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1.0 INTRODUCTION 
Golder Associates Ltd. (Golder) was retained by Claridge Homes Corporation (Claridge) to carry out a slope 

stability assessment for a proposed development site at 101 Wurtemburg Street in Ottawa, Ontario.    

The purpose of this assessment was to evaluate the stability of the existing slope and to provide slope 

stabilization guidelines for developing the site.   

The reader is referred to the “Important Information and Limitations of This Report” which follows the text but 

forms an integral part of this document. 
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2.0 DESCRIPTION OF PROJECT AND SITE 
The site is located on the east side of Wurtemburg Street, immediately across from Clarence Street, and backs 

onto the Rideau River (see Key Plan, Figure 1). 

The front part of the property is currently occupied by a house.  The rear part of the property contains the rear- 

yard area of the house as well as a significant slope down to the Rideau River.  Buildings exist to the north and 

south of the property.   

The site is proposed for development with a high-rise residential building.  The building will be 13 storeys high 

and will have two basement levels.  The building footprint will occupy most of the site, and will extend onto the 

existing slope.  It is currently planned to provide a ‘walk out’ condition from the lower basement level (similar to 

the building to the north).   The slope crest would be lowered by about 6 metres to accommodate that grading, 

and a narrow terrace area (about 4 metres wide) would be provided between the building face and the new slope 

crest.   

Golder Associates previously carried out a geotechnical investigation on the property in 1989.  That investigation 

included one borehole which was advanced to a depth of about 28 metres (and an adjacent shallow second 

borehole to collect a Shelby tube sample).  The results of that investigation, along with geotechnical guidelines 

on the development that was proposed at that time, were provided in a report to Claridge Homes Corporation 

titled “Subsurface Investigation, Proposed Apartment Building, 101 Wurtemburg Street, Ottawa, Ontario,” dated 

May 1989 (report number 891-2060).   

Geotechnical investigations were also carried out on adjacent properties, to the north and south of the site, by 

McRostie and Associates (McRostie) in the 1960’s and 1970’s.  The results of those previous investigations are 

available in our files from the following reports: 

1) Report to Kelton Architect and Adjeleian & Associates by McRostie, Seto, Genest & Associates Ltd. titled 

“Design Subsurface Investigation for Proposed Diplomatic Premises – U.S.S.R., Wurtemburg Street, 

Ottawa, Ontario” dated September 17, 1973 (Report No. SF-1625A).  

2) Report to Adjeleian & Associates by McRostie & Associates Ltd. titled “Foundation Investigation, East 

Wurtemburg Street Opposite Heney Street No.2” dated May 2, 1963 (Report No. SF-664).  

The approximate locations of the relevant boreholes from these previous subsurface investigations are shown on 

Figure 2. 

The results of the previous investigations indicate that the subsurface conditions on this site consist of a thick 

deposit of sensitive marine clay, underlain by glacial till.  A layer of sandy soil was encountered between the clay 

and the glacial till.  Published geologic mapping indicates that the underlying bedrock consists of limestone of 

the Lindsay formation, however one of the previous boreholes advanced by McRostie and Associates 

encountered shale bedrock.  

The previous geotechnical assessment of this property also indicated that the slope is potentially unstable. 
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3.0 SITE RECONNAISSANCE 
A reconnaissance of the site was carried out on January 8, 2010 to view the site condition and to measure the 

slope geometry.   

The building to the north (apparently an embassy building) is three storeys high.  The grade behind that building, 

adjacent to the river bank slope, appears to have been excavated to create a ‘walk out’ condition for the 

basement level.  The ground level is therefore about 3 metres lower than in the rear yard of the 101 Wurtemburg 

site, and the river bank slope is accordingly shorter.  The building to the south of the site is an approximately 12 

storey high residential building, and is located within about 5 metres of the slope crest.  The ground level behind 

that building is just slightly lower than the current rear-yard level of the property at 101 Wurtemburg Street. 

The rear yard of the 101 Wurtemburg site is essentially unvegetated and the ground level is about 1 metre lower 

than the front part of the property.  The slope itself is quite densely vegetated but with relatively juvenile tree 

cover. 

The ground surface at various points along the slope was surveyed (both for horizontal and vertical positions) 

using a Trimble R8 Global Positioning System (GPS) survey instrument.  The slope inclination was also 

determined using a hand clinometer.   

