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1.0 INTRODUCTION

This report was prepared as part of a submission for the Environmental Assessment (EA) Study being carried out
to assess the structural conditions and to determine the extent of the proposed works for bridge rehabilitation or
replacement of three bridges crossing the Grand River (the Lorne Bridge, Brant's Crossing Bridge, and the
Toronto, Hamilton, & Buffalo Railway (TH&B) Bridge No. 75) in Brantford, Ontario. The locations of the bridge
sites are shown on the Location Plan, Figure 1.

Based on the information provided, the proposed work(s) will include either bridge rehabilitation of the structural
members and bridge deck or complete bridge replacement(s) at the three sites. An overview of the existing
geotechnical conditions within the project area, specifically the three bridge crossing locations, is provided in this
report based on a site reconnaissance and a review of existing geotechnical data. No new intrusive geotechnical
exploration or testing activities were carried out under the current scope of work for this assignment. This report
includes preliminary geotechnical recommendations for the assessment and conceptual design of the proposed
project. GM BluePlan Engineering Limited (GMBP) has been retained by the City of Brantford (the City) to
complete a conceptual study on the rehabilitation and/or replacement options for the bridge structures at the site.
Authorization for Golder Associates Ltd. (Golder) to proceed with the project, in accordance with our proposal
dated August 19, 2019, was provided by GMBP.

This report should be read in conjunction with the attached document “Important Information and Limitations of
This Report”, which comprises an integral component hereof. The reader’s attention is specifically drawn to this
material, as it is essential for proper use and interpretation of the information presented and discussed herein.
This report addresses only the geotechnical aspects of the referenced works.

2.0 METHODOLOGY

Existing available geotechnical information for the areas of the bridge(s) and nearby sites and the existing bridge
design drawings were compiled and reviewed. The information consisted of topographical mapping, soils and
bedrock mapping, geological data, and site-specific geotechnical data from previous site investigations carried out
on, or adjacent to, the site. The previous site investigations, inspection report and drawings are identified as
follows:

m Lorne Bridge, Brant’'s Crossing Bridge and TH&B Railway Bridge No. 75 original construction plans/drawings

m  Dominion Soil Investigation Inc. Report No. 78-4-K2 titled “Subsurface Investigation, Proposed
Reconstruction of Lorne Bridge, Brantford, Ontario”, dated May 1978.

m Peto MacCallum Ltd. Report No. 89 F 251 titled “Geotechnical Investigation Foundation Subgrade
Evaluation, Lorne Bridge, Brantford, Ontario”, dated 1986

m  Golder Report No. 881-3443 titled “Geotechnical Investigation, Proposed Brantford Flood Control Works,
Lorne Bridge to Market Street, Brantford, Ontario”, dated January 1989;

m  Golder Report No. 881-3443-1 titled “Geotechnical Investigation, Proposed Lorne Dam Removal, Brantford,
Ontario”, dated May 1989;

m Lorne Bridge Engineering Condition Assessment Reports (2004 and 2015);
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m Lorne Bridge, Brant's Crossing Bridge and TH&B Railway Bridge No. 75 enhanced Ontario Structure
Inspection Manual (OSIM) Inspection Reports (2017); and

m Lorne Bridge, Brant’'s Crossing Bridge and TH&B Railway Bridge No. 75 Ministry of Transportation of Ontario
(MTO) Site Investigation Reports (March 2018).

Original design drawings of selective pages and relevant boreholes drilled at and adjacent to the site of the
bridges were provided in Appendix A and B, respectively. In addition, a field reconnaissance was carried out by a
geotechnical engineer from our staff on April 24, 2020. Select photographs are attached in Appendix C.

3.0 SITE DESCRIPTION

Based on the information provided and site reconnaissance, the Lorne Bridge (also known as Colborne Street
West) is located between Brant Avenue/lcomm Drive and Ballantyne Drive/Fordview Drive and is classified as a
minor arterial roadway. It is defined by three structures, including: the Lorne Bridge pedestrian underpass, the
Lorne Bridge arch, and the Lorne Bridge girder section. The Brant’s Crossing Bridge is approximately 130 metres
south of the Lorne Bridge and is currently closed. It was used as a pedestrian crossing and east/west cycling trail
connection and consists of four spans, including two that are steel truss construction and two that are half-through
deck girder construction. The TH&B Railway Bridge is located approximately 270 metres south of the Brant’s
Crossing Bridge. It was a former railway bridge that has been converted and is currently being used as a
pedestrian and cycle crossing.

3.1 Lorne Bridge

The Lorne Bridge consists of a concrete box culvert pedestrian underpass, a single span concrete box girder
bridge that crosses over an abandoned rail line and a three-span continuous concrete open spandrel arch bridge
over the Grand River in Brantford, Ontario. The bridge was originally built in 1924. It has spans of approximately
41.8, 46.9 and 41.8 metres for a total deck length of approximately 130.5 metres. The superstructure is founded
on two cast-in-pace concrete piers and two abutments. The travel width of the structure is 17.4 metres and the
overall width of the structure is 22.9 metres. The roadway accommodates two lanes of traffic in each of the
eastbound and westbound directions. There is a 2.1-metre-wide sidewalk on both the north and south sides. The
single span concrete box girder structure was originally used for a railway grade separation and was constructed
in 1924 and replaced in 1980. The abutment of the original structure was left in place.

Previous rehabilitation works were completed on this structure including deck replacement (1980); east expansion
joint replacement (1988) and west expansion joint replacement (1994).

