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Abstract: The paper presents the challenges and solutions developed for sliding the 200m, five span, Grand River Bridge at Cayuga, Ontario. The Grand River Bridge at Cayuga carries Hwy 3 across the Grand River providing a major link in the transportation system in southern Ontario.  The existing bridge was a severely deteriorated five span truss bridge.  The original plan was to install a temporary bridge to one side of the existing structure, demolish the truss and piers, and reconstruct the new bridge on the existing alignment.  This solution would have resulted in considerable disturbance to a high value archeological site and provided a low quality detour.   Constructing the permanent bridge on temporary piers immediately adjacent to the existing structure, and then sliding the bridge into its final position after demolition of the existing structure resolved these issues, and was adopted as the preferred approach.  Sliding the bridge presented a number of challenges.  The critical item was design of a sliding system that would permit the entire slide, from road closure to re-opening to be completed in 24 hours.  Other major items included design of temporary piers and guideway for multi-year use in a river with high seasonal flows and ice jamming, continuous support of a fibre optic cable, and design of the approaches to minimize impact to the archeological site.  The solutions developed by the construction and design team and presented in this paper were successful in meeting these challenges and have provided a template for other projects in Ontario.
1 Introduction
The Grand River Bridge at Cayuga carries Hwy 3 across the Grand River providing a major link in the transportation system in southern Ontario.  The existing bridge was a severely deteriorated five span truss bridge which was close to the end of its service life, having already been rehabilitated several times.  The decision to build a replacement structure on the same alignment was developed through the environmental assessment process.  The selected design was a five span steel girder bridge, with a temporary crossing of the river using a modular bridge to be in place throughout the work. 
The Ministry of Transportation of Ontario (MTO) retained McCormick Rankin Corp. (MRC), now part of WSP, to design the permanent structure, and Dufferin Construction to complete the structure using construction manager general contractor process (CMGC).  Brown & Co. were retained by Dufferin to provide engineering services for the temporary works and to assist in the development of alternate construction methodologies for the project.
In the course of the review of the project it became clear that constructing the new bridge on temporary piers and then sliding it into permanent position had a number of advantages at this site.  The decision to slide the bridge was based on clear economic and environmental advantages, and made early enough in the design process to permit full integration of the construction method into the permanent structure where that was necessary.  This paper outlines the rationale for using the sliding method at this site, and the challenges to completing the work.

2 Background
The original Grand River Bridge at Cayuga was a five span, 189m long truss bridge providing two lanes of traffic and a sidewalk.  The bridge was originally constructed in 1924 on the site of a previous bridge. The bridge was in poor condition with significant repairs to critical components required on an ongoing basis at the time of the start of the project.  Continued rehabilitation was not considered a viable option.  There was also an important cultural consideration. The lands along the banks of the river were part of the traditional land use areas.  The east side of the river had been redeveloped with the construction of the town.  The west side was largely untouched, and found to be a significant archeological site in all areas beyond the current bridge embankments.  
The plan developed in the Environmental Assessment determined that the preferred approach was replacement of the bridge on the current alignment, with a low speed temporary bridge to the south.  A temporary bridge to the north was not feasible on the east side of the river because of existing buildings and the disturbance of the archeological site was equivalent either north or south of the existing bridge.  The alignment of the temporary bridge was set at the minimum to the south possible consistent with the construction of the new, widened bridge.  The alignment required widening of the embankment, and therefore disturbance of the archeological site.  There was a strong preference, both cultural and economic, to minimize disturbance to the site. 

The need for a temporary crossing during the demolition and reconstruction work was determined based on the distance of “out of way” travel with the bridge out of service.  The nearest road crossing of the Grand River is approximately 10 km north on a county road bridge, with poor connections back to the provincial highway system, and was deemed unacceptable for long term use.  

