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FOUNDATION INVESTIGATION REPORT 
PROPOSED HIGHWAY 404 EXTENSION 

ADVANCE STRUCTURES AT MOUNT ALBERT ROAD 
TOWN OF EAST GWILLIMBURY, ONTARIO 

W.O. 04-20024, AGREEMENT NO. 2004-E-0051 

1. INTRODUCTION 

Shaheen & Peaker Limited (S&P) was retained by UMA Engineering Limited (UMA) to carry 
out a foundation investigation at the site of the proposed Highway 404 Extension/Mt. Albert 
Road advance structures. The site is part of the future extension of Highway 404 in the MTO 
Central Region, north of Green Lane in the Town of East Gwillimbury, Region of York, in 
Ontario. 

The project involves the detailed design of twin bridges for the proposed Highway 404 
overpass at Mt. Albert Road and associated abutments and approach embankments, as well 
as the proposed Mt. Albert Road cut. 

In 2004, a preliminary study was conducted by URS Canada Inc. and a foundation 
investigation was carried out by Golder Associates Ltd. for the preliminary structural design 
of the project.  Excerpts from the Draft Transportation Environmental Study Report, 
Hydrogeological Assessment and related drawings were provided in the RFP and the 
associated clarification documents.  As a result, a detailed geotechnical investigation was 
recommended to confirm the subsurface conditions, foundation recommendations and the 
design assumptions indicated in these reports. 

The Terms of Reference (TOR) for this foundation investigation are outlined in the MTO’s 
Request for Proposal (RFP) for Assignment No. 2004-E-0051, issued on January 2005 and 
the associated clarification document and the subsequent S&P Proposal P07149 dated July 
14, 2005. 

The purpose of this follow-up investigation was to obtain supplementary subsurface 
information for detailed design of the proposed structures by means of boreholes and to 
determine the engineering characteristics of the subsurface soils by means of field and 
laboratory tests.  The findings of this supplementary investigation for the proposed overpass 
structures are presented in this report. 

For the purposes of this report, the plans for the two proposed Northbound (NB) and 
Southbound (SB) Highway 404 bridges (including the north and south abutments and 
approach embankments) and for the new Mt. Albert Road cut provided by UMA Engineering, 
and the subsoil profiles encountered at the borehole locations are presented on Drawings 
No. 1, 2, 3 and 4. 
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2. SITE DESCRIPTION AND PHYSIOGRAPHY 

The study area is the site of the proposed Highway 404 Extension and Mt. Albert Road 
overpass.  The proposed overpass structures will be located about 350 m west of the 
existing Mt. Albert Road & Woodbine Avenue intersection in the Town of East Gwillimbury. In 
general, the topography of the site is flat-lying to gently sloping towards south and east. 

According to the Physiography of Southern Ontario (by Putnam & Chapman) and the Ontario 
Geological Survey Map P.2715, the study area is located within the Peterborough 
Drumlinized Till Plain, east of Lake Simcoe Lowlands, Holland Landing Marsh and 
Schomberg Clay Plains and north of Oak Ridges Moraine.  In the western portion of the 
Peterborough Till Plain, the drumlinized till is typically sandy.  Some of the drumlins in this 
area are covered with shallow silt and fine sand.  Drumlins with exposed bouldery surfaces 
are also present near the Simcoe Lowlands immediately south and east of Lake Simcoe.  
Localized deposits of silt, clay and peat may also be present in the low-lying areas between 
drumlins. 

3. REVIEW OF EXISTING GEOTECHNICAL INFORMAT ION 

The Preliminary Foundation Investigation and Design Report by Golder Associates dated 
April 2006 obtained from GEOCRES database (31D-408) was reviewed.  In addition, the 
associated groundwater protection plan, issued as an addendum to Final Hydrogeological 
Assessment Report in April 2006 by Golder Associates Ltd., was reviewed.  The existing 
subsurface information contained in these reports has been incorporated in our investigation 
in accordance with the TOR.  Borehole information relevant to this investigation is presented 
in Appendix C of this report. 

The fieldwork for the preliminary investigation was carried out in May 2004 and included a 
total of 4 boreholes at various locations near the proposed structures.  The results indicated 
that the subsurface conditions at the site consist of silt deposits, interlayered with glacial till 
which ranges from clayey silt till to sandy silt till. The groundwater level was found to be 
relatively high, varying between 1 m and 1.5 m below the existing ground surface. 

Considering the reported borehole locations and coordinates on the logs and the associated 
drawings, we have included two of the earlier boreholes in particular as listed in Table 1 
below because their anticipated depth and positions have satisfied the requirements of the 
TOR for this geotechnical investigation with respect to the location of the proposed 
structures.  It is noted that both of these boreholes had extended at least 3 m below 
competent strata. 
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Table 1: Utilized borehole information from Golder’s Report 

Existing BH No. Locations BH Depth (m) 

BH 101 Proposed NBL north abutment 10.8 

BH 103 Proposed SBL south abutment 12.3 

As a result of our preliminary review, we have determined that additional boreholes are 
needed to meet the MTO requirements in the RFP.  Therefore, a supplementary 
geotechnical investigation program was developed and carried out as described in the 
following section.  The number of boreholes in this program and their locations with respect 
to the structures satisfy or exceed the MTO protocol for detailed geotechnical investigation.  
Boreholes 102 and 104 of the previous (Golder Associates) investigation are also included in 
this report, as they provide additional information. 

