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1.0 Introduction 
 

Paterson Group (Paterson) was commissioned by Trim Road 1 Limited 

Partnership, care of Vuze Construction to carry out a geotechnical investigation for 

the proposed multi-storey building complex to be located at 1009 Trim Road, in the 

City of Ottawa (refer to Figure 1 - Key Plan in Appendix 2 of this report). 

  

 The objective of the geotechnical investigation was to:  

 

➢ Determine the subsoil and groundwater conditions at this site by means of a 

test hole program. 

 

➢ Provide geotechnical recommendations pertaining to the design of the 

proposed development including construction considerations which may affect 

the design. 

 

The following report has been prepared specifically and solely for the 

aforementioned project which is described herein. It contains our findings and 

includes geotechnical recommendations pertaining to the design and construction 

of the subject development as they are understood at the time of writing this report. 

 

Investigating the presence or potential presence of contamination on the subject 

site was not part of the scope of work of the present investigation. Therefore, the 

present report does not address environmental issues. 

   

2.0 Proposed Development 
 

Based on available drawings, the proposed complex will consist of four high rise 

residential buildings.  It is understood that each tower will be constructed over a 

common podium consisting of an underground parking structure extending 3 levels 

under finished grade along Trim Road. The podium levels of Residential Tower B2 

and B3 will be connected by a 1-storey podium level that will be constructed within 

the area between the two buildings. The development will also include associated 

asphalt covered parking areas, access lanes and landscaped areas.  It is further 

anticipated that the site will be municipally serviced. 
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3.0 Method of Investigation 

 

3.1 Field Investigation 
 

 Field Program 

  

The field program for the current investigation was carried out on June 29 to        

July 2, 2020, and consisted of a total of 4 boreholes drilled and sampled to a 

maximum depth of 15.9 m below the existing grade.  A dynamic cone penetration 

test (DCPT) was carried out at two boreholes (BH 3 and BH 4) to determine inferred 

bedrock depth which ranged from 34.0 to 41.8 m below the existing grade. A 

previous field program was carried out by others in 2016. At that time a total of 6 

boreholes and 4 test pits were advanced to a maximum depth of 47.9 m below the 

existing grade. These locations of these test holes are illustrated on Drawing 

PG5336- 1 - Test Hole Location Plan included in Appendix 2.  

 

The borehole locations for the current investigation were determined in the field by 

Paterson personnel taking into consideration existing borehole coverage and 

existing site features.  The locations of the boreholes are illustrated on Drawing 

PG5336-1 - Test Hole Location Plan included in Appendix 2.   

 

 The boreholes were put down using a track-mounted auger drill rig operated by a 

two-person crew.  All fieldwork was conducted under the full-time supervision of 

personnel from Paterson’s geotechnical division under the direction of a senior 

engineer.  The testing procedure for boreholes consisted of augering to the 

required depths and at the selected locations and sampling the overburden. 

 

Sampling and In Situ Testing 

 

Soil samples from the boreholes were recovered from the auger flights or a 50 mm 

diameter split-spoon sampler. All soil samples were classified on site, placed in 

sealed plastic bags and transported to the laboratory for further review. The depths 

at which the auger and split spoon samples were recovered from the test holes are 

presented as AU and SS, respectively, on the Soil Profile and Test Data sheets 

presented in Appendix 1. 

 

Standard Penetration Testing (SPT) was conducted in conjunction with the 

recovery of the split-spoon samples. The SPT results are recorded as “N” values 

on the Soil Profile and Test Data sheets. The “N” value is the number of blows 

required to drive the split-spoon sampler 300 mm into the soil after a 150 mm initial 

penetration using a 63.5 kg hammer falling from a height of 760 mm. 
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The overburden thickness was evaluated by a dynamic cone penetration test 

(DCPT) completed at each borehole completed during the current field program. 

The DCPT consists of driving a steel drill rod, equipped with a 50 mm diameter 

cone at the tip, using a 63.5 kg hammer falling from a height of 760 mm. The 

number of blows required to drive the cone into the soil is recorded for each 300 

mm increment. 

 

Undrained shear strength testing was carried out at regular depth intervals in 

cohesive soils. This testing was done in general accordance with ASTM D2573-08 

- Standard Test Method for Field Vane Shear Test in Cohesive Soil. Reference 

should be made to the Soil Profile and Test Data Sheets provided in Appendix 1. 

 

The subsurface conditions observed in the test holes were recorded in detail in the 

field. The soil profiles are presented on the Soil Profile and Test Data sheets in 

Appendix 1 of this report. 

  

Sample Storage 

 

 All samples from the investigation were stored in the laboratory for a period of one 

month after issuance of the initial report. The samples were then discarded unless 

directed otherwise. 

 

3.2 Field Survey 
 

The test hole locations were selected by Paterson to provide general coverage of 

the proposed development taking into consideration existing site features and 

underground utilities. The test hole locations and ground surface elevations at each 

test hole location were surveyed by Paterson personnel. The ground surface 

elevations at the borehole locations were referenced to a geodetic datum. The test 

hole locations are presented on Drawing PG5336-1 - Test Hole Location Plan in 

Appendix 2. 

 

3.3 Laboratory Testing 
 

Soil samples were recovered from the subject site and visually examined in our 

laboratory to review the results of the field logging. All samples will be stored in the 

laboratory for a period of one month after the issuance of this report.  They will then 

be discarded unless we are otherwise directed. 
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3.4 Analytical Testing 
 

One (1) soil sample was submitted for analytical testing to assess the corrosion 

potential for exposed ferrous metals and the potential of sulphate attacks against 

subsurface concrete structures. The sample was submitted to determine the 

concentration of sulphate and chloride, the resistivity, and the pH of the samples.  

The results are presented in Appendix 1 and are discussed further in Section 6.7. 
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4.0 Observations 
 

4.1 Surface Conditions 
 

The majority of the subject site is gravel covered with large boulders. Small to 

medium sized trees are present on the property boundaries of the subject site that 

border Trim Road and Inlet Private. The southern portion of the site is relatively 

flat and slightly above grade from Inlet Private.  The site slopes towards the Ottawa 

river to the north, following Trim Road. An approximately 2 m high pile of boulders 

was observed at the northwestern portion of the site. The ground surface within 

the subject site slopes down gradually towards the northern portion of the site.  The 

northern portion of the site is wet land from the Ottawa River. The site is bordered 

to the north by the Ottawa River, to the east by vacant treed land, to the west by 

Tweddle Road, and to the south by Trim Road. 

 

4.2 Subsurface Profile 
   

Overburden 

 

Generally, the subsurface profile at the test hole locations consists of topsoil 

underlain by a fill consisting of silty sand mixed with clay and/or gravel. Fill 

consisting of boulders and blast rock were also noted on site.  A very stiff brown 

silty clay deposit was encountered under the fill layer.  The brown silty clay was 

underlain by a stiff grey silty clay layer.  Practical refusal to DCPT was encountered 

in BH3 and BH4 between 34.0 and 41.8 m below existing grade. 

 

Reference should be made to the Soil Profile and Test Data sheets in Appendix 1 

for details of the soil profiles encountered at each test hole location. 

 

Bedrock 

 

Based on available geological mapping, the subject site is located in an area where 

the bedrock consists of interbedded limestone and dolomite of the Gull River 

formation.  The overburden drift thickness is estimated to be between 20 to 35 m. 
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4.3 Groundwater 
 

The groundwater level readings are presented in Table 1. It is important to note 

that groundwater level readings from piezometers and monitoring wells could be 

influenced by surface water infiltrating the backfilled boreholes within low 

permeability soils, such as at the subject site. Groundwater conditions can also be 

estimated based on the observed colour, moisture levels and consistency of the 

recovered soil samples. Based on Paterson’s review of the recovered soil samples, 

the long-term groundwater level is expected to be at a depth ranging between 4 to 

5 m below existing ground surface. 

 

Table 1 – Summary of Groundwater Levels 

Test Hole 

Number 

Ground 

Surface 

Elevation 

(m) 

Measured Groundwater Levels  

Dated Recorded Depth 

(m) 

Elevation 

(m) 

BH 1-20 46.87 4.72 42.15 July 17, 2020 

BH 2-20 47.73 4.51 43.22 July 17, 2020 

BH 3-20 49.31 4.93 44.38 July 17, 2020 

MW 16-1 47.30 
3.29 44.01 July 17, 2020 

1.50 45.80 April 7, 2016 

MW 16-2 47.20 
2.83 44.37 July 17, 2020 

5.50 41.70 April 7, 2016 

MW 16-3 48.80 
4.10 44.70 July 17, 2020 

5.02 43.78 April 7, 2016 

MW 16-4 47.10 
2.83 44.27 July 17, 2020 

2.00 45.10 April 7, 2016 

MW 16-5 43.60 4.80 38.80 April 7, 2016 

MW 16-6 43.00 
1.10 41.90 July 17, 2020 

0.70 42.30 April 7, 2016 

Notes: The ground surface elevations at the borehole locations are referenced to a geodetic datum. 

- “*” indicates monitoring well installed within borehole. 
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5.0 Discussion 
 

5.1 Geotechnical Assessment 
 

From a geotechnical perspective, the subject site is suitable for the proposed high-

rise buildings.  It is expected that the proposed high-rise buildings will be founded 

on end bearing piled foundations extending to the bedrock surface.  It is also 

expected that the underground parking structure beyond the towers’ extent will be 

founded on conventional spread footings placed on an undisturbed, very stiff to 

stiff silty clay bearing surface.  

 

A control joint between the piled foundation and the underground parking 

foundation can be considered to avoid differential settlement.  The structural 

design will dictate if this is required. 

 

Permissible Grade Raise 

 

Due to the presence of a silty clay layer, the subject site is subjected to a 

permissible grade restriction. Our permissible grade raise recommendations are 

discussed in Subsection 5.3.   

 

5.2 Site Grading and Preparation 
 

 Stripping Depth 

 

Topsoil and fill, such as those containing organic or deleterious materials, should 

be stripped from under any buildings and other settlement sensitive structures.  

 

Fill Placement 

 

Fill used for grading purposes beneath the proposed buildings should consist of 

clean imported granular fill, such as Ontario Provincial Standard Specifications 

(OPSS) Granular A or Granular B Type II. The fill should be tested and approved 

prior to delivery to the site. It should be placed in lifts no greater than 300 mm in 

thickness and compacted using suitable compaction equipment for the specified 

lift thickness. Fill placed beneath the building areas should be compacted to at 

least 98% of its standard Proctor maximum dry density (SPMDD). 
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Non-specified existing fill along with site-excavated soil can be used as general 

landscaping fill where settlement of the ground surface is of minor concern. These 

materials should be spread in thin lifts and be compacted at minimum by the tracks 

of the spreading equipment to minimize voids. If these materials are to be used to 

build up the subgrade level for areas to be paved, they should be compacted in 

thin lifts to a minimum density of 95% of their respective SPMDD. Non-specified 

existing fill and site-excavated soils are not suitable for placement as backfill 

against foundation walls due to the frost heave potential of the site excavated soils 

below settlement sensitive areas, such as concrete sidewalks and exterior 

concrete entrance areas. 

 

Fill used for grading beneath the base and subbase layers of paved areas should 

consist, unless otherwise specified, of clean imported granular fill, such as OPSS 

Granular A, Granular B Type II or select subgrade material.  This material should 

be tested and approved prior to delivery to the site.  The fill should be placed in lifts 

no greater than 300 mm thick and compacted using suitable compaction equipment 

for the lift thickness.  Fill placed beneath the paved areas should be compacted to 

at least 95% of its SPMDD.   

