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PRELIMINARY FOUNDATION INVESTIGATION REPORT 
For 

G.W.P 3070-09-00 
 

Westminster Drive Underpass 
City of London 

1.0 Introduction 

Stantec Consulting Ltd. (Stantec) was retained by the Ministry of Transportation, Ontario (MTO) 
to undertake a preliminary design for the replacement of the existing Westminster Drive 
Underpass at Highway 401 in the City of London, Ontario.   

This Foundation Investigation Report has been prepared specifically and solely for the proposed 
bridge replacement structure.   

Project Number: G.W.P.:  3070-09-00 

Project Location: Westminster Drive and Highway 401, London 
    
The work was carried out under Agreement Number 3009-E-0028 with Stantec Consulting Ltd., 
the Preliminary Design Consultant for this project.   

2.0 Site Description and Geology 

Site Location 

The site location is shown on the Key Plan inset to Drawing No. 1, provided in Appendix A.  At 
the project site, Westminster Drive runs approximately in the northwest-southeast direction 
while Highway 401 runs approximately in the southwest-northeast direction.  For the purpose of 
this project, Westminster Drive is assumed to run in the north-south direction while Highway 401 
is assumed to run in the east-west direction.  Chainage increases from south to north on 
Westminster Drive and west to east on Highway 401. 

General Site Description  

At the project site, Westminster Drive is carried over Highway 401 by a single-span bridge 
(Westminster Drive Bridge).  Highway 401 is a six lane (three lanes in each direction) divided 
freeway.  The span of the existing bridge across Highway 401 is approximately 25 m.   
Westminster Drive currently has a single lane in each direction and the traffic is controlled by a 
“stop condition” located on either side of the bridge structure.  Photographs 1 through 4 show 
the general site features.   
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The existing drainage at this site consists of catch basins along the paved center median 
leading to storm sewers, and ditches and culverts along the outside lanes. 

Physiographic Description 

The site is located within a physiographic region known as the Mount Elgin Ridges (Chapman 
and Putnam, 1984).  The ridges are generally moraines of pale brown calcareous clay or silty 
clay, whereas the vales generally consist of alluvium deposits of gravel, sand or silt.  These 
regions were formed from clay till similar to that of Wyoming Moraine and the Stratford plain.  
The surficial deposits in the region generally consist of clay loam, silt loam and sands.  

In the vicinity of the project site the terrain is generally undulating with gentle slope and hence 
good natural drainage in some areas. 

3.0 Investigation Procedures  

3.1 FIELD INVESTIGATION 

The geotechnical investigation for the preliminary design of the bridge foundations for the 
proposed replacement structure included two boreholes in the vicinity of the existing 
Westminster Drive alignment.  These boreholes are designated BH11-1 and BH11-2, and their 
locations are shown on the Borehole Location Plan, Drawing No. 1 in Appendix A.     

Prior to carrying out the investigation, Stantec contacted the public utility authorities to clear the 
borehole locations of both private and public utilities.  

The field drilling program was carried out from March 1 through March 26, 2011. The boreholes 
were advanced using a combination of continuous flight hollow stem augers at shallow depths 
and N and B casings at deeper locations.  Drilling was carried out with a truck-mounted CME 75 
drill rig equipped for soil and bedrock sampling. The drilling equipment was owned and operated 
by DBW Drilling Ltd. of Ajax, Ontario.   

The subsurface stratigraphy encountered in each borehole was recorded in the field by an 
experienced Stantec field technician.  Split spoon samples were collected at regularly spaced 
intervals (every 760 mm for up to 6 m below existing ground surface and every 1.5 m for deeper 
strata).  A pocket penetrometer was used to estimate the undrained shear strength where 
cohesive soil was encountered.  All samples recovered were returned to Stantec’s Ottawa 
laboratory for detailed classification and testing.   

It is noted that during drilling, frequent cobbles and occasional boulders were encountered in 
both boreholes advanced for this project.  Drilling difficulties, due to the presence of highly 
permeable soils were encountered during the course of the investigation. 
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After completion of drilling, boreholes were backfilled with a mix of bentonite powder and stone 
dust (crushed gravel) and sealed with cold asphalt patch. 

3.2 LOCATION AND ELEVATION SURVEY 

The ground surface elevation at each borehole location was surveyed on March 2, 2011, with 
reference to a Concrete Monument at 17T 480545 4749568 (Ontario Department of Highways 
#227).   The geodetic elevation of this benchmark, provided by Callon Dietz of London, Ontario, 
is 264.3 m.  Offsets were measured with respect to Westminster Drive centerline.  Summary 
information pertaining to the boreholes included in this report is given in Table 3.1.   

Table 3.1:  Borehole Information Summary 
 Boreholes 

11-1 11-2 
MTM Zone 10 Coordinates 
Northing 
Easting 

 
4751747 
407749 

 
4751704 
407816 

Offset, m 2.7 Rt CL 1.8 Lt CL 

Ground Surface Elevation, m 268.0 267.5 

Total Depth Drilled, m 40.8 36.9 

End of Borehole Elevation, m 227.2 230.6 

Depth Augered, m 40.8 36.9 

Number of Soil Samples 29 19 
Notes: (1) CL = centerline, Rt = right, and Lt = left; offsets are given with respect to the centreline of 

Westminster Drive; (2) No bedrock coring was carried out at this site.  

3.3 LABORATORY TESTING 

All samples were taken to our Ottawa laboratory where they were subjected to a detailed visual 
examination by a Geotechnical Engineer.  Routine soil testing was carried out on selected soil 
samples. The tests carried out included plasticity testing (8 samples), grain size analysis (15 
samples) and moisture content testing (44 samples).  Three samples were submitted to Parcel 
Laboratories of Ottawa for analysis of pH, soluble sulphate content, chloride content and 
resistivity.  

Samples remaining after testing will be placed in storage for a period of one year after issuance 
of the final report.  After the storage period, the samples will be discarded unless we are 
directed otherwise by MTO. 
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4.0 Subsurface Conditions 

4.1 GENERAL 

The subsurface conditions observed in the two boreholes included in this report are presented 
in detail on the Borehole Records provided in Appendix B.  An explanation of the symbols and 
terms used to describe the Borehole Records is also provided in Appendix B.  

It is noted that geotechnical investigation results for four boreholes in the immediate vicinity of 
the existing Westminster Bridge structure were made available to Stantec by MTO (Geocres 
Report No. 40I14-78).  These investigation results are also included in Appendix B.  Based on 
this report, the subsurface condition at the four boreholes included approximately 600 mm to 
750 mm thick fill over sandy clay till over glacial sands and gravel over sandy silt (till).  The 
maximum depth of exploration was approximately 11.0 m. 