The existing bridge supported critical services for Bell and Union Gas.  The Bell plant on the bridge was a fibre optic line reported to service a significant part of south-western Ontario.  The splicing of the Bell cables was anticipated to be both expensive and slow.  Two rounds of splice were expected.  The first to move the service to the temporary bridge and the second to move the service to the completed structure.
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	Figure 1:  Original detour plan


3 Sliding Concept
The critical driving force toward sliding at this site was the disturbance to the archeological site.  The sliding approach permitted a significant reduction in the temporary widening in the embankment, and combined with the use of temporary RSS walls limited the archeological disturbance to areas that had already been excavated and cataloged.  
Constructing the bridge on the temporary piers, with the temporary travelled way immediately adjacent to the existing structure at each end, and then sliding the structure permitted the improved position because the existing truss bridge was considerably narrower than the replacement structure.

The reduced lateral movement had the secondary advantages of bringing the two structures close enough together that the Bell cables could be transferred back and forth without splicing, and improving detour alignments.
The alignment of the slide surface was set directly on the line of the bearings.  This location was selected in this case as it permitted the new piers to also serve as the slide system support for the latter part of the slide.  The diaphragms were designed to be capable of supporting the full dead load and live load and the slide surface segmented to permit transfer from the sliding equipment to the permanent bearing position, and removal of the slide surface for the full length of the pier.  The slide path on the bearing line contrasts with the alternate approach which positions the slide system in front of the bearings.  The alternate approach does not require modification of the bearings, and installation of the slide path is simpler, but the second support line required was prohibitively expensive at this site.
Jump spans were included at each end to transition the traffic from the highway alignment onto the detour.  This approach was taken rather than prebuilding full height temporary abutments to minimize the disturbance to the river bank and filling in the river.  Concrete was used for the deck of the jump spans because of the expectation that the jump spans would be required to over-winter and an asphalt surface was strongly preferred to coated wood for safety reasons.
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Cross-section

Figure 2:  Sliding concept



4 Temporary Piers
The temporary piers for any project where they are expected to be in use for multiple seasons approach the design requirements for permanent piers.  In this location the known design loads included the dead and live loads from the structure, wind loads, temperature loads induced by the bearings from the bridge and stream flow.  The critical unknown design load was the ice load and length of time in service for fatigue loads.  The Grand River was known to have ice jamming at the existing piers, but the extent of the jamming had never been well recorded.  The selection of the design load from ice was therefore based on judgement.  Factors included the presence of the existing bridge piers immediately upstream, visible elevation of the ice jams in newspaper images, with related observation of hydraulic head across the dam.  Fatigue loading can be a concern where typical temporary details, which are often not detailed with fatigue considerations, are subjected to extended exposure to variable loads, greatly reducing their acceptable stress level.
The temporary piers became a concern at this project as the work was stopped for reasons out of the control of the MTO and the Contractor for more than a year, exposing the full system of temporary work, but most especially the piers, to a wider range of load than would normally be anticipated.  The fatigue performance of some details were reviewed very closely to confirm continued acceptable conditions.  The uncertainty with environmental loading was also exacerbated.

The design of the temporary piers for the forces related to sliding the bridge was straightforward.  The lateral slide force is applied to the base track which is the same surface the rollers for the bridge are supported on.  As long as the track is continuous the force is contained in a single system and the piers do not have to support a lateral load.  This concept applies provided the bridge is shifted in a uniform manner.
The temporary piers for the construction of the permanent superstructure on the temporary alignment were subject to some additional considerations in comparison to temporary piers for a temporary superstructure.  The loads were increased because of the higher dead load to be carried and the pier cap strengthened to permit the moving load from the bridge.
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	Figure 3:  Temporary piers adjacent to existing


5 Design of the Slide

5.1 Constraints
The primary constraint for the slide operation was the permitted closure of the bridge to highway traffic for 24 hours, with no closure for emergency vehicles.  Short term partial closures (single lane) were permitted.

