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1.0 Introduction
The City of Hamilton is working to implement rapid transit, with a long term vision encompassing five
corridors across the City.  At present, the focus is on the undertaking of the Environmental Assessment and
Preliminary Design of a Light Rail Transit (LRT) system along the B-Line corridor, following Main Street, King
Street and Queenston Road between McMaster University and Eastgate Square.  As part of the
implementation process, a preliminary review of the geotechnical conditions along the B-Line corridor has
been  carried  out  by  Thurber  Engineering  Ltd.,  a  sub-consultant  of  SNC-Lavalin  Inc.  SNC-Lavalin  Inc.  is  the
prime sub-consultant for the Engineering and Environmental Assessment to Steer Davies Gleave (SDG), the
prime consultant to the City of Hamilton.

This report presents a summary of the anticipated geotechnical conditions along the B-Line corridor, based on
published geologic data and review of existing geotechnical information obtained from the City of Hamilton.
Based on the available information, preliminary recommendations regarding track bed design, platform
foundations, bridge structures and other associated facilities are provided.

The evaluations and conclusions contained in this report are based on available existing information given to
Thurber Engineering Ltd. The conditions of the validity of the Geotechnical Review, as well as the preliminary
geotechnical recommendations for the B-Line alignment are as per the General Statement of Conditions
shown in Appendix D.

2.0 Project Description
The  subject  section  of  the  B-Line  corridor  extends  from  McMaster  University  at  the  west  limit  to  Eastgate
Square at the east limit, a distance of 14 km.  In general, the LRT line will follow existing roadways, as follows:

Within the McMaster University campus to Main Street West (0.6 km)

Main Street West from McMaster Medical Centre to the bridge over Highway 403 (1.3 km)

 The Bridge over Highway 403 (0.9 km)

King Street West from bridge over Highway 403 to James Street (1.9 km)

King Street East from James Street to Main Street East (4.1 km)

Main Street East from King Street East to Queenston Road (2.0 km)

Queenston Road from Main Street East to Eastgate Square (3.2 km)

The  section  of  corridor  within  the  McMaster  campus  is  not  included  in  this  report  as  no  geotechnical
information of the campus was provided at the time of writing this assessment.  The preliminary alignment is
shown in Figure 2.1, and will be addressed in the next design phase.

The  line  required  to  access  a  maintenance  and  storage  depot  will  be  assessed  separately  once  a  site  is
chosen in the next design phase.

The LRT will cross Highway 403 and the Red Hill Valley Parkway, which are situated within valleys below the
level of the adjacent table lands.  Construction of an elevated guideway structure is currently being considered
to carry the LRT over the Highway 403 interchange and transition between Main Street West and King Street
West.  The LRT will cross over the Red Hill Valley Parkway on the existing Queenston Road Bridge.
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Figure 2.1: Preliminary Configuration at McMaster University
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At present, 18 stop platforms are proposed, at the following locations:

Table 2.1: Stop Locations

Stop No Designation

1 McMaster University

2 McMaster Medical Centre

3 Longwood

4 Dundurn

5 Queen

6 MacNab

7 Walnut

8 First Place

9 Wentworth

10 Sherman

11 Scott Park

12 Delta

13 Ottawa

14 Kenilworth

15 Strathearne

16 Parkdale

17 Nash

18 Eastgate

3.0 Physiographic and Geologic Setting

The proposed LRT B-Line alignment  is  situated on the Iroquois  Plain  physiographic  region,  bordered on the
north by Lake Ontario and on the south by the Niagara Escarpment.  The region consists of a lowland formerly
inundated by glacial Lake Iroquois.

The near surface soils generally consist of lacustrine sands and silts deposited on the former lakebed.  Locally
between approximately Highway 403 and James Street, the alignment crosses a deposit of partially
cemented gravel deposited as a beach along the former lake shoreline.  The sand and gravel are generally
underlain by silty clay to clayey silt till of the Halton Till formation.  East of Ottawa Street, the sand is less
prevalent and the near surface soils typically consist of the Halton Till.

Red  shale  bedrock  of  the  Queenston  Formation  underlies  the  entire  corridor.   The  shale  is  anticipated  at
depths in approximately the order of 20 to 25 m between the McMaster Medical Centre and Dundurn Street,
increasing to approximately 30 m in the vicinity of Queen Street atop the gravel bar, then decreasing towards
the  east  to  less  than  4  m  depth  between  Ottawa  Street  and  the  Red  Hill  Valley.   The  depth  to  bedrock
increases to 10 to 15 m east of the Red Hill Valley.
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4.0 Summary of Geotechnical Conditions
Existing borehole data from the vicinity of the B-Line corridor was provided by the City of Hamilton to establish
the geotechnical conditions pertinent to design of the LRT track bed and associated facilities.  A listing of the
boreholes reviewed and considered applicable to the LRT assignment is provided in Table A1, Appendix A.
The borehole logs are reproduced in Appendix B.

A Borehole Plan and Stratigraphic Profile along the corridor, showing the approximate locations of the
boreholes  and  the  generalized  soil  stratigraphy  derived  from  the  existing  subsurface  data,  is  provided  on
Sheets 1 to 17, in Appendix C.

