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1.0 INTRODUCTION 

Golder Associates Ltd. (Golder) has been retained by Cole Engineering Group Ltd. (Cole) on behalf of the Town 

of Oakville to provide foundation engineering services in support of the planning and preliminary design 

purposes for the Oakville Midtown EA project. 

This report presents the results of the desktop study compiling available existing subsurface information, and 

providing preliminary foundation recommendations for five proposed bridge structures in the vicinity of Queen 

Elizabeth Way (QEW) and Trafalgar Road in Oakville, Ontario. The information provided in this desktop study 

report is intended for planning and preliminary design purposes only and is not sufficient for detail design.  A 

geotechnical investigation will be required at the proposed bridge structures during detail design to obtain 

subsurface information specific to the foundation locations and that information should be used for final design of 

the structure foundations and associated earthworks.   

The factual data, interpretations and recommendations contained in this report pertain to a specific project as 

described in the report and are not applicable to any other project or site location.  In addition, this report should 

be read in conjunction with the “Important Information and Limitations of This Report” contained in Appendix A of 

this report.  The reader’s attention is specifically drawn to this information, as it is essential for the proper use 

and interpretation of this report. 

 

2.0 SITE AND PROJECT DESCRIPTION 

The study area for the Oakville Midtown EA project is in the general vicinity of the QEW and Trafalgar Road 

interchange.  The study area extends to about Pearson Drive to the west, the QEW/Royal Windsor Drive 

Underpass to the east, the Morrison Wedgewood Diversion Channel to the north and Cross Avenue to the south.  

Based on the information provided, it is understood that five proposed bridge structure sites are being 

considered as part of the Oakville Midtown EA project; the approximate location of these sites are described 

below, and shown on Figure 1.   

 S1 – QEW eastbound (W-N/S) off-ramp underpass of Trafalgar Road. 

 S4 – QEW underpass structure, approximately 400 m east of Trafalgar Road. 

 S5 – Morrison Wedgewood Diversion Channel Crossing.  

 S6 – Overpass structure of Royal Windsor Drive and the W-N/S Ramp, approximately 600 m east of Eighth 

Line. 

 S8 – Overpass structure to carry Iroquois Shore Road over North Service Road 
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3.0 AVAILABLE INFORMATION 

3.1 Sources of Information 

This desktop study is based on information from previous investigations carried out by Golder Associated Ltd. as 

well as available subsurface information obtained from the existing reports available from Ministry of 

Transportation, Ontario (MTO) Pavement and Foundations Section’s GEOCRES database.  The results of these 

investigations are provided in the reports referenced below.  The relevant Record of Borehole sheets and 

laboratory testing results are provided in Appendix B of this report.   

 Golder Associates Ltd., Foundation Investigation and Design Report, Proposed High Mast Light Poles, 

QEW widening, From Third Line to 1 km east of Trafalgar Road, Oakville, Ontario dated September 

2009, Project No. 011-1128-3 HML, Geocres No. 30M5-259.  

 Golder Associates Ltd., Foundation Investigation and Design, Queen Elizabeth Way, Trafalgar Road to 

Highway 403, W.P. 67-98-00 District 4/6, Toronto dated November 1998, Project No. 981-1122, 

Geocres File No. 30M5-204.  

 Golder Associates Ltd., Foundation Investigation and Design, Royal Windsor Drive Underpass, Queen 

Elizabeth Way Highway 403, W.P. 98-23024, Agreement No. 9820-7411-9820, dated October 1999, 

Project No. 991-1140, Geocres File No. 30M5-205.  

 Associated Technical Services Limited, Foundation Investigation Report for Trafalgar Road 

Interchange, W.P. 1-79-07, QEW, District 4, Hamilton, dated February 1979, Geocres File No.  

30M5-120.  

 Ontario Ministry of Natural Resources, Ministry of Environment Water Well Information, dated 2012. 

 

4.0 SITE GEOLOGY AND SUBSURFACE CONDITIONS 

4.1 Regional Geology 

The proposed bridge structures are located within the Iroquois Plain physiographic region, as delineated in The 

Physiography of Southern Ontario (Chapman and Putnam, 1984)
1
. 

The glacial Iroquois Plain stretches along the northern shoreline of Lake Ontario, extending from the Niagara 

Escarpment in the west to the Scarborough Bluffs in the east. The Iroquois Plain soils consist of glaciolacustrine 

sediments deposited in Lake Iroquois – primarily sands, silts and gravels, with a shallow cover of till remaining 

over the bedrock.  

