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Dear Mr. Babs 
 
Supplemental Geotechnical Investigation  
Proposed Condominium Building  
23 and 37 Trowbridge Street and 12 Bayfield Street 
Meaford, Ontario 
 

1. INTRODUCTION 

Peto MacCallum Ltd (PML) is pleased to present the results of the supplemental geotechnical 

recently completed at the above noted project site.  Authorization for this work was provided by  

Mr. S. Babs in signed Change Orders 1 and 2, dated July 6, 2021 and July 29, 2021, respectively. 

A preliminary geotechnical report dated April 23, 2021, (PML Ref: 21CF012, Report 1) was issued 

based on earlier concept plans and available borehole information. This report supersedes Report 1 

and is based on the latest available drawings.    

1.1 Project Description 

A five-storey condominium building is proposed for 23 and 37 Trowbridge Street and 12 Bayfield 

Street in Meaford, Ontario.  Based on drawings dated April 30, 2021 and revised December 21, 

2021, prepared by Andre Sherman Architect, the building will have two levels of underground 

parking with the lowest slab elevation at about 174.5.  The first floor is planned at elevation 181.4.  

It is understood the proposed building will cover most of the site.  Full municipal servicing is 

proposed. Structural loads were not available at the time of this report. 
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1.2 Purpose of Work 

The objective of this geotechnical investigation was to provide geotechnical comments and 

recommendations for design and construction of the proposed condominium building based 

on borehole data obtained during this investigation.  Additional boreholes may be necessary 

once the existing structures are demolished, or if the project design changes, to confirm the 

recommendations provided in this report. 

At the time of this investigation, final design plans were not available.  PML should review final 

drawings to assess the applicability of the recommendations provided in this report.  This review may 

result in modification of our recommendations, additional field or laboratory work and/or analysis. 

All elevations referenced in this report are in metres (geodetic). 

1.3 Scope of Work 

The scope of services for this investigation involved the following general tasks: 

 Drill, sample, monitor and backfill six boreholes to a depth of 7.7 to 12.3 m below 

existing ground surface.  Groundwater monitoring wells were installed in five 

boreholes for long term groundwater monitoring.   

 Carry out laboratory testing for determination of moisture contents on all retrieved 

soil samples, three Atterberg Limits and three grain size distribution analyses on 

select samples. 

 Analyze the field and laboratory data and prepare an engineering report, which 

details the findings of the field investigation and analyses, and provides 

geotechnical comments and recommendations for the design and construction of 

the proposed condominium building. 
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Geoenvironmental services (observations, recording, chemical testing or assessment of the 

environmental conditions of the soil and groundwater) were not within the terms of reference for 

this assignment, and no work has been carried out in this regard.  If excess excavated soils 

requiring transportation off-site are generated, a program of sampling and chemical testing will be 

needed to determine the chemical properties of the soil to evaluate appropriate receiving site 

options, in accordance with O.Reg. 406/19.  

This report is subject to the Statement of Limitations included in Appendix C which must be read 

in conjunction with the report. 

2. SITE BACKGROUND REVIEW 

2.1 Site Description  

The site is bordered by Trowbridge Street to the north, the Bighead River to the south and east, 

and a commercial building to the west.   

Currently, the site at 23 and 37 Trowbridge Street is vacant and has a dense swath of vegetation 

which runs northeast to southwest near the northwest corner of the site.  A circular asphalt 

paved area is located at the approximate centre of the site.  The remainder of the site is vegetated 

with grass and brush.  The 12 Bayfield Street property is occupied by a commercial establishment 

which consists of two single story residential type buildings and associated parking areas.  It is 

understood that both buildings will be demolished prior to construction of the proposed 

condominium building, 

The existing ground surface at the site slopes down from elevation 183.7 at the west boundary 

to about 178.1 at the south-central portion of the 23 Trowbridge Street site.  The ground surface 

is relatively level from the west boundary of the 37 Trowbridge property to the east boundary of 

the 12 Bayfield Street site with the ground surface elevations ranging from 178.3 to 179.5 within 

this area. 
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Based on site grades and the proposed first floor and basement elevation, site excavations 

will range from approximately 3.7 to 8.5 m to achieve the basement slab elevation.  About 1.8 to 

3.1 m of fill placement will be required at the site periphery to achieve the first-floor elevation. 

2.2 Site Geology 

The site is situated in the Physiographic region known as Bighead Valley which is characterized 

by drumlins and other glacier deposits consisting of interbedded silt and sand deposits and clayey 

till layers. 

The bedrock underlying the Site comprises limestone, dolostone, shale, arkose and sandstone 

from the Middle Ordovician Period.  Weathered shale was encountered within about 10 to 15 m of 

the existing ground surface in a previous PML investigation. 

2.3 Previous Geotechnical Report 

A geotechnical site appraisal was conducted by PML at 23 and 37 Trowbridge Street for an 

addition to an existing food market in November 2000. 

The results of this investigation were provided in our geotechnical investigation report (PML 

Ref: 00BF068) dated January 22, 2001. During this investigation ten boreholes were advanced to 

depths of 5.0 to 9.3 m below ground surface of which seven boreholes (Boreholes 4 to 10) were 

located on the subject property.   

The subsurface conditions consisted of topsoil and a pavement structure, underlain by fill 

to a depth of 1.6 to 6.5 m.  The fill was underlain by very loose/soft to firm silt/clayey silt in 

Boreholes 6, 7, 8 and 10 to about 4.0 to 5.7 m depth.  This unit contained peat/organic inclusions 

and shell fragments.  The silt/clayey silt was underlain by firm to stiff silty clay which extended to 

6.9 to 8.5 m depth.  Shell fragments and organic inclusions were noted within the silty clay. 

Underlying the silty clay, grey weathered shale was encountered in all boreholes except Borehole 7 

at depths of 4.0 to 8.5 m.  The stabilized groundwater level at the time of the investigation was at 

elevation 176.5 with a locally perched water condition at about elevation 179.5 in Borehole 3, 

advanced in the neighboring property to the west. 
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It was recommended that the addition be supported by caissons or a driven pile foundation 

bearing on weathered shale.     

3. FIELD AND LABORATORY WORK 

The field work for the current geotechnical investigation was carried out on July 13, 14 and August 

24, 2021 and comprised six boreholes advanced to 7.7 to 12.3 m below existing grade at the 

approximate locations shown on the Borehole Location Plan (Drawing 1), appended. 

The borehole locations were selected and established in the field by PML.  The underground utility 

services at the borehole locations were cleared with the assistance of Ontario One Call and a 

private utility locater. 

The boreholes were advanced using a track-mounted D-50 drill equipped with rotary wash boring 

equipment, supplied and operated by a specialist drilling contractor under the full-time supervision 

of PML technical staff. 

Representative soil samples were taken at regular depth intervals using a conventional split spoon 

sampler in conjunction with Standard Penetration Tests (ASTM D1586-11).  The sampler excludes 

particles larger than 38 mm.  Standard penetration tests were carried out simultaneously with the 

sampling operations to assess the strength characteristics of the subsoil. 

The groundwater conditions in the open boreholes were assessed during drilling by visual 

examination of the soil, the split spoon sampler and drill rods as the samples were being retrieved 

and, where encountered, by measuring the groundwater level in the open boreholes.  Monitoring 

wells, comprised of 50 mm diameter pipe, filter sand, bentonite seal, and stick-up protective 

casing, were installed in five boreholes.  The details of the monitoring well installation are shown 

on the applicable Log of Borehole Sheets.  It should be noted that the wells become the property 

of the Owner and will have to be decommissioned by the Owner when no longer required.  PML 

would be pleased to assist, if requested.   

The boreholes without wells were backfilled in accordance with O.Reg. 903. 
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After the initial visit to measure groundwater levels, two additional site visits were made to 

measure groundwater levels. 

All recovered samples were returned to our laboratory for detailed examination and moisture 

content determinations.  Grain size analyses were carried out on three samples of subgrade soil, 

the results of which are shown on Figure GS-1.  Atterberg Limits tests were carried out on the 

same three samples and all three were non-plastic. 

PML will dispose of soil samples 90 days from the date of this report, as soil samples retained 

over a long period of time are subject to moisture loss, and are no longer representative of 

field conditions. 

4. SUMMARIZED SUBSURFACE CONDITIONS 

Reference is made to the appended Log of Borehole sheets for details of the field work including 

soil classification, inferred stratigraphy, standard penetration resistance N values, groundwater 

observations, piezometer details and laboratory test results.   

Due to the soil sampling procedures and limited sample size, the depth/elevation demarcations on 

the borehole logs must be viewed as “transitional” zones between layers and cannot be construed 

as exact geologic boundaries between layers.  PML should be retained during site works for further 

guidance if required. 

4.1 Soil Stratigraphy 

The soil stratigraphy revealed in the boreholes generally consisted of a surficial topsoil or 

pavement structure underlain by fill and native silt and silty clay overlying weathered shale.  The 

soil stratigraphy is briefly summarized in the following paragraphs.   

In general, subsurface conditions were similar to those encountered in the PML geotechnical 

investigation conducted in 2000. 
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It is important to note that topsoil and pavement structure thicknesses as determined from 

standard penetration testing are approximate.  Actual thicknesses can vary significantly and 

therefore additional investigations are recommended for quantity surveying purposes relating to 

site grading works.  

4.1.1 Topsoil 

From the ground surface topsoil, 40 to 200 mm in thickness, was contacted in Boreholes 101 

to 104. 