 

5.3 Foundation Design 
 

Conventional Shallow Footings 

 

Strip footings, up to 3 m wide, and pad footings, up to 5 m wide, placed over an 

undisturbed, very stiff brown silty clay bearing surface can be designed using 

bearing resistance value at serviceability limit states (SLS) of 200 kPa and a 

factored bearing resistance value at ultimate limit states (ULS) of 300 kPa. A 

geotechnical resistance factor of 0.5 was applied to the reported bearing resistance 

values at ULS.   

 

Strip footings, up to 3 m wide, and pad footings, up to 5 m wide, placed over an 

undisturbed, stiff grey silty clay bearing surface can be designed using bearing 

resistance value at serviceability limit states (SLS) of 150 kPa and a factored 

bearing resistance value at ultimate limit states (ULS) of 250 kPa.  A geotechnical 

resistance factor of 0.5 was applied to the reported bearing resistance values at 

ULS. 

 

An undisturbed soil bearing surface consists of one from which all topsoil and 

deleterious materials, such as loose, frozen or disturbed soil, have been removed 

prior to the placement of concrete for footings.  

 

For the parking garage, the bearing resistance value given for footings at SLS will 

be subjected to potential post construction total and differential settlements of 20 

and 10 mm, respectively.   
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Footings on Lean Concrete 

Where the underside of footings is located within the existing fill layer, 

consideration should be given to lower the footings to a native bearing surface. 

 

 Alternatively, footings can be placed over lean concrete in-filled trenches extending 

from design underside of footing level to the native bearing surface.  The bearing 

surface surface should be reviewed and approved by the geotechnical consultant 

at the time of excavation. The near vertical, zero entry trench should extend at least 

300 mm beyond the outside face of the footing and be in-filled with minimum 15 

MPa lean concrete.  It should be noted that the zero-entry trenches would be 

excavated through silty sand and therefore, the sidewalls could become unstable.  

Precautions should be taken during construction to ensure personnel and 

equipment are kept away from the top of the trenches (see Subsection 6.3). 

 

Lateral Support 

 

The bearing medium under footing-supported structures is required to be provided 

with adequate lateral support with respect to excavations and different foundation 

levels.  Above the groundwater level, adequate lateral support is provided to a stiff 

silty clay when a plane extending down and out from the bottom edge of the footing 

at a minimum of 1H:1V passes only through in situ soil or engineered fill. 

 

Piled Foundation 

 

It is expected that the buildings will be constructed over concrete filled steel pipe 

piles driven to refusal on the bedrock surface.  

 

 For deep foundations, concrete-filled steel pipe piles are generally utilized in the 

Ottawa area.  Applicable pile resistance at SLS values and factored pile resistance 

at ULS values are given in Table 2.  A resistance factor of 0.4 has been 

incorporated into the factored ULS values.  Note that these are all geotechnical 

axial resistance values.   

  

 The geotechnical pile resistance values were estimated using the Hiley dynamic 

formula, to be confirmed during pile installation with a program of dynamic 

monitoring.  For this project, the dynamic monitoring of two (2) to four (4) piles 

would be recommended.  This is considered to be the minimum monitoring 

program, as the piles under shear walls may be required to be driven using the 

maximum recommended driving energy to achieve the greatest factored resistance 

at ULS values.  Re-striking of all piles at least once will also be required after at 

least 48 hours have elapsed since initial driving. 
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Table 2 – Pile Foundation Design Data 

Pile 

Outside 

Diameter 

(mm) 

Pile Wall 

Thickness 

(mm) 

Geotechnical Axial 

Resistance 

 

Final Set 

(blows/12mm) 

Transferred 

Hammer 

Energy (kJ) 
SLS 

(kN) 

Factored at 

ULS (kN) 

245 9 925 1110 6 27 

245 11 1050 1260 6 31 

245 13 1200 1440 6 35 

 

Permissible Grade Raise Restrictions 

 

Based on the results of our field investigation, a permissible grade raise restriction 

for the subject site of 2.0 m can be used for design purposes. If higher than 

permissible grade raises are required, preloading with or without a surcharge, 

lightweight fill, and/or other measures should be investigated to reduce the risks of 

unacceptable long-term post construction total and differential settlements. 

 

5.4 Design for Earthquakes 
 

The subject site can be taken as seismic site response Class D as defined in Table 

4.1.8.4.A of the Ontario Building Code (OBC) 2024 for foundations considered at 

this site. 

 

Further to the above, it should be noted that liquefaction potential is assessed as 

part of the seismic design considerations.  The silty clay deposit encountered at 

the subject site has been encountered during numerous geotechnical 

investigations completed by Paterson across the greater Ottawa area.  Based on 

our experience, and supported by multiple laboratory testing results, this material 

would typically be considered highly plastic with a plasticity index (PI) greater than 

20.  Figure 6.15 of the Canadian Foundation Manual (2006) provides criteria for 

liquefaction assessment of fine-grained soils from Bray et al. (2004) as shown in 

Figure 1 below. 
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Figure 1 – Bray et al. (2004) criteria for liquefaction assessment of fine-grained soils 

 

Based on the Atterberg Limits testing results conducted on the representative soils 

samples at the subject site resulting in Plasticity Index (PI) above 20 in conjunction 

with the site-specific shear wave velocity test results, the underlying soils at the 

subject site not considered susceptible to liquefaction or subsequent ‘earth flows’ 

from a geotechnical perspective. 

 

5.5 Basement Slab 
 

With the removal of all topsoil and deleterious fill, such as those containing organic 

materials, within the footprint of the proposed building, the in-situ soil or engineered 

fill surface will be considered to be an acceptable subgrade on which to commence 

backfilling for floor slab construction. 

 

Any soft areas should be removed and backfilled with appropriate backfill material 

prior to placing any fill. OPSS Granular B Type II compacted to a minimum of 98% 

of the material’s SPMDD are recommended for backfilling below the floor slab. 

 

It is expected that the basement area for the proposed building will be mostly 

parking, and the recommended pavement structure noted in Subsection 5.7 will be 

applicable. However, if storage or other uses of the lower level are proposed where 

a concrete floor slab will be used, it is recommended that the upper 200 mm of 

sub-slab fill consist of OPSS Granular A crushed stone compacted to 98% of the 

materials SPMDD. 

 

 



 

 

Report: PG5336-1 Revision 5 
September 22, 2025 

Page 12 

Geotechnical Investigation 

Proposed Multi-Storey Building Complex 

1009 Trim Road – Ottawa, Ontario 

A sub-slab drainage system, consisting of lines of perforated drainage pipe 

subdrains connected to a positive outlet, should be provided under the lowest level 

floor slab where a basement level is provided. The spacing of the sub-slab 

drainage pipes should be advised by Paterson during the design phase and once 

the footing and sump pit locations re known. The footprint would be confirmed at 

the time of construction once groundwater infiltration can be best assessed, if any. 

This is discussed further in Subsection 6.1. 

 

5.6 Basement Wall 
 

There are several combinations of backfill materials and retained soils that could 

be applicable for the basement walls of the subject structure. However, the 

conditions can be well-represented by assuming the retained material has an angle 

of internal friction of 30 degrees and a bulk (drained) unit weight of 20 kN/m3. 

 

Where undrained conditions are anticipated (i.e. below the groundwater level), the 

applicable effective (undrained) unit weight of the retained material can be taken 

as 13 kN/m3, where applicable. A hydrostatic pressure should be added to the total 

static earth pressure when using the effective unit weight. 

 

Lateral Earth Pressures 

 

The static horizontal earth pressure (Po) can be calculated using a triangular earth 

pressure distribution equal to Ko·γ·H where: 

 

Ko  =  at-rest earth pressure coefficient of the applicable retained soil (0.5) 

γ    =  unit weight of fill of the applicable retained soil (kN/m3) 

H   =  height of the wall (m) 

 

An additional pressure having a magnitude equal to Ko·q and acting on the entire 

height of the wall should be added to the above diagram for any surcharge loading, 

q (kPa), that may be placed at ground surface adjacent to the wall.  

 

The surcharge pressure will only be applicable for static analyses and should not 

be used in conjunction with the seismic loading case. Actual earth pressures could 

be higher than the “at-rest” case if care is not exercised during the compaction of 

the backfill materials to maintain a minimum separation of 0.3 m from the walls 

with the compaction equipment. 
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Seismic Earth Pressures 
 

The total seismic force (PAE) includes both the earth force component (Po) and the 

seismic component (ΔPAE).   

 

The seismic earth force (ΔPAE) can be calculated using 0.375·ac·γ·H2/g where:  

 

ac =   (1.45-amax/g)amax  

γ  =   unit weight of fill of the applicable retained soil (kN/m3) 

H  =   height of the wall (m) 

g  =   gravity, 9.81 m/s2 

 

The peak ground acceleration, (amax), specific for the site is 0.405 g according to 

OBC 2024. Note that the vertical seismic coefficient is assumed to be zero.  

   

The earth force component (Po) under seismic conditions can be calculated using  

Po = 0.5 Ko γ H2, where Ko = 0.5 for the soil conditions noted above.   

 

The total earth force (PAE) is considered to act at a height, h (m), from the base of 

the wall, where:    

h = {Po·(H/3)+ΔPAE·(0.6·H)}/PAE 

 

The earth forces calculated are unfactored. For the ULS case, the earth loads 

should be factored as live loads, as per OBC 2024.  

 

5.7 Pavement Structure 
  

The recommended pavement structures for the subject site are shown in Table 3, 

Table 4 and Table 5. 

 

Table 3 – Recommended Pavement Structure – Car Only Parking Areas 

Thickness 

(mm) 
Material Description 

50 Wear Course - HL 3 or Superpave 12.5 Asphaltic Concrete 

150 BASE - OPSS Granular A Crushed Stone  

300 SUBBASE - OPSS Granular B Type II  

SUBGRADE - Either fill, in situ soil or OPSS Granular B Type I or II material placed over in situ soil. 
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Table 4 – Recommended Pavement Structure – Access Lanes and Ramp 

Thickness 

(mm) 
Material Description 

40 Wear Course - HL-3 or Superpave 12.5 Asphaltic Concrete 

50 Binder Course - HL-8 or Superpave 19.0 Asphaltic Concrete 

150 BASE - OPSS Granular A Crushed Stone  

450 SUBBASE - OPSS Granular B Type II  

SUBGRADE - Either fill, in situ soil, or OPSS Granular B Type I or II material placed over in situ 

soil.   

 

Table 5 – Recommended Rigid Pavement Structure – Lower Parking Level 

Thickness 

(mm) 
Material Description 

Specified by Others 32 MPa Concrete 

300 BASE - OPSS Granular A Crushed Stone 

SUBGRADE - Either fill, in situ soil, or OPSS Granular B Type I or II material placed over in situ 

soil.   

 

 Minimum Performance Graded (PG) 58-34 asphalt cement should be used for this 

project. If soft spots develop in the subgrade during compaction or due to 

construction traffic, the affected areas should be excavated and replaced with 

OPSS Granular B Type I or Type II material. 

 

The pavement granular base and subbase should be placed in maximum 300 mm 

thick lifts and compacted to a minimum of 99% of the material's SPMDD using 

suitable compaction equipment. 

 

Pavement Structure Drainage 

 

Satisfactory performance of the pavement structure is largely dependent on 

keeping the contact zone between the subgrade material and the base stone in a 

dry condition. Failure to provide adequate drainage under conditions of heavy 

wheel loading can result in the fine subgrade soil being pumped into the voids in 

the stone subbase, thereby reducing its load carrying capacity. 