Based on the existing borehole data, a generalized description of the subsurface conditions along each
section of the corridor is presented below.  The available information is suitable only for preliminary planning
purposes and is not considered adequate for detailed design of the facilities.

It  should  be  recognized  that  soil  conditions  may  vary  between  and  beyond  the  borehole  locations.   The
pavement types/thicknesses and subgrade conditions, summarized below are based on a limited number of
boreholes previously drilled at selected locations during earlier geotechnical investigations.  The data does not
necessarily reflect the conditions along all sections of the LRT alignment, and conditions may vary both along
the alignment  and across  the width of  the roadway.   Further,  the current  pavement  structure  and subgrade
may differ from that encountered in the boreholes, due to subsequent utility installation and roadway
reconstruction or rehabilitation carried out after drilling of the boreholes.  Additional site specific investigation
will  be  required  at  the  next  design  phase  to  confirm  and  further  define  the  current  conditions  along  the
alignment and at facility locations.

In general, the subsurface stratigraphy encountered along the corridor consists of a surficial pavement
structure and/or fill layer, overlying sands, silts and clays in the western sections (McMaster Medical Centre to
Highway 403), sands in the central areas, and silty clay till in the eastern sections (east of Sherman Avenue).
More detailed descriptions of the individual strata are provided below.

4.1 Main Street West

4.1.1 Existing Pavement Structure
The pavement structure encountered in boreholes drilled on Main Street West between McMaster University
and Highway 403) typically comprised of a composite structure with 125 to 150 mm of asphalt over 125 to
250  mm  of  concrete,  placed  directly  on  the  subgrade  or  on  25  to  150  mm  of  sand  and  gravel.   A  flexible
structure  was  documented  in  two  boreholes,  consisting  of  250  mm  of  asphalt  over  200  mm  of  sand  and
gravel, and 190 mm of asphalt placed directly on the subgrade.

4.1.2 Fill
Fill was encountered surficially or below the pavement structure in 14 of 21 boreholes reviewed in this
section.  The fill typically consisted of silty sand to sandy silt adjacent to McMaster Medical Centre and clayey
silt to silty clay in the remainder of the section.  The fill thickness generally ranged from 1.1 to 2.9 m with a
lower boundary at depths of 1.1 to 3.1 m.

SPT N-values in the fill ranged from 1 to 17 blows/0.3 m (very loose to compact) in the cohesionless sand/silt
and from 11 to 23 blows/0.3 m (stiff to very stiff) in the cohesive silt/clay.  Moisture contents varied from 18
to 28%.

4.1.3 Native Soils
The native deposits underlying the pavement structure and fill in the area of Main Street West generally
consist of interbedded silts, sands and clays.  Locally in the central part of this section, a layer of coarse sand
to sand and gravel was encountered within or below these deposits.  The boreholes were terminated at depths
of 2.3 to 9.6 m, 23.3 m in one borehole.
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Along the west half of this section, the upper 2 to 3 m of the silt/sand/clay was very loose to compact/firm to
very stiff, with SPT N-values ranging from 3 to 21 blows/0.3 m.  Towards the east end, the loose to compact
conditions (N-values of 9 to 25) extended to 5.2 m depth.  Where exploration was extended below this level,
these deposits became compact to very dense with N-values of 26 to 66 blows/0.3 m.

In the central area, clayey silt was predominant.  The clayey silt was described as soft to stiff, however SPT N-
values were not recorded.

Moisture contents ranged from 3 to 30%.

4.1.4 Groundwater
Piezometers were installed in five boreholes drilled along this section of the LRT.  The depth to groundwater
measured in  the piezometers  ranged from 1.9 to  7.2 m (Elev.  92.2 to  96.6 m).   In  addition,  the soils  were
described as very wet to saturated below 5.5 and 5.8 m depth (Elev. 93.8 m) in two boreholes at the west end
of the section, and the clayey silt in the central area was described as wet at various depths.

4.2 Highway 403 Crossing

4.2.1 Fill
The ravine through which Highway 403 was constructed was formerly used as a city landfill, and relatively
thick deposits of fill consisting of sand, ashes, cinders, domestic refuse, wood and foundry sand were
encountered in nearly all boreholes drilled in this area.  A clay cap appears to be present over the fill on the
east side of the ravine.  The fill extends to depths of 0.9 to 11.6 m (Elev. 74.8 to 85.9 m).

SPT N-values recorded in the fill ranged from 3 to 37 blows/0.3 m.  Moisture contents ranged from 6 to 61%.

4.2.2 Native Soils
The native soil in the Highway 403 ravine generally consisted of alluvial deposits overlying a relatively thick
layer of silty clay.

The alluvial deposits primarily consisted of silty clay with organics and occasional sand, gravel, wood and peat
were encountered below the fill or surficially in eight boreholes drilled within the Highway 403 valley.  These
deposits  were  2.1  to  10.7  m  thick.   SPT  N-values  of  1  to  10  blows/0.3  m  were  recorded  in  the  alluvial
material, indicating a very soft to stiff consistency.  Moisture contents ranged from 21 to 45%.

