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Executive Summary 

Davroc Testing Laboratories Inc. (Davroc) has been retained by The City of Toronto to carry out a geotechnical 
investigation to support the design and construction of the proposed Bluffer’s Park Pavilion located at 1 Brimley Road 
South in Toronto, Ontario. It is Davroc’s understanding that the proposed Bluffer’s Park Pavilion will consist of single 
storey slab-on-grade structures/buildings along with the associated paved multi-use trail and permeable pavers. The 
structures/buildings will be constructed of masonry block walls without basement. The roof framing will consist of timber 
and steel beams. 

The drilling work consisted of advancing a total of seven (7) exploratory geotechnical boreholes and installing three (3) 
monitoring wells within the area of the proposed structures/buildings. Select soil samples were collected and submitted 
for geotechnical laboratory testing and chemical analysis. 

The topsoil and the fill soils present at the Site are in general considered unsuitable bearing subgrade for the support of 
the proposed new structure/buildings. Based on the data at the borehole locations and the results of the MASW 
completed at this Site, the depth to the competent natural/native subgrade soils is considered to be significant (approx. 
6.1 to 7.6 mBGS). Commonly, unsuitable materials such as the existing fill are removed and replaced with structural 
(engineered) fill. Excavation to the depth (approx. 6 to 8 mBGS) and extent required is likely not economically feasible 
due to the complexity/risk associated with removing significant thickness of loose to very loose fill below groundwater 
table. As such, design of conventional spread and strip footings bearing on the native deposit may be considered 
unfeasible due to the significant depth of fill within the area of the proposed structures/buildings. In this case, it would 
be prudent to support the proposed building on augered piers/deep foundation or helical piles extending to the native 
deposit. Alternatively, the proposed structures/buildings foundations and slabs can be supported on improved ground. 
Options such as deep foundations or ground improvement for the proposed structures/buildings may be considered for 
this Site.  

The amount of seepage into excavations will depend on the depth of excavation relative to the groundwater level at the 
time of construction and the hydraulic conductivity of the excavated soils. The measured groundwater levels within the 
installed monitoring wells were found to range from approximately 1.5 to 2.2 mBGS. It is expected that the seepage rate 
into the excavation within the fill and native sandy soils will be moderate to high. If the excavation is to be above the 
groundwater table, minor to moderate groundwater ingress can readily be handled by using installation of sumps and 
pumps at strategic locations at the base of excavation. If the excavation is to be extended to a greater depth and below 
local groundwater table, an active pre-construction dewatering system such as well points may be required depending 
on the depth and size of excavations. Due to the relatively shallow groundwater and generally permeable soils at this 
Site, a hydrogeological study may be required to assess the need for a Permit to Take Water (PTTW) for deeper and 
larger (in plan) excavations.    

Considerations should be given to the possible presence of cobbles/boulders and/or rubble/debris at this Site and their 
impact on the excavation. The contractor should be prepared to deal with cobbles/boulders and/or rubble/debris that 
may exist at this Site.  

Footings subject to frost action should have a minimum soil cover of at least 1.2 m according to OPSD 3090.101 for 
Southern Ontario or be protected using equivalent insulation. 

Based on the results of the Multi-Channel Analysis of Surface Waves (MASW) testing completed within the building 
area, the Site with building foundations founded within the native soils can be classified as Class “D” for seismic load 
calculations subjected to code requirements. 

Qualified geotechnical personnel should inspect all stages of the proposed development.  Specifically, they should 
ensure that the materials and conditions comply with this geotechnical investigation report. In addition, qualified 
geotechnical personnel should provide material testing services prior to and during foundation preparation and 
construction. 
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1. Introduction 
Davroc Testing Laboratories Inc. (Davroc) has been retained by the City of Toronto (City) to carry out a geotechnical 
investigation to support the design and construction of the proposed Bluffer’s Park Pavilion located at 1 Brimley Road 
South in Toronto, Ontario (hereinafter referred to as “Site” or “Property”). A Site Location Map is provided on Figure 1. 

It is Davroc’s understanding that the proposed Bluffer’s Park Pavilion will consist of single storey slab-on-grade 
structures/buildings along with the associated paved multi-use trail and permeable pavers. The structures/buildings will 
be constructed of masonry block walls without basement. The roof framing will consist of timber and steel beams.   

The geotechnical investigation for this Site included advancing a total of seven (7) geotechnical exploratory boreholes 
and installing three (3) monitoring wells. The borehole locations are presented on Figure 2. In general, the objectives 
of the geotechnical investigation are as follows: 

 Determine the subsurface soil and groundwater conditions at the borehole locations. 

 Carry out laboratory testing on selected soil samples to assess geotechnical properties. 

 Carry out chemical analysis on selected soil samples to assess the environmental quality. 

 Conduct infiltration/percolation test to assess the infiltration rate at two locations.  

 Conduct multichannel analysis of surface waves (MASW) to evaluate soil shear wave velocity and define Site 
classification for seismic site response. 

 Provide professional opinions and recommendations regarding the design and construction of the proposed 
structures/buildings foundations, floor slab, pavement and to assess the anticipated construction conditions 
pertaining to excavation, backfilling, and groundwater control. 

The geotechnical investigation was carried out in general accordance with Davroc’s work plan dated November 30, 
2022, in response to a Request for Geotechnical services issued by the City.  

This report summarizes the activities and findings of the completed geotechnical investigation. 

2. Field and Laboratory Procedures  
The field investigation protocols and methodologies undertaken for the present geotechnical investigation are presented 
below and were undertaken in general accordance with Davroc’s work plan. 

2.1 Borehole Advancement and Field Testing  
Drilling activities for the geotechnical investigation were conducted during the period between December 21 and 29, 
2022, under the full-time supervision of an experienced Davroc technical representative. The field activities consisted of 
the advancement of seven (7) exploratory geotechnical boreholes (denoted as BH/MW1-22, BH2-22, BH3-22, BH4-22, 
BH/MW5-22, BH6-22, and BH/MW7-22) to approximate depths varying between 4.7 and 11.3 metres below ground 
surface (mBGS). In addition, monitoring wells were installed in three (3) of the completed boreholes (BH/MW1-22, 
BH/MW5-22, and BH/MW7-22). Borehole BH3-22 was terminated within the fill soils due to auger refusal on possible 
cobbles/boulders and/or rubble/debris contained within the fill layer. The approximate locations of the completed 
boreholes/monitoring wells are shown on Figure 2. 
 
The boreholes were advanced using a truck mounted drill rig, supplied and operated by Walker Drilling Ltd. The 
boreholes were advanced from the ground surface using hollow stem augers and soil samples were generally collected  



 
File: L22-0780GE                                                                

2 | P a g e  
 

 
every 0.75 m depth intervals to 3.0 mBGS and at 1.5 m intervals thereafter to the termination depths. All samplings were 
conducted using a 50-millimetre (mm) outside diameter split spoon sampler in general accordance with the specifications 
of the Standard Penetration Test Method (ASTM D1586). The relative density or consistency of the subsurface soil 
layers were measured using the Standard Penetration Test (SPT) method, by counting the number of blows (‘N’) 
required to drive a conventional split barrel soil sampler 0.3 m depth. 
 
The supervising technician logged the borings and examined the soil samples as they were obtained. The soil samples 
were transported to Davroc’s geotechnical laboratory where they were further reviewed by a geotechnical engineer. The 
detailed results of the examination are recorded on the borehole logs presented in Appendix A.  

Upon completion, the boreholes that were not instrumented as a monitoring well were backfilled in general accordance 
with Ontario Regulation 903. 

Upon completion of drilling activities, the ground elevations at the borehole/monitoring well locations were surveyed by 
Simcoe Geoscience Limited using a Trimble R12i GPS and the UTM Coordinate System (UTM-17N). A summary of the 
survey information is presented in the table below. 

Borehole Identification (ID) 
Location – UTM Coordinate System Ground Elevation 

(mAMSL) Northing Easting 

BH/MW1-22 4841507 642789 77.39 

BH2-22 4841513 642811 77.35 

BH3-22 4841565 642803 77.15 

BH4-22 4841511 642859 77.12 

BH/MW5-22 4841502 642873 77.10 

BH6-22 4841526 642821 77.19 

BH/MW7-22 4841529 642829 77.25 

Notes: 
  mAMSL:  metres Above Mean Sea Level. 

 

The estimated survey information (coordinates and elevations) is presented on the borehole logs provided in Appendix 
A. The elevations and coordinates of the boreholes are for use within the context of this report only and are considered 
approximate and therefore shouldn’t be used for construction purposes.  

2.2 Monitoring Well Installation  
A total of three (3) monitoring wells were installed in select boreholes (BH/MW1-22, BH/MW5-22, and BH/MW7-22) for 
groundwater level monitoring.  