The bedrock underlying the Toronto area consists of three shale dominated units: from oldest to youngest, they 

are the Blue Mountain, Georgian Bay and Queenston Formations. These bedrock formations are essentially 

horizontally bedded, although on a regional scale, they dip gently to the south. The Georgian Bay Formation 

which underlies the study area consists mainly of blue-grey shale, containing siltstone, sandstone and limestone 

                                                      

1
 Chapman, L.J. and Putman, D.F., 1984.  The Physiography of Southern Ontario, Ontario Geological Society, Special Volume 2, Third Edition.  Accompanied by Map p. 2715, Scale 

1:600,000. 
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interbeds. Outcrops of this formation are commonly found along water courses on the west side of Toronto and 

in Mississauga, notably in the Humber River, Mimico Creek, Etobicoke Creek and Credit River valleys. 

 

4.2 Subsurface Conditions 

The anticipated subsurface conditions at each of the five proposed sites was collected from previous 

investigations carried out in the vicinity of the sites, as referenced in Section 3.0 above.  It should be noted that 

the existing information was collected for other projects, and that the subsurface conditions noted on the existing 

borehole logs may vary from the current conditions, particularly if construction activities have taken place 

subsequent to the date of the original investigations.  Copies of the relevant Record of Boreholes and laboratory 

testing results are provided in Appendix B of this report.   

In general, the subsurface conditions in the area of the five sites consist of variable fill materials overlying a 

relatively thin deposit of clayey silt to silty clay till/residual soil.  These cohesive native soils are inferred to 

represent both glacial till and residual soil (i.e. bedrock that has essentially completely weathered to become a 

soil and has not been transported from its original position) deposits.  In some boreholes, residual soil and/or till 

deposits were encountered separately while at other boreholes the till deposits transition into the underlying 

residual soils. The till/residual soil contains varying amounts of shale fragments and is underlain by Shale 

Bedrock.  Based on the subsurface conditions encountered, the five sites are located near a geological boundary 

between the Georgian Bay Formation which is predominantly grey in colour and the Queenston Formation which 

is predominantly red to reddish brown in colour and both bedrock formations were encountered at some of the 

sites.  The shale bedrock contains limestone, siltstone and sandstone interbeds that are generally stronger and 

less weathered than the surrounding shale. 

A more detailed description of the subsurface conditions encountered near each of the five bridge sites is 

described in the following sections. 

 

4.2.1 Site S1 – QEW off-ramp Underpass of Trafalgar Road 

The location of Site S1 is understood to be approximately 200 m south of Trafalgar Road in the vicinity of Argus 

Road and Davis Road.  A total of five boreholes (identified as Borehole 38, 39, 40, 45 and 46 from Geocres No. 

30M05-120) were advanced in the vicinity of Site S1 and utilized for the purpose of this desktop study report.   

The existing borehole information indicates that 0.3 m to 0.8 m of fill material is generally present in the area of 

Site S1; however, two of the existing boreholes (Boreholes 39 and 40) were advanced through the 

QEW/Trafalgar Road interchange embankment (north of Site S1) and encountered 7.6 m and 7.8 m of fill.  The 

fill material (including embankment fill) consists of silty clay and silty sand.  Where boreholes were advanced 

through roadways, asphalt underlain by ‘crushed stone’ and gravelly sand was present. Underlying the fill 

materials, a deposit of clayey silt to silty clay till/residual soil was encountered between depths of 0.3 m to 2.4 m.  

SPT ‘N’ values measured within the till/residual soil range from 13 blows to 68 blows per 0.3 m of penetration, 

suggesting a stiff to hard consistency.  A thin layer of gravelly sand, approximately 0.5 m thick, was encountered 

beneath the fill material in Boreholes 39 and 40 (Trafalgar Road interchange south embankment).  
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Both grey and red shale bedrock was encountered beneath the overburden soils at depths of 2.2 m to 2.4 m 

from ground surface near Argus Road/Davis Road and at depths of 8.3 m and 8.5 m from ground surface at the 

top of the Trafalgar Road interchange embankment.  The approximate bedrock elevation varies from about 

Elevation 99.2 m near Davis Road to Elevation 104.9 m north of Site S1 at the Trafalgar Road Interchange.   

The groundwater level measured in January 1979 in the vicinity of Site S1 was observed at a depth of about 0.6 

m within the fill materials in Borehole 38; corresponding to Elevation 105.9 m. 

 

4.2.2 Site S4 – QEW Underpass Structure, east of Trafalgar Road 

The location of Site S4 is understood to be approximately 400 m east of Trafalgar Road. A total of six boreholes 

(identified as Borehole 1 and 2 from Geocres No. 30M05-205 and Boreholes W35, W37, W39 and W40 from 

Geocres No. 30M5-259) were advanced in the vicinity of Site S4 and utilized for the purpose of this desktop 

study report.   