4. SITE INVESTIGATION 

Based on our review and evaluation of the available geological information and existing 
information from MTO sources (e.g., GEOCRES); results of earlier investigations in RFP 
documents and other pertinent subsurface information (including the nature of the terrain and 
the performance of the existing structures and/or roads); and a preliminary site 
reconnaissance visit (to verify access to site and ability to drill at the precise locations); a 
foundation investigation was planned and carried out as follows. 

4.1 INVESTIGATION PROGRAM 

The fieldwork for the foundation investigation was performed during the period of August 10 
through September 13, 2006.  As per the TOR (agreed by MTO), the field investigation 
program consisted of drilling and sampling twenty-two (22) boreholes, M1 to M16, P1 to P4, 
and R2 and R3, at the locations shown on the plan and profile drawings (Drawings No. 1 to 
4) and summarized in Table 2.  The depth of boreholes varied from 6.6 to 15.6 m. 

Table 2: Overview of Field Investigation Program 

Design Elements Number 
of BHs 

Max. BH 
Depth (m) 

No. of Piezometer 

NB Abutments 3 15.6 

SB Abutments 3 15.7 
NB and SB 

Highway 404 
Bridges 

Approach Embankments 4 7.8 to 8.1 

4 

Mt. Albert Road Cut 12 3.4 to 10.4 9 

Total 22 3.4 to 15.7 13 
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4.1.1 BRIDGES, APPROACH EMBANKMENTS AND ABUTMENT WALLS 

As per the TOR for deep foundations (in the RFP document), for detail design of each 
foundation element, two (2) boreholes were advanced to at least 15 m depth to verify the 
subsurface conditions to the founding elevation for the element and below. A minimum of one 
exploratory borehole was drilled at each bridge approach to investigate the embankment 
foundations and to verify assumptions regarding embankment performance.  At approach 
embankments, boreholes were extended to a minimum of 100% of the embankment fill 
height or cut depth below the base of the fill or cut.  Considering two earlier Golder 
Associates Boreholes No. 101 and 103 drilled near two abutments from previous report, the 
field investigation program for the two bridges consisted of six (6) new boreholes to at least 
15 m depth at the location of the four proposed abutments. The borehole locations were 
strategically selected to provide representative subsurface information across the plan area 
of the proposed foundation elements.  Due to the presence of overhead hydro lines and 
underground Bell lines, boreholes for the north abutments were moved towards north.  

In addition, four (4) boreholes were drilled at the approaches within 20 m of the abutment to a 
depth of approximately 8 m (i.e., Boreholes P1 through P4).  In addition, two (2) piezometers 
were installed in two of these boreholes to monitor the groundwater condition. 

Six deep boreholes to a maximum of 15.7 m were drilled for the structures (as tabulated 
below), as part of the detailed design phase of investigation at this site, in order to confirm 
the continuity of the hard/very dense lower till deposit with depth.  The locations of 
piezometer installations at or near the limits of the Right-of-Way (ROW) were selected 
beyond the anticipated proposed crest of the road cut to allow groundwater monitoring during 
construction. 

Table 3: List of Boreholes at Approach Embankments and Abutment Walls 

Location Design Element BH No. Depth (m) Piezometer 

M5 15.7 No 
North Abutment 

M7 15.4 No 
South Abutment M6 15.7 Yes 
North Approach 
Embankment 

P1 8.1 Yes 
Highway 404 
SB Bridge 

South Approach 
Embankment 

P3 8.1 No 

M8 15.6 No 
North Abutment 

M9 15.6 Yes 
South Abutment M10 15.6 No 
North Approach 
Embankment 

P2 8.1 No 
Highway 404 
NB Bridge 

South Approach 
Embankment 

P4 7.8 Yes 
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4.1.2 PROPOSED DEEP CUTS ALONG MT. ALBERT ROAD 

Based on the preliminary profile drawings prepared by URS, the proposed cut along Mt. 
Albert Road ranges from about 3 to 6 m below existing grade.  The TOR required drilling 
boreholes at a maximum of 50 m intervals along Mount Albert Road from Station 9+800 to 
Station 10+250.  Considering the abutment boreholes at the overpass locations, a total of 12 
new boreholes were drilled up to about 10 m depth, as listed in Table 4 below.  This table 
also includes the proposed cut depths and the location of the piezometers installed in most 
boreholes. 

Table 4: List of Boreholes along the Proposed Mt. Albert Road Cut 

BH No. Stations Offsets 
Proposed Cut 
Depth from Rd 

C/L (m) 

BH Depth 
(m) 

Piezometers 

M2 9+880 Shoulder 
5m Rt C/L 

4 6.6 yes 

M3 9+930 30 m Rt C/L 5 10.4 yes 
M4 9+930 27 m Lt C/L 5 10.4 yes 
M11 10+070 34 m Rt C/L 6 10.1 yes 
M12 10+070 20m Lt C/L 6 10.4 yes 
M13 10+110 Shoulder 

5 m Lt C/L 
5.5 9.4 yes 

M14 10+110 33m Rt C/L 5.5 9.5 yes 
M1 10+145 34 m Lt C/L 4* 9.5 yes 
M15 10+189.6 Shoulder 

6m Rt C/L 
4 6.3 No 

M16 10+215 34 m Lt C/L 3* 9.3 yes 
R2 9+820 5 m Lt C/L 2 3.7 No 
R3 10+260 Shoulder 

5 m Lt C/L 
2 3.4 No 

* Existing road cut on the Lt side of the road is currently about 2 to 3 m high. 