Each monitoring well was instrumented with a 50 mm diameter, Schedule 40 PVC screen and completed with 50 mm 
diameter PVC riser pipe and J-plug. A silica sand pack was placed in the annular space between the PVC screen pipe 
and the borehole. A bentonite seal and hole plug were installed in the remaining borehole annulus above the sand pack. 
A protective casing was placed around each monitoring well. The details for each monitoring well are presented on the 
borehole logs provided in Appendix A. 
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2.3 Field Infiltration / Percolation Test   
A percolation test was conducted at two (2) locations near boreholes BH6-22 and BH/MW7-22 on December 22, 2022. 
The approximate locations of the percolation tests are shown on Figure 2. The infiltration/percolation tests were carried 
out in general accordance with the Ontario Building Code (OBC) 2012 (Appendix A – Volume 2 – Section A-8.2.1.2. (3) 
of the OBC). 

At each testing location, a PVC pipe with a 100-millimetre (mm) diameter was installed in an augered hole at an 
approximate depth of 1.5 mBGS. Both tests were completed in unsaturated fill soils (above the water table). The outflow 
of water at the testing depth was monitored over a period of 4 hours. The results of the infiltration testing are discussed 
in Section 4.7.  

2.4 Multi-channel Analysis of Surface Waves (MASW) 
In order to measure the ground shear wave velocity at the proposed structure/building locations and define the Site 
classification for seismic site response, a multi-channel analysis of surface waves (MASW) was carried out by Simcoe 
Geoscience Limited along two (2) select investigated lines within the Site. The purpose of the MASW survey was to 
determine the seismic site class in accordance with the Ontario Building Code (OBC 2012) by measuring the average 
shear wave velocity within the upper 30+ m of the soil/rock profile directly under the assumed founding level of the 
proposed structures/buildings. 

The findings and the obtained results of the MASW survey are discussed in Section 4.6 and the related MASW report 
is provided in Appendix C.  

2.5 Geotechnical Laboratory Testing 
All geotechnical laboratory testing was completed in accordance with the latest editions of the ASTM standards and 
MTO standards for gradation. Geotechnical laboratory testing consisted of moisture content tests on all recovered soil 
samples, as well as grain size distribution analysis (sieve and hydrometer) on eight (8) select soil samples. Atterberg 
Limit testing was also conducted on three (3) soil samples selected for gradation analysis that had exhibited plasticity. 

The results of moisture content determination tests, grain size analyses and Atterberg Limits are provided on the 
borehole logs in Appendix A. The gradation curves and plasticity charts are provided in Appendix B. 

3. Site Geology and Subsurface Conditions 

3.1 Regional Geology 
The Site lies within the Iroquois Plain physiographic region, which is characterized by a sand plain (Chapman and 
Putnam 1984). This region is an area of gentle slope, from shoreline of Lake Ontario, back about 3-5 km. This plain is 
the remnant shoreline of glacial Lake Iroquois. The plain was smoothed over time by wave action and lacustrine deposits. 
This physiographic region is generally composed of glaciolacustrine sand and silty sand deposits.   

According to Quaternary Geology of Ontario Map 25561, the subject Site is generally situated in an area of 
glaciolacustrine and undifferentiated older till deposits. The glaciolacustrine deposit generally consists of sand and 
gravel with minor silt and clay, and the undifferentiated older till deposit consists of sandy silt to silt matrix that may 
include stratified deposits.  

 

 
1 The Ministry of Northern Development and Mines – Quaternary Geology of Ontario – Southern Sheet- MAP 2556 
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Based on the Bedrock Geology of Ontario Map 25442, the overburden at this Site is overlying bedrock mapped as the 
Upper Ordovician Georgian Bay Formation, which is comprised of shale with limestone, and siltstone interbeds.  

Based on the Bedrock Contours of Toronto Area3, the depth to the bedrock surface at this Site is anticipated to range 
from 20 to 30 metres below ground surface or at elevations between 60 and 50 m.  

3.2 Site Stratigraphy 
It should be noted that the subsurface conditions are confirmed at the borehole locations only and may vary at other 
locations. The boundaries shown on the borehole logs represent an inferred transition between the various strata, rather 
than a precise plane of geological change. It must be understood that actual contacts between deposits will typically be 
gradational as a result of neutral geologic processes. Variation in the deposit boundaries from those described in the 
borehole logs must be anticipated. Therefore, design and construction equipment and procedures must be selected to 
accommodate significant variations in the deposit boundaries. Details of the subsurface conditions are provided on the 
borehole logs presented in Appendix A. 

The collected soil samples were visually described/classified using the ASTM D2488 – Standard Practice for Description 
and Identification of Soils (Visual-Manual Procedures) and ASTM D2487 - Standard Practice for Classification of Soils 
for engineering purposes (Unified Soil Classification System-USCS). 

Based on the regional geology of the Site and the MASW testing results, the bedrock surface is anticipated to be 
encountered at approximate depths between 20 and 30 mBGS at this Site. The general stratigraphy at the Site consists 
of topsoil underlain by fill soils followed by sand with silt to sandy silt and/or lean clay/silty clay. A brief description of 
each stratum is summarized below: 

3.2.1 Topsoil 
A surficial layer of topsoil was encountered at the ground surface of boreholes BH/MW1-22, BH2-22 and BH/MW7-22. 
The thickness of the topsoil layer ranged from approximately 130 to 300 millimeters (mm). Classification of this material 
was based solely on visual and textural evidence. The assessed topsoil thickness values are approximate. To obtain 
the total thickness of topsoil for stripping purposes, a more accurate measure of the topsoil thickness should be carried 
out by excavating shallow test pits in the concerned areas. It should be noted that the thickness of topsoil can vary 
between borehole locations.  

3.2.2 Fill  
Earth fill was encountered in all boreholes at the surface or below the topsoil and extended to a depth varying from 
approximately 6.1 mBGS to 7.6 mBGS. Borehole BH3-22 was terminated at a relatively shallower depth due to auger 
refusal on possible cobbles/boulders and/or rubble/debris contained within the fill layer. The fill composition is in general 
heterogeneous, consisting of sandy silt to silty sand with clay and gravel. Organic inclusions, rootlets and construction 
rubble (brick, wood and asphalt fragments/pieces) were frequently observed within the soil samples extracted from the 
fill layer. SPT ‘N’ values obtained within the earth fill soil layer varied between 0 blows per 0.3 m of penetration and 
greater than 50 blows per 0.04 m of penetration (refusal), indicating a variable degree of compactness, but generally 
loose condition. The elevated SPT ‘N’ values encountered at some of the borehole locations is likely due to the presence 
of cobbles/boulders and/or rubble/debris within the fill layer. Cobbles/boulders and/or rubble/debris should be expected 
within the fill layers at this Site. It is possible that the thickness and quality of the fill (presence of deleterious materials 
or organics) can vary between borehole locations.  

 

 
2 The Ministry of Northern Development and Mines – Bedrock Geology of Ontario – Southern Sheet – Map 2544 
3 Ontario Department of Mines – Metropolitan Toronto – Preliminary Map P102 – Bedrock Contours 
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3.2.3 Sand with Silt to Sandy Silt 
A deposit of sand with silt to sandy silt was encountered beneath the fill layer in boreholes BH/MW1-22, BH2-22, BH4-
22, and BH6-22. SPT ‘N’ values obtained within this deposit varied between 14 and 23 blows per 0.3 m of penetration, 
indicating a compact relative density.  

Gradation analysis was completed on selected samples of the sand with silt to sandy silt deposit. The results are 
presented in the borehole logs. The gradation analysis curves are presented in Appendix B.  

3.2.4 Lean Clay (Silty Clay) 
A deposit of lean clay/silty clay with sand to sandy was encountered in borehole BH/MW1-22 below the sand and in 
boreholes BH/MW5-22 and BH/MW7-22 below the fill layer. A pocket/layer of wet silty sand was encountered within the 
clay deposit at borehole BH/MW7-22.  

This clay deposit exhibited SPT ‘N’ values between 11 and 20 blows per 0.3 m of penetration indicating a stiff to very 
stiff consistency. The low blow counts of 8 blows per 0.3 m of penetration within the wet silty sand pocket interbedded 
within the clay deposit is likely due to the silty sand pocket was being disturbed during the SPT testing below groundwater 
table.  

Gradation analysis was completed on selected samples of the lean clay/silty clay deposit. The results are presented in 
the borehole logs. The gradation analysis curves are presented in Appendix B. Atterberg limits test was also performed 
on the soil samples that had exhibited plasticity. The results are presented on the borehole logs and the plasticity charts 
are presented in Appendix B. 