In general, the subsurface stratigraphy consisted of asphalt over roadway and embankment fill 
material over a silty clay deposit over a sandy silty clay till over a poorly graded sand (with 
gravel) deposit over till.  For the purpose of this report, the subsurface materials encountered at 
the site can be grouped into the following six stratigraphic regions (zones):  

Pavement 
Roadway granular fill 
Embankment fill 
Silty clay 
Sandy silty clay till 
Sand (medium to coarse)  
Glacial till 

It is noted that the subsurface profile encountered in the current two boreholes is generally 
consistent with that from the four boreholes summarized above (Geocres Report No. 40I14-78). 

Descriptions of these strata are given below.  Borehole location plans and stratigraphic sections 
of the soils encountered within the boreholes are provided on Drawing No. 1 in Appendix A.   

4.2 OVERBURDEN 

4.2.1 Pavement  

Asphalt pavement was encountered in both boreholes.  The observed asphalt thicknesses were 
120 to 150 mm.   
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4.2.2 Roadway Granular Fill 

A granular fill material was encountered in both boreholes immediately beneath the asphalt 
pavement.  The thickness of the granular fill was approximately 500 mm, extending to 
elevations of 267.3 to 267.0 m.  The fill was predominantly composed of silty sand with gravel.   

4.2.3 Embankment Fill 

This fill was encountered in both boreholes immediately beneath the roadway granular fill.  The 
thickness of the embankment fill varied from 3.8 to 5.1 m and extended to bottom elevations of 
262.2 to 263.1 m.   

The embankment fill was predominantly composed of sandy (lean) clay with varying proportions 
of sand and trace gravel.  The Standard Penetration Test results (SPT N-values) for the 
embankment fill ranged from 6 to 27 blows/0.3 m indicating a firm to very stiff consistency. 

Index tests carried out on two representative samples from this fill yielded the following results: 

Gravel:   3% 
Sand:   30-32% 
Silt:   37-49% 
Clay:   18-28% 
Moisture Content: 7-20% 

Atterberg limits tests carried out on two samples from this layer indicated a plasticity index (PI) 
ranging from 12 to 17%.  The embankment fill material is classified as sandy lean clay (CL) 
according to the Unified Soil Classification System (USCS).   

Representative grain size distribution plot and the corresponding plasticity chart for this fill are 
given in Figures 1 and 6 in Appendix C, respectively. 

4.2.4 Silty Clay 

This deposit was encountered in both boreholes immediately beneath the embankment fill.  The 
thickness of the deposit varied from approximately 2.9 to 3.7 m and extended to elevations 
ranging from 260.2 to 258.6 m.    

This deposit was predominantly composed of silty (lean) clay with trace amounts of sand and 
gravel.   The SPT N-values for this deposit ranged from 14 to 46 blows/0.3 m indicating a stiff to 
hard consistency.  Pocket penetrometer testing carried out indicated undrained shear strength 
measurements of 175 to 300 kPa, indicating a very stiff consistency. 
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Index tests carried out on four representative samples from this deposit yielded the following 
results: 

Gravel:   0-1% 
Sand:   13-20% 
Silt:         45-50% 
Clay:   29-43% 
Moisture Content: 12-17% 

Atterberg limits tests carried out on four representative samples from this layer indicated a 
plasticity index range of 11-18%.  The material of this deposit is classified as lean silty clay (CL) 
according to the USCS. 

Representative grain size distribution plot and the corresponding plasticity charts for this fill are 
given in Figures 2 and 6 in Appendix C, respectively. 

4.2.5 Sandy Silty Clay Till  

This deposit was encountered in both boreholes immediately beneath the silty clay deposit 
described above.  The thickness of this deposit ranged from 3.1 to 4.2 m and extended to 
elevations of 257.1 to 254.3 m.    

This deposit was composed predominantly of sandy silty clay.  Frequent cobbles and boulders 
were also encountered in this deposit.  The SPT N-values for this deposit ranged from 25 to 
greater than 100 blows/0.3 m indicating a very stiff to hard consistency. 

Index tests carried out on one representative sample from this deposit yielded the following 
results: 

Gravel:   5% 
Sand:   40% 
Silt:   40% 
Clay:   15 
Moisture Content: 9-19% 

Atterberg limits tests carried out on one representative sample from this layer indicated a 
plasticity index of 6%.  The material of this till deposit is classified as sandy silty clay (CL-ML) 
according to the USCS.  

The grain size distribution plot and the corresponding plasticity chart for the sample obtained 
from this deposit are shown in Figure 3 and 6 in Appendix C, respectively. 

4.2.6 Medium to Coarse Sand 

This deposit was encountered in both boreholes immediately beneath the sandy silty clay till 
deposit.  The thickness of this sand deposit ranged from 21.3 to 23.9 m and extended to 
elevations of 235.8 to 230.4 m.   
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This deposit was predominantly composed of medium to coarse sand with trace amounts of silt 
and fine gravel.  The SPT N-values for this deposit ranged from 19 to greater than 
100 blows/0.3 m indicating a compact to very dense state. 

Index tests carried out on six representative samples from this deposit yielded the following 
results: 

Gravel:   12-23% 
Sand:   64-79% 
Fines (silt & clay): 6-13% 
Moisture Content: 9-17% 

According to the USCS the material from this deposit belongs to a group ranging from well-
graded sand with silt and gravel (SW-SM) to poorly graded sand with silt and gravel (SP-SM).  

The grain size distribution plots of samples obtained from this deposit are shown in Figure 4 in 
Appendix C.  

4.2.7 Silty Sand with Gravel Till (Glacial Till) 

A sandy silt with gravel till layer was encountered in both boreholes immediately beneath the 
sand deposit described above.  In both boreholes drilling was terminated within this layer upon 
split-spoon refusal and hence the thickness of this deposit was not determined.   

The SPT N-values for this deposit ranged from 77 to greater than 100 blows/0.3 m indicating a 
very dense state.  It is noted that occasional cobbles were encountered in this deposit. 

Index tests carried out on two representative samples from this deposit yielded the following 
results: 

Gravel:   21-33% 
Sand:   47-50% 
Fines (silt & clay): 20-30% 
Moisture Content: 7-11% 

It is noted that for BH11-2, a composite sample of SS-17 and SS-18 was formed to carry out 
index tests. 

Atterberg limits tests carried out on two samples of this deposit produced non-plastic results.  
This material is classified as silty sand with gravel (SM) according to the USCS.  The grain size 
distribution plots and the plasticity chart of samples obtained from this deposit are shown in 
Figures 5 and 6 in Appendix C, respectively. 
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4.3 BEDROCK 

Borehole advancement was terminated above the bedrock level. Therefore the depth to bedrock 
at this site is not known. 

4.4 GROUNDWATER 

Groundwater level measurement was carried out at the time of drilling in both boreholes. The 
groundwater levels were not stabilized at the time of measurement, and hence will be referred 
to as “inferred”.   

The inferred groundwater levels are summarized in Table 4.1.   

Table 4.1:  Inferred Groundwater Levels (Time of Drilling) 

Borehole No Ground Surface 
Elevation (m) 

Groundwater 
Depth (m) Elevation (m) 

BH11-1 268.0 13.4 254.6 
BH11-2 267.5 10.7 256.8 

 
Fluctuations in the groundwater level due to seasonal variations or in response to a particular 
precipitation event should be anticipated. 

