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STRUCTURAL DESIGN REPORT 

PROPOSED STRUCTURE REPLACEMENT 
ARGYLE STREET BRIDGE 

(OLD HIGHWAY 6) OVER GRAND RIVER 
G.W.P. 3805-01-00 

DISTRICT NO. 4 – CALEDONIA, HALDIMAND COUNTY 
  
  

1. LOCATION 

Caledonia, Haldimand County 

2. REFERENCE INFORMATION 

Site Plan: N/A 

Original Design Drawings: Drawing No. D-2074-1 to D-2074-7, Department of Public Highways - 
Ontario, 1927, Contract No. 27-55, W.P. 67-85-01 

 Sheet 1 to 56 by Wyllie and Ufnal Limited, 1983, Contract No. 83-79, 
W.P. No. 68-81-01 

Preliminary Design Report: N/A 

Foundation Report: Preliminary Foundation Investigation and Design 
 Rehabilitation or Replacement of the Argyle Street 
 South Bridge over the Grand River, Highway 6, 
 Caledonia, Site 9-2, Golder Associates, April 2004 

Detail Foundation Investigation and Design Report 
Rehabilitation of the Argyle Street South Bridge 
Former Highway 6, Caledonia, Site 9-2 
Golder Associates Report dated January 2, 2008 

Detailed Condition Survey Report: Detailed Bridge Deck Condition Survey Report, Morrison Hershfield 
Limited, Rep No. 1021040-CSR, June 2003, and update report, No. 
1071009-CSR, October 2007 

Underwater Inspection Report: Underwater Inspection Report, MIE Consulting Engineers Limited, 
November 2002 

Alignment and Profile: Existing Alignment and Profile of the Argyle Street South Bridge, 
Sheet 5, 1983, Contract No. 83-79, W.P. No. 68-81-01 

 Callon Dietz Incorporated, E-Plan, February 2003 

3. BACKGROUND OF EXISTING STRUCTURE 

The existing Argyle Street Bridge over the Grand River in Caledonia is a 9 span reinforced concrete 
bowstring arch structure constructed in 1927.  The bridge was rehabilitated with a new concrete overlay, 
waterproofing membrane, asphalt pavement, deck expansion joints, shotcrete repair on the hangers and the 
deck soffit, and patch repairs of the substructures in 1983. 

The structure is comprised of 9 simply supported concrete bowstring arched spans with a 250 mm thick concrete 
deck slab and two cantilevered sidewalks which are in turn supported on floor beams attached to hangers hung 
from the arches.  Each span measures 22.15 m and the bridge deck is not skewed.  The overall width of the 
structure is about 13.07 m and is comprised of one southbound and one northbound traffic lane, each 3.5 m 
wide. 

The abutments of the bridge are vertical reinforced concrete walls with return wingwalls.  Each of the eight 
piers located in the river are rectangular shaped reinforced concrete single columns with rounded ends.  The 
arches are located between the traffic lanes and the outside sidewalks, and are generally 600 mm wide and 
4.6 m high with square shaped concrete arch hangers 300 mm in size. 

All substructures are founded on spread footings on bedrock.  Municipal light poles are located on both 
sides of the roadway between the concrete arches. 

The bridge is currently posted with a load limit of L1 = 18 tonnes, L2 = 32 tonnes, and L3 = 45 tonnes 
resulting from a 2001 evaluation conducted by the Ministry. 

The bridge is considered a Landmark Bridge of Caledonia, with significant heritage ties to the Community.  
Many promotional brochures and maps published for the County and the Town highlight the bridge as an 
icon for the area.  The bridge is currently listed with the Ministry of Culture as a Heritage Structure. 

Photos of the existing structure can be found in Appendix B of this report. 

The approach roadway on both sides of the bridge was “Old Highway 6” which was downloaded to the 
local municipality, Haldimand County, in 1997.  However, the bridge remains under the jurisdiction of the 
Ministry. 

4. CURRENT ASSIGNMENT 

This project will address structural and highway conditions of the bridge.  It is the intention of the Ministry 
to transfer ownership of the bridge from the Ministry to the local municipality, Haldimand County, at the 
conclusion of this project. 

The scope of the current assignment is to assess the present condition of the bridge structure, conduct a 
structural evaluation of the bridge, evaluate and recommend the most suitable alternative to address the poor 
condition of the bridge, and to satisfy the requirements of various stakeholders and interested parties.  Two 
scenarios will be considered: firstly to identify and evaluate the potential rehabilitation alternatives to 
address the condition and structural deficiency (strengthening) of the bridge, and secondly to identify and 
evaluate potential replacement alternatives.  This report supports the proposed structural replacement with a 
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3-lane bridge and identifies the method of construction and construction staging for maintaining vehicular 
and pedestrian traffic at the existing crossing location. 