At four locations on the east side of the valley, a 1.6 to 4.3 m thick layer of sand and silt  was encountered
surficially or below the fill.  SPT N-values in this layer ranged from 4 to 17 blows/0.3 m (loose to compact),
and moisture contents ranged from 7 to 21%.

The underlying silty clay layer was 5.2 to 19.8 m thick and was encountered below the fill and alluvial
deposits in all but one borehole.  SPT N-values in the silty clay varied widely from about 6 to 40 blows/0.3 m
(firm to hard) with several values of up to 90 blows/0.3 m, possibly indicating the presence of cobbles or
shale fragments.  Moisture contents ranged from 12 to 32%, typically about 16 to 24%.

4.2.3 Bedrock
Shale bedrock was contacted below the silty clay at depths of 16.2 to 27.5 m in all but two boreholes.  The
bedrock  surface  generally  rises  towards  the  east,  from  Elevation  57.0  m  at  the  Main  Street/Highway  403
structure to Elevation 75.2 m at the King Street connection.

4.2.4 Groundwater
The depth to groundwater measured in eight boreholes ranged from 1.2 to 19.5 m.  The groundwater level
varied from Elevation 64.6 to 83.1 m, typically Elevation 79.8 to 81.5 m.
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4.3 King Street West

4.3.1 Existing Pavement Structure
In boreholes drilled between Bay and MacNab Streets, a composite structure consisting of 430 to 550 mm of
asphalt over concrete combined, placed directly over the subgrade.  The component asphalt and concrete
thicknesses were not defined.

4.3.2 Fill
Fill  was  encountered  to  depths  of  1.5  to  4.9  m  in  8  of  19  boreholes  reviewed  along  the  King  Street  West
section.  The fill typically consisted of sand.  Demolition debris with sand, gravel and ashes, apparently used to
backfill former building basements, was in several boreholes located between Bay and MacNab Streets.

SPT  N-values  recorded  in  the  fill  ranged  from  2  to  25  blows/0.3  m,  indicating  a  very  loose  to  compact
condition.  Moisture contents ranged from 9 to 21%.

4.3.3 Native Soils
The pavement structure and fill in this section is underlain primarily by silty fine-grained to fine to medium-
grained  sand,  overlying  a  layer  of  coarser  sand  and  gravel.   Towards  the  west  end  of  this  section  (west  of
Strathcona  Avenue),  the  sand  is  overlain  or  interbedded  with  silts  and  clays,  similar  to  the  stratigraphy
documented to the west of Highway 403.  Silty clay to silty clay/clayey silt till was encountered below the
sand and gravel in several deeper boreholes drilled near the east end of this section.

The interbedded clays, sands and silts encountered near the west end of the section extended to depths of 3.9
to 6.7 m.  SPT N-values in these deposits ranged from 4 to 5 blows/0.3m in the non-cohesive sands/silts, and
from 7 to 15 blows/0.3 m (firm to stiff) in the cohesive clays/silts.  Moisture contents of 12 to 25% were
measured in the sands/silts and 19 to 29% in the clayey silts/clays.

The predominant silty fine-grained to fine to medium-grained sand layer ranged in thickness from 1.2 m to
greater  than 5.5 m.   In  general,  the sand is  very  loose to  compact  (N-values of  2  to  28 blows/0.3 m)  with
dense to very dense zones.  Moisture contents varied from 2 to 21%.

The  coarser  sand  and  gravel  layer  underlying  the  fine  to  medium-grained  sand  was  typically  dense  to  very
dense with SPT N-values ranging from 31 to greater than 100 blows/0.3 m.  Compact zones with N-values of
10 to  30 blows/0.3 m were also present.   Moisture  contents  varied from 3 to  24%,  with  the higher  values
measured  in  samples  obtained  from  below  the  groundwater  level.   The  majority  of  the  boreholes  were
terminated in the sand and gravel layer.  Where defined, this layer was 3.8 to 5.6 m thick.

Silty clay to silty clay/clayey silt till was encountered below the sand and gravel at 13.7 m depth in one
borehole near the west end of this section and at 9.5 to 10.1 m depth in four boreholes near the east limit.
The clay/silt layer was 8.5 m thick at the west location and extended below the maximum exploration depth
of 29.9 m in the east boreholes.  SPT N-values varied from 8 to 90 blows/0.3 m (stiff the hard) and moisture
contents ranged from 11 to 28%.  Moisture contents ranged from 9 to 14%.

4.3.4 Bedrock
Shale bedrock was contacted in one borehole located near the west limit of this section.  The bedrock surface
was at 22.2 m depth (Elev. 76.8 m).

4.3.5 Groundwater
Groundwater was observed in three boreholes and measured in two piezometers at depths of 7.1 to 10.8 m
(Elev. 88.2 to 91.2 m).  This water was generally encountered within the sand and gravel above the underlying
silty clay.  Water was also observed at 1.6 to 2.9 m depth in two boreholes, perched in the layered clays, silts
and sands at the west end of the section and within fill at the east end.
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4.4 King Street East

4.4.1 Existing Pavement Structure
The existing pavement structure varied between a flexible and composite design.  The flexible structure
consisted of 150 to 200 mm of asphalt over 250 to 860 mm of sand and gravel.   The composite structure
consisted of 100 to 150 mm of asphalt over 150 to 380 mm of concrete placed directly on the subgrade or
on 150 mm of sand and gravel.