3.2 Brant’s Crossing Bridge

The Brant’s Crossing Bridge was originally part of the Brantford, Norfolk, and Port Burwell Railway (BN&PBR).
The bridge was constructed between 1912 and 1913 and was in operation for rail transport into the 1980s, when it
was purchased by the City. It was then converted to a pedestrian and cyclist bridge, remaining in this function
until 2018 when it was closed after an ice-dam event. The superstructure is founded on three cast-in-pace
concrete piers and two abutments. The total deck length of the bridge is about 121.4 metres with four spans of
approximately 23.3, 37.4, 37.4 and 23.3 meters in length. The roadway width of the structure is 2.5 metres and
the overall width of the structure is 5.8 metres.
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The bridge is oriented east-west and situated at the northern end of a relatively straight section of the river, at a
point of a slight bend from a southeasterly to a southerly flow. The view up-river to the north is of the City’s
downtown and the Lorne Bridge, which carries Colborne Street West across the river. The view down-river to the
south is of the TH&B Railway Bridge and beyond to the Veterans Memorial Parkway bridge before the river bends
further west and out of sight.

3.3 TH&B Railway Bridge

Based on the information provided, we understand that the TH&B Railway Bridge was constructed in 1890. The
bridge consists of four spans which are comprised of a series of floor beams and stringers supported by two
through plate girders. The superstructure is founded on one cast-in-place concrete pier (west pier), two steel tube
pile piers (centre and east piers) and two abutments. The total deck length of the structure is about 124.8 metres
with each span approximately 31.2 metres in length. The roadway width of the structure is 5.4 metres and the
overall width of the structure is 5.8 metres. The TH&B Railway Bridge currently functions as a pedestrian bridge.

The TH&B Railway Bridge is oriented east-west and the view up-river to the north is of the City’s downtown, the
Brant’s Crossing Bridge and the Lorne Bridge, which carries Colborne Street West across the river. The view
down-river to the south is of the Veterans Memorial Parkway Bridge before the river bends further west and out of
sight.

4.0 SUBSURFACE CONDITIONS
4.1 Sources of Subsurface Information

Existing geotechnical information for the area of the bridge site readily available from our files and provided by
GMBP and the City was compiled and reviewed. The information consisted of topographical mapping, aerial
mapping, soils and bedrock mapping, geological data and site-specific geotechnical data from previous site
investigations carried out on or adjacent to the site. The previous site investigations are identified as follows:

Site 1: Lorne Bridge

m Lorne Bridge original construction plans/drawings;

m  Dominion Soil Investigation Inc. Report No. 78-4-K2 titled “Subsurface Investigation, Proposed
Reconstruction of Lorne Bridge, Brantford, Ontario”, dated May 1978;

m Peto MacCallum Ltd. Report No. 89 F 251 titled “Geotechnical Investigation, Foundation Subgrade
Evaluation, Lorne Bridge, Brantford, Ontario”, dated 1986;

m  Golder Report No. 881-3443 titled “Geotechnical Investigation, Proposed Brantford Flood Control Works,
Lorne Bridge to Market Street, Brantford, Ontario”, dated January 1989; and

m  Golder Report No. 881-3443-1 titled “Geotechnical Investigation, Proposed Lorne Dam Removal, Brantford,
Ontario”, dated May 1989.

Site 2: Brant’s Crossing Bridge

m Brant’s Crossing Bridge original construction plans/drawings;
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m  Golder Report No. 881-3443 titled “Geotechnical Investigation, Proposed Brantford Flood Control Works,
Lorne Bridge to Market Street, Brantford, Ontario”, dated January 1989; and

m Golder Report No. 881-3443-1 titled “Geotechnical Investigation, Proposed Lorne Dam Removal, Brantford,
Ontario”, dated May 1989.

Site 3:TH&B Railway Bridge

m TH&B Railway Bridge No. 75 original construction plans/drawings; and

m  Golder Report No. 881-3443 titled “Geotechnical Investigation, Proposed Brantford Flood Control Works,
Lorne Bridge to Market Street, Brantford, Ontario”, dated January 1989.

The locations of boreholes used in the development of this report are illustrated on Figure 1. Copies of relevant
borehole records from the previous subsurface explorations are included in Appendix B.

4.2 Site Geology

The general site is located in the physiographic region of Southwestern Ontario known as the Norfolk Sand Plain.
In this area, the Grand River flows through former glacial spillways which were previously eroded into the
underlying till plains. The surficial soils along the subject sections of the bridge sites consist of more recently
deposited alluvial deposits of gravel, sand and silt.

Bedrock in the surrounding area of the site consists of limestone, dolostone, and shale belonging to the Salina
Formation of the upper Silurian Age. Previous drilling at the bridge locations encountered bedrock between
elevation 194.0 metres and 196.0 metres in the boreholes, as shown on the Record of Borehole sheets in
Appendix B.

4.3 Subsurface Stratigraphy

Details of the subsurface conditions encountered in the boreholes drilled in 1978, 1986 and 1989 are provided in
Appendix B. It should be noted that the soil conditions indicated on the Record of Borehole sheets have been
inferred from non-continuous sampling and observations of drilling resistance and have been simplified for the
purpose of geotechnical design. The boundaries shown typically indicate transitions from one soil type to another
and should not be interpreted to indicate exact planes of geological change. Further, post-exploration
construction activities may have altered the subsurface conditions from those shown on the Records of
Boreholes.

4.31 Lorne Bridge

In 1986, Peto MacCallum Ltd. (Peto) drilled four boreholes 1, 2, 3 and 4A/4B at the locations shown on Figure 1.
The boreholes were located at each of the abutments and piers. Borehole 1 was drilled at the east abutment
(railway underpass) and was terminated at a depth of 17.3 metres below the road surface due to the poor rock
quality, difficult drilling and progressed only 200 millimetres into the underlying bedrock.

Boreholes 2 and 3 were drilled at the west abutment and east pier, respectively, and penetrated approximately 1.2
and 1.0 metres into the underlying rock and terminated at depths of about 15.5 and 17.6 metres below the bridge
deck. Borehole 4A/4B was drilled at the west pier and was terminated due to drilling difficulties at a depth of
about 6.1 metres below the bridge deck. The drawings of the original bridge show that the abutments and piers
were to be founded on bedrock at elevations of 193.26 to 193.87 metres.
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Based on boreholes 1, 2, 3, and 4A/4B and our review of the construction drawings, we understand that the east
and west abutments, as well as the east pier, where fully penetrated by the boreholes and are founded on
limestone bedrock at the following levels:

Location — Lorne Bridge Design Founding Elevation Actual Founding Depth (metres below
(metres) bridge deck or pavement)/Elevation
(metres)
East Abutment (Borehole 1) 193.87 17.1/194.0
East Pier (Borehole 3) 193.87 16.6/194.5
West Pier (Borehole 4A/4B) 193.57 Not defined during drilling. Based on the

construction drawings, it is anticipated that
the west pier is founded on bedrock.