3.3 Groundwater Conditions 
As part of this geotechnical investigation, a total of three (3) monitoring wells were installed in select boreholes 
(BH/MW1-22, BH/MW5-22, and BH/MW7-22) for groundwater level monitoring. A summary of the groundwater level 
measurements within the installed monitoring wells is provided in the following table: 

Borehole No. Installation Date Groundwater Level Depth (mBGS)1 / Elevation (mAMSL)2 

January 17, 2023 January 31, 2023 

BH/MW1-22 December 29, 2022 1.98 / 75.41 1.50 / 75.89 

BH/MW5-22 December 23, 2022 2.02 / 75.08 2.17 / 74.93 

BH/MW7-22 December 21, 2022 1.79 / 75.46 1.60 / 75.65 

Notes: 

             1 metres Below Ground Surface (mBGS) 

           2  metres Above Mean Sea Level (mAMSL) 

The depth to the groundwater table at this Site ranged between 1.50 mBGS to 2.17 mBGS (elevation 75.89 to 74.93 m).  

Due to the Site proximity to Ontario Lake, the groundwater level at this Site is anticipated to be relatively shallow and 
may be influenced by the water level in the Lake. In the long term, seasonal fluctuations of the groundwater level should 
be expected. Perched water table condition could develop in the fill after heavy precipitation and/or during spring thaw.  
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4. Engineering Discussion and Assessment 

4.1 General Geotechnical Evaluation  
It is Davroc’s understanding that the proposed development activities at the Site will consist of single storey slab-on-
grade structures/buildings along with the associated paved multi-use trail and permeable pavers. The proposed single 
storey pavilion structures are expected to be light weight structures. Further details of the proposed development 
activities at the Site are unknown to Davroc and specific information with regard to the proposed site grading, founding 
depths below the ground surface, footing/slab loading conditions and site features were not available at the time of 
preparation of this report.  

The topsoil and the fill soils present at the Site are in general considered unsuitable bearing subgrade for the support of 
the proposed new structures/buildings. Based on the data at the borehole locations and the results of the MASW 
completed at this Site, the depth to the competent natural/native subgrade soils is considered to be significant (approx. 
6.1 to 7.6 mBGS). Commonly, unsuitable materials such as the existing fill are removed and replaced with structural 
(engineered) fill. Excavation to the depth (approx. 6 to 8 mBGS) and extent required is likely not economically feasible 
due to the complexity/risk associated with removing significant thickness of loose to very loose fill below groundwater 
table. As such, design of conventional spread and strip footings bearing on the native deposit may be considered 
unfeasible due to the significant depth of fill within the area of the proposed structures/buildings. In this case, it would 
be prudent to support the proposed structures/buildings on augered piers/deep foundations or helical piles extending to 
the native deposit. Alternatively, the proposed structures/buildings foundations and slabs can be supported on improved 
ground. Options such as deep foundations or ground improvement for the proposed structures/buildings may be 
considered for this Site.  

In general, the loose fill materials encountered at this site are not suitable for direct support of structures and may be 
susceptible to liquefaction under earthquake loadings. The ground improvement methods that may be appropriate for 
the existing miscellaneous fill materials that will support light weight structures include rapid impact compaction, vibro-
replacement (stone columns) and aggregate piers. It is recommended that the expertise of an experienced ground 
improvement contractor be retained during selection of ground improvement method. Ground improvement will likely be 
required to mitigate bearing capacity and anticipated potential liquefaction. Evaluation of the liquefaction potential at this 
Site was not part of the current scope of work. For preliminary design purposes, recommendations are provided for deep 
foundations (cast-in-place concrete piles/caissons), helical piles, and ground improvement to support the proposed 
structures/buildings. Please refer to Section 4.3 for more details. 

If the excavation extended into the sandy fill or native sand with silt / sandy silt and below groundwater table, then a 
dewatering system will likely be required prior to excavation to prevent basal instability of excavation from being 
liquefied/disturbed by upward groundwater flow/piping failure mechanisms due to the general permeable nature of the 
fill and native sandy soils at this Site. The contractor should be prepared to deal with such conditions. 

The amount of seepage into excavations will depend on the depth of excavation relative to the groundwater level at the 
time of construction and the hydraulic conductivity of the excavated soils. The measured groundwater levels within the 
installed monitoring wells were found to range from approximately 1.5 to 2.2 mBGS. It is expected that the seepage rate 
into the excavation within the fill and native sandy soils will be moderate to high. If the excavation is to be above the 
groundwater table, minor to moderate groundwater ingress can readily be handled by using installation of sumps and 
pumps at strategic locations at the base of excavation. If the excavation is to be extended to a greater depth and below 
local groundwater table, an active pre-construction dewatering system such as well points may be required depending 
on the depth and size of excavations. Due to the relatively shallow groundwater and generally permeable soils at this 
Site, a hydrogeological study may be required to assess the need for a Permit to Take Water (PTTW) for deeper and 
larger (in plan) excavations.    
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Considerations should be given to the possible presence of cobbles/boulders and/or rubble/debris at this Site and their 
impact on the excavation. The contractor should be prepared to deal with cobbles/boulders and/or rubble/debris that 
may exist at this Site.  

Footings subject to frost action should have a minimum soil cover of at least 1.2 m according to OPSD 3090.101 for 
Southern Ontario or be protected using equivalent insulation.  

The following sections provide additional comments and recommendations on the above topics as well as other 
geotechnical related design and construction issues.  

4.2 Site Preparation and Grading  
Site preparation and grading works may be required to level the Site to achieve subgrade design elevations, as well as 
to provide positive drainage for surface runoff. To reduce accumulation of surface runoff and softening of the subgrade, 
site grades should be designed to minimize ponding of water on the surface and to provide positive drainage away from 
the proposed foundations and roadway areas as quickly as possible.  

Based on the subsurface conditions encountered in the boreholes, the Site is primarily underlain by a layer of fill 
materials extending to a significant depth between approximately 6.1 and 7.6 mBGS. The fill materials were frequently 
observed to contain organics and construction debris.   

From practical and economical point of view, the existing fill may be considered suitable to support the proposed 
landscaping areas and the associated paved muti-use trail and permeable pavers, provided the fill material is free of 
deleterious materials. However, large settlement/movement of the landscaping areas and the associated structures (i.e., 
paved muti-use trail and permeable pavers) should be expected due to the anticipated variation of the fill composition 
(i.e., fill may contain organics, construction debris, etc.). If a grade raise is considered for this Site, then it should be 
anticipated that this surcharge will result in some overall settlement of the underlying fill materials. Raising the site grade 
considerably without the use of ground improvement should be evaluated and carried out in stages and should be 
monitored during construction. If settlement from surcharge loads is not acceptable, then ground improvement should 
be implemented.  

The topsoil and any portions of the earth fill materials found to contain deleterious material (debris and organics) should 
be removed prior to site grading activities and should not be used as backfill. The subgrade exposed after the removal 
of the unsuitable materials is expected to consist generally of clean earth fill. The subgrade soils should be visually 
inspected, compacted if required, and proof rolled using heavy equipment. Any soft, or unacceptable areas should be 
sub-excavated, removed as directed by the Geotechnical Engineer and replaced with suitable earth fill materials or 
imported granular materials placed in thin layers (200 mm thick or less) and compacted to a minimum of 98 percent 
Standard Proctor Maximum Dry Density (SPMDD). A great care must be used during construction when excavating or 
filling to avoid any potential ground failure resulting from the existing loose fill below the groundwater table. If the 
excavation is to be extended to a greater depth and below local groundwater table, an active pre-construction dewatering 
system such as well points may be required depending on the depth and size of excavations.  

The clean earth fill soils encountered at the Site may be suitable for reuse as backfill to raise site grades (where required) 
or to be used as backfill against foundations or as trench backfill during installation of buried services, provided the 
material is free of deleterious materials and is within the optimum moisture content. The fill soils above groundwater 
table are anticipated to be generally near their optimum water content for compaction, whereas those soils below the 
groundwater level will likely be wet and well above their optimum water content for compaction. If the fill and native soils 
are to be reused as a backfill, it should be anticipated that reworking of the soils will be necessary to facilitate compaction 
through drying or slight wetting.   

Installation of engineered fill, where required, must be continuously monitored on a full-time basis by qualified 
geotechnical personnel.  
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4.3 Foundations 
Structural foundations at the Site can consist of deep foundation (cast-in-place concrete piles/caissons) or helical piles 
placed within the native soils or foundations on improved ground to support the proposed structures/buildings. The 
common practice for the Serviceability Limit State (SLS) design of most structure and building foundations is to limit the 
total and differential foundation settlements to 25 mm and 15 mm, respectively. Other serviceability criteria for the 
proposed structures/buildings may be determined by the structural engineer considering tolerable settlement that would 
not restrict the use or operation of the facilities. 