 

Where silty clay is anticipated at subgrade level, consideration should be given to 

installing subdrains during the pavement construction. The sub-drain inverts 

should be approximately 300 mm below subgrade level and run longitudinal along 

the curblines. The subgrade surface should be crowned to promote water flow to 

the drainage lines. 
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6.0 Design and Construction Precautions 
 

6.1 Foundation Drainage and Backfill 
 

Foundation Drainage/Flood Proofing 

 

Based on the available information, the lower parking level will be located below 

the 100-year flood level. To limit long-term groundwater infiltration, it is 

recommended that a flood proofing system be designed for the proposed building.  

The system should consist of a water suppression system to lessen the infiltration 

volumes and manage discharge.  Also, a perimeter foundation drainage system 

will be required as a secondary system to account for any groundwater which 

breaches the primary groundwater infiltration control system.   

 

The groundwater infiltration control system should extend above the 100-year flood 

level and the following is suggested for preliminary design purposes:   

  

❏ Pour a concrete mud slab at the base of the excavation to create a 

horizontal hydraulic barrier. Typically, the minimum thickness of the 

concrete mud slab is 150 mm.   

❏ Place a composite drainage layer, such as Delta Drain 6000 or equivalent, 

over the foundation wall (as a secondary system).  The composite drainage 

layer should extend from finished grade to underside of footing level. 

❏ Place a suitable waterproofing membrane on the drainage layer, such as a 

bentomat liner system or equivalent.  The membrane liner should extend 

down to footing level.  The membrane liner should tie into the concrete mud 

slab.  

❏ Pour foundation wall against the composite drainage system. 

 

It is recommended that the composite drainage system (such as Delta Drain 6000 

or equivalent) extend down to the footing level.  It is recommended that 150 mm 

diameter sleeves at 3-6 m centres be cast in the footing or at the foundation 

wall/footing interface to allow the infiltration of water to flow to the interior perimeter 

drainage pipe. The perimeter drainage pipe and underfloor drainage system should 

direct water to sump pit(s) within the lower basement area.   

 

It is important to note that the building’s sump pit and elevator pit be considered for 

waterproofing in a similar fashion.  A detail can be provided by Paterson once the 

design drawings are available for the elevator and sump pits. 
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Underfloor Drainage 

 

It is anticipated that underfloor drainage will be required to control water infiltration.  

For design purposes, we recommend that 150 mm diameter perforated pipes be 

placed at 6 m centres.  The spacing of the underfloor drainage system should be 

confirmed at the time of completing the excavation when water infiltration can be 

better assessed. 

 

Foundation Backfill  

 

Backfill against the exterior sides of the foundation walls should consist of free 

draining non frost susceptible granular materials compacted in lifts as per 

Subsection 5.2 for areas where frost susceptible structures, such as the site 

access lane, are to be located.  A frost taper should also be provided at the 

transition between the building face and the native, silty clay subgrade for the 

access lane.   

 

The greater part of the site excavated materials will be frost susceptible and, as 

such, are acceptable for foundation wall backfill within landscaped finished areas 

only.   

 

6.2 Protection of Footings Against Frost Action 
 

Perimeter footings of heated structures are required to be insulated against the 

deleterious effects of frost action. A minimum 1.5 m thick soil cover (or equivalent) 

should be provided in this regard. 

 

A minimum of 2.1 m thick soil cover (or equivalent) should be provided for exterior 

unheated footings, not thermally connected to a heated space, such as exterior 

columns and/or wing walls. 

 

The parking garage may require protection against frost action depending on the 

founding depth.  Unheated structures, such as the access ramp wall footings, may 

be required to be insulated against the deleterious effect of frost action.  A 

minimum of 2.1 m of soil cover alone, or a minimum of 0.6 m of soil cover, in 

conjunction with foundation insulation, should be provided.   

 

It has been our experience that insufficient soil cover is typically provided to 

footings located in areas where minimal soil cover is available, such as entrance 

ramps to underground parking garages. Paterson requests permission to review 

design drawings prior to construction to ensure proper frost protection is provided. 
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6.3 Retaining Wall Design 

 

It is expected that retaining walls will be required to grade the property.  Retaining 

walls higher than 1.0 m should be designed by a professional engineer.  The 

bearing resistance values provided in Section 5.3 are applicable to the proposed 

retaining walls. 

 

The soil parameters presented in Tables 6 should be used for the design of the 

retaining walls.  The design should also include a global stability analysis of the 

system.  

 

Global stability analysis should include static and seismic analysis of the system 

and present the minimum factor of safety.  The system should be design for a 

factor of safety of 1.5 under static conditions and 1.1 for seismic conditions. 

 

Backfill Material 

 

The retaining wall should be backfilled with free-draining granular backfill materials 

and incorporate longitudinal drains and weep holes to provide positive drainage of 

the backfill. For the purpose of this report, it is recommended that the wall be 

backfilled with either OPSS Granular B Type II or Granular A materials. The backfill 

should be placed within a wedge-shaped zone defined by a line drawn up and back 

from the back edge of the base block of the wall at an inclination of 1H:1V or a 

minimum of 1 m behind the back of the blocks.  All material should be compacted 

to a minimum of 98% of the material’s SPMDD. 

 

Based on the proposed preliminary landscaping plans provided, the proposed 

grades within multiple areas adjacent to the retaining walls exceed our permissible 

grade raise recommendations. Where significant grade raise exceedances have 

occurred, lightweight fill (LWF), such as expanded polystyrene (EPS) geofoam 

blocks, is recommended for specific areas adjacent to the proposed retaining walls. 

The designer is to consider the maximum grade raise and provide equivalent LWF 

backfill to mitigate possible differential settlement. 

 

Lateral Earth Pressures 

 

It is recommended that a minimum of 1 m of the backfill material to consist of clean 

imported engineered crushed stone such as OPSS Granular A or Granular B    

Type II. The soil parameters presented in Table 6 should be used for the design of 

the retaining wall. 
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Table 6 – Geotechnical Parameters for Backfill and Bedding Materials 

 

Material Description 

Unit Weight (kN/m3) Friction 

Angle (̊) 

φ̍ 

Friction 

Factor, 

tan δ 

Earth Pressure Coefficients 

Drained 

γdr 

Effective 

γ̍ 

Active 

Ka 

At-Rest 

Ko 

Passive 

KP 

OPSS Granular A  

(Crushed Stone) 

22 13.7 36 0.6 0.26 0.41 3.85 

OPSS Granular B Type II  

(Crushed Stone) 

22 13.7 36 0.6 0.26 0.41 3.85 

OPSS Granular B Type I  

(Sand-Gravel) 

21 13 32 0.52 0.31 0.47 3.25 

Notes:  

1. Properties for fill materials are for condition of 98% of standard Proctor maximum dry density. 

2. The earth pressure coefficients provided are for horizontal backfill profile. 

3. For soil above the groundwater level the “drained” unit weight should be used and below groundwater level the  

“effective” unit weight should be used. 

 

 Retaining Wall Types 

 

Where the retaining wall is to be higher than 1 m and or support a roadway or slope 

consideration can be given to using large precast concrete segmental block 

retaining wall system, such as Redi-Rock and Stone Strong.  Quality precast 

products are designed to resist large load under gravity and may not require as 

much excavation or reinforcement.  Typical products vary in size from 0.6 to over 

2.4 m in depth depending on the total height of the wall.  The size of these 

supporting structures should be considered when drafting site plans and grading 

plans, especially where they will be located between structures. 

 

6.4 Excavation Side Slopes 

    

The side slopes of excavations in the soil and fill overburden materials should 

either be cut back at acceptable slopes or should be retained by shoring systems 

from the start of the excavation until the structure is backfilled. It is assumed that 

sufficient room will be available for the greater part of the excavations to be 

undertaken by open-cut methods (i.e. unsupported excavations). 

 

Unsupported Excavations 

 

The excavation side slopes above the groundwater level extending to a maximum 

depth of 3 m should be excavated at 1H:1V or shallower. The shallower slope is 

required for excavation below groundwater level. The subsurface soils are 

considered to be a Type 2 and Type 3 soil according to the Occupational Health 

and Safety Act and Regulations for Construction Projects. 

 

Excavated soil should not be stockpiled directly at the top of excavations and heavy 

equipment should be kept away from the excavation sides. 
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Slopes in excess of 3 m in height should be periodically inspected by the 

geotechnical consultant in order to detect if the slopes are exhibiting signs of 

distress. 

 

A trench box is recommended to protect personnel working in trenches with steep 

or vertical sides. Services are expected to be installed by “cut and cover” methods 

and excavations should not remain open for extended periods of time. 

 

Temporary Shoring 

 

Temporary shoring may be considered to retain the overburden soil to complete 

the required excavations where insufficient room is available for open cut methods. 

The shoring requirements designed by a structural engineer specializing in those 

works, or Paterson, will depend on the depth of the excavation, the proximity of the 

adjacent structures and the elevation of the adjacent building foundations and 

underground services. The design and implementation of these temporary 

systems will be the responsibility of the excavation contractor and their design 

team. 

 

Inspections and approval of the temporary system will also be the responsibility of 

the designer. Geotechnical information provided below is to assist the designer in 

completing a suitable and safe shoring system. The designer should take into 

account the impact of a significant precipitation event and designate design 

measures to ensure that a precipitation will not negatively impact the shoring 

system, or soils supported by the system. 

 

Any changes to the approved shoring design system should be reported 

immediately to the owner’s structural design prior to implementation. 

 

The temporary system could consist of soldier pile and lagging system or 

interlocking steel sheet piling. Any additional loading due to street traffic, 

construction equipment, adjacent structures, and facilities, etc., should be included 

to the earth pressures described below. 

 

These systems could be cantilevered, anchored, or braced. Given the sandy 

nature of the soils present throughout the subject site, the designer should consider 

provisions to mitigate the potential for excessive losses of retained soil during the 

lagging installation process if consideration is given to using a soldier pile and 

lagging system. 

 

Generally, it is expected that the shoring systems will be provided with tie-back 

rock anchors to ensure their stability. The shoring system is recommended to be 

adequately supported to resist toe failure and inspected to ensure that the sheet 

piles extend well below the excavation base.  
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It should be noted if consideration is being given to utilizing a raker style support 

for the shoring system that lateral movements can occur, and the structural 

engineer should ensure that the design selected minimizes these movements to 

tolerable levels. 

 

The earth pressures acting on the shoring system may be calculated using the 

parameters provided in Table 7. 

 

Table 7 - Soil Parameters for Calculating Earth Pressures Acting on Shoring System 

Parameter Value 

Active Earth Pressure Coefficient (Ka) 0.33 

Passive Earth Pressure Coefficient (Kp) 3 

At-Rest Earth Pressure Coefficient (Ko) 0.5 

Unit Weight (γ), kN/m3  20 

Submerged Unit Weight (γ’), kN/m3  13 

 

The active earth pressure should be calculated where wall movements are 

permissible while the at-rest pressure should be calculated if no movement is 

permissible. The dry unit weight should be calculated above the groundwater level 

while the effective unit weight should be calculated below the groundwater level. 

 

The hydrostatic groundwater pressure should be included to the earth pressure 

distribution wherever the effective unit weight is calculated for earth pressures. If 

the groundwater level is lowered, the dry unit weight for the soil should be 

calculated full weight, with no hydrostatic groundwater pressure component. 

 

For design purposes, the minimum factor of safety of 1.5 should be calculated. 

 

6.5 Pipe Bedding and Backfill 
 

Bedding and backfill materials should be in accordance with the most recent 

Material Specifications and Standard Detail Drawings from the Department of 

Public Works and Services, Infrastructure Services Branch of the City of Ottawa.  