West Abutment (Borehole 2) 193.26 14.3/194.0

In 1988, Golder drilled two boreholes (boreholes 19 and 20) adjacent to the east abutment of the Lorne Bridge at
the approximate locations shown on Figure 1. Borehole 19 was drilled adjacent to the east abutment and
encountered some 5.0 metres of sand and gravel fill overlying reinforced concrete in which the borehole was
terminated due to difficult drilling. Borehole 20 was drilled immediately east of borehole 19 in an attempt to avoid
the reinforced concrete. Borehole 20 encountered an approximately 0.9-metre-thick layer of sand and gravel fill
overlying strata of clayey silt, silty clay and silt. Bedrock was encountered at a depth of about 7.5 metres below
ground surface or at an elevation of about 194.56 metres.

In addition to the above, boreholes 7, 8 and 11 were drilled at, or near, the east abutment and borehole 9 was
drilled at the west abutment by Dominion Soil Investigation Inc. in 1978 at the approximate locations shown on
Figure 1.

Boreholes 7 and 8 were drilled adjacent to the abandoned railway tracks where they pass under the Lorne Bridge.
Subsurface soils encountered in these boreholes consisted of firm to very stiff clayey silt overlying very stiff to
hard silt till layers which extended to depths of about 7.6 and 9.0 metres below the track surface or to elevations
of about 194.5 and 193.5 metres, respectively. At these elevations, both boreholes encountered auger refusal on
the inferred limestone bedrock surface. Borehole 11 was drilled behind the bridge abutment wall and
encountered compact to dense sand and gravel fill extending to a depth of about 4.3 metres below surface, which
was underlain by a stratum of stiff grey silt with clay seams. Borehole 11 was terminated in silt with clay seams
after exploring the stratum for about 0.8 metres.

Borehole 9 was drilled at the bridge’s west approach within the low-lying west bank of the river. Fill materials with
a thickness of about 4.5 metres were encountered beneath the asphalt and concrete pavement. Below the fill,
strata of fine sand and silty sand were encountered overlying compact fine sand with gravel.

Groundwater levels at the bridge abutment and pier locations generally corresponded to the river water level at
the time of the previous explorations. Groundwater levels should be expected to fluctuate seasonally and rise
during snow melt and wet periods of the year.
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4.3.2 Brant’s Crossing Bridge (Former Railroad Bridge)

In 1988, Golder drilled five boreholes, boreholes 15, 16, 17, 18 and 22, as part of the nearby dam removal
program at the Brant’s Crossing Bridge site at the approximate locations shown on Figure 1.

Boreholes 15, 16, and 17 were drilled through the west, centre, and east piers. Borehole 22 was drilled through
the east abutment and borehole 18 was drilled immediately behind the east abutment.

In borehole 15, an approximately 0.5-metre-thick layer of concrete was encountered overlying the limestone block
masonry which is understood to comprise the former abutment of a former structure. The limestone block
masonry was fully penetrated to a depth of about 6.7 metres below the top of the pier. Beneath the masonry, a
0.4-metre-thick layer of hard silty clay was encountered. In boreholes 16, 17 and 22, cast-in-place concrete was
encountered for the full height of the piers and abutment.

Borehole 18 was drilled behind the east abutment and encountered some 5 metres of inferred very loose sand fill
material overlying an approximately 1.5-metre-thick layer of sand and gravel, and sand strata of silt, clayey silt
and silty clay.

Bedrock was encountered beneath the silty clay in boreholes 15 and 19 and underlying the concrete in boreholes
16, 17 and 22. The bedrock surface was encountered between elevations of about 194.3 metres and 195.6
metres in the boreholes. The bedrock generally consisted of fresh, massive, grey to light grey, fine-grained
limestone.

Groundwater levels at the bridge abutment and pier locations generally corresponded to the river water level at
the time of the previous exploration and are expected to fluctuate seasonally and rise during snow melt and wet
periods of the year.

4.3.3 TH&B Railway Bridge

No site-specific geotechnical information (specific boreholes at abutment or pier locations) was available for the
TH&B Railway Bridge. Based on our review of the drawings, available reports and site reconnaissance, we
understand that the substructure at this bridge location consists of one cast-in-pace concrete pier (west pier), two
steel tube pile piers (centre and east pier) and two abutments. Based on the general arrangement drawings (from
1901) for the piers and abutments, we understand that the existing abutments and pier foundations are supported
directly on bedrock at depths ranging between about 9.4 and 12.1 metres below the bridge deck (the bedrock
surface slopes downward from west to east) or at approximately elevations 194.3 metres to 191.6 metres.

In 1988, Golder advanced two boreholes, boreholes 5 and 6, at the north and south sides of the existing west
abutment as part of the flood control works at the approximate locations shown on Figure 1. The subsurface soil
conditions encountered in boreholes 5 and 6 consisted of fill and topsoil overlying strata of sand, sand and gravel,
silt, silty clay and clayey silt till. Boreholes 5 and 6 were terminated at depths of about 8.1 and 8.2 metres below
the ground surface or at elevations of about 194.1 and 194.2 metres, respectively.

Groundwater levels at the abutment and pier locations are anticipated to generally correspond to the river water
level and should be expected to fluctuate seasonally and rise during snow melt and wet periods of the year.
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5.0 SEISMIC SITE CLASSIFICATION

Subsurface ground conditions for seismic site characterization were established based on the results of the
previous boreholes drilled in the vicinity the site. Based on the anticipated foundation levels on/within the
limestone bedrock, the site may be classified as Site Class C (very dense soil and soft rock) in accordance with
Table 4.1 of the Canadian Highway Bridge Design Code (CHBDC) (2014).