The preliminary profile drawings prepared by URS indicate that the proposed cut at the 
locations of Boreholes R2 and R3 is about 2 m. Foundation investigation guidelines for cut 
require borehole depth to 1.5 times the depth of cut or to 3 m below existing grade.  
Therefore, Boreholes R2 and R3 were drilled to a minimum of 3 m depth. 

4.2 INVESTIGATION PROCEDURES 

All field and laboratory works were carried out in accordance to the MTO field and laboratory 
procedures and protocols.  Prior to drilling, all underground services were cleared.  Also prior 
to commencement of the field work, the Region of York was advised and a detailed traffic 
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control plan was prepared and submitted to UMA.  All work was carried out in full compliance 
with OHSA Act and regulations, MOL requirements and appropriate traffic control measures 
(e.g., using appropriate protocols and signage), in accordance with the Ontario Traffic 
Manual – Book 7. 

The field investigation included soil sampling and standard penetration tests with continuous 
flight augers (both solid and hollow stem augers).  The field investigation was followed by 
laboratory geotechnical testing on selected recovered samples.  The results of the field 
investigation and laboratory testing provided the necessary factual information concerning 
the vertical and horizontal extent of subsurface conditions (including both soil and rock and 
their pertinent engineering properties).  Particular attention was paid to documenting 
groundwater conditions during drilling and in the piezometers installed in selected boreholes. 
It is recognized that the anticipated groundwater level along the proposed earth cut will have 
significant impact on the potential cost of dewatering during construction. 

All borehole locations were staked out in the field by S & P staff.  Upon completion of the 
boreholes, the borehole coordinates and elevations were determined by J.D. Barnes on 
behalf of UMA and were supplied to us. 

The boreholes were advanced using continuous-flight hollow or solid-stem augers powered 
by a drilling rig, outfitted with tools and equipment for soil sampling and testing. 

A specialist drilling contractor Eastern Soil Investigation carried out the drilling, field testing 
and sampling work under the direction and supervision of Geotechnical Engineers from S&P. 

Normal interval of SPT testing and sampling is 0.76 m from the ground surface to 5 m depth, 
and then this interval is increased to 1.5 m below 5 m to a depth of 15 m. In this case, 
however, to capture the presence of pervious sand layers or lense and to minimize the risk 
of basal heave, close sampling and SPT testing (i.e., at 0.76m intervals of depth) were 
carried generally to full borehole depths.  The Standard Penetration Test method (SPT) 
performed in general accordance with ASTM D1586, consists of freely dropping a 63.5 kg 
hammer a vertical distance of 0.76 m to drive a 51mm O.D. split barrel (SS – split – spoon) 
sampler into the ground.  The number of blows of the hammer required to drive the sampler 
into the relatively undisturbed ground by a vertical distance of 0.30 m is recorded as the 
Standard Penetration Resistance or the N-value of the soil which is indicative of the 
compactness condition of granular (or cohesionless) soils (gravels, sands and silts) or the 
consistency of cohesive soils (clays and clayey soils). 

Groundwater conditions in the boreholes were observed during and on completion of drilling 
in the open boreholes and in the installed piezometers.  Follow-up groundwater monitoring 
was also conducted to measure the stabilized groundwater levels in the piezometers.  Upon 
their completion, the open boreholes were grouted using a cement/bentonite mixture as per 
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MTO procedures in accordance with Ministry of the Environment Regulation 903 and its 
Amendments (the water well regulation under the OWRA).  Grouting was effected in the 
boreholes containing piezometers.  However, the pipes were not decommissioned so that 
they can be utilized to monitor groundwater levels, prior to and during construction, if 
required. 

The soil samples were transported to our geotechnical laboratory in Toronto for further 
examination and classification.  A laboratory testing programme, consisting of natural 
moisture content determinations, grain size analyses and Atterberg Limits tests, was 
performed on selected representative samples according to the following specifications: 

v Sieve Analysis (LS-602) 
v Natural Moisture Content (LS-701) 
v Particle Size Analysis (LS-602/LS-702) 
v Atterberg Limits (LS-703/LS-704) 

The results of the laboratory tests are presented on the appropriate Record of Borehole 
Sheets (Appendix A) and also in Appendix B. 

5. SUBSURFACE CONDITIONS 

The subsurface conditions were explored at twenty-two (22) boreholes (listed in Tables 2, 3 
and 4 in Section 4 above) during the current investigation.  The plan locations of the 
boreholes along with the inferred stratigraphic sections along the proposed Highway 404 
bridges and Mt. Albert cut are shown on Drawings 1 to 4.  Details of subsurface conditions 
encountered at each borehole location for the current investigation, including the results of in-
situ testing, groundwater observations and laboratory test results, are presented on the 
Record of Borehole Sheets in Appendix A.  Detailed laboratory test results are enclosed in 
Appendix B.  Relevant borehole information (Records of Boreholes) from previous 
preliminary investigation at the site (Boreholes BH 101 to BH 104) put down by others in May 
2004 is also provided in Appendix C for reference purposes. 

In general, the subsurface stratigraphy comprises topsoil/pavement structure underlain by a 
sequence of upper and lower silt and till deposits, respectively.  The upper silt deposit is 
underlain by an upper clayey silt till/sandy silt till deposit, which is in turn underlain by a lower 
silt deposit. The lower silt deposit is underlain by a lower clayey silt till/sandy silt till deposit. 
The groundwater table was found to be between 0.6 and about 2.5 m below existing grade, 
but generally 1 to 1.5 m deep. 

