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Phased Rehabilitation of the Baseline Bob-Tail Orthotropic Steel Deck Swing Bridge

Introduction

The Baseline Road Swing Bridge in Wallaceburg Ontario over the Sydenham River was constructed in
1993 to improve connectivity for the local industrial area of the community. The bridge has 3 spans
including an approach span and two swing spans. The swing span consists of an orthotropic steel deck
supported by two steel girders and steel floor beams with cantilevered sidewalks. The swing span is
asymmetrical with a center bearing on the pivot pier and a 33m (108”) tail arm and 50m (164) navigable
nose arm span. The abutment consists of a system with retractable rocker bearings, jacks and a tail lock
which are all operated by the hydraulic power in the east pier. Before this phased rehabilitation the bridge
had not undergone a significant repair since it was constructed. This paper will discuss the challenges
specific to the rehabilitation of this bob-tail orthotropic steel deck swing bridge, including the span
balance issues that resulted from the increase in weight on the tail and nose arms.

BASELINE BRIDGE: Swing Bridge in Wallaceburg Ontario

Bridge Issues

A comprehensive inspection was completed in 2017 through collaboration between Canadian and US
AECOM staff. Structural, Mechanical and Electrical elements were assessed. Through this
comprehensive inspection, mechanical, and structural deficiencies were identified. While the bridge
control system was functional, elements were nearing the end of their service life such as the soft start
motor and PLC which were near obsolescence. Anecdotally Chatham-Kent had incidents of the bridge
becoming stuck in the open position due to controls functionality in the tower, that required their
programmer to paddle out to the pier to manually override the system using controls housed in the pier
mechanical room to close the bridge.

The mechanical system is an interlocked hydraulic drive system located on the pier with no bleed valves.
The inspection of the system indicated light corrosion of the lines and improper previous flushing.
Hydraulic fluid was observed leaking from both the north and south jacks which indicated wear of the
cylinder seals. Proximity sensors for the end jacks were faulty and resulted in inconsistent bridge
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operation. The east end tail lock was in poor condition, the hydraulic cylinder support was severely
corroded with perforations, both of the sacrificial pads were worn down. The location of these elements
without a cover below the deck joint contributed to their condition.

The structural system was generally in good condition with the exception of a few areas. The asphalt on
the orthotropic steel deck had debonded, creating ruts and smooth sections of visible steel in the road.
Concrete on the curbs in the bobtail span were damaged. Spalling would ultimately occur along this
location which resulted in full depth holes through the sidewalk at the curb. An investigation of the
cantilevers supporting the sidewalk resulted in the discovery of multiple cracks in the welds between the
sidewalk support cantilever and the longitudinal bridge girders. Bollards were installed on the sidewalk
within days to deter accidental traffic loading of the sidewalk.

The pivot pier bearing was in good condition but the east pier main girder bearing gaps (strike plates) for
the north and south girder were uneven and an indication of a mis-alignment of the asymmetrical spans. It
was eventually determined that the condition of the concrete sidewalk/ curb on the tail span resulted in a
transverse imbalance.

A metric sketch of the bridge with the nose arm cross-section on the left and the tail arm cross-section on
the right is provided below for clarity. The bridge cross section is 13.9m wide (45.6 feet).
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SIDEWALK CANTILEVER: East Pivot Pier interface of concrete to steel sidewalk
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Phasing

In Canada there are limited general contractors interested in bidding moveable bridge projects. The
rehabilitation contract was first tendered as a mechanical and controls project (with structural repairs to
come later) but no bids were received by the client. The bridge required repairs and doing nothing was not
an option. The project was broken into two contract packages to attract contractors with a limited scope of
work.

Phase 1 of the project included upgrading the bridge programmable logic controller (PLC) and wireless
communications devices. Faulty relays and sensors were replaced and independent gate control was added
to the bridge. One contractor submitted a bid for phase 1 of the work. The contractor specialized in
software and programming related to automation of process’ and maintained the occasional moveable
bridge in the past their primary workload however is from the water and wastewater systems industry.
The contractor was not accustomed to acting as the prime for a government bridge contract. The
Contractor engaged an electrician to complete the project. The bridge control system (PLC) underwent
significant testing off site and on site with our computer and software automation engineer to ensure the
system was working as sold. Prior to handover of the system the client’s operators were trained on the
new PLC system for the swing bridge.

