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1.0 INTRODUCTION 

Golder Associates Ltd. (Golder) has been retained by URS Canada Inc. (URS) on behalf of the 
Ministry of Transportation, Ontario (MTO) to provide foundation engineering services for the 
following components associated with the Phase 2 extension of Highway 410 from Sandalwood 
Parkway to Mayfield Road, in Brampton, Ontario: 

• Underpass structures at Countryside Drive and Mayfield Road; 
• New structural culverts; 
• High fill embankments along Highway 410, on Mayfield Road and Countryside 

Drive, and on the Mayfield Road interchange ramps; 
• High mast light poles; and 
• Overhead signs. 

This report addresses the foundations for twenty-two high mast light poles that are to be 
constructed along Highway 410, between approximately 800 m south of Countryside Drive and 
400 m north of Mayfield Road (the “Phase 2” extension).  Foundation investigations have been 
carried out by Golder between 2001 and 2004 as part of the assignment to determine the 
subsurface conditions within the limits of the Phase 2 extension.  Use has also been made of two 
boreholes (Boreholes 129 and 34) that were advanced as part of the Highway 410 feasibility 
study and the Phase 1 design work, respectively; the records of these boreholes were obtained 
from the following reports: 

• Borehole 129:  Supplementary Foundation Feasibility Investigation, Proposed 
Highway 410 Extension, Bovaird Drive to Highway 10, W.P. 22-79-00, prepared by 
Golder Associates Ltd., dated April 1999. 

• Borehole 34:  Foundation Investigation Report, Proposed High Mast Lighting, 
Proposed Highway 410 Extension from Bovaird Drive to Sandalwood Parkway, 
Brampton, Ontario, W.P. 130-99-00, prepared by Shaheen & Peaker Ltd., dated 
February 2000 (GEOCRES No. 30M12-244). 

The terms of reference for the scope of work are outlined in Golder’s Proposal No. P01-1228, 
dated August, 2000.  Changes to the scope of work for the foundation engineering component are 
outlined in Golder’s letter dated November 13, 2003, February 12, 2004, and June 14, 2004. 
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2.0 SITE DESCRIPTION 

The Highway 410 extension is located about 400 m to 500 m east of the existing Heart Lake 
Road.  The Phase 2 portion of the Highway 410 alignment extends from about 800 m south of 
Countryside Drive to about 400 m north of Mayfield Road, predominantly through farmland.  The 
surface topography in the area is relatively flat to slightly undulating, and in general slopes 
gradually and fairly uniformly to the south, toward Lake Ontario. 

From south of Countryside Drive to Mayfield Road, the ground surface generally rises from 
about Elevation 247 m to 254 m.  A relatively deep swamp is located in the low-lying area 
(ground surface between about Elevations 248 m and 250 m) immediately south of Mayfield 
Road; this swamp extends toward the north/northeast, passing under the existing Mayfield Road 
embankment.  Another small swamp is present about 200 m to 300 m south of Mayfield Road; in 
this area, the general ground surface is at about Elevation 254 m, and the ground surface within 
the swamp is at about Elevation 251 m to 252 m. 

A localized topographic high, associated with an esker ridge, is present to the northwest of 
Mayfield Road.  The ground surface rises from approximately Elevation 251 m to 254 m 
immediately north of Mayfield Road, to about Elevation 266 m at the highest point along the 
proposed Highway 410 alignment. 
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3.0 INVESTIGATION PROCEDURES 

Borehole investigations have been carried out by Golder between 2001 and 2004 for the 
extension of Highway 410 between approximately Stations 19+550 (about 800 m south of 
Countryside Drive) and 21+100 (about 400 m north of Mayfield Road).  The following boreholes 
have been used in the preparation of this report: 

• Boreholes C-3 and C-04-2, which were advanced for the proposed Countryside Drive 
underpass structure; 

• Boreholes C1-1, C1-2, E-6, and SWM-1, which were advanced for a proposed 
structural culvert, high fill embankment and stormwater management pond, all 
located between Countryside Drive and Mayfield Road; 

• Boreholes 03-05, 03-06, 03-10 and WS-5, which were advanced for proposed 
structural culverts and/or high fill embankments at the Mayfield Road interchange; 

• Boreholes HML-1 to HML-4, which were located to provide additional coverage 
beyond that obtained from boreholes that were advanced for specific structures or 
high fill embankments (as noted above). 