The recommendations in this Structural Design Report take into consideration the following in 
recommending the most suitable solution for bridge replacement: 

1. Addressing condition of the foundation strata, as documented in the Foundation Investigation and 
Design Reports as quoted above; 

2. Consideration of traffic and pedestrian access across the river at or in the vicinity of the existing 
bridge location during construction; 

3. Consideration of the impacts to emergency services; 

4. Consideration of the time for construction and the associated disruption to the town (resident and 
business); 

5. Providing a three-lane cross section for the new bridge as requested by Haldimand County; and as per 
the dimensional requirements as prescribed in the CHBDC; 

6. Increasing bridge opening dimensions and soffit elevations, as per the CHBDC, to address the 
inadequate flow capacity and vertical clearance (freeboard); 

7. Providing smooth, continuous, horizontal and vertical alignments at both approaches of the Argyle 
Street to meet all safety and slight distance requirements; 

8. Providing proper lane widths, shoulders, and roadside safety provisions on the bridge and approaches; 

9. Providing new sidewalks on each side of the bridge; 

10. Providing a sympathetic design to the existing bridge for maintaining the heritage component as well 
as the aesthetics of the new bridge (including possible attributes that might improve the aesthetics of a 
new bridge, such scenic lookouts, handrails and lightings); 

11. Minimizing impacts to the Grand River during construction, as well as during operation; 

12. Providing cost effective solutions; 

13. Addressing constructability, durability, and future maintenance issues; 

14. Considering the input from the public and stakeholders through Pubic Information Centre, the Context 
Sensitive Design Workshop and the Evaluation Factor Weighting Workshop. 

5. DESIGN REFERENCES 

The replacement design will generally comply with the following references: 

(1) Canadian Highway Bridge Design Code [CHBDC] (CAN/CSA-S6-06) 

(2) The MTO Structural Manual and other appropriate publications (e.g. Semi-Integral Abutment Bridges 
Report) 

(3) The MTO Structural Planning Guidelines 

(4) Ontario Provincial Standard Specifications and Drawings 

(5) Transportation Environmental Study Report, Argyle Street Bridge, Caledonia, Haldimand County, 
March 14, 2008 

(6) Other design studies and reports including: 

i. Traffic protection requirements; 

ii. Traffic staging/detour requirements; 

iii. Road dimensions and protection requirements; 

iv. Foundation investigation and recommendations as detailed in Reports prepared by Golder 
Associates, dated April 2004 and January 2008; 

v. Construction constraint considerations including in-water works; 

vi. Haldimand County resolutions and preferences; 

vii. Public and agency inputs; 

viii. Hydraulic requirements; and 

viii. Input from other team members. 

6. FOUNDATION INVESTIGATION 

Golder Associates, working as specialist subconsultant for Morrison Hershfield Limited (MH), conducted a 
Foundation Investigation at the existing bridge location to provide information relating to the selection of 
replacement alternatives for the bridge.  It is expected that the replacement structure will follow the existing 
alignment with only minor changes (offsets).  The original scope of the work was expanded to include 
additional foundation boreholes at the piers, as well as drilling and sampling foundation strata at greater 
depths. 

The foundation investigation was conducted in October 2003 and the results were documented in a report 
dated April 1, 2004 by Golder Associates.  In summer 2007, as part of the detailed design for the short term 
rehabilitation of the Argyle Street Bridge, Golder Associates conducted additional investigation drilling to 
augment previous works. 

A total of 14 cores were sunk up to a depth of 12m below existing bedrock near each support location to 
study the condition of the supporting rock strata. 

Based on the foundation investigation findings provided by Golder Associates, the upper 4 to 7 m of rock at 
the existing bridge location are highly weathered and extremely fissured or fractured.  The poor quality of 
the bedrock is mainly attributed to gypsum layers which gradually dissolve in the water leading to karst 
formations. 

Presently, sound bedrock appears to be intact at a level varying from 3.7 m to 6.6 m below the existing 
riverbed surface.  To provide sound support for the replacement structure, 3 foundation alternatives were 
considered, including shallow foundations (spread footings) on river bed surface the sub-surface fissured / 
voided rock stratum being stabilized by penetration grouting, spread footings on local mass concrete 
replacement of the poor rock stratum, and deep foundations using caissons to found at competent rock strata.  
The following is a comparison and evaluation table leading to the selection of the preferred foundation 
alternative: 
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Foundation Option 
SLS 

Capacity 
ULS 

Capacity 
Size of 

Support 
Evaluation and 

Recommendations 

1. Shallow spread 
footings on 
riverbed, keyed 
min. 0.5 m into the 
bedrock surfaces, 
all fissured and 
cracked substrata to 
be grouted with 
cement grout, up to 
7 m below existing 
bed. 

