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Abstract: In June 2015, the Government of Canada awarded a $3.98 billion contract to the consortium Signature on the Saint Lawrence Group to design, build, operate, maintain and finance the undertaking of the New Champlain Bridge Corridor Project. Procured as a public-private partnership, this project entails a new replacement crossing over the St. Lawrence River in Montreal and represents one of the largest bridge projects currently underway in North America. Quickly approaching a targeted bridge opening in December 2018, this major bridge infrastructure will provide six vehicular traffic lanes, two lanes dedicated to a light-rail transit system and a multiple-use path. Extending over a length of 3.4 km, the project includes a signature cable-stayed bridge spanning the St. Lawrence Seaway. With reconstruction of its companion crossing over the western arm of the river along Nuns’ Island which is also approaching completion, a combined deck surface of some 193,000 m2 will be constructed, making the New Champlain Bridge Canada’s largest bridge. This paper reports on some of the key construction milestones achieved and highlights several of the innovative engineering design features as well as some of the sophisticated construction techniques implemented in order to satisfy both the demanding technical requirements and scheduling challenges (in the context of a rapidly deteriorating existing bridge) in order to endow Montreal with both a highly durable (125-year design life) and elegant structure serving as the premier gateway to Montreal.

1 Introduction
The New Champlain Bridge is currently in its final stages of construction with a targeted completion date of December 2018. The new bridge is being constructed under an accelerated framework to replace the existing Champlain Bridge which, as reported elsewhere, is deteriorating rapidly despite extensive major maintenance and reinforcement works to keep it in service and close observation using extensive real-time health monitoring service (Mailhot 2016, Mailhot 2017).
Delivery of the new bridge stems from the award by the Government of Canada, on June 19, 2015 of a Design, Build, Finance Operate, and Maintain (DBFOM) contract to the consortium Signature on the St. Lawrence Group. This Public-Private Partnership project represents one of the largest bridge projects currently underway in North America. Design and construction works have been challenged by the project’s accelerated schedule (42-month period to design and build) and other constraints and challenges in delivering a world class transportation infrastructure. This paper highlights  some of the bridge’s distinguishing features and innovative construction techniques used to overcome key challenges in the structure’s construction which include winter works, crossing a large river with strong currents, spanning of an international shipping channel, working within a congested urban setting and in close proximity to an adjacent existing bridge requiring extensive work. Challenges also include important environmental constraints, the need to meet high durability requirements (125-yr design life) as well as architectural quality objectives to satisfy the expectations of the community which drive the distinctive and complex structural shape of the structure. 

2 Description of the NEW Bridge
The New Champlain Bridge measures 3.4 km in length extending from its East Abutment located in the City of Brossard to its West Abutment situated on Ile des Soeurs (Nuns’ Island) which forms part of the City of Montreal. The Bridge has a gentle curve in plan (14.9 km radii for the west approach and 24.5 km for the east approach) selected to provide users approaching the Island of Montreal from the south (or east approach) with a continuously changing view of the impressive Montreal skyline. Figure 1 below provides an architectural rendering of the bridge illustrating the west approach, the east approach and the signature Cable-Stayed Bridge with its 158.55 m high Mainspan Tower (MST) which supports a 240m span crossing over the St. Lawrence Seaway navigational channel. 
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Figure 1: Aerial view rendering of the New Champlain Bridge (existing bridge not shown)
A brief description of some of the most salient features of the bridge’s approaches and signature cable stayed bridge is provided below. A more comprehensive description of the design requirements and resulting design solutions is provided in a collection of technical papers presented at the 39th IABSE conference held in Vancouver in 2017 (Mailhot 2017, Nader and Sanjines et al. 2017, Nader and Baker et al. 2017, McCain  et al. 2017, Osborne and Guitard et al. 2017). A set of 5 companion papers to be presented at this 10th International Conference on Short & Medium Span Bridges also discuss and illustrate several features of the New Champlain Bridge and complete the information presented herein. These papers are listed below:

· Innovative Geotechnical Investigation for the Foundations of the New Champlain Bridge 

· Design of the Cable-Stayed Bridge Signature Span of the New Champlain Bridge and Project Design Criteria 

· The New Champlain Bridge: Technical Challenges in Design of the Approach Viaducts 

· Highway Approaches of the New Champlain Bridge Corridor 

· Innovative Means and Methods for the Erection of the Main Span Segments  
2.1 West and East Approach Spans
To satisfy the Authority’s technical requirements, the Private Partner opted for the following structural design features for the west approach spans (piers W02 to W27):
· three independent steel box girders (east bound and west bound highway corridors formed of two boxes joined by a closure plate) and a central mass transit corridor with a single 4.1 m wide steel box having constant depth of 3.3 m (depth of steel section) and typical spans of 80.4 m centre-to-centre of piers. The width of the transit corridor box was constrained by the ability to transport the segment to the site by the road network (refer to Fig. 2).
· precast deck panels constructed of 60 MPa high performance concrete using ternary cement with wide closure strips reinforced and interconnected with looped stainless steel reinforcing bars.

· W-shaped plated steel pier caps (Fig. 3 and 10) that are secured to the pier shafts by way of post-tensioning (PT anchors are located inside the lower portion of the steel pier caps and within a cast-in-place concrete bulk head to achieve the transition from a segmental concrete section for the pier legs to a steel pier cap. All post-tensioning is internal to the precast pier segments and footings.

· hollow precast post-tensioned match-cast pier legs. 

· for piers requiring in-water construction (W03 to W21), precast gravity footings (generally 11 m x 11 m x 2 m thick) resting on sound (unaltered) Utica shale bedrock (refer to Fig. 3). Looped steel ducts within the footings allow them to be connected to the pier shafts by way of internal post-tensioning. A system of three sacrificial hydraulic jacks resting on the rock and activated from above water allows the footings to be levelled and uniformly supported on the rock before filling the gap between the rock and the underside of the footing with tremie concrete.
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For piers constructed at the west jetty (W22 to W27), piers constructed at the east jetty (E02 to E07) and piers constructed on reclaimed land (E08 to E10) coffer dams are used to construct footings and foundations (a combination of shallow foundations and bored shaft foundations). 
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2.2 Cable-Stayed Bridge
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The most prominent section of the New Champlain Bridge is its asymmetrical cable-stayed bridge having a 240 m mainspan, a 124 m backspan and a tall slender tower. Cable planes are vertical as dictated by the Authority’s definition design but eccentric with respect to the neutral axis of the tower’s upper shafts requiring the tower shafts to be constructed with a camber to compensate for deflections created by the vertical axial load eccentricity. Cables (60 in total) consisting of 115 to 127 strands are arranged in a harp-shaped fashion and are spaced at 6 m centres along the tower (corresponding to the concrete lifts used) and at 12.6 m at the superstructure level where the cables are anchored to cross-beams and tensioned. 
Although of similar external shape and depth, unlike the approach spans which are entirely independent, the three box-girder sections of the cable-stayed portion are interconnected by steel cross beams which connect the three longitudinal steel box-girder sections to the supporting cables. This makes for a very wide bridge with an overall width of 60.20 m (Fig. 5).
The 154.55 m high mainspan tower (top of pile cap to top of tower) consists of hollow inclined precast segments below the upper cross beam (bow-tie) and cast-in-place hollow concrete sections constructed using self-climbing forms for the region located above the bow-tie and extending to the tower tops (Fig. 4). Tower legs are supported by two 4m thick pile caps connected with tie beams, each supported by twenty-one 1.2 m dia. bored shafts, the most heavily loaded of which are socketed some 12 m into sound (unaltered) Utica-shale rock.