 

At least 150 mm of OPSS Granular A crushed stone should be used for pipe 

bedding for sewer and water pipes. The bedding should extend to the spring line 

of the pipe. Cover material, from the spring line to at least 300 mm above the obvert 

of the pipe, should consist of OPSS Granular A (concrete or PSM PVC pipes) or 

sand (concrete pipe). The bedding and cover materials should be placed in 

maximum 225 mm thick lifts compacted to 95% of the material’s SPMDD. 
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Where hard surface areas are considered above the trench backfill, the trench 

backfill material within the frost zone (about 1.8 m below finished grade) should 

consist of the soils exposed at the trench walls to minimize differential frost 

heaving. The trench backfill should be placed in maximum 300 mm thick loose lifts 

and compacted to a minimum of 95% of the SPMDD. 

 

To reduce long-term lowering of the groundwater level at this site, clay seals 

should be provided in the service trenches where a clay subgrade is encountered. 

The seals should be at least 1.5 m long and should extend from trench wall to 

trench wall. Generally, the seals should extend from the frost line and fully 

penetrate the bedding, subbedding and cover material. The barriers should consist 

of relatively dry and compactable brown silty clay placed in maximum 225 mm thick 

loose layers and compacted to a minimum of 95% of the material’s SPMDD. The 

clay seals should be placed at the site boundaries and at strategic locations at no 

more than 60 m intervals in the service trenches. 

 

6.6 Groundwater Control 
 

It is anticipated that groundwater infiltration into the excavations should be low 

through the sides of the excavation and controllable using open sumps.  Pumping 

from open sumps should be sufficient to control the groundwater influx through the 

sides of shallow excavations. The contractor should be prepared to direct water 

away from all bearing surfaces and subgrades, regardless of the source, to prevent 

disturbance to the founding medium. 

 

Groundwater Control for Building Construction 

 

A temporary Ministry of Environment, Conservation and Parks (MECP) permit to 

take water (PTTW) may be required if more than 400,000 L/day of ground and/or 

surface water are to be pumped during the construction phase. At least 4 to 5 

months should be allowed for completion of the application and issuance of the 

permit by the MECP. 

 

For typical ground or surface water volumes being pumped during the construction 

phase, typically between 50,000 to 400,000 L/day, it is required to register on the 

Environmental Activity and Sector Registry (EASR). A minimum of two to four 

weeks should be allotted for completion of the EASR registration and the Water 

Taking and Discharge Plan to be prepared by a Qualified Person as stipulated 

under O.Reg. 63/16.  
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Long-term Groundwater Control 

 

Our recommendations for the proposed building’s long-term groundwater control 

are presented in Subsection 6.1. Any groundwater which encounters the building’s 

perimeter groundwater infiltration control system will be directed to the proposed 

building’s sump pit. It is expected that groundwater flow will be low (i.e. less than 

25,000 L/day with peak periods noted after rain events. It is anticipated that the 

groundwater flow will be controllable using conventional open sumps. 

 

Impacts on Neighboring Structures 

 

Based on observations, the long-term groundwater level is anticipated at depths 

below 4-5 m. A local groundwater lowering is anticipated under short-term 

conditions due to construction of the proposed building. The extent of any 

significant groundwater lowering should occur within a limited range of the subject 

site due to the minimal temporary groundwater lowering.   

 

The neighboring structures are expected to be founded within the brown silty clay 

crust bearing surface.  No issues are expected, with respect to groundwater 

lowering, that would cause long term damage to adjacent structures surrounding 

the proposed building. 

 

6.7 Winter Construction 
 

The subsurface soil conditions contain frost susceptible materials. In the presence 

of water and freezing conditions, ice could form within the soil mass. Heaving and 

settlement upon thawing could occur. 

 

 

In the event of construction during below zero temperatures, the founding stratum 

should be protected from freezing temperatures by the installation of straw, 

propane heaters and tarpaulins or other suitable means. 

 

The base of the excavations should be insulated from sub-zero temperatures 

immediately upon exposure and until such time as heat is adequately supplied to 

the building and the footings are protected with sufficient soil cover to prevent 

freezing at founding level.  

 

The trench excavations should be constructed to avoid the introduction of frozen 

materials, snow or ice into the trenches. As well, pavement construction is difficult 

during winter. The subgrade consists of frost susceptible soils which will 

experience total and differential frost heaving during construction.  
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Also, the introduction of frost, snow or ice into the pavement materials or fill used 

to backfill the lower basement level, which is difficult to avoid during winter 

conditions, will greatly negatively affect the performance of the fill and impact 

construction schedules. 

 

6.8 Corrosion Potential and Sulphate 
 

The results of analytical testing show that the sulphate content is less than 0.1%. 

This result is indicative that Type 10 Portland cement (normal cement) would be 

appropriate for this site. The chloride content and the pH of the sample indicate 

that they are not significant factors in creating a corrosive environment for exposed 

ferrous metals at this site, whereas the resistivity is indicative of an aggressive to 

highly aggressive corrosive environment. 

 

6.9 Landslide Hazard Assessment 
 

Paterson reviewed the landslide hazard assessment addendum prepared by 

McQuarrie Geotechnical Consultants Limited dated July 6, 2023.  

 

The report recommended that a river expert be retained to assess the existing 

bank and provide guidance on the potential for fluvial erosion and mitigation 

measures. It also advised to use of a temporary shoring system to facilitate the 

excavation for the underground parking structure, along with recommendations for 

temporary open-cut excavations to reduce the risk of localized failures that could 

progress into larger retrogressive failures. In addition, the report included 

recommendations for temporary slope monitoring during construction using 

inclinometers, as well as considerations for long-term monitoring through LiDAR 

surveys and change-detection analysis. 

 

Based on our review of the report, Paterson is satisfied with the findings and concur 

with the conclusions presented in the report.  

 

Reference should be made to the full report presented in Appendix 3.  
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7.0 Recommendations 

 

It is recommended that the following be carried out by Paterson once preliminary 

and future details of the proposed development have been prepared: 

➢ Review preliminary and detailed grading, servicing and structural plan(s) 
from a geotechnical perspective. 
 

➢ Review of the geotechnical aspects of the excavation contractor’s shoring 
design, prior to construction, if applicable. 
 

➢ Review of architectural plans pertaining to foundation and underfloor 
drainage systems and waterproofing details for elevator shafts and pools.  

 

➢ Complete detailed retaining wall structural and geotechnical design. 
 

A material testing and observation services program is a requirement for the 

provided foundation design data to be applicable.  The following aspects of the 

program should be performed by Paterson:  

 

❑ Observation of all bearing surfaces prior to the placement of concrete. 

 

❑ Inspection of all foundation drainage and groundwater infiltration control 

systems. 

 

❑ Sampling and testing of the concrete and fill materials used. 

 

❑ Observation of the placement of the foundation insulation, if applicable. 

 

❑ Periodic observation of the condition of unsupported excavation side slopes in 

excess of 3 m in height, if applicable. 

 

❑ Observation of all subgrades prior to backfilling. 

 

❑ Field density tests to determine the level of compaction achieved. 

 

❑ Sampling and testing of the bituminous concrete including mix design reviews. 

 

A report confirming the work has been conducted in general accordance with the 

recommendations could be issued, upon request, following the completion of a 

satisfactory materials testing and observation program by Paterson. 

 

All excess soil must be handled as per Ontario Regulation 406/19: On-Site and 

Excess Soil Management.  
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8.0 Statement of Limitations 

 

The recommendations provided are in accordance with the present understanding 

of the project.  Paterson requests permission to review the recommendations when 

the drawings and specifications are completed.  

 

A soils investigation is a limited sampling of a site.  Should any conditions at the 

site be encountered which differ from those at the test locations, Paterson requests 

immediate notification to permit reassessment of our recommendations. 

 

The recommendations provided herein should only be used by the design 

professionals associated with this project.  They are not intended for contractors 

bidding on or undertaking the work.  The latter should evaluate the factual 

information provided in this report and determine the suitability and completeness 

for their intended construction schedule and methods.  Additional testing may be 

required for their purposes. 

   

The present report applies only to the project described in this document.  Use of 

this report for purposes other than those described herein or by person(s) other 

than Trim Road 1 Limited Partnership and Vuze Construction, or their agents, is 

not authorized without review by Paterson for the applicability of our 

recommendations to the alternative use of the report. 

 

 Paterson Group Inc.   

    
                September 19, 2025 

           
                                                    

  

 
Pratheep Thirumoolan, M.Eng.              Joey R. Villeneuve, M.A.Sc., P.Eng, ing. 

           
 Report Distribution: 

 

❑ Vuze Construction 

❑ Trim Road 1 Limited Partnership (1 email copy) 

❑ Paterson Group (1 copy) 
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APPENDIX 1 
 

SOIL PROFILE AND TEST DATA SHEETS 

SYMBOLS AND TERMS 

ANALYTICAL TESTING RESULTS 

SOIL PROFILE BY OTHERS 
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SYMBOLS AND TERMS 
 

 

SOIL DESCRIPTION 
 
Behavioural properties, such as structure and strength, take precedence over particle gradation in 

describing soils.  Terminology describing soil structure are as follows: 

 
Desiccated - having visible signs of weathering by oxidation of clay                                

minerals, shrinkage cracks, etc. 

Fissured - having cracks, and hence a blocky structure. 

Varved - composed of regular alternating layers of silt and clay. 

Stratified - composed of alternating layers of different soil types, e.g. silt 

and sand or silt and clay. 

Well-Graded - Having wide range in grain sizes and substantial amounts of 

all intermediate particle sizes (see Grain Size Distribution). 

Uniformly-Graded - Predominantly of one grain size (see Grain Size Distribution). 

 
The standard terminology to describe the relative strength of cohesionless soils is the compactness 

condition, usually inferred from the results of the Standard Penetration Test (SPT) ‘N’ value. The SPT N 

value is the number of blows of a 63.5 kg hammer, falling 760 mm, required to drive a 51 mm O.D. split 

spoon sampler 300 mm into the soil after an initial penetration of 150 mm. An SPT N value of “P” denotes 

that the split-spoon sampler was pushed 300 mm into the soil without the use of a falling hammer. 

 
Compactness Condition ‘N’ Value Relative Density % 

Very Loose <4 <15 

Loose 4-10 15-35 

Compact 10-30 35-65 

Dense 30-50 65-85 

Very Dense >50 >85 

 

 
The standard terminology to describe the strength of cohesive soils is the consistency, which is based on 

the undisturbed undrained shear strength as measured by the in situ or laboratory shear vane tests, 

unconfined compression tests, or occasionally by the Standard Penetration Test (SPT).  Note that the 

typical correlations of undrained shear strength to SPT N value (tabulated below) tend to underestimate 

the consistency for sensitive silty clays, so Paterson reviews the applicable split spoon samples in the 

laboratory to provide a more representative consistency value based on tactile examination. 

 
Consistency Undrained Shear Strength (kPa) ‘N’ Value 

Very Soft <12 <2 

Soft 12-25 2-4 

Firm 25-50 4-8 

Stiff 

Very Stiff 

50-100 

100-200 

8-15 

15-30 

Hard >200 >30 



SYMBOLS AND TERMS (continued) 

 
 

SOIL DESCRIPTION (continued) 
 
Cohesive soils can also be classified according to their “sensitivity”.  The sensitivity, St, is the ratio 

between the undisturbed undrained shear strength and the remoulded undrained shear strength of the 

soil.  The classes of sensitivity may be defined as follows: 

 

 Low Sensitivity:    St < 2 

 Medium Sensitivity:   2 < St < 4 

 Sensitive:    4 < St < 8 

 Extra Sensitive:    8 < St < 16 

 Quick Clay:    St > 16 

 

 

ROCK DESCRIPTION 
 
The structural description of the bedrock mass is based on the Rock Quality Designation (RQD). 