The slope down to the Rideau River is approximately 12 metres high and inclined at just slightly flatter than 

1H:1V (horizontal:vertical).  The river was frozen (i.e., ice covered) at the time of the reconnaissance, however it 

appears that the slope toe forms the river bank; i.e., there was no apparent flood plain separating the slope toe 

from the river bank.  The state of erosion at the slope toe could not be assessed (due to the snow cover), 

however the steepness of the slope toe indicates that there is likely active erosion. 
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4.0 SUBSURFACE CONDITIONS 

4.1 General 
The subsurface conditions encountered in the borehole put down for the previous Golder investigation and in the 

relevant boreholes put down for the previous McRostie investigations are shown on the borehole records in 

Appendix A.   

In general, the subsurface conditions on this site consist of (in sequence): 

 Up to about 3 metres of fill material (but likely less than 1 metre in the table land area closest to the slope). 

 About 7 to 10 metres of silty clay, of which the upper portion has been weathered to a stiff crust.  About the 

bottom 6 metres are unweathered and have a firm to stiff consistency. 

 About 2 to 5 metres of compact to dense sand (fine sand and silty sand). 

 Glacial till extending to about 28 metres depth (but likely thickening from south to north). 

 Shale bedrock. 

The groundwater level in the sand layer has been measured at about river level, such that the sand layer 

appears to be under-draining the overlying clay layer which forms most of the slope. 

The following sections present a more detailed overview of the subsurface conditions on this site.  For this 

discussion, emphasis is placed on the previous borehole 1 (and the accompanying borehole 1A) previously 

advanced on the site by Golder (report no. 891-2060).  However, reference is also made to the results of the 

previous McRostie boreholes on the adjacent sites (i.e., borehole 2 of report no. SF1625 and borehole 4 of 

report no. SF664), particularly regarding the subsurface conditions at depth. 

4.2 Fill Material 
Borehole 1 appears to have been advanced through the driveway of the existing house and encountered about 

3.1 metres of fill material consisting of the pavement structure overlying a mixture of sand as well as sand and 

gravel.  Standard penetration tests carried out within the fill gave ‘N’ values ranging from 3 to 6 blows per 0.3 

metres of penetration, indicating a very loose to loose state of packing.   

It is inferred that there is less fill in the rear yard of the site (versus the front driveway), based on the ground 

levels. 

About 1 metre of fill was also encountered at ground surface in the previous McRostie borehole 2 to the north of 

the site. 

4.3 Sensitive Silty Clay 
The surficial fill materials are underlain by a thick deposit of sensitive silty clay, which extends to about 11 

metres depth (about elevation 56 metres).   

The upper 2.0 metres of the silty clay at borehole 1 have been weathered to form a grey brown crust.  Standard 

penetration tests carried out within the weathered crust gave ‘N’ values ranging from ‘weight of hammer’ to 2 

blows per 0.3 metres of penetration.  The results of in situ vane testing in the weathered crust gave undrained 
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shear strengths of 57 and 65 kPa.  The results of this in situ testing indicate a stiff consistency.  Atterberg limit 

testing performed on one sample of the weathered crust gave a liquid limit of 57 percent and a plasticity index of 

31 percent, reflecting intermediate plasticity.  The measured water contents of two samples of the weathered 

crust were approximately 47 and 52 percent. 

The silty clay below the depth of weathering is grey in color.  The unweathered grey silty clay deposit is about 

6.3 metres thick at borehole 1 (i.e., extending down to elevation 56.1 metres).  The results of in situ vane testing 

in the grey silty clay gave undrained shear strength values ranging from about 34 to greater than 95 kilopascals 

(increasing with depth).  The results of this in situ testing indicate the unweathered portions of the deposit to 

have a firm to very stiff consistency.   

The results of Atterberg limit testing carried out on two samples of the grey silty clay gave liquid limits of 34 and 

39 percent and plasticity index values of 14 and 18, reflecting low plasticity.   

The measured water contents of the grey silty clay ranged from about 35 to 57 percent, which are at or in excess 

of the measured liquid limit. 

Oedometer consolidation testing was carried out on one sample of the grey silty clay from borehole 1A.  The 

results of that testing are summarized below. 

Borehole/ 
Sample No. 

Sample 
Depth/Elev.  