4.5 CHEMICAL TESTING 

Three representative samples retrieved from variable depths at this site were submitted to 
Paracel Laboratories in Ottawa, Ontario, for analysis of pH, water soluble sulphates and 
chloride concentrations, and resistivity.  The analysis results are provided in Table 4.2. 

Table 4.2:  Results of Chemical Analysis 

Borehole No Sample No. Depth 
(m) pH Chloride 

(µg/g) 
Sulphate 

(µg/g) 
Resistivity 
(Ohm-m) 

BH11-1 SS-9 6.1 to 6.7 7.4 209 6 23 
BH11-1 SS-26 33.2 to 33.8 7.7 39 369 18 
BH11-2 SS-2 3.1 to 3.7 7.7 827 67 9 
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5.0 Discussion and Engineering Recommendations 

5.1 GENERAL 

Project Purpose/Justification 

Westminster Drive is carried over Highway 401 by a single-span bridge (Westminster Drive 
Bridge).  Immediately to the north and south of Highway 401, Westminster Drive (east to west 
corridor) and White Oak Road (south to north corridor) meet at T-intersections on Westminster 
Drive.  Highway 401 is a four lane (two lanes in each direction) divided freeway at the bridge 
location.  Westminster Drive Bridge is a single-span reinforced concrete rigid frame box girder 
structure.  The span of the existing bridge across Highway 401 is approximately 28.8 m.   
Westminster Drive currently has a single lane in each direction and the traffic is controlled by a 
“stop condition” located beyond both ends of the bridge structure.   

Proposed Underpass Structure 

Several alternatives were reviewed and evaluated as part of the proposed structure 
replacement study.  The preliminary alternatives reviewed are provided in Appendix F.  It is 
understood that the alternatives being assessed are to address the following: 

• Existing bridge span will not accommodate any further widening of Highway 401 (which is 
anticipated to have an ultimate eight-lane configuration); 

• Four alternatives will likely maintain the existing Westminster Drive horizontal alignment;  
• Two alternatives involve removing the existing bridge structure and replacing with a new one 

approximately 130 m east of current alignment; and 
• All the alternatives are anticipated to result in a possible raise of the vertical profile of 

Westminster Drive (and hence grade raise of approach embankments). 

Regardless of the alignment alternatives being considered, it is assumed that the proposed 
replacement bridge will accommodate four lanes of Highway 401 traffic lanes in each direction. 

It is anticipated that the proposed replacement bridge structure will have two spans with a 
centre pier through the middle of Highway 401 and two integral abutments supported on piles. 

5.2 GEOTECHNICAL DESIGN PARAMETERS 

The soil conditions encountered at this site generally consist of embankment fill over a silty clay 
deposit over sandy silty clay till deposit over a medium to coarse sand over a silty sand till.  The 
site soils are generally compact to very dense.  Both boreholes in the vicinity of the existing 
bridge structure were advanced to 3 m past split-spoon refusal to elevations corresponding to 
227.2 and 230.6 m.  

It is understood that the get-in/get-out (GiGo) bridge design and construction concept is being 
applied to this project.  This involves closing the crossing road and using rapid bridge 
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construction techniques to limit the closure of Westminster Drive to less than two months.  As 
part of the GiGo bridge design approach, integrated caisson/pier units are being considered for 
the foundations at the existing Highway 401 median, as well as more conventional foundation 
types. 

For preliminary design purposes, the soil profile indicated in Table 5.1 below can be used.  The 
geotechnical soil profile was developed based on the synthesis of the measured N values and 
the laboratory index test results (including moisture contents) of soil samples retrieved from the 
site.  This profile is indicated in Figure 7 in Appendix D and was developed based on the 
information obtained from both boreholes BH11-1 through BH11-2. 

Table 5.1:  Representative Soil Profile for Foundation of Bridge Structure 
Elevation (m) 

Soil Type 
Design Parameters 

From To γ φ Su E 
267.8 267.1 Silty sand granular FILL 20 35  50 
267.1 262.5 Sandy clay FILL  (firm to very stiff) 20 - 75 20 
262.5 259.0 Silty clay (stiff to hard) 20 - 150 30 
259.0 256.0 Sandy silty clay TILL (stiff to hard) 21 - 200 35 

256.0 233.0 
Sand with silt and gravel (compact 
to very dense) 

21 38 - 100 

 < 233.0 
Silty sand with gravel TILL (very 
dense) 

22 40 - 200 

Note: (1) γ = total unit weight (kN/m3), φ = soil friction angle (°), Su = undrained shear strength 
 (kPa), and E = soil modulus (MPa). 

(2) Groundwater will be assumed to be at approximate elevation of 256.0 m for 
 preliminary design purposes.  Submerged unit weight (γ') should be used below the 
 groundwater level. 

Cobbles and boulders were present in the silty clay till (elevation 259 - 256 m) whereas cobbles 
were encountered in the sand and till deposits (below elevation of 256 m).  

5.3 FROST PENETRATION 

In accordance with OPSD 3090.101, the design frost penetration depth for foundations, f, at the 
site is 1.2 m.  Therefore, footings and pile caps should be provided with a minimum of 1.2 m of 
soil cover or equivalent insulation for protection against frost heaving. 

5.4 SEISMIC DESIGN CONSIDERATIONS 

It is recommended that a Soil Profile I as defined in Canadian Highway Bridge Design Code 
(CHBDC, 2006) Section 4.4.6 be used in the seismic design of this site. 
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Table A3.1.1 of the CHBDC indicates that the Zonal Acceleration Ratio (ZAR) for London, 
Ontario, which is approximately 10 km north of the site, is 0.00.  A seismic hazard calculation for 
the site was obtained from Natural Resources Canada (copy attached in Appendix E).  It 
indicates that for this site, the peak ground acceleration (PGA) value corresponding to 10% 
exceedance in 50 years is 0.043, which is greater than the ZAR for London.  Hence, a ZAR of 
0.043 should be used for this site.   

The potential liquefaction of the site soil under seismic loading conditions was evaluated. The 
evaluation indicated that liquefaction of the foundation soils is not a concern for this site due to: 

(a) very low ZAR, 
(b) dense to very dense (stiff to hard) nature of the site soil,  
(c) relatively deep groundwater, and 
(d) relatively high fraction of fines content within the shallow soils. 

 
Even though it is not likely very significant, seismically induced lateral earth pressures should be 
considered for this project with a Zonal Acceleration Ratio of 0.043.  

5.5 FOUNDATION OPTIONS 

For the bridge foundation both shallow and deep foundations options can be considered.  
Shallow foundations would be placed within the sandy silty clay till and deep foundations 
extended into the deeper very dense glacial till. 

At the bridge abutments, driven piles are being considered as the deep foundation alternative 
reflecting the preference, from a structural perspective, of constructing integral abutment 
bridges. 