 

The RQD classification is based on a modified core recovery percentage in which all pieces of sound core 

over 100 mm long are counted as recovery.  The smaller pieces are considered to be a result of closely-

spaced discontinuities (resulting from shearing, jointing, faulting, or weathering) in the rock mass and are 

not counted.  RQD is ideally determined from NQ or larger size core.  However, it can be used on smaller 

core sizes, such as BQ, if the bulk of the fractures caused by drilling stresses (called “mechanical breaks”) 

are easily distinguishable from the normal in situ fractures. 

 
RQD % ROCK QUALITY 

  

90-100 Excellent, intact, very sound 

75-90 Good, massive, moderately jointed or sound 

50-75 Fair, blocky and seamy, fractured 

25-50 Poor, shattered and very seamy or blocky, severely fractured 

 0-25 Very poor, crushed, very severely fractured 

 

 
SAMPLE TYPES 
 

SS - Split spoon sample (obtained in conjunction with the performing of the Standard 

Penetration Test (SPT)) 

TW - Thin wall tube or Shelby tube, generally recovered using a piston sampler 

G - "Grab" sample from test pit or surface materials 

AU - Auger sample or bulk sample 

WS - Wash sample 

RC - Rock core sample (Core bit size BQ, NQ, HQ, etc.).  Rock core samples are 

obtained with the use of standard diamond drilling bits. 

  
  



SYMBOLS AND TERMS (continued) 
 
 

PLASTICITY LIMITS AND GRAIN SIZE DISTRIBUTION 

 
WC% - Natural water content or water content of sample, % 

LL - Liquid Limit, % (water content above which soil behaves as a liquid) 

PL - Plastic Limit, % (water content above which soil behaves plastically) 

PI - Plasticity Index, % (difference between LL and PL) 

   

Dxx - Grain size at which xx% of the soil, by weight, is of finer grain sizes 

These grain size descriptions are not used below 0.075 mm grain size 

D10 - Grain size at which 10% of the soil is finer (effective grain size) 

D60 - Grain size at which 60% of the soil is finer 

   

Cc - Concavity coefficient     =     (D30)2 / (D10 x D60) 

Cu - Uniformity coefficient     =     D60 / D10 

   

Cc and Cu are used to assess the grading of sands and gravels: 

Well-graded gravels have:         1 < Cc < 3     and     Cu > 4 

Well-graded sands have:           1 < Cc < 3     and     Cu > 6 

Sands and gravels not meeting the above requirements are poorly-graded or uniformly-graded. 

Cc and Cu are not applicable for the description of soils with more than 10% silt and clay 

(more than 10% finer than 0.075 mm or the #200 sieve) 

 

CONSOLIDATION TEST 

 
p’o - Present effective overburden pressure at sample depth 

p’c - Preconsolidation pressure of (maximum past pressure on) sample 

Ccr - Recompression index (in effect at pressures below p’c) 

Cc - Compression index (in effect at pressures above p’c) 

   

OC Ratio Overconsolidaton ratio  =  p’c / p’o 

Void Ratio Initial sample void ratio  = volume of voids / volume of solids 

Wo - Initial water content (at start of consolidation test) 

 
 

PERMEABILITY TEST 

 
k - Coefficient of permeability or hydraulic conductivity is a measure of the ability of 

water to flow through the sample.  The value of k is measured at a specified unit 

weight for (remoulded) cohesionless soil samples, because its value will vary 

with the unit weight or density of the sample during the test. 
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SILTY CLAY grey, wet,
stiff(Continued)

(C
u

) 
(k

P
a

)(m)

S
T

R
A

T
A

 P
L
O

T

SI

GRAPH

NOTES

LIQUID
LIMIT

N
U

M
B

E
R

Numbers refer

to Sensitivity

w

E
L
E

V
A

T
IO

N

:

REMARKS

AND

GRAIN SIZE

DISTRIBUTION

(%)

20 40 60 80 100

QUICK TRIAXIAL

SHEAR STRENGTH (kPa)

T
Y

P
E

,
3

CL

   =3%

LAB VANE WATER CONTENT (%)

SAMPLES

3

25 50 75 100 125

Strain at Failure

G
R

O
U

N
D

 W
A

T
E

R

C
O

N
D

IT
IO

N
S

"N
" 

  
B

L
O

W
S

  
  

  
  

  
0
.3

 m

DESCRIPTION

GR

PLASTIC
LIMIT

25 50 75

wP

DEPTH

SA

SOIL PROFILE

17

16

15

14

13

12

11

10

9

8

LOG OF BOREHOLE MW16-1

Project: Geotechnical Investigation

Client: Grandmaître Family

Project Location: Part Lot 30, Concession 1, Parts 1 & 2, Cumberland, ON

Datum: Approximate

BH Location: See borehole location plan  N 5038380 E 462237

Project No.:  161-03361-00

Date Started: 3/24/2016
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SILTY CLAY grey, wet,
stiff(Continued)

END OF BOREHOLE

1) Borehole terminated at 47.9 m
below the existing ground surface.
2) 31 mm monitoring well installed at
26.8 m below the existing ground
surface.
3)  Date            Groundwater Depth
--------------------------------------------------
4/7/2016                       1.5 m
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Project: Geotechnical Investigation

Client: Grandmaître Family

Project Location: Part Lot 30, Concession 1, Parts 1 & 2, Cumberland, ON
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trace to some silt, trace to some clay,
grey, compact to very dense (FILL)

- grey

GRAVEL: black, mosit (FILL)

SILTY CLAY: grey brown, firm to
very stiff, moist to wet,
(WEATHERED CRUST)

SILTY CLAY: grey, wet, stiff
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SILTY CLAY: grey, wet,
stiff(Continued)

SILTY CLAY(Inferred based on
DCPT results)
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Project: Geotechnical Investigation

Client: Grandmaître Family
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BH Location: See borehole location plan  N 462330 E 5038430

Project No.:  161-03361-00
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SILTY CLAY(Inferred based on
DCPT results)(Continued)
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LOG OF BOREHOLE MW16-2

Project: Geotechnical Investigation

Client: Grandmaître Family

Project Location: Part Lot 30, Concession 1, Parts 1 & 2, Cumberland, ON

Datum: Approximate

BH Location: See borehole location plan  N 462330 E 5038430

Project No.:  161-03361-00

Date Started: 3/22/2016

Supervisor:

Reviewer:
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SILTY CLAY(Inferred based on
DCPT results)(Continued)

END OF BOREHOLE

1) Augering 14.9 m below the
existing ground surface, switch to
DCPT.
2) Borehole dry at completion of
augering.
3) DCPT refusal at 33.9 m below the
existing ground surface.
4)  31 mm monitoring well installed at
6.1 m below the existing ground
surface.
5)  Date            Groundwater Depth
--------------------------------------------------
4/7/2016                       5.5 m

(C
u

) 
(k

P
a

)(m)

S
T

R
A

T
A

 P
L
O

T

SI

GRAPH

NOTES

LIQUID
LIMIT

N
U

M
B

E
R

Numbers refer

to Sensitivity

w

E
L
E

V
A

T
IO

N

:

REMARKS

AND

GRAIN SIZE

DISTRIBUTION

(%)

20 40 60 80 100

QUICK TRIAXIAL

SHEAR STRENGTH (kPa)

T
Y

P
E

,
3

CL

  =3%

LAB VANE WATER CONTENT (%)

SAMPLES

3

25 50 75 100 125

Strain at Failure

G
R

O
U

N
D

 W
A

T
E

R

C
O

N
D

IT
IO

N
S

"N
" 

  
B

L
O

W
S

  
0
.3

 m

DESCRIPTION

GR

PLASTIC
LIMIT

25 50 75

wP

DEPTH

SA

SOIL PROFILE

17

16

15

14

LOG OF BOREHOLE MW16-2

Project: Geotechnical Investigation

Client: Grandmaître Family

Project Location: Part Lot 30, Concession 1, Parts 1 & 2, Cumberland, ON

Datum: Approximate

BH Location: See borehole location plan  N 462330 E 5038430

Project No.:  161-03361-00

Date Started: 3/22/2016

Supervisor:

Reviewer:
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Core Diameter:

Sheet No. 4  of  4
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CRUSHED SAND AND GRAVEL

trace to some silt, trace to some clay,
grey, compact to very dense (FILL)

SILTY CLAY: grey, moist, firm to
stiff

SILTY CLAY: grey, moist, firm to
stiff

END OF BOREHOLE

1) Borehole terminated at 7.62 m
below the existing ground surface.
2) Borehole dry at the completion of
augering.
3)  31 mm monitoring well installed at
6.1 m below the existing ground
surface.
4)  Date            Groundwater Depth
--------------------------------------------------
4/7/2016                       5.02 m
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CRUSHED SAND AND GRAVEL

trace to some silt, trace to some clay,
grey, loose to very loose (FILL)

SILTY CLAY: brown, moist, stiff to
stiff very (WEATHERED CRUST)
1.5 m - 2.1 m : trace to some
organics

- becoming wet below 5.2 m

SILTY CLAY: grey, moist, stiff to
stiff very

END OF BOREHOLE

1) Borehole terminated at 8.8 m
below the existing ground surface.
2) Seepage noted upon completion
of borehole at 7.8 m below the
existing ground surface.
3)  31 mm monitoring well installed at

(C
u

) 
(k

P
a

)(m)

S
T

R
A

T
A

 P
L
O

T

SI

GRAPH

NOTES

LIQUID
LIMIT

N
U

M
B

E
R

Numbers refer

to Sensitivity

w

E
L
E

V
A

T
IO

N

:

REMARKS

AND

GRAIN SIZE

DISTRIBUTION

(%)

20 40 60 80 100

QUICK TRIAXIAL

SHEAR STRENGTH (kPa)

T
Y

P
E

,
3

CL

  =3%

LAB VANE WATER CONTENT (%)

SAMPLES

3

25 50 75 100 125

Strain at Failure

G
R

O
U

N
D

 W
A

T
E

R

C
O

N
D

IT
IO

N
S

"N
" 

  
B

L
O

W
S

  
0
.3

 m

DESCRIPTION

GR47.1

PLASTIC
LIMIT

25 50 75

wP

DEPTH

SA

SOIL PROFILE

47

46

45

44

43

42

41

40

39

LOG OF BOREHOLE MW16-4

Project: Geotechnical Investigation

Client: Grandmaître Family

Project Location: Part Lot 30, Concession 1, Parts 1 & 2, Cumberland, ON

Datum: Approximate

BH Location: See borehole location plan  N 462344 E 5038407

Project No.:  161-03361-00

Date Started: 3/22/2016

Supervisor:
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6.1 m below the existing ground
surface.
4)  Date            Groundwater Depth
--------------------------------------------------
4/7/2016                       2.0 m
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Project: Geotechnical Investigation

Client: Grandmaître Family

Project Location: Part Lot 30, Concession 1, Parts 1 & 2, Cumberland, ON

Datum: Approximate

BH Location: See borehole location plan  N 462344 E 5038407

Project No.:  161-03361-00

Date Started: 3/22/2016

Supervisor:

Reviewer:
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SILTY CLAY brown-grey, moist, soft
to firm (FILL)

SILTY CLAY some organic
deposits, brown-grey, moist, stiff

SILTY SAND grey-brown, moist

SILTY CLAY: grey brown, wet, stiff
to very stiff (WEATHERED CRUST)

SILTY CLAY: grey, wet, stiff

END OF BOREHOLE

1)  Borehole terminated at 6.1 m
below the existing ground surface.
2)  31 mm monitoring well installed at
6.1 m below the existing ground
surface.
3)  Date            Groundwater Depth
--------------------------------------------------
4/7/2016                       4.8 m
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LOG OF BOREHOLE MW16-5

