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PART A – FOUNDATION INVESTIGATION 
 
1.0 INTRODUCTION 
 
Infrastructure Engineering Group Inc. (IE Group) has been retained by the Ministry of 
Transportation Ontario (MTO) to prepare a preliminary foundation investigation and design 
report for the proposed interchange improvements of the Highway 401 underpass structure at 
Veterans Memorial Parkway (VMP).  It is understood that the new structure may be located 
offset to the east or west of the existing alignment to facilitate traffic staging.   
 
Seven (7) boreholes were drilled between October 31 and November 6, 1974 by MTO for the 
existing structure and reported in the MTO GEOCRES Report 40I14-107. 
 
The Client Supplied Materials consists of the following: 
 

1) Seven (7) boreholes were drilled between October 31 and November 6, 1974 by MTO for 
the existing structure and reported in the MTO GEOCRES Report 40I14-107; 

 
2) Cover Sheet of Book 1, Metric 94-401, MTO Engineering & Title Records, King's 

Highway 401, Geographic Township Westminster, County Middlesex, 10+000.000 to 
33+023.841; 

 
3) ETR Plate No.  94-401/68-0 to 73-0, WP PHOTO DTM, Surveyed in 2006; 

 
4) ETR Plate No.  94-401/68-0 surveyed August 1981, revised June 1982; 

 
5) An exhibit prepared by MRC for the Planning Preliminary Design and Environmental 

Assessment for VMP South Extension; 
 

6) An undated digital file showing the existing profile of VMP 
 
 
2.0 SITE DESCRIPTION 
 
2.1 Site Location and Existing Structure 
 
The location and details of the proposed VMP underpass structure has not been determined yet at 
the time of preparing this report.  The existing VMP structure is identified as Site No. 19-515 
located at approximately STA 31+175, approximately 1.6 km west of the Highway 74 
interchange.  Photographs of the subject site are presented in Appendix E. 
 
Based on the existing VMP profile provided by MTO, the existing pavement of Highway 401 at 
this location is between Elevations 275 m and 276 m.  The existing pavement of VMP ranges 
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from Elevation 281 m (south side) to 282 m (north side).  It is assumed that the proposed 
realigned structure and Hwy 401 will be maintained after for the interchange reconfiguration. 
 
The existing structure consists of 4 spans, with about 21.95 m (72.95 ft.) for the center spans and 
10.36 meters (34 ft.) for the outer spans.  The north and south abutments are founded on piled 
foundation (25 foot long, 12.75 inch diameter tube piles, designed for 25 tons/pile capacity) 
extending to approximate Elevations of 270.0 m.  The three piers are supported on spread footing 
founded between Elevations 273.1 and 274.0 m, being progressively lower towards the north. 
 
 
2.2 Physiography and Topography 
 
The area of the site is located in the western limit of the physiographic region known as the 
Westminster Moraine.  Geographic information indicates that the general soil conditions at the 
site consist of the Port Stanley silty clay and clayey silt till with localized lacustrine deposits.  
The bedrock in this area of the site consists of limestone, dolostone and shale belonging to the 
Dundee Formation of Middle Devonian Age.  The bedrock surface is estimated to be about 
Elevation 205 m, some 70 m below ground surface. 
 
The existing ground surface on the shoulders of Highway 401, at the location of the proposed 
structure, is between Elevation 275 m and 276 m.  It is assumed that the finished grades of the 
proposed VMP underpass structure will remain similar to those of the existing pavement surface, 
with an estimated finished pavement of between Elevation 281 m and 282 m. 
 
 
3.0 INVESTIGATION PROCEDURES 
 
3.1 Field Investigation 
 
Two (2) boreholes were drilled and sampled to obtain data for foundation design of the proposed 
interchange improvements work.  The locations of the boreholes are shown on Drawing 1. 
 
A Diedrich D-120 truck-mounted drill rig was used, supplied by ALTECH Drilling and 
Investigative Services between February 21 and 24, 2012, for drilling and Standard Penetration 
Testing (SPT, following the procedures of ASTM D 1586).  The boreholes were drilled using 
continuous flight hollow stem augers.  Soil samples were retrieved at selected intervals 
throughout the depths of the boreholes in conjunction with Standard Penetration Tests (SPT).  
Samples were generally taken at intervals of depth of 1.5 m to 15 m and opened up to 3.0 m to 
the maximum depth of exploration.   
 