500 kPa 700 kPa 6.5 m wide 
spread 
footings 

Not recommended due to 
excessive size of footings, 
and anticipated problems at 
abutment construction.  
There are also major 
structural, financial, and 
environmental risks 
associated with the grouting 
operations in the river. 

2. Shallow spread 
footings on properly 
prepared sound 
bedrock surface or 
on mass concrete 
replacement of the 
poor bedrock strata. 

1,800 
kPa 

2,000 
kPa 

2 m wide 
spread 
footings 

Not recommended due to 
excessive in-water rock 
excavation up to 7 m below 
riverbed, expected profuse 
water infiltration into the 
excavated areas due to rock 
fissures which may required 
grout sealing and hence 
subject to same 
environmental and 
construction risks as noted in 
the above option, as well as 
potential problem with the 
footing size at the abutments. 

3. Shallow pile cap on 
caissons drilled to 
competent rock 
with 1 m 
embedment into 
sound rock, 
approximately 
length of caisson up 
to 7 m deep. 

2,200 
kPa 

3,000 
kPa 

1.5 m dia. 
caissons 

Recommended due to 
relatively simple and reliable 
operations and low 
environmental impact.  Other 
feasible piles such as 
micropiles were also 
reviewed but is considered 
inferior to caissons because 
of lack of similar application 
and the large number of pile 
required which may result in 
a larger pile to be built in the 
water at each support 
location. 

Factors such as headroom and the mobility of the drilling machine will need to be considered for this 
congested site, if construction of caissons is to proceed prior to the decommissioning of the existing bridge.  
The minimum headroom for coring or drilling caissons is around 6 m, compared to the 5 m headroom 
currently available underneath the existing deck, from riverbed to deck soffit. Under this situation, it may be 
necessary to construct caisson footings at the two ends of the substructure (piers and abutments) and then 
built the substructure by spanning over the caisson footings. 

7. STRUCTURAL CONSIDERATIONS 

Due to the complex nature of the project, and the many design requirements to be addressed, the 
identification of alternatives, evaluation, and recommendation process has undergone many changes 
throughout the design.  Special studies have been conducted to enhance the usual preliminary design 
procedure.  Notably, the following issues have major impacts on the selection of the new bridge type: 

1. Bridge heritage and bridge aesthetics. 

2. Provision of vehicular and pedestrian access over the existing crossing location.  Although initially it 
was considered feasible to replace the structure in stages using innovative structural solutions and 
provide one single lane of traffic on the bridge at all times during construction, this approach was 
subsequently abandoned in favour of a temporary bailey bridge located on the west side of the existing 
structure.  The proposed temporary structure will carry 2 lanes of traffic and a single pedestrian 
walkway across the river during replacement work.  As a result the replacement bridge can be 
constructed in one single operation without staged work and unnecessary splices of structural 
components. 

3. Provision of a third lane on the new bridge, instead of 2 lanes, to address imminent and future needs of 
the expanding municipality. 

4. Optimization of spans due to foundation and superstructure requirements. 

5. Minimizing delay to response times for emergency services during construction, which is closely related 
to point 2 above.. 

The replacement bridge alternatives presented to the public at the first Public Information Centre in June 
2003 included a total of 7 options.  The recommended option is a 5 span concrete deck on steel girder 
structure with decorative arches to accommodate the heritage component of the bridge.  The selection was 
based primarily on economy and ease of construction, and also due to the flexibility of girder structures to 
be built in stages.  It is anticipated that with some nominal offset of the horizontal alignment of the existing 
bridge, vehicles and pedestrian can continue to use the crossing throughout the entire construction period. 

The advent of the Ministry’s document “Aesthetic Guidelines for Bridges” in Fall 2004, and Haldimand 
County’s resolution and agreement to be a funding partner for the 3rd lane on the new structure has changed 
the design condition significantly, notably: 

1. The use of decorative arches contradicts the principles of aesthetic design to use materials functionally 
and to honestly represent the design intentions.  Further there were concerns about future maintenance 
costs for these arches. 

2. The wider structure made it possible to stage construction on the bridge for the arch options, by adopting 
an innovative method of using “cranked” floor beams to tie the 2 arches together, while still maintain 
the operation of the existing bridge, now located between the arches.  This advantage was however not 
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an issue since the decision was made to provide a temporary crossing at the bridge site instead of using 
staged work. 