The foundation design options are presented in more detail below. 

4.3.1 Deep Foundation (Cast-in-Place Concrete Caissons)  
Based on the boreholes data and the MASW testing, the proposed structures/buildings may be supported on deep 
foundations (cast-in-place concrete caissons) placed within the competent native soils at a minimum depth of 8.0 mBGS. 
If a deep foundation option such as cast-in-place concrete caissons is selected to support the proposed 
structures/buildings at this Site, then the caissons may be designed using the following relationships with SPT values 
(suggested by Decourt 1995): 

qsu = ὰ × (2.8 N’ +10) (kPa) 

qtu = Kb × Nb (kPa) 

where: 

qsu = ultimate shaft resistance  

qtu = ultimate toe resistance  

ὰ =    1 for displacement piles in any soil and non-displacement piles in clays, and 0.5 to 0.6 for non-
displacement piles in granular soils 

N’ = average SPT index along the pile shaft 

Nb = average SPT index in the vicinity of the pile toe 

Kb = is a base factor given in the table below: 

 

Soil Type Displacement Piles Non-Displacement Piles 

Sand 325 165 

Sandy Silt 205 115 

Clayey Silt 165 100 

Clay 100 80 

The factored geotechnical resistance at ultimate limit states would then be obtained by multiplying the ultimate capacity 
by the geotechnical resistance factor of 0.3. Much of the effort in the design of caisson/pile foundations to support axial 
loads focuses on satisfying the ultimate limit state (ULS) using various methods of doing so. In most cases, the ULS 
controls the axial load design and produces piles settlement less than 15 mm under service loads. This is less than the 
allowable settlement for almost all structures, so the serviceability limit state (SLS) requirements for settlement are often 
assumed to be satisfied. 
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Based on the above equations and for preliminary design, the piles/caissons placed at a minimum depth of 8.0 mBGS 
within the competent (compact/stiff) native soils may be designed for a factored toe/end bearing resistance of 580 kPa.  

The uplift/upward (tensile) load capacity of caissons/piles depends on the weight of the piles and side friction. A factored 
(allowable) side/shaft resistance of 6 kPa may be used for the design of the uplift. It is recommended that the uplift 
resistance should be ignored over the upper 2.0 m of the shaft to account for possible shrinkage of soil away from the 
shaft due to frost or weathering effect and the poor quality of the fill soils at this site. 

As a general practice, the minimum required diameter of the augered cast-in-place caissons is 760 mm to allow for 
inspection and cleaning prior to placing concrete, as pile bases are required to be approved by the geotechnical engineer 
prior to concrete installation, to ensure that the subgrade conditions encountered are consistent with the Site 
investigation results.  

Temporary groundwater control measures will be required during caisson installation, depending on the groundwater 
levels. Temporary casing and heavy mud drilling will likely be required when drilling through the sandy soils below the 
groundwater table to prevent sloughing and groundwater infiltration. Specialized rock bits may be required when drilling 
through the fill and native soils that contains cobbles/boulders or construction rubble to advance the caissons through 
the anticipated cobbles/boulders or construction rubble. The Contractor should determine the appropriate measures 
required in accordance with their equipment and methods to facilitate the caisson installations. 

The caisson installation should be carried out under full time inspection by Davroc from the ground surface, to verify that 
a competent bearing surface has been established at each caisson unit. The bearing surface of each caisson should be 
evaluated by visual examination of the auger cuttings during auguring, particularly at the caisson base, observation of 
the progress of drilling operations and comparison of the observations and depth/elevation of each caisson with the 
information presented on the borehole logs. 

All pile caps and other structure foundations should be provided with a minimum of 1.2 m of soil cover for frost protection, 
or equivalent insulation.  

The deep foundations should be constructed in accordance with OPSS 903. 

4.3.1.1 Group Effects  
Piles are usually installed in groups of three or more and the proper spacing of piles in the group is important. If the piles 
are too close (i.e., less than about 2.5-3.0 diameters on center), there may not be enough room for errors in positioning 
and alignment. Conversely, if the spacing is too wide, the pile cap will be very large and expensive. Therefore, the 
minimum recommended pile spacing is 3 diameters on-center. Group effects are complex and depend on many factors 
and should be obtained from static load tests. The net effect is usually described in terms of the group efficiency factor 
(ɳ): 

Png = ɳ N Pn 

where; 

Png = nominal axial load capacity of the pile group  

ɳ = group efficiency factor 

N = number of piles in group  

Pn = nominal axial load capacity of an individual pile 

For drilled shafts, a group efficiency factor of 0.65 may be used for piles spaced 2.5 diameters on center in cohesionless 
soils, and 1.0 when 4.0 or more diameters on center and a linearly interpolated values between these spacing (AASHTO 
2012). 
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4.3.1.2 Horizontal Subgrade Reaction  
For piles subjected to a horizontal load, the lateral pile deflection can be determined using the modulus of horizontal 
subgrade reaction (Kh). The Kh depends on the soil type and relative density/consistency, stress level, and the geometry 
of the pile. However, for preliminary design and without conducting any verification test, the following simplified equation 
suggested by Terzaghi (1955) for cohesionless soils can be used to calculate the value of Kh at each depth: 

Kh = nh × (z/d) 

where;  

Kh = modulus of horizontal subgrade reaction (kN/m3) 

nh = Coefficient related to soil density (assume 1386 kN/m3, typical value after Terzaghi 1955) 

z = depth (m) 

d = pile diameter (m) 

 

Based on the borehole data, while the fill materials may offer some resistance, we recommend that the lateral and uplift 
resistance should be ignored over the upper 2.0 m of the shaft to account for possible shrinkage of soil away from the 
shaft due to frost or weathering effect. 

Lateral displacement of the pile within the soil may be determined based on the pile-soil interaction behavior, expressed 
as p-y curves (where p is unit load or resistance, and y is lateral deflection). The p-y curves are developed by back 
calculating them from static load tests and combining this data with analytical models based on soil mechanics. The 
commonly used LPILE software that employ the p-y curve method can be used for modeling laterally loaded piles. 
Modeling laterally loaded piles using LPILE software are beyond the scope of our work and is expected to be carried 
out by the structural engineer. 

This calculation and evaluation of the lateral displacement of the pile structure are beyond the scope of our work of 
present investigation and is expected to be carried out by the structural engineer, if required. 

4.3.2 Helical Piles  
As an alternative to cast-in-place concrete caissons, considerations could be given to support the proposed structures 
on helical piles foundation. Helical piles also called screw piles consist of steel screws that are torqued into the ground 
to form a foundation. Helical piles can be installed with relatively light equipment. The diameter of helical piles generally 
ranges from 300 to 1000 mm and have capacities that can exceed 2,000 kN, although 100 to 500 kN is more typical. 
Due to the anticipated cobbles/boulders and/or rubble/debris within the fill layers at this Site, the design for the helical 
piles should account for the presence of cobbles/boulders and/or construction rubble within the soils which may impact 
the installation of the helical piles (i.e., the helical piles may reach their design load at shallow depths and/or the helix 
may be damaged). As such, the option of using helical piles may not be suitable. However, a specialized contractor 
(e.g., EBS Geostructural Inc.) should be consulted to assess the suitability of this foundation option (helical piles). 

The helical pile plates must be embedded into a competent native soil (minimum depth of 8.0 mBGS), depending on the 
design load. Piles may need to be extended further if the pile torque (during installation) does not meet the design loads. 
The torque must be monitored during installation to confirm the design load. The actual design must be discussed with 
the contractor and confirmed during installation. A geotechnical ULS factor of safety of 2.0 is commonly used for axially 
loaded helical piles where good construction quality control is exercised, including monitoring the installation torque for 
each pile. 
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The torque required to install helical piles can be measured during construction, and methods have been developed to 
correlate torque with capacity (ICC Evaluation Service, 2007). Construction quality control will be required during the 
installation of the helical piles. A specialized contractor must be retained to design and install the helical piles. If this 
foundation option is selected, it is recommended that at least two (2) helical piles be load tested.  

4.3.3 Foundation on Improved Ground  
The fill soils present at this Site are in general considered unsuitable bearing subgrade for the support of the proposed 
new structure/buildings. Based on the data at the borehole locations, the depth to the competent natural/native subgrade 
soils is considered to be significant (approx. 6.1 to 7.6 mBGS). As such, a shallow foundation option may not be a 
feasible option without the use of ground improvement. Ground improvement will improve the bearing capacity of the fill 
soils and will generally provide a uniformly compacted subgrade for the structures/building’s foundations. The ground 
improvement methods that may be appropriate for the existing miscellaneous fill materials that will support light weight 
structures include rapid impact compaction, vibro-replacement (stone columns) and aggregate piers.  It is recommended 
that the expertise of an experienced ground improvement contractor (i.e., Menard Canada) be retained during selection 
of ground improvement method.  