At the center pier location, cast-in-place caissons extending to a concrete beam supporting the 
girders are being considered as the deep foundation alternative reflecting the proposed GiGo 
design and construction concept.  Based on the General Arrangement drawings the caissons 
would be laterally unsupported for a length of about 4.0 m. 

For the centre pier, driven piles are also considered feasible options. 
 
The Table 5.2 compares the foundation options from a foundations design and constructability 
perspective: 
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Table 5.2:  Comparison of Foundation Options for Bridge Structure 

Note:  All options presented in Table 5.2 are suitable for a semi-integral abutment bridge 
 configuration. 

Based on the comparison presented above in Table 5.2, a combination of driven piles end 
bearing on very dense sand or till for the abutment foundation and caissons, driven piles or a 
shallow foundation for the centre pier will provide a suitable solution for the conditions presented 
herein.  This foundation combination will meet the requirements of the anticipated integral 
abutment bridge configuration. 

5.6 FOUNDATION RECOMMENDATIONS 

5.6.1 General   

The design recommendations presented in the following sections have been developed in 
accordance with the requirements and methods described in the Canadian Highway Bridge 
Design Code (CHBDC, 2006).  

Option Advantages Disadvantages Relative 
Cost Risk/Consequences 

Shallow 
foundation 
within sandy 
silty clay till 

 Excavation and drilling 
through difficult deposit 
not needed 
 Generally suitable to 

support bridge piers 

 May necessitate large 
footing area 
 Not suitable for integral 

abutment bridge 
construction 

Low to 
medium 

• Differential settlement 

Piles 
 
End bearing 
on Till 
 
 
 
Frictional 

 Reduced differential 
settlement 
 Suitable for integral 

abutment and the 
centre pier 

 Difficulty driving piles 
through boulders and 
cobbles, may require 
pre-augering 

Medium  Pile damage during 
installation 
 Negative pile interaction if 

closely spaced 

 Reduced pile length  Pile capacity may not 
be fully utilized 
 Difficulty driving piles 

through cobbles and 
boulders, may require 
pre-augering 

Medium  Larger settlement 
 Pile damage during 

installation 
 

Drilled 
Caissons 

 Can transmit very large 
axial and lateral loads 

 Difficult to drill though 
boulders and cobbles 
 Not suitable for integral 

bridge abutment 

High  Risk of cave-in, especially 
below groundwater table 
during drilling 
 Contractor would need to 

balance the water pressures 
and possibly use a drilling 
mud 
 Contractor would use a liner 

to protect the augered 
caisson walls 
 Concrete placement within 

the caisson would be carried 
out using a tremie operation 
while the liner is extracted 
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5.6.2 Abutment Foundations – Driven Piles 

5.6.2.1 Geotechnical Axial Resistance 

Anticipated pile loads have not been established yet.  However, it is anticipated that a pile 
foundation consisting of HP310x110 piles will be used to support the proposed integral 
abutments (north and south of Highway 401).  It is anticipated that the underside of the pile caps 
will be at approximate elevation of 263.0 to 264.0 m.  This elevation was based on the 
assumption that the pile caps will form part of an integral abutment structure.   

For this project it is recommended that HP 310x110 piles be designed using a geotechnical 
resistance at ULS of 1600 kN and at SLS of 1400 kN, with a minimum target pile tip elevation of 
235 m geodetic.  These recommended geotechnical resistances consider the following: 

• Pile drivability analysis, discussed further below, suggest that driving conditions will be 
excessively difficult if the objective is to drive the HP 310x110 piles to the deeper glacial till 
where N-values of greater than 100 were observed. 

• Static analysis review confirms that the above capacity can be achieved with partial 
penetration in the coarse to medium sand layer which is over 20 m thick. 
 

The geotechnical resistance at ULS includes a resistance factor of 0.4. 

The supply and installation of the piles should be in accordance with the OPSS 903 
Construction Specification for Deep Foundations. 

Downdrag 

It is anticipated that the proposed bridge replacement will require approximately 7.5 m high 
embankment fill (grade raise in the order of 1 to 1.5 m).  The grade raise is anticipated to be 
completed prior to the installation of piles. The grade raise will cause some settlement of the 
subsurface soil (see below under the Embankment Settlement Section). At the abutment 
locations some unloading will occur due to the removal of the portion of the embankment fill in 
front of the proposed abutment face due to the longer bridge span. The anticipated settlement is 
expected to be completed within a few days of the completion of the grade raise.  The resulting 
negligible downdrag is not anticipated to have a significant impact on the capacity of the piles. 

Relaxation of driven piles 

For H-piles driven to the competent (very dense) sand or till layer, relaxation and reduction of 
pile capacity will not be of a concern. 

Drivability 

The site soil generally consists of dense embankment fill over very stiff to hard silty clay deposit 
over a very dense coarse to medium sand deposit over hard glacial till.  In addition, occasional 
cobbles and boulder should be anticipated.  As such, the site is expected to pose some 
resistance to pile driving. 
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Figure 10 provides the anticipated geotechnical resistance (static analysis) versus depth for an 
HP 310x110 pile driven at this site.   

A geotechnical resistance at ULS of 1600 kN would be achieved with the pile tip at or below 
elevation 235 m (see Figure 10).  Similarly, the resistance at ULS of 1800 kN would be achieved 
with the pile tip at or below elevation 232 m.  It is noted that penetration through the 21 to 24 m 
thick very dense sand layer is expected to be very difficult. 

Figure 11 shows the results of a pile drivability analysis carried out using the GLRWEAP 
computer program for an HP 310x110 pile driven to elevation 242 m.  Figure 11 shows the 
following: 

• DELMAG D30-32 driver was assumed. 
• Transferred energy of 50 kJ. 
• Pile penetration 20 m, from el. 262 m correspond to a pile tip elevation of 242 m. 
• A driving resistance of over 50 blows/25 mm corresponding to an unfactored resistance of 

2500 kN or a corresponding ULS value of 1000 kN. 
• A driving resistance of over 125 blow/25 mm corresponding to an unfactored resistance of 

3500 kN or a corresponding ULS value of 1400 kN. 
• A driving resistance of 300 blows/25 mm corresponding to an unfactored resistance of 

4000 kN or a corresponding ULS value of 1600 kN. 
 

Based on the above static and drivability analyses the piles should be designed driven to an 
elevation of approximately 235 m to achieve a design capacity at ULS of 1600 kN.  The 
GLRWEAP analysis suggests that damage would occur to achieve a resistance of 1600 kN; 
however, MTO experience using the Hiley Formula (MTO SS103-11) during driving control 
suggest that this capacity would be achievable.  Due to the difficult driving conditions at this site, 
a pile driving analyser would be recommended as part of the pile driving control in conjunction 
with the use of MTO SS103-11. 

Axial resistance in tension 

For design against uplift, the tensile resistance provided in Table 5.3 is recommended.  This 
value is based on a minimum pile length of 28 m (elevation of approximately 235 m or deeper). 