The various strata encountered in the boreholes and their geotechnical properties are briefly 
described in the following subsections of this report.  Please note that the following summary 



Project:  SPT1178 Foundation Investigation Report 
UMA Engineering Ltd. Proposed Highway 404 Extension 
 Advance Structures at Mount Albert Road, Town of East Gwillimbury, Ontario 
 MTO Central Region 
 W.O. 04-20024, Agreement No. 2004-E-0051 
 

 
SHAHEEN & PEAKER LIMITED 8 
APRIL 24, 2007 

is to assist the designers of the project with an understanding of the anticipated soil 
conditions across the site.  Detailed geotechnical information is presented in the Record of 
Borehole sheets (Appendix A).  It should be noted that the soil and groundwater conditions 
may vary in between and beyond borehole locations. 

5.1 TOPSOIL 

Topsoil was encountered in Boreholes M1, M3 to M12, M14, M16, and P1 to P4, ranging in 
thickness between about 0.1 and 0.25 m. It should be noted that the thickness of topsoil may 
vary in between and beyond the borehole locations. 

5.2 FILL 

Boreholes M2, M13, M15, R2 and R3 drilled on the shoulders of existing Mt. Albert Road 
encountered granular fill extending to about 0.8 m to 1.4 m depth, or El. 269.8 m in BH M2 to 
264.8 m in BH R3. The fill layer in these boreholes consists of surficial sand and gravel, 
underlain by sand and silt in some boreholes. 

The measured SPT “N” values of 17 to 38 blows per 0.3 m of penetration suggest that this 
granular fill layer is generally in a compact to dense state. The measured natural moisture 
contents in the upper sand and gravel fill ranged from 2 to 3%. 

Grain size analyses were carried out on three samples of the granular pavement fill materials 
with the results as follows: 

Table 5: Results of Grain Size Analysis for Pavement Fill 
Sample Depth 

(m) 
Mid-El. 

(m) 
Gravel Sand Silt 

BH M2/SS1 0 - 0.6 270.3 26% 57% 17% 

BH M13/SS1 0 - 0.6 270.1 11% 69% 20% 
BH M15/SS1 0 - 0.6 267.9 42% 46% 12% 

In summary, the tested samples of granular pavement fill consisted of: 11-42% Gravel, 46-
69% Sand, and 12-20% Silt & Clay. The grain size distribution curves are shown in Figure B1 
in Appendix B. 

Figure B2 presents the results of grain size analysis from two samples of the silty sand to silt 
and sand fill materials underlying the pavement fill.  These consist of 44-66% sand and 34-
56% soil fines (i.e., silt and clay size particles), as shown in Figure B2. 

Table 6: Results of Grain Size Analysis for Silty Sand to Silt & Sand Fill 

Sample Depth Mid-El. Gravel Sand Silt and Clay 
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(m) (m) 

BH M2/SS2 0.75 - 1.35 269.55 0% 66% 34% 

BH R2/SS2 0.6 - 1.2 269.4 1% 44% 56% 

5.3 UPPER SILT TO SANDY SILT 

Below the topsoil or fill materials, a fine-grained cohesionless silt deposit with trace to some 
sand deposit was encountered across the site, except at the location of Borehole M4 where 
the silt deposit is slightly cohesive (i.e., clayey silt).  At the location of Boreholes M3, M4, M14, 
the upper silt deposit was found to be more sandy, which is therefore classified as sandy silt. 
The upper silt deposit was contacted at depth ranging between 0.1 m and 1.2 m, at or below 
El.271.3 to 269.8 m. This deposit extended to depths of about 1.4 m to 5.3 m (El. 270 m to 
El.268 m). 

The measured natural moisture contents generally ranged between 9 and 22%. 

Grain size analyses were carried out on two samples of this deposit with the results 
summarized in the following table. 

Table 7: Results of Grain Size Analyses for Upper Silt 

Sample Depth 
(m) 

Mid-El. 
(m) 

Gravel Sand Silt Clay 

BH M6/SS2 0.75 - 1.2 269.53 0% 4 % 86% 10% 
BH M9/SS2 0.75 - 1.2 269.92 0% 1% 92% 7% 

Based on these results the tested material consist of 1 to 4% sand, 86 to 92% silt and 7 to 
10% clay size particles, as shown in Figure B3. 

Measured N-values within this deposit ranged from 6 blows to 52 blows per 0.3 m indicating 
loose to very dense relative density, but generally loose to compact. 

In Borehole M4, the clayey silt layer within the upper silt deposit has a stiff to hard 
consistency with measured N-values of 10 to 41 blows per 0.3 m. 

5.4 UPPER CLAYEY SILT TILL TO SANDY SILT/SILTY SAND TILL 

The upper silt layer was generally underlain by a glacial deposit of clayey silt till to sandy 
silt/silty sand till consisting of a heterogeneous mixture of clayey silt to silty sand, with traces 
of gravel and occasional cobbles and boulders.  The composition of this deposit generally 
varied from cohesive clayey silt to slightly cohesive, but mostly granular (non-cohesive) 
sandy silt to silty sand till. 
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This glacial deposit was encountered at shallow depths from about 1 m to 2 m depth 
(ranging from El. 270 m to 268 m), and extended down to a maximum of 9.5 m depth in 
Borehole M1 (El. 260.9m, or termination of this borehole), but generally extended to 
elevations ranging from El. 267 m to 265 m. 

