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Abstract: The selection and proper use of suitable expansion joint solutions in road bridge construction and maintenance projects plays an important role in minimising the costs of expansion joint supply, installation, maintenance, repair and replacement throughout a bridge’s service life. It is thus a very significant factor in minimising life-cycle costs in general, and traffic disruption due to such activities in particular. Experiences from the selection and use of various types of expansion joint in different bridge construction projects in Canada are described, illustrating options that are available to bridge designers and constructors. 
1   Introduction
Expansion joints are among the most critical components of modern road bridges, for their important function of enabling a bridge’s deck to accommodate movements and rotations while providing continuous support to overpassing traffic. Various types of expansion joint have been developed in recent decades, each of which finds application, and has its own advantages, in certain situations. A key determining factor, of course, in selecting an expansion joint type for a certain bridge application is the longitudinal movements to which the joint will be subjected; an expansion joint that must accommodate just 30 mm of movement will be fundamentally different from one that must facilitate movements of 2 m or more. The different types selected for use on a number of recent bridge construction projects in Canada are presented below, illustrating the wide variety of expansion joint types available and the importance of careful selection of the optimal solution for any particular structure.
2   The modern flexible plug expansion joints of the Welland Canal Lock 2 Road Bridge 

For small longitudinal movements, of up to 135 mm, modern polyurethane (PU) flexible plug expansion joints can provide a very attractive solution – as demonstrated in the recent renovation of the road bridge at Lock 2 on the Welland Canal. The Welland Canal connects two of North America’s great lakes, Lake Ontario and Lake Erie, providing an alternative route to the nearby Niagara River which the Niagara Falls, with their 51-meter drop, make unnavigable for shipping. The canal – a key element of the St. Lawrence Seaway which makes the Great Lakes navigable from the Atlantic Ocean – has eight locks, which enable the total level difference of approximately 100 m between the two lakes to be negotiated safely. A bridge at Lock 2 carries Regional Road 83 across the canal, with one section of the bridge rising when required to allow ships to pass as they transport roughly 40 million tonnes of cargo along the canal each year. 

In early 2017, as part of an overall bridge renovation project, new Polyflex-Advanced expansion joints, for SLS movements of 30 mm, were installed at four structure axes, replacing bituminous plug joints that had proven unsatisfactory in the past (Figures 1 to 6). Such bituminous/asphaltic plug joints have long been plagued with durability problems, especially at low or high temperatures. Inconsistent quality due to improper mixing and incorrect temperature during installation (high temperatures required) also frequently cause problems.

This modern version of the flexible plug expansion joint, with a flexible driving surface of high-performance polyurethane, is far superior to traditional bituminous/asphaltic plug joints. Like the traditional plug joint type, they create a smooth, safe, low-noise surface, and offer great adaptability and easy installation, but they additionally offer greatly improved reliability, strength, elasticity and durability. They also offer greater movement capacity, uniform material behavior at very high and very low temperatures, and easier installation at ambient temperatures. And the speed of installation and curing of the material is particularly beneficial when the joint is installed on an existing structure to replace an old expansion joint – as was the case in this particular project.

This modern polyurethane flexible plug expansion joint thus offers many benefits over alternative expansion joint types, and is likely to present an optimal solution in very many projects where small-movement expansion joints are required.
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Figure 1: Lock 2 on the Welland Canal and its road bridge
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Figure 2: Cross section of the new carriageway joint, showing an optional polymer concrete base
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Figure 3: Preparation of recess following removal of the old expansion joint – with a polymer concrete subbase placed within the recess as required
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Figure 4: Anchoring of steel angles at both sides of the gap, and placing of a cover plate across the gap
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Figure 5: Pouring and levelling of PU material flush with the connecting road / footway surfaces

[image: image8.png]



Figure 6: One of the bridge’s new PU expansion joints, with asphalt-strengthening ribs at both sides

3   The finger-type expansion joints of the Nipigon River Bridge
For intermediate longitudinal movements, of larger than 100 mm, finger-type expansion joints can offer an ideal solution in many scenarios. For movements of up to approximately 300 mm, cantilever finger joints may typically be used, and for larger movements, sliding finger joints, the fingers of which receive sliding support, may offer an optimal alternative. The use of both of these types of finger joint was demonstrated in the construction in 2017 of the Nipigon River Bridge in Ontario (Figure 7) – the first cable-stayed bridge of its kind on the Ontario highway system. This three-tower bridge of length 252 m, which carries part of the Trans-Canada Highway across the Nipigon River, replaces a steel plate girder structure dating from 1974. It has two parallel spans, carrying four traffic lanes in total. The design of the new bridge required the use of expansion joints at both ends, with a limited movement capacity of 160 mm in each case. Despite the single movement capacity for all joints, finger joints of both the cantilever finger type and the sliding finger type were selected for use. 