From the existing borehole information, fill material varying from sand and gravel to silty clay was encountered 

from ground surface to depths ranging from 0.8 m to 2.2 m below ground surface.  Four of the six boreholes 

were advanced through the QEW, encountering 0.2 m to 0.3 m of asphalt at ground surface.  Underlying the fill 

materials, a 0.6 m to 1.5 m thick deposit of clayey silt to silty clay till/residual soil was encountered.  In the 

till/residual soil deposit, measured Standard Penetration Test (SPT) ‘N’ values range from 6 blows to greater 

than 100 blows per 0.3 m of penetration, generally increasing with depth and suggesting a firm to hard 

consistency.   

Grey and reddish brown shale bedrock was described as being encountered beneath the overburden soils at 

depths of 2.1 m to 2.8 m below ground surface (corresponding to Elevations 103.4 m to 107.4 m).   

The groundwater level measured in August 1999 in the vicinity of Site S4 was observed at depths of about 3.7 m 

to 4.2 m below ground surface (Elevation 102.8 m to 103.8 m); approximately at or below the surface of the 

bedrock. 

 

4.2.3 Site S5 – Morrison Wedgewood Diversion Channel Crossing 

Structure Site S5 is understood to cross the Morrison Wedgewood Diversion Channel approximately 200 m east 

of Trafalgar Road.  Existing subsurface information in close proximity to the location of Site S5 was not publicly 

available.  However, for the purpose of this desktop study report, two boreholes (identified as Borehole 25 and 

26 from Geocres No. 30M05-120) advanced in the area of Trafalgar Road and Iroquois Shore Road 

(approximately 200 m southwest of the site) were considered.   

From the existing 1979 borehole information, the overburden material was encountered at ground surface and 

consisted of about 1.7 m of stiff to hard silty clay.  Red shale bedrock was described as being encountered 

beneath the overburden soils at Elevations 108.1 m and 109.2 m.   

The groundwater level measured in January 1979 in the area of Trafalgar Road and Iroquois Shore Road was 

observed at a depth of about 0.9 m below ground surface (Elevation 108.5 m); at about bedrock surface. 
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4.2.4 Site S6 – Overpass structure of Royal Windsor Drive and the W-N/S Ramp 

The location of Site S6 is understood to be approximately 600 m east of Eighth Line.  A total of five boreholes 

(identified as Boreholes 2 and 3 from Geocres No. 30M05-204 and Boreholes 9, 10 and 14 from Geocres No. 

30M5-205) were advanced in the vicinity (slightly north) of Site S6 and utilized for the purpose of this desktop 

study report.   

From the existing borehole information, the surficial fill material at ground surface consists of either topsoil or 

pavement fills depending on where the boreholes were drilled.  The layers of topsoil were up to about 180 mm in 

thickness, while the existing pavement structure consisted of about 300 mm of asphalt underlain by 300 mm of 

granular materials.  Underlying the topsoil or pavement materials, fill material varying from silty sand to silty clay 

containing trace topsoil and/or organics was encountered to depths ranging from 0.2 m to 1.5 m below ground 

surface. Approximately 0.4 m to 0.8 m of very stiff to hard clayey silt to silty clay till/residual soil was encountered 

beneath the fill materials.  Measured SPT ‘N’ values in the till generally range from 19 blows to 35 blows per  

0.3 m of penetration; however, ‘N’ values up to 50 blows per 0.02 m of penetration were also measured within 

the till near the surface of the bedrock.  

Grey shale bedrock was encountered beneath the overburden soils at depths of 1.5 m to 2.3 m below ground 

surface, or at about Elevation 102.4 m to Elevation 104.2 m.   

The groundwater level measured in a single well (Borehole 2) in October 1998 in the vicinity of Site S6 was 

observed at a depth of about 2.6 m below ground surface (Elevation 101.3 m); below the surface of the bedrock. 

 

4.2.5 Site S8 – Overpass structure to carry Iroquois Shore Road over North Service 
Road 

A total of three boreholes (identified as Boreholes 1 and 4 from Geocres No. 30M05-204 and Borehole 5 from 

Geocres No. 30M5-205) were advanced in the vicinity of Site S8 (slightly south) and utilized for the purpose of 

this desktop study report.   

From the existing borehole information, fill material varying from sandy silt to silty clay containing trace topsoil 

and/or organics was encountered from ground surface to a depth ranging from 0.2 m to 1.5 m below ground 

surface. Approximately 0.7 m to 0.9 m of clayey silt to silty clay till/residual soil was encountered beneath the fill 

materials.  Measured SPT ‘N’ values in the till were greater than 100 blows per 0.3 m of penetration, suggesting 

a hard consistency.   