A grain size analysis was carried out on a sample from the more clayey (cohesive) till and 
the results are presented in the following table and Figure B4 in Appendix B. 

Table 8: Results of Grain Size Analyses for Upper Clayey Silt Till  

Sample Depth 

(m) 

Mid-El. 

(m) 

Gravel Sand Silt Clay 

BH M5/SS4 2.1~2.55 268.68 4% 22% 52% 22% 

An Atterberg Limit test was conducted on the same sample (i.e., BH M5/ SS4 from 3.1 - 
3.55m depth, or El. 267.9 - 267.45m).  The measured liquid and plastic limits (LL, PL) are 
16.2 % and 10.6 %, respectively, and the resultant Plasticity index (PI) for the tested sample 
is 5.6 %, as shown in Figure B5.  The results suggest that the tested material can be 
classified as CL-ML. 

Grain size distribution analyses were performed on samples from the basically non-cohesive 
(i.e., granular) zones of the deposit and the results are as follows: 

Table 9: Results of Grain Size Analyses for Non-cohesive Till 

Sample Depth 

(m) 

Mid-El. 

(m) 

Gravel Sand Silt Clay 

BH M5/SS7 4.5 -4.95 266.28 0% 11% 85% 3% 
BH M8/SS4 2.35 - 2.8 268.12 0% 23% 68% 9% 
BH M13/SS6 3.8 - 4.1 266.2 0% 0% 95% 5% 
BH M14/SS7 6.1 - 6.55 262.98 2% 44% 49% 5% 

Based on these results the tested material consists of 0 to 2% Gravel, 0 to 44% sand, 49 to 
95% silt and 3 to 9% clay size particles, as shown in Figure B6 in Appendix B. 

The measured natural moisture contents for this deposit generally range between 7 and 
24%.  

The measured unit weight for this deposit generally ranges from 21.6 to 22.5 kN/m3. 

Presence of occasional cobbles and boulders were inferred from high SPT N-values at 
variable depths within the till deposit.  The results of Standard Penetration tests conducted 
on the cohesive (clayey silt till) zones of the deposit range from 13 to 131 blows/0.3m 
indicating a stiff to hard consistency.  The N-values recorded in the basically granular zones 
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of the till range from 10 to in excess of 100 blows/0.3m indicating a compact to very dense 
relative density. 

5.5 LOWER SILT 

In many of the boreholes, the upper till deposit is underlain by a fine-grained cohesionless to 
slightly cohesive lower silt deposit.  This deposit was encountered at about 2 to 7 m depth, or 
about El.264 to 267 m and extended to depths ranging between about 5 to in excess of 10 m 
below the ground surface, or about El. 265 to below El. 261m.  This deposit contained trace 
to some sand and trace clay in several boreholes. 

Measured N-values within this deposit range from 20 to in excess of 100 blows per 0.3m 
indicating compact to very dense relative density. The measured natural moisture contents in 
this deposit generally ranged between 9 and 22%. 

Grain size analyses were carried out on ten samples from this deposit with the results 
summarized in the following table. 

Table 10: Results of Grain Size Analyses for Lower Silt 
Sample Depth 

(m) 
Mid-El. 

(m) 
Gravel Sand Silt Clay 

BH M2/SS5 3.05 - 3.65 267.25 0% 1% 80% 19% 
BH M2/SS7 4.55 - 5.00 265.7 0% 2% 96% 2% 
BH M4/SS6 3.80 - 4.25 267.38 0% 2% 86% 12% 
BH M5/SS11 6.05 - 6.50 264.73 0% 2% 82% 16% 
BH M6/SS9 6.00 - 6.45 264.28 0% 0% 94% 6% 
BH M7/SS8 4.90 - 5.35 265.68 0% 0% 81% 19% 
BH M8/SS7 4.60 - 5.05 265.88 0% 0% 90% 10% 
BH M10/SS6 3.80 - 4.25 266.08 0% 2% 89% 10% 
BH P3/SS5 3.05 - 3.50 266.85 O% 0% 95% 5% 
BH P4/SS7 4.20 - 4.65 265.28 0% 1% 98% 1% 

Based on these results the tested material consists of 1 to 2% sand and 80 to 98% silt and 2 
to 19% clay size particles, as shown in Figure B7 in Appendix B. 

The measured natural moisture contents for this deposit generally ranged between 13 and 
25%. 

The silt deposit was found to be wet and water bearing.  In Boreholes M13, M14 and M15, 
this deposit was found to be relatively coarser and attained a silty sand nature.  The grain-
size distribution of samples from the more sandy zones is given in the following table: 

Table 11: Results of Grain Size Analysis Results 
Borehole Gravel Sand Silt 
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BH M13/SS8 0 60 40 
BH M14/SS8 0 65 35 
BH M15/SS7 2 60 38 

Based on these results the tested material consists of 0 to 2% gravel, 60 to 65% sand and 
35 to 40% silt, as shown in Figure B8 in Appendix B. 

The recorded N-values in this water-bearing granular soil ranges from 44 to in excess of 100 
blows/0.3 m indicating a dense to generally very dense relative density. 

It should be pointed out that in several of the boreholes these fine-grained granular silt to silty 
sand deposits were not encountered and as a result the upper and lower till deposits 
represent one continuous stratigraphy. 