The limited time available for the slide required that secondary operations during the closure period be kept to a minimum.  Previous experience in sliding operations suggested that this required that placement on permanent bearings not be required before returning the bridge to service and that vertical lifting of the bridge be limited as much as possible.
The bridge distortion in horizontal and vertical directions was limited to prevent cracking of the deck and damage to the diaphragms.
5.2 Distortion Control

5.2.1  Vertical Control
Vertical deflection control was reviewed and determined to be equivalent to normal jacking operations, with a limit of 20 mm between piers, 3 mm within a pier.  These limits permitted installation of the slide systems one pier at a time.  

5.2.2 Horizontal Control

The horizontal control of distortion in a multi-span bridge is critical for both cracking of the structure and control of lateral loads in the piers.  The concern with regard to the piers is that uneven resistance in movement will result in lateral forces from one slide line being transferred to another, which will not be contained in the slide system, and instead transferred to the pier itself.
The cracking and force in the piers are both related to the horizontal curvature of the bridge induced by the jacking forces.  At the Cayuga site these forces were evaluated based on a wide range of possible force patterns in the jacking system, and the permitted distortions determined.  The final equations put in the contract limited both the maximum differential and the deviation from the chord for the middle pier of any three piers.  The distortion limits were within “tape measure” accuracy.  The use of the chord offset approach provided appropriate protection for the structure while minimizing halts in the slide. 
The longitudinal position of the bridge at the end of the slide is also controlled by the horizontal control during the lateral jacking operation.  The primary guide for the lateral movement was set on a single pier, with allowance for temperature movement at the other piers.  Correction to the longitudinal position were possible by adjusting the overall twist of the bridge.  In this instance no correction was required.
5.3 Sliding track

The sliding track was designed to be sectional to permit the track to be installed and removed with the bridge in place.  The track sections were steel plate with a central grip bar, cut to interlock with the adjacent section, with the lengths of units limited to suit the bearing size and locations of the permanent structure.
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Figure 4:  Slide track and shoe
The transition of the track from the temporary piers to the permanent piers required special consideration to ensure that the track distortion did not result in a lip that would block the rollers.  A short link beam was used to allow a small slope but ensure there was not sharp step.
The requirement that both push and pull operations be possible, and the need maintain position on separate tracks, complicated the design of the track.  Simple track systems use a mechanical cog which can only be pushed on, and is based on a minimum step equal to the jack stroke.  At the Cayuga site that would have created a large risk that the jacks would be resetting at different times.  The resolution was the use of a clamp on a central grip bar that fixed itself with friction.

Layout of the track was completed very carefully for both straightness and parallel position.  Theoretically the longitudinal movement bearings would adjust for horizontal misalignment but this would require lateral bearing on the guide bar, and in the interest of minimizing resistance to the slide the lateral pressure was minimized.  Careful shimming of the track was necessary to achieve the flat vertical profile.  Lateral guiding was achieved with stop bars either side of the track.
5.3.1 Bearing Pedestals
The minimization of vertical jacking required that the bridge be shifted sideways at essentially the final elevation.  At the same time the bridge girders were set to the conventional bridge cross fall of 2 % with the crown at the mid line.  Steel bearing pedestals were introduced into the project to provide for a level finished concrete position all across the bridge.  If the conventional approach was taken the bridge would have been moved sideways approximately 250mm above the final elevation, which would have added a great deal of time to the start and end of the slide and complicated the emergency vehicles traversing the bridge during the slide.  The horizontal slide at the final elevation was very important for the successful completion of the project.  The steel bearing pedestals were a very efficient approach to facilitating the horizontal slide with lift.
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	Figure 5:  Permanent bearing assembly