3 Construction and Erection Engineering
A bridge of this size and complexity cannot be constructed without careful and detailed planning, which builds upon the experience of a diverse group of individuals and specialists in bridge design, fabrication, erection and construction. Use of state-of-the-art tools for construction modelling, simulation and sophisticated erection analysis to support the use of very heavy lifting equipment is also essential. The sections which follow attempt to reveal, with the help of a number of photographs and graphics, the nature of the complex erection engineering and construction methods used. The following sections also serve to chronicle the construction of the New Champlain Bridge from its beginning.
3.2 Construction of West Approach (Aquatic Works)
In order to meet the challenging construction schedule, the Private Partner opted for extensive on-site and off-site precast concrete operations as well as off-site steel fabrication by Quebec based steel fabricators for the steel box girders of the two approaches as well as steel fabricators based in Spain for the steel pier caps of both the approaches and the cable stayed superstructure segments described in section 3.2 below. One of the key strategies behind the Private Partner’s construction approach was the installation of three rock-filled jetties, the principal one having dimensions of roughly 500 m in length by 100 m in width constructed along the western end of the New Champlain Bridge along Nuns’ Island as shown in Fig. 6. This large jetty (West Jetty) was used to install a temporary precasting plant (certified to CSA A23.4) and used to fabricate precast footings and pier stem starter segments which were much too heavy to transport by road. The jetty is also used to preassemble superstructure segments and the lower portion (transition section) of the steel pier caps. 
The jetty is equipped with aquatic load-out and docking facilities required to transfer prefabricated concrete and steel bridge components for transport by barge to their final position along the St. Lawrence River. A custom-built Self Propelled Modular Transporter (SPMT) with a capacity of some 1000 tonnes was used to move precast foundation units (footing and pier stem starter segment) to various fabrication positions within the West Jetty. The West Jetty is currently being used to preassemble girder sections. The rock-filled structure is also used to facilitate the construction of 6 piers in a non-aquatic environment.

The heavy lift gantry supported on two large size catamarans (Fig. 8) has the capacity to lift the pier starter segments and to rotate the unit to its correct orientation and finally to place the footing with its preinstalled hydraulic jacks to its final position in the river within the accuracy defined by the size of a golf ball, all while combatting the St. Lawrence River’s strong currents. 


The footings are equipped with three hydraulic jacks positioned to rest firmly on the excavated river bed rock which was prepared in advance by an excavator mounted on a specially configured barge. The steps which follow to complete the substructure consisted of; i) activating jacks to level the pier footings, ii) placement of tremie concrete making use of a pre-installed working platform installed above the water level to fill the cavity between the bedrock and the underside of the footing elements, iii)  adjustment of the pier geometry facilitated by a 130 mm mortar joint atop the pier starter, iv) installation of hollow match-cast pier segments (fabricated off-site and weighing between 31 and 71 tonnes) by barge-mounted cranes, v) preparing the steel transition segment of the steel pier cap, vi) placement of the lower steel transition section of the pier cap and connecting it to the lower precast concrete segments and pier starters by way of post-tensioning tendons which loop through the footing, vii) installation of the upper portion of the steel pier cap in two-halves as shown in Fig. 9 using heavy lifting  cranes mounted on barges, viii) splicing of the lower portion of the steel pier cap to the upper portion by structural bolts and finally, ix) connecting the two-halves of the pier caps by a complex mid-span splice. Fig. 10 provides an illustration showing the general arrangement and scale of a completed steel pier cap which measures 51.2 m wide by 11.37 m high including a spliced lower transition segment some 3.2 m high, the whole equipped with an internal stairway system and other access devices. Once the piers are completed, accelerated construction continues via the erection of pre-assembled box-girder sections for the two highway corridors as well as the central transit corridor using barge mounted cranes as shown in Figure 11.
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3.3 Construction of the signature Cable-stayed bridge
The Cable-stayed bridge section of the New Champlain Bridge has been on the critical path of the Project since its beginning. One of the first activities of construction which began immediately following award of the contract was the construction of the mainspan tower jetty shown in Figure 12. The immediate construction of a portion of the jetty’s first phase was essential in order to begin the construction of the first of 42 bored piles for the foundations of the tower. 
To begin construction of the jetty, hundreds of truckloads of crushed stone were transported over the existing bridge and existing ice breaker structure (Estacade) located upstream of both the old and new Champlain bridges. As the continued use of the existing infrastructure to transport numerous truckloads of rock fill would create undesirable repeated stresses on these ageing structures, the Private Partner was able to make arrangements with the St. Lawrence Seaway Management Corporation in order to park a ship within the navigational channel so as to deliver rock-fill material to the location of the foundation site by way of conveyor (Fig.12). 

