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1. Introduction 

This report presents the results of an updated slope stability evaluation to verify the potential 
impact on the existing slopes along the west property boundary due to the construction of the 
Proposed Mixed-use Development at 4050 Yonge Street North, Toronto, Ontario. 

The slope stability analyses were carried out using the borehole information from a geotechnical 
report titled “Updated Revised Preliminary Geotechnical Report, Proposed Mixed-Use 
Development, 4050 Yonge Street, Toronto, Ontario dated February 2016 prepared by 
McCLYMONT & RAK and “Supplementary Geotechnical Investigation, 4050 Yonge Street North, 
Toronto, Ontario” dated February 12, 2017 and Revised on January 17, 2020 prepared by EXP 
Services Inc. (EXP).   

For this study, EXP was provided with a survey Grading Plan prepared by Association of Ontario 
Land Surveyors on May 11, 2015 and an updated May 1, 2020.  

Previously, a slope stability analysis was carried out by McCLYMONT & RAK, by utilizing the survey 
information from the May 11, 2015 topographic survey, and the proposed augmented/improved 
slope section. The analyses carried put in this report are based on the updated topographic 
survey information and using the existing unaltered slope condition.  
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2. Slope Conditions   

The subject slope is located on the west side of proposed development at 4050 Yonge Street 
North, Toronto, Ontario.   

The slope is approximately 6.5 to 7.9 m in height.  The overall slope gradients vary from 
approximately 1.5H:1V to 7.5H:1V.  The slopes are covered with some mature trees.   

During the site visits on June 8, 2020, no visual signs of instability (e.g., surface failure, leaning 
trees, tension cracks etc.) were noted.  Don River is approximately 6 m wide and the water was 
about 1.0 m deep on the date of our site visits.   

Photographs 1 through 4 attached in Appendix C show the general conditions of the slopes at the 
time of this study.   
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3. Subsurface Conditions   

The detailed soil profiles encountered in each of the boreholes and the results of laboratory 
moisture content determinations are indicated on the attached borehole logs.  It should be noted 
that the soil boundaries indicated on the borehole logs are inferred from non-continuous 
sampling and observations during drilling.  These boundaries are intended to reflect approximate 
transition zones for the purpose of geotechnical design and should not be interpreted as exact 
planes of geological change.   

The "Notes on Sample Descriptions" preceding the borehole logs form an integral part of and 
should be read in conjunction with this report.   

3.1 Subsoil 

3.1.1 Section 1-1 (Borehole 13) 

Borehole 13 was drilled at the top of the slope  

3.1.1.1 Asphalt Concrete 

A layer of pavement structure with asphaltic concrete and crushed limestone is present at the 
ground surface.  The measured pavement structure thickness is 300 mm.   

3.1.1.2 Uncontrolled Fill 

A deposit of uncontrolled fill was found below the pavement structure in Borehole 13 and 
extends to a depth of 5.5 m below the existing ground surface.  The uncontrolled fill is generally 
grey in colour. The SPT ‘N’ values of the fill was between 2 and 18 blows per 300 mm, which 
indicates loose to compact conditions.  

3.1.1.3 Silty Clay 

A deposit of Silty Clay was encountered below the uncontrolled fill in Borehole 13 to a depth of 
6.0 m below the existing ground surface.  he SPT ‘N’ values of the silty clay was 25 blows per 
300 mm, which indicates a firm consistency.   

3.1.1.4 Sand 

A deposit of sand was encountered below the silty clay in Borehole 13 to the depth of 7.0 m 
below the existing ground surface.   The SPT ‘N’ values of the sand was 32 blows per 300 mm, 
which indicates dense conditions.   

3.1.1.5 Silt and Sand 

A deposit of silt and sand was encountered below the sand in Borehole 13 to a depth of 8.3 m 
below the existing ground surface. The SPT ‘N’ values of the silt and sand were 14 to 24 blows 
per 300 mm, which indicates a compact condition.   
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3.1.1.6 Sand 

A deposit of sand was encountered below the silt and sand in Borehole 13 to the depth of 9.2 m 
below the existing ground surface.   The SPT ‘N’ values of the sand was 26 blows per 300 mm, 
which indicates compact conditions.   