4.4.2 Fill
Fill  was  encountered  to  depths  of  0.8  to  3.4  m  in  14  of  23  boreholes  reviewed  along  the  King  Street  East
section.  The fill typically consisted of silty sand to sandy silt.  SPT N-values recorded in the fill typically ranged
from 4 to 18 blows/0.3 m, indicating a loose to compact condition.  Moisture contents generally ranged from
8 to 20%.

4.4.3 Native Soils
A stratum of sands, silty sands and sandy silts was encountered below the pavement structure and fill in all
boreholes located along King Street East between James Street and Wentworth Street.  Where defined, the
thickness of this layer ranged from 1.0 to 3.7 m.  SPT N-values recorded in the sand/silt typically ranged from
4 to 35 blows/0.3 m, indicating a loose to dense condition.  Very dense zones were encountered locally, as
evidenced by N-values of up to 90 blows/0.3 m.  Moisture contents varied from 5 to 30%, typically 10 to 16%.

Sand and gravel  was encountered below the sand/silt  in  five  boreholes  located between James Street  and
Walnut Street.  This layer was 1.8 to 4.5 m thick where the lower boundary was defined.  The sand and gravel
was  compact  to  very  dense  with  N-values  of  27  to  60  blows/0.3  m.   Moisture  contents  of  9  to  21%  were
measured.

The  thickness  of  the  sands/silts/gravel  generally  decreased  towards  the  east  from  8.5  m  to  2.6  m,  below
which depth silty clay till was encountered.  East of Sherman Avenue, the silty clay/till was encountered
directly  below the pavement  structure  and fill.   SPT N-values in  the clay  till  typically  ranged from 10 to  28
blows/0.3 m, indicating a stiff to very stiff consistency.  Moisture contents generally varied from 15 to 21%.
The boreholes were terminated in the clay till where contacted.

4.4.4 Groundwater
Groundwater  was  measured  at  depths  of  3.6  to  5.5  m  (Elev.  82.1  to  89.6  m,  rising  to  the  west)  in  five
boreholes drilled along this section.  Perched water was also encountered locally in the surficial fill.

4.5 Main Street East

4.5.1 Existing Pavement Structure
No data was available on the existing pavement structure along Main Street East.

4.5.2 Fill
Fill  was  encountered  to  depths  of  1.5  to  2.6  m  in  3  of  6  boreholes  reviewed  along  the  Main  Street  East
section.  The fill typically consisted of silty clay/clayey silt.  SPT N-values recorded in the fill ranged from 6 to
12 blows/0.3 m, indicating a firm to stiff condition.  Moisture contents ranged from 7 to 22%.

4.5.3 Native Soils
The native soils in the vicinity of Main Street East generally comprised silty clay till locally overlain by an
approximate 1.5 m thick layer of loose sandy silt to silty sand.  The clay till was stiff to hard, typically very stiff,
with  SPT  N-values  ranging  from  10  to  33  blows/0.3  m.   N-values  in  excess  of  100  were  recorded  at  one
location.  Moisture contents ranged from 10 to 19%.
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4.5.4 Groundwater
Groundwater was observed at 1.0 m depth in one borehole; this water appears to be perched in fill overlying
clay till.  Groundwater was not observed in the remaining boreholes.

4.6 Queenston Road

4.6.1 Existing Pavement Structure
In boreholes drilled between Parkdale Avenue and Adair Avennue, a composite structure consisting of 75 to
100 mm of asphalt over 165 to 255 mm of concrete was encountered directly over the subgrade or up to 255
mm of sand and gravel.

4.6.2 Fill
Fill was encountered in 4 of 9 boreholes reviewed along the Queenston Road section.  The fill typically
consisted of silty clay to clayey silt.  The fill extended to depths of 4.2 and 1.0 m in single boreholes located to
the  west  and  east  of  the  Red  Hill  Valley,  respectively.   Two  boreholes  drilled  from  the  road  embankment
crossing the Red Hill Valley encountered fill to depths of 10.3 and 10.8 m (Elev. 81.2 and 81.8 m).

SPT N-values recorded in the fill typically ranged from 3 to 22 blows/0.3 m, indicating a soft to very stiff
condition.  Moisture contents generally ranged from 15 to 23%.

4.6.3 Native Soils
Silty clay/clayey silt till was encountered in three boreholes drilled on the table lands in this section.  SPT N-
values in the till ranged from 9 to 58 blows/0.3 m (stiff to hard).  Moisture contents ranged from 12 to 20%.

In two boreholes located east of Parkdale Avenue, shale bedrock was contacted directly below the pavement
structure and fill.

In four boreholes drilled either at the base of the Red Hill Creek Valley or through embankment fill crossing
the valley, creek deposits comprising clayey silt, silty sand, and sand and gravel were encountered over
bedrock.  These deposits were 1.1 to 2.5 m thick.

4.6.4 Bedrock
Shale bedrock was contacted at depths of 0.3 to 4.2 m (Elev. 94.9 to 99.2 m) in three boreholes drilled just
east of Parkdale Avenue.  Within the Red Hill  Creek Valley, shale was contacted at depths of 1.4 to 11.9 m
(Elev. 80.1 to 81.0 m).