4.1.2 Pavement Structure 

A pavement structure consisting of 90 and 100 mm of asphaltic concrete, underlain by 250 and 

200 mm of granular materials, was contacted at the ground surface in Boreholes 201 and 202, 

respectively.  

4.1.3 Fill 

Below the topsoil and pavement structure, all the boreholes contacted fill generally consisting of 

sand with trace silt, clay, gravel and organics to 1.4 to 4.0 m, elevation 175.7 to 181.2.  Cobbles 

and boulders were noted within the fill in Boreholes 101, 102 and 201.  N values in the fill ranged 

from 1 to 42, but were typically between 8 and 30 indicating a loose to dense condition.  Moisture 

contents ranged from 5 to 30% indicating a moist to wet condition.  The higher N values may be 

due to the presence of debris, cobbles and boulders within the fill. 

4.1.4 Silt 

Below the fill, at 1.4 to 2.9 m depth, elevation 175.7 to 176.8, silt with some sand and trace clay, 

1.6 to 3.4 m in thickness, was contacted in Boreholes 101, 102, 104 and 202 to 4.5 to 5.5 m, 

elevation 173.1 to 174.5.  Shell fragments and peat inclusions were observed within the silt. 
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N values ranged from 1 to 12 indicating a very loose to compact condition.  Moisture contents 

ranged from 25 to 312% indicating a wet condition.  Moisture contents above 40% generally 

indicate the presence of organics within the silt.  Three grain size analyses were conducted within 

the silt and results are shown on Figure GS-1.  Atterberg Limits were also conducted within the silt 

however they were found to be non-plastic. 

4.1.5 Silty Clay/Clayey Silt 

Below the fill in Borehole 103 at 2.1 m depth, elevation 181.2 and below the silt at 4.5 to 5.5 m 

depth, elevation 173.3 to 174.5, silty clay/clayey silt, 1.1 to 3.4 m in thickness, was contacted in 

Boreholes 101 to 104 to 5.5 to 8.5 m, elevation 169.7 to 177.8.  SPT N values ranged from 1 to 57 

indicating a soft to hard consistency.  Moisture contents ranged from 4 to 51%.   

A peat layer, 0.6 m in thickness was encountered within Borehole 102 at 5.6 m, elevation 172.6.  

The peat was amorphous and contained wood pieces. 

A localized silty sand stratum, 1.5 m in thickness was contacted below the silt in Borehole 202 at 

5.5 m, elevation 173.1 and continued to 7.0 m, elevation 171.6. 

4.1.6 Weathered Shale 

Below the fill in Borehole 201 at 4.0 m, elevation 175.7, the silty clay/clayey silt in Boreholes 101 

to 104 at 5.5 to 8.5 m, elevation 169.7 to 177.8 and below the silty sand in Borehole 202 at 7.0 m, 

elevation 171.6, weathered shale was contacted in all boreholes to the borehole termination 

depths of 7.7 to 12.3 m, elevation 165.9 to 174.0. 

N values in the weathered shale ranged from 67 blows for 250 mm of penetration to 50 blows 

for no penetration (split spoon refusal).  Moisture contents in the weathered shale ranged from 

8 to 21%. 

The boreholes were advanced 3.7 to 5.3 m in the weathered shale prior to terminating the 

boreholes. 
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4.1.7 Groundwater Conditions 

The first water strike (groundwater first encountered during drilling), the groundwater/wet cave 

levels measured in the boreholes upon completion of augering, and groundwater levels measured 

in the wells on August 25 and September 21, 2021, are summarized in Table 1. 

TABLE 1 

GROUNDWATER LEVELS 

BOREHOLE 

FIRST STRIKE  
DURING DRILLING  

DEPTH (m) / 
ELEVATION 

GROUNDWATER/WET 
CAVE UPON 

COMPLETION  
OF AUGERING  

DEPTH (m) / 
ELEVATION 

WATER LEVEL IN WELL  

DEPTH (m) / ELEVATION 

2021-08-25 2021-09-21 

101 2.1 / 176.7 5.2 / 173.6 1.9 / 176.9 2.0 / 176.8 

102 1.5 / 176.7 11.0 / 167.2 1.3 / 176.9 1.5 / 176.7 

103 7.6 / 175.7 2.7 / 180.6 -- -- 

104 2.3 / 176.7 1.8 / 177.2 2.0 / 177.0 2.3 / 176.7 

201 3.0 / 176.7 7.3 / 172.4 > 4.5 /175.2 4.3 / 175.4 

202 1.5 / 171.1 1.5 / 171.1 > 4.5 /175.2 1.8 / 176.8 

It is anticipated that the groundwater levels will stabilize close to the water level in the 

Bighead River which outlets into Georgian Bay about 200 to 300 m to the north. The US Army 

Corps of Engineers Website for Historical Great Lakes Water Levels indicates a historical mean 

water level of elevation 176.44 for Lake Huron/Georgian Bay since 1918.  The 2020 annual 

average was elevation 177.31 (maximum value elevation of 177.46).  Based on the historical data, 

the water levels are cyclical and rise above/below the average value by about 1 m.  Currently the 

water levels are higher than the historical average.  The maximum water elevation noted since 1918 

is 177.46, recorded in July of 2020.   

It should be noted that groundwater conditions may vary seasonally with higher levels in the 

spring following ground thaw and snow melt and as a result of severe weather events. 
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5. ENGINEERING DISCUSSION AND RECOMMENDATIONS 

A five-storey condominium building is proposed for 23 and 37 Trowbridge Street and 12 Bayfield 

Street in Meaford, Ontario.  Based on drawings dated April 30, 2021, prepared by Andre Sherman 

Architect, the building will have two levels of underground parking with the lowest slab elevation at 

174.5.  The first floor is planned at elevation 181.5.   

The existing ground surface at the site slopes down from elevation 183.7 at the west boundary to 

about 178.1 at the south-central portion of the site at 23 Trowbridge Street.  The ground surface is 

relatively level from the west boundary of the 37 Trowbridge property to the east boundary of 

the 12 Bayfield Street site with the ground surface elevations ranging from 178.3 to 179.5 within 

this area. 

Based on site grades and the proposed first floor and basement elevation, site excavations 

will range from approximately 3.7 to 8.5 m to achieve the basement slab elevation.  About 0.6 to 

2.6 m of fill placement will be required at the north and south boundaries of site to achieve the 

first-floor elevation. 

The soil stratigraphy revealed in the boreholes generally consisted of a surficial topsoil or 

pavement structure underlain by fill and native silt and silty clay overlying weathered shale.  

Based on site grades, the subsurface and groundwater conditions revealed in the boreholes and 

the planned basement elevation, a summary of the soil conditions encountered at the founding 

level in each borehole is summarized in Table 2.  It is assumed that building foundations will be 

supported at elevation 174.0, about 0.5 m below the basement floor slab elevation of 174.5. 

As can be seen from Table 2, subsurface conditions at the assumed founding elevation of 174.0 

are variable and range from very loose silt with an N value of 1 to weathered shale with N values 

greater than 50. 
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TABLE 2 

SUMMARY OF SUBSURFACE CONDITIONS ENCOUNTERED AT THE BASEMENT LEVEL AT EACH BOREHOLE 

Borehole No. 101 102 103 104 201 202 4 5 6 7 8 9 10 

Ground Surface Elevation 178.8 178.2 183.3 179.0 179.7 178.6 183.0 178.8 178.5 178.5 178.3 178.5 178.3 

Weathered Shale (WS) Elevation 170.3 169.7 177.8 172.0 175.7 171.6 178.3 174.3 170.1 > 170.4 171.3 174.5 169.8 

Subsurface Conditions at Basement 

Founding Elevation of 174.0 
Silt Silt WS 

Silty 

Clay 
WS Silt WS WS Silt 

Silty 

Clay 

Silty 

Clay 
WS 

Silty 

Clay 

N Value of Bearing Materials 1 3 
70/200 

mm 
16 

90/150 

mm 
2 -- 95 12 4 15 50/140 13 

Excavation in soil needed to reach 

weathered shale from basement 

level elevation of 174.5 

4.2 4.8 None 2.5 None 3.0 None 0.2 4.5 > 4.1 3.5 None 4.6 

Excavation needed in weathered 

shale to reach foundation support, 

assuming foundation support 0.5 m 

below basement slab. 

0.5 0.5 3.8 0.5 1.7 0.5 4.3 0.5 0.5 0.5 0.5 0.5 0.5 

WS=Weathered Shale 
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Due to the presence of highly variable bearing materials at the anticipated founding elevation, 

excessive total and differential settlements are anticipated, if the building is supported on these 

materials.  In order to minimize differential settlements and resulting structural distress, the following 

options are available to support the condominium building. 

• Support the foundations on weathered shale by locally excavating the unsuitable 

soil at the foundation locations to the weathered shale depth. The foundation 

support elevations will be variable, depending on the elevation at which weathered 

shale is encountered.  Based on Table 2, excavations in soil required for this option 

will range from 0.2 to 4.8 m at the borehole locations.  In this scenario a structural 

slab supported on the spread foundations will be required, unless all of the 

unsuitable materials below the basement slab level are removed. Alternatively, 

replace the locally excavated soil with Controlled Low Strength Material (CLSM) 

and support the foundations on the CLSM at the foundation elevation of 174.0.  A 

structural slab will also be required for this scenario. 

• A second option is to improve the ground conditions using Rigid Inclusions and 

support the structure on conventional spread foundations bearing on the improved 

soil.  A conventional slab on grade supported on the improved soil is feasible with 

this option. 