3.1.1.7 Silty Sand to Silt and Sand 

A deposit of silty sand to silt and sand was found below the sand in Borehole 13 and extends to 
the depth of 19.7 m below the existing ground surface.  The SPT ‘N’ value of the silty sand to silt 
and sand were 12 to 25 blows per 300 mm, which indicates compact conditions.   

3.1.1.8 Clayey Silt to Silty Clay 

A deposit of clayey silt to Silty Clay was encountered below the silty sand to silt and sand in 
Borehole 13 to a depth of 22.0 m below the existing ground surface.  he SPT ‘N’ values of the 
clayey silt were 20 to 42 blows per 300 mm, which indicates a very stiff to hard consistency.   

3.1.1.9 Silty Sand to Silt and Sand 

A deposit of silty sand to silt and sand was found below the clayey silt to silty clay in Borehole 13 
and extends to the depth of borehole termination depth of 30.9 m below the existing ground 
surface.  The SPT ‘N’ value of the silty sand to silt and sand were 37 to >50 blows per 300 mm, 
which indicates dense to very dense conditions.   

3.1.1.10 Groundwater 

Groundwater was observed in the borehole upon completion of drilling.  No Groundwater was 
observed.  Seasonal fluctuations of the groundwater level at the site should be anticipated.  

3.1.2 Section 2-2 (Borehole 9) 

Borehole 9 was drilled at the top of the slope. 

3.1.2.1 Asphalt Concrete 

A layer of asphalt concrete is present at the ground surface of the slope.  The measured asphalt 
concrete thickness is 70 mm.   

3.1.2.2 Uncontrolled Fill 

A deposit of uncontrolled fill was encountered below the asphalt concrete in Borehole 9 to a 
depth of 2.1 m below the existing ground surface.  The SPT ‘N’ values of the sand were 10 to 21 
blows per 300 mm, which indicates various condition.   
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3.1.2.3  Sand trace to some silt 

A deposit of sand trace to some silt was encountered below the uncontrolled fill in Borehole 9 to 
a depth of 5.6 m below the existing ground surface. The SPT ‘N’ values of the sand trace to some 
silt were 7 to 12 blows per 300 mm, which indicates loose to compact condition. 

3.1.2.4 Sand and Gravel 

A deposit of sand and gravel was found below the sand trace to some silt in Borehole 9 and 
extends to a depth of about 8.0 m below the existing ground surface. The SPT ‘N’ value of the 
sand and gravel was 18 blows to >50 per 300 mm, which indicates compact to very dense 
conditions.   

3.1.2.5 Groundwater 

The groundwater condition at the site was assessed by observing the water levels in the open 
holes during the field work.  The groundwater was observed approximately 8.7 m below the 
existing ground surface. This corresponds to an Elevation of approximately 124.7 m.  Seasonal 
fluctuations of the groundwater level at the site should be anticipated.   

3.1.3 Section 3-3 (Borehole 7) 

Borehole 7 was drilled at the top of the slope.  

3.1.3.1 Asphalt Concrete 

A layer of asphalt concrete is present at the ground surface of the slope.   

3.1.3.2 Uncontrolled Fill 

A deposit of uncontrolled fill was found below the topsoil in Borehole 7 and extends to a depth 
of 2.2 m below the existing ground surface.  The SPT ‘N’ values of the fill was 6 to 41 blows per 
300 mm, which indicates various conditions.   

3.1.3.3 Silty Clay trace gravel 

A deposit of silty clay trace gravel was found below the uncontrolled fill in Borehole 7 and extends 
to a depth of 4.2 m below the existing ground surface.  The SPT ‘N’ value of the silty clay was 8 
to 20 blows per 300 mm, which indicates stiff to very stiff consistency. 