(m) 

Unit Wt. 
(kN/m3) 

P 
(kPa) 

VO
 

(kPa) 
Cc Cr eo OCR 

1A / 2 6.3 / 61.1 18.9 350 87 0.4 0.01 0.91 4.0 

    Notes:     

P  -   Apparent preconsolidation pressure VO -   Computed existing vertical effective stress  

Cc -   Compression index Cr -   Recompression index 

eo -   Initial void ratio OCR -   Overconsolidation ratio 

A similar silty clay deposit was encountered in the nearby McRostie boreholes, and ranged from 7.6 to 9.4 

metres in thickness.  The clay extended down to elevations 56.7 and 56.5 metres in these boreholes, which is 

quite consistent with the bottom elevation of 56.1 metres in borehole 1. 

4.4 Sand 
A layer of silty fine sand was encountered beneath the silty clay in borehole 1, and has a thickness of about 2.0 

metres (i.e., extending down to about elevation 54.1 metres).  The result of one standard penetration test yielded 

an ‘N’ value of about 24 blows per 0.3 metres of penetration, indicating a compact state of packing.   

Similar sand layers were encountered below the silty clay in the McRostie boreholes, however the deposits were 

thicker.  The sand layers in boreholes 2 and 4 were about 5.0 and 4.7 metres thick, respectively.  The materials 

encountered in these boreholes were also somewhat more variable in gradation, and included silty layers as well 

as bouldery intervals. 
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4.5 Glacial Till 
The sand layer is underlain by glacial till.  The glacial till consists of a heterogeneous mixture of gravel, cobbles, 

and boulders in a matrix of silty sand and sandy silt, with a trace of clay.  The glacial till was proven to a depth of 

27.5 metres (i.e., elevation 39.9 metres) in borehole 1 before refusal to augering was encountered.  Standard 

penetration test ‘N’ values in the glacial till ranged from about 5 to 15 blows per 0.3 metres of penetration, 

indicating a loose to compact state of packing.  The measured water contents of two samples of the glacial till 

were approximately 8 percent.   

The glacial till at McRostie boreholes 2 and 4 was proven/penetrated to depths of 20.7 and 24.9 metres, 

respectively (i.e., elevations of 44.7 and 43.6 metres, respectively).  The till appears to have been quite bouldery 

in the deeper portions of those boreholes. 

4.6 Refusal and Bedrock 
Refusal to augering was encountered in borehole 1 at 27.5 metres depth (i.e., elevation 39.9 metres). Refusal 

may reflect the presence of cobbles and boulders in the glacial till deposit or could indicate the bedrock surface.   

McRostie borehole 4 (south of the site) was advanced into the underlying bedrock, below about 20.7 metres 

depth (elevation 44.7 metres) using rotary diamond drilling (i.e., rock coring) techniques.  Shale bedrock was 

encountered and was cored to about 23.9 metres depth. 

4.7 Groundwater 
The groundwater level in a standpipe sealed into the silty clay in borehole 1A was measured at elevation 61.4 

metres on March 7, 1989 (i.e., at about 6 metres depth).  This water level was just slightly above the bottom of 

the standpipe. 

The groundwater level was also previously measured in McRostie borehole 2 on May 23 and on June 22, 1973 

at elevations of 54.8 and 53.5 metres, respectively.  These groundwater levels are located in the sand layer and 

correspond to about river level. 

It should be noted that groundwater levels are expected to fluctuate seasonally.  Higher groundwater levels are 

expected during wet periods of the year. 
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5.0 DISCUSSION 

5.1 General 
This section of the report provides an assessment of the stability of the existing and proposed slope geometries.  

Guidelines and recommendations on remedial works are also provided, based on our interpretation of the 

available information and project requirements. 

The reader is referred to the “Important Information and Limitations of This Report” which follows the text but 

forms an integral part of this document. 

5.2 Slope Stability Assessment 
The slope down to the Rideau River at 101 Wurtemburg Street is approximately 12 metres high and is inclined at 

just slightly flatter than 1H:1V (horizontal:vertical).   

Limit equilibrium slope stability analyses were carried out to assess the stability of the existing slope. 

In general, slope failures occur when the forces (or rotational moments) generated by the weight of the soil in a 

slope, and external loads, exceed the shear strength of the soil.  The five main parameters involved in the 

engineering analysis of the stability of a slope are: 

1) The geometry of the slope; 

2) The geology of the slope (i.e., the composition of the various soil layers within the slope and their depth, 

thickness, and orientation); 

3) The groundwater conditions (the groundwater levels and the hydraulic gradient/flow conditions); 

4) The strength parameters for the soils; and, 

5) The unit weights (i.e., densities) of the soils within the slope. 