Finger-type joints are often preferred to other types for their relative simplicity and potentially lower maintenance requirement than other intermediate movement expansion joint types, as long as their inability to facilitate any significant transverse movement is not a problem. For movements of less than 300 mm, cantilever finger joints are generally preferred, since they have no moving parts and no sliding interfaces, making them especially low-maintenance. However, if significant vertical movements must be accommodated at a particular bridge axis, cantilever finger joints are not suitable, since the steel fingers of the joint would protrude above the driving surface as the superstructure at one side of the movement gap rises relative to the other, creating a hazard for traffic. To overcome this challenge, finger joints of the sliding type may be used instead. Since the fingers of this type of joint are pre-stressed downwards by a stainless steel spiral spring or similar, the fingers maintain constant contact with the sliding surface at the opposite side of the movement gap. As well as providing support to the fingers, and thereby greatly reducing structural moments and stresses (and thus increasing the movement capacity), this prevents the ends of the fingers from protruding above the driving surface due to vertical movements of the deck.
It was primarily for this reason that some expansion joints of the Nipigon River Bridge, for longitudinal movements of just 160 mm, were designed as sliding finger joints (Figure 8), while others, for the same longitudinal movement, were designed as cantilever finger joints (Figure 9). With vertical movements of 20 mm arising at two axes, cantilever finger joints did not present a suitable option, and so sliding finger joints were selected instead. When the time comes to renew joints of either type, it is likely that it will suffice to replace the finger plates, their connections/springs, and the drainage channel, while the concreted-in anchorages, which are not subjected to dynamic loading, way be retained – greatly reducing effort on site and impacts on traffic.
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Figure 7: The Nipigon River Bridge, Ontario
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Figure 8: A Tensa-Finger Type GF sliding finger joint as fabricated, selected for its ability to accommodate 20mm vertical movements as well as 160 mm longitudinal movements
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Figure 9: A Tensa-Finger Type RSFD cantilever finger joint as fabricated, for longitudinal movements of 160 mm only
4   The modular expansion joints of the Port Mann Bridge
For intermediate to large longitudinal movements, modular expansion joints often offer an optimal solution. The most highly developed of these, with a so-called “single support bar design” (such as the Tensa-Modular joint), are extremely versatile, and can accommodate longitudinal movements of over 2 m while also facilitating large transverse movements and very significant vertical movements, as well as rotations about every axis. The high durability of this type of joint, which results in part from its non-rigid design, has been verified in various types of laboratory testing (Spuler and Moor 2013), including very extensive fatigue testing, in accordance with American Association of State Highway and Transportation Officials specifications (AASHTO 2004). For enhanced replaceability when the time comes to renew this type of expansion joint, avoiding the need to break out concreted/welded connections to the bridge deck, various replacement methods may be allowed for or applied (Meng and Hoffmann 2018).
This type of modular joint has proven its worth on numerous landmark bridges in Canada, including the Golden Ears Bridge close to Vancouver, the Pont Canal de Beauharnois and the Champlain Bridge close to Montreal, the Deh Cho Bridge near Fort Providence in Northwest Territories and the Angus L. Macdonald Bridge in Halifax (see Figure 10). 
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Figure 10: A Tensa-Modular expansion joint with noise-reducing surface plates as installed on the renovated Angus L. Macdonald Bridge in Halifax
It has also proven its value on the Port Mann Bridge in Vancouver, one of Canada’s most significant bridges to be built in recent years. 
[image: image13.jpg]



Figure 11: The Port Mann Bridge, following opening to traffic

The Port Mann Bridge (Figure 11) carries the upgraded Trans-Canada Highway 1 route over the Fraser River in the east of Vancouver. With its main span of 470 m and end spans of 190 m each, it is the second longest cable-stayed bridge in North America, and with its ten traffic lanes and overall width of 65 m it is the widest long-span bridge in the world. The cable-stayed section of the bridge was constructed of precast concrete deck panels supported by steel girders, and consists of two structurally independent parts, side by side. The approaches at each end, however, consist of concrete box girders, continuous across the full width of the bridge.