In addition, use has been made of the following two boreholes from previous investigations 
related to the Highway 410 extension project: 

• Borehole 129, which was advanced for an alternative alignment of Mayfield Road as 
part of a feasibility study in 1999 (Supplementary Foundation Feasibility 
Investigation, Proposed Highway 410 Extension, Bovaird Drive to Highway 10, W.P. 
22-79-00, prepared by Golder Associates Ltd., dated April 1999). 

• Borehole 34, which was drilled in 1999 as part of the Phase 1 work on the Highway 
410 extension project (Foundation Investigation Report, Proposed High Mast 
Lighting, Proposed Highway 410 Extension from Bovaird Drive to Sandalwood 
Parkway, Brampton, Ontario, W.P. 130-99-00, prepared by Shaheen & Peaker Ltd., 
dated February 2000, GEOCRES No. 30M12-244). 

The 2001 to 2004 boreholes were drilled using bombardier-mounted drill rigs supplied and 
operated by Geo-Environmental Drilling Inc. of Milton, Ontario, Walker Drilling of Utopia, 
Ontario and Groundworks Drilling Inc. of Etobicoke, Ontario.  The boreholes were advanced 
using either hollow stem or solid stem augers, as indicated on the individual borehole records.  
Samples of the overburden were obtained at 0.75 m and 1.50 m intervals of depth using 50 mm 
outside diameter split-spoon samplers driven with an automatic hammer, in accordance with the 
Standard Penetration Test (SPT) procedure.  The water level in the open boreholes was observed 
throughout the drilling operations, and a total of three piezometers were installed in the boreholes 
that are included in this report. 
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The field work was supervised on a full-time basis by members of Golder’s staff who located the 
boreholes in the field, directed the drilling, sampling, and in-situ testing operations, and logged 
the boreholes.  The soil samples were identified in the field, placed in labelled containers and 
transported to Golder’s laboratory in Mississauga for testing.  Index and classification tests (water 
content determinations, Atterberg limit tests, and grain size distribution analyses) were carried out 
on selected soil samples. 

The borehole locations and ground surface elevations were established by Golder relative to 
points staked along the alignment and at proposed structure locations by Callon Dietz, Ontario 
Land Surveyors, of London, Ontario.  It should be noted that the locations of some of the 
boreholes completed in 2001 were not accurately surveyed due to the work stoppage in July 
2001; the location coordinates of the boreholes completed as part of the 2001 investigations are, 
therefore, considered accurate to within approximately 5 m.  The borehole locations (MTM 
NAD83 northing and easting coordinates) and the ground surface elevations referenced to 
geodetic datum are shown on Drawings 1 to 3 and are summarized in the following table: 

Borehole 
Number 

MTM NAD83 
Northing (m) 

MTM NAD83 
Easting (m) 

Ground Surface 
Elevation (m) 

03-05 4846299.8 280567.1 261.8 
03-06 4846339.2 280524.1 263.9 
03-10 4846410.5 280841.9 248.9 

C1-1 (2001) 4845701.9 281416.7 247.3 
C1-2 (2001) 4845766.4 281339.0 249.7 

C-3 4845373.6 281574.2 249.7 
C-04-2 4845411.2 281553.5 250.8 

E-6 (2001) 4845906.1 281281.7 250.4 
HML-1 (2001) 4845015.7 281788.6 248.3 
HML-2 (2001) 4845992.8 281231.8 249.5 
HML-3 (2001) 4846211.6 281029.2 250.3 
HML-4 (2001) 4846329.1 280306.9 266.3 

SWM-1 4846299.3 280946.6 251.5 
WS-5 4846255.2 280811.7 254.2 

34 (1999) 4844632 282082 246.6 
129 (1999) 4846359.7 280669.1 259.0 

It is noted that Borehole 129, which was completed as part of the 1999 feasibility study in the 
Mayfield Road area, was surveyed using the NAD83 UTM datum (as shown on the borehole 
record contained in Appendix A).  These coordinates have been converted to the NAD83 MTM 
system for presentation in this report. 
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4.0 SITE GEOLOGY AND STRATIGRAPHY 

4.1 Regional Geological Conditions 

This portion of the Highway 410 extension is located in the physiographic region known as the 
Peel Plain, which covers the central portions of York, Peel and Halton Regions, as delineated in 
The Physiography of Southern Ontario1.  The surface topography of the Peel Plain is relatively 
flat, and slopes gradually and fairly uniformly towards Lake Ontario. 