In April, 2005, the Ministry directed MH to organize and hold a “Context Sensitive Design (CSD)” 
workshop, primarily to address the heritage component of the replacement structure.  Representatives from 
interested parties, stakeholders and the public were invited to attend a 2-day workshop held in the Caledonia 
Legion Hall, located adjacent to the bridge site.  Participants were given background information and 
technical considerations for the design of this bridge, and were asked to discuss and provide concept designs 
for the new bridge to address heritage aspects of the bridge.  Participants included representatives from 
various ministries and agencies, local businesses, First Nation members, municipal staff, council and 
committee, and local residents, as well as technical specialist (architects and engineers), and members of the 
project team. 

During the CSD Workshop, 14 alternatives were developed and grouped into 3 families of design options, 
namely, repeating arches (structural) similar to the existing bridge theme, concrete deck on haunched beams 
with parabolic beam soffit, and a single arch bridge.  All arches were required to support loads from the 
deck.  These options were evaluated against an agreed list of criteria and qualitatively rated, with individual 
construction costs estimated.  Options that did not meet crucial criteria, such as staged construction, or 
excessive costs (close to $20 M, for example), were eliminated from further consideration.  These options 
are included in Appendix “D”. 

The development of the replacement scheme considered the unique heritage attributes associated with the 
existing bridge and therefore the appearance of the replacement bridge was chosen to resemble to existing 
structure.  Mitigation for the loss of an existing heritage structure to be replaced with a new modern bridge 
should be through a sympathetic design, and in this case, the new bridge should contain arched shaped 
bridge components.  Other measures such as careful removal of some existing arches to be placed in a 
nearby park or public place, should be considered to augment the sympathetic design.  Discussion of these 
options are beyond the scope of this report. 

Based on the evaluation of these alternatives, 3 options were carried forward and displayed to the public at 
the Second Public Information Centre held on June 15, 2005.  Three dimensional video computer renderings 
were also displayed and the public were invited to comment on the bridge alternatives. 

The three options are as follows: 

1. 5 Span Repetitive Structural Arches, with Arches Located on the Outside Edges of the Bridge: 

Each of the 5 spans is 40 m in length, with new piers located between the existing 8 in-water piers.  If 
necessary, this configuration will enable the construction of the new piers to proceed while the existing 
piers will continue to support the existing bridge during staged construction.  The span-depth ratio of the 
arches will be adjusted to optimize the members.  The new bridge will be much wider than the existing 
one due to the incorporation of the 3rd lane.  The floor beams are approximately 1 m deep steel beams 
and are supported from the arches via hangers, which in turn support stringers, a 225 mm thick concrete 
deck, asphalt, sidewalks, and barriers.  The substructure will comprise reinforced concrete abutments 
and 4 in-water piers supported on caissons founded on competent rock.  The deck will carry 3 lanes of 
traffic, proper side clearances and a raised curb and sidewalk on each side of the bridge. 

2. 5 Span “Hybrid” Bridge Composed of a Concrete Deck Slab on Box Girders for Vehicular Traffic and 
Light Arches Supporting the Sidewalks Only: 

The light arch option will ensure that the heritage feature (the arches) are being put into use to carry 
some loading.  They are located adjacent to the traffic lanes and are protected by concrete barrier walls.  
The sidewalks will overhang on the outside of the arches.  The arches are not tied together, but each 
arch’s stability is developed by a hinge connection of the new cantilever floor beam to the web plate of 
the outer box girder, restricting rotation of the arches, but not transferring any moment to the web plates.  
Three box girders, 1500 mm deep, will support 3 lanes of traffic with proper side clearances to the 
barriers.  2000 mm wide sidewalks with pedestrian railings, supported on the cantilever floor beams, 
will be located on each side of the bridge.  Pedestrians are therefore physically separated from the 
vehicular traffic. 

The span layout and substructure of this option is similar to Option 1 discussed above. 

3. 5 Span Bridge, with 2 Shorter Arch Approach Spans (34 m) and 1 Signature Centre Arch Span (64 m), 
Using Outside Arches Similar To Option 1 Discussed Above: 

Apart from a very prominent arch for the centre span, this option is very similar to Option 1.  However, 
an arch of this magnitude will likely require top bracings which would add to the complexity of the 
work and would significantly alter the appearance of the bridge, compared with the existing structure.  
Construction is expected to be more difficult due to the heavier structural members and massive 
foundations for the main arch.  Costs will also be higher for this option. 