Grey shale bedrock was encountered beneath the overburden soils at depths of 1.2 m to 1.5 m below ground 

surface, or at about Elevation 103.7 m to Elevation 105.5 m.   

The groundwater level measured in the vicinity of Site S8 was observed at a depth of about 2.6 m below ground 

surface (Elevation 101.3 m); below the surface of the bedrock. 
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5.0 DISCUSSION AND PRELIMINARY RECOMMENDATIONS 

5.1 General 

This section of the report provides preliminary foundation design recommendations for the five proposed bridge 

structures for the Oakville Midtown EA project in Oakville, Ontario.  The recommendations are based on 

interpretation of the factual data obtained from the boreholes completed as part of previous investigations in the 

area of the proposed structure sites.   

It is noted that the preliminary recommendations are based on existing borehole information that provides limited 

subsurface information in the general area of the structure site rather than at/within the foundation footprints of 

the proposed structures. The discussion and recommendations presented are intended to provide the designers 

with sufficient information to assess the feasible foundation alternatives and to carry out the preliminary design of 

the structure foundations for planning purposes, but is not sufficient for detail design.  Therefore, further 

investigation at the final location of the structure foundations is required during detail design to obtain subsurface 

information specific to the foundation locations and to confirm the subsurface conditions and provide sufficient 

information on which to base geotechnical recommendations for detail design. 

Where comments are made on construction, they are provided to highlight those aspects that could affect the 

preliminary design of the project, and for which special provisions or operational constraints may be required in 

the Contract Documents.  Those requiring information on the aspects of construction should make their own 

interpretation of the factual information provided as such interpretation may affect equipment selection, proposed 

construction methods, scheduling and the like.  This report addresses only the geotechnical (physical) aspects of 

the subsurface conditions at this site. 

 

5.2 Foundations Options 

During preparation of this desktop study report, the general location of the proposed structures were provided by 

Cole; however, details of the proposed structures and associated works (vertical alignment, bridge layout, 

retaining walls, etc.) are not known at this point in time.  As such, the following discussion provides general 

guidelines with respect to potential foundation alternatives for the proposed structure for use in the planning and 

preliminary design phase. 

As part of the proposed Oakville Midtown EA Project, new bridge structures are to be constructed within the 

vicinity of the QEW and Trafalgar Road interchange.  The new bridge structures will presumably be built in 

stages to maintain QEW traffic flow during bridge constructions.  With space restrictions and the requirement for 

temporary roadway protection adjacent to the travelled lanes and/or embankments of the QEW, the use of deep 

foundations (caissons or driven piles) for the new bridge supports may be a feasible foundation alternative which 

minimizes the depth of excavations by maintaining the pile cap level as high as possible.     

Shale bedrock is generally present at relatively shallow depth below ground surface at most of the sites such 

that shallow foundations (spread footings) supported on bedrock could be considered a feasible alternative for 

foundation support; however, it should be noted that deeper excavations at some structure sites and/or 

foundation elements may be required to found on bedrock.  Alternatively, caissons (drilled piers) extending into 

the shale bedrock, for support of the new bridge structure foundations may also be considered. 
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The following sections provide preliminary recommendations for foundation options to support the proposed five 

bridge structures in the area of the QEW/Trafalgar Road interchange. 

 

5.2.1 Shallow Foundations 

Strip or spread footings are considered feasible for the support of the new bridge structures, but may not be 

considered practical at every structure site.  Shallow foundations would have to be founded below the existing 

fill, on the native clayey silt to silty clay till or on the shale bedrock.  Based on the limited previous nearby 

investigations, the upper 2 m of bedrock is considered to be highly to moderately weathered and fractured 

compared to the underlying rock mass and as such, the geotechnical resistance for spread footings will depend 

on the chosen design founding level.  Consideration could be given to 1) placing the footings on the hard clayey 

silt to silty clay till/residual soil and the weathered bedrock surface or, 2) at a depth of 2.0 m below the surface of 

the bedrock (i.e. below the weathered bedrock).  For these two shallow foundation options, Table 1 provides 

estimated minimum depths and maximum elevations that may be used for preliminary design purposes. 