The slope geometry used in the analyses was based on the GPS survey and inclinometer measurements.  The 

geometry is relatively consistent across the length of the slope, with the slope being about 12 metres high and 

inclined at about 40 to 45 degrees from horizontal. 

Bathymetry data for the near-shore area along this section of the Rideau River was also provided by the Rideau 

Valley Conservation Authority (RVCA).  That data shows that the river bed slopes fairly gently down from the 

bank (much less steeply that the above-water portion of the slope). 

The slope geology used in the analyses was based on the stratigraphy encountered at Golder borehole 1 and at 

McRostie boreholes 2 and 4.  There is some variation between the three boreholes and therefore some 

interpretation of the conditions was required to develop a model stratigraphy that was appropriate to the slope 

area and represented a conservative evaluation.  The resulting stratigraphy used in the analysis consisted of (in 

sequence from top to bottom, below the table land level of elevation 66.5 metres): 

 About 0.5 metres of fill; 

 About 3.6 metres of stiff weathered silty clay crust; 
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 6 metres of firm to stiff silty clay; 

 About 4.5 metres of compact to dense sand (fine sand and silty sand); and, 

 Glacial till, extending to about 28 metres depth.   

Due to the natural trend for greater drainage and weathering near the slope face, the interface between the 

weathered and unweathered silty clay was considered to dip down towards the toe (i.e., the weathered crust 

thickens in the immediate area of the slope face). 

Based on this stratigraphy and the slope geometry, it is considered that the toe of slope (i.e., river bank) is within 

the sand deposit and the river bed is on the surface of the glacial till.   

The soil parameters used in the analyses were based on experience with similar soils in eastern Ontario as well 

as published correlations with the results of the in situ and laboratory testing from the previous investigations.  

The soil parameters used in the analyses are: 

Material 

Drained Parameters Undrained 
Shear 

Strength 
(kPa) 

Unit Weight
(kN/m3) 

Effective Angle of 
Internal Friction 

(degrees) 

Effective 
Cohesion  

(kPa) 

Fill 28 0 Note 1 20 

Weathered Silty Clay Crust 35 5 75 17.5 

Grey Silty Clay 34.7 7.7 45 16.5 

Sand 32 0 Note 1 19.0 

Glacial Till Impenetrable 

Note: 1 - Same parameters apply as for drained loading conditions. 

Based on the soil stratigraphy and measured groundwater levels, it was considered in the model that the clay 

deposit was fully saturated but that the groundwater flow pattern in the silty clay would involve predominantly 

downward vertical flow, due to ‘under-drainage’ of the clay by the sand layer (in contrast to the more typical 

condition of the flow being horizontal or parallel to the slope, as typically experienced in homogeneous clay 

slopes, which leads to reduced stability).   

The water level in the underlying sand layer was assumed to be about 1 metre above the river level. 

The stability of the slope was evaluated using limit equilibrium methods and the SLOPE/W software.  The 

Morgenstern-Price method was used to compute the factor of safety.  The factor of safety is defined as the ratio 

of the magnitude of the forces/moments tending to resist failure to the magnitude of the forces/moments tending 

to cause failure.  Theoretically, a slope with a factor of safety of less than 1.0 will fail and one with a factor of 

safety of 1.0 or greater will stand.  However, because the modeling is not exact and natural variations exist for all 

of the parameters affecting slope stability, a factor of safety of 1.5 is used to define a stable slope (for static 

loading conditions), and/or to define the ‘safe’ set-back distance from an unstable slope.   

For seismic loading conditions, a factor of safety of 1.1 is typically used.   
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5.2.1 Assessment of Current Slope Geometry 

The stability of the existing slope was evaluated for: 

 Drained (i.e., long-term, static) conditions, for which effective stress soil parameters were used; and, 

 Seismic conditions (i.e., the dynamic loading conditions during an earthquake), for which undrained shear 

strength parameters were used. 

For static loading conditions, the results of the stability analyses indicate that the existing slope generally has a 

factor of safety against instability of about 1.0 and is therefore unstable.  It is considered that the slope has 

maintained its current steep geometry as a product of the advantageous effects of the under-drainage from the 

sand layer and the reinforcing effects of the vegetation. 