Figure 15b illustrates the large permanent piers at the MST jetty required to support the backspan (piers designated W01 and W02) and a series of smaller temporary footings used to support temporary shoring towers, all constructed on the MST jetty. This figure also shows the large permanent foundations for the mainspan tower. A high degree of attention was needed in planning the concrete placement for the MST foundation units, namely the north and south footings and two interconnecting tie beams due to the large volume of concrete to be placed (2100 m3), the congestion of reinforcement within the footings (Fig. 13) and the need to control thermal gradients during the casting of the 4m thick footings. 35 MPa blended concrete incorporating normal Portland cement and fly ash was selected to reduce cracking as a result of heat of hydration. Sophisticated numerical modeling was also used to predict thermal gradients that were expected to develop within the concrete mass, the prediction results of which compared quite favorably to the actual measured temperature build-up and gradients.
The degree of congestion within the footing can be appreciated by examining Figure 13 which shows the rebar protruding from the bored shaft caissons, various frames to support the post-tensioning ducts which house the tendons that are necessary to connect the inclined tower leg (shown with an access opening) to the footing as well as two horizontal tension ties which connect the north and south footings together. Not shown in the figure is the considerable amount of passive conventional flexural reinforcement, stirrups and ties which significantly add to the congestion of steel reinforcement within this element.
Once the footings were completed and match cast segments of the inclined tower could be delivered to the MST site, the lower portion of the mainspan tower advanced quite rapidly. For example, Fig. 14 (right)   shows from left to right; a) the first of 44 segments which was placed on Sept. 1, 2016, b) the last of the 44 segments which was installed about one month later on Oct. 4, 2016 and finally c) the start of the lower steel cross beam (the backbone and most complicated component of the bridge) which is composed of two steel-concrete composite tub sections subjected to longitudinal, transversal and vertical post-tensioning (from the tower legs). 
Construction of the MST and the backspan of the cable stayed bridge later progressed by completing the lower cross-beam shown in Fig. 14, where in this figure it is also possible to see the start of girder sections for the North and South highway corridors as well as the central transit corridor which will eventually carry a light-rail transit system. 
While fabrication of the steel deck sections progressed off-site in Spain, the bridge progressed on site by way of the construction of fifteen steel temporary shoring towers shown in Fig. 14. Of interest, some of the shoring towers used consisted of material recovered from the construction of the “Viaduc de Millau” in France. These salvaged towers were completed by new towers constructed locally.

Whereas the definitive back-span erection scheme was founded on the use of temporary shoring towers in combination with permanent piers W01 and W02 as shown schematically in Fig. 15b, the design-build team had initially planned to construct portions of the back-span on the ground and then to lift the partially completed sections into place using strand-jacks as shown in Fig. 15a. This erection scheme was eventually abandoned in favor of the use of shoring towers due to difficulties encountered in limiting deflections and distortions of the girders during the erection.