The project was relatively straightforward except that the cylinder limit switches required for the bridge
had been discontinued and no substitute was available from the Canadian distributor. As a stop gap
measure 2 switches were acquired from Ebay. Eventually, in order to replace the four switches and
acquire some spares a substitute was found available in the USA. They were purchased in the USA and
brought to site.

The Phase 2 tender of the project included the mechanical and structural rehabilitation. Considering
local contractor inexperience for this tender, the project team modified the form of tender by increasing
the number of pay items to ensure the scope of the deliverables were clear for bidders. This aimed to
improve bidder confidence, the tender attracted two bidders however the pricing exceed the budget
available. The low bidder was engaged to complete some testing on the bridge with the aim to remove
some provisional items from the contract. Mechanical engineers attended remotely using local staff live
feeds to assess elements, due to restrictions on travel during COVID. The tender was eventually awarded
in 2020 to the low bidder with some modifications to the original components in the mechanical contract
to maintain the project budget.

Mechanical upgrades include the replacement of the pumps, tail lock assembly and rebuilding of the jack
cylinder and power pack assemblies. Structural improvements included the removal of the existing 30mm
(1.25”) lift of asphalt and replacement with high polymer modified asphalt (HPMA), concrete sidewalk
repairs and strengthening of the steel sidewalk cantilever.

Rehabilitation Details

The structural rehabilitation included:

e the addition of steel brackets under the concrete sidewalk;

e repaving of the road with 50mm (2”’) polymer modified asphalt including Smm (1/6”) bond coat;
o the addition of steel curbs adjacent to the concrete sidewalk.

The asphalt had reached the end of its service life and was debonding from the steel deck. This resulted in
exposed steel and ripples in the asphalt surface. The replacement pavement provided was proprietary
from McAsphalt — Everlife LP HMA and met the service requirements of high durability, extended
fatigue life, rut resistance at elevated pavement temperatures and low permeability. In preparation
minimal locations in the steel plate deck required repair and a Smm (1/4") plate was welded to 4 locations
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in the deck where section loss was identified. The bond coat/ waterproofing system installed in
conjunction with the HPMA was Matacryl WPM_SBS as a double tack coat. The contractor was required
to engage an asphalt specialist to qgﬂfirmthe installation of the pavement.

PAVI: Paving (left), Bond Coat (right)

The concrete sidewalk on the tail span was designed as a one way slab spanning between sidewalk
cantilevered beams welded to the main girders. The welded connection between the steel beam and the
orthotropic deck also had cracked and was identified as not meeting code requirements to support a
design truck wheel as required by the Canadian Highway Bridge Design Code (CHBDC). The
strengthening of the cantilevered beam was completed through the addition of a diagonal steel angle strut.
The steel angle under the sidewalk cantilever beam brought the sidewalk up to code and eliminated
potential fatigue concerns in the weld between the sidewalk cantilever beam and the main longitudinal
girder.

STEEL Angle: Under tail arm sidewalk
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The interface between the orthotropic steel deck and the concrete sidewalk was not robust enough to
withstand the Canadian winter, including snow plows which scrape along the curb. There was also a
suspicion that local farmers were driving some wide equipment across the bridge sidewalk rather than
encroaching in the oncoming lane. Ultimately this harsh environment resulted in multiple full depth spalls
along the curb.

The new steel curb was connected to the tail arm concrete sidewalk with shear studs to better protect the
concrete in the one way slab and prevent future full depth holes from developing between the edge of the
road and the sidewalk.

=,

STEEL CURB: New sidewalk curbfacing

Balancing

The center bearing relies on balance wheels to keep the bridge aligned as it rotates, prior to construction
this provided up to 25mm (1”) tolerance from one end to the other during rotation. As this particular
bridge relies on the tail side being lower during rotation, the nose arm needs to hit the fixed west pier
ramps slightly above the steel plates. The low tolerance between the tail and nose span arms increases
challenges for balancing the swing span when the weight of the arms is increased.