 

Table 1: Estimated Founding Depths/Elevations 

Structure 

Founded on Hard Clayey Silt to Silty Clay 

Till/Residual Soil  

or the Upper Weathered Shale Bedrock 

Founded on the Slightly Weathered Shale 

Bedrock  

(minimum 2 m below the bedrock surface) 

Estimated Minimum 

Founding Depth 

(m) 

Estimated Maximum 

Founding Elevation 

(m) 

Estimated Minimum 

Founding Depth  

(m) 

Estimated Maximum 

Founding Elevation 

(m) 

S1 1.2 to 2.1 100.5 4.0 98.0 

S4 1.5 104.5 4.5 101.5 

S5 n/a* n/a* 3.5 109.0 

S6 1.5 103.0 to 104.0 3.5 to 4.5 100.5 to 101.0 

S8 0.8 104.5 3.5 102.0 

 *Existing subsurface information is not available 

 

All spread footings should be provided with a minimum of 1.2 m soil cover for frost protection.  In addition, the 

bearing soil and fresh concrete should be protected from freezing during cold weather construction. 

The following values for factored axial geotechnical resistance at Ultimate Limit States (ULS) and geotechnical 

reaction at Serviceability Limit States (SLS) may be assumed for preliminary design and planning purposes.  For 

spread footings placed on the hard clayey silt/silty clay till or slightly weathered shale bedrock, the geotechnical 

resistance at SLS for 25 mm of settlement will be greater than the factored axial resistance at ULS and as a 

result, ULS conditions will govern.  
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Table 2: Preliminary Geotechnical Axial Resistances for Shallow Foundations 

Founding Stratum 

Geotechnical Resistance (kPa) 

Factored ULS 
SLS (for 25 mm 
of settlement) 

Hard clayey silt/silty clay till or  
Surface of the shale bedrock 

600 400 

Slightly weathered shale bedrock 1,000 - 

 

The geotechnical axial resistances and founding depths/elevations provided above are based on limited 

subsurface information and should be considered as preliminary.  Additional geotechnical investigation(s) at the 

proposed footing locations will be required to obtain additional subsurface information for detail design, and in 

particular the bedrock conditions, to confirm the design recommendations and founding elevations.  

 

5.2.2 Socketted Caissons 

As discussed above, the upper 2 m of bedrock is considered to be highly to moderately weathered and fractured 

compared to the underlying rock mass and as such, the upper 2 m of the bedrock should be discounted when 

assessing the required caisson socket length into bedrock.  The caissons should be extended through the 

weathered shale and founded within the underlying less weathered to fresh shale bedrock.  The surface of the 

slightly weathered shale bedrock is provided in Table 1 above. 

The factored geotechnical axial resistance at ULS for 0.6 m diameter and 0.9 m diameter caissons provided 

below may be used for preliminary design.  The SLS value for 25 mm of settlement will be greater than the 

factored ULS values; therefore the ULS conditions will govern for this case. 

 
Table 3: Preliminary Geotechnical Axial Resistances for Caissons 

Caisson 
Diameter (m) 

Factored Axial Geotechnical Resistance at ULS (kN)  

 2 m Bedrock Socket 3 m Bedrock Socket 

0.6 1,600 2,500 

0.9 3,200 4,000 

1.5 5,700 7,500 

 

The above preliminary geotechnical resistances assume:  

 The caisson has a minimum socket length of 2 m to 3 m within the slightly weathered shale 

bedrock (i.e. typically about 3.5 m below bedrock surface), as indicated above; 

 Appropriate equipment is used to clean the base of the caisson, and 

 Inspection of the base of the caisson is carried out by qualified personnel, (likely using remote 

instrumentation) to confirm the adequacy of the base. 
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The resistances provided above will have to be re-evaluated and modified, as necessary, during detail design in 

consideration of the additional subsurface investigation at the foundation elements. 

The above resistances are provided for a single caisson. Group effects may need to be considered for closely 

spaced caissons (less than about 3 caisson diameters).  

The performance of caissons in compression will depend to a large degree upon the final cleaning and 

verification of the condition of the base of the caisson.  The base of each caisson excavation must be cleaned to 

remove all loose cuttings to ensure that the concrete is in intimate contact with the competent bearing stratum. A 

temporary or permanent liner may be required to support the overburden and weathered bedrock during 

construction and to permit inspection and cleaning of the caisson base if the design relies on visual inspection.  

Groundwater seepage should be expected into the caissons given the highly fractured nature of the bedrock; this 

may preclude visual inspection and therefore, alternate measures to ensure adequate cleaning of the base will 

be required through full length liner installation and pumping from the caisson excavations. 

The shale bedrock contains limestone interbeds within its matrix that are significantly harder/stronger than the 

shale. These hard rock obstructions may pose difficulties during the advancing of caissons/temporary liners (if 

required).  Where encountered, these harder interbeds may require significant effort to penetrate, depending on 

their thickness.   

All caisson caps should be founded at a minimum depth of 1.2 m below final ground surface grade or provided 

with an equivalent thickness of insulation above the cap for frost protection, in accordance with OPSD 3090.101 

(Foundation Frost Penetration Depths for Southern Ontario). 