Field pocket penetrometer was used on the retrieved SPT samples, where applicable, to 
determine the undrained shear strength of the cohesive soil deposits.  These undrained shear 
strengths are used to supplement the properties of the cohesive soils.   It is noted that the 
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measured shear strength value would be slightly lower than the actual value due to sampling 
disturbance.   
 
The soil samples obtained were placed in labeled containers and transported to IEG’s London 
laboratory for further examination and laboratory testing. 
 
The locations of the boreholes are shown on Drawing 1 and the depths of sampling were as 
follows: 
 

Borehole No. Depth of Sampling (m) 

1 30.94 

2 40.74 
 
Borehole 1 was terminated at 30.94 m based on "N"-values of over 90 blows per 300 mm 
between depths of 15.2 m and 21.3 m, and considered close to practical refusal of over 6 m.  
Since practical refusal was not achieved after sampling at the 39.62 m interval, Borehole 2 was 
extended to 40.74 m using dynamic cone penetration as agreed with Mr. David Staseff of MTO. 
 
A monitoring well was installed in each borehole for future monitoring of the groundwater 
levels. The monitoring wells were constructed as per the requirements of O. Reg. 903 
requirements, with a 1.5 m sand packed screen and grouted to the ground surface with a 
combination of Quickgrout and Holeplug.  A flush mount protective casing set in concrete was 
also provided at the ground surface for protection. 
 
Our field engineer, Mr. Ralph Billings, P. Eng., supervised the fieldwork and worked under the 
direction of the project engineer, Mr. Eric Chung, P. Eng.  Our field staff cleared the location of 
buried utilities and logged the boreholes.   
 
The MTM coordinates and ground surface elevations at the as drilled borehole locations were 
surveyed by AGM, OLS, our surveying sub-consultant. 
 
The results of the drilling, sampling, in-situ testing and groundwater observations are 
summarized on the Record of Borehole sheets and enclosed in Appendix “B”. 
 
3.2 Laboratory Analysis 
 
Geotechnical laboratory testing consisted of natural moisture content determinations and visual 
classifications of all retrieved soil samples.  In addition, grain size analyses and Atterberg Limit 
tests were performed on selected soil samples. 
 
The results of the laboratory testing are presented on the Record of Borehole sheets (Appendix 
“B”), and Laboratory Test Results (Figures 1 to 7, Appendix “C”). 
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4.0 SUBSURFACE CONDITIONS 
 
4.1 General Subsurface Conditions 
 
Reference is made to the Record of Borehole sheets (Appendix “B”) and Laboratory Test Results 
(Appendix “C”) for detailed subsurface soil and groundwater conditions encountered in the 
boreholes.  The stratigraphic boundaries shown on the Record of Borehole sheets are inferred 
from non-continuous sampling and, consequently, represent transitions between soil types rather 
than exact planes of geological change.  The soil profiles depicting the subsurface conditions on 
Drawing 1 will vary between and beyond the borehole locations. 
 
Based on the existing VMP profile provided by MTO, the existing pavement of Highway 401 at 
this location is between Elevation 275 m and 276 m.  The existing pavement of VMP ranges 
from Elevation 281 m (south side) to 282 m (north side).  It is assumed that the proposed 
realigned structure and Hwy 401 will be maintained after for the interchange reconfiguration. 
 
The subsurface deposits at the site consist of 1.52 to 2.13 m loose to compact fill (bottom 
Elevations between 272.74 m and 273.92 m) placed on an upper deposit of stiff to hard, clayey 
silt to silty clay till with random, compact silt layers, extending to between Elevations 262.37 m 
and 264.01 m.   
 
The upper silty/clay till deposit is underlain by a 4.26  to 5.49 m thick deposit of saturated, 
compact to very dense sand to silty sand extending to between Elevations 258.11 m and 258.52 
m.   
 
The sand to silty sand deposit is underlain by an intermediate layer of hard clayey silt to silty 
clay till which extends to depths of between 26.21 m and 28.96 m below the present ground 
surface (between Elevations 246.48 m and 248.66 m).   
 