The operation of the swing span relies on the bob-tail arm being heavier than the nose tail so that the nose
raises from the pier when the rocker bearings are retracted prior to swinging. With the lost concrete from
the sidewalk, and the discontinuities in the asphalt the swing span became unbalanced diagonally. This
resulted in the bridge becoming stuck at the pier, prior to construction. An emergency effort was
employed to rebalance the bridge to improve operations. No modeling or pre-condition survey had been
completed in advance of the emergency re-balancing. It was observed that the bridge was touching at the
curved north girder bearing plate (strike plate) at the east pier, and did not have sufficient momentum, to
climb the strike plate and close. Weights in the counterweight were adjusted to attempt to balance out the
gap between the north and south main girder bearings. This was completed successfully using trial and
error. With the relocation of approximately 3 — 401b steel plates in the counterweight, the bridge seated.
However three additional plates were relocated to improve the lateral balance. Following the rebalancing
the main girder bearings on the pivot pier was grinded to remove the coat of rust to reduce the likelihood
of the bridge becoming stuck here.
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Following the rehabilitation, the heavy and dense asphalt from rehabilitation which increases the bridge
weight more in the nose than the tail was offset by the increased steel added to the curbs and brackets to
improve the concrete sidewalk. This additional weight also increased deflection in the spans. The bridge
balancing is further limited by the available gaps between the balance wheels on the centre track, which
were generally consistent with the site observed gaps.
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The contractor did not perform the pre-construction survey per their contract which would have made the
balance assessment more straightforward. Due to the missing baseline survey for the deck corners, the
wheel gaps with the abutment jacks lowered were used to assess the balance. From the start position the
north side was heavier than the south side with a lateral imbalance and no gaps on the wheels on the
North side of the bridge. The bridge was successfully balanced by moving counterweight under the cooler
temperatures that occur prior to the May navigation season using this method.

In June early in the summer under relatively typical heat for southwest Ontario summer (At
approximately 31 Degrees Celsius (88 Degrees Farenheit)) the bridge became stuck. The bridge was
operable with no issues at cooler temperatures.

An investigation revealed that the bridge was coming in too low at the west pier (nose end) — at the deck
level the bridge would stop rotating with only 75mm (3”) to full closed. Ultimately the bridge would stay
stuck open until temperatures dropped at the end of the day when the bridge could be closed. This
situation was unacceptable and a couple of short term solutions were attempted before resolving the issue:
a) Having a loader push down on the bob-tail arm — to push the nose arm up;

b) Having equipment push the bridge up the ramp from the side of the bridge;

Neither of these solutions were acceptable long term- however under the circumstances it allowed traffic
to continue across the bridge.

While further exploring solutions to avoid the bridge becoming stuck, more weight was added to the
counterweight — this was ineffective, despite a) having worked as a short term measure. We ascertained
that the addition of more weight to the counterweight was ineffective because the amount the bob-tail
span can be lowered is limited by the gap at the balancing wheels. The loader may have been effective
because it added some dynamic load to the system, but we are uncertain.

Ultimately rather than modify the balancing wheels or track which were functioning well, it was decided
to do additional repairs to the ramps on the west pier. One of the west pier ramps was damaged from a
previous collision but it had never affected operations previously. This damaged plate was ground down
and greased and the lower parts of the ramps were also cleaned and greased. No further issues have been
encountered during bridge closing since the modifications to the west pier bearing ramps.
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WEST PIER: Bearings

Conclusion

The Baseline Road Phased Bridge rehabilitation was successfully split into two phases to attract bidders
to the project. By splitting it into two phases contractors with specialized knowledge were able to bid the
project without taking on more uncertainty than typical for their normal projects.

The original swing bridge controls were outdated and ongoing damage was taking its toll on the bridge,
and reducing the reliability of bridge operation. Project improvements have increased the reliability and
safety of the bridge, acting as a gateway to Wallaceburg via the Sydenham River.
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