Based on the locations of the bridges, the reference Site Class C spectral acceleration values were obtained
based on the 5" generation seismic hazard maps published by the Geological Survey of Canada (GSC).

In accordance with Section 4.4.3.4 of the CHBDC (2014), the peak ground velocity (PGV), peak ground
acceleration (PGA) values and design spectral acceleration (Sa) values for Site Class C are presented below.

Seismic Hazard 10% Exceedance in 50 5% Exceedance in 50 2% Exceedance in 50

Values years (475-year return years (975-year return years (2,475 return

period) period) period)
PGV (m/s) 0.026 0.041 0.070

PGA (g) 0.032g 0.054 g 0.096 g
Sa (0.2) (g) 0.055¢g 0.089¢g 0.153 g
Sa (0.5) (g9) 0.035¢g 0.054 g 0.088 g
Sa (1.0) (9) 0.020 g 0.031g 0.048 g
Sa (2.0) (g) 0.009g 0.015¢g 0.024 g
Sa (5.0) (9) 0.002 g 0.003 g 0.006 g
Sa (10.0) (g) 0.001g 0.001g 0.002 g

Given the Site Class C designation, the values presented above do not need to be factored using site-specific
acceleration or velocity coefficients.

6.0 DISCUSSION
6.1 General

This section of the report provides our interpretation of the available geotechnical data and it is intended for the
guidance of the design engineer for conceptual design within the context of the overall EA Study. Where
comments are made on construction, they are provided only to highlight those aspects which could affect the
design of the project.

L GOLDER 7



February 2021 19128292-1000-R01-Rev0

It is understood that as part of the EA, consideration is being given to rehabilitating the existing bridge structure(s)
and or full replacement(s).

Based on our review of the information provided and the subsurface information, we understand the following:

m The Lorne Bridge currently carries traffic on Colborne Street West across the Grand River with a 30-tonne
load limit in the winter;

m The Brant’s Crossing Bridge was closed in February 2018 following a flooding and ice jam event; the bridge
formerly carried pedestrian and cyclist traffic over the Grand River and would require structural repairs in
order to be re-opened; and

m The TH&B Railway Bridge currently carries pedestrian and cyclist traffic over the Grand River and has been
identified as requiring structural repairs to maintain the existing crossing.

The preliminary ranges of the geotechnical design parameters provided below have been developed in the
absence of current geotechnical test data and are based only on observations of existing structure performance,
construction drawings and general subsurface soil condition descriptions. During future studies, a better
understanding of loads on the existing piers and abutments will allow development of more refined lower bounds
for the geotechnical design parameters. If an existing bridge is to be rehabilitated, the existing abutment and pier
footings should be acceptable based on geotechnical considerations, pending site specific geotechnical testing,
structural evaluations, and consideration of future load changes, if any. Future inspections and repairs should
focus on the conditions of the existing footings, if visible, and ice and scour protection. If the superstructure of a
bridge is to be replaced, consideration may be given to reuse of the existing footings with minor structural and
erosion protection repair works or construction of new footings. The geotechnical aspects of these options are
discussed in more detail below.

6.2 Existing Foundations

Golder has not carried out any current intrusive exploration, testing or underwater assessment of the abutment
and pier foundations at three bridge locations as part of this study. The details of the bridge structures including
dimensions, material type and conditions were summarized and provided in the Lorne Bridge, Brant’s Crossing
Bridge and TH&B Railway Bridge enhanced OSIM Inspection Reports, respectively. We understand that GMBP
and the City are aware of these reports and results.

Based on the existing information from the previous geotechnical explorations, OSIM inspection reports and
design drawings, it would appear that the spread footing or steel tube pile foundations for all of the abutments and
piers were founded on bedrock at the three bridge sites. The foundations were designed using a factored
Ultimate Limit States (ULS) factored resistance of 2,500 kilopascals (kPa). The Serviceability Limit States (SLS)
geotechnical reaction for 25 millimetres of settlement generally exceeds the ULS factored resistance for
foundations bearing on sound bedrock.

We recommend that for structural evaluation of these abutment and pier foundations for superstructure
replacement and rehabilitation without replacement of the substructure with minor structural (including erosion)
and aesthetic repairs at three bridges, a factored ULS resistance of up to 3,000 kPa may be used provided that
the abutment and pier foundations are in good condition. As noted above, the geotechnical reaction at SLS (for
25 millimetres of settlement) may be assumed to exceed the ULS resistance.

L GOLDER 8



February 2021

19128292-1000-R01-Rev0

6.3

New Foundations

The design drawings for the three bridges indicate that the abutments and piers have been founded on bedrock.
Based on the subsurface conditions encountered during the previous geotechnical explorations carried out in the
vicinity of the project site, both shallow and deep foundation options have been considered for the replacement of

the bridges.

Based on the information obtained from the previous boreholes, the overburden soils are not considered suitable
to support new foundation structures at the bridge sites. Both shallow and deep foundation options bearing on the
limestone bedrock underlying the overburden materials have been considered for support of the new bridge(s).
Driven steel H-piles have not been considered for support of any of the foundations at these bridge sites due to
their lower cross-sectional area compared to drilled shafts and potential installation difficulties. Further, sufficient
lateral resistance may not be developed given the relatively shallow depth of overburden (i.e., less than 8 metres).
The following provides a discussion on the foundation options (shallow and deep) with regard to constructability
and risks associated with respect the structures(s):

Foundation

Option

Feasibility

Advantages

Disadvantages

Constructability

IRisk

in the dry adjacent
to/within the river.
Feasible for support
of the abutments;
however, requires
temporary roadway
protection and may
require temporary
protection of
existing bridge
footings, where the
new footings are not
constructed at the
same elevation as
the existing
adjacent footings.

including into weathered
bedrock, required.