4.6.5 Groundwater
At the Red Hill Creek Valley, groundwater was measured at depths of 1.1 m below the valley base to 10.4 m
below the Queenston Road embankment.  The groundwater elevation was 81.1 to 82.8 m.  Groundwater was
not observed in the boreholes drilled on the table lands.
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5.0 Geotechnical Evaluation and Preliminary Recommendations
This section provides preliminary geotechnical recommendations pertinent to track bed design, platform
foundations, and bridge structures required for planning of the Hamilton LRT B-Line.

The recommendations are based on the subsurface soil and groundwater conditions documented in available
information provided by the City of Hamilton, and are suitable only for preliminary planning purposes.  The
existing data and associated recommendations are not considered adequate for detailed design of the
facilities.  The soil conditions may vary between and beyond the borehole locations, and accordingly additional
investigation will be required to confirm and define the conditions along the alignment and at specific facility
locations.

5.1 Track Bed Design
Preliminary design of the typical cross sections for the LRT indicate that the minimum track design will
consist of 200 mm of reinforced concrete (second pour) over approximately 250 mm thick slab of levelling
concrete  (first  pour),  placed  over  a  minimum  of  300  mm  of  compacted  granular  fill.   The  portions  of  the
guideway cross-section outside the range of the tracks (approximately 2.2 m) will be filled with compacted
Granular ‘A’ fill (See Figure 1)

The thickness of the granular layers may be modified in the next design phase once the actual subgrade
conditions are provided.

Based  on  the  available  borehole  data,  the  native  subgrade  soils  along  the  corridor,  as  per  the  sampled
locations, are expected to consist predominantly of the following:

interbedded sands, silts and clays along the western section (McMaster Medical Centre to
approximate Strathcona Avenue);
silty sand and fine to medium-grained sand in the central section (Strathcona Avenue to Sherman
Avenue); and
silty clay till along the east section (Sherman Avenue to Eastgate Square).

Throughout  the  alignment,  fill  materials  are  present  as  a  result  of  past  roadway  construction,  underground
utility/service installation, and possible localized basement backfill.  With the exception of the landfill in the
Highway 403 ravine and embankment fill across the Red Hill Creek Valley, the fill encountered in the
boreholes does not appear to be related to bulk filling operations for land and road development.  Therefore
the presence, thickness and quality of the fill can be expected to vary over short distances, and delineation of
specific limits of fill over the length of the corridor is not possible from the available information.

Track bed subgrade preparation should include compaction and proofrolling of the exposed subgrade with a
heavy roller and examination to identify any areas of unstable subgrade.  Any soft/wet areas identified should
be subexcavated and replaced with approved material within 2% of optimum moisture content and
compacted to at least 98% of SPMDD.

Loose  to  very  loose  conditions  were  identified  in  the  upper  1  to  2  m  of  the  fill  and  native  soil  subgrade,
primarily  in  the  western  half  of  the  corridor.   Allowance  should  be  made  for  possible  subexcavation  and
recompaction/replacement  of  some  material  below  the  track  bed  sub-ballast  to  improve  the  uniformity  of
support over these areas.

The silts in the interbedded deposits west of Highway 403 may be particularly susceptible to changes in
moisture content, and a rolling, unstable subgrade may be encountered if construction is carried out during
wet seasons or rainy periods.  Subgrade preparation considerations should also include allowance for
replacement of wet silts with imported granular material.

The  compacted  subgrade  should  be  graded  with  a  crossfall  of  3%  to  promote  drainage  towards  subdrains.
Minimum 100 mm diameter perforated subdrains, placed in a clear stone trench wrapped with geotextile as
per  OPSD  216.021,  should  be  installed  below  the  edges  of  the  track  bed  to  provide  drainage  of  the  sub-
ballast.  The subdrains should have frost free outlets draining into catchbasin structures.
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Provided the subgrade is properly prepared, the modulus of subgrade reaction recommended for preliminary
design of the track slab along each section of the alignment are as follows:

Table 5.1: Track Slab Subgrade Modulus

Stationing Primary Subgrade Material Modulus of Subgrade
Reaction (MN/m3)

0+000 to 3+000 Interbedded silts, sands and clays; loose to compact/firm
to very stiff

15

3+000 to 6+500 Silty/fine to medium sand; very loose to compact 25

6+500 to 13+500 Silty clay till; stiff to hard 35

-- Granular engineered fill 50

The silts and silty sands at the subgrade level in some of the west and central sections of the alignment could
be frost susceptible.  To minimize the potential for heaving of the track slab due to frost action, it is
recommended that these soils be removed from within the frost depth (1.2 m) and be replaced with non-frost
susceptible granular material. It is recommended that these sections be identified during a detailed
geotechnical investigation prior to the detailed design phase.

Figure 5.1: Track Bed Typical Cross-Section
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5.2 Stop Foundations
Stop platforms are planned for 18 locations along the B-Line corridor.  It is envisioned that the platforms will
consist of prefabricated concrete slabs supported on point footings or augered caissons.