For spread and strip foundations placed within areas where soil improvement has been carried out, it may be possible 
to obtain a factored geotechnical resistance at Ultimate Limit State (ULS) of 200 kPa, and a geotechnical reaction at 
Serviceability Limit State (SLS) of 100 kPa. This will need to be verified by the specialty soil improvement design-build 
subcontractor carrying out the work. The bearing capacity values would depend on the depth and extent of ground 
improvement carried out.  

4.4 Slab-on-Grade  
Subsurface conditions beneath a potential slab-on-grade within the investigated area are expected to comprise of 
existing fill. Based on the findings of the investigation, the existing miscellaneous fill materials are extending to a 
significant depth and are not considered suitable to support a slab-on-grade. Commonly, unsuitable materials such as 
the existing fill are removed and replaced with structural (engineered) fill. Excavation to the depth (approx. 6 to 8 mBGS) 
and extent required is likely not economically feasible due to the complexity/risk associated with removing significant 
thickness of loose to very loose fill below groundwater table. 

If the proposed slab placed within the underlying loose miscellaneous fill materials, then it is anticipated that slab will 
experience large settlement which may result in future cracks and fractures. As such, a conventional slab on grade 
placed within the loose miscellaneous fill materials may not be suitable for this Site unless the slab is designed to 
accommodate large settlement. Therefore, an option of supporting the proposed slab on grade and shallow foundations 
for the proposed structures on improved ground as discussed in Section 4.3.3 could be considered for this project. 
Alternatively, the slab on grade can be supported on competent lightweight fill materials such as cellular concrete 
(foamed concrete), or uniform sand or geotechnical polyurethanes that will be used to replace the upper 1.0 m of the 
existing fill soils above the groundwater table. Removing approximately 1.0 m of the existing fill soils and replace the 
soil with lightweight materials may suffice, depending on the unit weight of the materials to be used for replacing the 
existing fill soils. Also, a cupolex slab system may be used for the slab on grade or the slab can be connected to the 
deep foundations system and designed as a structural slab. A cupolex slab system is a forming system for concrete slab 
foundations made from 100% recycled plastic. Concrete is poured over the modular dome forms to create a floating or 
structural concrete slab. 

If the slab is to be placed on the existing ground or improved ground, then the floor slab should be placed on a 200 mm 
thick layer of well-graded granular base material consisting of 19 mm clear stone or crusher run limestone (or equivalent). 
For the structural design of the concrete slab-on-grade, a combined modulus of subgrade / granular base reaction 
coefficient (k) of 20 MPa/m may be used for the slab placed on improved ground. If a cupolex slab system is used, then 
there is no need for the 200 mm granular layer as the cupolex slab system will act as a moisture barrier.  
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Depending on the finished floor elevation and static groundwater table, a subfloor drainage system may be required 
beneath the slab. Alternatively, the slab can be connected to the deep foundations system and designed as a structural 
slab. This will eliminate the need to install and maintain the subfloor drains, but is otherwise likely to be more costly. 

If the option of subfloor drainage system is selected, then the subfloor drainage system may consist of a 200 mm layer 
of 19 mm clear stone bedding to act as moisture barrier, separated from the underlying soils by filter fabric (Terrafix 
270R, or equivalent), with 100 mm diameter perforated pipes placed a maximum of 5 m apart and discharged to 
appropriate sump structures for a positive outlet. However, It is Davroc’s understanding that the long-term discharge of 
groundwater to a City sewer is not permitted in the City’s Foundation Drainage Policy.  

4.5 Lateral Earth Pressures  
Structures subject to unbalanced earth pressures such as foundation walls, shoring systems, retaining walls and other 
similar structures should be designed to resist the lateral earth pressures. If required and depending on the type of 
shoring used during construction, the temporary shoring system for excavation support can be designed for the lateral 
earth pressures given in Sections 26.8, 26.9, and 26.10 of the Canadian Foundation Engineering Manual (CFEM) - 
4th Edition. Surcharge loads and hydrostatic pressures should be considered as appropriate. The following table below 
summarizes the recommended soil parameters to be used for lateral earth pressure calculations at this Site: 

Soil Type 
Bulk Unit 
Weight 

Effective Angle 
of Internal 
Friction (º) 

Coefficient of Lateral Earth Pressure 

 (kN/m3) ’ Ka Ko Kp 

Fill Soils 18 25˚ 0.40 0.58 2.46 

Native Soils 19 28˚ 0.36 0.53 2.77 

If movement sensitive services exist close to the shoring, the lateral pressure should be computed using the coefficient 
of earth pressure at rest, K0.  

4.6 Seismic Site Classification 
The latest Ontario Building Code (OBC) requires the assignment of a Seismic Site Class for calculations of earthquake 
design forces and the structural design based on a two percent probability of exceedance in 50 years. According to the 
latest OBC, the Seismic Site Class is a function of soil profile and is based on the average properties of the subsoil 
strata to a depth of 30 m below the ground surface. The OBC provides the following three methods to obtain the average 
properties for the top 30 m of the subsoil strata: 

 Average shear wave velocity. 

 Average Standard Penetration Test (SPT) values (uncorrected for overburden). 

 Average undrained shear strength. 

Based on the results of this investigation and the MASW report provided in Appendix C, the Site with building 
foundations placed on native soils can be classified as Class “D” for seismic load calculations subjected to code 
requirements.  
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4.7 Infiltration Test Results 
The results of the percolation/infiltration tests are summarized in the following table: 
 

Test-Hole ID. Depth 
(mBGS) Material Description Percolation Time 

(min/cm) 
Infiltration Rate 

(mm/hr) 
TH-1 (BH6-22) 1.5 Silty Sand/Sandy Silt 

Fill 15.0 40.0 

TH-2 (BH/MW7-22) 1.5 Silty Sand/Sandy Silt 
Fill 15.0 40.0 

Average Infiltration Rate of Both Tests (mm/hr) 40.0 

Based on the information presented in Table 2 and 3 of the Supplementary Standard SB-6 of the Ontario Building Code 
(OBC 2012) and the Ontario Ministry of Municipal Affairs and Housing (OMMAH), the approximate relationship between 
hydraulic conductivity, percolation time and infiltration rate are summarized in the following table: 

 
Hydraulic Conductivity 

(cm/s) 
Percolation Time 

(min/cm) 
Infiltration Rate 

(mm/hr) 
10-1 2 300 
10-2 4 150 
10-3 8 75 
10-4 12 50 
10-5 20 30 
10-6 50 12 

The infiltration rate used for design must incorporate a safety correction factor that compensates for potential reductions 
in soil permeability due to compaction or smearing during construction, gradual accumulation of fine sediments over the 
lifespan and uncertainty in measured values when less permeable soil horizons exist. Since the fill soil at this site is 
generally consisting of silty sand / sandy silt, then the recommended safety correction factor to calculate the design 
infiltration rate is 2.5 (Source: Wisconsin Department of Natural Resources. 2004. Conservation Practice Standards. 
Site Evaluation for Stormwater Infiltration (1002). Madison, WI). As such, the recommended design infiltration rate for 
the tested silty sand / sandy silt fill soils at this site is 40.0/2.5 = 16 mm/hr. 

5. Construction Considerations  

5.1 Excavation and Temporary Shoring  
The Occupational Health and Safety Act (OHSA) regulations require that if workmen must enter an unsupported 
excavation deeper than 1.2 m, the excavation must be suitably sloped and/or braced in accordance with the OHSA 
requirements. OHSA specifies maximum slope of the excavations for four broad soil types as summarized in the 
following table: 

Soil Type Base of Slope Maximum Slope Inclination 
1 Within 1.2 m of bottom 1 horizontal to 1 vertical 
2 Within 1.2 m of bottom of trench 1 horizontal to 1 vertical 
3 From bottom of excavation 1 horizontal to 1 vertical 
4 From bottom of excavation 3 horizontal to 1 vertical 
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Trench excavations should be carried out in strict conformance to the current Occupational Health and Safety Act 
(OHSA). For the purpose of interpreting the act, the fill and native soils within the Site above the groundwater table can 
be classified as Type 3 soils. If affected by groundwater seepage, the fill and native soils can be considered as Type 4 
soils. The highest number soil type identified in an excavation must govern the excavation slopes from top to bottom of 
the excavation.  

If the above recommended excavation side slopes cannot be maintained due to lack of space or any other reason, the 
excavation side walls must be supported by an engineered shoring system. The shoring system should be designed in 
accordance with Canadian Engineering Foundation Manual (4th Edition) and the OHSA Regulations for Construction 
Projects. 