L]

Groundwater control (cofferdams)
required at pier locations and may
be difficult to “seal” cofferdam at the
bedrock surface or prevent upward
seepage inflows; mitigation
measures such as concrete plug
placed by tremie methods may be
required.

Precludes use of integral abutments,
although may permit semi-integral
abutments; potentially greater
maintenance required at abutments.
Greater volume of excavation spoil;
and concrete than for deep
foundations.

¢ More groundwater control required
than for deep foundations option.

Spread/strip Not feasible for support of piers or abutments due to the unknown thickness and low strength of the overburden soils and
footings impractical considering the depth to bedrock.
founded on
native soil
deposits
Spread/strip o Feasible for support | e Higher geotechnical ¢ Significant excavation depths o Conventional

) of the piers; resistance than for shallow through existing fills and native soils excavation and
footings however, requires foundations bearing on native and into bedrock required. construction
founded on cofferdams to soil deposits. « At the abutments, temporary techniques.

completg e Straightforward method of roadway protection systems e Risk of

competent excavation and construction; however, required along the edge of existing groundwater / river
bedrock footing construction extensive excavation, bridge approach embankments water inflow

through gaps at the
cofferdam-bedrock
interface or through
bedrock fractures
at the piers.
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Foundation

Option

Steel H-piles
founded on
shale bedrock;
Steel tube
(pipe) piles on
shale bedrock

Feasibility

Advantages

Disadvantages

Constructability
IRisk

o Not feasible for support of the piers or abutments due to the shallow depth to bedrock, low lateral support from the
overburden soils, and potential obstructions/difficult driving conditions.

* Would require pre-drilling and socketing steel piles into concrete filled rock sockets in bedrock.

Caissons
(drilled shafts)

socketed into

o Feasible for support
of abutments and
piers.

Higher bearing resistances
than for steel H-piles, requiring
fewer pile elements.

Wiill result in less volume of
excavation and spoils

e Permanent liners would be required
during construction to control
potential ground loss in overburden
soils and to mitigate groundwater
(and river water) inflows.

Conventional
construction
methods for
caisson
foundations;

bedrock generation than for spread » More expensive coring/churn drilling temporary or

footing option. required to form bedrock socket permanent liners

o At abutments, may reduce through the inferred limestone required for ground
temporary protection system bedrock at the sites. and groundwater
requirements, in particular, the | Precludes use of integral control.
need for dowelling to pre- abutments. o Restriction of use
support excavation face.  The rock socket is required to be of barge/floating
Minor groundwater seepage cleaned (potentially by airlift platform in the river
anticipated within pile cap methods) and inspection with a due to low levels
excavation - pumping from video camera would be required. during summer
filtered sumps will provide o Concrete would have to be placed seasons.
adequate groundwater control. by tremie methods

e At piers, may result in smaller '
footprint/working area than for
spread footing option and
overall volume of excavation
may be less; will also reduce
cofferdam and groundwater
control requirements.

o Pile caps could potentially be
eliminated if the pier columns
extended directly up from the
top of the drilled shafts.

6.3.1 New Shallow Foundations on Bedrock

Shallow foundations comprised of strip/spread footings founded on the slightly weathered to fresh limestone
bedrock at the three bridge locations are feasible for support of the abutments and piers. However, significant
depths of excavation (ranging from about 8 to 10 metres deep at the abutments and piers) through existing fills,
native soils and into the bedrock will be required. The deep excavations at the piers would require cofferdams
extending to, and sealed into, bedrock to reduce groundwater/river water inflows. Excavations at the abutments
will be achievable and groundwater control will be easier to manage; however, temporary protection systems will
be required to support the adjacent roadway approach embankments and additional protection measures may be
required to ensure adequate support of the existing abutment foundations. Based on the above, shallow footings
on bedrock are considered a suitable foundation alternative for support of new abutments, but not for the piers.

L GOLDER
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In the absence of current geotechnical test data, relatively conservative values of the engineering properties of the
founding soils have been estimated. A factored geotechnical resistance at ULS ranging from 2,500 to 3,000 kPa
may be used for conceptual design of shallow foundations placed on bedrock at the bridge locations. The SLS
reaction does not generally apply to the design of foundations on the bedrock, provided the bedrock surface is
properly cleaned of soil and highly weathered bedrock at the time of construction. For the ULS sliding resistance
of a cast-in-place footing placed on the limestone bedrock, an unfactored friction coefficient of 0.7 can be used for
dead and sustained live loads.

All footings would have to be provided with a minimum of 1.2 metres of earth cover or a thermally equivalent
thickness of insulation for frost protection purposes. Construction of spread foundations for the piers would
require installation of cofferdams and the use of either subaqueous excavation and construction techniques or
significant dewatering/unwatering work. Scour protection would also be required. Therefore, while spread
foundations are feasible, this foundation type may not be practical for new piers.

6.3.2 New Deep Foundations — Caissons (Drilled Shafts)

Deep foundations may be used for support of new abutments and piers. Drilled shafts (caissons) socketed into
the limestone bedrock are considered feasible and the preferred option for the support the new bridge foundations
at all locations.

Caissons socketed approximately two diameters or greater into the bedrock should be designed based on end-
bearing resistance using a factored axial resistance at ULS of 2.5 MPa for preliminary design purposes. For a
1.5-metre diameter caisson, this would equate to a factored axial resistance at ULS of about 5,000 kilonewtons
(kN). The SLS geotechnical reaction for 25 millimetres of settlement does not apply to rock-socketed caissons
founded the limestone bedrock since the SLS reaction would be greater than the factored axial resistance at ULS.

It is recommended that the abutments and piers be supported on drilled shaft foundations socketed into the fair
quality limestone bedrock to a minimum depth equal to two times the diameter of the drilled shaft below the
bedrock surface. A steel liner extending into the bedrock surface will be required in order to prevent “necking” of
the concrete. Water inflow into the drilled shafts should be expected given the proximity to the Grand River;
therefore, placement of concrete by the tremie method will be required to install drilled shafts.