Expansion joints were required at eight bridge axes, including those at the ends of the cable-stayed structure (850 m apart) and at six other locations on the north and south approach structures. The largest longitudinal movement required of any joint was 870 mm, a movement which could be accommodated by a modular expansion joint with 11 gaps, each allowing 80 mm movement. The smallest movements, at just 150 mm, could be facilitated by a 2-gap modular joint – or alternatively, by a cantilever or sliding finger joint. Following consideration of all factors, it was decided to use modular joints at all bridge axes, even where movements are relatively small. Of course, the most highly developed modular joints available have numerous advantages over other types, including their extraordinary ability to accommodate movements in all direction and rotations about all axes, without fatigue-inducing constraint forces arising. And it is often desirable to simplify installation and maintenance work by using a single expansion joint type on any particular project. For the Port Mann Bridge, it was decided to use only modular expansion joints of the single support bar type. The design of this type of modular joint is shown in Figures 12 and 13.
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Figure 12: Section through a modular joint of the single support bar type, showing five stirrup connections between a support bar, which spans the deck movement gap, and all moving transverse surface beams
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Figure 13: View beneath an installed joint, showing several support bars and also the pairs of control springs which regulate the distribution of movements among the joint’s individual gaps
Several of the expansion joints – those on the more residential south side of the river – were required to be equipped with noise-reducing surface plates. The so-called “sinus plates” (named for their sine wave shape) provide continuous support to wheels as they cross the joint, preventing wheel impacts against straight transverse edges of the joint’s surface beams, and thus ensure that residents are not disturbed by the noise of traffic crossing the joints at night. An example of a joint with these sinus plates is shown in Fig. 14. The addition of this optional feature generally increases the amount of movement that can be accommodated by each gap from 80 to 100 mm, often reducing the number of gaps required in a joint. It also requires changes to the design of the joint itself, most notably in relation to the thickness of the top flanges of the beams to which the sinus plates are screwed.
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Figure 14: A modular joint with noise-reducing “sinus plates”, as installed
Following selection of joint type, detailed design of each joint was carried out in accordance with the Canadian standard CAN/CSA-S6. A particular challenge was posed by the prior dimensioning of the block-outs of the structure to receive an alternative size of expansion joint, with several difficulties resulting. Most significantly, the height of the standard modular joint had to be reduced – not an easy task given the build-up of a typical joint, as shown in Figure 12. The height of the joint is essentially defined by the height of the centerbeams which form the driving surface; the height of the support bars beneath, which provide support to the centerbeams; and the stirrup frame which connects the two, allowing the centerbeam to slide along the support bar. To reduce the height of the expansion joint in the block-outs, the standard I-profile beams always used for the support bars for their optimal structural efficiency were replaced by full-section rectangular beams. These alternative details are shown in Figure 15, left and right respectively, which shows a cross section through a support bar at its stirrup connection to a centerbeam. A further height saving of 5 mm could be made by altering the way in which the sliding bearing (between the centerbeam and the support bar) is secured, with a thinner steel plate. In total, the height of the joint could be reduced from 472 to 382 mm, a significant and necessary saving.
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Figure 15: Sections through a standard I-beam support bar, at centerbeam connection (left), and through a rectangular support bar as specially developed for this project (right)
The total length of joint at each axis is approximately 45 m, with most joints being continuous along this full length. To facilitate transport of the joints to site in 40-foot containers, the joints were delivered in sections of less than 12.2 m in length and welded together on site using a special technique, known as the Secheron method, to connect the centerbeams of the individual joint sections.

5   Conclusions
There are various types of expansion joint available on the market, in Canada and around the world, each with its own capabilities and advantages. There can vary very greatly from each other, in terms of design, capabilities and benefits, as demonstrated by the examples of the polyurethane flexible plug joint, finger-type joints (both cantilever and sliding designs) and the modular joint (single support bar design) presented from recent Canadian bridge construction projects. Selection of the optimal expansion joint solution for a particular bridge construction or renovation project requires a good understanding of the types of expansion joint available and the capabilities, limitations and advantages of each, and of the optional features – such as noise reduction, for example – that may be available and of special interest on a project. Since most bridge designers and constructors do not have specialist knowledge of this particular aspect of bridge design and construction, it can often be very beneficial to discuss a project’s expansion joint needs with an experienced supply specialist at an early stage in a structure’s design – early enough, in particular, to avoid inappropriate dimensioning of block-outs and deck movement gaps, and to ensure adequate time for supply and possible prior testing. 
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