The soils within the Peel Plain physiographic region are characterized by relatively thick deposits 
of clayey silt till to silty clay till, that are overlain by lacustrine deposits (the “Peel ponds” 
deposits) consisting of relatively thin, localized accumulations of sand, silt and clay; organic 
deposits may also be present in low-lying areas.  The glacial till deposits are underlain by shale 
bedrock of the Georgian Bay Formation; in this formation, the shale is interbedded with 
limestone, siltstone, sandstone and dolostone layers. 

4.2 Site Stratigraphy 

The detailed subsurface soil and groundwater conditions encountered in the boreholes and the 
results of in situ and laboratory testing are given on the Record of Borehole sheets, on Figures 
1 to 6, and in Appendices A and B.  The stratigraphic boundaries shown on the borehole records 
are inferred from non-continuous sampling and, therefore, represent transitions between soil types 
rather than exact planes of geological change.  Subsoil conditions will vary between and beyond 
the borehole locations. 

The predominant soil deposit encountered along this portion of the Highway 410 extension is a 
clayey silt till.  Localized variations occur along the alignment, as follows: 

• From Countryside Drive to Mayfield Road (excluding the swamp areas), the glacial 
till deposit is overlain by a shallow surficial deposit of generally firm to stiff clayey 
silt to silty clay.  At some locations within this area, cohesionless surficial soils (silty 
sand to sandy silt) are also present. 

• In the two swampy areas south of Mayfield Road, the glacial till is overlain by 
organic deposits.  In the smaller swamp, about 0.8 m of organic soil has been 
encountered in the two boreholes included in this report.  In the larger swamp, up to 
several metres of peat and organic soils are present, underlain by silty clay and silty 
sand to sandy silt deposits, in turn overlying the glacial till deposit. 

 
1 Chapman, L.J. and D.F. Putnam.  The Physiography of Southern Ontario,  Ontario Geological Survey 
Special Volume 2, Third Edition, 1984.  Accompanied by Map P.2715, Scale 1:600,000. 
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• To the north of Mayfield Road, the glacial till is underlain by a deposit of generally 
very dense silty sand to sandy silt, associated with the esker ridge in this area. 

A more detailed description of the subsurface conditions encountered in the boreholes is provided 
in the following sections.   

4.2.1 Fill 

Between 0.2 m and 3.8 m of fill material was encountered in the immediate vicinity of the 
existing Countryside Drive and Mayfield Road embankments, as well as to the north of Mayfield 
Road where some reworking of the native soils was observed (as in Boreholes 03-05 and 03-06).  
The fill materials generally consist of clayey silt containing trace to some sand, trace gravel, and 
trace organic matter.  The measured Standard Penetration Test (SPT) “N” values range from 4 to 
20 blows per 0.3 m of penetration, indicating that the fill has a variable, firm to very stiff 
consistency. 

4.2.2 Peat / Organic Soils 

Peat and organic soils are present within the two swamp areas that are located south of Mayfield 
Road, as follows: 

• A 4.6 m thickness of peat and organic silt was encountered in Borehole 03-10, 
located within the larger swamp immediately south of Mayfield Road; the thickness 
of the peat and organics varies throughout this swamp.  The measured SPT “N” 
values within the peat and organic silt in this borehole vary from 0 (weight of 
hammer) to 2 blows per 0.3 m of penetration.  One in situ vane test measured an 
undrained shear strength in excess of 100 kPa within the organic silt.  The result of 
one Atterberg limit test conducted on a sample of the organic silt is shown on 
Figure 2. 

• About 0.8 m of organic clayey silt to silty clay was encountered in Boreholes HML-3 
and SWM-1, located in the smaller swamp between 200 m and 300 m south of 
Mayfield Road.  Measured SPT “N” values within this layer of 2 and 3 blows per 
0.3 m of penetration indicate a soft consistency. 