The centre to centre spacing between the drilled shafts should be greater than 2.5 times the drilled shaft diameter
to limit interaction between drilled shafts. Provided this minimum drilled shaft spacing within a group is
maintained, the efficiency factor for the pile group is expected to be 1.0 (i.e., no reduction for group effects is
required).

6.4 Excavations and Groundwater Control

Excavations for shallow foundations and for pile caps may encounter near surface fills and or the existing
pavement structure, topsoil, clay, silt, sand, and gravel. Based on the age of the existing structures and various
historical activities that are known that have taken place at the sites, it is also possible that excavations may
encounter existing foundations, remnants of temporary structures used during the original construction or other
rubble.

Based on the historic water levels at the bridge locations and depending on the time of year construction is carried
out, excavations for the abutments may extend below the groundwater level. The water level should be expected

to fluctuate seasonally and due to climatic variations. Excavations for pier foundations will extend below the river

and groundwater levels and groundwater flow from the native granular soils should be expected. A Permit to
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Take Water would likely be required. Excavations for piers at all three bridge locations will require coffer dams in
order to carry out construction.

Temporary protection systems will be required along the existing bridge foundations and roadways to facilitate
safe construction of the new abutment foundations and maintain operation of the existing adjacent roadways and
bridges.

The existing and proposed pier foundations are located within the Grand River and below the normal river water
level and as such, the pier foundations could experience some erosion/scour throughout the design life for the
structures if the adjacent soils are eroded. Scour protection should be provided around the pier foundations for
the bridge structure. Riprap should be provided on the river channel banks and around the piers. The riprap
should extend from the channel banks to at least 1.0 metres above the design flood level at the structure
locations.

7.0 ADDITIONAL GEOTECHNICAL INPUT

This report has been prepared to assist with geotechnical aspects that may influence planning, early conceptual
design, and early cost estimating in support of the Environmental Assessment for this project. A detailed and
thorough geotechnical exploration and confirmation of the abutment geometry, backfill conditions, existing
pavement structures and the like (to the extent practicable) and areas that might include future retaining walls will
be required for each bridge location during subsequent phases of design to address and refine all geotechnical
issues discussed within this report.
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IMPORTANT INFORMATION AND
> GOLDER LIMITATIONS OF THIS REPORT

Standard of Care: Golder Associates Ltd. (Golder) has prepared this report in a manner consistent with that level
of care and skill ordinarily exercised by members of the engineering and science professions currently practising
under similar conditions in the jurisdiction in which the services are provided, subject to the time limits and
physical constraints applicable to this report. No other warranty, expressed or implied is made.

Basis and Use of the Report: This report has been prepared for the specific site, design objective, development
and purpose described to Golder by the Client. The factual data, interpretations and recommendations pertain to
a specific project as described in this report and are not applicable to any other project or site location. Any
change of site conditions, purpose, development plans or if the project is not initiated within eighteen months of
the date of the report may alter the validity of the report. Golder cannot be responsible for use of this report, or
portions thereof, unless Golder is requested to review and, if necessary, revise the report.

The information, recommendations and opinions expressed in this report are for the sole benefit of the Client. No
other party may use or rely on this report or any portion thereof without Golder’s express written consent. If the
report was prepared to be included for a specific permit application process, then upon the reasonable request of
the client, Golder may authorize in writing the use of this report by the regulatory agency as an Approved User for
the specific and identified purpose of the applicable permit review process. Any other use of this report by others
is prohibited and is without responsibility to Golder. The report, all plans, data, drawings and other documents as
well as all electronic media prepared by Golder are considered its professional work product and shall remain the
copyright property of Golder, who authorizes only the Client and Approved Users to make copies of the report, but
only in such quantities as are reasonably necessary for the use of the report by those parties. The Client and
Approved Users may not give, lend, sell, or otherwise make available the report or any portion thereof to any
other party without the express written permission of Golder. The Client acknowledges that electronic media is
susceptible to unauthorized modification, deterioration and incompatibility and therefore the Client can not rely
upon the electronic media versions of Golder’s report or other work products.

The report is of a summary nature and is not intended to stand alone without reference to the instructions given to
Golder by the Client, communications between Golder and the Client, and to any other reports prepared by
Golder for the Client relative to the specific site described in the report. In order to properly understand the
suggestions, recommendations and opinions expressed in this report, reference must be made to the whole of the
report. Golder can not be responsible for use of portions of the report without reference to the entire report.

Unless otherwise stated, the suggestions, recommendations and opinions given in this report are intended only
for the guidance of the Client in the design of the specific project. The extent and detail of investigations, including
the number of test holes, necessary to determine all of the relevant conditions which may affect construction costs
would normally be greater than has been carried out for design purposes. Contractors bidding on, or undertaking
the work, should rely on their own investigations, as well as their own interpretations of the factual data presented
in the report, as to how subsurface conditions may affect their work, including but not limited to proposed
construction techniques, schedule, safety and equipment capabilities.

Soil, Rock and Ground Water Conditions: Classification and identification of soils, rocks, and geologic units
have been based on commonly accepted methods employed in the practice of geotechnical engineering and
related disciplines. Classification and identification of the type and condition of these materials or units involves
judgment, and boundaries between different soil, rock or geologic types or units may be transitional rather than
abrupt. Accordingly, Golder does not warrant or guarantee the exactness of the descriptions.

Golder Associates Ltd.
6925 Century Avenue, Suite #100 Mississauga, Ontario, L5N 7K2 Canada T: +1 905 567 4444 | F: +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation
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Special risks occur whenever engineering or related disciplines are applied to identify subsurface conditions and
even a comprehensive investigation, sampling and testing program may fail to detect all or certain subsurface
conditions. The environmental, geologic, geotechnical, geochemical and hydrogeologic conditions that Golder
interprets to exist between and beyond sampling points may differ from those that actually exist. In addition to soil
variability, fill of variable physical and chemical composition can be present over portions of the site or on adjacent
properties. The professional services retained for this project include only the geotechnical aspects of the
subsurface conditions at the site, unless otherwise specifically stated and identified in the report. The presence or
implication(s) of possible surface and/or subsurface contamination resulting from previous activities or uses of the
site and/or resulting from the introduction onto the site of materials from off-site sources are outside the terms of
reference for this project and have not been investigated or addressed.