Project: Geotechnical Investigation

Client: Grandmaître Family

Project Location: Part Lot 30, Concession 1, Parts 1 & 2, Cumberland, ON

Datum: Approximate

BH Location: See borehole location plan  N 462379 E 5038450

Project No.:  161-03361-00

Date Started: 3/22/2016
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0 74

TOPSOIL - 20 mm

CRUSHED SAND AND GRAVEL

trace silt, brown, wet, compact (FILL)

CLAYEY SILT some sand, trace
gravel, trace brick, dark brown,
moist, compact (FILL)

SANDY SILT trace gravel, dark
brown, moist, loose (FILL)

SILTY CLAY: trace to some gravel,
trace to some sand, brown, moist,
firm (FILL)

SILTY CLAY: grey brown,  moist,
stiff (WEATHERED CRUST)

SILTY CLAY: grey, wet, stiff
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LOG OF BOREHOLE MW16-6

Project: Geotechnical Investigation

Client: Grandmaître Family

Project Location: Part Lot 30, Concession 1, Parts 1 & 2, Cumberland, ON

Datum: Approximate

BH Location: See borehole location plan  N 462225 E 5038410

Project No.:  161-03361-00

Date Started: 3/23/2016

Supervisor:

Reviewer:
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SILTY CLAY: grey, wet,
stiff(Continued)

SILTY CLAY: grey, wet, stiff
(Inferred based on DCPT results)
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LOG OF BOREHOLE MW16-6

Project: Geotechnical Investigation

Client: Grandmaître Family

Project Location: Part Lot 30, Concession 1, Parts 1 & 2, Cumberland, ON

Datum: Approximate

BH Location: See borehole location plan  N 462225 E 5038410

Project No.:  161-03361-00

Date Started: 3/23/2016

Supervisor:
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SILTY CLAY: grey, wet, stiff
(Inferred based on DCPT
results)(Continued)
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LOG OF BOREHOLE MW16-6

Project: Geotechnical Investigation

Client: Grandmaître Family

Project Location: Part Lot 30, Concession 1, Parts 1 & 2, Cumberland, ON

Datum: Approximate

BH Location: See borehole location plan  N 462225 E 5038410

Project No.:  161-03361-00

Date Started: 3/23/2016

Supervisor:

Reviewer:
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SILTY CLAY: grey, wet, stiff
(Inferred based on DCPT
results)(Continued)
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LOG OF BOREHOLE MW16-6

Project: Geotechnical Investigation

Client: Grandmaître Family

Project Location: Part Lot 30, Concession 1, Parts 1 & 2, Cumberland, ON

Datum: Approximate

BH Location: See borehole location plan  N 462225 E 5038410

Project No.:  161-03361-00

Date Started: 3/23/2016

Supervisor:

Reviewer:
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40.3
2.7

END OF BOREHOLE

1) End of augering at 15.2 m below
the existing ground surface. Switch to
DCPT.
2) Seepage noted at the bottom of
borehole upon completion of
augering.
3) DCPT refusal at 40.3 m below the
existing ground surface.
4) 31 mm monitoring well installed at
6.1 m below the existing ground
surface.
5)  Date            Groundwater Depth
--------------------------------------------------
4/7/2016                       0.7 m
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Project: Geotechnical Investigation

Client: Grandmaître Family

Project Location: Part Lot 30, Concession 1, Parts 1 & 2, Cumberland, ON

Datum: Approximate

BH Location: See borehole location plan  N 462225 E 5038410

Project No.:  161-03361-00

Date Started: 3/23/2016

Supervisor:

Reviewer:
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Geotechnical Investigation– 1009 Trim Road Proposed Development 
Project No. 161-03361-00 
 

Appendix B: Test-pit Logs 

 

TEST PIT 
NUMBER 

(ELEVATION) 

DEPTH 
(METRES) 

 
DESCRIPTION 

 
TP 16-1 
(44.4 m) 

 

0.0 – 1.2 
1.2 – 1.8 
1.8 – 4.0 

 
4.0 – 6.7 

6.7 

Crushed Sand and Gravel, black, moist (FILL) 
Silty Clay some sand, trace to some gravel, dark brown, moist (Fill) 
Silt Clay, trace roots and organics, brown-grey, moist (WEATHERED 
CRUST) 
Silty Clay, grey, moist 
End of Test Pit  
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Geotechnical Investigation– 1009 Trim Road Proposed Development 
Project No. 161-03361-00 
 

TEST PIT 
NUMBER 

(ELEVATION) 

DEPTH 
(METRES) 

 
DESCRIPTION 

 
TP 16-2 
(45.7 m) 

 

0.0 – 2.1 
 

2.1 – 3.4 
3.4 – 6.7 

6.7 

Silty Sand and Crushed Gravel with boulders/cobbles, trace to some 
clay, brown, moist (FILL) 
Silty Clay mixed with organic deposits, brown, moist 
Silty Clay. grey-brown, moist (WEATHERED CRUST) 
End of Test Pit 
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Geotechnical Investigation– 1009 Trim Road Proposed Development 
Project No. 161-03361-00 
 

TEST PIT 
NUMBER 

(ELEVATION) 

DEPTH 
(METRES) 

 
DESCRIPTION 

 
TP 16-3 
(45.9 m) 

 

0.0 – 0.9 
0.9 - 2.6 

 
 

2.6 – 4.3 
 

4.3 – 7.3 
7.3 

Crushed Sand and Gravel, with boulders/cobbles, grey, moist (FILL) 
Silty Clay, trace sand, trace to some gravel,  brown, moist (FILL)  

- Roots 1.7 m in depth 

Silty Clay, some gravel, trace to some roots and organic material, grey-
brown, moist  
Silty Clay, grey-brown, moist (Weathered Crust) 
End of Test Pit 
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Geotechnical Investigation– 1009 Trim Road Proposed Development 
Project No. 161-03361-00 
 

TEST PIT 
NUMBER 

(ELEVATION) 

DEPTH 
(METRES) 

 
DESCRIPTION 

 
TP 16-4 
(47.3 m) 

 
 
 
 

Sample 
1 
 

0.0 – 1.8 
1.8 – 4.0 
4.0 – 6.4 
6.4 – 7.3 

7.3 
 

Depth 
0 – 0.6 m 

Crushed Sand and Gravel with boulders/cobbles, grey, moist (FILL) 
Silty Sand and Gravel, some clay to clayey, brown, moist (FILL)  
Silty Clay, trace to some gravel, trace roots, grey-brown, moist  (FILL) 
Organic Soil mixed with roots, black, moist 
End of Test Pit 
 

% Gravel % Sand % Fines 
84 15 1 
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APPENDIX 2 
 

FIGURE 1 – KEY PLAN 

DRAWING PG5336-1 – TEST HOLE LOCATION PLAN 
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APPENDIX 3 
 

LANDSLIDE HAZARD ASSESSMENT ADDENDUM 

 



July 6, 2023 File: 125-1 
 
Starwood Group Inc. 
c/o Paterson Group Inc. 
9 Auriga Drive 
Ottawa, Ontario K2E 7T9 
 

1015 TWEDDLE ROAD, OTTAWA, ONTARIO 
LANDSLIDE HAZARD ASSESSMENT 

ADDENDUM 
 

This report is an addendum to the Landslide Hazard Assessment dated February 8, 
2021 and addresses the changes to the landslide hazards and risks associated with 
the addition of a fourth tower to the proposed development.   
 
This report is subject to the attached Statement of General Conditions.  These 
conditions should be clearly understood while reading or interpreting this report. 
 
1 INTRODUCTION & BACKGROUND 
 
McQuarrie Geotechnical summarized the results of a landslide hazard and partial 
risks analysis in a report dated February 8, 2021.  The development plans were 
amended by adding a fourth residential tower.  The purpose of this addendum is to 
update and expand the landslide risk assessment in light of the addition of the fourth 
tower.  Specifically, the addendum includes:  

i. more details regarding the individual risk assessment; 
ii. analysis of the societal or group risk; and 
iii. mitigation options to reduce the risk “as low as reasonably practicable” 

(ALARP). 
 
2 PROPOSED DEVELOPMENT 
 
The proposed development by Starwood Group includes four multi-storey residential 
towers connected by two levels of underground parking that will extend beyond the 
footprints of each tower and cover a majority of the site.  The towers will range from 
24 to 32 storeys high for a total of 1,006 one and two bedroom units.  The final grade 
of the main floor is 52.40 m and the lower parking grade will be at 44.90 m elevation.   
 
The existing grade along the south property line is approximately 50.0 m elevation; 
therefore, the temporary cutslope will be roughly 6.0 m deep, allowing for the depth 
of the pile caps. The existing grades across the site are highly variable but the 
parkade will generally result in removal of roughly 2 m of fill, on average.  Final 
grades on the north side of the parkade are expected to be between 45.5 and 47 m 
elevation (LRL Associates, 2015), requiring landscaping fill outside of the building 
area ranging from 0 to 2 m thick. 

McQuarrie 

Geotechnical 
Consultants Ltd. 

4604 Cliffwood Place 
Victoria, BC 
V8Y 1B5 
eric.mcquarrie@shaw.ca 
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3 RISK ANALYSIS METHODOLOGY 
 
The probability of a landslide was estimated based on the ratio of bank affected by 
past landslides divided by the total length of bank comprised of sensitive clay.  This 
analysis assumes that all slope and soil parameters are equal throughout the hazard 
area.  Soil type or geology, and terrain conditions were considered in a secondary 
manner by: 

i. only including the terrain mapped as sensitive clay or silt on the surficial 
geology maps; 

ii. only including the terrain on the southwest (Ontario) side of the Ottawa River 
valley; 

iii. only including the active bank of the Ottawa River and the lowermost bank of 
the proto-Ottawa River. 

 
The older/upper terrace banks of the proto-Ottawa River were excluded because 
they are higher and have been deeply incised by tributary gullies.  These gully banks 
are more prone to landslides but are not representative of the landslide probability 
at the subject property because of the vastly different terrain conditions. Similarly, 
the landslide frequency on the Quebec side of the Ottawa River is higher, mainly 
due to steeper terrain and many more tributary streams and rivers with deeper 
banks.  Without factoring in the terrain conditions at each of the landslide locations, 
including the landslides on the Quebec side within the study would result in a bimodal 
relationship, with a much higher landslide probability on the Quebec side.  So while 
bank height was not a direct factor in the probability analysis, it was considered and 
included indirectly by being selective of the area used to determine the probability.   
 
Landslides along the upper proto-river terraces would be a factor if analyzing the 
probability of the subject property being impacted by a landslide initiating along the 
upper terrace.  However, the upper terrace is located at least 1 km south of the 
subject property; therefore, any landslide would have to travel that far across gentle 
terrain including single-family residential developments, commercial developments, 
and the new light rail transit system.  The probability of such a landslide reaching the 
subject property without warning is considered extremely remote.    
 
In a multivariable risk analysis, this base probability would be adjusted using several 
other parameters.  For landslides in sensitive clays, the other parameters would 
include bank height (as a direct factor), slope angle, and the presence of active toe 
erosion.  Soil strength parameters would also be factored into the probability 
calculation by considering clay sensitivity, liquidity index, and remoulded shear 
strength.  Unfortunately, such a detailed analysis is impossible without knowing the 
terrain and soil conditions at each of the past landslides within the study area.  Such 
information is not available; therefore, instead of directly including these factors in 
the quantitative analysis, the base landslide probability was adjusted higher or lower 
using judgement by considering the soil strength and slope parameters at the 
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Tweddle Road site.  These other critical factors affecting the landslide probability are 
described in Section 9 of the original report, and outlined below in Section 4.    
 
