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1.0

2.0

INTRODUCTION

In March, 2009, the City of Owen Sound (City) authorized Gamsby and Mannerow Limited
(G&M) to initiate a Schedule “B” Municipal Class Environmental Assessment (EA), including
planning, approvals, design, construction inspection and contract administration for a new bridge
over the Sydenham River on 9™ Street, where shown on Figure 1. This bridge will replace the
existing deteriorated structure.

Opportunities to be considered in the planning of the replacement structure include additional
lanes for traffic and bicycles, and an arch-style structure similar to the existing bridge.

The purpose of this Project File is to document the EA planning process, and to consolidate the
information prepared to address the requirements of the Environmental Assessment Act.

BACKGROUND

Since 1981, G&M has been involved with a number of rehabilitation projects and studies relating
to the 9™ Street Bridge.

a) In 1981, G&M prepared plans and specifications for the replacement of the concrete deck.

b) In 1996, G&M prepared plans and specifications for repairs to the concrete deck surface.

¢) In 1998, the underside of the bridge was rehabilitated under G&M’s direction.

d) In 2004, a structural evaluation was completed by G&M. Based on this evaluation, it was
concluded that the bridge would not have to be posted for “No Heavy Trucks”.

e) Crack gauge monitoring by G&M has been ongoing since early in 2005.

f) In December 2007, G&M prepared a “Condition Assessment and Load Evaluation” report,
which allowed the City to lift a “No Heavy Trucks” posting, recommended by others.

g) In January, 2009 G&M identified variances in crack gauge monitors, which has led to a re-
posting for “No Heavy Trucks”.

In December, 2007, G&M completed a Condition Assessment and Load Evaluation report,
which included a detailed inspection of this bridge, including half-cell testing and core sampling.
The report outlined a number of alternative solutions for rehabilitation and replacement of the

bridge, complete Wlt}l%e (c)lgliaelleedn g?ﬁ%te rc?sntlgmgge\%roI%srlnngn & net present value analysis,
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4.0

5.0

5.1

5.2

recommendations were proposed, which would maximize the life of the bridge while minimizing
costs. The report concluded that there may be up to 15 years of useable life remaining in the
structure, but that maximum load postings may be required within 5 to 10 years, depending on
the results of on-going crack gauge monitoring. The report recommended that, subject to
available funds, the bridge should be replaced. A copy of the report in included as Appendix A.

EA PLANNING PROCESS

The Municipal Class Environmental Assessment planning and design process, prepared by the
Municipal Engineers Association, 2007, applies to municipal infrastructure projects. The process
involves a 5-Phase approach to project planning, with the planning requirements dependant upon
the complexity of the project, to meet the requirements of the Environmental Assessment Act.
The process is intended to investigate the Natural, Social, Cultural, Built and Economic
Environments, to ensure projects are appropriately planned. The steps involved in each of the 5-
Phases of the planning process are illustrated in F igure 2.

The existing structure provides two lanes for traffic. The replacement structure may include
additional traffic lanes and, therefore, the project is being planned under the Municipal Class EA
as a Schedule “B” activity.

PROBLEM DEFINITION
The 9" Street Bridge has deteriorated to a point where replacement of the structure is necessary.
The existing bridge has two traffic lanes and two sidewalks. Additional traffic and/or bicycle

lanes could be included to service transportation requirements.

The style of a replacement structure could consider an arch feature similar to the existing bridge
and to the adjacent 8™ Street and 10" Street Bridges.

BACKGROUND DOCUMENTATION

Several background studies have been completed toward justifing a recommended preferred
solution to the EA, and to move forward with the design and construction phases. The
background studies assess the natural, social, cultural, built and economic environments for the
EA process, and are discussed in the following sections.

TOPOGRAPHIC AND LEGAL SURVEYS

Topographic and Legal surveys were, or are being, completed to establish grades and property
boundaries for inclusion into the project Site Plan, provided in Figure 3.

GEOTECHNICAL INVESTIGATION
A geotechnical investigation was completed by Naylor Engineering, including two boreholes,

one on each side of the bridge, to refusal depth. A copy of the geotechnical report is included as
Appendix B.

SCHEDULE B CLASS EA PROJECT FILE Gamsby and Mannerow
9™ Street Bridge Replacement, City of Owen Sound ENGINETERS
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5.3

5.4

5.5

3.6

5.7

5.8

ARCHAEOLOGICAL STUDY

To address the cultural component of the EA, and to help address First Nations interests, a Stage
1 and 2 archaeological assessment was completed by Mayer Heritage Consultants Inc., and
submitted to the Ministry of Culture for acceptance. A copy of the Archaeological report is
provided in Appendix C.

NATURAL ENVIRONMENT REVIEW

Aquatic and Wildlife Services, a local fish and wildlife consultant is preparing a Natural
Environment Impact Study (EIS) to address issues relating to the natural environment. A copy of
the EIS report will be provided as Appendix D, once it becomes available about July, 2009.

ENVIRONMENTAL SCREENING

Fire Insurance Mapping from 1923 indicates the presence of an underground tank at the north-
east comer of the bridge, at that time. As part of the geotechnical drilling, soil sample were
taken for environmental screening for petroleum related impacts. No evidence of petroleum
related impacts was evident. A copy of the Fire Insurance Mapping is provided in Appendix E.

HYDROLOGY AND HYDRAULIC ANALYSIS

Hydrology and hydraulic calculations are used to justify the geometry of the opening below any
proposed replacement structure. In 1995, G&M prepared a Hydrology and Hydraulic
Investigation Report for the 8™ Street Bridge replacement, which is located 220 m upstream from
the 9™ Street Bridge site. That report included a hydrolo gy and hydraulic evaluation for the reach
of the Sydenham River from the Inner Harbour to 270m upstream from the 8" Street Bridge.
Based on that analysis, the existing span for the 9" Street Bridge is adequate. A copy of the
Hydrology and Hydraulic Investigation Report is included as Appendix F.

BUILT HERITAGE

The existing structure is a single span concrete rigid frame beam bridge with counter balance.
This is a unique design within the City of Owen Sound. The structure is more than 40 years old,
and it is possible that it will be replaced with a structure with a different basic structural system,
overall configuration or appearance. Therefore, the heritage value of this structure style has been
evaluated in consultation with the Ministry of Culture. A response letter from the Ministry of
Culture is included in Appendix G. The requirements for a Heritage Impact Assessment are
being determined.

STRUCTURAL EVALUATION - REPLACE/REPAIR/DO NOTHING

A structural evaluation, and consideration of options, is documented in the “Condition
Assessment and Load Evaluation”, provided as Appendix A. This document reviews the
Replace, Repair, and Do Nothing Options and provides justification for the replacement of the
9™ Street Bridge.