The intermediate silt/clay till is further underlain by a dense to very dense sand and silt to sandy 
silt to silt deposit which extends beyond the vertical limit of Borehole 1 at the maximum depth of 
30.94 m below the present ground surface at (Elevation 244.50 m), and extends to 35.05 m 
below the present ground surface of Borehole 2 (at Elevation 239.82 m).  The sand/silt deposit in 
Borehole 2 is in turn underlain by a lower clayey silt to silty clay till which extends beyond the 
vertical limit of Borehole 2 at a maximum depth of 41.05 m below the present ground surface (at 
Elevation 233.82 m). 
 
Groundwater was measured in the installed monitoring wells on May 31, 2012 at depths of 12.8 
m and 8.9 m below the present ground surface of Boreholes 1 and 2, respectively.  The 
monitoring wells were developed by bailing after the water level measurements on May 31, 
2012.  Groundwater was measured in the monitoring wells on June 2, 2012 at depths of 16.1 m 
and 11.5 m below the present ground surface of Boreholes 1 and 2, respectively.   
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The groundwater table may not have stabilized yet for the water level measurements on June 2, 
2012. 
 
The following is a detailed description of the subsurface conditions encountered. 
 
4.1.1 Topsoil & Fill 
 

The ground surface of the boreholes is covered with a 150 mm and 300 mm thick layer of 
organic topsoil.  The topsoil is underlain by a 1.52 m to 2.13 m thick layer of mixed fill 
(bottom Elevations between 272.74 m and 273.92 m).  The mixed fill is considered 
variable and consist of sand, silt, silty clay, topsoil and organics.   
 
Two (2) grain size distribution analyses were carried out on the mixed fill and the results 
are shown on Figure 1 of Appendix “C”. 
 
Standard penetration tests taken on the fill layers yielded two “N”-values of 9 and 21 
blows per 0.3 m indicating a loose to compact condition.  Moisture content of two 
samples of the fill material yielded results of 5% and 12% indicating a moist to wet 
condition at the time of the investigation.   
 

4.1.2 Upper Clayey silt to Silty Clay Till  
 

The fill layer is underlain by an upper layer of clayey silt to silty clay with embedded 
sand and gravel (till).  The upper silt/clay till in Borehole 1 has a brown colour which 
changes to grey at a depth of 4.9 m below the present ground surface; and has a grey 
colour in Borehole 2.  Random silt layers are present within the upper silt/clay till in both 
boreholes.  The upper clayey silt to silty clay till extends to depths of 11.43 m and 12.5 m 
(Elevations 264.01 m and 262.37 m) in Boreholes 1 and 2, respectively. 
 
Six (6) grain size distribution analyses and six (6) Atterberg determinations were carried 
out on the upper silt/clay till deposit and the results are shown on Figures 4, 5, 6 and 7 of 
Appendix "C".  Two (2) grain size distribution analyses were carried out on the silt layer 
within the upper silt/clay till and the results are presented in Figure 3 of Appendix "C". 
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Atterberg limits determinations carried out on the upper silt/clay till yielded the following 
results: 
 
Atterberg Limits Minimum Maximum Average 

Liquid Limit 
(WL), % 18 35 26.2 

Plastic Limit 
(WP), % 12 23 15.3 

Plasticity Index 
(Ip), % 6 18 10.5 

 
Standard penetration tests taken on the upper silt/clay till measured "N"-values of 
between 14 and 33 blows per 0.3 m.  Pocket penetrometer reading yielded unconfined 
shear strengths of 75 to over 225 kPa.  Based on these test results and tactile examination, 
the upper silt/clay till has a stiff to hard consistency.   
 
Standard penetration tests taken on the random silt layers within the upper silt/clay till 
yielded "N"-values of between 12 and 28 blows per 0.3 m indicating a compact 
condition. 
 
Moisture content determinations carried out on the upper silt/clay till deposit yielded 
results of between 12% and 25%, indicating a generally moist condition.  Moisture 
content determinations of the silt layers within the upper silt/clay till deposit yielded 
values between 19% and 23%, indicating a saturated condition. 

 
4.1.3 Sand to Silty Sand 

The upper silt/clay till is underlain by a 4.26  to 5.49 m thick deposit of sand to silty sand 
layer extending to between Elevations 258.11 m and 258.52 m.  Three (3) grain size 
distribution analyses were carried out and the results are presented on Figure 2.  
 