If a shoring system is selected to support the excavation walls, it is recommended that the expertise of an experienced 
shoring contractor be retained during selection of a shoring approach. It is also recommended that the shoring system 
required to stabilize the excavation sidewalls during construction be developed by the general and shoring contractors. 
Further recommendations for shoring may be required depending on the type of shoring system selected for this project. 

It is anticipated that excavations within the overburden can be made with conventional equipment. Cobbles, boulders, 
and construction rubble should be expected within the overburden, and the contract should allow for the removal of 
cobbles/boulders and/or construction rubble. The selection of the excavation equipment to be used is the contractor’s 
responsibility. 

5.2 Excavation Base Stability  
If the excavation extended into the sandy fill or native sand / sandy silt and below groundwater table, then a dewatering 
system will likely be required prior to excavation to prevent basal instability of excavation from being liquefied/disturbed 
by upward groundwater flow/piping failure mechanisms due to the general permeable nature of the fill and native sandy 
soils at this Site. The contractor should be prepared to deal with such conditions. 

5.3 Temporary Ground Water Control  
The amount of seepage into excavations will depend on the depth of excavation relative to the groundwater level at the 
time of construction and the hydraulic conductivity of the excavated soils. The measured groundwater levels within the 
installed monitoring wells were found to range from approximately 1.5 to 2.2 mBGS. It is expected that the seepage rate 
into the excavation within the fill and native sandy soils will be moderate to high. If the excavation is to be above the 
groundwater table, minor to moderate groundwater ingress can readily be handled by using installation of sumps and 
pumps at strategic locations at the base of excavation. If the excavation is to be extended to a greater depth and below 
local groundwater table, an active pre-construction dewatering system such as well points may be required depending 
on the depth and size of excavations. 

If the excavation extended below groundwater table, then it is recommended that the groundwater level be maintained 
at least 0.5 m below the base of excavation to provide dry and stable/safe condition. A dewatering specialist should be 
consulted to determine the most appropriate measures to be undertaken to sufficiently lower the groundwater table 
below the lowest excavation depth. The possibility of settlement from the dewatering should be part of the methodology 
considerations. The selection of dewatering measures is the sole responsibility of the contactor. 

Due to the relatively shallow groundwater and generally permeable soils at this Site, a supplementary hydrogeological 
study may be required to further define the groundwater levels, the rate of groundwater seepage, and the requirement 
for permit to take water (PTTW) for deeper and larger (in plan) excavations. 

5.4 Suitability of On-Site Soils  
The topsoil and any earth fill materials found to contain significant amounts of organics or deleterious materials should 
be removed and should not be used as backfill materials. 
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The clean earth fill soils encountered at the Site may be suitable for reuse as backfill to raise site grades (where required) 
or to be used as backfill against foundations or as trench backfill during installation of buried services, provided the 
material is free of deleterious materials and is within the optimum moisture content. The fill soils above groundwater 
table are anticipated to be generally near their optimum water content for compaction, whereas those soils below the 
groundwater level will likely be wet and well above their optimum water content for compaction.  

If the fill and native soils are to be reused as a backfill, it should be anticipated that reworking of the soils will be necessary 
to facilitate compaction through drying or slight wetting.  

All backfill operations and materials should be inspected and tested by qualified geotechnical personnel to confirm that 
proper material is utilized, and that adequate compaction is attained. 

5.5 Site Servicing 
From practical and economical point of view, considerations may be given to installing any site services within the 
shallow portion (upper 2 m) of the existing clean fill in order to avoid dewatering and shoring. If the service pipes placed 
on the existing fill, settlement of these pipes should be expected, and as such the service pipes may be sheared or 
distorted. This is especially troublesome with gravity flow lines, such as sewer pipes. Concrete bedding may be required 
to maintain the grade and integrity of the pipes. The design for shallow service pipes should consider the effect of frost 
action.  

The subgrade soils used to support the service pipes, should be visually inspected. Wet, loose, or otherwise unsuitable 
fills should be sub-excavated and replaced with concrete bedding or clean fills compacted to minimum of 95% SPMDD. 

 

6. Pavement Design 
Earth fill was encountered immediately beneath the topsoil or at the ground surface in all boreholes. The fill materials 
were frequently observed to be variable in density and containing organics, and construction debris.  

The fill condition may be suitable to support pavement and permeable paver for the potential multi-use trail, subject to 
proof-rolling, re-compaction and inspection. However, post construction settlement of the paved areas should be 
expected and regular maintenance and regrading will likely be required in the future to correct pavement profiles. The 
design of the paved areas should take into account the expected settlement after construction is complete. 

6.1 Flexible Asphalt Pavement  
6.1.1 Subgrade Preparation  
As mentioned above, the existing earth fill may be suitable to support pavement for the potential multi-use trail areas 
provided the exposed subgrade is proof rolled, recompacted, and free of all loose and deleterious materials (i.e., topsoil, 
organics, debris, etc.). It is recommended that any subgrade comprising of existing fill be inspected for obvious soft/loose 
areas and presence of deleterious materials.  

Due to the anticipated loose fill at this Site, raising the Site grade considerably may result in excessive settlement and 
should be carried out in stages and monitored, if required. The fill should be placed in large areas where it can be 
compacted by a heavy roller. Any fill placed to increase or level the grade must be compacted to a minimum 98 percent 
SPMDD in lifts not exceeding 200 mm. In-situ density testing to monitor the effectiveness of the compaction equipment 
in achieving the required densities is also recommended. 

6.1.2 Recommended Pavement Structure 
Due to the anticipated loose fill soils at the proposed pavement subgrade, it would be prudent to increase the thickness 
of the base and subbase layers. Also, considerations could be given to reinforcing/stabilizing the subgrade with geogrid.  
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The following table provides the recommended pavement structures for the multi-use trail. 

Pavement Layer Compaction Requirements Recommended Pavement Layer 
Thickness (mm) 

Surface Course Asphaltic Concrete 
HL3 (OPSS 1150) 

92% Maximum Relative 
Density (OPSS 310) 40 mm 

Base Course Asphaltic Concrete 
HL8 (OPSS 1150) 

92% Maximum Relative 
Density (OPSS 310) 60 mm 

Base Course: 
Granular ‘A’ 19mm Crusher Run 

(OPSS1010) 

100% Standard Proctor 
Maximum Dry Density 150 mm 

Sub-base Course: 
Granular ‘B’ 50mm Crusher Run 

(OPSS1010) 

100% Standard Proctor 
Maximum Dry Density 350 mm 

If pavement construction occurs in wet inclement weather, it may be necessary to provide additional subgrade support 
for construction traffic by increasing the thickness of the granular sub-base. 

6.1.3 Drainage  
Grading adjacent to pavement areas should be designed so that water is not allowed to pond adjacent to the outside 
edges of the pavement. Also, the pavement subgrade should be free of depressions and sloped (preferably at a minimum 
grade of two percent) to provide effective drainage toward the edge of pavement and toward catch basins.  

6.2 Permeable Pavement 
It is understood that the City requires recommendations for porous/permeable pavement to control the amount of runoff 
from the surrounding area by allowing precipitation and runoff to flow through the porous pavement. The following table 
provides the suggested porous/permeable pavement structures for the multi-use trail based generally on the United 
States Environmental Protection Agency (EPA) and the U.S Department of Transportation and the Federal Highway 
Administration (FHWA). 

Porous / Permeable Pavement Layer Recommended Layer Thickness (mm) 

Surface course of an open-graded/porous Asphalt Mix 

(19mm aggregate asphaltic mix) 
100 mm 

Filter course (19mm crushed stone) 50 mm 

Reservoir course (50mm crushed stone) 450 to 900 mm 

The thickness of the reservoir course varies depending on the storage volume required and frost penetration. It is 
recommended that a filter fabric be placed between the subgrade and the reservoir course.  

7. Analytical Tests 
During the field activities of this investigation, soil samples were collected from the boreholes at various depths above 
and below 1.5 mBGS to generally determine the quality of the onsite soils. The collected samples were placed into the 
appropriate pre-labelled containers supplied by ALS Environmental. The soil samples were placed in iced-filled coolers 
to ensure that the samples were below 10°C upon arrival at the laboratory for analysis.  
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Field screening of the boreholes and split spoon samples was conducted using an RKI Eagle-II photoionization detector 
(PID) to assess which depths had the highest potential for Volatile Organic Compounds (VOCs) concentration. Soil from 
these depths were collected for submission to the laboratory. 

Samples collected from above 1.5 mBGS were analysed for petroleum hydrocarbon (PHC) fractions F1 to F4, VOCs, 
polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and metals & inorganics. Samples from 
below 1.5 mBGS were analysed for semi-volatile organic compounds (SVOCs) in addition to these parameters. 

Five (5) representative leachate samples were submitted for metals and VOCs using a modified synthetic precipitation 
leaching procedure (mSPLP). 