The analysis results are shown graphically on Figure 3, where the white arc shows the ‘critical’ slip surface (i.e., 

the slip surface with lowest factor of safety) and the red shading shows the composite limit of all analyzed slip 

surfaces with factors of safety less than 1.5.   

These results indicate that the slope itself and about 15 metres of the rear-yard area could be at-risk of being 

affected by a slope movement.   

Additional analyses were also carried out to check the stability of the slope for the condition of the river being at 

its 100 year flood level of 56.3 metres (provided by the RVCA).  However the factor of safety is actually slightly 

higher for that condition. 

For seismic (earthquake) loading, the potential for instability was evaluated using a simple “pseudo-static” model 

where a horizontal force is applied to the failure mass.  This horizontal force is proportional to the weight of the 

failure mass and is determined using a “seismic coefficient”, which is typically taken as half the design peak 

horizontal ground acceleration for Ottawa as specified in the National Building Code of Canada, of 0.42.  A 

seismic coefficient of 0.21 was therefore used. 

These analyses indicated a factor of safety of about 0.8, which is less than desired value of 1.1.  However the 

potential failure surfaces with factors of safety less than 1.1 are all confined to the lower portion of the slope face 

and would not jeopardize the table land area.   

‘Static’ loading is therefore considered to be the critical condition, in terms of defining the Limit of Hazard Lands 

for this site. 

5.2.2 Limit of Hazard Lands – Current Slope Geometry 

Hazard Lands associated with unstable slopes, as defined by Ministry of Natural Resources (MNR) guidelines 

and provincial planning policies, are unsuitable for development with either publicly owned infrastructure or 

private development.  In accordance with the MNR guidelines, the setback distance from the crest of an unstable 

slope to the Limit of Hazard Lands should include three components, as appropriate, namely: 

1) A “Stable Slope Allowance”, which is determined as the limit beyond which there is an acceptable factor of 

safety (i.e., greater than about 1.5 for static loading or 1.1 for seismic loading) against the table land being 

impacted by a slope failure.   
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2) An “Erosion Allowance”, to account for future movement of the slope toe, in the table land direction, as a 

result of erosion along the slope toe/river bank.  The magnitude of the Erosion Allowance depends upon the 

type of soil being eroded at the slope toe, the severity of the erosion, and the water course characteristics. 

3) An “Access Allowance” of 6 metres, to allow a corridor by which equipment could travel to access and 

repair a future slope failure.  This Access Allowance is included in the determination of the Limit of Hazard 

Lands wherever the development could restrict future slope access. 

The resulting Limit of Hazard Lands for this site is shown on the Site Plan, Figure 2. 

The ‘Stable Slope Allowance’ for a factor of safety of 1.5 at this site, as defined by MNR and City of Ottawa 

guidelines, is considered to extend about 15 metres from the slope crest (as shown on Figure 2).   

Additional set-back distance (to define the Limit of Hazard Lands) could also be required to allow for an ‘Erosion 

Allowance’.  An Erosion Allowance needs to be applied wherever there is active erosion, or the potential for 

active erosion based on the flow velocities.  The Rideau Valley Conservation Authority provided flow velocities 

for floods with return periods ranging between 5 and 100 years.  Those flow velocities range from 1.2 to 1.3 

metres per second.  These velocities are considered to be at about the threshold value above which erosion 

could be expected.  It is therefore considered that the magnitude of the Erosion Allowance for this site, based on 

the MNR guidelines, would be 8 metres.  The corresponding Limit of Hazard Lands is also shown on Figure 2. 

5.2.3 Assessment of Proposed Slope Geometry 

Further stability analyses were carried out for the proposed development condition.  The geometry of the 

proposed slope used in the analyses is based on the understanding that the current slope crest would be 

lowered by about 6 metres to accommodate a ‘walk out’ condition from the lower basement level, and a narrow 

terrace area (about 4 metres wide) would be provided between the building face and the new slope crest.  The 

slope would therefore be reduced to about half of its current height.  A terrace elevation of 60.5 metres was used 

for the analyses (versus the current table land level of about elevation 66.5 metres). 

The building loads were not considered in this assessment since it is assumed that the building will need to be 

supported on deep foundations (and therefore the soils which form the slope will not also support the weight of 

the building).   