Standard penetration tests taken on the sand to silty sand layer yielded "N"-values of 
between 22 and 98, indicating a compact to very dense condition.  Moisture content 
ranges from 3% to 25 % indicating a moist to saturated condition. 
 

4.1.4 Intermediate Clayey Silt to Silty Clay Till 

The silt to silty sand layer is underlain by an intermediate layer of clayey silt to silty clay 
with frequent wet silty sand seams and embedded sand and gravel (till) which extends to 
depths of between 26.21 m and 28.96 m below the present ground surface (between 
Elevations 246.48 m and 248.66 m).   
 
Four (4) grain size distribution analyses and four (4) Atterberg determinations were 
carried out on the intermediate silt/clay till deposit and the results are presented on 
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Figures 4, 5, 6 and 7 of Appendix "C".  Atterberg limits determinations carried out on the 
intermediate silt/clay till yielded the following results: 
 
Atterberg Limits Minimum Maximum Average 

Liquid Limit 
(WL), % 16 19 18.0 

Plastic Limit 
(WP), % 10 13 11.5 

Plasticity Index 
(Ip), % 4 8 6.5 

 
Standard penetration tests taken on the intermediate silt/clay till measured "N"-values 
from 43 to 95 blows per 0.3 m.  Pocket penetrometer reading yielded unconfined shear 
strengths of over 225 kPa.   Based on these test results and tactile examination, the 
intermediate silt/clay till has a hard consistency.   
 
Moisture content determinations carried out on the intermediate silt/clay till yielded 
results of between 10% and 18%, indicating a moist to wet condition. 
 

4.1.5 Sand and Silt to Silt 

The intermediate silt/clay till is further underlain by a sand and silt to sandy silt to silt 
deposit which extends beyond the vertical limit of Borehole 1 at the maximum depth of 
30.94 m below the present ground surface at (Elevation 244.50 m), and extends to 35.05 
m below the present ground surface of Borehole 2 (at Elevation 239.82 m).  Three (3) 
grain size distribution analyses were carried out on the sand/silt deposit and the results 
are present on Figure 3 of Appendix "C". 
 
Standard penetration tests taken on the sand/silt deposit measured "N"-values from 31 to 
94 blows per 0.3 m, indicating compact to very dense condition.  Moisture content of the 
sand/silt deposit was between 14% and 20%, indicating wet to saturated condition. 
 

4.1.6 Lower Clayey Silt to Silty Clay Till 

The sand and silt to silt layer in Borehole 2 is in turn underlain by a lower deposit of 
clayey silt to silty clay with embedded sand and gravel (till) which extends beyond the 
vertical limit of Borehole 2 at a maximum depth of 41.05 m below the present ground 
surface (at Elevation 233.82 m). 
 
A single grain size distribution analysis and a single Atterberg Limits determination were 
carried out on the lower silt/clay till deposit and the results are presented on Figures 6 and 
7 of Appendix "C".  The results indicate a Liquid Limit of 21%, Plastic Limit of 12% 
with a Liquidity Index of 9%. 
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Standard penetration tests taken on the lower silt/clay till measured "N"-values of 52 and 
84 blows per 0.3 m.  Pocket penetrometer reading yielded unconfined shear strengths of 
over 225 kPa.  Dynamic cone penetration tests between 40.08 m and 41.05 depths yielded 
results of between 99 and 150 blows per 0.3 m.  Based on these test results and tactile 
examination, the lower silt/clay till has a hard consistency.   
 
Moisture content determinations carried out on the intermediate silt/clay till yielded 
results of between 17% and 23%, indicating moist to wet condition. 
 

4.2 Groundwater Conditions 
 
Groundwater was measured in the installed monitoring wells on May 3 31, 2012 prior to 
purging.  The monitoring wells were developed by bailing after initial measurements.  
Groundwater was measured on June 2, 2012 at depths of 16.10 m and 11.50 m below the present 
ground surface of Boreholes 1 and 2, respectively.  The groundwater table may not have 
stabilized yet. 
 
The following table summarizes the water levels recorded during the monitoring events: 
 

Borehole Date of 
Monitoring 

Water Level in 
Borehole, m 

(Elevation/Depth) 
Remarks 

1 May 31, 2012 
June 2, 2012 

262.64  / 12.8 
259.34  / 16.1 

Monitoring well installed with 
screen between 15.24 m and 16.76 
m below ground surface (Elevation 
260.20 m and 258.68 m).  Top of 

casing at Elevation 275.40 m. 