• A third option is to add one more basement level to the building and increase the 

number of basement levels to three.  Assuming a finished floor elevation of 171.0 

for the third basement level, the amount of soil excavation required to support the 

foundations on weathered shale will reduce to 0.7 to 1.3 m at the borehole 

locations.  However, the amount of shale excavation required will increase and is 

estimated to be 0.5 to 7.3 m at the borehole locations.  It will be possible to support 

the floor slab as a conventional slab on grade, if all the poor-quality soils below the 

slab subgrade are removed to competent bearing stratum. 

• A fourth option is to support the building partially on caissons and partially on 

shallow spread foundations bearing on the weathered shale.  This option will 

require the building to be supported on caissons bearing within weathered shale 

bedrock over most of the site except the northeast and northwest corner.  Shallow 

spread footings bearing on weathered shale can be used at the northwest and 

northeast corner.  A structural slab on grade supported on the caissons and spread 

foundations will be required for this option. 
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Each of these options is discussed in detail in the following sections. 

Excavations of 3.7 to 8.8 m are required to achieve the basement finished floor elevation.  As 

there is limited space to slope the excavation side walls, it is anticipated that a temporary support 

system will be required on all sides for excavation support.  As the site is bordered by the Bighead 

river on two sides and the regional groundwater level is at about 2.0 m below the ground surface, 

a watertight excavation support system such as a secant wall is recommended on all sides of the 

site to reduce the need for dewatering. 

Detailed recommendations for foundation support, construction of basement walls, excavation, 

shoring and groundwater control are provided in following sections of the report. 

5.1 Site Preparation 

The following general procedures are recommended for site preparation.   

 We are not aware if the 23 and 37 Trowbrdige sites were occupied by structures 

which were demolished.  This should be verified prior to construction so that 

appropriate measures for removal of any buried structures can be taken prior to 

construction. 

 Demolition of the existing pavements and the existing building at 12 Bayfield Street 

should include complete removal of all foundation systems, below-grade structural 

elements, and pavements within the proposed construction area. This should 

include removal of any utilities to be abandoned along with any loose utility trench 

backfill or loose backfill found adjacent to existing buildings. All materials derived 

from the demolition of existing structures and pavements should be removed from 

the site. Holes resulting from the removal of underground obstructions extending 

below the proposed finish grades should be cleared and backfilled with suitable 

properly compacted fill. If the existing buildings within the footprint of the proposed 

buildings are founded on deep foundations, these elements should be removed 

down to at least 1.5 m below bottom of proposed basement slab.  

 The existing pavement structure and fill should be removed to a distance equal to 

at least 1.2 m from the building footprint.   
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 The slab subgrade should be inspected and any deleterious materials found during 

subgrade inspection, should be removed/excavated. 

 The exposed native basement slab subgrade surface should be proof rolled with a 

tandem truck or equivalent and inspected by geotechnical personnel from PML.  

Any soft/loose spots encountered during the process should be sub-excavated and 

replaced with approved on-site or imported material, compacted to at least 98% of 

the Standard Proctor Maximum Dry Density (SPMDD). 

 The excavated area can be brought up to the final grade level with approved on 

site or imported material placed in lifts not exceeding 200 mm and compacted to at 

least 98% of the SPMDD.  

 All backfilling and compaction operations should be supervised on a full-time basis 

by geotechnical personnel from PML to examine and approve backfill materials, 

evaluate placement operations and verify that the specified degree of compaction 

is achieved uniformly throughout the fill. 

5.2 Foundations 

5.2.1 Conventional Spread Footings 

It is assumed that building foundations will be supported at elevation 174.0, about 0.5 m below the 

basement floor slab elevation of 174.5. 

As can be seen from Table 2, subsurface conditions at the assumed founding elevation of 174.0 

are variable and range from very loose silt with an N value of 1 to weathered shale with N values 

greater than 50. 

Due to the presence of highly variable bearing materials at the anticipated founding elevation, 

excessive total and differential settlements are anticipated if the building is supported on these 

materials.  In order to minimize differential settlements and resulting structural distress, it is 

recommended that the unsuitable soils be locally excavated at the foundation locations to the 

depth of weathered shale and the foundations supported on weathered shale.  Based on Table 2, 

excavations in soil required for this option will range from 0.2 to 4.8 m at the borehole locations.  It 

should be noted that the depth to weathered shale may vary in between borehole locations due to 

natural variability of the bedrock surface. 
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Footings supported on the grey highly weathered shale bedrock should be proportioned using a 

maximum factored bearing resistance at Ultimate Limit State (ULS) of 1000 kPa.  The maximum 

net geotechnical reaction at Serviceability Limit State (SLS) is 600 kPa.    

Alternatively, the locally excavated soil can be replaced with Controlled Low Strength Material 

(CLSM) and foundations can be supported on the CLSM at the assumed basement foundation 

elevation of 174.0. 

CLSM is a self-compacting, cementitious material primarily used as a structural fill or backfill 

alternative to compacted soil backfill. It is often referred to by different names including flowable 

fill, controlled density fill, soil-cement slurry, unshrinkable fill, plastic soil cement, and flowable 

mortar. It is self-leveling, having the approximate consistency of pancake batter, and can be 

placed in one lift with minimal labor and no vibration or tamping. The American Concrete Institute 

(ACI) defines CLSM as having a compressive strength less than 8 MPa, however most current 

CLSM applications require unconfined compressive strengths of less than 2 MPa. This lower 

strength is more than comparable with strength of compacted soil backfill, but is necessary to 

allow for possible future excavation.  It is recommended that a material with a strength of less than 

0.5 MPa be used. 

Footings supported on the CLSM of minimum 0.5 MPa strength should be proportioned using a 

maximum factored bearing resistance at Ultimate Limit State (ULS) of 300 kPa.  The maximum 

net geotechnical reaction at Serviceability Limit State (SLS) is 200 kPa.    

The following points must be considered prior to use of CLSM. 

 CLSM is not a free-draining material hence if there are drainage considerations 

which need to be addressed, this material should not be used.  

 The utilities will need to be installed in this material and excavation into this material 

may be difficult.  When this is a critical property of the in-place CLSM, particular 

attention must be given to the type and quantity of cement and fly ash which is 

used, and to the judicious use of air-entraining admixtures.   

 The contractor will need to consider the additional pressure that the wet concrete 

exerts on earth retaining structures such as walls as compared to the engineered fill 

and account for that when determining how much they can pour in each lift.  
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It should be noted that if the unsuitable fill soil is excavated locally then a structural slab will 

be required for this option.  If all unsuitable fill soil is removed from below the basement slab 

subgrade to the depth of weathered bedrock a conventional slab-on-grade bearing on weathered 

bedrock or CLSM is feasible. 

The geotechnical resistance for the founding soils at SLS normally allows for 25 mm of 

compression of the founding medium.  Differential settlement is expected to be less than 75% of 

this value, provided the subgrade is not loosened or softened by construction activity or prolonged 

exposure to the elements.  To this end, if the footing concrete is not placed on the weathered 

bedrock on the day of the inspection, it is recommended that the founding surfaces be covered 

with a 50 mm thick concrete mud slab immediately after excavation and approval to maintain the 

integrity of the subgrade.    

The subgrade soils are sensitive to disturbance from construction traffic and weather.  It is 

recommended that, the subgrade be inspected by PML immediately prior to pouring foundation 

concrete.  The subgrade must be protected with a 50 mm thick layer of lean concrete, if 

foundation concrete is not placed immediately after foundation subgrade inspection. 

If new (or existing adjacent) foundations and basement walls are exposed to winter weather 

during construction, adequate temporary insulation is recommended to ensure that frost does not 

penetrate below or behind the walls or footings.  Alternatively, thermostatically controlled heating 

could be supplied to maintain the base temperature above freezing.  

Fresh air ducts constructed near outside walls constructed on the native soil or frost-susceptible 

engineered fill, should be protected from potential freezing caused by constant flow of cold outside 

air due to winter weather. Nominal 25 mm thick insulation should also be added for foundation 

walls and floor slabs within close proximity to all fresh air ducts.   
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The following additional recommendations for spread footings are provided: 

 In general, where founding levels of adjacent footings vary, the founding elevation 

between footings should be stepped in maximum 600 mm steps at a maximum 

inclination of 10H:7V.  

 All footings subject to frost action should be provided with 1.2 m of earth cover or 

equivalent thermal insulation. A 25 mm thick layer of polystyrene insulation is 

thermally equivalent to 600 mm of soil cover. 

 Prior to placement of structural concrete, all foundation excavations should be 

examined by geotechnical personnel from PML to verify the competency of the 

founding surface.  

5.2.2 Rigid Inclusions 

Rigid Inclusions (RI) are unreinforced, grouted or concrete vertical elements installed in very soft 

soils to meet settlement criteria and improve bearing capacity of weak soils for support of 

conventional spread foundations.  In addition to the concrete vertical elements themselves, an 

essential element of rigid inclusion ground improvement is a layer of granular, structural fill, known 

as a Load Transfer Cushion (LTC) that bridges the load between the rigid inclusions and prevents 

concentrated stress on the footing. 

This method of ground improvement is used for very weak soils, such as organic silt, peat, very 

soft clay or any soil where there is little to no lateral confinement from the surrounding soil. A 

geotechnical contractor will install rigid inclusions by laterally displacing the soil by either 

advancing a vibrating probe or by using a reverse flight rotating auger. Typical depths of rigid 

inclusions are on the order of up to 22 m.  They can be installed at a rate of 30 to 40 columns per 

day, depending on their depth, and range in diameter from 0.4 to 0.6 m. 