 

5.2.3 Driven Steel H-Piles 

Driven steel H-piles are considered an option for support of the foundations for the proposed bridges and allow 

for integral foundation design; however, assuming a pile cap level as high as possible with the base at/below the 

frost penetration depth (i.e. minimum 1.2 m below final grade), the piles would have to extend below the bedrock 

surface in order to achieve an adequate length of the piles for integral abutment design (i.e. 5 m).  It is noted that 

the glacial till deposit overlying the bedrock has high (greater than 100 blows per 300 mm) ‘N’ values and likely 

contains cobbles and boulders.  The H-piles could therefore “hang up” and make it difficult to get the piles 

though the deposit to the bedrock (although further investigation is required in this regard at the detail design 

stage).  Pre-augering through the till deposit and/or bedrock is likely required at most sites and could be 

considered as an option.     

Due to shallow bedrock, driven steel H-piles may not be practical for support of the structure foundations at the 

five sites.  If the proposed bridge structures are to extend through existing road embankments (i.e. possibly at 

Sites S6 and S8), adequate pile lengths may be achievable and therefore, a feasible option. 

Where applicable, the foundations may be supported on steel H-piles driven to found on or socketed into the 

shale bedrock at the proposed bridge structures.  Based on the existing information, for HP310x110 piles driven 

to bedrock, the factored axial geotechnical resistances at Ultimate Limit States (ULS) for preliminary design of 

the foundations provided below may be considered.  The axial resistance at Serviceability Limit States (SLS) for 

25 mm of settlement will be greater than the factored ULS value; therefore the ULS conditions will govern for this 

case. 
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Table 4: Preliminary Geotechnical Axial Resistance for Driven Steel H-Piles 

Approximate 
Pile Length 

Factored Axial 
Geotechnical 

Resistance at ULS 
(kN) 

Axial Geotechnical 
Resistance at SLS (kN, 

for 25 mm of 
settlement) 

8 m 1,400 N/A 

 

The pile caps should be constructed at a minimum depth of 1.2 m below final ground surface for frost protection 

purposes, per OPSD 3090.101 (Foundation Frost Depths for Southern Ontario). 

For the installation of steel H-piles, consideration must be given to the potential presence of cobbles and 

boulders within the glacial soil deposits.  The piles should be reinforced at the tip with appropriate driving shoes 

to penetrate the obstructions and seat the piles into the bedrock.   

The preliminary geotechnical axial resistance provided above will have to be re-evaluated and modified, as 

necessary, during detail design in consideration of the additional subsurface investigation at the foundation 

elements particularly with regard to whether pre-augering prior to pile driving is required. 

The resistances provided above will have to be re-evaluated and modified, as necessary, during detail design in 

consideration of the additional subsurface investigation at the foundation elements 

 

5.3 Resistance to Lateral Forces 

Resistance to lateral forces / sliding resistance between the concrete footings and the subgrade should be 

calculated in accordance with Section 6.7.5 of the Canadian Highway Bridge Design Code (CHBDC).  For 

assessment of sliding resistance for preliminary design, the coefficient of friction between cast in place concrete 

and clayey silt to silty clay till/residual soil or the shale bedrock may be taken as 0.45. 

 

5.4 Seismic Consideration 

According to Section 4.4.4 of the Commentary to the CHBDC (2006), this site is located in Seismic Performance 

Zone 1.  The site-specific zonal acceleration ratio, A, for Oakville area is 0.05.  For preliminary seismic design 

purposes, the Site Coefficient, S, for this site in accordance with Section 4.4.6 of the CHBDC (2006) may be 

taken as 1.0 consistent with Soil Profile Type I.   

 

5.5 Construction Considerations 

The following subsections identify future construction considerations that should be considered at this stage as 

they may impact the planning and preliminary design.   
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5.5.1 Excavation and Temporary Roadway Protection 

All temporary excavations should be carried out in accordance with the Occupational Health and Safety Act and 

Regulations for Construction Projects.  The existing fill is classified as Type 3 soil; the stiff to hard Upper Till 

Deposit is classified as Type 2 soil under the Act.  Based on the subsurface conditions, temporary open-cut 

excavations (for example, for shallow foundations) in the Till Deposit may be made with side slopes oriented at 1 

horizontal to 1 vertical (1H:1V), with flatter slopes through the fill materials and granular soils if encountered. 

At this preliminary/planning design stage, it is anticipated that temporary roadway protection will be required 

along QEW (and other arterial roads) to facilitate the staged construction of the new structures.  These 

temporary excavation support systems should be designed and constructed in accordance with OPSS 539 

(Temporary Protection Systems).  The lateral movement of the temporary shoring system should meet 

Performance Level 2 as specified in OPSS 539. 

