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Abstract: The award-winning Lees Avenue Bridge – Rapid Bridge Replacement Project was the first rapid replacement of a tub girder bridge in Ontario as well as one of the largest ever performed in North America. The new spans and the existing center-span were constructed and demolished, respectively off-line just north of the existing alignment approximately 2km southwest of the Canada’s Parliament Hill and within the core of the City of Ottawa. Situated just north of the University of Ottawa’s Lees Campus and between the Rideau River and canal, the new two-span bridge was moved into place within a 16-hour closure of the eight-lane TransCanada Highway (ON-417). This approach was necessitated by the lack of available detours and the 30,000 AADT on the TransCanada Highway. The owners team understood the need for an innovative construction approach. This necessitated the use of an integrated approach to successfully design, construct and install this more than 2000-ton horizontal curved, twin (42.6m span for each) steel tub structure in less than four hours. This paper reviews lessons learned during the early involvement at design stage from the bridge installer’s engineering and execution perspective to reduce public impacts as well as manage overall project risk, cost and final close-out. It also covers the details and technical challenges of using Self-Propelled Modular Transporters (SPMT) as a dynamic support versus a rigid structure to move these structures approximately 250m out of and into final configuration.
Introduction
It’s not every day you’re tasked with the heaviest lift installation of a multi-span freeway overpass in North America, but Ottawa’s Lees Avenue rapid bridge replacement was unique. Weighing 2,054 tons and measuring 87.5m long by 16.2m wide, the flyover is one of the city’s main traffic arteries. The project is part of the city’s new CND $5B Light Rail System. Because of the location and lack of adequate detours, the client team (which included the City of Ottawa, Ministry of Transportation in Ontario and the Rideau Transit Group) choose to employ a Rapid Bridge Replacement technique (RBR) to switch a complete new bridge into place once the old one is removed. This method was favored over demolition and then building a new bridge because it:  1) minimizes downtime; 2) decreases disruption of traffic; and 3) reduces project time significantly, which in this case was more than five months. 

However, using an acceleration method to install the bridge also increased the complexity of the design, planning and execution. Any project delays would mean traffic congestion and fines for the lead contractor, R.W. Tomlinson and the heavy lift and transport subcontractor, Mammoet. Additionally, potential damage to the reputation of all parties from the City to the Owner would have been significant.
Bridge Geometry

The bridge’s geometry was fixed based on the existing abutments and included a difference of 3m from the north end to south end of the structure. More simply put, no aspect of the structure was simple from curvature to super-elevation to weight distribution. The contractor team was involved early with the client team to ensure the design criteria were signed-off before the movement was successfully executed.  Additionally, the staging area for the new span construction was higher than the placement elevation.
Site-Specific Conditions 
Given the curvature of Lees Avenue bridge structure, it was like picking up a boomerang; which made it difficult to align the SPMTs for jacking in the standard configuration. Any twist during transport could jeopardize the integrity of the structure. Not only this, but the structure would need to traverse over a curved section of freeway plus navigate down an incline to the new bridge abutments.
To level out the elevation difference, it was decided to construct an earthen ramp using local 12,000 tons of construction aggregate to create a flat pathway for the new bridge span. This temporary ramp would be placed over the existing working area, over an adjacent access road as well as on the eight lanes of freeway and median. This ramp provided protection for the roadways and two utility lines (one 305mm gas line along Robinson Road and one nominal 600mm sewer main under the highway) which the structure would be required pass over to its final position. More importantly, the ramp allowed the structure to navigate the elevation change without any additional stresses due a crest or trough in the pathway.
Similar to the bridge design the ramp and SPMT movement required early and often communication between the contractor team and client team to ensure risks were identified and then assigned or mitigated.

SPMT Configuration
After detailed analysis of the bridge structure, it was determined that 96-axle lines of SPMTs configured into four clusters / two pairs per span would provide the stability and support needed to transverse the planned route. The route consisted of three segments: 1) clearance from the existing temporary support structure; 2) traverse down the ramp into near final position; and 3) rotation and positioning into final placement.
Execution

Bridge movement from the off-site location to placement of the abutments was estimated to require between four and six hours of the 16-hour shutdown window. As previously noted, placement and construction of the aggregate ramp plus removal would also require a significant portion of time. Squeezing all this activity into such a confined area in a compressed time window 

As a result, all procedures and equipment were tested and checked prior to the closure window. A test lift / dry run was preformed several days ahead of the closure to finalize any adjustments. Shims used during the dry run were labeled and reused to reduce time.
After a detailed Toolbox safety meeting the combined teams completed one final review of the plan to ensure everyone understood their role. At 6pm on Saturday September 6th, 2014, the TransCanada Highway was closure commenced. The ramp construction over the roadway began as a cadre of loaders, dump trucks and graders sprang into action.
While this was occurring, the SPMTs lifted the new structure and were set into stand-by mode until the ramp was completed and checked. Then the structure began it the trek away from the temporary support structure. The bridge SPMT movement was comprised of seven steps (all times are approximate):
1. Lift from the temporary structure | 10.30pm
2. Move structure 25m straight back and away from temporary support structure | 10.35pm
3. Switch SPMT into crab mode and traverse approximately 100m down the ramp to the primary pivot location

4. Execute an approximately 45o pivot on temporary steel plates onto the final alignment centerline | 11.00pm
5. Move the structure 30m straight onto the refurbished abutments

6. Lowering of the structure down into final position and verification | 12.00am
7. Demobilization of the SPMT arrangements | 1.30am
The bridge movement was completed in less than three hours and ahead of the estimate and allowed the team to begin other work on the project during the closure. 

With the new bridge safely in place, removal of the temporary fill for the ramp commenced. The contractor orchestrated this activity flawlessly and by 03.00am was washing down the pavement in preparation of paving operations. Paving work was completed by 07.00am and the highway was reopened for traffic by 09.00am on Sunday Sept 7th. 
Conclusion
Moving heavy and large objects is a challenging endeavour but for this client and team it was the obvious choice. Reducing impacts to the critical infrastructure and surrounding stakeholders improves our reputation and allows us to push the limits of conventional construction. Once the decision is made to use an accelerated approach, additionally measures need to be started early and the proper expertise and equipment needs to be secured. 
Using a RBR approach reduced the usual timeline of several months down to just two weeks; safely, and without a single hitch. By the time the new bridge was set down at sunrise, the constructor Tomlinson was already moving on to the project’s next phase. The first cars rolled over the new Lees Avenue overpass exactly as planned. Creativity, teamwork, planning and communication are paramount to ensure challenges and concerns are fully vetted but the best measurement of the outcome is detailed by the following testimonials.
“Once again, Mammoet with their hard work and efforts has proved that they are the Number One Best company to perform rapid lift bridge replacements. The Lees Ave rapid Bridge Replacement went without a glitch and it was a great team effort to make this project successful.” -- Vipin Bansal, MBA, Estimation & Design Builds Manager, Tomilson Ltd.

“This heavy lift project was well planned and executed and an excellent example of the teamwork required to deliver the Highway 417 component of the OLRT Project. This project was another first in North America; the heaviest lift of a multi-span structure over a freeway to date” -- Steve Cripps, P. Eng, Director, Rail Implementation Office, City of Ottawa.
The project was covered by Discovery Channel’s Daily Planet on September 18th, 2014
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