The LTC is installed on top of the rigid inclusions and is composed of a layer of granular, 

structural fill with varying thickness (from 100 to 900 mm), depending on how widely loaded the 

area is. Thicker LTCs may also be reinforced with one or more layers of geogrid or high-strength 

geotextile in some cases and sometimes may involve a layer of concrete mud mat first before 

placing the stone, depending on the requirements of the load transfer mechanism. 

https://www.subsurfaceconstructors.com/services/ground-improvement/rigid-inclusions-vibro-concrete-columns/
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The installation of RI results in an improved, strengthened soil, which can support continuous or 

isolated shallow spread foundations or a mat foundation.  A conventional slab-on-grade supported 

on the improved soil is also feasible. 

The use of RI and the design of the LTC will require input from a specialized contractor.  A 

qualified contractor, licensed in Ontario, such as Geosolv Design-Build Inc. should be contacted 

directly to provide recommendations for this system including bearing resistances and post 

construction settlements.  Installation of RI must be monitored by PML. 

If a RI system is feasible, cost savings of as much as about 25% are feasible when compared to 

deep foundations and a structural slab option or removal and replacement option.  More information 

on this option is included in Appendix A.  It should be noted that PML does not endorse or 

recommend products from any supplier over others and the included literature on RI is for 

informational purposes only. 

5.2.3 Increase Number of Basement Levels 

Since the excavations to remove unsuitable soil are required over a major portion of the site and 

range from 0.2 to 4.8 m at the borehole locations, consideration must be given to increasing the 

number of basements from two to three levels.  Assuming a third basement level finished floor 

elevation at 171.0, the amount of soil excavation required to reach weathered shale will be 

reduced to 0.7 to 1.3 m at the borehole locations.  However, the amount of shale excavation 

required will increase and is estimated to be 0.5 to 7.3 m at the northwest and northeast corner of 

the site.  With this option, the building can be supported on conventional spread footings bearing 

on weathered/competent shale bedrock. This will likely make it possible to support the floor slab 

as a conventional slab on grade if all the poor-quality soils below the slab subgrade are removed 

and replaced with engineered fill.   

It should be noted that the excavation depths provided are based on a limited number of 

boreholes.  Both the depth to weathered shale and the amount of weathered shale bedrock to be 

removed should be expected to vary across the site.  Further the strength of the shale bedrock 

should be expected to increase with deeper excavations and limestone beds may be encountered 
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within the shale making it difficult to excavate.  Specialized excavation methods may be required 

for shale excavation.  More comments on shale excavation are provided in Section 5.7.  If this option 

is considered, additional boreholes will be required to investigate the bedrock excavation and bearing 

characteristics by retrieving rock core samples. 

5.2.4 Caisson Foundations 

Alternatively, the proposed building can be supported partially on caissons and partially on shallow 

spread foundations supported on the weathered shale.  This option will require the building to be 

supported on caissons bearing within weathered shale bedrock over most of the site except the 

northeast and northwest corner.  Shallow spread footings bearing on weathered shale can be used 

at the northwest and northeast corner.  A structural slab on grade supported on the caissons and 

spread foundations will be required for this option.  This option may prove economical since a 

caisson drilling rig will be on site for installation of the secant caisson wall, hence an additional 

mobilization for installation of building caissons will not be necessary. 

Weathered shale was contacted between elevation 169.7 and 178.3 at the borehole locations.  It 

should be noted that the depth to weathered shale may vary in between borehole locations and 

the caissons may have to be extended to deeper depths to achieve the recommended bearing 

resistances.  If this option is considered, additional boreholes must be advanced to obtain shale 

bedrock cores to determine rock excavation and bearing characteristics.  This will help to optimize 

the bearing resistance and make the foundation design more efficient. 

For preliminary planning purposes caissons which extend a minimum of one caisson diameter into 

the weathered shale bedrock may be designed for a factored net Ultimate Limit State (ULS) 

resistance of 2 MPa subject to adequate groundwater control and inspection of bearing surface by 

video inspection during construction.  SLS resistances do not apply as the SLS resistance at 

25 mm of settlement is greater than the factored net ULS resistance. It is assumed that the length 

of the caisson will be greater than 3 times its diameter.   

A higher bearing resistance can be provided for caissons supported within unweathered shale 

bedrock, once additional boreholes are advanced and bedrock cores retrieved for laboratory 

testing and classification. 
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It is recommended that full time supervision of caisson installation operations be conducted to 

verify that the caissons bear within the recommended stratum and are not terminated prematurely 

at higher elevations. 

A centre to centre spacing of at least three caisson diameters is recommended, with the larger 

diameter caisson used for calculating spacing if caisson diameters differ. 

The caissons will need to be lined within the fill and native soils to minimize ingress of 

groundwater and soil material into the caisson drill hole.  The contractor should be responsible for 

providing all necessary equipment for caisson installation (including a steel liner of adequate 

strength) and monitoring devices for safe installation and inspection in accordance with the 

Occupational Health and Safety Act requirements. 

The caisson installation below groundwater level should incorporate solid liner and bentonite 

solution, drilling mud or the equivalent, to prevent internal erosion, loss of fines, and caving of 

the hole.      

It should be noted that boulders and cobbles were encountered within the fill soils and the caisson 

installation contractor should take this into consideration when selecting the drilling method and 

equipment to be used in the installation of caissons. 

Groundwater if encountered should be removed from the caisson prior to concrete placement.  

Caisson concrete should be placed immediately after drilling and cleaning. If concrete cannot 

be placed in dry conditions, a tremie should be used for concrete placement.  The tremie should 

be placed at the bottom of the caisson hole and subsequently maintained a minimum of 1.5 m into 

the fluid concrete as pumping continues.  Allowance should be made for appropriate de-watering 

equipment such as filtered sump pumps on site should groundwater be encountered. 

If cave-in occurs around the liner near the ground surface due to poor surficial fill, the void should 

be grouted and backfilled immediately to avoid loss of ground and settlement. 
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The caisson installation should be carried out under full time inspection by PML from the ground 

surface, to check that a competent bearing surface has been established at each caisson unit. 

The bearing surface of each caisson should be evaluated by video inspection of the caisson base 

and side walls, visual examination of the auger cuttings, observation of the progress of drilling 

operations and comparison of the observations and depth/elevation of each caisson with the 

information presented on the borehole logs in this report.  

Due to the weak native soils and shallow groundwater levels, there is potential for concrete defects 

due to movement of soil into the concrete during withdrawal of the casing.  It is recommended that 

Cross-Hole Sonic Logging (SCL) integrity testing be carried out to test the integrity of the caisson 

concrete.  The testing should be carried out in accordance with ASTM D 6760-08.  PML can assist 

with developing a program of SCL testing should this option be selected. 

Suitable frost protection measures should be provided to control uplift forces from frost 

action/adfreezing.  All work should be carried out in accordance with the Occupational Health and 

Safety Act (Ontario Regulation 213/91) and with local regulations. 

5.3 Basement Slab Construction 

The proposed building will have two levels of underground parking with the lowest slab elevation 

at 174.5.  The first floor is planned at elevation 181.5.  Excavations of 3.7 to 8.8 m are required to 

achieve the basement finished floor elevation.    

If ground improvement in the form of rigid inclusions is used to improve the subsurface conditions 

or a third basement level is considered, it will be feasible to support the basement slab as a 

conventional slab-on-grade. 

A subgrade reaction modulus of 25 - 50 MPa/m may be used for design of the basement slab, 

depending on the subgrade conditions after soil improvement. 

The exposed slab subgrade should be proof rolled using appropriate equipment and inspected on a 

full-time basis by geotechnical personnel from PML.  Any soft, loose, wet or frozen and deleterious 

material that becomes evident during proof rolling should be sub-excavated and replaced with 

approved backfill compacted to at least 98% Standard Proctor Maximum Dry Density (SPMDD). 
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A peat layer, 0.6 m in thickness was encountered within Borehole 102 at 5.6 m, elevation 172.6.  

The peat was amorphous and contained wood pieces.  Similar occurrences of peat could occur at 

locations not investigated by the boreholes. 

Widespread peat layers below the slab, if left in place, would result in release of methane gas, 

Such peat layers will need to be removed or suitable provision for handling of methane gas, such 

as a venting system, incorporated in the slab design.     

Based on groundwater monitoring results, the groundwater level is at approximate elevation 176.8 

which is about 2.3 m above the basement slab elevation. It should be noted that groundwater 

conditions will fluctuate with seasonal precipitation.  Permanent groundwater control measures are 

recommended below the basement slab.  Recommendations for permanent groundwater control are 

provided in Section 5.8.2. 

A compacted layer of 19 mm size crushed clear stone, with a minimum thickness of 150 mm, 

should be provided below the floor slab for drainage and to prevent capillary rise of the moisture in 

the soil.  An adequate geotextile filter layer which is compatible with the subgrade soil should be 

placed between the clear stone and the native subgrade to prevent the migration of fines into the 

clear stone.  It is critical that the selection and placement of the geotextile be in accordance with 

the manufacturer’s installation guidelines and that all seams be adequately overlapped to provide 

a continuous filtration barrier. 

If moisture sensitive floor finishes are planned for the lowest basement slab, a suitable vapour 

barrier should be provided in accordance with the Architect or Civil Engineer’s design specifications. 