2 May 31, 2012 
June 2, 2012 

265.97 / 8.9 
263.37 / 11.5 

Monitoring well installed with 
screen between 14.63 m and 16.15 
m below ground surface (Elevation 
260.24 m and 258.72 m).  Top of 

casing at Elevation 274.94 m. 
 
The subsoil changes from brown to grey at depths of between 3.05 m and 4.7 m below the 
present ground surface (Elevations 272.39 m and 270.17 m).  The brown to grey interface likely 
reflects a level of permanent saturation.  It should be noted that the groundwater level will 
fluctuate seasonally and in response to weather events.   
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5.0 STATEMENT OF LIMITATION 
 
A foundation investigation should be carried out during the detail design stage as per MTO 
standards and to confirm the preliminary recommendations provided in this report. 
 
The Limitations of Report, as Quoted in Appendix D, is an integral part of this report. 
 
We trust that we have completed the assignment within the Terms of Reference for this project.  
If there are any questions concerning this report, please do not hesitate to contact our office. 
 
  
Yours truly, 
Infrastructure Engineering Group Inc. 
 
 
 
 
 
 
 
 
 
Eric Y. Chung, M.Eng., P.Eng.     Joseph Law,  P.Eng. 
Designated MTO Contact      Project Manager 
 
 
 
 
 
 
 
Tom O’Dwyer, P. Eng. 
Quality Review Engineer 
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Borehole Locations and Soil Strata
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Explanation of Terms Used in Report 
Record of Borehole Sheets - Boreholes 1 and 2 
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Grey, dense. (continued)

End of borehole.
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Grey, wet, compact. (continued)
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SILT to Sandy SILT, ML
Grey, wet, very dense, with
occasional silty clay partingsand
seams. (continued)

Clayey SILT to Silty
CLAY, CL-ML to CL
Grey, moist to wet, hard, with
embedded sand and gravel (TILL),
occassional frequent wet silty sand
seams.

Presumed hard Clayey SILT to Silty
CLAY TILL.

End of borehole.
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Laboratory Test Results 
 

   Grain Size Distribution  Figures 1, 2, 3, 4 and 6 
 
   Plasticity Chart  Figures 5 & 7 
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APPENDIX D 
 
                                                                                                                                                         
 

LIMITATIONS OF REPORT 
 
 
The conclusions and recommendations given in this report are based on information determined at the 
testhole locations. Subsurface and groundwater conditions between and beyond the testholes may differ 
from those encountered at  the testhole locations, and conditions may become apparent during 
construction which could not be detected or anticipated at the time of the site investigation.  It is 
recommended practice that the Soils Engineer be retained during construction to confirm that the 
subsurface conditions throughout the site do not deviate materially from those encountered in the 
testholes. 
 
The comments made in this report on potential construction problems and possible methods are intended 
only for the guidance of the designer. The number of testholes may not be sufficient to determine all the 
factors that may affect construction methods and costs.  For example, the thickness of surficial topsoil or 
fill layers may vary markedly and unpredictably.  The contractors bidding on this project or undertaking 
the construction should, therefore, make their own interpretation of the factual information presented and 
draw their own conclusion as to how the subsurface conditions may affect their work. 
 
The benchmark and elevations mentioned in this report were obtained strictly for use in the geotechnical 
design of the project and by this office only, and should not be used by any other parties for any other 
purposes. 
 
Any use which a third party makes of this report, or any reliance on or decisions to be made based on it, 
are the responsibility of such third parties.  Infrastructure Engineering Group Inc. accepts no 
responsibility for damages, if any, suffered by any third party as a result of decisions made or actions 
based on this report. 
 
This report does not reflect the environmental issues or concerns unless otherwise stated in the report.   
 
The design recommendations given in this report are applicable only to the project described in the text 
and then only if constructed substantially in accordance with the details stated in this report.  Since all 
details of the design may not be known, IEG recommends that we be retained during the final design 
stage to verify that the design is consistent with our recommendations, and that assumptions made in our 
analysis are valid. 
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Site Photographs 
 

 
 



Aerial view of the existing Highway 401 Interchange @ VMP 

West Elevation of VMP Structure 



East Elevation of VMP Structure 

VMP Looking South 



VMP Looking North 

 