3.1.3.4 Sand 

A deposit of sand was encountered below the silty clay in Borehole 7 and extends to a depth of 
6.3 m below the existing ground surface. The SPT ‘N’ values of the sand were 10 to 11 blows per 
300 mm, which indicates compact conditions. 
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3.1.3.5 Sand and Gravel 

A deposit of sand and gravel was encountered below the sand in Borehole 7 and extends to a 
depth of 6.8 m below the existing ground surface.  The SPT ‘N’ values of the sand and gravel was 
32 blows per 300 mm, which indicates dense conditions. 

3.1.3.6 Silt and Sand 

A deposit of silt and sand was encountered below the sand and gravel in Borehole 7 and extends 
to a depth of 15.4 m below the existing ground surface.  The SPT ‘N’ values of the silt and sand 
was 27 to 49 blows per 300 mm, which indicates compact to dense conditions. 

3.1.3.7 Silty Clay 

A deposit of silty Clay was found below the silt and sand and extends to a depth of 15.6 m below 
the existing ground surface.  The SPT ‘N’ values of the silty clay was 71 blows per 300 mm, which 
indicates a hard consistency.   

3.1.3.8 Silt and Sand 

A deposit of lower silt and sand was encountered below the silty clay to the borehole termination 
depth of about 18.7 m.  The SPT ‘N’ values of the silt and sand were 36 to 37 blows per 300 mm, 
which indicates compact conditions.   

3.1.3.9 Groundwater 

The groundwater condition at the site was assessed by observing the water levels in the open 
holes during the field work.  Groundwater was observed at approximately 8.5 m below the 
existing ground surface at the end of borehole drilling.  This corresponds to an Elevation of 
approximately 125.0 m.  Seasonal fluctuations of the groundwater level at the site should be 
anticipated. 
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4. General Slope Stability Analyses 

4.1 Methodology 

Stability analysis was performed at three slope sections (Sections 1, through 3) as shown on 
Drawing No. 1.  All slopes were analyzed for evaluation of the minimum Factor of Safety.  
Embankment geometry as provided in the earlier referenced Drawing was utilized for analyses 
at Sections 1 through 3.  

All stability analyses were carried out using the Slope/W software (GeoStudio 2012), and 
subsurface conditions revealed by the boreholes referenced for the respective slope sections.  
The factor of safety (F.S.) against slope failure was evaluated based on the limit equilibrium 
analysis method proposed by Morgenstern and Price for circular sliding surfaces.  

The soil parameters adopted in the analyses are summarized in Table 1.  These parameters are 
estimated from the index properties of the soil units and are considered to be representative of 
the soil properties.   

Table 1: Soil Properties used in Analysis 

Material Unit Weight 
(kN/m3) 

Effective 
Cohesion 

(kPa) 

Angle of 
Shearing 

Resistance 

Existing Fill 20 0 28° 

Silty Sand 20 0 34° 

Sand some gravel  20 0 36° 

Sand and Gravel 21 0 38° 

Sandy Silt 21 0 34° 

Sand 21 0 36° 

Silty Clay 20 0 32° 

Each section was analyzed under static and seismic conditions.  Design ground acceleration for 
the project site was determined from the Earthquake Hazards Program Website by interpolating 
the 2015 National Building Code of Canada Seismic Hazard values.  The map indicates a peak 

horizontal ground acceleration (PHGA) value of approximately 0.132 g at the project site1.  The 
value is associated with an earthquake having 2 percent probability of exceedance in a 50-year 
period, (0.000404 per annum probability).   

 
1 g = the acceleration of gravity = ~9.81 m/sec2 
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The results of the analyses are shown in Figures 1 to 6 in Appendix ‘A’ and are summarized in 
Table 2.   

Table 2: Stability Analyses Results  

Sections 
Minimum Safety Factors 

Static Figure Seismic Figure 

1-1  1.32 1 1.11 2 

2-2  1.48 3 1.16 4 

3-3 1.21 5 1.09 6 

In general, according to guidelines of the Toronto Region Conservation Authority (TRCA), 
acceptable minimum Factors of Safety under static and seismic conditions are 1.5 and 1.1, 
respectively. 