SCHEDULE B CLASS EA PROJECT FILE Gamsby and Mannerow
9% Street Bridge Replacement, City of Owen Sound ENGINETETRS
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5.10

5.11

TRAFFIC EVALUATION - NUMBER OF LANES

Although the current road configuration is only 2-lane, the City’s 2006 Traffic Counts indicate
an AADT of 7500 at the 9th Street Bridge, which meets the requirements for a 4-lane section
under the City’s development policies. Further, with the 10" Street Bridge likely requiring
replacement in the foreseeable future, additional lanes on the 9 Street Bridge would benefit a
traffic detour route at that time.

Reconstruction to a 4-lane bridge structure at this location requires an assessment of the
approaching roadway sections and centreline alignment from 1% Avenue East to 2™ Avenue
West. Existing buildings on the north side of 9™ Street, from the bridge to 1** Avenue East will
constrain roadworks to the north. Similarly, the existing hydro pole line on the south side of 9
Street from the bridge to 2™ Avenue West, will constrain roadworks to the south.

Figure 4 illustrates a conceptual plan for a 4-lane road section within these constraints, including
a centre line deviation to the north between 1% Avenue West and 2™ Avenue West. Public input
to this conceptual 4-lane road reconstruction plan has not yet been received, however, in May
2009, the City’s Operations Advisory Committee (OAC) and City Council have accepted three
optional design concepts, which include a two-lane bridge option, with wide “fitness lane”
sidewalks, which could be removed at some time in the future to accommodate additional traffic
lanes. The three optional design concepts are provided in Appendix H.

OTHER DESIGN AMENITIES

The Park Trails Master Plan, in the City’s Official Plan, does not include bicycle or walking
routes across the 9™ Street Bridge. We anticipate that the City’s Transportation Master Plan,
currently under development, may recommend “fitness lanes” including bicycle lanes and
sidewalks across this structure. The OAC indicated a preference for wide sidewalks to
encourage passive recreational activities along the river. Considering the close proximity of
existing buildings to the right-of-way (especially at the north east corner of the bridge) and the
existing hydro pole line along the south limit, the availability of physical space is an issue.

The bridge construction would include intersection improvements at 9 Street West and 1°
Avenue West, which would involve the mapped bicycle and walking routes, and possibly turning
lanes.

Public input to these other design amenities has not yet been received.

DESIGN CONCEPTS

Twelve conceptual design options were presented to the Operations Advisory Committee (OAC)
on April 15, 2009. A copy of the presentation is included in Appendix H.

Four cross-sectional options were presented, including a 12.5m - 2 lane section, a 15.0m - 3 lane
section, a 18.0m - 3 lane section, and a 21.0m - 4 lane section.

SCHEDULE B CLASS EA PROJECT FILE Gamsby and Mannerow
9" Street Bridge Replacement, City of Owen Sound ENGINETERS



File No. B-1097-2 Page 5

5.12

5.13

6.0

Three bridge style options were also presented including a standard precast concrete girder
structure, a poured in place reinforced concrete barrel vault structure and a precast concrete arch
structure.

Relative costs for each of the 12 options were presented to the committee. The Committee
indicated a preference for a 2-traffic lane cross-section option with an arch style, including
bicycle lanes and sidewalks. G&M was instructed to provide more detailed information,
included detailed cost estimates for 3 options. This was completed May 15, 2009. A copy of the
detailed review for the 3 design options is also included in Appendix H.

STORMWATER TREATMENT UNITS

Based on currently available data, the following preliminary design information for the two
stormwater treatment units was prepared.

East Side West Side
Catchment Area (ha): 23.17 12.83
1:5 Year Design Flow (m3/s): 3.64 2.09
Analysis-Per Product Supplier:
Product Sizing:
Stormceptor OSR-14000 (86% removal - $114,235)* OSR-9000 (88% removal - $72,570)*
CDS CD556_78_D (82% removal - $135,000)* CD556_53_D (84% removal - $95,000)*

* Plus Installation

Due to the large sizes of these treatment units, and the considerable installation costs, City staff
have instructed G&M to consider a more “holistic” approach to a stormwater quality protection
program which considers benefits, costs, and appropriate standards.

UTILITIES

Utility locates were arranged for inclusion into the design drawings. The utility companies have
been advised of the project to allow them time to plan for their needs, which would be
incorporated in the detailed design phase. Bell Canada has indicated “High Priority” telephone
cables are in this area.

PUBLIC CONSULTATION

A “Notice of Project Initiation” was advertised in the Owen Sound Sun Times Newspaper on
May 29" and June 5™, 2009 inviting the public to attend a Public Information Centre (PIC) on
June 17", 2009. Public comments have not yet been received.

Following the PIC, the selection of a recommended preferred solution, and a confirmation of the
choice of schedule, a copy of the project file will be provided to the pertinent review agencies
and First Nation Communities for their input. A copy of the intended circulation list is provided
in Appendix I. Through our dealings with the federal agencies, we will also address the CEAA
requirements of the federal funding department.

SCHEDULE B CLASS EA PROJECT FILE Gamsby and Mannerow
9™ Street Bridge Replacement, City of Owen Sound ENGINETERS



File No. B-1097-2 Page 6

Upon receipt of comments from the public and review agencies, and the addressing of same, we
intend to prepare a preliminary design for the recommended preferred solution. The preferred
solution would be presented to the public at an Operations Advisory Committee meeting for
approval by Council, following which we would prepare a “Notice of Completion” for
advertisement by the City to begin the EA’s mandatory 30-day review period.

7.0 APPROVALS AND DESIGN

7.1  APPROVALS
Once the EA is complete, we will proceed with the detailed design and application for approvals
for the preferred solution. We expect the following approvals will be required:

a) Transport Canada (Navigable Waters)

b) Grey Sauble Conservation Authority (Fish Habitat including Department of Fisheries and
Oceans, if necessary)

c¢) Ministry of Culture (Heritage/Native Affairs)

d) Ministry of the Environment (Service Mains and Treatment Units)

e) First Nations (Consultation as required under EA)

7.2 DESIGN INNOVATION
Numerous advances in technology in recent years have allowed the use of new materials and
systems in the construction industry such as:

+ Glass fibre reinforced polymer deck construction (the absence of reinforcing steel may
improve durability).

« Alternative concrete reinforcing materials such as glass or carbon fibre reinforced
polymers (GFRP or CFRP). These could be used cither throughout the entire structure or
only in components subject to severe environmental effects, such as parapet walls.

«  Cathodic protection of reinforcing steel.

« Remote real-time monitoring of structure performance (loads and deflections).

«  Geothermally heated deck and approaches, to reduce salt use (a prototype currently exists
in Essex County).

Reuse of existing materials would be considered in the detailed design. For example, if the
existing pile foundation is found to be in good condition, some cost savings may be realized by
relying on the existing piles. Fly ash could be incorporated into the concrete mix as a
supplementary cementing material for Portland cement. Fly ash provides environmental and
energy conservation benefits, as well as technical benefits in the form of improved concrete
performance.
The life cycle cost analysis of these various technologies must be investigated so that initial
construction and design costs can be weighed against long term maintenance savings.

