideas. In this Situation, the design eam finalized a new Avant-Projet Detaille called Projet Detaille de 1989, to avoid any confusion -, which Y \s been achieved in November, 1989, and given to the contractors as the
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basis for their contracts. The contractors still have to complete a detailed design, basis for the Short drawings. But, due to the imbrication between the concrete and the steel parts of the bridge, this detailed analysis had to be done by a common team, called Groupement d'Etudes Generales (GEG), gathering the GIE du Pont de Normandie and Eiffel Constructions Metalliques. Eiffel has been later replaced by Monberg and Thorsen, associated with Cowi Consult, through a new separate contract. It was decided that the contractors should complete a detail¬ ed design though they are not responsible for the general design for three reasons: • to have an external control of the design, going into all details; • to avoid any misf it between structural analyses and construction methods and techniques; • and to leave to contractors a real technical responsibility, corresponding to the establishment of the short-drawings, as always in France. Due to this complex Organization, the design team piloted by the S.E.T.R.A. has to solve preferably in close Cooperation with the contractors the possible problems which can be evidenced by the detailed analyses: some modifications in the concrete dimensions, in the distribution of tendons, in the reinforce¬ ment. For example, we had to make some limited amendments to the 1989 Detailed Project, in the pylons. This Organization could look a bit curious, but we considered that it was better, for the Client's interest, that we could choose the Solution to solve the possible problems if any since the client will be in all cases greatly responsible for their consequences, in the end, due to the prominent importance of wind forces. Finally, the contractors are not directly responsible for the global design, but they have to give their opinion on this design, as Professionals, if they consider it necessary. This Organization has been slightly complicated by the unsuccessful discussions with Eiffel Construc¬ tions Metalliques for the steel contract. The French contractor did not agree on some important technical and administrative speeifications, and the Owner decided to search for an alternative. The construction contract was finally signed with Monberg and Thorsen, in November, 1990, as we said before.
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-



EVOLUTION OF THE DESIGN



The 1987 Avant-Projet d'Ouvrage d'Art has been described in a previous paper [1], and the 1988 Avant-Projet Detaille during the IABSE Congress in Helsinki [4, 6]. Unfortunately, the IABSE format does not leave enough place to detail here the evolution of the design between 1988 and 1990. This evolution considered the technical propositions from the contractors, mainly concerning the construction techniques and methods; some amendments were also made to reduce the bridge cost; and finally some were also made to increase the bridge safety and to ease construction. This evolution of the design has been presented during the Fukuoka Colloquium, devoted to cablestayed bridges, in April, 1991. Figure 3 gives the final distribution of spans, and an idea of the longitudinal static configuration. Figure 4 gives the typical cross-section, V the steel main span on one side and in the concrete access spans on the other side.



4.



CONSTRUCTION PROGRESS



Of course, we are just beginning the construction of the main bridge. But many preliminary Operations have already been condueted for a total cost of about 200 million French Francs.



4.1.



Access Embankments The access embankments have been built, on each side of the river, between May, 1988, and June,



1989.



On the South bank, this is a classical earthwork (up to 15 metres high), just to give access to the bridge last span. But, on the North side, the access crosses the riverside muddy swamps at a rather low level. The road must then be protected from exceptionnal tides and from wave effects. The shape and the Constitution of the embankment aims at producing «hese Protections. The North abutment is sericusly protected from tide and waves by concrete blocks of Standard types (up to 3.6 metric tons), imbricated as classical rocks. The last point to note is the technique which had been used for the earthworks. As the soil quality is very poor in these swamps, the einbankment has been created on a textile membrane, used to distribute the pressure on the ground and to favour drainage in the mud. This Solution has been designed by the Mission du Pont de Normandie, the Laboratoire d'Hydraulique de France (LCHF), and the C.E.T.E. de Normandie for the geotechnical aspects.
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DESIGN AND CONSTRUCTION



The total cost of the Northern embankment -1.2 k 4.2.



Temporary Bridge for the Access to the Piers of the



Due to their Situation in the swamps, the piers o ship or by trucks, without creating very serious techn Detaille had then proposed the construction of a tempo same occasion to the North pylon in the river Seine otherwise.



-



Fig. 5:



Protection against ship collisions. supporting t works of the North pylon (Winter 90-91)



BETRAND DEROUBAIX, M



pile cofferdams, surrounding the whole foundation of the p give them sufficient rigidity and strength. The foundation level of the cofferdams, the water points had to be discussed with the contractors. Finally, t to 8.90 metres, to ensure its stability, and it revealed nec calibrated rocks in the stream when undermining appea



fantastic during construction. The contractors in Charge with the main bridge w not extremely interested in the construction of t protection, and their price was high. As for the tempor bridge, a separate contract was prepared, with also advantage of a quick construction out of the critical path. The local agency of Quillery one of the contract of the GIE du Pont de Normandie finally had this contr and built the protection of the North pylon between Octob 1988 and April, 1990.
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4.4.



Beginning the Main Bridge Construction



The construction of the main bridge itself began September, 1990, with the construction of the piles of North pylon, and of the South abutment. All the foundati are subcontracted to a Germ except for footings Company: Billfinger Berger. The piles are bored with a W equipment, 1.50 metre in diameter for the foundations typical piers and abutments, and 2.10 metres in diameter the foundations of the pylons. For the construction of last ones, the length of the boring equipment reaches metres. The work is in progress now, and will end by beginning of 1993 for the concrete parts of the bri
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been done following the safety principles widely aeeepted all around the world for large bridges, and that the necessary measures and tests have been done, mainly due to Jacques Bietry's competence. Coming from very wide design teams, Building big structures needs both technical competences gathering all necessary experts -, and nerves of steel, due to technical competition and to the importance of the costs involved. Finally, the most important is that the construction progresses, and that these two last years which passed negociating the contracts, performing detailed analyses and establishing a part of the short drawings*- are far from having been lost! In addition to the construction of the North pylon protection and of the temporary bridge, they proved that our design of the Normandie Bridge is reasonabie and safe.
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