6 Sliding Control 

The control of the slide was critical in order to meet the distortion control requirements.  The system required an efficient means of gathering information and efficient means of controlling the jacking and clamp system.  The means for providing control range from large staff with a communication system to electronic data gathering and control.   The system could tolerate either.  In this location the selected subcontractor, Western Mechanical, elected to use a near fully electronic means.  Measurement was made using rotating wheel data logger on a fixed wire.  Jack extensions were measured by transducers mounted on the jacks.  Jack pressures were controlled and metered to control the jack extensions within the permitted tolerances.  The system minimized the personnel required and simplified reporting.  The control station became an efficient location for observing the overall operation and communicating any iinformation to the designers and owner.
7 Utilities

7.1 Bell Canada

The Bell Canada conduit was a major consideration because of the cost of the potential splicing.  With the close position of the new structure it was possible to shift the cable from the existing position on the side of the truss bridge to the north side of the new structure, on brackets supported on the temporary piers.  Once the piers had been rehabilitated the Bell cable was placed in a slot in the top of the piers, with the slide track placed over it.  On completion of the slide the track was removed and the Bell cable lifted up to the final position between the girders.  This approach required that the diaphragms between the girders be designed to allow the cable to be lifted.
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	Bell carrier cable at typical pier                                     Detail at pier with ducts under bridging plate

Figure 6:  Bell cable, general and detail view during slide

	


7.2 Union Gas

The Union Gas service on the bridge was a significant concern because of the need to maintain continuous service in the heating season, and at all times to some customers.  The timing of the lateral slide was moved forward to avoid the heating season, and other steps taken as necessary.  The gas company preferred taking special measures under their own control instead of using flexible piping that could permit the movement.  The gas company held off on cutting service until the morning of the slide, and re-instated full service at the end of the same day.
8 Sliding Operations

8.1 Prior to the slide

The slide rollers and jacks were all installed under full live load in the week prior to the slide.  The jacking and shoring system had been designed to accept full live loads at all stages, which permitted the installation work to proceed uninterrupted.  The tolerance for vertical distortion permitted the work to be done one pier at a time, which reduced the necessary crew size and increased the experience level of the crew, improving efficiency.  At the completion of the slide roller installation the horizontal slide system was energized and tested with a small movement to ensure all components were working properly.
8.2 Day of the slide

On the day of the slide the MTO and MRC provided senior staff to the site so that any issues that might arise could be dealt with quickly. Dufferin staff were in place to facilitate the work of the lateral sliding contractor, Western Mechanical.  BrownCo staff were on site to review the operation and confirm the work was proceeding as planned. Traffic control was put in place to detour the traffic and maintain the access for emergency services.  The operation was controlled from the single central station with continuous readout of position and jacking forces at the central station.  
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	Figure 7:  Lateral slide control centre
	Figure 8:  Jack movement and pressure screen
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	Figure 9:  Partially completed slide
	Figure 10:  gap at expansion joint


The approximately 12m slide was completed in approximately 10 hours with no incidents and with the distortion not more than 70% of the permitted range at any time.  Once the slide was completed the expansion joints were covered with steel plates and the bridge was quickly re-opened to traffic.
8.3 Post Slide operations
On completion of the slide, the first operation was the re-connection of the gas service, which was completed the same day.  The other operations, including the installation of the permanent bearings, installation of approach slabs, repositioning of the Bell cable and final paving were completed progressively in short term closures as necessary.

9 Lessons Learned
The decision to install the bridge by lateral sliding was clearly supported by the project outcome. The lateral slide operation itself went extremely well with no damage to the structure and all work completed in the planned time windows.
The principal lessons learned were:

· first of all, that the sliding option of long multi-span bridges was achievable in our market

· planning for somewhat extended time use in terms of detour alignment and surfaces, design detailing and anticipated loading is a sensible precaution.  The circumstances that lead to the major extension of time were unusual, but some allowance beyond the anticipated construction schedule is certainly prudent.

· cooperation between the owner, permanent works designer and contractor, facilitated in this case by the CMGC process, is very helpful in delivering a project where the efficient construction methods affect some aspects of the permanent structure design.
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