SCHEDULE B CLASS EA PROJECT FILE Gamsby and Mannerow

9™ Street Bridge Replacement, City of Owen Sound ENGINETERS
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7.4

8.0

9.0

10.0

Any of the above-noted innovations would be considered during the design stage, and are
beyond the scope of this EA.

COORDINATION OF UTILITY RELOCATES

During the design process we intend to coordinate the relocation of utilities as required to
provide sufficient details on the drawings for tendering. Currently, overhead electrical wires
cross along the south side of the bridge, with other utilities hung from the underside of the north
side of the bridge. We normally incorporate utility ducts into our design for both existing and
proposed services. We would make arrangements, as necessary, with Hydro One, Bell
Telephone, Rogers Cable TV, Union Gas, and other utility companies identified by City staff
(such as internet providers).

CoST ESTIMATES

Preliminary cost estimates are provided for the three conceptual design options, in Appendix H.
A more detailed preliminary cost estimate will be prepared based on the preliminary design of
the recommended preferred design option. A detailed cost estimate will be prepared based on
final tender drawings and contract. The estimate would include construction, engineering,
contract administration, and inspection costs. We would recommend that a contingency
allowance be included to account for unforeseen costs.

TENDERING

The detailed design will be finalized upon the receipt of final approvals from the various
regulatory agencies. Then the contract documents would be prepared and delivered to the City
for review prior to advertising the tender.

CONTRACT ADMINISTRATION AND CONSTRUCTION INSPECTION

Contract administration services will be provided on behalf of the City by G&M staff. Full time
inspection services will be provided during critical parts of construction with part-time or
periodic inspections during times of less critical activity, to ensure that the bridge is constructed
in general conformance with the drawings, and to monitor quantities for payment.

MATERIALS TESTING

Inspection staff of G&M are trained to provide materials testing services. Specifically,
compaction testing and concrete testing will be done to confirm that fill and concrete materials
meet the construction specifications. Grain-size analysis and concrete compression strength
testing can be completed by G&M staff in our materials testing laboratory, located in our Owen
Sound office.

SCHEDULE B CLASS EA PROJECT FILE Gamsby and Mannerow
9™ Street Bridge Replacement, City of Owen Sound ENGINEERS
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11.0 CLOSURE

This EA Project File is currently in the development stages and will be updated from time to
time as additional information is received during the project planning process.

Respectfully Submitted,

GAMSBY AND MANNEROW LIMITED

Per: Per:

Brent A. Willis, P.Eng. John Slocombe, P.Eng.

Project Manager Principal

SCHEDULE B CLASS EA PROJECT FILE Gamsby and Mannerow

9" Street Bridge Replacement, City of Owen Sound ENGINETETR RS
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BACKGROUND

The City of Owen Sound has retained the consulting firm of Gamsby and Mannerow Limited
(herein after referred to as “G&M”) to conduct a detailed condition assessment of the 9™ Street
Bridge. This detailed assessment is a direct result of the inspection report conducted in 2006 by
Henderson Paddon & Associates Limited. Following this inspection, they recommended that the
structure be posted for “No Heavy Trucks” as a result of cracks in one of the ribs near midspan.

This condition assessment is to provide the City with an accurate and detailed description as to
the condition of each bridge component and a recommended safe load posting for the overall
structure.

Under the direction of Mr. Brent Willis, P. Eng., on May 2, 2007 Mr. Darryl Cowan, P.Eng and
Mr. Derek Brewster of G&M along with Mr. Andrew Moad and his assistant of Vector
Corrosion Technologies (hereinafter referred to as “Vector”) attended the site to conduct the
necessary testing. The testing was carried out over two full days, during which time the bridge
was closed to vehicular traffic.

Based upon the information collected, the necessary calculations can be performed to provide an
accurate load posting recommendation. As well, recommendations for repair are provided as an
alternative, to extend the service life of the existing bridge.

BRIDGE DESCRIPTION

The 9" Street Bridge was constructed in 1947 and is a single span concrete rigid frame beam
bridge with counter balance. It measures 21.3 metres centre to centre of the rigid frame girder
legs. The cantilever of each end span measures 4.9 metres, for an overall structure length of
approximately 31.2 metres. The reinforced concrete deck is supported by four (4) rectangular
reinforced concrete girder beams of varying depth. Plans for the original 1947 construction are
available and they show the rigid frame legs supported on a pile cap, in turn supported by 300
mm diameter concrete filled steel pipe piles approximately 21.3 metres to 27.4 metres in length.

The deck width between curb-faced sidewalks is 9.76 metres. The 1.84 meter wide concrete
sidewalks cantilever approximately 1.50 metres beyond the outer girders. Two lanes of traffic
use the bridge. .

people engineering environments
Gamsby and Mannerow Limited ¢« Guelph, Kitchener, Listowel, Owen Sound
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The overall width of the structure is 13.4 metres. Concrete railing posts and steel handrails are
located on the outside edge of each walk.

A wood plank utility duct is hung from the north deck soffit, along the entire length of the
structure.

HISTORY

Gamsby and Mannerow Limited has been involved with various projects regardin g the 9 Street
Bridge since about 1981, when a new structural slab was installed to replace the deteriorated
deck surface. The bridge was reviewed again in 1996 at which time random cracks on the deck
were noted and an asphalt overlay was recommended to maximize the service life of the deck.
Several deficiencies on the underside of the deck were noted at that time, and a detailed
inspection report was recommended.

In 1997, an inspection report was completed by the late Bill Mannerow, P.Eng., of Gamsby and
Mannerow Limited. Recommendations included replacing the deteriorated concrete on the
underside of the bridge deck.

In 1998, Polymer Modified Repair Mortar was used to restore the concrete on the underside of
the bridge deck.

On April 4, 2004, the structure was inspected by Andrew Burgess, P.Eng., of Burgess
Engineering Inc., for the purpose of identifying any deficiencies and recommending repairs and
further detailed investigations. One of the recommendations was that a structural evaluation be
performed to establish a suitable load posting. The other recommendations dealt with ongoing
maintenance and repair.

Further to Mr. Burgess’s recommendation, on J anuary 21, 2005, Brent Willis, P. Eng, and David
Grahlman, P. Eng., completed a structural Evaluation Report. This report concluded that there
was no need to post the structure with load limits. It also recommended that crack gauges be
placed across some cracks, and replacement of the structure within five to ten years.

In October 2006, Henderson Paddon & Associates Limited provided a bi-annual visual
inspection of the structure. Based on the recommendations from this report, the bridge was
posted for “No Heavy Trucks”. This recommendation was due to a general worsening of the
condition of structure, in particular the soffit of the interior north girder beam, and extensive
concrete delamination on the bridge deck.