4 LANDSLIDE HAZARD ASSESSMENT 
 
4.1 Geology 
 
Landslides in the sensitive clays in the Ottawa area have been found to occur more 
commonly where a surficial sand layer overlies the clay (Unit 2 on GSC OF352).  
The project site is mapped as clay without a surficial sand layer (Unit 1), as verified 
by the bore hole data from site.  The base probability of landslide occurrence already 
takes into consideration the geology by differentiating Unit 1 from Unit 2.  Only the 
Unit 1 polygons were included in the analysis.     
 
4.2 Bank Height & Angle   
 
Higher banks are associated with a much greater landslide occurrence.  Various 
studies referenced in the original report found: 

 banks less than 6 m high are rarely associated with landslides; 

 modelling shows banks must be at least 10 m high to trigger an earth flow; 

 higher banks are associated with larger earth flows. 

For retrogressive flow slides, the bank height must be high enough to allow the initial 
slide debris to exit the depletion zone in order to create the over-steepened 
headscarp to allow retrogression (unless the bank is actively subject to toe erosion, 
as discussed below).         
 
The upper slope along the south side of the property was originally between 3 and 
5 m high, but has been supported for several decades by fill placed across the site.  
The local slope hazard maps for Ottawa did not even classify the subject property 
as being on a slope1.  This fill will be excavated as part of the underground parkade 
but the cutslope will ultimately be fully supported by the parkade structure.  The 
temporary excavation will be 5 to 6 m high and will create a short-term risk that 
should be mitigated.  Mitigation measures should focus on maintaining the lateral 
support to the slope during construction by shoring or other means. 
 
The north embankment above the river will be 3 to 4 m high but most of the fillslope 
has existed for decades without any instability.  The excavation for the parkade will 
unload most of the property with the increased load limited to the exterior 
landscaping beyond the parkade footprint. 

                                            
1 Klugman, M.A. and Chung, P. 1976. Slope stability study of the Regional Municipality of Ottawa-Carleton, 

Ontario Canada. Ontario Geological Survey Miscellaneous Paper MP68.  
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The permanent slope conditions both to the north and south should result in a much 
lower landslide probability than the base probability provided the temporary 
cutslopes are suitably shored or buttressed to prevent the development of any 
planes of weakness.     
       
4.3 River Bank Erosion 
 
A majority of the landslides in sensitive clays in Canada are triggered (or at least 
partly caused) by toe erosion.  After a landslide has occurred, further erosion can 
remove the debris accumulation, creating conditions for retrogression.  
 
Petrie Island is in a depositional environment and Tweddle Road further obstructs 
the river flow and any fluvial erosion along the north side of the subject property.  
This slope has not eroded in several decades if not longer; therefore, the landslide 
probability should be much less than the base probability.    
 
4.4 Undrained Shear Strength, Clay Sensitivity & Liquidity Index  
 
Earth flows occur where the remoulded shear strength is 1 kPa or less, the liquidity 
index is greater than 1.2 to 2.0, and the sensitivity is greater than 16 to 30.  Earth 
spreads may occur where the remoulded shear strength is as high as 1.6 or perhaps 
even 2.0 kPa. 
 
The site investigations at the project site found: 

 The lowest remoulded shear strengths in the test holes by Paterson Group are 
typically 7 to 10 kPa, while WSP’s test holes found remoulded strengths between 
3 and 8 kPa. No remoulded strengths were found to be 2 kPa or less. 

 The sensitivities found in the test holes by Paterson Group are typically 10 or 
less.  WSP’s test holes measured sensitivities typically between 10 and 12 but 
as high as 16. 

 WSP measured liquidity indices between 0.66 and 1.62.   
 
The sensitivities and liquidity indices are at the low end of the range associated with 
landslides in sensitive clays, while the remoulded strengths are much too high for an 
earth spread, let alone an earth flow.  Based on these soil strength parameters, the 
landslide probability at this site should be significantly less than the base probability. 
 
4.5 Earthquakes     
 
Some of the landslides in the Ottawa area were very likely triggered by large 
earthquakes.  However, the earthquake hazard is ubiquitous wherever the sensitive 
clay is located.  For the most part, the seismically-induced landslide hazard should 
be affected by the same parameters that create the static landslide hazard (i.e. the 
same soil and slope conditions described above).  Slopes that are marginally stable 
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under static conditions are more likely to fail during an earthquake than slopes with 
a higher static factor of safety.  
 
At Tweddle Road, the pseudo-static slope stability analysis determined the factor of 
safety under seismic conditions to be greater than 1.1 when subject to the 1:2,475 
year earthquake.  The application of limit equilibrium analysis to landslides in 
sensitive clay has been questioned by some researchers; however, it is still often 
used to analyze the initiating failure that triggers an earth flow.  The stable factor of 
safety is consistent with both the terrain and soil conditions described above.  Even 
under seismic conditions, the landslide probability should be less than the base 
probability.     
 
5 RISK ANALYSIS  
 
5.1 Individual Risk  
 
The risk calculation estimates the probability of death to an individual using the 
following formula: 

PDI = P(H) × P(S:H) × P(T:S) × V(L:T)  

where: 

PDI  is the annual probability of death to a specific individual. 

P(H)  is the annual probability of a landslide occurrence. 

P(S:H) is the probability of spatial interaction with subject property. 

P(T:S)  is the probability of temporal interaction, which is separated into 
P(TR:S) the probability of someone being in the home at the time of the 
landslide (i.e. percentage of the day someone is in their home), and 
P(TW:S) the probability of insufficient warning to allow the occupant to 
escape. 

V(L:T)  is the vulnerability, specifically the probability of fatality to persons in 
the building impacted by the landslide. 

  
The values applied in the risk analysis must be reasonable and based on estimates 
while avoiding inherent and repeated conservatism.  To quote Strouth and 
McDougall 2: 

Engineers are trained to incorporate conservatism into their design 
assumptions. However, risk is overestimated when this conservative 
attitude is applied, perhaps unknowingly and to a number of different inputs, 
in a risk analysis. Inflated risk estimates are inappropriate for risk evaluation. 

                                            
2 Strouth, A. & McDougall, S. (2022a). Individual risk evaluation for landslides: key details.  Landslides 19: 

977-991. http://dx.doi.org/10.1007/s10346-020-01547-8. 
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Analysts should assess and present uncertainties transparently, while using 
best estimates for risk evaluation. 

 
The base probability, as explained in Section 3, considered the southeast bank of 
the Ottawa River from Lower Allumette Lake to the east end of the mapping project 
downstream of Hawkesbury.  Of this more than 240 km of bank, approximately 
112 km is mapped as Unit 1 (clay) and less than 2.8 km is mapped as a landslide or 
crosses a landslide.  This accounts for 7 or 8 landslides ranging in width from 100 m 
to 1,100 m, but more typically 300 to 500 m wide.  The percentage of the river bank 
comprised of Unit 1 that has been directly affected by landslides is 2.5%. 
 
Since some of these landslides were undoubtedly caused by the large earthquake 
4550 years BP, the geologic record extends at least that far back and the landslides 
can be assumed to have occurred over at least that time period, resulting in an 
annual probability of a large landslide no greater than 1 in 182,000.  If the landslide 
inventory is assumed to represent the full 8000 years of the clay deposit, the 
probability of a landslide occurring at this site would be estimated to be 1 in 320,000 
per annum. 
 
The resulting range of probabilities (1 in 182,000 to 1 in 320,000) is due to the 
unknown timeframe of the landslide record.  Specifically, over what period can 
landslide scars still be delineated?  The original surficial geology maps are from 
1976, predating LiDAR; however, most of the study area used to estimate the 
landslide probability is also included in the recent mapping using LiDAR (GSC 
OF8600).  With the added detail of LiDAR, the landslide record likely extends back 
the full 8,000 years, justifying a base probability of 1 in 320,000 per annum.  
 
Since the probability already considers the width of the landslides, spatial interaction 
based on landslide width has already been factored (P(H) × P(SW:H)).  Spatial 
interaction based on landslide length must still be considered.  If a landslide occurs 
along the existing river bank or youngest of the proto-river banks along the south 
property line, the landslide is assumed to definitely affect the subject property, 
yielding a probability of spatial interaction P(SL:H) of 1.0.  The steep bank along the 
next proto-river bank is at least 1 km south, far beyond the potential earth flow runout; 
therefore, such landslides were not considered in the risk analysis (P(SL:H) =0).  
 
The probability of a landslide occurring at this site (P(H) × P(SW:H)) should be 
adjusted based on the hazard criteria, as discussed in Section 4.  The factors critical 
to landslides in sensitive clay are: clay sensitivity, liquidity index, remoulded strength, 
bank height and angle, and active toe erosion (or loss of toe support by other 
means).  In the absence of studies specifically relating landslide probability to each 
factor, adjustments must be based on professional judgement.  The conditions at the 
subject property are positive with respect to all of these factors.  None of the studies 
indicate any measureable hazard where the bank height is less than 6 m, there is no 
toe erosion, the remoulded strength is above 2 kPa, and the sensitivity is less than 
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10.  Based on the actual site conditions, the estimated landslide probability at this 
specific site should be adjusted much lower than the base probability.  At most, the 
probability would range between 1:320,000 and 1:500,000 per annum.     
 
The probability of temporal interaction is based on an individual spending 12 hours 
per day inside their home on weekdays and 16 hours per day on weekends, 
averaging to  P(TR:S) = 0.55.   
 
The probability of no warning (P(TW:S)) is more complex.  Some earth flows have 
occurred with merely a few hours of warning; however, most investigations of 
sensitive clay landslides in Canada and Norway describe ample warning signs.  Most 
of the devastating landslides in sensitive clay are preceded by one or more precursor 
landslides and extensive river erosion, such as the Saint Jude landslide in 2010 and 
the Saint-Luc-de-Vincennes landslide in 2016.  The area of the 1993 South Nation 
Landslide was evacuated years prior to the landslide due to evidence of pending 
failure.3  The June 2022 earth flow in Saguenay, Quebec required evacuation of 
more than 50 homes.  Several homes were lost in the landslide but no one was killed. 
 
The deadliest landslide in Quebec history was the 1971 Saint-Jean-Vianney 
Landslide where 31 people died and 40 homes were destroyed.  The landslide 
assessment4 describes large tension cracks developing over a few weeks prior to 
the landslide, some houses settling 15 to 20 cm, and even cows refusing to go into 
the fields near the landslide.  The main landslide movement began more than 
3 hours prior to destruction of the first home.  Despite the death toll, many people 
obviously evacuated the 40 homes as well as the surrounding area.  The death toll 
is most likely due to a lack of knowledge at that time as to the potential for such a 
large, catastrophic and retrogressive landslide in sensitive clays. 
 
Governments are far more aware of the landslide hazards today than in 1971, as 
evident by the significant reduction in deaths in the more recent landslides.  Even 
without a formal emergency management system that includes evacuation alerts and 
evacuation orders, signs of a pending landslide would likely be readily noticed.   
 
The Tweddle Road development will create a large, relatively rigid structure 
comprising the reinforced concrete parkade and four towers founded on piles.  
Although the piles cannot be designed to fully resist the landslide movement, they 
should resist movement enough to form large tension cracks between the foundation 
walls and the adjacent unreinforced ground.  The most likely scenario is that 
precursor ground movement should be obvious in the hard landscaping and 
roadways, allowing ample warning to evacuate the buildings.  A formal evacuation 

                                            
3 S.G. Evans and G.R. Brooks. 2011. An earthflow in sensitive Champlain Sea sediments at Lemieux, Ontario, 
June 20, 1993, and its impact on the South Nation River. Canadian Geotechnical Journal. 31(3): 384-

394. https://doi.org/10.1139/t94-046 
4 F. Tavenas, J.-Y. Chagnon, and P. La Rochelle. 2011. The Saint-Jean-Vianney Landslide: Observations and 
Eyewitnesses Accounts. Canadian Geotechnical Journal. 8(3): 463-478. https://doi.org/10.1139/t71-048 
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system managed by either the regional or provincial government could result in a 
P(TW:S) possibly as low as zero.  In the absence of such a system, and allowing for 
less warning from some landslides, a reasonable value for P(TW:S) is estimated to 
be 0.3 (30% of residents fail to evacuate).  
 