4.2.3 Surficial Soils (Clayey Silt to Silty Clay, and Silty Sand to Sandy Silt) 

In the majority of the boreholes located south of Mayfield Road and the Mayfield Road area 
swamps, a 0.6 m to 3.0 m thick layer of surficial soil was encountered atop the glacial till deposit.  
The surficial soils are typically comprised of clayey silt to silty clay containing trace to some sand 
and trace gravel, although surficial silty sand to sandy silt was also encountered in three of the 
boreholes.  A grain size distribution test result for one selected sample of the clayey silt to silty 
clay material is shown on Figure 1.    
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Atterberg limit testing was conducted on one selected sample of the surficial soil.  The result, 
presented on Figure 2, shows that this material is a clayey silt of low plasticity, based on a plastic 
limit of 15 per cent, a liquid limit of 24 per cent, and a plasticity index of about 9 per cent.  These 
results are consistent with (but at the low end of the range of) other plasticity testing carried out 
on samples of the surficial clayey silt to silty clay from this area. 

The measured SPT “N” values in the surficial clayey silt to silty clay range from 4 to 25 blows 
per 0.3 m of penetration, with an average of 13 blows per 0.3 m of penetration; these results 
indicate that the clayey silt to silty clay varies from firm to very stiff in consistency, but is 
typically stiff to very stiff.  In the silty sand to sandy silt layers, SPT “N” values of 14 and 16 
blows per 0.3 m of penetration were measured; these results indicate that the surficial silty sand to 
sandy silt has a compact relative density. 

4.2.4 Glacial Till 

Glacial till was encountered in all of the boreholes advanced during this investigation.  South of 
Mayfield Road, the surface of the glacial till is typically encountered between 0.8 m and 2.4 m 
depth, where it is overlain by shallow surficial deposits (clayey silt to silty clay, or silty sand to 
sandy silt); however, within the Mayfield swamp, the till underlies the peat/organic soils at about 
4.6 m depth, as encountered in Borehole 03-10 which is included in this report.  North of 
Mayfield Road, the glacial till is present immediately below the topsoil (as in Borehole HML-4) 
or below about 1.8 m to 3.8 m of existing fill/reworked soil (as in Boreholes 03-05 and 03-06).  
Where the till was fully penetrated, in the immediate vicinity of Mayfield Road, the deposit varies 
in thickness from 2.8 m to 6.5 m; however, the till deposit is thicker to the south of Mayfield 
Road where all of the boreholes were terminated within the till. 

The glacial till is typically comprised of clayey silt with some sand and trace to some gravel.  
However, in some locations the till grades to silty clay containing some sand and trace to some 
gravel, or sand and silt containing trace to some gravel and trace clay.  In addition, interlayers of 
water-bearing cohesionless soil were observed within the glacial till in some of the boreholes.  
Figures 3A and 3B present the grain size distribution test results for ten selected samples of the 
glacial till and two selected samples of cohesionless interlayers within the till. 

Atterberg limit testing was conducted on sixteen selected samples of the glacial till.  The results, 
presented on Figures 4A and 4B, indicate that the till is typically a clayey silt of low plasticity, 
based on plastic limits of 12 to 18 per cent, liquid limits of 17 to 33 per cent, and plasticity 
indices of 6 to 16 per cent.  One of the tested samples is a silty clay of intermediate plasticity 
(based on a measured plastic limit of 18 per cent, a liquid limit of 37 per cent, and a plasticity 
index of 19 per cent). 
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The measured SPT “N” values in the glacial till range from 8 to greater than 100 blows per 0.3 m 
of penetration, indicating that the till has a variable consistency.  South of Mayfield Drive, the 
measured SPT “N” values typically range from 15 to 60 blows per 0.3 m of penetration, with an 
average of about 35 blows per 0.3 m of penetration; the glacial till in this area is generally very 
stiff to hard, although localized, near-surface zones of stiff soil are also present.  North of 
Mayfield Drive, the glacial till is typically hard, based on SPT “N” values that are generally 
greater than 30 blows per 0.3 m of penetration, with an average of about 70 blows per 0.3 m of 
penetration. 

4.2.5 Lower Sand to Sand and Silt 

A deposit of sand to sand and silt was encountered below the glacial till deposit in the boreholes 
(03-05, 03-06, HML-4 and 129) that were advanced through the “esker ridge” located north of 
Mayfield Road; in these boreholes, the surface of this deposit was encountered between 
Elevations 252.8 m m and 260.1 m.  A sand to sand and silt deposit was also encountered 
underlying the glacial till in Boreholes 03-10 and WS-5, which are located in the immediate 
vicinity of the Mayfield swamp; in these boreholes, the surface of the deposit was encountered 
between Elevation 237.8 m and 247.2 m.  The results of four grain size distribution tests 
conducted on selected samples of these deposits are shown on Figure 5. 