TESTING METHODOLOGY

Numerous tests were completed on the structure on May 2 and 3, 2007 in order to obtain the
necessary data needed to make accurate recommendations. The following is a list of the tests
completed in the field:

Visual Inspection — for purposes of completing an Ontario Structural Inspection Manual or
“OSIM” standardized report. The OSIM report is attached in Appendix A. '

9™ STREET BRIDGE — CONDITION ASSESSMENT Gamsby and Mannerow
CITY OF OWEN SOUND ENGINETERS



File No. B-1097 Page 3

Concrete Sounding — to determine areas where concrete has delaminated from the structure. A
detailed drawing of the bridge showing specific locations and sizes of the delaminated concrete
15 attached in Appendix B.

Cover Survey — Utilized to determine the actual depth of concrete cover to the reinforcing steel
provided in the structure. The full results are in the Vector report attached in Appendix C.
Corrosion Potential Survey — Indicates the probability and amount of active reinforcing steel
corrosion.  The full results are contained in the Vector report, in Appendix C.

Chloride Analysis — Determines the chloride content of the concrete at various locations. The
full results are contained in the Vector report (see Appendix C).

Compression Testing —~ To determine the strength of the existing concrete utilized throughout the
structure. The compressive testing data sheets are attached in Appendix D.

A barge with scaffolding was used to access the underside of the bridge, and a portable generator
was employed to provide temporary power to the site.

5.0 TESTING RESULTS
5.1 VISUAL INSPECTION
The structure is beginning to show signs of deterioration due to its age. Complete results from
the visual inspection are recorded in the OSIM report. Photographs of deficiencies are provided
in Appendix E. The following is a general summary of the OSIM report:
a) There are numerous longitudinal and transverse narrow cracks on the west side of the
bridge deck.
b) The deck soffit has spalled severely in localized areas exposing corroded reinforcing steel
along the north and south edge of the soffit.
¢) The concrete railing posts have hairline cracks and some spalling near the base.
d) The metal railings are in fair condition.
¢) The girder beams and deck soffit have been repaired in the past. The shot-crete patches
appear to have bonded well to the structure; however, most other patches are indicating
some signs of delamination.
f) The vertical shear cracks at the ends of the girder beams appear to be widening.
g) Part of the armourage is missing at the mid-span on the west side of the bridge.
h) Abutment and ballast walls appear to be in fair condition.
1) Corrugated steel culverts in the south west corner of the bridge retaining wall have failed.
5.2 CONCRETE SOUNDING
The concrete sounding or “toning” technique involved dragging a steel chain across the deck
wearing surface and interpreting the sounds to identify areas which have delaminated. The deck
soffit and girder beams were accessed from a barge and were tested using a hammer to listen for
9™ STREET BRIDGE — CONDITION ASSESSMENT Gamsby and Mannerow
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areas which have delaminated. Identifying areas of concrete delamination is crucial as the
delaminated areas are indicative of reinforcing steel corrosion.

In general, the girder beams, abutment walls and intermediate piers are in fair condition, with
only small amounts of delaminated concrete located sporadically throughout these components.

The deck has numerous areas of delaminated concrete on the north half of the surface.
Approximately 5% of the deck surface has delaminated. As a result of these delaminations,
numerous cracks have developed and potholes are beginning to form on the surface. Once
potholes develop, the rate of deterioration of the deck will increase exponentially.

The results of the deck toning must be interpreted with caution, as the deck was repaired in 1981.
Therefore, areas that sound hollow may be indicative of the overlay debonding, rather than
corrosion of the reinforcing steel. Neither condition is favourable, but the repair solutions differ
depending on which mechanism has caused the debonding.

The potholes create a rough riding surface for motor vehicles, and repeated wheel load impact
will creates larger holes. As well, dirt and debris remains trapped in the hole prolonging
moisture exposure to the deck surface causing further delaminations and problems associated
with freeze-thaw.

The toning also revealed that approximately 20% of the deck soffit has delaminated. The deck
soffit is in poor condition and has a significant amount of patches. It appears that a majority of
the patches are delaminating. The largest delamined areas are immediately surrounding the
wood utility duct on the north side of the soffit. We suspect the wood utility duct is prolonging
the exposure of moisture to the soffit. The chart below indicates the approximate areas of
delamination in each bridge component.

Component Area ) of Togal Area | % Area
Delamination (m°) | (m") Delaminated
Exterior Girders/Piers 5.1 227.9 2.2
Interior Girders/Piers 4.0 230.7 2.1
Deck Soffit 59.5 324.8 18.3
Deck 14.4 295.2 4.9
Total 83.0 1078.6 7.7
53  COVER SURVEY
The depth of the concrete cover to the reinforcing steel was inspected by Vector in all
components of the bridge. The depth of cover is an important measurement as shallow cover can
lead to more rapid corrosion and subsequent deterioration of the structure. The depth of cover
also affects the bending moment capacity of the structure. According to CAN/CSA S6-06,
which is the current Canadian Highway Bridge Design Code (CHBDC), the following minimum
covers are recommended.
9™ STREET BRIDGE — CONDITION ASSESSMENT Gamsby and Mannerow
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Concrete cover and tolerance
Component (mm)
Soffit of slab < 300mm thick 5010
Soffit of Slab >= 300mm thick 60+ 10
Vertical surface of girder beam 70+ 10
All other locations 70+ 20

The depth of cover in the deck ranged from 49mm in the north west corner to 80mm in the south
cast corner. The depth of cover in the soffit of the girder beams ranged from 25mm at the mid-
span to 65mm near the piers.

In the years since this bridge was constructed, it became apparent that concrete cover has a direct
relationship to the long-term durability of reinforced concrete structures. Obviously, the design
does not meet the current standards.

From the above it can be seen that the mid-span of the girder beams may be an area of concern
for corrosion of reinforcing steel. Minimum 50mm of cover is required under the CHBDC and
only 25mm is provided.  Fortunately, based on the visual inspection and hammer toning, the
girder mid-span areas appear to be in good condition.

54 CORROSION POTENTIAL SURVEY
The corrosion potential survey is used to give the probability of corrosion activity of reinforcing
steel in the concrete at the time of the survey. In this procedure, a reference electric current is
connected to a voltmeter and also connected to the reinforcing steel. The difference in voltage
between the reinforcing steel and the current source can be correlated to the amount of corrosion.
The corrosion is measured as Low (<5% probability of corrosion), Uncertain (50% probability of
corrosion) and High (>95% probability of corrosion).
The full results of the corrosion potential survey can be seen in the Vector report, but are
summarized below.
Bridge Component Corrosion Level Percent Corrosion
Low 0.0%
Deck Uncertain 12.2%
High 87.8%
Low 71.2%
Interior Girder Beams Uncertain 23.8%
High 5.0%
Low 3.4%
Exterior Girder Beams Uncertain 17.4%
High 79.2%
In light of the above, please note that the reinforcing steel in the deck and beams were not found
to be continuous. As a result, completely accurate corrosion potentials cannot be found. Still, in
9™ STREET BRIDGE ~ CONDITION ASSESSMENT Gamsby and Mannerow
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5.7

the best case scenario, active corrosion is still taking place in at least 50% of the bridge deck and
over 90% in the exterior beams. Without a doubt, these results indicate that active corrosion of
the reinforcing steel is a problem throughout the entire structure.