For comparison, PDI is also calculated for a P(TW:S) of 1.0, which assumes there is 
no warning.  Since most of the recent landslides provided at least some warning and 
most residents were able to evacuate even without a government managed alert 
system, a P(TW:S) of 1.0 is not considered reasonable.  However, the calculation is 
provided as a worst-case scenario merely to demonstrate the effect on PDI.  
 
Vulnerability is equally challenging to estimate.  The structure is larger and much 
more rigid than single-family houses.  Considering the bank height and the potential 
magnitude of a landslide, the probability of any of the towers collapsing is considered 
to be quite low.  However, as a worst-case scenario, this analysis applied FEMA’s 
HAZUS natural hazard analysis tool for a building collapse due to an earthquake, 
which  estimates the number of casualties to be 10% of the occupants.     
 
The above values result in a PDI between 1:19 million to 1:30 million. 

PDI = P(H) × P(S:H) × P(T:S) × V(L:T) 

P(H) × P(S:H) P(TR:S) P(TW:S) V(L:T) PDI 

1 : 320,000 0.55 0.30 0.10 1 : 19,000,000 

1 : 500,000 0.55 0.30 0.10 1 : 30,000,000 

 
Even if a landslide occurs without warning and no residents are able to evacuate 
prior to the landslide, the PDI would be less than 1 in 5 million per annum. 

PDI = P(H) × P(S:H) × P(T:S) × V(L:T) 

P(H) × P(S:H) P(TR:S) P(TW:S) V(L:T) PDI 

1 : 320,000 0.55 1.0 0.10 1 : 5,800,000 

1 : 500,000 0.55 1.0 0.10 1 : 9,000,000 

 
Regardless, the PDI is several orders of magnitude less than the normal tolerable 
threshold of 1:10,000 and 1.5 to 2 orders of magnitude less than the more stringent 
threshold of 1:100,000 used for new structures by the District of North Vancouver.  
The PDI for this development meets all tolerable risk standards for individual risk.  
 
PDI is the annual probability of death to a specific individual, usually the person most 
exposed to the hazard.  Because PDI is the risk to a specific individual, it does not 
consider the number of people exposed or threatened by the hazard.  Therefore, the 
increased density of the proposed development from three towers to four towers 
does not increase the individual risk or PDI.  
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5.2 Societal or Group Risk  
 
When large groups of people are exposed to a potential landslide, societal or group 
risk analysis is more applicable.  The differences between individual and societal risk 
analyses are explained by Strouth and McDougall (2022)5: 

“In short, individual risk tolerance thresholds are unrelated to, and need to 
be defined independently from, societal risk tolerance thresholds and 
reference lines.  Individual and societal risk tolerance thresholds originated 
from different places and have different meanings.  Societal risk tolerance 
thresholds refer to the probability of ‘N’ fatalities out of a larger population.  
They do not consider risk to any specific individual.  The tolerable 
probability of one or more fatalities on a societal risk tool is not equivalent 
to an individual risk threshold.”  

 
Societal risk estimates are based on F-N curves that plot the estimated number of 
fatalities versus the probability of landslide occurrence.  When multiple landslide 
scenarios exist, each is plotted individually to create a series of points.  Different 
landslide scenarios could include different magnitudes of landslides or different 
structures where the probability of spatial interaction or the vulnerability differ.  
However, in this situation, only one landslide hazard was considered and all of the 
occupants of the four towers were considered to be equally exposed.  
 
Using the same variables as described for individual risks in Section 4.1, the 
probability of a landslide occurrence at this property is estimated to be no greater 
than 1:320,000 and more likely 1:500,000 per annum.   
 
Based on the total number of units being 1,006 and an average occupancy of roughly 
1.5 people per unit, a total building population of 1,500 was assumed.  Accordingly, 
a reasonable estimate of the number of deaths based on the same variables used 
in the PDI calculation would be 25.   

Nfatalities = P(TR:S) × P(TW:S) × V(L:T) × N exposed 

P(TR:S) P(TW:S) V(L:T) N exposed Nfatalities 

0.55 0.3 0.10 1,500 25 

 
In the unlikely event that a landslide occurs without warning and no residents are 
able to evacuate prior to the landslide, the number of deaths would be 83.   

Nfatalities = P(TR:S) × P(TW:S) × V(L:T) × N exposed 

P(TR:S) P(TW:S) V(L:T) N exposed Nfatalities 

0.55 1.0 0.10 1,500 83 

 

                                            
5 Strouth, A., McDougall, S. Individual Risk Evaluation For Landslides: Key Details. Landslides 19, 977–991 
(2022). Https://Doi.Org/10.1007/S10346-021-01838-8 
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Both of these points are plotted on the F-N graph on Figure 1.  Despite the vastly 
different estimates on probability and number of deaths, the two points still plot in 
the middle of the ALARP zone, which demonstrates the broad range of risks 
represented by this zone.    
 

 

Most likely 

scenario 

Worst-case 

scenario 
Range of 

Results 

Figure 1: Societal Risk Frequency of Landslide vs Number of Fatalities 
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6 RISK MITIGATION 
 
A large majority of sites selected for a detailed quantitative risk assessment 
invariably results in the societal risk plotting within the ALARP zone; the question is 
then, how much mitigation is necessary to be considered ALARP?6  The ALARP 
zone is generally acceptable for development, provided reasonable measures are 
taken to reduce the risks.  However, the costs of the risk reduction measures must 
be proportionate to the benefits in risk reduction.  
 
6.1 Hazard Avoidance 
 
Avoidance is not a practical mitigation method at this particular site considering the 
prevalence of the sensitive clay deposit in the Ottawa area.  When the site 
characteristics (i.e. low bank height, lack of river erosion) and soil characteristics 
(high remoulded strength, low sensitivity) are taken into account, this site has a lower 
probability of being impacted by a landslide than much of the Ottawa area, 
particularly for river front property.  The regional slope stability map for Ottawa-
Carleton identifies this property as being practically the most stable along the Ottawa 
River east of Ottawa7 (see Figure 2 of the original report).  In this context, the 
property is relatively favourable and does not warrant avoidance.  
 
6.2  Erosion Mitigation 
 
Given the low probability of a landslide at this site, the most effective means of 
mitigating the landslide risks would be to prevent any reduction in slope stability 
resulting from the development.  Most importantly, fluvial erosion must be prevented.  
Without erosion, the river bank is so short that a landslide initiating along the north 
side of the development is highly unlikely.  Therefore, the first mitigation measure 
would be for a river processes expert to assess the foreshore slope to determine if 
erosion protection measures are needed and, if so, to design such measures.   
 
6.3 Cutslope Stabilization 
 
Stability of the slope along the south side of the property must be maintained during 
construction.  The proposed cutslope should be designed and supported by shoring 
to prevent even a small failure that could initiate a larger retrogressive failure.   
 
If an open cutslope is planned, even for a short period of time while shoring is 
installed, it must proceed sequentially.  This could be achieved by initially excavating 
the cutslope no steeper than 2H:1V, then sequentially excavating panels 3 to 5 m 

                                            
6 Strouth, A., McDougall, S. Societal risk evaluation for landslides: historical synthesis and proposed 
tools. Landslides 18, 1071–1085 (2021). https://doi.org/10.1007/s10346-020-01547-8 
7 Klugman, M.A. and Chung, P. 1976. Slope stability study of the Regional Municipality of Ottawa-Carleton, 
Ontario Canada. Ontario Geological Survey Miscellaneous Paper MP68.  
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wide.  Each panel must be fully supported and braced before proceeding with the 
adjacent panel, and no more than 20% of the panels should be unsupported at any 
one time.   Shoring and bracing prevents the short-term loss of lateral support to the 
clay cutslope and, therefore, mitigates the landslide hazard along the south bank. 
 
6.4 Increase Lateral Support 
 
This south slope will be supported permanently by the parkade foundation wall.  
Walls are typically designed for active earth pressure conditions, which allows for 
minor movement of the wall.  To mitigate the landslide risk, the south parkade wall 
should be design to support at-rest earth pressures, which are higher than active 
earth pressures.  This mitigation measure increases the lateral support provided by 
the structure and should prevent any movement of the ground behind the wall.     
 
6.5 Monitoring During Construction 
 
Monitoring is the most common method of risk mitigation for landslides in sensitive 
clay and would be particularly effective in the short-term, during construction.  
Specifically, 4 or 5 slope inclinometers should be installed near the crest of the 
excavation and monitored regularly during construction to confirm that no ground 
movement occurs behind the south parkade wall.  If more than 2 to 3 mm of 
movement occurs at depth (ignoring ice lensing in the upper 2 m), additional shoring 
support is recommended. The objective of cutslope monitoring would be to prevent 
the development of conditions that could lead to a landslide, thereby reducing the 
probability of a landslide. 
 
6.6 Measures Not Considered Practicable 
 
Other than the measures described above, mitigation options for landslides in 
sensitive clay are limited.  The potential magnitude and depth preclude any structural 
means of stabilization.  Increasing the pile size to stabilize the landslide is impossible 
because the potential depth and magnitude of the landslide would create bending 
moments that exceed the capacity of even large diameter steel pipe piles filled with 
concrete.  Tie-back anchors to increase the lateral resistance are not an option 
because of the depth to bedrock, till, or any layer suitable to achieve pullout 
resistance. 
 
If the river bank was higher, a toe buttress could be effective.  However, the 
foreshore slope is so short and gentle that a toe buttress would be beneficial only to 
remediate river erosion.  Therefore, the need for a toe buttress should be determined 
from the fluvial erosion assessment.   
 
Long-term monitoring of landslide-prone areas has become the most common 
mitigation measure for sensitive clay landslides.  However, the challenge with long-
term monitoring is determining who is responsible for obtaining the information and 
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who analyzes the results.  At this particular site, with such a low probability of a 
landslide, there are many areas along the Ottawa River valley that would benefit 
much more from a monitoring program.  With increased development in the area, a 
broad-based monitoring program using annual LiDAR surveys and change detection 
analysis will eventually become more viable and should be considered.  The 
objective of long-term monitoring would be to allow evacuation of the area, thereby 
reducing the probability of no warning to zero.  If P(TW:S) = 0, there should be zero 
deaths.   

 
6.7 Conclusion 
 
The combination of recommended mitigation measures:  

i. preventing erosion of the north bank, 
ii. shoring and short-term monitoring of the south cutslope, and 
iii. increasing the lateral resistance of the south parkade wall, 

is considered an effective, reasonable and practicable, approach proportionate to 
the benefits in risk reduction.  The risk reduction associated with these measures 
cannot be accurately quantified; however, by preventing any movement in the slopes 
both during construction and in the long-term, it is difficult to foresee how an earth 
flow or spread could possibly occur.  The mitigated probability of a landslide 
occurrence is estimated to be reduced by 50%, reducing the estimated probability to 
the order of 1 in 106 per annum.  With these measures, the risk can be considered 
to be “as low as reasonably practicable.”   
 
CLOSING 
 
Please contact me if you have any questions regarding this assessment or its 
conclusions. 
 
McQuarrie Geotechnical Consultants Ltd.  
EGBC Permit #1001716 
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