The evaluation of the above 3 options is summarized in the following table: 

Evaluation Item 

Option 1 - 5 Span 
Repetitive 

Structural Arches 
(Outside) 

Option 2 - 5 Span 
Repetitive 

Structural Arches 
(Inside) 

Option 3 - Single 
Span Signature 
Arch & Smaller 
Arches At App. 
Spans (Outside) 

Cost Estimate $11.7M* $10.9M $13.0M 

Bridge Aesthetics 
Structural arches with 

good proportion 

Light arches appear 
too thin and 

disproportionate to 
span.  Sidewalks 

unbalanced due to 
alignment 

requirements 

Structural arches are 
well proportioned 
with span layout 

Heritage Design 
Repetitive arch 

design similar to 
existing 

Repetitive arch 
design similar to 

existing 

Centre arch tall and 
prominent 

View for Drivers 
Excellent with open 

concept design 
Partially blocked by 

concrete barriers 
Excellent with open 

concept design 

View for Pedestrians Good viewing with 
cable tie design and 

Fully unobstructed 
river side but barrier 

Same as Option 1 
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Evaluation Item 

Option 1 - 5 Span 
Repetitive 

Structural Arches 
(Outside) 

Option 2 - 5 Span 
Repetitive 

Structural Arches 
(Inside) 

Option 3 - Single 
Span Signature 
Arch & Smaller 
Arches At App. 
Spans (Outside) 

look out points on road side 

Structural 
Performance 

Primary structural 
form, most reliable 

and predictable 

Hybrid construction 
with light arch and 

girders poses concern 
Same as Option 1 

Durability 

Arches further away 
from vehicular traffic 
reducing impact of 

salt on structure 

Arches located close 
to vehicular traffic 

increasing the impact 
of salt on structure 

Same as Option 1 

Permanent 
Alignment 

All lane lines will 
match without bridge 

widening 

All lane lines will 
match but bridge 

needs to be widened 
by 1.2 m to achieve 

this 

All lane lines will 
match without bridge 

widening 

Ease To Build 
(Constructability) 

Good Good 
Main arch is 

relatively difficult to 
build 

Interference with 
Existing Piers 

No No No, if properly placed 

Overall Rating 
Best overall, 

RECOMMENDED 
Not recommended Not recommended 

*all costs are estimated based on on-site detour without the use of temporary structures.  As discussed in the 
following paragraphs, this estimates will be revised based on new directions to incorporate the temporary 
crossing instead. 

A review of the 3 options concluded that Option 1, 5 Span Repetitive Structural Arches (Outside) Bridge, is 
cost effective and best meets all the requirements that have been identified above.  The method of 
construction is also familiar to Ontario bridge contractors.  This structural option is therefore recommended.  
This recommendation received overwhelming support at the 2nd PIC. 

The proposed bridge deck, excluding the arches, is 16.95 m wide, accommodating one lane in each 
northbound and southbound direction, together with one centre left turn lane.  The use of the centre lane 
may be changed in the future depending on the ultimate road planning by the County, but this is beyond the 
scope of this report.  The total length of the bridge is 200 m measured between the centreline of bearings at 
the abutments.  4 piers are provided in the Grand River, dividing the bridge into five equal spans of 40 m. 

In 2007, the Ministry directed Morrison Hershfield to conduct a “Continued Study” of the project due to the 
advent of the amendments to the Ontario Heritage Act in 2005.  The Continued Study included additional 

and expanded consultation, as well as the organizing and holding of an Evaluation Factor Weighting 
Workshop.  A revised list of options to include 4 rehabilitation and 4 replacement alternatives, together with 
an expanded list of evaluation factors, were developed to evaluate these alternatives.  Details of the 
Evaluation Factor Weighting Workshop can be found in the above-referenced TESR documents. 

The Evaluation Factor Weighting Workshop was carried out in September 2007, and re-confirmed the 
alternative recommended in the 2nd PIC, with the replacement bridge comprising of 5 span of repetitive 
structural arches resting on 4 in-water piers and 2 abutment at the banks.  The results of the Continued 
Study were presented to the public in PIC #3 on December 11, 2007. 

8. BRIDGE SCOURING 

As the bridge will be supported on caissons embedded in rock, bridge scouring is not a concern of this 
project.  Rip raps of appropriate size are still recommended to be placed around pier foundations for 
environmental reasons. 

9. BRIDGE HYDRAULICS AND NAVIGABLE WATERS 

The firm R.J. Burnside & Associates Limited, working as a subconsultant to Morrison Hershfield Limited, 
conducted a hydraulic study for the bridge.  Information obtained from the Grand River Conservation 
Authority, including HEC-2 models, were modified based on various bridge options proposed. 