The stability analysis results for the proposed slope geometry are shown on Figure 4.  These results indicate that 

the proposed slope would have a factor of safety against instability of about 1.1 and is therefore unstable.  The 

Stable Slope Allowance for this case would be about 10 metres (for a factor of safety of 1.5), as measured from 

the slope crest.  The potential slope failures could therefore extend beneath the building area (although the 

building itself would be supported on piles). 

The following options could be considered to stabilize the slope:  

 Regrading the slope (by filling at the toe and/or cutting at the crest); 

 Excavating and re-constructing the slope with an MSE system; 

 Reinforcing the slope, such as with soil anchors; or, 

 Constructing an engineered retaining wall system. 
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The option of regrading (i.e., flattening) the slope by cutting it back from the current slope toe (river bank) to 

reach the back face of the building (eliminating the terrace area) has been evaluated.  The resulting slope would 

be inclined at slightly steeper than 2H:1V, and would have a factor of safety of only 1.3 (which is less than 1.5 

and is therefore still too low). 

It is assumed that filling of the slope toe to further flatten the slope is not feasible, due to damage to aquatic 

habitat and regulations regarding filling of the flood plain. 

Therefore, regardless of whether or not the slope is flattened, the factor of safety against instability of the slope 

would be too low.  Although the potential instability would not directly jeopardize the integrity of the building 

(because it would be supported on piles), the potential slope failures could expose the foundations, possibly 

undermine the basement floor slab, and destroy any terrace areas. 

Therefore, based on the current understanding of the risk/hazard, the objectives of the project, and the costs 

involved, the option of excavating and re-constructing the slope with a geogrid reinforced Mechanically Stabilized 

Earth (MSE) system is the preferred method to achieve an adequate factor of safety (greater than 1.5 for static 

loading and greater than 1.1 for seismic loading) for the proposed development condition. 

A suitable MSE system would likely be the TerraSlope 45 system, which involves rebuilding the slope with 

embedded geogrid, wrapped in lifts around the slope face.  The slope could then be reconstructed to the current 

inclination (about 1H:1V), but would have an adequate factor of safety.  The slope could also be re-vegetated so 

that it ultimately regains its natural appearance. 

Reinforced MSE slope systems are generally proprietary, with the design of the system being undertaken by the 

supplier.  The design and supply of the TerraSlope 45 system is licensed in Ontario by Terrafix of Toronto, 

Ontario.  The TerraSlope 45 system would typically include 0.5 metre thick wrapped soil sections along the slope 

with intermediate primary reinforcing geogrid layers.  The primary geogrids typically extend back from the face a 

distance equal to 80% to 100% of the slope height.  The face would also be wrapped in an erosion blanket, the 

objective of which is to retain the reinforced soil.  The outer-most layer of retained soil (within about 0.15 metres 

of the slope face) would consist of topsoil, to promote vegetation growth, while the remainder of the soil would 

typically consist of compacted granular backfill (such as OPSS Granular B Type I or II).  Several options exist for 

vegetating this slope, ranging from hydroseeding, to live staking, or to the planting of shrubbery and more 

mature vegetation.  The landscape architect and Terrafix would need to coordinate their designs. 

The third option, of reinforcing the slope with drilled anchors, might also be technically feasible, but is unlikely to 

be cost effective in comparison to an MSE system, particularly considering the difficult access conditions for a 

drill rig. 

The fourth option, of replacing the slope with a retaining wall, would serve the same purpose, but would have a 

much less natural appearance and would be less likely to be accepted by the RVCA. 

The recommended option is therefore to re-construct the slope with an MSE system. 
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5.2.4 Additional Guidelines on MSE System 

The construction of an MSE system, if properly designed, will result in a stable slope geometry (i.e., factor of 

safety greater than 1.5 for static loading and 1.1 for seismic loading).  The arrangement will therefore be an 

improvement over the current unstable slope condition. 

Although the construction of an MSE system is conceptually feasible for this site, the detailed design of the slope 

will require the input of the supplier/designer and will need to address and consider the following issues: 

 As a preliminary guideline, it is recommended that the MSE system start at about 0.5 metres above the 

normal operating river level (or above the likely flood level that might be experienced over the construction 

period).  Deeper excavations in the sandy soils that exist at the slope toe level could experience significant 

groundwater inflow.  A cofferdam would be required along the river bank and an active dewatering system 

could be required.   