5.4 Lateral Earth Pressure for Basement Walls  

Where subsurface permanent perimeter basement walls will retain unbalanced earth loads, the 

lateral earth pressure, p (kPa), may be computed using the following equation: 
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 p = K (h + q) 

where: 

 p = earth pressure at depth (kPa) 

 K = coefficient of earth pressure for basement walls, use 0.5 

  = unit weight of soils retained (21.0 kN/m
3 

assuming Granular B Backfill) 

 h = depth below the exterior grade (m) 

 q = surcharge and traffic loads (kPa) 

In this equation, it is assumed that there is an effective perimeter drainage system to prevent the 

build-up of hydrostatic pressure behind the basement wall.  If a drainage system is not provided, 

the wall must be designed to withstand the full hydrostatic pressure.   

5.5 Seismic Site Classification 

Depending on the type of foundation used to support the building and based on the soil profile 

revealed in the boreholes the following Site Classification is applicable for Seismic Site Response 

as set out in Table 4.1.8.4.A of the Ontario Building Code (2012).   

TABLE 3 

SEISMIC SITE CLASSIFICATION 

TYPE OF FOUNDATION SITE CLASS 

Spread Footings on Weathered Shale or CLSM 
with localized excavation of unsuitable soil 

E 

Rigid Inclusions D 

Caissons bearing within shale bedrock E 

5.6 Pre-construction Considerations 

A pre-construction survey of existing structures including buildings, sidewalks, utilities and other 

structures in the immediate vicinity, should be carried out immediately before dewatering/construction 

starts to avoid unjustified claims due to the proposed construction activities.   A post construction 

survey of all structures surveyed before start of construction should be conducted immediately after 

completion of construction. 
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Foundations of heavily loaded or settlement sensitive structures and/or utilities located within 

close proximity to the excavation may require underpinning or support to preserve the integrity of 

these structures.  Further comments and general guidelines are presented on Figure 1, appended. 

5.7 Shoring Considerations 

5.7.1 General 

Excavations of 3.7 to 8.8 m are required to achieve the basement finished floor elevation.  As 

there is limited space to slope the excavation side walls, it is anticipated that a temporary support 

system will be required on all sides for excavation support.  As the site is surrounded by a lake on 

two sides and the regional groundwater level is at about 2.0 m below the current ground surface, 

a watertight excavation support system such as a secant wall is recommended on all sides of the 

site to reduce the need for dewatering. 

The shoring system should extend to a suitable depth into the weathered shale bedrock to 

effectively cut off groundwater seepage into the excavation.  The shoring should be designed 

by an experienced Shoring Design Professional and the shop drawings be reviewed by the 

Engineer of Record. 

For all shoring systems, an exterior lateral support to the wall in the form of soil anchors is 

required if the excavation depth is greater than 4.0 m.  Prior to tie-back design and construction, 

permission from neighbouring property owners / City Transportation and Works Department will 

need to be obtained if tie-backs encroach onto adjacent properties/roads.  Further, any conflicts with 

existing utilities will need to be resolved.  Alternatively, interior struts could be considered, which 

bear on raker piles or footings within the excavation.   

5.7.2 Design Parameters 

The shoring system will retain miscellaneous fill, silt and silty clay/clayey silt.  Accordingly, the earth 

pressure on a singly braced shoring wall should be computed using the apparent earth pressure 

diagram as shown on Figure 2, appended. Where multiple supports are used to support the secant 

caissons, the apparent earth pressure diagram as shown on Figure 3, appended must be used. 
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Soil parameters for earth pressure calculation for the encountered strata and engineered fill are 

provided in Table 4. 

TABLE 4 

EARTH PRESSURE DESIGN PARAMETERS 

SOIL UNIT 

 BULK 
UNIT 

WEIGHT  
(kN/m3) 

DRAINED 
ANGLE OF 
INTERNAL 
FRICTION 

(DEG) 

SHEAR 
STRENGTH 

(KPA) 

RANKINE COEFFICIENT OF LATERAL 
EARTH PRESSURE 

ACTIVE
1 (KA) 

AT-REST2 
(K0) 

PASSIVE3 
(KP) 

Existing Earth Fill 19 -- 0.7 0.87 --- 

Very Soft to Firm 
Silty Clay/Clayey Silt 

17 26 25 0.39 0.56 2.6 

Firm to Stiff Silty 
Clay/Clayey Silt 

19 28 50 0.36 0.53 2.8 

Very Loose to 
Loose Silt 

19 28 N/A 0.36 0.53 2.8 

Compact Silt 20 33 N/A 0.29 0.45 3.4 

Very Stiff to 
Hard Silty 
Clay/Clayey Silt 

21 28 150 0.36 0.53 2.8 

Shale Bedrock 22 28 N/A N/A N/A N/A 

Compacted 
Granular A Backfill 
(Engineered Fill) 

22 35 N/A 0.27 0.42 3.6 

Compacted 
Granular B Backfill 
(Engineered Fill) 

21 32 N/A 0.3 0.47 3.2 

1. Active pressures can be used when ground movements can be tolerated.  Ground movements
should be in accordance with applicable codes and standards.

2. At-rest pressures can be used when no ground movements can be tolerated.

3. The full coefficient of passive pressure may require large movements to mobilize, which may not be
tolerated by the structure.

4. Sloping backfill is not considered in the above Table.
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The level of groundwater should be assumed at the ground surface if the wall is designed to resist 

hydrostatic pressure.  Surcharge due to adjacent structures, concrete trucks, equipment, stockpiles, 

or other loading behind the wall must be accounted for in the shoring design.  It is recommended that 

the surcharge load considered in design be no less than 12 kPa. This surcharge value does not take 

into account operation of heavy construction equipment within a distance equal to the height of the 

shoring support system.  Actual surcharge loading must be estimated based on the anticipated loads. 

5.7.3 Construction Considerations  

It is anticipated that caisson will need to be temporarily lined during installation in view of 

the loose/soft fill and native soil and groundwater conditions observed.   

Reference is made to Section 5.2.4 for caisson construction considerations.   

Material stockpiles must be placed away from the excavation edge and the surcharge load 

influence on the shoring system should not exceed design values.  Surface drainage must be 

directed away from excavations.  Excavation safety and stability of excavation slopes and lateral 

support systems should be made the contractor’s responsibility. 

Monitoring of the performance of the shoring system is recommended.  The monitoring should 

consist of periodic surveying of the lateral and vertical displacement of select points on the top of 

the shoring system and the tie-back anchors.  Borehole inclinometers can also be used to confirm 

that lateral displacement tolerances, as specified by the shoring designer, are not exceeded.  

The monitoring results must be provided to the design engineer, so that timely adjustments to 

the shoring system can be recommended, in case of excessive displacements.  All work must 

be carried out in accordance with the Ontario Occupational Health and Safety Act 1990 and 

relevant regulation 213/1991 for construction projects.  The design and performance of the 

temporary shoring protection should be in accordance with OPSS 539 and satisfy local and 

municipal regulations. 
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5.7.4 Soil/Rock Anchors 

The design adhesion for anchors depends on the type of soil/rock as well as the installation 

technique.  A proto-type anchor must be made to demonstrate anchor capacity and validate 

design assumptions.  The use of soil anchors in the earth fill and the generally weak native 

deposits will provide insufficient capacity for support.  A factored bond stress at ULS of 200 kPa 

can be used for the weathered shale. Higher capacities for anchors installed in competent shale 

bedrock can be provided once the depth to competent bedrock and bedrock quality is confirmed. 

The anchor installation below groundwater level should incorporate solid liner and bentonite 

solution, drilling mud or the equivalent, to prevent internal erosion, loss of fines, and caving of 

the hole.  

Reference is made to the current Canadian Foundation Engineering Manual (CFEM) 

Section 6.12.4 for anchor design.  Figure 26.16 of the CFEM provides guidelines for minimum 

anchor length and spacing.   

All parameters for shoring and anchor design should be confirmed by PML, prior to installation of 

the temporary shoring system. 

5.7.5 Load Testing 

At least one full-scale load test should be carried out on an anchor (tie-back) for each shoring 

wall and anchor level.  This test should be taken to 200% of the design load, or until there is a 

significant increase in the pull-out rate.  In the latter case, the design load must be limited to 50% 

of the load at which the pull-out rate increases.  It may be necessary to modify anchor design and 

place limits on the capacity based on pull-out test results.   

Each anchor must be proof loaded.  This is done by loading the anchor to 133% of the design 

load and the anchor must be capable of sustaining this load for 20 minutes without creep.  This 

load may then be relaxed to a minimum of 100% of design and locked-in.   

Full-scale anchor stressing tests and proof tests should be monitored by PML. 
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If tied back anchors which extend offsite are used, they will require the permission of adjacent 

property owners and municipal authorities.   

5.7.6 Rakers 

If rakers are utilized for lateral bracing, then rakers must be installed while an earth berm remains 

in front of the pile/caisson.  Slots should be cut into this berm to allow rakers to be installed before 

the supporting berm is removed. 

Inclined raker footings should be designed in accordance with the bearing resistances presented in 

this report; however, the effects of inclined loads and frictional resistance to sliding must also be 

considered.  A guideline for placement of raker struts is presented in Figure 4. 

5.8 Excavation 

Excavations of 3.7 to 8.8 m are required to achieve the basement finished floor elevation. 

It is anticipated that the soil excavation to achieve the basement level of the proposed building can be 

carried out with conventional equipment.  Obstructions due to presence of cobbles and boulders 

within the native soil and miscellaneous debris within the fill should be anticipated and addressed in 

the project contract documents. 

Excavations of about 4 m may be required within weathered / competent shale if two basement levels 

are planned.    