 

5.5.2 Groundwater Control 

Measured groundwater levels across the five study areas obtained from previous 1979 to 1999 investigations 

were about 0.6 m to 4.2 m below ground surface (at the time of these investigations) and generally indicate that 

the groundwater elevation slopes towards the south to Lake Ontario.  Most existing boreholes were dry upon 

during drilling, and where water was encountered, measurements were taken in open boreholes after completion 

of drilling (except in a well at Site S6).  The shallow groundwater measurements (i.e. less than 1 m below ground 

surface) were typically encountered within or just below the fill materials.  Groundwater is anticipated to occur 

from “perched” water within existing fills.   

Assuming excavation depths extend through the cohesive till deposit and into the shale bedrock (i.e. granular 

soils are not anticipated at the sites), the seepage volumes are expected to be relatively small, such that the 

water inflow can be handled by pumping from filtered sumps placed at the base of the excavations.  Granular 

soils generally were not present on the existing available borehole logs, with the exception of a thin layer of sand 

encountered beneath fill materials north of Site S1.  If granular soils are encountered during detail investigations, 

some form of groundwater control may need to be considered.  An assessment should be made at detailed 

design with respect to anticipated seepage volumes and whether or not a Permit to Take Water (PTTW) is 

required for the construction of the foundations.   

 

5.5.3 Obstructions  

The soils at this site are glacially derived and as such should be expected to contain cobbles and boulders, and 

the shale bedrock is expected to contain interbeds of limestone, which could both affect the installation of deep 

foundations or protection systems.  Further observation is recommended at the detailed design stage of 

investigation for the presence of cobbles and/or boulders as the boreholes are advanced.  Construction 

equipment suitable for penetrating/removing such obstructions and bedrock should be anticipated for 

construction of the foundations at each bridge site.   
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5.6 Recommendations for Further Work for Detail Design 

Additional investigation will be required within the footprint of the new structure foundations at each of the five 

sites and the approach embankment widening areas to further assess and/or confirm the subsurface conditions 

and the preliminary recommendations provided in this report.   

All further work for detail design should be done in accordance with MTO’s “Guidelines of Foundation 

Engineering – Geotechnical Speciality for Corridor Encroachment Permit Application”, dated April 2008. 

 

6.0 CLOSURE 

We trust that this desktop study report meets your current planning and preliminary design requirements.  If you 

have any questions regarding the contents of this report, please do not hesitate to contact this office. 
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Standard of Care: Golder Associates Ltd. (Golder) has prepared this report in a manner consistent with that 

level of care and skill ordinarily exercised by members of the engineering and science professions currently 

practising under similar conditions in the jurisdiction in which the services are provided, subject to the time limits 

and physical constraints applicable to this report. No other warranty, expressed or implied is made. 

Basis and Use of the Report: This report has been prepared for the specific site, design objective, 

development and purpose described to Golder by the Client. The factual data, interpretations and 

recommendations pertain to a specific project as described in this report and are not applicable to any other 

project or site location. Any change of site conditions, purpose, development plans or if the project is not initiated 

within eighteen months of the date of the report may alter the validity of the report. Golder can not be 

responsible for use of this report, or portions thereof, unless Golder is requested to review and, if necessary, 

revise the report. 

The information, recommendations and opinions expressed in this report are for the sole benefit of the Client. No 

other party may use or rely on this report or any portion thereof without Golder’s express written consent. If the 

report was prepared to be included for a specific permit application process, then upon the reasonable request 

of the client, Golder may authorize in writing the use of this report by the regulatory agency as an Approved User 

for the specific and identified purpose of the applicable permit review process. Any other use of this report by 

others is prohibited and is without responsibility to Golder. The report, all plans, data, drawings and other 

documents as well as all electronic media prepared by Golder are considered its professional work product and 

shall remain the copyright property of Golder, who authorizes only the Client and Approved Users to make 

copies of the report, but only in such quantities as are reasonably necessary for the use of the report by those 

parties. The Client and Approved Users may not give, lend, sell, or otherwise make available the report or any 

portion thereof to any other party without the express written permission of Golder. The Client acknowledges that 

electronic media is susceptible to unauthorized modification, deterioration and incompatibility and therefore the 

Client can not rely upon the electronic media versions of Golder’s report or other work products. 

The report is of a summary nature and is not intended to stand alone without reference to the instructions given 

to Golder by the Client, communications between Golder and the Client, and to any other reports prepared by 

Golder for the Client relative to the specific site described in the report. In order to properly understand the 

suggestions, recommendations and opinions expressed in this report, reference must be made to the whole of 

the report. Golder can not be responsible for use of portions of the report without reference to the entire report. 