5.6 LOWER CLAYEY SILT TILL TO SANDY SILT TILL 

The lower silt deposit is underlain by a lower glacial deposit of clayey silt till to sandy silt till 
consisting of a heterogeneous mixture of sandy silt to clayey silt, with traces of gravel, 
occasional cobbles and boulders.  Owing to this mode of deposition, the presence of 
cobbles and boulders can always be expected in the glacial till deposits.  The composition of 
this deposit generally varied from cohesive clayey silt to slightly cohesive, or mostly granular 
(non-cohesive) sandy silt till. Most boreholes were terminated in this lower silt till deposit 
upon auger/spoon refusal on possible boulders/cobbles. 

This glacial deposit was encountered at depths ranging from 4 to 9 m depth (Elevations 
ranging from 267 m to 262 m) and extended to depths in excess of 15 m or below the 
termination of most boreholes. The measured SPT “N” values for this deposit varied from 15 
to in excess of 100 blows/0.3 m, indicating a compact to very dense (generally very dense) 
relative density or hard consistency.  

The measured natural moisture contents for this deposit generally ranged between 7 and 
19%. 

Grain size distribution analyses were conducted on selected soil samples from this stratum, 
giving the following grain size measurements: 

Table 12: Results of Grain Size Analysis for Lower Silt Till 
Sample Depth 

(m) 

Mid-El. 

(m) 

Gravel Sand Silt Clay 

BH M4/SS9 5.9 - 6.35 265.28 1% 15% 73% 10% 

BH M9/SS8 5.8 - 6.25 264.98 1% 5% 86% 8% 

BH M9/SS11 7.65 -7.95 263.1 3% 36% 52% 9% 
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BH M12/SS8 5.33 - 5.78 264.85 1% 41% 49% 9% 

BH M13/SS9 6.1- 6.25 263.93 3% 46% 45% 6% 

BH M7/SS16 11.2 - 11.5 259.45 0% 38% 60% 2% 

Based on the results of the grain size analysis on the tested samples, the lower sit till deposit 
generally consists of 0 to 3 % gravel, 2 to 46% Sand, 45 to 86% Silt and 2 to 10% Clay. The 
grain size curves for this material are provided in an envelope form in Figure B9. 

Atterberg limit tests were conducted on three samples from this material.  The results are 
summarized in the following table and also presented on the plasticity chart in Figure B10. 

Table 13: Results of Laboratory Atterberg Limits Tests 

Borehole No. 

/ Sample 

Depth 

(m) 

El. 

(m) 

PL LL PI Classification 

BHM4/ SS9 6.1 - 6.55 265.30-264.85 12.9 16.5 3.6 ML 
BHM9/ SS8 5.4 - 5.85 265.50-265.05 15.0 18.3 3.3 ML 
BHP4/ SS8 5.4 - 5.85 264.40-263.95 10.7 15.9 5.2 CL - ML 

Based on these measured Atterberg limits, the tested material can be classified as low 
plasticity silt (ML) to clayey silt (CL-ML), as shown in Figure B10 in Appendix B. 

5.7 GROUNDWATER CONDITIONS 

Groundwater conditions were observed in the open boreholes during the drilling and upon 
completion of each borehole, as detailed on the Record of Borehole Sheets.  However, the 
reported short-term water levels have not stabilized.  In addition, water levels were recorded 
in sealed piezometers installed in most boreholes. The results of groundwater monitoring in 
the piezometers are presented in the Table 14 along with the reported groundwater levels 
from earlier investigations by others. 

Table 14: Groundwater Monitoring Results in Sealed Piezometers 

Measured Groundwater Level 

August/September 2006 October 

2006 

Borehole 

No 

Ground 

El (m) 

Borehole 

Depth 

(m) 

Depth 

(m) 

Elev.  

(m) 

Depth 

(m) 

Elev.  

(m) 

M1 270.4 9.5 8.1 262.3 0.6 269.8 

M2 270.6 6.6 1.7 268.9 0.8 269.8 

M3 270.8 10.4 4.0 266.8 4.1 266.7 

M4 271.4 10.4 5.4 266.0 1.9 269.5 
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0.15m TOPSOIL
SILTY SAND to SANDY SILT

rusty  brown, damp, loose

SANDY SILT to SILTY SAND TILL
brown, damp, very dense

------------------
moist to wet

SILTY SAND
with trace silt

brown, wet, very dense

SANDY SILT TILL
grey, damp, very dense

CLAYEY SILT TILL
grey, damp, hard

End of borehole. Water level at 4.4m upon
completion. Piezometer installed to depth of
9.5m.
Water level in piezometer:
Sept 7/06----- 4.3m(EI. 265.0m)
Oct 3/06-------2.3m(EI.267.0m)
Oct 16/06-------1.6m(EI.267.7m)
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42    46    12    0
FILL: SAND and GRAVEL(0.1m)

FILL:SAND
some gravel

damp to moist

dense
--------

v. dense
SILTY SAND
trace gravel
brown, wet

End of borehole.  Water level at 3.7m(not
stabilized) upon completion. cave at 4.3m
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261.2
9.3

0.1m TOPSOIL
SILT, trace sand

brown, damp, loose

compact
----------

brown
--------

grey

SILTY SAND to SANDY SILT TILL
trace gravel

very dense, damp

End of borehole. Water level at 8.5m upon
completion in open hole. Pizometer installed
to depth of 9.3m.