The bedrock formation may contain limestone/dolostone interbeds which occur randomly and require 

considerable excavation effort to remove. The removal of such limestone beds must be addressed in 

the contract documents. 

It is expected that excavation of the weathered shale bedrock should be possible using a large 

hydraulic hoe equipped with a rock bucket.  A jack hammer or hoe ram may be required to penetrate 

relatively harder zones of limestone/dolostone interbeds within the weathered bedrock.  Progressively 

more difficult conditions should be anticipated with increasing depth of excavation.   
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All construction work must be carried out in accordance with the Occupational Health and Safety 

Act (OHSA) and local regulations.  With respect to the OHSA, the fill materials, loose to compact 

cohesionless soil and firm to stiff cohesive soil should be considered Type 3 soils.  Soils below 

groundwater level or in areas of persistent seepage are considered to behave like Type 4 soil. 

The hard silty clay/clayey silt and the dense to very dense sandy silt/silty sand is considered 

Type 2 soil. 

The OSHA requires that the excavation be cut at a predetermined inclination based on soil types. 

For an excavation entirely in Type 1 or Type 2 soil, the side slopes should be cut vertically in the 

lower 1.2 m from the base of an excavation and at an inclination of 1H:1V above 1.2 m height. 

Excavations in Type 3 soil should be cut at an inclination of 1H:1V from the base of the 

excavation.  Side slopes in Type 4 soil should be sloped at 3H:1V from the base of the excavation.  If 

an excavation contains more than one soil type the excavation slope geometry shall be governed by 

the highest soil type, which for this site is Type 3, provided adequate groundwater control is provided.  

Excavation faces on temporary excavation ramps should be cut to the configuration dictated by 

the soil type with the highest number present on the slope. 

5.9 Groundwater Control 

It is recommended that a Hydrogeological Site Assessment be carried out to determine 

Construction Dewatering Requirements and the need for a Permit-To-Take-Water (PTTW) and/or 

Environmental Activity and Sector Registry (EASR). 

Based on groundwater monitoring results, currently the groundwater level is at approximate 

elevation 176.8 which is above the proposed basement slab elevation of 174.5. Permanent 

groundwater control measures are recommended below the basement slab of the building.   

5.9.1 Temporary Groundwater Control 

Groundwater control should aim to provide a stable excavation base, side slopes and dry working 

conditions.  The groundwater levels should be maintained about 1.0 m below the excavation base 

during construction.   
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The basement excavation will be through fill, silty clay/clayey silt and weathered shale. Once the 

peripheral secant wall system is in place, in general, it is expected that seepage or surface water 

that enters excavations can be adequately handled by conventional sump pumping techniques. 

During dewatering appropriate measures must be taken to prevent soil fines from being washed 

out as they may affect the stability of the excavation slopes, shoring system and structures in the 

immediate vicinity of the project.   

It should be noted that control of groundwater from highly permeable zones such as localized 

sand/gravel pockets will require more active localized dewatering methods such as well points. 

Pumping discharges into natural watercourses should conform to the Ministry of Environment 

(MOE) guidelines, and regulations of the Conservation Authority and Ministry of Natural Resources. 

Successful dewatering operations will be based on the Contractor's experience, construction 

techniques, sequencing and efficiency of work force.  It is strongly recommended that the tender 

documents call for the Contractor to be responsible for design of the groundwater control system. 

5.9.2 Permanent Drainage and Waterproofing Systems 

Permanent groundwater control measures are recommended for the perimeter of the building and 

below the basement slab as described in the following paragraphs. 

5.9.2.1 Perimeter Drainage 

It is recommended that exterior grades around the building be sloped away at a minimum 

2% gradient to prevent water seepage for a distance of at least 1.2 m.  Wall drainage should 

comprise a vertical composite drainage board such as a Mirafi G-Series, Terradrain 200 or 

approved equivalent.  The foundation wall drain should be connected to an outlet port, 100 mm in 

diameter, spaced at maximum 3 m centre to centre, which connects to a perimeter solid collection 

pipe, 150 mm in diameter sloped at a minimum 2% grade towards a sump pump.  The basement 

walls should be suitably waterproofed.  Guidelines for perimeter drainage constructed adjacent to 

shoring are provided in Figure 5.  Perimeter drainage systems should be kept separate from under-

floor drainage systems. 
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5.9.2.2 Under-floor Drainage  

An under-floor drainage system should be installed below the basement floor level to intercept 

the groundwater seepage, once temporary groundwater control is discontinued.  The under-floor 

drains (weeper pipes) should be installed at levels higher than the footing levels, but about 0.6 to 

1.0 m below the finished floor level, spaced at 2.0 to 4.0 m centres and consist of a 100 mm 

diameter perforated pipe surrounded by 100 to 150 mm of 19 mm clear stone, all wrapped in 

adequate geotextile filter cloth, and connected to a frost-free sump pit via 150 mm diameter solid 

header pipes.  The final depth of the weepers should be determined during construction based on 

the observed groundwater conditions.   

The sump pumps draining the under-floor weeper system should be placed on the emergency 

power grid and should be subjected to a frequent maintenance schedule due to the consequences 

arising from a failure of the system, which could result in flooding of the lower basement level. 

5.10 Pipe Bedding 

Bearing capacity or basal instability issues are generally not anticipated for the underground utility 

installations founded in the native undisturbed soil deposits, provided adequate groundwater 

control measures are implemented.  For underground utilities founded in fill, the suitability of the 

fill to support utility pipes must be evaluated by PML personnel and a provision should be made to 

sub excavate unsuitable fill below pipe and replace it with compacted granular materials.   

The bedding for service installations should be in accordance with Ontario Provincial Standard 

Drawing (OPSD) 802.010 or 802.031 for flexible and rigid pipes, respectively for Type 3 soil.  The 

bedding material should consist of at least 150 mm of well graded crushed stone meeting 

OPSS Granular A.  Cover material from the pipe spring line to at least 300 mm above the pipe 

should consist of OPSS Granular A.  If the subgrade becomes disturbed or is found to be wet 

during construction, the undisturbed or unsuitable materials must be removed and replaced with a 

sub-bedding layer of compacted granular materials comprising Granular A or Granular B Type II 

(50 or 100 mm minus crushed stone).  An allowance should be made for 150 to 300 mm of 

OPSS Granular A or Granular B Type II materials in areas of very loose or wet earth fill.  Where 
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sub excavation of materials is required below the design subgrade, the size of the trench should 

be increased to allow a 1H:2V vertical spread of granular materials below the pipe.  The use of 

clear crushed stone as bedding materials should not be permitted. The sub-bedding, bedding and 

cover materials should be compacted in maximum 200 mm lifts to 95% of the Standard Proctor 

Maximum Dry Density. 

The bedding requirement should also satisfy local standards and regulations.  Below pavements 

and within 1.5 m of edge of the pavement the bedding materials should be compacted to 100% 

of SPMDD. 

If the trench will be covered by a hard surface, approved earth fill materials should be placed as 

backfill between the subgrade level and the depth of frost penetration to reduce potential for 

differential frost heave.  The depth of frost penetration in exposed areas can be assumed as 1.2 m 

below finished grade.  The earth fill materials used should match the type of soil exposed on the 

trench walls for frost heave compatibility.   

5.11 Backfill Considerations 

The excavated soil will consist of existing earth fill consisting of sand and native soil consisting of 

silt, silty clay/clayey silt.   

The water contents of the native soil are generally in the range of 15 to 30%.  The estimated 

optimum water content for Standard Proctor Compaction is about 9 to 12%.  Most of the native 

soils will have to be mixed with drier soils or wasted during the construction process.    

The suitability of the excavated soil for reuse should be further evaluated by conducting Standard 

Proctor Tests (ASTM D698), to determine the extent of moisture content adjustment that will be 

required and its impact on construction operations.  The reuse of excavated site soils is subject to 

geotechnical review and confirmatory testing by geotechnical personnel during construction.   

A provision for use of granular materials should be made to avoid construction delays. 
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Any frozen, organic, excessively wet or other deleterious materials should not be used for backfill 

purposes.  These materials should be separated and set aside for non-critical purposes.  Any 

shortfall of suitable on-site excavated material can be made up with approved imported materials. 

The shale bedrock will break down into small pieces and silt sizes which will be susceptible to the 

deleterious effects of water, weathering and frost action and should not be considered as 

structural backfill.  In general, the limestone layers will not break down into small enough pieces to 

be used as structural fill.  Shale fill should be used only beneath pavements and other non-

structural areas.  The shale bedrock must be broken down so that the maximum particle size does 

not exceed 150 mm in any dimension prior to placement. 

In areas that underlie floor slabs (interior foundation wall backfill), pavements, walkways or other 

settlement sensitive features, the foundation and service trench backfill should be compacted to at 

least 98% SPMDD.  In landscaped areas, compaction to 90% SPMDD will be adequate.  The 

excavated area adjacent to the foundation walls, which are not adjacent to shoring walls, should 

be backfilled with free draining granular material satisfying OPS Granular B Type II gradation 

specifications to minimize the build-up of hydrostatic pressure behind the wall.   

Trench backfilling should be carried out as soon as possible following trench excavation and pipe 

installation to avoid excessive wetting of the subgrade. 

The native soils which are not free draining, such as the clayey and silty soils, should not be 

used where this characteristic is required.  Imported granular material conforming to the OPSS 

Granular B Type 1 would be suitable for these purposes. 