Based  on  the  existing  borehole  data,  it  is  anticipated  that  spread  footings  or  shallow  augered  piers
(essentially circular spread footings) founded on the native soils will be suitable for support of the stop
platforms.  However, in many cases, it may be necessary to extend the footings or caissons below the normal
depth for frost protection (1.2 m) to penetrate fill and very loose soils.

The footings should be founded a minimum 1.2 m below finished grade as protection against frost action
(See Figure 5.2).

Figure 5.2: Typical Stop Platform Detail
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5.3 Catenary Pole Foundations
Based  on  the  available  borehole  data,  it  is  anticipated  that  conventional  catenary  pole  foundation  design
consisting of short augered caissons will be suitable.  Lengthening of the caissons to penetrate poor quality
fills or very loose deposits may be necessary locally.  During augering for pole foundation installation, the
potential will exist for encountering obstructions, such as demolition rubble in the fill and cobbles/boulders in
the native sand/gravel and clay till.

5.4 Highway 403 Structure Foundations
Conceptual plans call for the LRT to cross the Highway 403 interchange on an elevated guideway supported
on a new 11-span structure linking Main Street West with King Street West.

The subsurface stratigraphy along the structure alignment generally comprises a relatively thick fill layer and
thin alluvial deposits overlying a thick stratum of very soft to very stiff silty clay, underlain by shale bedrock.
The bedrock surface was contacted at depths of 16.2 to 27.5 m, rising towards the east from Elevation 57.0
m at the Main Street/Highway 403 crossing to Elevation 75.2 m at the King Street connection.

In anticipation of relatively heavy structural loads, the geotechnically preferred foundation system is augered
caissons (drilled piers) socketed into shale bedrock.  The information available regarding the
soundness/quality of the shale at the site is limited and will need to be investigated to confirm foundation
design parameters for the rock sockets.

Steel liners will be required to support the sidewalls of caissons during installation, particularly where the
shafts will extend through landfill and wet alluvial deposits.

Steel H-piles driven to refusal in the shale bedrock may also be considered.  For preliminary design purposes,
HP 310x110 piles driven to refusal in shale should be designed using the following geotechnical resistances:

Factored Geotechnical Resistance at ULS 1,600 kN

Geotechnical Resistance at SLS 1,200 kN

The pile tips should be reinforced to provide protection from damage while driving into the bedrock.

The depth of frost penetration in Hamilton is 1.2 m.  The base of pile caps should be placed a minimum 1.2 m
below finished grade as protection against frost action.

5.5 Relocation of Underground Utilities
We understand that underground utilities and municipal services below the track slab will be abandoned and
relocated under the adjacent roadway.  In constrained areas, a cast-in-place concrete utility tunnel is proposed
to carry the utilities.

5.5.1 Trench Excavation
Excavation for open cut installation of underground utilities will primarily extend through the roadway
pavement structure and fill layers, and into native silts/sands/clays in the west part of the corridor, sands in
the central section, and silty clay till in the eastern part.  Shale bedrock may be encountered along Queenston
Road.

All temporary excavations must be carried out in accordance with the current Occupational Health and Safety
Act (OHSA) of Ontario and local regulations.  In general, the fill and native soils within the relatively shallow
excavation depths anticipated for utility installations are classified as a Type 3 soil under OHSA..  Where
space restrictions preclude excavation of inclined slopes, service installation may be carried out using a
trench box or temporary shoring.

Where the trench depth exceeds 6 m in fill  or till,  the support system must be designed specifically for this
project.   The  design  of  the  support  system  should  include  the  effects  of  surcharge  loads  such  as  those
imposed by construction equipment, roadway traffic, adjacent buildings and other facilities.
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Use of a hydraulic excavator should be suitable for trench excavation.  Provision should be made for handling
and removal of the pavement materials, possible obstructions in the fill, and cobbles, boulders or chunks of
shale and limestone in the till soils during excavation.

Excavation in the upper 1 to 3 m of the Queenston shale formation should be possible using heavy excavation
equipment  and rippers,  supplemented by  pneumatic  rock breakers  where thick layers  of  hard material  are
encountered.   The  shale  below  this  depth  is  harder  and  less  weathered,  and  intensive  use  of
pneumatic/hydraulic breakers or other methods of loosening the bedrock will likely be required.  Near vertical
sidewalls may be employed in shale bedrock.

Water was measured at depths of 1.2 to 19.5 m in previous boreholes drilled along the corridor.  Localized
zones of perched water were also encountered in the fill or seams/layers of more permeable sands within
layered  deposits.   In  general,  removal  of  seepage  entering  trenches  should  be  feasible  using  sumps  and
pumps  where  excavation  depths  are  less  than  about  4  m  and  for  excavations  in  silty  clay  till  (east  part  of
corridor).  Where the trench depths in sands and silts exceed about 4 m, the potential increases that
excavation will encounter groundwater and more extensive dewatering will be required.  The impacts of
groundwater in areas of deeper excavation, if planned, must be further assessed.

5.5.2 Pipe Bedding and Backfill
Pipe bedding materials, compaction and cover should follow OPSD and/or City of Hamilton specifications.  In
areas  where  a  less  competent  subgrade  is  encountered,  it  may  be  necessary  to  increase  the  bedding
thickness.