Unless otherwise stated, the suggestions, recommendations and opinions given in this report are intended only 

for the guidance of the Client in the design of the specific project. The extent and detail of investigations, 

including the number of test holes, necessary to determine all of the relevant conditions which may affect 

construction costs would normally be greater than has been carried out for design purposes. Contractors bidding 

on, or undertaking the work, should rely on their own investigations, as well as their own interpretations of the 

factual data presented in the report, as to how subsurface conditions may affect their work, including but not 

limited to proposed construction techniques, schedule, safety and equipment capabilities. 

Soil, Rock and Groundwater Conditions: Classification and identification of soils, rocks, and geologic units 

have been based on commonly accepted methods employed in the practice of geotechnical engineering and 

related disciplines. Classification and identification of the type and condition of these materials or units involves 

judgment, and boundaries between different soil, rock or geologic types or units may be transitional rather than 

abrupt. Accordingly, Golder does not warrant or guarantee the exactness of the descriptions.
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Special risks occur whenever engineering or related disciplines are applied to identify subsurface conditions and 

even a comprehensive investigation, sampling and testing program may fail to detect all or certain subsurface 

conditions. The environmental, geologic, geotechnical, geochemical and hydrogeologic conditions that Golder 

interprets to exist between and beyond sampling points may differ from those that actually exist. In addition to 

soil variability, fill of variable physical and chemical composition can be present over portions of the site or on 

adjacent properties. The professional services retained for this project include only the geotechnical aspects of 

the subsurface conditions at the site, unless otherwise specifically stated and identified in the report. The 

presence or implication(s) of possible surface and/or subsurface contamination resulting from previous activities 

or uses of the site and/or resulting from the introduction onto the site of materials from off-site sources are 

outside the terms of reference for this project and have not been investigated or addressed. 

Soil and groundwater conditions shown in the factual data and described in the report are the observed 

conditions at the time of their determination or measurement. Unless otherwise noted, those conditions form the 

basis of the recommendations in the report. Groundwater conditions may vary between and beyond reported 

locations and can be affected by annual, seasonal and meteorological conditions. The condition of the soil, rock 

and groundwater may be significantly altered by construction activities (traffic, excavation, groundwater level 

lowering, pile driving, blasting, etc.) on the site or on adjacent sites. Excavation may expose the soils to changes 

due to wetting, drying or frost. Unless otherwise indicated the soil must be protected from these changes during 

construction. 

Sample Disposal: Golder will dispose of all uncontaminated soil and/or rock samples 90 days following issue of 

this report or, upon written request of the Client, will store uncontaminated samples and materials at the Client’s 

expense. In the event that actual contaminated soils, fills or groundwater are encountered or are inferred to be 

present, all contaminated samples shall remain the property and responsibility of the Client for proper disposal. 

Follow-Up and Construction Services: All details of the design were not known at the time of submission of 

Golder’s report. Golder should be retained to review the final design, project plans and documents prior to 

construction, to confirm that they are consistent with the intent of Golder’s report. 

During construction, Golder should be retained to perform sufficient and timely observations of encountered 

conditions to confirm and document that the subsurface conditions do not materially differ from those interpreted 

conditions considered in the preparation of Golder’s report and to confirm and document that construction 

activities do not adversely affect the suggestions, recommendations and opinions contained in Golder’s report. 

Adequate field review, observation and testing during construction are necessary for Golder to be able to provide 

letters of assurance, in accordance with the requirements of many regulatory authorities. In cases where this 

recommendation is not followed, Golder’s responsibility is limited to interpreting accurately the information 

encountered at the borehole locations, at the time of their initial determination or measurement during the 

preparation of the Report. 

Changed Conditions and Drainage: Where conditions encountered at the site differ significantly from those 

anticipated in this report, either due to natural variability of subsurface conditions or construction activities, it is a 

condition of this report that Golder be notified of any changes and be provided with an opportunity to review or 

revise the recommendations within this report. Recognition of changed soil and rock conditions requires 

experience and it is recommended that Golder be employed to visit the site with sufficient frequency to detect if 

conditions have changed significantly. 

Drainage of subsurface water is commonly required either for temporary or permanent installations for the 

project. Improper design or construction of drainage or dewatering can have serious consequences. Golder 

takes no responsibility for the effects of drainage unless specifically involved in the detailed design and 

construction monitoring of the system. 
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APPENDIX C  
Site S5 
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APPENDIX D  
Site S6 
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APPENDIX E  
Site 8 
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