Water level in piezometer:
Sept 13/06------ 8.5m(EI. 262.0m)
Oct 3/06----------4.0m(EI. 266.5m)
Oct 16/06----------3.2m(EI. 267.3m)
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26   57    17    0
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0.1
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0.8

269.4
1.2

267.7
2.9

264.0
6.6

0     66    34    0

0     1    80     19

0     2     96     2

FILL:  SAND AND GRAVEL brown, moist

FILL: SAND , some gravel
brown, moist, compact

SILTY SAND (Poss FILL)
with silt layer

brown,moist, compact

CLAYEY SILT TILL
trace sand & gravel

with silt layer
brown, moist to wet

v. stiff

265.3
5.3

End of borehole.

Water level at 3.4m upon completion.

Water level in piezometer:
Sept. 1, 2006 - 1.7m (El. 268.9m)
Sept. 5, 2006 - 1.7m (El. 268.9m)
Oct.16, 2006 - 0.8m (El. 269.8m)
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grey
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occ. clay seams
grey, wet
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0.25mTOPSOIL

loose
-----------
compact

SANDY SILT
brown, moist

268.5
2.3

267.1
3.7

260.4
10.4

SILT TILL
trace gravel and sand
brown, moist to wet

compact

brown
--------

grey

SILT
trace sand

wet

dense
to very dense

------------
compact

compact
------------

dense
SANDY SILT TILL

trace gravel
grey, moist to wet

End of borehole. Borehole dry and hole
open to 7.6m upon completion. Piezometer
installed to depth of 7.6m.

Water level in piezometer:
Sept. 1, 2006 - 4.0m (El. 266.8m)
Sept. 5, 2006 - 4.0m (El. 266.8m)
Sept. 7, 2006 - 4.1m (El. 266.7m)
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2    15    73    10

270.4
1.0

267.8
3.6

266.1
5.3

263.9
7.5

0    2     86    12

0.1mTOPSOIL

SANDY SILT to SILTY SAND
moist, damp, loose

stiff
------

v. stiff

CLAYEY SILT
occasional clay seams

brown, moist

-------
hard

compact, brown
----------------------------------
grey, loose, trace gravel

SILT
trace sand, occ. clay seams, wet

SILT to CLAYEY SILT TILL
trace gravel

grey, moist, hard

dense
-----------
compact

SILT 
trace sand
grey, wet

with clayey silt zones

End of borehole. Waterlevel at 8.1m upon
completion. Piezometer installed to depth of
9.8m.

Water level in piezometer:
Sept. 7, 2006 - 5.4m (El. 266.0m)
Oct. 3, 2006----2.3m (EI. 269.1m)
Oct. 16, 2006----1.9m (EI. 269.5m)
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trace gravel
grey, moist
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trace sand, occasional clay seams

grey, wet, compact

CLAYEY SILT TILL
trace gravel, with sandy silt till zones

grey, moist, hard
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grey, moist
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Laboratory Results 
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Record of Borehole Sheets 
for BH101 to BH104 from Previous 

Preliminary Investigation by Others – 
Geocres No. 31D-408 
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Site Photographs 
 



WO 04-20024 SPT 1178, Highway 404, Mt. Albert Road       
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Photograph 1 – 10+250 North Side looking east 

 

 
Photograph 2 – 10+250. south side looking east 



WO 04-20024 SPT 1178, Highway 404, Mt. Albert Road       
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Photograph 3 – 10+250 South Side looking west 

 

 
Photograph 4 –10+250 North Side looking west 



WO 04-20024 SPT 1178, Highway 404, Mt. Albert Road       
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Photograph 5 – 10+050 South Side looking west 

 

 
Photograph 6 – 10+050 North Side looking west 

 



WO 04-20024 SPT 1178, Highway 404, Mt. Albert Road       
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Photograph 7 – 10+000 Looking North 
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Photograph 8 – 10+000 looking south 
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Photograph 9 - 9+950 South Side looking west 

 

 
Photograph 10 – 9+950 North Side looking west 



WO 04-20024 SPT 1178, Highway 404, Mt. Albert Road       
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Photograph 11 –9+850 South Side looking west 

 

 
Photograph 12 –9+850 North Side looking west 
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Photograph 13 –9+750 South Side looking west 

 

 
Photograph 14 –9+750 North Side looking west 
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Photograph 15 –Mt. Albert at east end of site at Woodbine Avenue 

 
 

 
Photograph 16 –Mt. Albert at west end of site  
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Appendix E 
 

Explanation of Terms Used in Report 



EXPLANATION OF TERMS USED IN REPORT 

 
N-VALUE: THE STANDARD PENETRATION TEST (SPT) N-VALUE IS THE NUMBER OF BLOWS REQUIRED TO CAUSE A STANDARD 51mm O.D SPLIT BARREL SAMPLER 
TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 63.5kg, FALLING FREELY A DISTANCE OF 0.76m.  
FOR PENETRATIONS OF LESS THAN 0.3m N-VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION ACHIEVED.  AVERAGE N-VALUE IS 
DENOTED THUS N. 
 
DYNAMIC CONE PENETRATION TEST:  CONTINUOUS PENETRATION OF A CONICAL STEEL POINT (51mm O.D. 60° CONE ANGLE) DRIVEN BY 475J IMPACT ENERGY ON 
‘A’ SIZE DRILL RODS.  THE RESISTANCE TO CONE PENETRATION IS MEASURED AS THE NUMBER OF BLOWS FOR EACH 0.3m ADVANCE OF THE CONICAL POINT 
INTO THE UNDISTURBED GROUND. 
 
SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS. 
 