4.2 Results of Stability 

4.2.1 Section 1 (Figures 1 and 2)  

The existing slope gradient is at about 2H:1V to 6.5H:1V.  The existing slope is 7.9 m high.  The 
minimum calculated values of F.S. for this section are 1.32 and 1.11 under static and seismic 
conditions, respectively.  Considering a factor of safety of 1.5, the results indicate that long-term 
stable top of slope will be 1.0 m beyond the physical top of slope. 

4.2.2 Section 2 (Figures 3 and 4) 

The existing slope gradient is about 1.7H:1V.  The existing slope is 7.87 m high.  The minimum 
calculated values of F.S. for this proposed section are 1.48 and 1.16 under static and seismic 
conditions, respectively. Considering a factor of safety of 1.5, the results indicate that the physical 
top of slope will be the long-term stable top of slope.   

4.2.3 Section 3 (Figures 5 and 6) 

The existing slope gradient is about 1.7H:1V.  The existing slope is 7.0 m high.  The minimum 
calculated values of F.S. for this proposed section are 1.21 and 1.09 under static and seismic 
conditions, respectively.  Considering a factor of safety of 1.5, the results indicate that long-term 
stable top of slope will be 3.6 m beyond the physical top of slope.   

Based on the topographic survey contours, the slope is the steepest along the west side of the 
site between Sections 2 and 3. North of Section 3, the slope gradient becomes about 2H:1V. 
Drawing 1 shows the physical top of slope north of Section 3. The LTSTOS line is conservatively 
interpolated north of Section 3 by considering the 3.6 m offset from the physical top of slope as 
determined by slope stability analysis at Section 3, where the slope is steeper.  



EXP Services Inc.  

   Project Number: BRM-00243700-M0 
Date: August 21, 2020 

Revised: December 8, 2020 

9 

 

 

Along the north boundary of the site, the slope is approximately 3 m high and the existing slope 
gradient is about 2.5H:1V. At this location the physical top of slope is considered to be the 
LTSTOS.  

4.3 Toe Erosion 

Toe erosion was provided by a fluvial geomorphologist. EXP has been provided with a report 
titled 4050 Yonge Street, Toronto, ON, Fluvial Geomorphic and Erosion Rate Assessment, 
Prepared by Waters Edge Environmental Solutions Team, dated August 17, 2020. 

Based on the conclusions in the above referenced report, the toe erosion is 4.72 m per 100 years.  

Drawing 1 shows the LTSTOS line offset along the west site boundary from the physical top of 
slope. The offset for the LTSTOS line from the physical top of slope line is the toe erosion (4.72 
m) plus the offsets as determined at each in the slope stability analysis. At the north boundary of 
the site, the top of physical slope is the LTSTOS, as there is no toe erosion to consider.        
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5. Conclusions and Recommendations 

It is the conclusion of this study that the construction of Proposed Mixed-use Development is 
feasible, and the proposed development would not impact the current stability of the slopes at 
the site.   

The following are our recommendations: 

1. No storm water should be allowed to be discharged onto the slope in an uncontrolled 
manner. 

2. During construction, no stockpiles of construction materials should be placed within 
10.0 m of the crest of the slope or on the existing slope surface.   
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Appendix A 

Slope Stability Figures 
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Figure 1 

Section 1-1 (Static) with FS 1.5 
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Figure 2 

Section 1-1 (Seismic) with FS 1.5 
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Figure 3 

Section 2-2 (Static) wit FS 1.5 

  



EXP Services Inc.  

   Project Number: BRM-00243700-M0 
Date: August 21, 2020 

Revised: December 8, 2020 

4 

 

 

 

 

 

 

 
 

Figure 4 

Section 2-2 (Seismic) with FS 1.5 
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Figure 5 

Section 3-3 (Static) with FS 1.5 
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Figure 6 

Section 3-3 (Seismic) with FS 1.5 
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Appendix B 

Topographic Survey 
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Appendix C 

Photographs 
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Photo 1. General View of Existing Slope 
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Photo 2. General View of Don River and slope 
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Photo 3- General View of Top of Slope 
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Photo 4- General View of Existing Slope  
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