 Given that the lower (and submerged) portions of the slope (which are a relatively small portion of the 

overall slope height) cannot be reinforced, further assessment of the global stability of the slope will need to 

be carried out before the length of the geogrid sheets can be confirmed by the supplier i.e., the design of 

the MSE system will require interaction between the supplier/designer, who designs for internal stability of 

the slope, and the geotechnical consultant, who checks for global stability.   

 The length of the reinforcing geogrid sheets will need to be defined so that the size of the excavation can 

be determined.  It is possible that shoring could be required between this site and the adjacent properties, 

to avoid undermining the foundations of the neighbouring structures. 

 Since the reinforcing geogrid sheets will extend beneath the proposed building, the design will need to 

address the constructability of the building foundations, which will likely consist of steel piles driven to 

bedrock.  It will need to be confirmed that the piles can be driven through the geogrid sheets without 

damaging the overall MSE system. 

 The design of the system will need to consider interaction with the building foundations under seismic 

loading conditions.  Based on the Ontario Building Code (OBC) seismic design procedures, the ground 

conditions on this site (with a likely Site Class value of D), and discussions with the structural engineer, it is 

understood that a base shear value of about 4,000 kilonewtons may need to be supported by the 

foundations.  Unless the foundations are designed to transfer those lateral forces directly to the underlying 

bedrock at depth (such as by battered piles or inclined rock anchors, or by supporting the building on large 

diameter caissons which don’t require lateral soil support) then the slope will need to resist some or all of 

that base shear.  More detailed assessment of the interaction between the slope, the foundations, and the 

structure will need to be carried out, in conjunction with the design of the MSE slope. 

 Some level of erosion protection will likely need to be provided at the slope toe.  The most cost-effective 

erosion protection system would likely be rip-rap, which would consist of rock fragments placed over the 

river bank.  Either rounded natural cobbles and boulders or quarried rock could be used.  The latter option 

is typically less expensive, but less natural in appearance.  The size of the rock fragments to be used, the 

thickness of rip-rap to be placed, and the slope of the face would depend in part upon the type of material 

being used and the flow velocities.  However, as a preliminary guideline, it is expected that rock fragments 

ranging up to about 500 millimetres in size would be suitable, and with the front slope placed at an angle of 
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2 horizontal to 1 vertical.  The rip-rap should be underlain by a non-woven geotextile having a Filtration 

Opening Size not exceeding 75 microns, and that is physically strong and ductile enough to survive the rip-

rap placement. The rip-rap should extend up to the 100 year flood level, of elevation 56.3 metres.  The rip-

rap would also need to extend somewhat out along the river bed, to avoid the rip-rap being undermined by 

scour. 

 Should the option of supporting the building on a raft foundation, rather than piled foundations, need to be 

considered, then the impact on the MSE system design will need to be evaluated; the guidelines in this 

report have been based on the expectation that the building will be supported on piled foundations. 

 

 

















 

SLOPE STABILITY ASSESSMENT - 101 WURTEMBURG ST 

 

July 2010 
Report No. 10-1121-0003  

 

APPENDIX A  
List of Abbreviations and Symbols 
Record of Borehole Sheets 
Previous Investigations by Golder Associates 
and McRostie & Associates 



 Golder Associates 

LIST OF ABBREVIATIONS 
       
The abbreviations commonly employed on Records of Boreholes, on figures and in the text of the report are as follows: 
 
 
I. SAMPLE  TYPE III. SOIL DESCRIPTION 
   
AS Auger sample  (a) Cohesionless Soils 
BS Block sample     
CS Chunk sample Density Index  N 
DO Drive open (Relative Density)  Blows/300 mm 
DS Denison type sample    Or Blows/ft. 
FS Foil sample Very loose   0 to 4 
RC Rock core Loose   4 to 10 
SC Soil core Compact   10 to 30 
ST Slotted tube Dense   30 to 50 
TO Thin-walled, open Very dense   over 50 
TP Thin-walled, piston  
WS Wash sample  (b) Cohesive Soils 
DT 
 