Table 5.3:  Recommended Tensile Pile Resistance 

Pile Type Minimum Pile Length(m) 
Factored Geotechnical 

Resistance (Tension) at ULS 
(kN) 

310 x 110 28 800 

A resistance factor, Φ, of 0.3 has been applied to ULS resistance. The factored geotechnical 
resistance (tension) at ULS provided above does not include the own weight of the pile. 
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5.6.2.2 Geotechnical Lateral Resistance 

The geotechnical resistance of the pile against lateral loads is mobilized due to the passive 
resistance of the surrounding soil.  Assessed values for horizontal passive resistance and 
geotechnical resistances at SLS for the proposed pile can be generated from information 
provided in Table C6.4 of the Commentaries to the Canadian Highway Bridge Design Code 
(CHBDC, 2006).  A value at ULS of 120 kN and a value at SLS of 50 kN may be used for an HP 
310x110 pile.  It should be noted that a horizontal displacement at the ground surface of 10 mm 
was assumed for the SLS condition. 

The passive lateral resistance for vertical piles can be calculated according to Sections C6.8.7.1 
and C6.8.7.2 of the Canadian Highway Bridge Design Code (CHBDC, 2006).  The resistance 
can be calculated with the unfactored soil parameters presented in Table 5.4 below.  The till 
layer was conservatively assumed to have zero cohesion.  

The lateral capacity of piles was evaluated using the program called LPile Plus v6.0 developed 
by Ensoft, Inc. (Ensoft, 2010).  The input parameters are given in Table 5.4.  A moment of 
inertia of 237x106 mm4 was used for a 310x110 pile section.  A modulus of elasticity of 200 GPa 
was used for the pile material (steel).  The pile was modelled with a total length of 28 m and 
embedment length of 1.5 m into the competent till.  The p-y modulus values were based on 
values suggested by Ensoft, Inc. (Ensoft, 2010). 

Table 5.4:  Recommended Parameters for Lateral Pile Capacity Evaluation 

Soil Layer 
Depth Range 

(m) 
Unit 

weight, γ 
Friction angle, 

φ 

Undrained 
shear 

strength, Su 

p-y 
Modulus, k 

From To kN/m3  Degrees kPa kN/m3  

Loose sand(1) in CSP 0.0 3.0 20 33 - 5,400 

Silty clay 3.0 4.5 20 - 150 ε50=0.005(3) 

Sandy silty clay TILL 4.5 7.5 21(2) - 200 ε50=0.005(3) 
Sand to silty sand 7.5 30.5 21(2) 38 - 34,000 

Glacial TILL - >30.5 22(2) 40 - 34,000 
Notes: 

(1) This layer represents the loose uniform sand filled around the pile in the CSP. 
(2) Submerged unit weight should be used below groundwater level. 
(3) For clay, the strain corresponding to one-half the principal stress difference, ε50 = 0.005, was 

specified in the model. 
 

Two plots from LPILE are presented in Figures 8 and 9 in Appendix D.  Figure 8 shows the 
deformed shape of the pile for lateral (shear) force ranging between 50 and 120 kPa. This plot 
indicates that the pile head undergoes negligible lateral deflection for the conditions modeled 
herein.   
 
Figure 9 presents the p-y plot that gives the non-linear response of the pile-soil interaction.  It 
provides a series of curves obtained from program LPILE generated for selected depths below 
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the pile head.  These plots can be used in the structural evaluation of the proposed bridge 
founded on H-piles. 

Group action of piles (pile interaction) for lateral loading should be considered if centerline 
spacing of piles is less than 8 pile diameters (or least lateral dimension of pile) parallel to the 
direction of lateral load, or less than 4 pile diameters, perpendicular to the load.  The effect of 
interaction between piles can be considered by applying a reduction factor to the coefficient of 
lateral subgrade reaction (p-y modulus).  The following reduction factors may be used to 
account for pile group action: 

Table 5.5:  Recommended Reduction Factors for Pile Groups 
Pile spacing / pile 

diameter 
Reduction Factor 

Pile spacing / pile 
diameter 

Reduction Factor 

Load Parallel to Pile Spacing Load Perpendicular to Pile Spacing 

7 1.0 4 1.0 
4 0.8 3 0.9 
3 0.7 2 0.75 
2 0.6 - - 

5.6.3 Centre Pier Foundation 

5.6.3.1 Caissons 

5.6.3.1.1 Axial Resistance 

It is understood that concrete caisson foundations are being considered as the preferred option 
to support the centre pier of the proposed Underpass structure. The caissons will tie into the 
pier columns and as such would act as partially embedded piles.  No pile caps would be 
required at the ground surface for the centre pier. The caissons are anticipated to be 1000 to 
1500 mm in diameter.  The unsupported length of pier columns are assumed to be 
approximately 4.0 m.   

Figure 12 provides the anticipated geotechnical resistance at ULS (static analysis) versus depth 
for concrete caissons with diameters of 1.0, 1.2 and 1.5 m.  

It is recommended that the caisson be drilled to a minimum of 3 m into the compact to very 
dense sand (approximate elevation of 253 m).  Figure 12 indicates that a 1.2 m diameter 
caisson drilled into the sand at elevation 253 m will have a factored geotechnical resistance at 
ULS of 3900 kN.  A 1.0 m diameter caisson will have a geotechnical resistance at ULS of 
2800 kN at elevation 253 m.  A 1.5 m diameter caisson would have a factored geotechnical 
resistance at ULS of 8400 kN at elevation 253 m. It is noted that this caisson tip elevation 
reflects the minimum embedment depth within the dense sand required to provide the specific 
geotechnical resistances given above. 
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The supply and installation of the caissons should be according to the OPSS 903 Construction 
Specification for Deep Foundations. 

5.6.3.1.2 Bending and Buckling of Partially Embedded Caissons 
 

As noted above, the caissons and centre pier columns are assumed to act together as partially 
embedded piles, with approximately 4.0 m of unsupported section above the ground surface.  It 
is anticipated that the structural bending and buckling analysis of the partially embedded piles 
will be carried out using the equivalent depth-to-fixity design method (Davisson and Robinson, 
1965).  Based on the soil conditions within the upper 9 m, an approximate horizontal modulus of 
subgrade reaction, kh, of 15 to 30 MPa/m was considered for design purposes.  Based on this 
soil property, the following depths-to-fixity may be used for design purposes. 

Table 5.6:  Calculated Depth-to-Fixity 
Caisson Diameter 

(m) 
Assumed Stiffness (EI) 

(N.m2) 
Minimum Required 

Embedment Depth (m) 
Depth-to Fixity 

(m) 

1.0 1325 10.5 4.5 
1.2 2748 12.5 5.0 
1.5 6710 14.0 5.0 

Note that the stiffness (EI) values are based on uncracked concrete section and a modulus of 
elasticity (E) of 27,000 MPa for concrete. 

5.6.3.1.3 Geotechnical Lateral Resistance 
 
The preliminary geotechnical lateral resistance at ULS and SLS of a caisson with an 
unsupported length of 4.0 m was evaluated using the p-y modeling approach.  The results 
suggest the following. 