CONSISTENCY:  COHESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH (cu) AS FOLLOWS: 
 

Cu (kPa) 0 – 12 12 – 25 25 – 50 50 – 100 100 – 200 >200 
 VERY SOFT SOFT FIRM STIFF VERY STIFF HARD 

 
DENSENESS:  COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS: 
 

N (BLOWS/0.3m) 0 – 5 5 – 10 10 – 30 30 – 50 >50 
 VERY LOOSE LOOSE COMPACT DENSE VERY DENSE 

 
 

ROCKS ARE DESCRIBED BY THEIR COMPOSION AND STRUCUTRAL FEATURES AND/OR STRENGTH. 
 

RECOVERY:   SUM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE 
CORING RUN. 

 
MODIFIED RECOVERY:   SUM OF THOSE INTACT CORE PIECES, 100mm+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.  

THE ROCK QUALITY DESIGNATION (RQD), FOR MODIFIED RECOVERY IS: 
 

RQD (%) 0 – 25 25 – 50 50 – 75 75 – 90 90 – 100 
 VERY POOR POOR FAIR GOOD EXCELLENT 

 
JOINT AND BEDDING: 
 

SPACING 50mm 50 – 300mm 0.3m – 1m 1m – 3m >3m 
JOINTING VERY CLOSE CLOSE MOD. CLOSE WIDE VERY WIDE 
BEDDING VERY THIN THIN MEDIUM THICK VERY THICK 

 
 

ABBREVIATIONS AND SYMBOLS 

 
FIELD SAMPLING MECHANICALL PROPERTIES OF SOIL 

SS SPLIT SPOON TP THINWALL PISTON mv kPa -1 COEFFICIENT OF VOLUME CHANGE 
WS WASH SAMPLE OS OSTERBERG SAMPLE cc 1 COMPRESSION INDEX 
ST SLOTTED TUBE SAMPLE RC ROCK CORE cs 1 SWELLING INDEX 
BS BLOCK SAMPLE PH TW ADVANCED HYDRAULICALLY ca 1 RATE OF SECONDARY CONSOLIDATION 
CS CHUNK SAMPLE PM TW ADVANCED MANUALLY cv m2/s COEFFICIENT OF CONSOLIDATION 
TW THINWALL OPEN FS FOIL SAMPLE H m DRAINAGE PATH 
 Tv 1 TIME FACTOR 

STRESS AND STRAIN U % DEGREE OF CONSOLIDATION 

uw kPa PORE WATER PRESSURE σ’vo kPa EFFECTIVE OVERBURDEN PRESSURE 
ru 1 PORE PRESSURE RATIO σ’p kPa PRECONSOLIDATION PRESSURE 
σ kPa TOTAL NORMAL STRESS τf kPa SHEAR STRENGTH 
σ’ kPa EFFECTIVE NORMAL STRESS c’ kPa EFFECTIVE COHESION INTERCEPT 
τ kPa SHEAR STRESS φ’ -o EFFECTIVE ANGLE OF INTERNAL FRICTION 
σl, σ2, σ3 kPa PRINCIPAL STRESSES cu kPa APPARENT COHESION INTERCEPT 
ε % LINEAR STRAIN φu -o APPARENT ANGLE OF INTERNAL FRICTION 
ε1, ε2, ε3 % PRINCIPAL STRAINS τR kPa RESIDUAL SHEAR STRENGTH 
E kPa MODULUS OF LINEAR DEFORMATION τr kPa REMOULDED SHEAR STRENGTH 
G kPa MODULUS OF SHEAR DEFORMATION St 1 SENSITIVITY = cu / τr 
µ 1 COEFFICIENT OF FRICTION    
 

PHYSICAL PROPERTIES OF SOIL 
 

P s kg/m3 DENSITY OF SOLID PARTICLES e 1,% VOID RATIO emin 1,% VOID RATIO IN DENSEST STATE 
emax – e ϒs kN/m3 UNIT WEIGHT OF SOLID PARTICLES n 1,% POROSITY ID 1 DENSITY INDEX = 
emax - emin 

Pw kg/m3 DENSITY OF WATER w 1,% WATER CONTENT D mm GRAIN DIAMETER 
ϒw kN/m3 UNIT WEIGHT OF WATER sr % DEGREE OF SATURATION Dn mm N PERCENT – DIAMETER 
P kg/m3 DENSITY OF SOIL wL % LIQUID LIMIT Cu 1 UNIFORMITY COEFFICIENT 
ϒ kN/m3 UNIT WEIGHT OF SOIL wP % PLASTIC LIMIT  h m HYDRAULIC HEAD OR POTENTIAL 
Pd kg/m3 DENSITY OF DRY SOIL ws % SHRINKAGE LIMIT  q m3/s RATE OF DISCHARGE 
ϒd kN/m3 UNIT WEIGHT OF DRY SOIL IP

 % PLASTICITY INDEX = (WL – WL)  v m/s DISCHARGE VELOCITY 
Psat kg/m3 DENSITY OF SATURATED SOIL IL 1 LIQUIDITY INDEX = (W – WP)/ lP   i 1 HYDAULIC GRADIENT 
ϒsat kN/m3 UNIT WEIGHT OF SATURATED SOIL IC 1 CONSISTENCY INDEX = (WL – W) / 1P   k    m/s HYDRAULIC CONDUCTIVITY 
P’ kg/m3 DENSITY OF SUBMERED SOIL emax 1,% VOID RATIO IN LOOSEST STATE   j kN/m3 SEEPAGE FORCE 
ϒ’ kN/m3 UNIT WEIGHT OF SUBMERGED SOIL       
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