Trench backfill materials should be placed in loose lift thicknesses not exceeding 200 mm and compacted to
at  least  98%  of  its  SPMDD.   To  minimize  the  potential  for  post-construction  settlement  of  the  track  and
roadway surface, it is recommended that OPSS Granular A or B material, or unshrinkable fill, be employed to
backfill the trenches.

If  reuse  of  the  excavated  materials  as  trench  backfill  is  contemplated  to  reduce  costs,  the  potential  for
settlement and the need for re-establishing the roadway surface over trenches must be accepted.

In general, the predominant sands in the central section of the corridor and the clay till in the eastern section
are considered suitable for reuse, provided they meet environmental requirements, are free of organics,
debris and other deleterious materials, and the placement moisture content is within about 2% of the
optimum  moisture  content  for  efficient  compaction.   The  clay  till  must  be  adequately  broken  down  and
compacted in the trench.  Fill containing demolition rubble and other debris, such as that encountered in
boreholes between Bay and MacNab Streets, should not be reused.

The interbedded silts,  sands and clays  in  the west  section of  the corridor  along the grass  medians (west  of
Dundurn Street) appear to be typically wet of the optimum moisture content for efficient compaction.  Reuse
of these materials as trench backfill is not recommended.  Reuse of excavated shale is not recommended.

5.6 Pavement Restoration
The existing pavement structure documented in the available boreholes is highly variable and comprises
areas of both flexible and composite design.  Establishing recommendations for restoration of the existing
pavement thickness over backfilled trenches is therefore not practical at this stage, and generalized
guidelines are presented below.

Main Street, King Street and Queenston Road are classified as major arterial roadways.  The minimum
pavement structure typically specified by the City of Hamilton for this type of roadway is as follows:

HL-1 Surface Course Asphalt 40 mm

HL-8 (HS) Binder Course Asphalt 120 mm

OPSS Granular A Base 150 mm

OPSS Granular B Type II Sub-base 450 mm
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The required pavement thickness should be assessed during detailed design when traffic volumes and
additional borehole information is available.  For preliminary planning purposes, we recommend that an

increased Granular B sub-base thickness of 600 mm be assumed.  Further, the use of premium hot mixes
(DFC, HDBC) and Superpave mix design should be considered to reduce rutting in heavily travelled sections.

Acceptance, placement and compaction of the pavement materials should be carried out in accordance with
the applicable City of Hamilton or OPS specifications.  The pavement granular material should be compacted
to 100% of SPMDD.

5.7 Environmental Considerations
The soil descriptions provided on the borehole logs were reviewed for indications of potential environmental
impact.  The following potential areas of concern were identified based on this review:

pockets of grey and black silt were documented within a sand layer in one borehole located in front
of McMaster Medical Centre;

Clayey silt fill encountered in three boreholes between Newton Avenue and Paisley Avenue were
described as mottled reddish brown and black or containing black clay seams;

Boreholes were drilled in association with underground storage tank removal at a service station
located on the northwest corner of Longwood Road and Main Street West;

Deep deposits of refuse fill are present in the Highway 403 valley;

Ashes, cinders and demolition rubble were present within the fills between Bay Street and MacNab
Street; and

Pavement granular materials between Walnut and Wellington Streets contains slag.

Chemical analysis of soil samples was carried out during several investigations conducted along the corridor.
In general, these results indicated elevated values of Electrical Conductivity (EC) and Sodium Adsorption
Ratio (SAR).  The EC and SAR values are believed to reflect the effects of road de-icing salt, and may impact
vegetation growth if reused in applications near the ground surface.  Concentrations of metals such as
cadmium, beryllium and zinc exceeded anticipated background levels at isolated locations.

Due to the inherent variability of subsurface conditions, detailed investigation and testing will be required to
evaluate the quality of the excess excavated soils and establish soil management procedures.  The need for
off-site disposal of landfill materials from the Highway 403 corridor, demolition rubble from the Bay-MacNab
Street area, and other localized materials should be anticipated.  Acceptance criteria stipulated by individual
receivers may vary, and some receivers may not accept this material.

5.8 Recommendations for Further Investigation
A number of gaps have been identified in the existing subsurface data for which additional investigation is
recommended for preliminary design.  To advance in the next design phase, it is recommended that the
supplementary geotechnical investigations include:
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At least one borehole at each stop platform location;

At least three boreholes including bedrock coring within the Highway 403 valley to evaluate the
quality of the underlying shale bedrock and assess parameters for design of caissons to support the
guideway structure;

In the order of 15 additional boreholes at locations between stops where existing information is not
available, primarily in the section east of Victoria Avenue;

Investigation of the foundation conditions at the proposed maintenance and storage yard to assess
the presence and quality of any fill on site and determine foundation requirements for buildings and
track slabs;

Installation of piezometers to further assess the groundwater levels along the corridor; and

Supplemental chemical testing of soil samples recovered from the boreholes.

Further geotechnical investigation will be required during the detailed design stage to provide detailed
recommendations for design and construction of the proposed facilities.  As a minimum, this investigation
should include an additional borehole at each stop location, at least one borehole with bedrock coring at
each pier and abutment of the guideway structure over Highway 403 (in accordance with MTO investigation
requirements), boreholes along the track alignment conceptually at a spacing in the order of 100 m, and
foundation investigation for the maintenance and storage facility.