In the “esker ridge” area north of Mayfield Road, the measured SPT “N” values within the lower 
sand to sand and silt deposit range from 39 to greater than 100 blows per 0.3 m of penetration, 
indicative of a dense to very dense relative density.  Where this deposit was encountered in the 
vicinity of the Mayfield swamp (in Boreholes 03-10 and WS-5), SPT “N” values of 3 to 36 blows 
per 0.3 m of penetration were measured, indicative of a very loose to compact relative density; it 
is noted, however, that the lower sand to sand and silt deposit is below the water table in the 
vicinity of the Mayfield swamp, and the lower measured SPT “N” values in this area could be 
attributable to some disturbance due to water inflow to the borehole during sampling. 

4.3 Groundwater Conditions 

The groundwater conditions along this portion of the Highway 410 extension are summarized as 
follows: 

• In the Mayfield swamp, immediately south of Mayfield Road, the groundwater level 
is at or above ground surface, at approximately Elevation 250 m. 

• To the north/northwest of Mayfield Road in the vicinity of the esker ridge, the 
groundwater level is at about Elevation 250 m to 251 m (some 8 m to 14 m below 
ground surface), based on the results from the boreholes included in this report as 
well as other investigations in this area.  This groundwater level is within the lower 
sand to sand and silt deposit. 
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• South of Mayfield Road, the water level declines along with the ground surface; the 
water level is typically between about 2 m and 3 m below the ground surface. 

The following table summarizes the most recent water levels that have been measured in 
piezometers installed in the boreholes included in this report: 

Borehole 
No. 

Borehole 
Location 

Depth to 
Groundwater Level 

Groundwater 
Elevation 

Date of 
Measurement 

129 (1999) North of Mayfield Road 7.8 m 251.2 m January 21, 1999 
03-10 South of Mayfield Road 0.8 m above surface 249.7 m December 11, 2003 
C1-1 Between Mayfield Road 

and Countryside Drive 
1.9 m 245.5 m February 19, 2004 

It should be noted that groundwater levels are expected to fluctuate seasonally, and should be 
expected to rise during wet periods of the year. 





LIST OF ABBREVIATIONS

Theabbreviationscommonlyemployedon Recordsof Boreholes,on figuresandin thetext of thereportareasfollows:

I. SAMPLE TYPE

AS Augersample
BS Block sample
CS Chunksample
SS Split-spoon
DS Denisontypesample
FS Foil sample
RC Rockcore
SC Soil core
ST Slottedtube
TO Thin-walled,open
TP Thin-walled,piston
WS Washsample

III. SOIL DESCRIPTION

(a) CohesionlessSoils

Density Index
(RelativeDensity)

Very loose
Loose
Compact
Dense
Very dense

N
Blows/300mm or Blows/ft

.

Oto 4
4 to 10

10 to 30
30 to 50

over 50

II. PENETRATIONRESISTANCE

StandardPenetrationResistance(SPT),N:
The number of blows by a 63.5 kg. (140lb.)
hammerdropped760 mm (30 in.) requiredto drive
a50 mm (2 in.) drive opensamplerfor adistanceof
300mm(12 in.)

DynamicConePenetrationResistance;Nd:
The number of blows by a 63.5 kg (140lb.)
hammerdropped760mm (30in.) to drive uncased
a 50 mm (2 in.) diameter,600 coneattachedto “A”
sizedrill rodsfor adistanceof 300 mm (12 in.).

Sampleradvancedby hydraulicpressure
Sampleradvancedby manualpressure
Sampleradvancedby staticweightof hammer
Sampleradvancedby weightof samplerandrod

Piezo-ConePenetrationTest (CPT)
A electronicconepenetrometerwith a 60~ conical
tip andaprojectendareaof 10 cm2 pushedthrough
ground at a penetration rate of 2 cm/s.
Measurementsof tip resistance(Q~), porewater
pressure(PWP) and friction along a sleeve are
recorded electronically at 25 mm penetration
intervals.