Soil and groundwater conditions shown in the factual data and described in the report are the observed conditions
at the time of their determination or measurement. Unless otherwise noted, those conditions form the basis of the
recommendations in the report. Groundwater conditions may vary between and beyond reported locations and
can be affected by annual, seasonal and meteorological conditions. The condition of the soil, rock and
groundwater may be significantly altered by construction activities (traffic, excavation, groundwater level lowering,
pile driving, blasting, etc.) on the site or on adjacent sites. Excavation may expose the soils to changes due to
wetting, drying or frost. Unless otherwise indicated the soil must be protected from these changes during
construction.

Sample Disposal: Golder will dispose of all uncontaminated soil and/or rock samples 90 days following issue of
this report or, upon written request of the Client, will store uncontaminated samples and materials at the Client’s
expense. In the event that actual contaminated soils, fills or groundwater are encountered or are inferred to be
present, all contaminated samples shall remain the property and responsibility of the Client for proper disposal.

Follow-Up and Construction Services: All details of the design were not known at the time of submission of
Golder’s report. Golder should be retained to review the final design, project plans and documents prior to
construction, to confirm that they are consistent with the intent of Golder’s report.

During construction, Golder should be retained to perform sufficient and timely observations of encountered
conditions to confirm and document that the subsurface conditions do not materially differ from those interpreted
conditions considered in the preparation of Golder’s report and to confirm and document that construction
activities do not adversely affect the suggestions, recommendations and opinions contained in Golder’s report.
Adequate field review, observation and testing during construction are necessary for Golder to be able to provide
letters of assurance, in accordance with the requirements of many regulatory authorities. In cases where this
recommendation is not followed, Golder’s responsibility is limited to interpreting accurately the information
encountered at the borehole locations, at the time of their initial determination or measurement during the
preparation of the Report.

3 GOLDER 2
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Changed Conditions and Drainage: Where conditions encountered at the site differ significantly from those
anticipated in this report, either due to natural variability of subsurface conditions or construction activities, it is a
condition of this report that Golder be notified of any changes and be provided with an opportunity to review or
revise the recommendations within this report. Recognition of changed soil and rock conditions requires
experience and it is recommended that Golder be employed to visit the site with sufficient frequency to detect if
conditions have changed significantly.

Drainage of subsurface water is commonly required either for temporary or permanent installations for the project.
Improper design or construction of drainage or dewatering can have serious consequences. Golder takes no
responsibility for the effects of drainage unless specifically involved in the detailed design and construction
monitoring of the system.
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APPENDIX A

Original Design and Relevant
Bridge Structure Drawings
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APPENDIX B

Record of Boreholes (Previous
Investigations)
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RECORD OF BOREHOLE 18 BHEET 1
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PROJECE ERi-3444-1

LOCATION, = E£E FIGURE 1
SAMPLER WAMMER, 83.5kp, DAOP, 780mm

RECORD OF BOREHOLE

17
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RECORD OF BOREHOLE 18 SHEET 1 OF 2
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FRADMECT mEi1-A4a3=-1
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RECORD OF BOREHOLE 19 SHEET 1
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PETO MacCALLUM LTD.

Tme® CONSULTING ENGINEERS

LOG OF BOREHOLE No. 1

JOB NAME _LORE BRIDGE joBNe, _ 98 F 251
LocaTioy _Brantford, Ontario BORING DATE _O5t- 9 6 10/86 ooy ppg T LeeBum
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SUIL FROVILE SAMFLES SHEAR STRERCTH Cy o | GIGUD LTy
E n..\rncuurr__l';
X WATER CONTENT.__ W SROLN
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=== PETO MacCALLUM LTD. LOG OF BOREHOLE No. ,
e TONSULTING ENGINEERS
108 NAME _LOPKE BRIDGE joBNa, 98 F 351
LocaTion Brantfond, Ontario soRing pate 2=t 10 8 /8 Lo b Towbm
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2=~ PETO MacCALLUM LTD. LOG OF BOREHOLE No. 3
j — CONAULTING ENGINEERS
108 Naug _LORNE BRIDGE Al Joan, M6 F 251
Bran :
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EOE O R s e o

LOG OF BOREHOLE.. . f...
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HOWEE ”
Our Reference N278‘.4‘K2 Enclosure N2 9.
CLIENT: J.D. Lee'Eng. Ltd. . ORILLING DATA
PROJECT: Lorne Bridge Recgnstructwn Method: Augering
Location:  Brantford, Ontario Oiameter: ;"
oaTUM ELEVATION: Geodetic Dote:  April 7, 1978 ,
SUBSURFACE PROFILE SAMPLES | PENETRATION RESISTANCE  Biows /Foot WATER CONTENT %
z - PLASTIC NATURAL Liouio :
5ol g gE R 3 2Q 40 60 80 10 (Wl e . oo REMARKS i
i - 5 o DESCRIPTION o iS5 g o |1, 3 [UNDRAINED SHEAR STRENGTH . iosaqtt | Yo :L :
Ll vy Z |9gq > 1< X | + FIELD VANE TESY © COMPRESSION TEST + O i
o o > ezl 2 [ B
J w jo z >
ot ! 1 1 1 ! ! ! 1 1 Il
6440 0 CONCRETE SURFACE i
5639[ 0.5 CONCRETE @9)] Standpipe H
. Brown SANDS GRAVEL FiL | H
362.5{1.5 F
tiff brown m :
el 30 clayey SILT _u 1 1ssl 29 0 | ‘.
Biock 8 brown voiform fine ° " H
599045 SAN 1
S0iHard brown ul s !
leclayey SILT 2 43 0 |
TILL
56.9{ 7.5 { ) - Y ‘;
Very stiff:to h 3 | ss| 48 0 :
hard grey clayey v
ood SILT (TILL) A=
iy 4 | ss| 29 0
n
3%.9{3.5 -
’ Very stiff grey
so4 SILT, with % 1n
sand seams 6 in. i 5 | ss| 36 0
apart
<0
™~
345.4119.0 ~
200 Very stiff grey piid -
SILT 46 1{ss|2s 0 \T g
o |
<
539.9{24.5
925@, Very Sstift grey “l7lss| 18 (o]
silty CLAY, R TN s
layers of silt fHY/J ore T
5369275
Hard grey clayey “ i A ESES l-——0
s3e0lns SILT (TILL) i 10 | AS : fuger refusal
07 END  OF BOREHOLE [ : ggsg?f)?efe“,
bedrock

VERTICAL SCALE: ! inch 103 feet MADE:J.R.A. CHECKED:RNR

DOMINION SOIL INVESTIGATION INE.