Table 5.7:  Estimated Caisson Lateral Resistance at SLS 
Caisson Diameter 

(m) 
Unsupported Length 

(m) 
Caisson Supported 

Length (m) 
Lateral Resistance at 

SLS 
1.0 4.0 9.0 170 kN 
1.2 4.0 9.0 250 kN 
1.5 4.0 9.0 400 kN 

Note: The SLS values are based on 10 mm of deflections at the top of the 4.0 m unsupported 
length of caisson and assume a constant caisson diameter above and below ground 
surface. 

 The SLS values assumed that the caisson heads are free to rotate. 
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Table 5.8:  Estimated Caisson Lateral Resistance at ULS  
Caisson Diameter 

(m) 
Unsupported Length 

(m) 
Caisson Supported 

Length (m) 
Lateral Resistance at 

ULS 
1.0 4.0 9.0 355 kN 
1.2 4.0 9.0 525 kN 
1.5 4.0 9.0 675 kN 

 
Note: The ULS values include a resistance factor of ULS of 0.5. 

The following caisson properties were assumed in the p-y modeling analyses. 

1.0 m caisson 

 - 32 MPa concrete, 19 mm stone, and 75 mm concrete cover on rebars  
 - 16 three-bar bundles of #10 US Std reinforcing steel 

 
1.2 m caisson 

 - 32 MPa concrete, 19 mm stone, and 75 mm concrete cover on rebars  
 - 19 three-bar bundles of #10 US Std reinforcing steel 

 
1.5 m caisson 

- 32 MPa concrete, 19 mm stone, and 75 mm concrete cover on rebars 
- 24 three-bar bundles of #10 US Std reinforcing steel 

 
These values are preliminary and will need to be re-evaluated using a p-y modeling approach 
once the unsupported pile length is confirmed, the pile stiffness properties are defined, and 
boreholes are drilled at the pier location. 

Soil Spring Modelling 

Linear-elastic springs can be developed to model the geotechnical soils such that the springs 
stiffness provided would produce a 10 mm deflection under a lateral load corresponding to the 
SLS values listed in Table 5.7.  Typically, a table of spring stiffness values can be provided with 
1 ft or 1 m spring spacing, depending on the structural engineering software being used.  If this 
type of analysis is proposed, a table of stiffness values will be generated using the p-y model at 
the spacing frequency and format required by the structural engineer for the specific caisson 
diameter and stiffness proposed.  

5.6.3.2 Driven Piles 

Driven piles involving a single row of HP 310x110 piles are also suitable options for the 
proposed centre pier foundation.  Driven piles, if selected, will avoid drilling within the Highway 
401 median and hence will likely reduce the construction time compared to that of caissons.  
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The piles would be similar to that for the abutments as described above for abutment 
foundations.    At the location of the centre pier, an HP310x110 pile driven to elevation 235 m 
(approximate pile length of 25 m) will have a factored geotechnical resistance at ULS of 
1600 kN and a corresponding SLS value of 1400 kN. 

It is understood that a short section of the piles for the centre pier will extend above the frost 
elevation to provide a suitable connection with precast concrete elements of the centre pier; 
however, the bottom of the precast concrete element will need to be set below the frost line.   

5.6.3.3 Shallow Foundations 

Shallow foundation is also being considered as a possible option for supporting the centre pier. 
This section provides relevant foundation recommendations for the proposed centre pier footing. 

For this option, it is anticipated that the centre pier will be founded on a shallow foundation on 
native soil at approximate elevation of 260.5 m (frost penetration depth at the center of Highway 
401).  This footing elevation would be at least 1.2 m below the existing ground elevation. 

5.6.3.4 Geotechnical Vertical Resistance 

The geotechnical resistances provided in Table 5.9 below may be used in the design provided 
the footings are placed on undisturbed native soil as described above. 

Table 5.9:  Geotechnical Resistance for Shallow Foundation (Spread Footing) 

Founding 
Element Founding  Elev. (m) Footing Width 

(m) 

Factored 
Geotechnical 

Resistance at ULS 
(kPa) 

Geotechnical 
Resistance at 

SLS (kPa) 

Bridge pier footing 

260.5 m 
(Silty Clay) 1.5 to 6.0 375 300 

259.0 
(Sandy Silty Clay Till) 1.5 to 6.0 500 425 

 
In accordance with Section 6.6.2 of the CHBDC, a resistance factor of 0.5 has been applied in 
calculating the factored geotechnical resistance at Ultimate Limit State (ULS).   

It is noted that for evaluation of the geotechnical resistance at ULS given in Table 5.6, the 
representative soil properties provided in Table 5.1 were used for the analysis. The groundwater 
was conservatively assumed to be immediately beneath the proposed founding elevation. 

The geotechnical resistance at Serviceability Limit State (SLS) corresponds to a maximum 
settlement of 25 mm.   
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5.6.3.5 Geotechnical Horizontal Resistance (Sliding) 

The unfactored horizontal resistance of spread footings made of cast-in-place concrete placed 
on native soil may be calculated using an unfactored coefficient of friction of 0.55.  Since this is 
an unfactored value, a factor of 0.8 should be used in accordance with Table 6.1 of the CHBDC. 

The unfactored horizontal resistance of spread footings may be calculated using the following 
unfactored coefficients of friction: 

0.55 between OPSS Granular A and cast-in-place concrete 
0.4 between silty clay and cast-in-place concrete 
0.5 between sandy silty clay till and cast-in-place concrete 

0.3 between a precast concrete footings and a thin layer of uncompacted leveling     
sand 

In accordance with Table 6.1 of the CHBDC, a resistance factor against sliding of 0.8 should be 
applied to obtain the resistance at ULS. 

5.7 LATERAL EARTH PRESSURES 

5.7.1 Backfill 

It is recommended that the backfill within and behind structures for the proposed bridge 
replacement consist of Approved earth material placed and compacted using methods and 
equipment appropriate to the type of structure.  For the purpose of this preliminary report, it is 
assumed that a backfill material meeting the requirements of OPSS Gran B Type I or Gran A 
and Gran B Type II material will be used.  The surface of the backfill will be assumed to be 
horizontal. 

5.7.2 Static Lateral Earth Pressures 

Static lateral earth pressures will need to be considered in the design of abutments, retaining 
walls (wingwalls) and retained soil systems (if any). 

The bridge abutments should be backfilled with granular material in accordance with OPSD 
3101.150. 

Computation of earth pressures should be in accordance with Section 6.9 of the CHBDC.  For 
retaining walls that are designed to allow rotation, active earth pressure may be used for design.  
For rigidly tied and unyielding structures, the at-rest earth pressure should be used for design.    
The unfactored soil parameters provided in Table 5.10 may be used for design of walls with a 
horizontal backfill.  The effects of compaction should be accounted for by applying a compaction 
surcharge as shown in Figure 6.6 of the CHBDC. 
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The total active (PA) and passive (PP) thrusts can be calculated using the following equations:  

PA = ½ Ka γ H2 

PP = ½ Kp γ H2 

where H is the height of the wall and γ is the unit weight of the backfill soil.  Values for Ka, Kp, Ko 
and γ are provided below.  The thrust acts at a point one third up the height of the wall. 