Construction of the upper portion of the MST tower progressed while the backspan deck sections were erected into place using a suite of high capacity lifting cranes procured by the project team to erect the back-span as well as the approach spans. These included Grove RT9130/9150 rough terrain cranes, from Manitowoc, a 16000 440 ton lattice boom crawler and two MLC650 VPC MAX 715 ton lattice-boom crawlers.  As well, two large Manitowoc M-1200 ringer cranes (900 and 1433 imperial tons) were procured for barge-mounted operations. 
The two MLC650’s worked in tandem to lift the lower crossbeam for the Cable-stayed Bridge. The two crawlers assisted by the 16000 lattice-boom crawler crane were assigned the task of erecting the temporary support towers and handling large components of the back span. Some of the structural lifts were over 400 tons. To appreciate the size of the cranes, each MLC650 crane required 46 transport trucks to bring the components in from Manitowoc in Wisconsin, U.S.A.
While worked progressed on the back span and once the lower-cross beam was completed, work could continue with the upper portion of the mainspan tower. The portion of the tower legs situated below the upper crossbeam (also referred to as the bow-tie due to its characteristic shape) and above the lower cross beam, is also made of precast units but includes inner and outer steel-jacket liners to enhance its performance under exceptional loadings. 
Unlike the lower portions of the tower legs which were prefabricated in an off-site precast plant located about 100 km from the bridge, the precast jacketed section of the tower legs and the bow-tie were fabricated on-site in a certified temporary plant installed at the MST jetty. Figure 16 illustrates the erection of the bow-tie, which in a first phase was lifted onto the bridge deck and in the final stage was slowly lifted to its final position between the two inclined tower shafts and connected using post-tensioning.
The lift which weighed some 350 tonnes took about 3 hours to complete and required a rigorous survey procedure to ensure that once lifted, it would fit in its correct position between the inclined tower legs and such that the ducts and sleeves of the 32 post-tensioning (PT) strands and 40 PT bars cast in the prefabricated segments of the tower leg and the prefabricated bow-tie would align correctly within the tight design specifications.

The tower above the bow-tie consists of 60 MPa cast-in-place concrete. The first cast-in-place section (below the first cable) was constructed using conventional forms. The other sections of the tower, namely the 15 additional lifts each corresponding to a cable position (spaced at 6m along the tower) are constructed using self-climbing forms supplied by Peri.




Cables are attached to the tower at their dead-end using the Dynalink system supplied by DSI which consists of a curved heavy steel plate assembly that transfers the large axial loads coming from a pair of cables to the concrete by way of a combination of direct bearing and shear transfer by a number of shear studs. High accuracy is required in the positioning of the Dynalink and to achieve this, the curved steel links are preassembled in a frame at the base of the tower and then raised to their correct position, to be bolted to a lower adjoining frame installed previously. Figure 17 illustrates a typical member and associated positioning frame.

As a result of the specific architectural form of the New Champlain Bridge, the first supporting stay is located some 48 m away from the MST. Thus, in order to erect the first steel box-girder segments of the mainspan, the design-build team opted to install a large inclined supporting frame called the “delta frame”. This temporary frame, fabricated in Spain and delivered to the port of Montreal is shown in Figure 18. In fact, all of the cable-stayed bridge steel girder sections for both the backspan and the forespan as well as all of the steel pier caps for both the cable stayed bridge and its approaches were fabricated in Spain, shipped by vessel to the Port of Montreal and then transported by barge to the bridge site. Prior to shipment, all deck girder sections underwent trial assembly as shown in Fig. 19, where in this specific figure, a portion of the first segments of steel structure composing the backspan is undergoing trial assembly. 

With construction of both the MST and backspan well underway, attention moved to the erection of the 15 box girder segments required to complete the 240 m mainspan that crosses over the St. Lawrence Seaway navigational channel. Due to the international importance of the seaway and the delicate nature of an erection methodology requiring the installation of large components while the seaway remains operational (with the exception of a short period of closure between late Dec. to March) close collaboration with the St. Lawrence Seaway Management Corporation and a rigorous construction risk assessment and mitigation strategy had to be developed. Figure 20 illustrates the approach used to erect the mainspan crossing over the Seaway navigational channel. Under this scheme, deck girder segments are preassembled below the deck near the MST and then hoisted to a system of rails placed below the deck. The segment, covering the whole width of the bridge and measuring about 60 m x 12.6 m is then transferred to a trolley system to be delivered below the deck to the tip of the cantilever. 