A composite sample was submitted for metals & inorganics, PAHs, PHCs, PCBs, and VOCs using a Toxicity 
Characteristic Leaching Procedure (TCLP).  

The results of the chemical analyses are presented on the ALS Certificates of Analysis in Appendix D.  The following 
table summarizes the Leachate and TCLP Analysis exceedances. 

Analysis  Exceedance  Guideline Limit 
mSPLP Tetrachloroethylene* 

(Leachate 5, BH/MW1-22, 15’ to 17’ depth = 0.51 μg/L) 
0.5 μg/L 

TCLP No Exceedance   

Notes:  

Exceedances in orange meet O.Reg. 406/19 Table 3 ICC requirements but exceed RPI requirements.  

Red exceeds ICC Standards 

*An asterisk means the contaminant still meets O.Reg. 153/04 MECP Table 3 ICC concentration limits. 

 

The following table summarizes the Bulk Analysis exceedance 

Borehole ID Exceedance  Guideline Limit 

BH/MW1-22 Mercury* 
(BH1-S, 0’ to 2’ depth = 0.288 μg/g) 

0.27 μg/g 

BH2-22 No Exceedance   
BH3-22 EC 

(2.5’ to 4.5’ depth = 0.780 mS/cm) 
(5’ to 7’ depth = 0.769 mS/cm) 

0.7 mS/cm 

SAR 
(2.5’ to 4.5’ depth = 6.18) 

5 

Acenaphthylene* 
(5’ to 7’ depth = 0.144 μg/g) 

0.093 μg/g 

Anthracene* 
(5’ to 7’ depth = 0.422 μg/g) 

0.16 μg/g 

Benz(a)anthracene* 
(5’ to 7’ depth = 0.604 μg/g) 

0.5 μg/g 

Fluoranthene* 
(5’ to 7’ depth = 1.30 μg/g) 

0.69 μg/g 

BH4-22 No Exceedances  
BH/MW5-22 No Exceedances  

BH6-22 No Exceedances  
BH/MW7-22 SAR 

(BH7-D, 10’ to 12’ depth = 5.14) 
5 

Notes:  
Exceedances in orange meet O.Reg. 406/19 Table 3 ICC requirements but exceed RPI requirements.  
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Red exceeds ICC Standards 

* An asterisk means the contaminant still meets O.Reg. 153/04 MECP Table 3 ICC concentrations limits. 

Discussion  

All properties within the City of Toronto are MECP Table 3 sites for soil and groundwater. Groundwater within the City 
Limits is non-potable. 

O.Reg. 406/19 On-Site and Excess Soil Management standards for Residential, Parks, and Institutional land use (RPI) 
were applied to the bulk analysis. The mSPLP analysis was compared to O.Reg. 406/19 MECP Table 3.1 RPI Leachate 
Screening Levels and the TCLP analysis was compared to O.Reg. 347 Schedule 4 Leachate Quality Criteria to 
determine eligibility for landfill disposal. 

Upon review of the lab results in Appendix D, BH/MW1-22 exceeded O.Reg. 406/19 MECP Table 3.1 concentration 
limits for mercury (Hg) (0.288 μg/g > 0.27 μg/g) but meets O.Reg. 153/04 MECP Table 3.1 ICC concentration limits 
(0.288 μg/g < 3.9 μg/g). 

The results of the mSPLP analysis found that Leachate 5, which was also sampled from BH/MW1-22, exceeded the 
O.Reg. 406/19 MECP Table 3.1 Leachate Screening limit for tetrachloroethylene (PCE) (0.51 μg/g>0.5 μg/g). However, 
these samples comply with O.Reg. 153/04 ICC property use limits (0.51 μg/g < 1.9 μg/g), which apply to volumes of soil 
under 350 m3. Therefore, the soil from the BH/MW1-22 area can still be used at a Table 3 ICC property so long as the 
total volume transported offsite from the contaminated area is under 350 m3. 

Borehole BH3-22 exceeded O.Reg. 406/19 MECP Table 3.1 RPI limits for EC (>0.7 mS/cm), SAR (>5), acenaphthylene 
(>0.093 μg/g), anthracene (>0.16 μg/g), benzo(a)anthracene (>0.5 μg/g), and fluoranthene (>0.69 μg/g). However, these 
contaminants are all within O.Reg. 153/04 MECP Table 3 ICC concentration limits. Therefore, the soil from borehole 
BH3-22 area can still be used at another Table 3 ICC property so long as the total volume transported offsite from the 
contaminated area is under 350 m3. 

Borehole BH/MW7-22 exceeded MECP Table 3.1 RPI standards for SAR but not ICC property use standards. This soil 
can still be used in the project area under a paved roadway. 

All other boreholes complied with O.Reg. 406/19 MECP Table 3.1 RPI concentration limits.  

Recommendations 

Up to 350 m3 of soil each from the contaminated soils at the location of boreholes BH/MW1-22 and BH3-22 can be 
transported to separate MECP Table 3 ICC properties. After this, re-sampling of the excavated areas for mSPLP analysis 
is recommended to determine if the remainder complies with O.Reg. 406/19 MECP Table 3 ICC limits. Otherwise, the 
remainder must be disposed of at a secure landfill. 

Soil from the contaminated soil at the location of borehole BH/MW7-22 can still be used under a paved roadway onsite. 
Otherwise, it must be transported to another MECP Table 3.1 ICC receiving site. 

After the 350 m3 of soil has been removed, then resample the areas to see if the previous exceedance to O.Reg 406/19 
can now be met. 

All other soil outside the contaminated areas meets O.Reg. 406/19 MECP Table 3.1 RPI Standards and can remain 
onsite or be transported to a new Table 3.1 RPI site. 

Davroc makes no warranty, express or implied, as to whether or not excavated soils will be accepted by receivers. Off-
site receivers will likely require additional testing prior to acceptance of any soils. They may also reject soils based on 
other criteria, such as presence of organic material, rubble, or elevated moisture content.  

Notwithstanding the test results provided herein, soils with any evidence of anomalous fill, staining or odours should be 
stockpiled separately, covered with tarps, and this office should be immediately contacted so that additional testing may 
be performed to assess their environmental quality. 
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8. Limitations of the Investigation 
This report is intended solely for City of Toronto, and their designers and is prohibited for use by others without Davroc’s 
prior written consent. This report is considered Davroc’s professional work product and shall remain the sole property 
of Davroc. Any unauthorized reuse, redistribution of or reliance on the report shall be at the Client and recipient’s sole 
risk, without liability to Davroc. Client shall defend, indemnify and hold Davroc harmless from any liability arising from or 
related to Client’s unauthorized distribution of the report. No portion of this report may be used as a separate entity; it is 
to be read in its entirety and shall include all supporting drawings and appendices. 

The recommendations made in this report are in accordance with our present understanding of the project, the current 
site use, ground surface elevation and conditions, and are based on the work scope approved by the Client and 
described in the report. The services were performed in a manner consistent with that level of care and skill ordinarily 
exercised by members of geotechnical engineering professions currently practicing under similar conditions in the same 
locality. No other representations, and no warranties or representations of any kind, either expressed or implied, are 
made. Any use which a third party makes of this report, or any reliance on or decisions to be made based on it, are the 
responsibility of such third parties. 

All details of design and construction are rarely known at the time of completion of a geotechnical study. The 
recommendations and comments made in the study report are based on our subsurface investigation and resulting 
understanding of the project, as defined at the time of the study. We should be retained to review our recommendations 
when the drawings and specifications are complete. Without this review, Davroc will not be liable for any 
misunderstanding of our recommendations or their application and adaptation into the final design. 

By issuing this report, Davroc is the geotechnical engineer of record. It is recommended that Davroc be retained during 
construction of all foundations and during earthwork operations to confirm the conditions of the subsoil are actually 
similar to those observed during our study. The intent of this requirement is to verify that conditions encountered during 
construction are consistent with the findings in the report and that inherent knowledge developed as part of our study is 
correctly carried forward to the construction phases. It is important to emphasize that a soil investigation is, in fact, a 
random sampling of a site and the comments included in this report are based on the results obtained at the test locations 
only. The subsurface conditions confirmed at the test locations may vary at other locations. The subsurface conditions 
can also be significantly modified by the construction activities on site (e.g., excavation, dewatering and drainage, 
lasting, pile driving, etc.). These conditions can also be modified by exposure of soils or bedrock to humidity, dry periods 
or frost. Soil and groundwater conditions between and beyond the test locations may differ both horizontally and vertically 
from those encountered at the test locations and conditions may become apparent during construction which could not 
be detected or anticipated at the time of our investigation. Should any conditions at the site be encountered which differ 
from those found at the test locations, we request that we be notified immediately in order to permit a reassessment of 
our recommendations. If changed conditions are identified during construction, no matter how minor, the 
recommendations in this report shall be considered invalid until sufficient review and written assessment of said 
conditions by Davroc is completed. 
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We trust this report meets with your current requirements, should you require any further information, please do not 
hesitate to contact us.