Table 5.10:  Recommended Non-Seismic Earth Pressure Parameters (Horizontal Backfill) 

Parameter OPSS 
Gran B Type I 

OPSS Gran A and 
Gran B Type II 

Bulk Unit Weight, γ (kN/m3)  21.2 22.0 
Effective Friction Angle 32º 35º 
Coefficient of Earth Pressure at Rest (Ko) 0.47 0.43 
Coefficient of Active Earth Pressure (Ka) 0.31 0.27 
Coefficient of Passive Earth Pressure (Kp) 3.2 3.7 

 

5.7.3 Seismic Lateral Earth Pressures 

The low zonal acceleration ratio for this site suggests that the lateral earth pressures on the 
bridge due to seismic loads will likely be negligible.  The following design parameters are 
provided should the bridge abutment and wingwalls also be designed to resist the earth 
pressures induced under seismic loading conditions.  The seismic earth pressures may be 
calculated using the parameters detailed in Table 5.11 below.  

The total active and passive thrusts under seismic loading conditions can be calculated using 
the following equations: 

• PAE = ½ KAE γ H2 (1 - kV) 
• PPE = ½ KPE γ H2 (1 - kV) 
 
where: 

• KAE = active earth pressure coefficient (combined static and seismic) 
• KPE = passive earth pressure coefficient (combined static and seismic) 
• H = height of wall 
• kh = horizontal acceleration coefficient 
• kv = vertical acceleration coefficient 
• γ = total unit weight 

 
For this site, the following design parameters were used to develop the recommended KAE and 
KPE values. A site specific Seismic Hazard Calculation sheet prepared by Natural Resources 
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Canada is provided in Appendix E.  For transportation structures the PGA value corresponding 
to a 10% probability of exceedance in 50 years is typically selected.  

• Zonal Acceleration Ratio, A or PGA  0.05 
• Horizontal Acceleration Coefficient, kh   0.025 yielding  0.075 non-yielding 
• Vertical Acceleration Coefficient, kv  0.017 yielding  0.05 non-yielding 
• Horizontal Backslope to Wall   0°  
• Vertical Back of Wall    0°  

 
The above kh value corresponds to ½ of the A value for yielding walls and 1.5 times for non-
yielding walls.  The kv value corresponds to 0.67 of the kh value. The angle of friction between 
the soil and the wall has been set at 0° to provide a conservative estimate. 

Table 5.11:  Recommended Seismic Earth Pressure Parameters (Horizontal Backfill) 

Parameter OPSS 
Gran B Type I 

OPSS Gran A and Gran B 
Type II 

Bulk Unit Weight, γ (kN/m3)  21.2 22.0 
Effective Friction Angle 32º 35º 
 Yielding 

wall 
Non-yielding Yielding 

wall 
Non-yielding 

Active Earth Pressure (KAE) 0.32 0.35 0.28 0.31 
Height of Application of PAE from base as 
a ratio of wall height, (H) 0.341 0.356 0.340 0.358 

Passive Earth Pressure, (KPE) 3.25 3.11 3.69 3.54 
Height of Application of PPE from base as 
a ratio of wall height, (H) 0.325 0.306 0.325 0.307 

 

5.8 EMBANKMENTS 

5.8.1 Embankment Construction 

The proposed new configuration requires embankments to be built north and south of the bridge 
structure.  It is anticipated that the fill material for the new embankment will be identical to the 
embankment fill encountered during the geotechnical investigation. This material consisted of 
compact sand with silt and gravel.   

It is noted that any embankment widening associated with the grade raise should be carried out 
in accordance with OPSD 208.010 Benching of Earth Slopes. 

5.8.2 Stability of Slopes 

A slope stability evaluation was carried out for a typical cross-section through the embankment.  
The evaluation was carried out using a commercial program Slope/W (Geo-Slope, 2010). 
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A typical cross-section through the embankment along with the stability evaluation results for 
static and seismic loading conditions is provided in Figures 13a and 13b in Appendix D.  The 
results of both the static and seismic slope stability evaluation indicate that for the anticipated 
configuration, a 2H:1V embankment slope will be required. 

A design groundwater level at elevation 256.0 m was selected for analysis. 

5.8.3 Embankment Settlement 

Settlement of the underlying soil due to the embankment has been assessed based on a simple 
geometry including 2H:1V side slopes, a height of 7.5 m, and a 15 m wide platform.  The 
maximum fill height of 7.5 m reflects a maximum 1.5 m grade raise over the existing 
embankment fill.  The new 15 m wide embankment platform has been assumed to be centered 
over the existing 9 m wide embankment platform.  The following assumptions were made in 
evaluating the settlement of the site soil under the proposed embankment: 

• Typical soil profile given Table 5.1 (profile south of Highway 401); 
• The load from the bridge abutments will be transferred to deeper and more competent strata 

by the piles (other than that by the centre pier) and hence will not contribute to the 
settlement of the site soil; 

• Both immediate (elastic) settlement (for non-cohesive soils) and consolidation settlement 
(for cohesive soils) were considered; 

• A Poisson’s ratio of 0.35 will be used for all soil types; 
• The maximum embankment height of 7.5 m (in the immediate vicinity of the bridge 

abutment); 
• The embankment extends approximately 200 m north and south from the abutment; 
 
Evaluation of soil settlement due to the above was assessed using simple elastic theory and 
stress distribution under embankment loading. 

The analysis result indicates that for the conditions presented herein, the maximum total vertical 
settlement of the existing soil in the vicinity of the bridge abutment is approximately 13 mm 
under an SSM or Earth Borrow embankment constructed with 2H:1V side slopes.  The 
maximum settlement will take place approximately 20 m back from each bridge abutments; at 
the proposed abutment, little settlement is anticipated due to the anticipated unloading to 
remove the portion of the existing embankment in front of the proposed abutment face.  This 
settlement is anticipated to take place relatively rapidly and is expected to be completed during 
construction of the embankment.  

Self-weight settlement due to compression of the embankment fill during the construction 
process is expected to be less than 5 mm given that the anticipated maximum grade raise is 
only 1.5 m.  This settlement is expected to be completed almost immediately after the fill has 
achieved its full height. 
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5.9 PRELIMINARY CONSTRUCTION CONSIDERATIONS 

5.9.1 Construction Staging 

The existing Westminster Drive Bridge will be closed during construction of the proposed 
replacement bridge.  No construction staging is anticipated during the proposed bridge 
replacement.   

5.9.2 Excavation and Backfilling 

Excavation backfill for the new bridge structure should be carried out in accordance with OPSS 
902 Construction Specification for excavation and Backfilling – Structures. 

For embankment widening, benching of earth slopes should be carried out in accordance with 
OPSD 208.010 Benching of Earth Slopes. 