[image: image4]
When it reaches the free end of the cantilever, the segment is transferred to a Dynamic Lifting Frame (DLF) which is used to raise the segment to deck level so it can be bolted into place. Erection of the first mainspan deck section using the DLF is shown in Fig. 21. Under one scenario, this process would have continued until the 15th element would reach a deck segment installed at pier E01 just east of the seaway channel, thus representing a free cantilever of some 203 m. This delicate construction condition, which includes the 700 tonne Heavy Lifting Equipment (HLE), underwent full aeroelastic wind tunnel testing. Under a revised erection scheme developed in an attempt to further accelerate construction of the cable-stayed bridge, erection of three or four deck segments using a temporary tower and temporary stays at E01 pier is currently under development.
The backspan (supported on shoring towers) and the first portion of the mainspan located before the first stay which needed to be supported by the delta frame during construction could be achieved without the installation of any cables. However, installing the first of the 15 mainspan segments which connect to the stays required the prior installation of the stays.
The cable system consist of 115 to 127 individual sheathed strands made of galvanized wires and protected by petroleum based wax which are bundled and further protected by high density polyethylene ducts (HDPE) which have been specially designed, tested and fabricated with circular rings (rather than conventional double helical ribs) to mitigate ice formation while accounting for the potential for wind and rain induced vibrations. A conventional process is used to install the strands and the cable duct system as shown in Figure 22. This latter figure also shows how the delta frame supports the deck and the dynamic lifting frame before the first forestay is installed. 


3.4 3D Construction Modelling
Given the complexity of the structure both in terms of structural details and geometry, the uniqueness of the construction methods required to erect the structure and the aggressive construction schedule, the construction team elected to make extensive use of 3D modelling technology in order to optimize the speed and accuracy of the preparation work, including the production of fabrication shop drawings, the development of erection means and methods and the organization of the field works. Furthermore, to support field activities, to help teams understand the exact nature and complexity of the work to come and to help optimize field works, each and every critical construction operation and all major lifts were modeled and visualized using 3D animations. Three-dimensional construction modelling was thus implemented on a project-wide basis, starting from the engineering designer’s office in San Francisco, CA and extending to the fabricator’s facilities in Seville, Spain and to the on-site construction offices in Montréal. 
The designer and Engineer of Record (EoR), namely TY Lin International developed 2D plans for the constructor/fabricator after performing the full 3D structural analysis of the structure.
The fabricator (Tecade) responsible for the fabrication of the cable-stayed portion of the bridge would then take the 2D plans and prepare its own complete 3D geometrical model as shown in Fig. 23 for fabrication purposes showing all the details. Segments, assemblies, subassemblies and individual elements were initially represented with their design geometries and properties (grade, size, camber, 3D coordinates, quality control requirements) and all other detail needed for fabrication including beveling, welding procedure, welding position, inspection test requirements, complete traceability, material nesting for procurement, weld volume, expected welding ratio, etc. 
The process started by developing a complete 3D coordinate matrix for all geometric working points defined in the EoR’s design drawings. A cable-stayed bridge of the size of the New Champlain Bridge requires significant fabrication cambers (pre-deformation of the geometry) which is intended to ensure that the deck will meet the stringent geometric requirements and will adopt the desired final geometry once erected and loaded. The cambers given by the designers are longitudinal, transversal and axial and require changes in length and orientation of the segments, generating multiple skewed and warped surfaces to be fabricated. This complex operation could not be performed using “off the shelf” commercial BIM tools, which compelled the fabricator of the deck components to develop its own system to do so and thus allow the fabricator to produce coordinate matrix for submittal to the EoR for review and final approval prior to fabrication. 
[image: image5.jpg]T e —— -a>