The analysis showed that the design 100 year water level is at approximately the existing bridge soffit of 
190.1 m chart datum.  The roadway level on the new bridge would remain the same if a floor beam system 
using 1 m deep floor beams are used.  Albeit not likely that the bridge will be overtopped during a design 
flood, the bridge will not meet the freeboard requirement of 1m as stipulated in the CHBDC. 

The areas on both sides of the bridge are slightly lower than the bridge deck surface, and during Regulatory 
(Regional) Flood, it is expected that a portion of the town on either side of the bridge will be flooded. 

Since raising the road grade at the abutments would result in major impacts to the municipal roads, it is 
recommended that the centre span be raised by 1.5 m with proper curves and slopes to match the existing 
elevations of the abutments on both banks.  The resultant slope of approximately 1.5% would not likely be 
noticeable by drivers, but would provide a sufficient opening at one span for the passage of debris and 
floating ice during floods.  This recommendation is endorsed by the specialist subconsultant.  The vertical 
curve on the deck will also help drainage of the deck.  However, it is expected that deck drains will still be 
required on the deck due to the length of the structure.  All deck drains should be designed and drained 
towards the abutments or discharge in the river as determined during detailed design based on 
environmental and engineering consideration according to the Ministry’s Drainage Design Manual and the 
CHBDC. 

The Grand River is considered navigable under the Navigable Waters Protection Act, and the Canadian 
Coast Guard Navigation Standard requires a minimum vertical clearance of 2.0 m under the bridge during 
normal summer water conditions.  Based on information provided by GRCA, the normal summer water 
level at the bridge is 185.3 m.  Therefore, the recommended bridge will easily meet the 2.0 m clearance 
requirement. 
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10. OTHER STRUCTURAL CONSIDERATIONS 

Deck Slab 

A new 30 MPa, 225 mm thick (minimum) concrete deck will be constructed on the new floor beams and 
stringers, with sufficient capacities to take CHBDC designed loads.  The deck will vary in thickness slightly 
to achieve the desired cross-falls. 

Steel Arches and Floor Beams 

Repeating structural steel arches will be erected on the outside of the bridge to take the entire deck loading 
via hangers attached to the floor beams, spaced at approximately 2.5 m on centre.  The floor beams will be 
1.0 m deep plate girders spanning between the arches and stabilized in the longitudinal direction with an 
edge beam.  The edge beam with 1.4 m deep may also serve as a tie for the arch, depending on final design.  
Arches are supported on the piers and abutments.  New hangers for the arches will be comprised of 
Dywidag bars encased in epoxy-filled polyethylene pipes to ensure durability of the structure. 

Deck Drains 

Provide a new deck drainage system.  Standard 2% cross-falls are to be provided to direct the water runoff 
to the shoulders. 

Railings 

Concrete handrails similar to the existing bridge or custom designed stainless steel handrails will be 
provided on the outside concrete sidewalk and on top of the wingwalls.  Depending on further consultation 
with the local municipality, another pedestrian railing may be installed adjacent to the sidewalk curb to 
provide a separation between vehicular and pedestrian traffic. 

Bearings and Joints 

The structural arches will be supported directly to the piers and abutments without the use of bearings, 
subject to final design.  The new bridge will be designed as five individual arch spans with deck expansion 
joints at pier and abutment locations.  The elimination of expansion joints should be investigated during 
detailed design. 

Curbs and Sidewalks 

Concrete curbs and sidewalks will be constructed to MTO standards on each side of the bridge.  For a low 
speed roadway, protection with reinforced concrete barrier is not considered necessary. 

Waterproofing and Asphalt Pavement 

An approved asphalt and waterproofing system will be installed.  A 10 mm thick waterproofing system 
consisting of a waterproofing membrane and protection board will be installed on the new deck.  A 40 mm 
HL4 binder course and 40 mm HL1 surface course will then be laid on top of the waterproofing system. 

Approach Roadways 

The original construction drawings (Contract No. 27-55) and the 2003 condition survey findings indicate that 
there are no approach slabs on either end of the bridge.  A new 6000 mm long approach slabs (SS116-1) with 
90 mm of asphalt will be built at each abutment.  Temporary roadway protection will be required to facilitate 
the work.  Integral abutment design or semi-integral abutment design could possibly be used.  It is expected 
that the provision of the approach slabs will have no impact on the profile of the approach roads. 

Miscellaneous Components 

Based on public feedback, lookout points are recommended above each pier location at both west and east 
sides of the bridge.  Decorative lighting poles could be installed on the new bridge as a heritage feature.  All 
new piers and abutments could be stone finished to enhance the appearance. 