DOCUMENT END
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Disclaimer

This document contains the expression of the professional opinion of Steer Davies Gleave North America Inc.
(“SDG”) as to the matters set out herein, using its professional judgment and reasonable care. It is to be read
in the context of the agreement (the “Agreement”) between SDG and the City of Hamilton (the “Client”) for
the Rapid Transit Preliminary Design and Feasibility Study (reference C11-12-10), and the methodology,
procedures and techniques used, SDG’s assumptions, and the circumstances and constrains under which its
mandate was performed. This document is written solely for the purpose stated in the Agreement, and for
the sole and exclusive benefit of the Client, whose remedies are limited to those set out in the Agreement.
This document is meant to be read as a whole, and sections or parts thereof should thus not be read or relied
upon out of context.

SDG has, in preparing the Agreement outputs, followed methodology and procedures, and exercised due care
consistent with the intended level of accuracy, using its professional judgment and reasonable care.

However, no warranty should be implied as to the accuracy of the Agreement outputs, forecasts and
estimates. This analysis is based on data supplied by the client/collected by third parties. This has been
checked whenever possible, however SDG cannot guarantee the accuracy of such data and does not take
responsibility for estimates in so far as they are based on such data.

SDG disclaims any liability to the Client and to third parties in respect of the publication, reference, quoting,
or distribution of this report or any of its contents to and reliance thereon by any third party.
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APPENDIX A

TABLES
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TABLE A1
SUMMARY OF AVAILABLE BOREHOLES

Section Approximate
Stationing

Borehole
Designations

Year
Drilled Consultant

Main Street
West

-0+110 to -0+130 91-5B, 6B 1966 E.M. Peto Associates Ltd.

-0+080 to 0+200 GTR_1019-1, 4,
5, 7, 8 2004 Soil-Mat Engineers &

Consultants Ltd.

0+290 to 0+450 GTR_1153-1, 2 2005 Landtek Limited

0+640 625-1B 1991 Warnock Hersey
Professional Services Ltd.

0+830 to 1+630 580-1, 2, 3, 4, 5,
6, 7, 8, 580A-21, 1990 Trow

1+370 to 1+400 MW-204, 211 2004 Jacques Whitford
Environmental Limited

Highway
403

2+070 to 2+130 029-4, 5 1959 Department of Highways

2+070 to 2+290
030-H3, H4, H5,
H7, H9, H10,
J12B

1960 Department of Highways

2+330 to 2+470 870-02, 03, 04,
05, 20, 21 1994 Mountainview Geotechnical

King Street
West

2+590 565A-2 1962 E.M. Peto Associates Ltd.

2+750 to 3+930 94A-1, 2, 3, 4, 5,
6, 7, 8, 9 1977 Peto MacCallum Ltd.

3+380 to 3+540 765ORG-20, 21 1995 Mountainview Geotechnical

4+080 to 4+230 500-4P, 5, 6P, 7 1973 Peto Associates Ltd.

3+980 to 4+250 111A-3, 5, 6 1971 Racey, MacCallum and
Bluteau Ltd.

King Street
East

4+370 908-1 2001 Trow Consulting Engineers

4+440 283A-1 2001 Trow Consulting Engineers

4+520 GTR1076-16 2004 Shaheen and Peaker

4+540 to 4+620 736-C, D 1994 Golder Associates

4+750 430-5 1986 Sitest Engineering

4+850 to 4+960 845-A, B 1999 AGRA Earth and
Environmental

4+930 999-3 2002 Terraprobe Ltd.

King Street
East

4+960 to 5+250 832A-1, 2, 3 1998 Trow Consulting Engineers

5+280 749-7 1995 Golder Associates
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TABLE A1
SUMMARY OF AVAILABLE BOREHOLES

Section Approximate
Stationing

Borehole
Designations

Year
Drilled Consultant

5+280 GTR1031B-6-1 2003 Soil-Mat Engineers and
Consultants Ltd.

5+490 181A-2 1969 Peto Associates Ltd

5+900 528-3 1989 Sitest Engineering

6+150 898-1 2001 Trow Consulting Engineers

7+050 to 7+520 29-1, 4, 6 1976 Peto MacCallum Ltd.

7+920 to 8+250 517-1, 2, 3 1989 Sitest Engineering

Main Street
East

8+960 993-1 2002 Peto MacCallum Ltd.

9+050 GTR1059-1 2003 Terraprobe Ltd.

9+130 462-1 1987 Sitest Engineering

9+460 319A-1 1982 Trow Consulting Engineers

9+870 80-1 1986 Trow Consulting Engineers

10+130 675-1- 3 1992 Warnock Hersey

Queenston
Road

10+550 853-2 1999 Landtek Ltd.

11+320 to 11+470 616-1, 2, 3 1991 Mountainview Geotechnical

11+870 562A-22 1962 E.M. Peto Associates Ltd

11+990 to 12+090 963-304, 308 1989 Golder Associates

12+050 GTR1268-Q5 1998 Peto MacCallum Ltd

12+940 124-1 1970 Peto Associates Ltd
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APPENDIX D

STATEMENT OF GENERAL CONDITIONS