Consistency

Very soft
Soft
Firm
Stiff
Very stiff
Hard

Iv.
w

C
CHEM
CID
CIU

DR
DS
M
MH
MPC
SPC
OC
SO

4
UC
UU
V

y

(b) CohesiveSoils

kPa
0 to 12

12 to 25
25 to 50
50 to 100

100 to 200
over 200

0
250
500

1,000
2,000
over

to 250
to 500
to 1,000
to 2,000
to 4,000

4,000

SOIL TESTS
watercontent
plasticlimit
liquid limit
consolidation(oedometer)test
chemicalanalysis(referto text)
consolidatedisotropically drainedtriaxial test’
consolidated isotropically undrained triaxial test
with porewaterpressuremeasurement
relativedensity(specificgravity, G~)
directsheartest
sieveanalysisfor particlesize
combinedsieveandhydrometer(H) analysis
Modified Proctorcompactiontest
StandardProctorcompactiontest
organiccontenttest
concentrationof water-solublesulphates
unconfinedcompressiontest
unconsolidatedundrainedtriaxial test
field vane(LV-laboratoryvanetest)
unit weight

Note: I Testswhich areanisotropicallyconsolidatedprior to
shearareshownasCAD, CAU.

5 \FINALDAFABBREV~2OOO\LOFA.DOO.DOC

PH:
PM:
Wil:
WR:
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Unless otherwise stated, the symbols employed in the report are as follows:

I. General (a) Index Properties (continued)

π 3.1416 w water content
in x, natural logarithm of x w1 liquid limit
log10 x or log x, logarithm of x to base 10 wp plastic limit
g acceleration due to gravity lp plasticity index = (w1 – wp)
t time ws shrinkage limit
F factor of safety IL liquidity index = (w – wp)/Ip 
V volume IC consistency index = (w1 – w) /Ip 
W weight emax void ratio in loosest state

emin void ratio in densest state
II. STRESS AND STRAIN ID density index = (emax – e) / (emax - emin)

(formerly relative density)

γ shear strain (b) Hydraulic Properties
∆ change in, e.g. in stress: ∆ σ h hydraulic head or potential
ε linear strain q rate of flow
εv volumetric strain v velocity of flow
η coefficient of viscosity i hydraulic gradient
v poisson’s ratio k hydraulic conductivity (coefficient of permeability)
σ total stress j seepage force per unit volume
σ′ effective stress (σ′ = σ-u)
σ′vo initial effective overburden stress (c) Consolidation (one-dimensional)
σ1, σ2, σ3 principal stress (major, intermediate, minor)
σoct mean stress or octahedral stress

= (σ1+σ2+σ3)/3
Cc 
Cr

compression index (normally consolidated range)
recompression index (over-consolidated range)

τ shear stress Cs swelling index
u porewater pressure Ca coefficient of secondary consolidation
E modulus of deformation mv coefficient of volume change
G shear modulus of deformation cv coefficient of consolidation
K bulk modulus of compressibility Tv time factor (vertical direction)

U degree of consolidation
III. SOIL PROPERTIES σ′p pre-consolidation pressure

OCR over-consolidation ratio = σ′p/σ′vo 
(a) Index Properties

(d) Shear Strength
ρ(γ) bulk density (bulk unit weight*)
ρd(γd) dry density (dry unit weight) τp, τr peak and residual shear strength
ρw(γw) density (unit weight) of water φ′ effective angle of internal friction
ρs(γs) density (unit weight) of solid particles δ angle of interface friction
γ′ unit weight of submerged soil (γ′ = γ- γw)) µ coefficient of friction = tan δ
DR relative density (specific gravity) of solid

particles (DR = ρs/ ρw) (formerly Gs)
c′
cu,su

effective cohesion
undrained shear strength (φ = 0 analysis)

e void ratio p mean total stress (σ1 + σ3)/2
n
S

porosity
degree of saturation

p′
q
qu 

mean effective stress (σ′1 + σ′3)/2
(σ1 + σ3)/2 or (σ′1 + σ′3)/2
compressive strength (σ1 + σ3)

St sensitivity

Notes: 1 τ = c′ + σ′ tan φ′
2 shear strength = (compressive strength)/2
* density symbol is ρ. Unit weight symbol is γ where

γ = ρg (i.e. mass density x acceleration due
to gravity)
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