CARBONATION ANALYSIS

Carbonation of concrete occurs when the pH of the concrete (normally 11 or 12) drops to a range
between 9 and 10. When this occurs, the passivating film surrounding the reinforcing steel loses
stability and starts to break down, exposing the steel to corrosion.

Four cores were taken from the bridge to test for depth of carbonation (two cores from the deck,
one core from the north exterior girder and one core from the south exterior girder). The core
from the north east corner of the deck had Smm depth of carbonation. The core from the north
face of the south exterior beam had 15mm depth of carbonation. The other two cores did not
indicate any signs of carbonation. Complete results of the carbonation test can be seen in the
Vector report.

When considered in combination with the cover survey, it appears that carbonation is not
occurring at the depth of reinforcing steel. Therefore, at this time, carbonation of the concrete is
not having an affect on the corrosion of the reinforcing steel.

CHLORIDE ANALYSIS

Chloride ions react with steel, causing deterioration of the structure. Road salt used in road
maintenance operations is a primary source of chloride. Chloride ion concentration levels above
threshold at the level of reinforcing steel indicate a strong likelihood that corrosion activity of the
reinforcing steel is already taking place. Sixteen (16) samples were tested for chloride ion
concentration from the same four (4) cores taken for the carbonation analysis.

The test revealed that 100% of the core samples had chloride ion concentrations above threshold
at the level of reinforcing steel. This indicates that the presence of chlorides is a concern for the
entire bridge, not just limited to specific areas. Since chlorides have already migrated to the
level of reinforcing steel, corrosion will continue if mitigation methods are not employed. Refer
to the Vector report for full test results.

COMPRESSION TESTING

The compression test will accurately verify the compressive strength of the concrete utilized in
the structure after the concrete has fully cured. Four cores were taken from the structure, two
from the deck, and one core from each exterior girder beam. The compressive strength of the
concrete cores ranged from 50.6 MPa to 62.4 MPa. The full results of the compression test are
attached in appendix D, but are summarized below:

9™ STREET BRIDGE — CONDITION ASSESSMENT Gamsby and Mannerow
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Compressive Strength,
Core Location MPa
Cl Deck, north east corner 62.4
C2 Deck, south west corner 50.6
C5 North exterior beam, south face | 62.0
Cé6 South exterior beam, north face 52.3

The specified concrete compressive strength utilized for the initial design was not available on
the construction drawings. Generally, a minimum 28 day compressive strength for cast-in-place
concrete for a structure of this type is specified as 32 MPa. The concrete compressive strength is
well in excess of what is normally specified.

LOAD EVALUATION

As stated in the Description, the bridge was constructed 60 years ago in 1947.  The design
criteria for highway bridges in Canada have changed significantly since this time. The bridge
load carrying capacity has been evaluated using methods outlined in the CHBDC. The analysis
assumed a concrete compressive strength of 50 MPa (based on our test results noted above), and
deformed billet reinforcing steel bars with a yield strength of 230 MPa (based on the CHBDC for
bridges constructed between 1933 and 1975). The area of the reinforcing steel was assumed to
be reduced by 5% to account for the active corrosion currently taking place in the structure.

Our calculations indicate that under the CHBDC design loads, the structure is very close to 100%
of its capacity. Therefore, there is no need to post the structure with a maximum load capacity at
this time. Excerpts from our calculations are provided in Appendix H.

EVALUATION OF ALTERNATIVES

There are numerous technologies on the market that are intended to slow or stop the corrosion of
reinforced concrete structures. Below is a summary of some of the technologies that we believe
are viable for this bridge.

1) “Chip and Patch”

One of the traditional methods is the “Chip and Patch” process. Areas of delaminated
concrete are delineated by toning the surface with a chain or hammer. Once identified, these
areas are then chipped down to the reinforcing steel. Normally, corrosion is present in areas
where concrete has delaminated. Therefore, prior to reinstating the concrete surface, the
reinforcing steel is cleaned by sand blasting. Then new concrete or a patching compound can
be applied to restore the concrete surface. We estimate that this structure will require a chip
and patch treatment every 6 years.

The chip and patch method may temporarily slow the corrosion process, but will not prevent
future corrosion. It may even create new corrosion cells. Repetitive treatments will be
required, at intervals ranging from 5 to 10 years.

9™ STREET BRIDGE — CONDITION ASSESSMENT Gamsby and Mannerow
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2) Electrochemical Technologies
Electrochemical technologies interrupt the chemistry of the corrosion process, so that it is
slowed or stopped completely. We have considered the following technologies for the 9™
Street Bridge.

a. Discrete sacrificial anodes may be included in any patch repairs performed in the chip
and patch solution. The anodes work by providing galvanic protection to the area directly
surrounding the patch. This solution is localized. They do not rid the concrete of
chloride contamination or reverse the carbonation process, but will reduce the rate of
corrosion in surrounding areas until they are consumed (approximately 10 to 20 years), at
which time they could be replaced. The sacrificial method uses a different metal thereby
not needing an external power supply.

b. Cathodic Protection (CP) using the impressed current method is a permanent system that
halts corrosion. Cathodic protection applies an electrical charge to the reinforcing steel
thereby effectively stopping on-going corrosion on the entire structure. The impressed
current method requires a permanent power supply and continual monitoring. It therefore
has higher long term costs than the sacrificial anode method, but can provide 20 to 40
years of corrosion protection. Specialized contractors are required for installation and
maintenance.

C. Electrochemical Chloride Extraction also applies an electrical charge to the reinforcing
steel. It is a temporary treatment that involves removing the chloride jons from the
concrete and raising the pH level directly around the reinforcing steel. This treatment
provides corrosion protection for approximately 15 to 25 years. It also does not involve
any long term maintenance or monitoring costs. This option is most effectively used in
combination with a coating.

7.1  ALTERNATIVE SOLUTIONS
Although a number of different options are available, we are proposing six alternatives, which
are discussed below. Refer to Appendix F for detailed cost estimates.
7.1.1 Do Nothing
Obviously this is the least expensive option in the short term. However, the structure will
continue to deteriorate over time and will lead to a much larger expenses in the near future. (i.e.
replacement). It is estimated that the structure will last five to ten years under this alternative,
and will probably have to be posted for a maximum load capacity within five years.
7.1.2 Replace Entire Structure
We estimate the cost of replacing the structure to be approximately $1.9 million. This alternative
has the highest up front cost, but would last approximately 75 years. It also represents the least
risky alternative both from a repair cost perspective and from a liability point of view (with
respect to the potential for failure).