                                                

                                         Yours truly,
                                                                      Davroc Testing Laboratories Inc.

                                                      Shubhagata Roy, M. Eng., P.Eng.
Geotechnical Engineer

          Ahmed Sorour, P.Eng.
          VP Geotechnical Materials Engineering and Testing

                                                                      Sal Fasullo, C.E.T.
                                                                      President

SR/AS/SF
22-0780-2 Geo-Report

April 13, 2023
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GENERAL OVERVIEW

Simcoe Geoscience Limited was commissioned to conduct Multichannel Analysis of Surface Waves (MASW) 
shear velocity testing for seismic site classification survey at 1 Brimley Road South at the Bluffers Park and Beach,
Toronto, Ontario, on behalf of Davroc & Associates Ltd. The survey was conducted on December 22nd, 2022. 

Two MASW soundings (MASW#1 & MASW#2) are acquired using receiver arrays of 3m geophone intervals. On 
the MASW#1 location, a 1m geophone interval sounding is acquired as well.  The data is intended to provide 
high-resolution shear wave velocity information from surface down to over 30 m. The geophones were setup in 
the park area and the spreads laid out with both Northeast-Southwest (MASW#1) and Northwest-Southeast
(MASW#2) orientations. Figure-1 shows the site and the MASW test locations.

Four (4) active shots and ten (10) passive records were measured and recorded for each sounding. The site was 
quiet in terms of surrounding vibration sources.  As a result, the quality of the data is excellent.  

Figure-1: MASW Sounding Location at Bluffers Park and Beach, Toronto, Ontario.
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FIELD PROCEDURE

The field setup of an MASW survey is to layout 24 geophones in a linear array, a similar set to that of a seismic 
refraction investigation. The MASW data acquisition principle involves generating an acoustic wave at the 
surface and digitally recording the surface waves from the moment of source impact (sledgehammer) “active 
source” with a linear series of geophones surface. 

For this study, data was collected with ABEM Terraloc Pro 2 seismograph - 24 channels and 4.5 Hz geophones. A
sledgehammer was used as the primary energy source with traces being recorded at 4 locations: approximately 
6 m and 25 m off both ends.  Figure-2 shows typical field setup for 3-meter receiver interval.

Figure-2: MASW 3-meter Spacing Field Setup, Geophones (orange), Shot Locations (red)

The passive survey (MAM) used the same geophone array set up as for the MASW survey. Unlike the MASW 
survey, the MAM method is considered a “passive source” method. There is no time break, and the motions 
recorded are from ambient energy generated by cultural noise such as traffic, wind, wave motion, etc. Data 
collection for the passive method involved recording approximately 10 minutes of background “noise” for each 
sounding.

The records generated by the MAM method contain lower frequency data, thus increasing the data modeling at 
greater depths. Typically, the MAM results help clarify the MASW results for depths greater than 20 m; however, 
the direction of noise propagation relative to the spread orientation can influence the results.
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DATA PROCESSING AND INTERPRETATION

MASW data were processed and interpreted using SeisImager Surface Wave Analysis to generate a 1-D (depth) 
shear-wave velocity (Vs) profile. The active and passive data were post-processed, and individual dispersion 
curves were generated and were stacked to generate one average dispersion image of the highest signal-to-
noise (S/N) ratio. Two separate dispersion images were generated, i.e., active, and passive records.

The passive image was prepared by stacking all individual dispersion images processed from ten (10) passive 
field records. This indicates surface wave energy accumulation at relatively lower frequencies (e.g., ≤ 10 Hz) 
where the active image significantly lacks any meaningful energy trend.

Finally, both active and passive dispersion images were combined to generate one combined dispersion curve 
that has the highest resolution and the broadest bandwidth in overall dispersion trend to extract the 
fundamental-mode dispersion curve (M0), which indicates that the modal interpretation of M0 is more 
confident in the combined image, and also the final 1-D velocity (Vs) profile will have an increased confidence 
level at deeper depths (e.g., ≥ 20 m) because of the lower frequencies (e.g.,  ≤ 10 Hz) can be extracted for the 
M0 curve. The M0 curve (Figure-3) was then used to generate the final 1-D shear-wave velocity (Vs) profile 
through the subsequent inversion process. A smoothing of the curve helped to minimize the noise of the data, 
which could produce extra layers in the 1D results. 

Figure-3: Combined Active-1m, Active-3m and Passive-3m Dispersion Curve for MASW#1.
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Figure-4: Combined Active and Passive Dispersion Curve for MASW#2.
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RESULTS

The calculated velocity profile indicates that the subsurface soils layers at the site consist of loose to compact 
soils in the upper 9 meters and compact to very dense soils below.  Two separate models have been created for 
the two soundings. The 1D model generated with inversion results for MASW#1 and MASW#2 are shown in
Figure-5 and Figure-6, respectively.

Sounding Depth Number of Layers Vs30, (Seismic Site Class)

MASW-1 0 – 35m 10 360.1 m/s (D)
MASW-2 0 – 35m 10 324.0 m/s (D)

According to these 1-D Vs profiles, the average Vs30 value is just above 360m/s and would fall under a site Class 
D (“Stiff Soil”) according to the seismic site classification codes adopted by National Building Codes of Canada
and the International Building Code (IBC).  The Seismic Site classification table is presented below.  However, an 
error margin must be incorporated into every set of calculations.  In this case there is modelling involved which 
means that there must be at least 10% error.  In order to qualify for a site class C the Vs30 would have to be 400 
m/s or more to cover this error margin.
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Figure-5: MASW-1 Sounding Layered Earth 1D Model
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Figure-6: MASW-2 Sounding Layered Earth 1D Model

It is important to note that data analysis and seismic site classification described in this report is based on MASW 
method only.  The results of MASW sounding can be superseded by other geotechnical information such as the 
presence of sensitive and/or liquefiable soils, more than 3 meters of soft clays, high moisture content, etc. It is 
important to consider other geotechnical information prior to further investigations on site. For more details 
about seismic site classification, the reader is referred to section 4.1.8.4 of the National Building Code of Canada,
2010 Edition.

RECOMMENDATIONS

1) The two soundings produce a seismic site class of D as the Vs30 is under 360m/s once error margin has 
been factored in.  MASW #1 has a higher Vs30 as it is further inland and likely has a combination of less 
fill material and bedrock less than 30 meters depth.

2) It is important to note that bedrock is not apparent in the upper 30 meters of MASW #2 but it may be 
present in the 23 to 30 meter range in the middle of MASW #1 which is further inland.  If the bedrock 
depth is important, then there is another simple seismic method for calculating bedrock depth around 
the property using a method called HVSR.
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We are committed to providing the next-generation ground and marine geophysical technologies and expertise 
to apply to all forms of engineering applications.  Please review the proposal carefully and note that we are open 
to discussion on all options. 

Respectfully submitted,

Milan Situm, P.Geo. FGC. 
Vice President and Senior Geophysicist
Simcoe Geoscience Limited
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MASW METHOD

First introduced in GEOPHYSICS (1999), the Multichannel Analysis of Surface Waves (MASW) method is one of 
the seismic survey methods evaluating the elastic condition (stiffness) of the ground for geotechnical 
engineering purposes. MASW first measures seismic surface waves generated from various types of seismic 
sources—such as sledgehammer—analyzes the propagation velocities of those surface waves, and then finally 
deduces shear-wave velocity (Vs) variations below the surveyed area that is most responsible for the analyzed 
propagation velocity pattern of surface waves. Shear-wave velocity (Vs) is one of the elastic constants and 
closely related to young’s modulus. Under most circumstances, Vs is a direct indicator of the ground strength 
(stiffness) and therefore commonly used to derive load-bearing capacity. After a series of processing and 
modeling procedures, final Vs information is provided in 1D, 2D and 3D formats. Figures below outline the basic
operating procedure for the MASW method and an example image of a typical MASW record and resulting 1D 
Vs model. The shear-wave depth profile is the average of the bulk area within the middle third of the geophone 
spread. The nominal maximum depth of penetration is half of the maximum seismic array length, which in 
practice is often influenced by the geology. A more detailed description of the method can be found in the paper 
Multi-channel Analysis of Surface Waves, Park, C.B., Miller, R.D. and Xia, J. Geophysics, Vol. 64, No. 3 (May-June 
1999); P. 800–808.

MASW Field Procedures and typical MASW Shot Record, Phase Velocity/Frequency Curve and Resulting 1D
Shear-Wave Velocity Model.
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Laboratory Certificates of Analysis 
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