Native site soil encountered during geotechnical investigation predominantly included very stiff 
to hard silty clay over sand to sandy silt over hard till deposit. The soils encountered at the site 
may be classified in accordance with the OHSA as follows: 

 Existing Embankment Fills   Type 3 Soil 
 Silty Clay and Sandy Silty Clay Till   Type 2 Soil  

Any vegetation, fill, organic soils and other deleterious materials must be removed from beneath 
proposed pier footing, the pile cap and embankment.  Where deleterious materials are 
encountered, the materials should be excavated, removed and replaced.  The lateral extent of 
such excavation should include all deleterious material within the influence zone of the 
embankments. 

Grading work should be carried out in accordance with OPSS 206 Construction Specification for 
Grading and SP 206S03. 

Any side slopes for open cut excavations should conform to Occupational Health and Safety Act 
regulations for Construction Projects (OHSA).   

5.9.3 Unwatering 

Groundwater was encountered at elevation of approximately 256.0 m, which is higher than the 
anticipated founding elevation of the proposed caisson foundation for the centre pier.  The sand 
deposit at this location is expected to be highly permeable and hence unwatering of the caisson 
excavation using conventional sump and pump techniques is not considered appropriate. 

Construction of the caisson will require a lined caisson hole.  This requires that concrete will be 
tremied under water.  An NSSP will be required to alert the contractor that a tremied approach 
to concrete placement is anticipated. 
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5.9.4 Reuse of Excavated Material 

The material near the ground surface in the vicinity of the project site consists of clayey 
material.  This material will not be suitable as backfill within and behind the structures for the 
proposed replacement bridge. However, it may be used as embankment fill if proper placement 
and compaction procedure is followed. 

5.10 CEMENT TYPE AND CORROSION POTENTIAL 

Two samples of the native soil were submitted to Paracel Laboratories in Ottawa, Ontario for 
analysis of pH, water soluble sulphate and chloride concentrations, and resistivity.  The testing 
was completed to determine the potential for degradation of the concrete in the presence of 
soluble sulphates and the potential for corrosion of exposed steel used in foundations and 
buried infrastructure.  The analysis results together with the results for the sample from the 
bottom part of the fill are summarized in the Table 4.1. 

The concentration of soluble sulphate provides an indication of the degree of sulphate attack 
that is expected for concrete in contact with soil and groundwater at the site.  The soluble 
sulphate concentrations for the two samples were 6 and 369 µg/g.  Soluble sulphate 
concentrations less than 1000 µg/g generally indicate that a low degree of sulphate attack is 
expected for concrete in contact with soil and groundwater.  Type GU (General Use) Portland 
Cement should therefore be suitable for use in concrete at this site.  

The pH, resistivity and chloride concentration provide an indication of the degree of 
corrosiveness of the sub-surface environment.  The soil pH values were 7.4 and 7.7 which are 
within what is considered the normal range for soil pH of 5.5 to 9.0.  The pH levels of the tested 
soil do not indicate a highly corrosive environment.  The test results provided in the Table 4.1 
may be used to aid in the selection of coatings and corrosion protection systems for buried steel 
objects. 

5.11 FUTURE INVESTIGATIONS 

The recommendations provided herein were based on geotechnical investigation carried out 
within the general area of the existing bridge structure for preliminary design purposes.  Once 
the final locations of the proposed structure foundations are identified, additional geotechnical 
investigations should be carried out at these locations to enable detailed recommendations for 
the proposed structure foundation. 
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6.0 Specifications 

The following specifications are referenced in this report:  

Table 6.1:  Specifications Referenced in Report 
Document Title 

OPSD 208.010 Benching of Earth Slopes 
OPSD 3090.101 Foundation Frost Depths for Southern Ontario 
OPSD 3101.150 Walls – Abutment, Backfill – Minimum Granular Requirement 
OPSS 206 Construction Specification for Grading 
OPSS 902 Construction Specification for Excavation and Backfilling - Structures 
OPSS 903 Construction Specification for Deep Foundations 
SP 206S03 Earth Excavation, Grading 
 

7.0 References  

CGS. 2006. Canadian Foundation Engineering Manual, 4th Edition. Canadian Geotechnical 
Society. 

Chapman, L.J., and Putnam, D.F. 1984. The physiography of Southern Ontario, Ontario 
Geological Survey Special Volume 2. Ontario Research Foundation, Toronto, Ontario. 

CHBDC, 2006. Canadian Highway Bridge Design Code. Canadian Standards Association, 
Mississauga, Ontario. 

Davisson, M.T., and Robinson, K.E. 1965.  Bending and Buckling of Partially Embedded Piles, 
Proc. 6th International Conference on Soil Mechanics and Foundation Engineering, Montreal, 
Canada, pp. 243-246. 

Ensoft, 2010. User’s Manual for Computer Program LPILE Plus Version 6.0. Ensoft, Inc., Austin, 
Texas. 

GEO-SLOPE International Ltd. 2010.  Stability Modeling with SLOPE/W 2010©.  Calgary, AB. 

Rocscience, 2009. Settle3D Settlement and Consolidation Analysis: Theory Manual, 
Rocscience, Inc. 
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8.0 Miscellaneous 

The field work was carried out under the supervision of Jeff Forrester, CET, Senior 
Technologist, under the direction of Simon Gudina, Ph.D., P.Eng., Geotechnical Engineer. 

MultiVIEW Locates Inc. of Mississauga, Ontario, carried out the private and public utility locates 
for the boreholes. 

The drilling equipment was supplied and operated by DBW of Ajax, Ontario.  Traffic control was 
provided by On Track Safety of Thornhill, Ontario. 

Geotechnical laboratory testing was carried out at the Stantec Ottawa laboratory.  Chemical 
testing on soil samples was carried out by Paracel Laboratories in Ottawa. 

This report was prepared by Simon Gudina, Ph.D., P.Eng. and reviewed by Raymond Haché, 
M.Sc., P.Eng., MTO Designated Principal Contact.  
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APPENDIX A 
Drawings No. 1 – Borehole Location Plan and Soil Strata Plot 

Site Photographs 
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APPENDIX B 
Symbols and Terms Used on Borehole Records 

Borehole Records 

Borehole Records from a Previous Investigation (Geocres Report No. 40I14-78) 
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APPENDIX C 
Laboratory Test Results 

Figures 1 – 5: Grain Size Distribution Plots 

Figure 6: Plasticity Chart 
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APPENDIX D 
Figure 7: Design Parameters 

Plots from LPILE Analysis Results: 

Figure 8: Lateral Deflection for HP310x110 

Figure 9: p-y Curves for HP310x110 

Figure 10: Static Pile Analysis HP 310x110 

Figure 11: Pile Drivability Analysis HP 310x110 

Figure 12: Axial Capacity of Caissons 

Slope Stability Evaluation: 

Figure 13a: Static 

Figure 13b: Seismic 
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APPENDIX E 
Geological Survey of Canada Seismic Hazard Calculation 
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APPENDIX F 
Preliminary Alternatives for Proposed Bridge Replacement 
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