The fabricator used its 3D model to practically “automatically” generate shop drawings for review by the EoR since every single plate, drilled hole, stud, bolt, washer and weld was represented, identified, detailed and traced. The accuracy and reliability of the generated model allowed the operators to easily detect and resolve any potential clashes between elements in a timely manner. Then, 2D shop drawings were produced directly from the 3D model, so the complete consistency between 2D and 3D information is automatic and fully integrated such that any revision in design drawings is immediately identified and reflected in the corresponding revisions of the shop drawings. 
Material is ordered, plates are cut and holes are drilled using Computer Numerical Controlled (CNC) machining based on the information contained in the fabricators 3D model.
The construction team then prepared 3D assembly drawings using the fabrication shop drawings in order to further detail and illustrate the field works and pre-assembly activities to be performed prior to and during erection of the structural steel components of the bridge (refer to Fig. 24). In order to optimise the preassembly operation and performance of the work crews, these drawings identify (with predefined color coding) the pre-assembly done at the fabrication shop, at pre-erection stage (i.e. on site at grade), and post-erection stage (i.e. at deck level). These drawings are shared with the assembly and erection crews via an IT platform accessible with computer tablets. All assembly progress, field works, non-conformances, repairs and inspections are logged into the system in real-time in order to insure a swift and systematic tracking of the progress and changes between the site and the office. 
The project construction team also assembled at the site, a complete (Autocad) 3D model (Figure 25) of the entire bridge, including the 3D models files produced and used for the fabrication of the precast and prefabricated structural elements as well as the 3D models of all temporary works designed and fabricated for the construction of the bridge including for example, temporary towers, “Delta Frame”, footbridges, mobile platforms, gantries, stair cases, and the like. 

4 Conclusions

Under a PPP delivery model incorporating both performance based and prescriptive requirements to satisfy scheduling, architectural and durability objectives, both the Government of Canada and its Private Partner (PP), Signature on the St. Lawrence Group have had to overcome challenges in their common goal of delivering a world class infrastructure project under a tight 42-month design-build period. 

Due to the importance of the new bridge as well as the rapidly deteriorating condition of the existing Champlain Bridge which requires real-time 24/7 monitoring, strong incentives have been placed on both the Government of Canada and its Private Partner to deliver a quality structure within schedule while ensuring the health and safety of workers and the safety of the bridge users. Such a challenge could only be achieved by a close collaboration between the PP, Owner, Designer and the Construction team and through the extensive use of accelerated construction techniques, extensive off site prefabrication and implementation of heavy construction erection engineering using state-of-the-art construction modelling tools and techniques.

As of the writing of this paper, the New Champlain Bridge is advancing well with about 75% of the bridge now completed although challenges still remain in order to achieve the common goal of delivering a functional new crossing by the end of 2018.
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Figure 2: Typical cross-section for cable-stayed bridge between crossbeams (approaches similar)
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Figure 4: Mainspan tower (MST)





Figure 3: Typical arrangement for piers & superstructure along approaches
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Figure 5: Typical cross-section of cable-stayed bridge at crossbeams





Figure 6: West Jetty installations





Figure 8: Delivery of pier starter by the heavy lift catamaran gantry





Figure 7: Pier starter at west jetty dock ready for load-out by catamaran gantry





Figure 10: General arrangement of steel pier cap with bolted mid-span splice using high-strength bars





Figure 9:  Erection of the upper half of a steel pier cap





Figure 12: Construction of the MST Jetty (initial phase)





Figure 11: Erection of pre-assembled superstructure between piers 





Figure 13: MST footing showing piles and post-tensioning ducts 





Figure 14: Erection of mainspan tower (left and centre) and lower cross-beam (right) 
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Figure 16: Erection of the upper cross-beam (bow-tie)








Figure 15: a) Initial erection scheme for erection of the CSB backspan (not used) and b) Final erection scheme using shoring towers





Figure 17: Dynalink member being prepared to be cast with upper section of tower
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Figure 19: Trial assembly of CSB backspan (central & one of two highway corridors visible)





Figure 18: Shoring of backspan using towers & first mainspan segments using Delta Frame





Figure 20: Erection of the mainspan box-girder section using trolley and dynamic lifting frame (DLF)





Figure 22: Erection of stays and initial mainspan segments





Figure 21: Testing of the HLE with the first mainspan segment





Figure 23: 3D Fabrication model from which fabrication shop drawings are extracted





Figure 24: 3D Assembly Drawing





Figure 25: 3D Construction model detailing permanent and temporary structures as well as major construction equipment
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