The concrete strength for the replacement structure will be 30 MPa or as prescribed in OPSS 1350.  Epoxy 
coated steel or stainless steel reinforcing will be used as per the Ministry’s Corrosion Protection Guidelines 
for Concrete Bridge Components in the Structural Manual. 

High Performance Concrete (HPC) is not recommended for this project. 

The existing bridge cross-section and the proposed replacement work are shown on the Preliminary General 
Arrangement Drawing in Appendix A. 

11. ALIGNMENT AND PROFILES 

The profile control line of Argyle Street is on a tangent designed for a speed of 60 km per hour (posted at 50 
km/hr).  The proposed horizontal alignment of the bridge structure will be shifted from the existing structure 
by 1.5 m to the west, due to the provision of the third lane on the bridge and the need to line up all the lane 
markings on Argyle Street at the north approach. 

There is a vertical curve on the bridge with 1.5% down side slope to match both approaches at Argyle 
Street.  To adjust the centre line shift of Argyle Street and the raising of the centre span, minor adjustments 
may be required at the approaches and the vertical curve will be modified accordingly.  The modifications at 
the approaches should also be designed to eliminate the existing bump on the north side of the bridge.  No 
impact or requirement for acquisition of properties will be expected. 

Drainage at the approaches especially in the vicinity of the historic toll house should be careful designed to 
prevent flooding and ponding as currently reported to Morrison Hershfield. 

The crown is located at the centre, of the roadway with a 2% cross-fall in each direction. 

Proposed cross-section of the bridge deck is as follows: 
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 Width Description 

West 1000 mm Arch 

 350 mm Railing 

 2000 mm Concrete Sidewalk 

 1000 mm Shoulder 

 3500 mm Southbound Lane 

 3500 mm Left Turn Lane for Both Southbound & Northbound 

 3500 mm Northbound Lane 

 1000 mm Shoulder 

 2000 mm Concrete Sidewalk 

 350 mm Railing 

East 1000 mm Arch 

Total width of bridge = 17.200 m (excluding the arches). 

The proposed bridge deck cross-section of the Argyle Street South Bridge structure is shown on the 
Preliminary General Arrangement Drawing included in Appendix A. 

Vertical Clearance 

In order to accommodate the freeboard requirements, the deck will be raised 1.5 m above the existing 
roadway elevation at the centre of the bridge. 

12. CONSTRUCTION STAGING AND METHODOLOGY 

It was the decision and direction from the Ministry to provide a temporary bailey crossing located on the 
west side of the existing structure to carry 2 traffic lanes and one pedestrian sidewalk during construction of 
the replacement arch bridge.  There is hence no staging requirement for the new replacement structure, 
which can be constructed immediately following the demolition of the existing structure. 

Drawings showing the location of the temporary bailey bridge and the modification of the approach 
roadway to lead traffic and pedestrian onto the temporary structure can be found in Appendix G of this 
report.  Full vehicular and pedestrian traffic will be maintained across the river, and impact to emergency 
services vehicles (ambulances, fire trucks and OPP vehicles) is expected to be minimal. 

Construction work for the abutments will be accessed from the banks, and a temporary causeway will be 
required for the demolition of the existing pier and the construction of the new piers.  Cofferdams will also 
be required to provide a dry surface for the construction work in the Grand River.  Construction work in the 
water, including removal of concrete and placement of concrete, will be scheduled during the permitted 
construction window available in the Grand River as stipulated by the Conservation Authority.  Any in-
water construction shall be restricted to a construction window, likely July 1st to September 30th in any 
year. 

Construction Staging 

It is envisaged that the bridge structure will be completed in the following steps: 

1. Construction of temporary bailey bridge.  During this stage, construction of foundations for the new 
structure can proceed if needed to make the best use of the limited in-water working window 
available for the work. 

2. Demolition of existing bridge.  The limit of demolition should be finalized in the detailed design. 

3. Construction of new 5 span arch bridge. 

4. Route traffic onto new structure and remove temporary bailey bridge, complete all reinstatement 
works. 

It is estimated the work will require 2 full construction seasons to complete.  During detailed design, the 
timing of the award of the contract should be carefully considered to address the potential limitation of 
working in the water (work permitted only from July 1 to September 30 of each year). 

13. TRAFFIC CONSIDERATIONS 

Site Access 

Construction work for the deck and superstructure will be accessible from Argyle Street.  Construction work 
of the abutments and piers will require access in the Grand River below the bridge.  This will require a 
temporary causeway and a cofferdam island around each pier be built in the Grand River during 
construction.  Causeways will likely be made up of stone/rockfill placed on the riverbed, removed at 
completion of each stage of construction. 