9™ STREET BRIDGE ~ CONDITION ASSESSMENT Gamsby and Mannerow
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7.1.3 “Chip and Patch”

This option employs the “chip and patch” method to extend the life of the bridge as long as
possible. It is estimated that repairing the concrete in this way could allow the bridge to be used
for another 15 years. While the upfront costs are low at approximately $127,000, the cumulative
cost of repairs is significant, and after 15 years the bridge will have to be replaced anyway.
When compared to replacement, this alternative carries a greater risk of cost over-runs due to
uncertainties that may arise during the repair work. It also carries a higher degree of liability
with potential for failure to occur. It is also likely that the bridge will have to be posted with a
maximum load capacity within ten years.

7.1.4 Deck Overlay with Electrochemical Treatment
This alternative involves patching all areas of delamination, and pouring a deck overlay.
Electrochemical treatments would be employed on all surfaces.

It is expected that the initial repair will last 15 years, at which time the bridge will have to be
replaced. The initial cost will be around $236,000.

Relative to replacement, this alternative carries a greater risk of failure due to the age of the
original components, and the costs are less certain. It is also likely that a maximum load posting
will be required within 10 years.

7.1.5 Patch Deck and Treat with Electrochemical Chloride Extraction

This method involves patching all of the concrete surfaces, and treating the deck with
electrochemical chloride extraction technology. Prior to re-paving the deck, a water proofing
membrane would be installed. All of the other surfaces would be treated with protection
measures.

It is expected that the waterproofing membrane would need to be replaced after 10 years, and the
entire bridge would have to be replaced in 15 years. We estimate the upfront costs to
approximate $230,000.

Much like the previous two alternatives, this alternative carries an elevated risk of failure and the
possibility of additional repairs. A maximum load posting will likely be required within 10
years.

7.1.6 Replace Entire Deck and Outer Beams

Since the outer beams have been identified as being worse than the interior ones, it may be
possible to remove the two outer beams and the entire deck. New precast concrete girders would
then be placed on the existing piers, prior to a new concrete deck being constructed. A
considerable amount of work will be required to retrofit the existing structure to receive the new
beams.

One major drawback to this alternative is that the existing piers and foundations must be relied
upon. It is difficult to determine how much life is left in these components. At the very least, I
predict that the inner beams will have to be repaired again in 6 to 10 years, and replaced within

9™ STREET BRIDGE ~ CONDITION ASSESSMENT Gamsby and Mannerow
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15 years. I predict the initial cost of replacing the outer beams and deck to be around $1.1
million.

As this alternative is quite unique, it is difficult to accurately estimate its cost. When compared
to the replacement options, this alternative comes with the potential for unexpected repairs to the
original components, and a higher risk of failure of the original components. It is possible that a
load posting will be necessary at some time before the original ribs are replaced.

8.0 CONSIDERATION OF ALTERNATIVES AND COST/BENEFIT ANALYSIS
We have attempted to forecast the costs associated with each option with the use of simplistic
spreadsheets. Repair costs are forecast for each year under the four repair options. Future costs
are increased by the assumed inflation rate of 3%. Total costs after 15 years, including interest
costs, are calculated based on an assumed cost of capital of 6%, as if the City is borrowing the
funds. Even if funds are not actually borrowed, the interest cost would represent the opportunity
cost of the funds that could have been put to other uses. The timeline was ended after year 15
because it is unlikely that the bridge will have much useful life after this time, and will almost
certainly have to be replaced. Details of this financial analysis are provided in Appendix G.
The following table summarizes the estimated cost associated with the various repair options.
Ovbtion Present Value Future Value of re:ll; ililri([)lxnsneitvt;ce
P of Work Costs at Year 15¢ vning
life (years)

1 | Replace entire structure $ 1,875,332 $ 4,494,342 75 Years

2 | Chip and Pat_ph (repeat 3 3x$127,326 $3.586.813 5 —10 years per
times over next 15 years) = $381,978 T repair

3 | Deck overlay with Deck: 20-25 years
Electrochemical Treatment Int. Beams: 10-15
on all surfaces (includes $ 236,266 $ 3,374,823 years
patching all areas of Ext. Beams: 15-20
delamination) years

4 | Patch deck and treat with Deck: 10-15 years
Electrochemical Chloride Int. Beams: 10-15
Extraction (includes $230,321 + years
patching all surfaces, a $14,500 $ 3,386,653 Ext. Beams: 15-20
water proofing membrane, = $244,821 years
and replacement of asphalt/
water proofing membrane.

5 | Replace entire deck and Deck: 75 years
outer beams (includes $ 1,113,751 $ 4,571,551 Int. Beams: 10-15
patching of existing years
components) Ext. Beams: 75 years
®Includes 6% cost of capital, and 3% inflation rate. See Appendix G for details.
As the bridge appears to have some useful life left, replacing the entire structure immediately is
less desirable from a financial point of view. Replacing the outer two girders involves
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9.0

significant costs, and uncertainties also, since there will be considerable effort required to retrofit
the existing piers.

The financial analysis we have carried out relies on assumptions with respect to construction
costs, inflation rates, and interest rates. Also, any federal or provincial funding programs will
skew the results significantly. Furthermore, it is also difficult to incorporate intangible costs for
the rehabilitation options, such as:
a) The inconvenience to truck traffic if the bridge is posted with a load restriction at some time
in the future before it is replaced.

b) The risk of failure of the original structural components.

¢) The risk of additional unforeseen repairs.
The most cost effective options appear to be ones that employ newer electrochemical
technologies. The traditional “chip and patch” methods are only marginally higher in cost (about
6%) than the electrochemical or cathodic protection options.

It is worth nothing that the electrochemical technologies measures require specialized trades
from larger centres, whereas the “chip and patch” method may be completed by local bridge
contractors. Therefore, if the work is tendered, the “chip and patch” technique will probably
yield more competitive bids.

SUMMARY OF FINDINGS AND RECOMMENDATIONS:

Based on our observations, the following is a summary of our findings and recommendations:

1. There is no need to post the structure for a maximum load capacity at this time.

2. There may be up to 15 years of useful life left in the bridge if it is rehabilitated in
accordance with one of the options outlined in this report. Even if it is rehabilitated, it is
likely that the bridge will require a maximum load posting within five to ten years.

3. In our opinion, the bridge will have to be replaced within 15 years.

4. Inspections should be carried out annually, including crack gauge monitoring (which has
been on-going), until the bridge is replaced. As the bridge continues to deteriorate, more
frequent monitoring will be necessary.

As the bridge will have to be replaced within 15 years, the City should begin budgeting for this work
immediately. It would be prudent to take advantage of any funding programs that may be available at
the federal or provincial levels.

All of which is respectively submitted.

GAMSBY AND MANNEROW LIMITED

Per:

)
B. A. Willis, P.Eng.
BAW/ah

Encl.
cc: File No. B-1097

9™ STREET BRIDGE — CONDITION ASSESSMENT Gamsby and Mannerow
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June 15, 2009

Gamsby and Mannerow Limited
1260 — 2™ Avenue East, Unit 1
Owen Sound, Ontario

N4K 2J3

Attention: MLr. John Slocombe, P.Eng.
Dear Sir:

Re: 9" Street Bridge Replacement
Sydenham River
Owen Sound, Ontario

We are pleased to present our report on the geotechnical investigation recently completed for the
above-referenced project. The project involves the detailed design of the replacement of the
9" Street Bridge over the Sydenham River in Owen Sound, Ontario. It is proposed to replace the
existing concrete structure with a new single span bridge that will be constructed at the same
location as the existing bridge.