Backfill should be placed simultaneously on both sides of the foundation walls. The material 

should be placed in thin lifts not more than 300 mm thick and compacted to at least 98% of 

the SPMDD.  Heavy compactors, which generate large horizontal stress, should be kept at a safe 

distance from wall to avoid structural damage.   

All backfill and compaction operations should be monitored by representatives of PML to approve 

material, to evaluate placement operations and to verify that the specified degree of compaction is 

being achieved uniformly throughout the fill.  
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5.12 Parking Areas and Driveways  

Not much of the site will require pavement due to the building coverage.  It is anticipated that the 

pavement subgrade will predominantly comprise near surface fill soils which are variable and 

typically consist of moderately frost susceptible soils.   

Based on typical traffic patterns, the strength and frost susceptibility of the anticipated subgrade 

materials, loading requirements and assuming adequate drainage, the recommended minimum 

flexible pavement structure for parking areas and driveways are as follows: 

TABLE 5 

PAVEMENT THICKNESS RECOMMENDATIONS FOR  
LIGHT DUTY AND HEAVY DUTY PAVEMENTS 

PAVEMENT COMPONENT 
LIGHT DUTY/CAR 

PARKING 
(mm) 

HEAVY DUTY/ 
DRIVEWAYS/FIRE 

ROUTE 

(mm) 

Asphaltic Concrete 
Surface: Superpave  
12.5 or HL3 

40 40 

 
Binder Base: Superpave 
19-0 or HL8 

60 100 

Granular A Base Course 150 150 

Granular B Type II Subbase Course 350 500 

The granular base and subbase courses should conform to the gradation specifications of the 

Ontario Provincial Standards Specifications (OPSS) Form 1010 for select granular materials and 

should be compacted to a minimum of 100 % SPMDD. 

Asphalt concrete should conform to latest edition of OPSS 310.  It is recommended that the asphalt 

design be reviewed by PML before selection of the final mix design and prior to the start of paving. 

For the pavement to function properly, provision must be made for water to drain out of, and not 

collect in the granular base courses.  If curb and gutter construction is used, continuous perforated 

corrugated steel or plastic longitudinal sub-drains (minimum diameter 100 mm) should be used to 
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prevent built-up of water in the pavement granular base courses.  The pipes should be surrounded by 

a geotextile filter fabric.  The sub-drains should be at least 300 mm below the subgrade level. Backfill 

above the drains comprise free draining OPSS Granular B Type 1 or equivalent granular filter 

material.  The sub-drains should be on a positive grade leading to frost-free sumps or catch basins. 

The backfill to catch basins and manholes should consist of compacted Granular B Type 1 or 

Type II material with provision for infiltration from the granular base course into these drainage 

structures.  The catch basins and manholes and manholes should be perforated just above the 

drain obvert level, and these holes screened with geotextile filter fabric.  This procedure will also 

alleviate the problems of differential movement between the pavement and catch basins or 

manholes due to frost heave.  

6. SLOPE STABILITY ASSESSMENT

A slope exists at the northwest corner of the site with the crest of the slope at approximate 

elevation 183.0 near the northwest corner. The ground surface slopes downwards towards the 

southeast with the toe of the slope at approximate elevation 178.00.  The slope geometry is 

estimated to be about 2.6H:1V.    

Prior to commencement of excavation operations, a caisson wall will be built around the site 

periphery to support the excavation walls and cut off groundwater seepage.  Since almost the 

entire site will be occupied by the building with marginal setback, once the caisson wall is 

constructed, it is envisioned that the slope will be excavated starting from the northwest corner of 

the site and moving towards the southeast to reach the basement elevation of 174.5.  As the 

slope will be levelled gradually starting from the slope crest, which will be stabilized by a caisson 

wall at the site periphery, a slope stability assessment is not considered necessary. 
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7. ADDITIONAL WORK 

Depending on the option chosen to support the building, additional work is required to verify 

subsurface and groundwater conditions, permitting and soil disposal requirements as outlined below. 

1. A geoenvironmental assessment to determine the chemical characteristics of soil 

for suitable disposal must be conducted since large amounts of excavation and 

disposal of soil is anticipated. 

2. A Hydrogeological Site Assessment must be carried out to determine Construction 

Dewatering Requirements and the need for a Permit-To-Take-Water (PTTW) and/or 

Environmental Activity and Sector Registry (EASR). 

3. If the number of basement levels is increased or if the building is supported on 

caissons, additional boreholes should be advanced and the bedrock cored to 

assess its bearing and excavation characteristics. 

8. GEOTECHNICAL DESIGN AND CONSTRUCTION REVIEWS 

Peto MacCallum Ltd. technical staff should review the site-specific conditions during foundation 

installation, earthwork, and dewatering operations to verify the following: 

 Appropriate incorporation of the geotechnical recommendations provided in this 

report in the design and construction drawings, including shoring, excavation and 

dewatering schemes. 

 Geotechnical aspects of the basement shoring installation, excavation and ground 

control measures and dewatering stages.  

 Ground improvement of the site using Rigid Inclusions. 

 The adequacy of subgrade soil for supporting the design foundation loading. 

 Monitoring of fill placement and its degree of compaction. 
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LIST OF ABBREVIATIONS 
 

 
 

PENETRATION RESISTANCE 
 

Standard Penetration Resistance N: - The number of blows required to advance a standard split spoon 

sampler 0.3 m into the subsoil.  Driven by means of a 63.5 kg hammer falling freely a distance of 0.76 m. 

 
Dynamic Penetration Resistance: - The number of blows required to advance a 51 mm, 60 degree cone, fitted 

to the end of drill rods, 0.3 m into the subsoil.  The driving energy being 475 J per blow. 

 
 
 

DESCRIPTION OF SOIL 
 

The consistency of cohesive soils and the relative density or denseness of cohesionless soils are described in 

the following terms: 

 

CONSISTENCY N (blows/0.3 m) c (kPa) DENSENESS N (blows/0.3 m) 

Very Soft 0 - 2 0 - 12 Very Loose 0 - 4 

Soft 2 - 4 12 - 25 Loose  4 - 10 

Firm 4 - 8 25 - 50 Compact 10 - 30 

Stiff   8 - 15 50 - 100 Dense 30 - 50 

Very Stiff  15 - 30 100 - 200 Very Dense > 50 

Hard > 30 > 200   

WTPL Wetter Than Plastic Limit   

APL About Plastic Limit   

DTPL Drier Than Plastic Limit   

 
 
 

TYPE OF SAMPLE 
 

SS Split Spoon TW Thinwall Open 

WS Washed Sample TP Thinwall Piston 

SB Scraper Bucket Sample OS Oesterberg Sample 

AS Auger Sample FS Foil Sample 

CS Chunk Sample RC Rock Core 

ST Slotted Tube Sample   

PH Sample Advanced Hydraulically 

PM Sample Advanced Manually 

 
 
 

SOIL TESTS 
 

Qu Unconfined Compression LV Laboratory Vane 

Q  Undrained Triaxial FV Field Vane 

Qcu Consolidated Undrained Triaxial C Consolidation 

Qd Drained Triaxial   
 
 
 
 
 
PML-GEO-508A Rev. 2004-01 















GRAIN SIZE DISTRIBUTION FIG No.: GS - 1

Silt, Some Sand, Trace Clay

LEGEND

BH 101 102 202

SAMPLE 7 5 5

SYMBOL

Project No.: 21CF012



NOTES

PROPOSED CONDOMINIUM BUILDING C     O     N     S     U     L     T     I     N     G          E     N     G     I     N     E     E     R    S 

GENERAL GUIDELINES REGARDING UNDERPINNING OF

 FOUNDATIONS / UTILITIES LOCATED CLOSE TO EXCAVATION

DRAWN

CHECKED

APPROVED

H.G.

H.G.

DATE SCALE PML REF. FIG. NO.

N.T.S. 21CF012 1JAN.  2022

P.J.

GEORGIAN BAY HARBOUR LTD.

23 AND 37 TROWBRIDGE STREET AND 12 BAYFIELD STREET, MEAFORD, ONTARIO

AutoCAD SHX Text
1.  The need to underpin existing footings/utilities is dependent upon soil

AutoCAD SHX Text
type, proximity of the existing facility to the face of the excavation, 

AutoCAD SHX Text
loads imposed on the foundation and permissible movements.

AutoCAD SHX Text
%%UZONE  A:

AutoCAD SHX Text
Foundations of relatively heavy and/or settlement sensitive structures/

AutoCAD SHX Text
utilities located in Zone A generally require underpinning.

AutoCAD SHX Text
of the excavation with bracing/tiebacks or a rigid (caisson) wall.

AutoCAD SHX Text
movement of existing utilities and foundations by supporting the face

AutoCAD SHX Text
2.  As an alternative to underpinning, it may be possible to control

AutoCAD SHX Text
construction practices are to be employed.

AutoCAD SHX Text
and Safety Act and local regulations. Good quality workmanship and

AutoCAD SHX Text
4.  All work should be carried out in accordance with the Occupational Health

AutoCAD SHX Text
guidelines will be provided if required.

AutoCAD SHX Text
Additional comments and recommendations concerning these general

AutoCAD SHX Text
5.  This sheet is to be read in conjunction with text of report for this project.

AutoCAD SHX Text
Horizontal and vertical earth pressures imposed on the excavation wall

AutoCAD SHX Text
of settlement sensitive utilities or heavy foundation units located 

AutoCAD SHX Text
require underpinning. Consideration should be given to underpinning

AutoCAD SHX Text
Foundations of structures located within Zone B generally do not

AutoCAD SHX Text
%%UZONE  B:

AutoCAD SHX Text
the support system.