Traffic Control and Maintenance of Traffic 

Traffic control at the approaches and at the structure will be detailed in accordance with the Geometrical 
Design Standards for Ontario Highways and the Ontario Traffic Manual Book 7. 

14. ENVIRONMENTAL CONCERNS 

Environmental concerns associated with the proposed replacement of the structure during construction 
include the following: 

• Noise associated with concrete removal and construction; 

• Control of dust and debris from concrete removal; 

• Waste management and use of excavated material from the existing structure as fill for the new structure 
and roadways; 

• Erosion control measures to protect slope and water runoff; 

• Removal operations of existing concrete elements to prevent debris being dropped into the Grand River; 

• Work in the watercourse of Grand River; and 
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• Impacts on fish and aquatic habitat will be minimized by complying with the permitted working window 
and working conditions in the Grand River, as prescribed. 

In order to address these concerns, Special Provisions will be included in the Contract Documents to ensure 
that appropriate noise and dust attenuation measures are employed during construction for the protection of 
nearby residential and commercial areas, as well as the Grand River. 

Designated Substances 

The designated substances refer to possible hazardous materials such as PCB’s, lead, and asbestos (found 
embedded in old ductwork).  Any hazardous materials at the existing bridge shall be identified during 
detailed design. 

15. MISCELLANEOUS 

Property Considerations 

No property concerns are anticipated for the bridge site. 

Utility Diversion 

Existing utilities ducts mounted on the deck soffit are to be relocated and reinstated inside embedded ducts.  
Temporary illumination on the bridge will be provided during construction.  Required diversions of utilities 
will be identified during detailed design. 

On Street Parking 

On street parking adjacent to the bridge site will be prohibited during construction. Sufficient ingress and 
egress of site vehicles at the north and south ends of the bridge will be provided.  To accommodate the 
permanent widening of the approach roadway, existing on-street parking on the west side of Argyle Street 
from the north abutment of the bridge to Caithness Street will be permanently eliminated. 

16. CONSTRUCTION COST 

The construction cost estimate for the replacement of the Argyle Street South Bridge is as follows: 

 
Demolition of Existing Bridge $0.30M 

Roadway Protection $0.15M 

Approach Pavement and Markings $0.05M 

Earthwork $0.05M 

Drainage $0.05M 

Traffic Detour, Signals, Signs, etc., incl. bailey bridge $2.50M 

Causeway $0.50M 

Cofferdams $0.20M 

Dewatering Schemes $0.10M 

Foundations $0.75M 

Footings, Piers and Abutments $1.25M 

Structural Steel (Arches and Supports) $4.38M 

Concrete Deck with Sidewalks $1.50M 

Expansion Joints $0.09M 

Asphalt and Waterproofing $0.38M 

Miscellaneous, Railings, Lightings $0.35M 

15% Allowance (including utility relocation)  $1.89M 

Total $14.50M 

 

Prepared by: Reviewed by: 

Chak Lo, P. Eng. Edward Li, P. Eng. 
Structural Engineer Principal, Project Manager 
Morrison Hershfield Limited Morrison Hershfield Limited 
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APPENDIX “A” 

GENERAL ARRANGEMENT DRAWING  



  



  

 



  
 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

 

 

 

 

 

 

 

APPENDIX “B”  

SITE PHOTOS 



  

 

Photo 1 
West Elevation, Looking North 

Photo 2 
General View of Deck from South Approach, Showing a Posted Sign 

Photo 3 
Typical Expansion Joint 

Photo 4 
General View of Sidewalk, Railing and Concrete Arches 



  

Photo 5 
Concrete Arch Deterioration (Typical) 

Photo 6 
Close Up of the End Panel of the Concrete Arch 

Photo 7 
General View of Soffit 

Photo 8 
Utilities Mounted on the Soffit, Typical Pier Profile with Boulder/Rock Rip Rap 



  

 

Photo 9 
North Abutment 

Photo 10 
South Abutment and Timber Broadway 

Photo 11 
Concrete Blocks and Walkways at the South Abutment 

Photo 12 
Southeast Wingwall 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 13 
Southwest Wingwall 

Photo 14 
North Approach Roadway (Typical) 



 

APPENDIX “C” 
BRIDGE OPTIONS PRESENTED AT PIC #1



 



 

APPENDIX “D” 
CONTEXT SENSITIVE DESIGN 



 

APPENDIX “E” 
3 OPTIONS CONSIDERED



 



 



 



 

APPENDIX “F” 
HYDRAULIC EFFECTS



 



 

APPENDIX “G” 
DETOUR ALTERNATIVES AND RECOMMENDED DETOUR



 



 



 

 