Dual Tube sample Consistency  Cu or Su  

II. PENETRATION  RESISTANCE   Kpa  Psf 
  Very soft  0 to 12  0 to 250 
Standard Penetration Resistance (SPT), N: Soft  12 to 25  250 to 500 
 The number of blows by a 63.5 kg. (140 lb.) Firm  25 to 50  500 to 1,000 
 hammer dropped 760 mm (30 in.) required Stiff  50 to 100  1,000 to 2,000 
 to drive a 50 mm (2 in.) drive open Very stiff  100 to 200  2,000 to 4,000 
 Sampler for a distance of 300 mm (12 in.) Hard  Over 200  Over 4,000 
 DD- Diamond Drilling  
Dynamic Penetration Resistance; Nd: IV. SOIL TESTS 
 The number of blows by a 63.5 kg (140 lb.)   
 hammer dropped 760 mm (30 in.) to drive w water content 
 Uncased a 50 mm (2 in.) diameter, 600 cone wp plastic limited 
 attached to “A” size drill rods for a distance w1 liquid limit 
 of 300 mm (12 in.). C consolidaiton (oedometer) test 
  CHEM chemical analysis (refer to text) 
PH: Sampler advanced by hydraulic pressure CID consolidated isotropically drained triaxial test1 
PM: Sampler advanced by manual pressure CIU consolidated isotropically undrained triaxial test 
WH: Sampler advanced by static weight of  hammer  with porewater pressure measurement1 
WR: Sampler advanced by weight of sampler and DR relative density (specific gravity, Gs) 
 rod DS direct shear test 
 M sieve analysis for particle size 
Peizo-Cone Penetration Test (CPT): MH combined sieve and hydrometer (H) analysis 
 An electronic cone penetrometer with MPC modified Proctor compaction test 
 a 600 conical tip and a projected end area SPC standard Proctor compaction test 
 of 10 cm2 pushed through ground OC organic content test 
 at a penetration rate of 2 cm/s.  Measurements SO4 concentration of water-soluble sulphates 
 of tip resistance (Qt), porewater pressure UC unconfined compression test 
 (PWP) and friction along a sleeve are recorded UU unconsolidated undrained triaxial test 
 Electronically at 25 mm penetration intervals. V field vane test (LV-laboratory vane test) 
   unit weight 
    
  Note:     
  1.  Tests which are anisotropically consolidated prior 
        shear are shown as CAD, CAU. 



 Golder Associates 

LIST OF SYMBOLS 
 
Unless otherwise stated, the symbols employed in the report are as follows: 
 
I. GENERAL  (a)  Index Properties (cont’d.) 
    
 = 3.1416 w water content 
ln 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 Ip 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) 
 shear strain   
 change in, e.g. in stress:           '  (b)  Hydraulic Properties 
 linear strain   
v volumetric strain h hydraulic head or potential 
 coefficient of viscosity q rate of flow 
 Poisson’s ratio v velocity of flow 
 total stress i hydraulic gradient 
' effective stress ('  = ''-u) k hydraulic conductivity (coefficient of permeability) 
'vo initial effective overburden stress j seepage force per unit volume 
123 principal stresses (major, intermediate,   
 minor)  (c)  Consolidation (one-dimensional) 
oct mean stress or octahedral stress   
 = (1+2+3)/3 Cc compression index (normally consolidated range) 
 shear stress Cr recompression index (overconsolidated range) 
u porewater pressure Cs swelling index 
E modulus of deformation Ca coefficient of secondary consolidation 
G shear modulus of deformation mv coefficient of volume change 
K bulk modulus of compressibility cv coefficient of consolidation 
  Tv time factor (vertical direction) 
III. SOIL PROPERTIES U degree of consolidation 
  'p pre-consolidation pressure 
 (a)  Index Properties OCR Overconsolidation ratio='p/'vo 
    
() bulk density (bulk unit weight*)  (d)  Shear Strength 
d(d) dry density (dry unit weight)   
w(w) density (unit weight) of water pr peak and residual shear strength 
s(s) density (unit weight) of solid particles ' effective angle of internal friction 
' unit weight of submerged soil ('=-w)  angle of interface friction 
DR relative density (specific gravity) of   coefficient of friction=tan  
 solid particles (DR= ps/pw) formerly (Gs) c' effective cohesion 
e void ratio cu,su undrained shear strength (=0 analysis) 
n porosity p mean total stress (1+3)/2 
S degree of saturation p' mean effective stress ('1+'3)/2 
  q (1-3)/2 or ('1-3)/2 
* Density symbol is p.  Unit weight  qu compressive strength (1-3) 
 symbol is  where =pg(i.e. mass  St sensitivity 
 density x acceleration due to gravity)   
   Notes: 1. =c'' tan ' 
              2.  Shear strength=(Compressive strength)/2 
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