The subsurface conditions contacted at site comprise pavement and fill overlying native mineral
soil, which in turn overlies bedrock at 35 to 36 m below the river. The native mineral soil is
generally comprised of layered deposits of clay, silt, sand, and sand and gravel.

Two separate groundwater systems were contacted. A surficial unconfined system occurs at
3.0 to 4.0 m depth and is slightly higher than the water level of the Sydenham River. A second
partially confined groundwater aquifer was contacted in lower sand and sand and gravel deposits
at approximately 23.0 m depth.

The native soil deposits at the site are not well suited to support the bridge structure on
conventional spread footing foundations because of very low bearing capacity. Deep pile
foundations driven to refusal on bedrock would be an effective system for supporting the
replacement bridge abutments.

Brantford . Kitchener

Stratford



May 2009 9™ Street Bridge Replacement, Sydenham River, Owen Sound

The attached report provides details of the project methodology, site conditions, laboratory
testing, and engineering analysis together with geotechnical recommendations regarding design
and construction of the proposed bridge.

We believe that this report has been completed within our terms of reference and trust that the
information presented herein is sufficient for your requirements. Should you have any questions
or when we can be of further assistance to you during design and construction, please do not
hesitate to contact our office.

Yours very truly,

is Kelly, P.Eng.
enior Geotechnical
cs
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June 2009 9™ Street Bridge Replacement, Sydenham River, Owen Sound

1. Introduction

Naylor Engineering Associates Ltd. was retained by Gamsby and Mannerow Limited on behalf
of the City of Owen Sound to conduct a geotechnical investigation for the proposed replacement
of the 9" Street Bridge over the Sydenham River in Owen Sound, Ontario at the location shown
on Drawing 1, appended. This work was authorized by Mr. John Slocombe, P.Eng. of
Gamsby and Mannerow Limited in a signed copy of our Authorization for Engineering Services
Form dated March 26, 2009.

It is proposed to replace the existing concrete structure with a new single span bridge constructed
at the same site of the existing bridge. The existing bridge is to be removed because of structural
deficiencies.

The purpose of the geotechnical investigation was to determine the subsurface soil and
groundwater conditions at the site and, based on that information, prepare this engineering report
with geotechnical recommendations pertaining to design and construction of the proposed new
bridge including deep foundations, sheet piling, bridge abutments, lateral earth pressure, and
pavements.

2. Investigation Procedure

2.1 Fieldwork

The fieldwork for this investigation was carried out on April 27, 29 and 30, and May 1, 2009;
and involved the drilling of two boreholes to depths of 40.0 and 41.3 m at the locations shown on
Drawing 2, appended. The boreholes were advanced with a CME-75 truck-mounted drillrig
equipped with continuous flight hollow stem augers and N Casing.

Local utility companies were contacted prior to the start of drilling activities in order to
demarcate underground utilities near the boring locations. A work permit was obtained from the
City of Owen Sound.

Representative samples of the overburden were secured at regular intervals throughout the depths
explored. Standard Penetration Tests (SPT) were carried out during sampling operations using
conventional split spoon equipment. In addition, tri-coning of the bedrock was attempted at
Borehole 2. '

Vane Shear Tests (VST) and pocket penetrometer tests were performed to assess the shear
strength of the cohesive deposits. The shear strengths recorded are plotted on the appended
borehole logs.

Groundwater observations and measurements were carried out in the open boreholes, during and
upon compaction of drilling. The observations are summarized on the borehole logs.

&a
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June 2009 9™ Street Bridge Replacement, Sydenham River, Owen Sound

The boreholes were backfilled with bentonite grout in accordance with R.R.O. 1990
Regulation 903, as amended to Ontario Regulation 128/03 under Ontario Water Resources Act.

Combustible Soil Vapour (CSV) headspace readings were recorded for several soil samples
obtained from Boreholes 1 and 2 using a Gastechtor 1238-ME Hydrocarbon Surveyor. The
samples were allowed to equilibrate for approximately 1 hour at 20°C prior to measurement.
CSV headspace (the air space between the top of the soil and the top of the jar) readings were
taken by inserting the instrument probe through foil liners which were placed over the jars at the
time of sampling. The instrument measures total combustible gas using catalytic oxidation of
sample gas on a platinum filament. Combustion of hydrocarbons raises the temperature of the
filament and the resulting change in electrical resistivity is converted to an analog concentration
reading. The resulting organic vapour readings are summarized on the individual borehole logs
provided with this report.

The fieldwork was monitored by a member of our engineering staff, who directed the drilling
and sampling procedures; recorded the soil stratigraphy; monitored groundwater conditions;
measured headspace readings of organic vapours; and cared for the recovered soil samples.

The locations and ground surface elevations of the boreholes were surveyed by
Naylor Engineering Associates Ltd. Ground surface elevations are related to the following
temporary benchmark (TBM) supplied by Gamsby and Mannerow Limited:

BM: Top of fire hydrant near southwest corner of 9" Street Bridge on east side of
1* Avenue West, at the location shown on Drawing 2.

Elevation: 182.82 m (geodetic)

2.2 Laboratory Testing

All samples secured during the investigation were returned to our laboratory for detailed visual
examination as well as moisture content tests, the results of which are plotted on the appended
borehole logs. The laboratory testing program carried out on samples of the major stratigraphic
units encountered during this investigation comprise the following:

e two Atterberg Limits tests; and,
* four particle size distribution analyses with results plotted on Figure 1.
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June 2009 9™ Street Bridge Replacement, Sydenham River, Owen Sound

3. Summarized Conditions

3.1 Site Description

The 9" Street Bridge is located over the Sydenham River between 1% Avenue West and
1¥ Avenue East in Owen Sound, Ontario. The bridge was constructed in 1947 and is a single
span concrete structure. The bridge deck is approximately 31 m long and 13 m wide, and is
about 5 m above the normal flow water level of the Sydenham River. The bridge will be
removed because of structural deficiencies.

The Sydenham River at the bridge location is approximately 17 m wide and up to 3 m deep
(estimated). A 4 m high protected bank is located on the west side of the river north of bridge,
and a two-storey building with basement is located on the east side of the river, north of the
bridge. The building concrete foundations are partially exposed and deteriorated. Structural
cracks are evident in the foundation walls. The west bank is protected with cable concrete and a
stone wall at the top.

The banks on the south side of the bridge are 2 to 5 m high and comprise earth slopes with some
trees. The earth is eroded in some areas.