LOG OF BOREHOLE..Z....

Qur Befereace Mz fS-8-K3

Encesare el .

CLENT: d.0. Lee Eng, Lid. ERILLING TA
BAOL BT Lorne Aridge Reconstruction Meipagd:  AUGRTING
LA Fréing. Orantford, Ontario Comeiers 98
DATUM EibvaTion: Geadetic tinte, AgTil 11, 1978
BUBSURPACE PEROFILE SAMPLES | PEMETRETION FESETANCE  Brews 4 Facn WATER CONTENT "
E ke e el 3l % w & w o ;e e oymp
3|5zl oEscwipTion B S| B 4|y |NORARED SHERA STREMETH ltangen | ¥ " " MEMARKS
bl [ = o =0 ] + MELD WAMD TEST o CoamaTiden TOET o
4 e EF |- 2
# 1 ] | i ] i i i 1 i
T BEVEMENT SURFRCE I
'“-%T [ ]
e |
i — |
b 2";"_um:h:a:t BroET By
fipe B medium FE-&- B} 55| IR Q
SAND , some ih
po-gravel [FILL] :‘F’E Blag| s o
™ET0 =
Lompast to demsefill
brewr sendy SILT IR i Bl Eha 3 [
Leme qgravel, g |
P trace topsedl =l a el & a f
{FILL) {she B |
3 =
B {
i ']
ETe o ¢
B TETraeE Eroen T 5 |
Fime SAND, trece| q4- % |
[AREY L B
el =
sy !
L, By B | 55| 1a t l |
<t ;2 _ [
St EDf 13 nr Ty e 'I
fne LAN iGne
&5 -:rs-.-e? E SI:"-'-q‘JJI ¥ pan)-18 9
239 Exh OF HOREWOLE |

VERTICAL SCALE | inew

i I

e 5 fent

DOMINION SOIL INVESTIGATION G,

AL )

MADE: JURA.

CHECHED:® H A,




i . o "ON! NOILVOILS3ANT  HOS NOINIWOQ
_ UN¥FQINIIHD v UPNMYEQ | 182) g oy yaurg 131wDS IWDILYBA
— e ——e . ——— e S
002
L__F10H3y¥08 40 _ON3J |
= == ¢'9t{ 0°299
o S |ss | S ;_ ,
rvor| sweas Ay uILM [
o ({15l 111§ 4345 33135 |
- . Ot |$699
=
_ ST
" Losdol 8ded
D 61 jss| v~ Lt } *
(] .
S 00l
E
2
0= AL TR R ) .
q
o e |ss !} 2 )
=
(1114) Lo
1115 40 3dedl
“ TIAYYY PU®E QNVS
D 61 {85 ! wnipaw €3 UL}
3asuap 01 35edwo) )
j . TITS TSI S | 2882
i |
3144ON0D o cegg
—_— i _ : i : : TV INIWIAY3 -
m I 0 | il P o phl
: 1 o _ 4 1531 NOISSINdWOD B wsaranva o + g | 21 & |ER] = o) p
1 M M m
! SYyywW3y | . Moy HioNatls BvaHs gantvionn [SZ| 2 2 B2 2 NOlL41¥0$30 TolTE
' T T >~ Z o u
1wi . 1w T T T o = iPg = x o
QBT - IvanLYN sisvie | OO 08 09 av Oz : ‘ >
w o  LNIINOD walwm | {°°3/M018 3DONVISISIE NOLVIIINI S31dWYS 31140d 3Dv43Ns8Ns
61 ‘LU tiddy 210G 3113p0ay 'NOILvAII3 WNLve
W59 peisworg OLJARIUQ “PUOJIUBLY ‘NOILVIO?
Butaabny ipouiay U0L3oNna3suoday abpluag audo 103r0¥yd
Fiv : *p17 bujz 987 -Qg'p SININD

ON #Jvesajay N0

e emens YT 3ICHIR08 40 90T B







February 2021 19128292-1000-R01-Rev0

APPENDIX C

Site Photographs
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Photograph 2: View from the former railbed of the LE&N atop the stone embankment to the northeast of the
bridge, facing southwest.
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Photograph 3: View down-river to TH&B Crossing Bridge to the northeast to east of the bridge.
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Photograph 4: View of the Brant’s and Lorne bridge from the TH&B Crossing Bridge to the south, facing north.

Photograph 5: Lorne bridge — Looking at east pier and abutment from upstream side of the bridge.
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Photograph 7: Lorne bridge — Looking at east pier and west pier from downstream side.
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Photograph 9: View of the Brant’s bridge from the Lorne bridge to the south, facing northeast.

L GOLDER



February 2021 19128292-1000-R01-Rev0

Photograph 11: Brant’s bridge- Looking at east pier and east abutment from upstream side.
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Photograph 13: Brants bridge — Looking at west pier and west abutment from upstream side.
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Photograph 14: TH&B Crossing Bridge— Looking at central pier, east pier, and east abutment from downstream
side.
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Photograph 15: TH&B Crossing Bridge — Looking at central pier, east pier and east abutment from upstream side.
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Photograph 17: TH&B Crossing Bridge — Looking west.
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