Gabion baskets are in place directly beneath the bridge on both sides in order to protect the
concrete abutments. Several storm sewer pipes (some abandoned) outlet at the bridge on both
sides of the river. In general, the abutments are in poor condition due to erosion, age, and
weathering.

Photographs of the site are provided in Appendix A.

3.2 Subsoil Conditions

3.2.1 General

We refer to the appended borehole logs for pavement component thicknesses; soil descriptions;
inferred stratigraphy; results of SPT and VST testing; moisture content profiles; headspace
readings or organic vapours; and groundwater observations and measurements.

In general, the subsurface stratigraphy at the site comprises pavement and fill overlying layered
deposits of clay, silt, sand, and sand and gravel which in turn overlie bedrock. Descriptions of
the soils encountered are provided in the following subsections.
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June 2009 9™ Street Bridge Replacement, Sydenham River, Owen Sound

3.2.2 Pavement

The pavement structure at 1¥ Avenue West comprises 100 mm of asphaltic concrete overlying
200 and 450 mm of granular base and subbase respectively (see Borehole 2). The thickness of
the asphalt at 9" Street is 100 mm and no base or subbase were noted (see Borehole 1). The
pavement structure is in fair condition with numerous cracks.

3.2.3 Fill

Fill material was contacted beneath the pavement in both boreholes. The fill is less than 0.6 m
thick beneath 1% Avenue West, and is 3.7 m thick at 9" Street on the east side of the river. The
fill comprises silty sand and gravel with some cobbles and boulders.

SPT N-values in the fill range from 3 to 6 blows per 300 mm of penetration of the split spoon
sampler, indicating a very loose to loose relative density. The natural moisture content of the fill
is between 8 and 22%, indicating moist to saturated conditions.

3.2.4 Clay and Silt

Clay and silt were contacted in both of the boreholes near the ground surface. The clay and silt
deposits are approximately 18 m thick and range in texture from non-cohesive sandy silt to
cohesive silty clay. The results of four particle size distribution analyses carried out on samples
of silt are plotted on Figure 2, and shows that the samples contain 12 to 15% clay, 74 to 86% silt,
and 2 to 11% sand.

The non-cohesive silt deposits typically have a very loose relative density and are wet to
saturated. The cohesive silt and clay have a soft consistency and are wetter than the plastic limit.
The results of two Atterberg Limits tests carried out on samples of the silt indicate that the
material has no plasticity.

3.2.5 Sand

Sand and/or sand and silt/clay deposits were encountered at 22 to 25 m depth in both of the
boreholes. The sand deposits extend to the termination depths of the boreholes.

An upper sand deposit was contacted below the fill from 1.5 to 4.7 m depth in Borehole 2.

SPT N-values in the sand deposits typically range from 3 to 29 blows per 300 mm, indicating a
very loose to compact relative density. The sand deposits are saturated and the natural moisture
content ranges from 15 to 25%.
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June 2009 9™ Street Bridge Replacement, Sydenham River, Owen Sound

3.2.6 Sand and Gravel

Two layers of sand and gravel were encountered at depths of 23.1 and 26.8 m in Borehole 2.
The sand and gravel layers are approximately 1.0 m thick.

The SPT N-value in the sand and gravel was 85 blows per 300 mm, indicating a very dense
relative density. The sand and gravel was saturated.

3.3 Bedrock

Auger and/or tricone refusal was encountered at 41.3 m depth in Borehole 1 and 40.0 m depth in
Borehole 2. It is inferred that the auger refusal is on relatively sound bedrock. The inferred
bedrock surface is between Elevation 141.0 and 142.1 m.

The bedrock likely comprises grey shale with limestone interbeds of the Georgian Bay
Formation. This formation is of the Ordovician System and was formed in a shallow inland sea
approximately 450 million years ago.

3.4 Groundwater

Groundwater observations carried out in the open boreholes are summarized on the appended
borehole logs.

The observations indicate that groundwater occurs under water table (unconfined) conditions in
the shallow fill and sand deposits on both sides of the Sydenham River. The shallow
groundwater table is about 3.0 m below existing street grade. The water level of the
Sydenham River was at Elevation 177.4 m at the time of our fieldwork.

A lower, partially confined groundwater aquifer was contacted in the lower sand and sand and
gravel deposits at approximately 23.0 m depth.

3.5 Organic Vapours

Combustible Soil Vapour (CSV) headspace testing was carried out on the shallow soil samples
using a Gastechtor 1238-ME hydrocarbon monitor which was operated in the methane
elimination mode. The soil samples from Boreholes 1 and 2 contained headspace concentrations
less than 40 ppm. These low field screening readings suggest no evidence of significant
contamination from volatile compounds at the sampled locations.
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June 2009 9™ Street Bridge Replacement, Sydenham River, Owen Sound

4. Discussion and Recommendations

4.1 General

The project involves the detailed design of the replacement of the 9" Street Bridge over the
Sydenham River in Owen Sound, Ontario. It is proposed to replace the existing concrete
structure with a single span bridge constructed at the same location as the existing bridge.

The subsurface stratigraphy comprises fill overlying layered deposits of clay, silt, sand, and sand
and gravel, which in turn overlie bedrock. The stabilized groundwater table was measured
between Elevations 177.4 and 178.4 m. A lower partially confined groundwater aquifer was
contacted in the lower sand, and sand and gravel deposits.

The upper strata of the native overburden deposits at the site are not suitable to support the
proposed bridge because of low bearing capacity soils, and the potential for differential
settlement. Consequently, pile foundations bearing on bedrock are recommended for support of
the bridge abutments.

The bedrock surface inferred from our borehole information occurs between
Elevations 141.0 to 142.1 m.

4.2 Pile Foundations

Due to the low bearing capacity of the shallow soils, a deep foundation system is recommended
for the new bridge abutments. The recommended foundation would comprise steel
HP 310 x 110 piles driven to bedrock.

Driven piles may be designed using their full structural capacity provided they are taken to
practical refusal in the bedrock. Practical refusal is normally defined as a final set of not less
than 10 blows per 25 mm. The geotechnical resistance of the pile will be obtained from toe
resistance on bedrock. The factored geotechnical resistance at the Ultimate Limit States (ULS)
would be 1900 kN (using a resistance factor of 0.5) for a typical 310 x 110 H pile. The
recommended geotechnical resistance at the Serviceability Limit States (SLS) is 1250 kN
(allowable load) for a 310 x 110 H pile.

The inferred bedrock surface ranges from Elevation 141.0 m to Elevation 142.1 m at the
borehole locations, which is 35 to 36 m below the water level of the Sydenham River. Some
driving difficulties should be anticipated due to the possible presence of old piles in the native
soil.

The piles could be driven inside nominal 762 mm diameter steel tubes, if necessary, to provide
horizontal resistance for the bridge abutments. The steel tubes should be set at a depth of at least
5.0 m below the riverbed.

Groundwater flow could develop inside the steel tubes. This should be anticipated by the
contractor and it is recommended that the ﬁel tubes be sealed/plugged with tremie concrete.
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