AutoCAD SHX Text
by non-underpinned foundations must be considered in the design of

AutoCAD SHX Text
least into Zone C. 

AutoCAD SHX Text
Underpinning of foundations located in Zones A and B should extend at

AutoCAD SHX Text
require underpinning.

AutoCAD SHX Text
Utilities and foundations located within Zone C do not normally

AutoCAD SHX Text
%%UZONE  C:

AutoCAD SHX Text
BASE OF EXCAVATION

AutoCAD SHX Text
FACE OF EXCAVATION

AutoCAD SHX Text
600mm (2 ft.)

AutoCAD SHX Text
A

AutoCAD SHX Text
B

AutoCAD SHX Text
C

AutoCAD SHX Text
construction to monitor any movement which may occur.

AutoCAD SHX Text
appropriate monitoring (surface and insitu) carried out during

AutoCAD SHX Text
3.  A condition survey should be conducted prior to construction and

AutoCAD SHX Text
in this zone.

AutoCAD SHX Text
2

AutoCAD SHX Text
1

AutoCAD SHX Text
1

AutoCAD SHX Text
1

AutoCAD SHX Text
- If the base of excavation is in bedrock, point "O"

AutoCAD SHX Text
is drawn through the intersection point of the wall

AutoCAD SHX Text
and the surface of sound bedrock.

AutoCAD SHX Text
O



NOTES

C     O     N     S     U     L     T     I     N     G          E     N     G     I     N     E     E     R    S 

DRAWN

CHECKED

APPROVED

DATE SCALE PML REF. FIG. NO.

N.T.S. 2

P.J.

LATERAL EARTH PRESSURE DISTRIBUTION

SINGLY BRACED CUTS IN COHESIVE OR COHESIONLESS SOILS

H.G.

H.G.

21CF012JAN.  2022

GEORGIAN BAY HARBOUR LTD.

23 AND 37 TROWBRIDGE STREET AND 12 BAYFIELD STREET, MEAFORD, ONTARIO

PROPOSED CONDOMINIUM BUILDING

4

AutoCAD SHX Text
1.   The actual magnitude and distribution of the horizontal earth pressures

AutoCAD SHX Text
which will act on the bracing system are dependent upon the permissible

AutoCAD SHX Text
lateral/vertical movements adjacent to the excavation, the soil type,

AutoCAD SHX Text
excavation geometry and surcharge loads are established. If groundwater table is 

AutoCAD SHX Text
2.   Stability of base of excavation must be confirmed when bracing system design,

AutoCAD SHX Text
loads, the type of bracing system adopted, weather conditions, quality of

AutoCAD SHX Text
groundwater conditions, drainage provisions, temporary/permanent surcharge

AutoCAD SHX Text
the recommended pressure diagram and design parameters should be

AutoCAD SHX Text
workmanship and length of time the excavation will be supported.  Hence,

AutoCAD SHX Text
BRACE

AutoCAD SHX Text
EARTH PRESSURE DIAGRAM

AutoCAD SHX Text
p

AutoCAD SHX Text
are established.

AutoCAD SHX Text
reviewed when construction details, schedule and type of support system

AutoCAD SHX Text
3.   Earth pressure diagram is applicable to maximum depth of cut of 12m (40 ft.).

AutoCAD SHX Text
each level of excavation.

AutoCAD SHX Text
4.   Structural components of bracing system should be confirmed adequate for

AutoCAD SHX Text
resist water pressure.

AutoCAD SHX Text
5.   If sheeting will not permit drainage, bracing system must be designed to

AutoCAD SHX Text
adjacent foundations, temporary stockpiles and other loads carried by bracing 

AutoCAD SHX Text
6.   Surcharge loads such as street/construction traffic, supported utilities,

AutoCAD SHX Text
system are not included in earth pressure diagram.  

AutoCAD SHX Text
7.   Temporary surcharge loading should not be closer to the face of the excavation

AutoCAD SHX Text
than half the depth of excavation unless accounted for in bracing design.

AutoCAD SHX Text
be conducted prior to construction and apppropriate monitoring (surface and insitu)

AutoCAD SHX Text
8.   If settlement sensitive structures are located near the excavation, special

AutoCAD SHX Text
measures should be undertaken to control settlements.  A condition survey should

AutoCAD SHX Text
carried out during construction.

AutoCAD SHX Text
the earth pressure diagram must be reviewed, and remedial works may be required.

AutoCAD SHX Text
excavation is to be open for long periods, monitoring of deformation is essential,

AutoCAD SHX Text
9.   Earth pressure diagram is applicable for relatively short construction periods.  If

AutoCAD SHX Text
excavation to freezing temperatures.

AutoCAD SHX Text
10.  Earth pressure diagram does not account for extended periods of exposure of the

AutoCAD SHX Text
11.  Bracing system should be regularly examined for signs of distress.

AutoCAD SHX Text
Safety Act and local regulations.  Good quality workmanship and construction

AutoCAD SHX Text
12.  All work should be carried out in accordance with the Occupational Health and

AutoCAD SHX Text
practices are to be employed.

AutoCAD SHX Text
13.  This sheet should be read in conjunction with text of report for this project.

AutoCAD SHX Text
Additional comments and recommendations concerning these general guidelines

AutoCAD SHX Text
will be provided if required.

AutoCAD SHX Text
- - - - -

AutoCAD SHX Text
D

AutoCAD SHX Text
p

AutoCAD SHX Text
H

AutoCAD SHX Text
h

AutoCAD SHX Text
= design lateral earth pressure

AutoCAD SHX Text
=  K H

AutoCAD SHX Text
h

AutoCAD SHX Text
= unit weight of soil

AutoCAD SHX Text
= depth of excavation

AutoCAD SHX Text
= depth of embedment of soldier piles (if used).

AutoCAD SHX Text
H

AutoCAD SHX Text
D

AutoCAD SHX Text
= lateral earth pressure coefficient

AutoCAD SHX Text
K

AutoCAD SHX Text
well above base of excavation and/or artesian conditions exist, local lowering of

AutoCAD SHX Text
the groundwater level will be necessary to prevent bottom heave/piping of the

AutoCAD SHX Text
base of the excavation.

AutoCAD SHX Text
PLEASE REFER TO TABLE 3 IN REPORT FOR DESIGN PARAMETERS 



C     O     N     S     U     L     T     I     N     G          E     N     G     I     N     E     E     R    S 

LATERAL EARTH PRESSURE DISTRIBUTION MULTI-BRACED CUTS IN

VERY LOOSE SILT AND FIRM TO VERY STIFF SILTY CLAY / CLAYEY SILT

DRAWN

CHECKED

APPROVED

H.G.

H.G.

DATE SCALE PML REF. FIG. NO.

N.T.S. 21CF012 3JAN. 2022

P.J.

GEORGIAN BAY HARBOUR LTD.

23 AND 37 TROWBRIDGE STREET AND 12 BAYFIELD STREET, MEAFORD, ONTARIO

PROPOSED CONDOMINIUM BUILDING

4

AutoCAD SHX Text
NOTES

AutoCAD SHX Text
1.   The actual magnitude and distribution of the horizontal earth pressures

AutoCAD SHX Text
which will act on the bracing system are dependent upon the permissible

AutoCAD SHX Text
lateral/vertical movements adjacent to the excavation, the soil type,

AutoCAD SHX Text
excavation geometry and surcharge loads are established. If groundwater table is

AutoCAD SHX Text
2.   Stability of base of excavation must be confirmed when bracing system design,

AutoCAD SHX Text
loads, the type of bracing system adopted, weather conditions, quality of

AutoCAD SHX Text
groundwater conditions, drainage provisions, temporary/permanent surcharge

AutoCAD SHX Text
the recommended pressure diagram and design parameters should be

AutoCAD SHX Text
workmanship and length of time the excavation will be supported.  Hence,

AutoCAD SHX Text
STRUTS

AutoCAD SHX Text
EARTH PRESSURE DIAGRAM

AutoCAD SHX Text
p

AutoCAD SHX Text
are established.

AutoCAD SHX Text
reviewed when construction details, schedule and type of support system

AutoCAD SHX Text
each level of excavation.

AutoCAD SHX Text
3.   Structural components of bracing system should be confirmed adequate for

AutoCAD SHX Text
resist water pressure.

AutoCAD SHX Text
4.   If sheeting will not permit drainage, bracing system must be designed to

AutoCAD SHX Text
adjacent foundations, temporary stockpiles and other loads carried by bracing 

AutoCAD SHX Text
5.   Surcharge loads such as street/construction traffic, supported utilities,

AutoCAD SHX Text
system are not included in earth pressure diagram.  

AutoCAD SHX Text
6.   Temporary surcharge loading should not be closer to the face of the excavation

AutoCAD SHX Text
than half the depth of excavation unless accounted for in bracing design.

AutoCAD SHX Text
be conducted prior to construction and apppropriate monitoring (surface and insitu)

AutoCAD SHX Text
7.   If settlement sensitive structures are located near the excavation, special

AutoCAD SHX Text
measures should be undertaken to control settlements. A condition survey should

AutoCAD SHX Text
carried out during construction.

AutoCAD SHX Text
earth pressure diagram must be reviewed, and remedial works may be required.

AutoCAD SHX Text
excavation is to be open for long periods, monitoring of deformation is essential,

AutoCAD SHX Text
8.   Earth pressure diagram is applicable for relatively short construction periods.  If

AutoCAD SHX Text
excavation to freezing temperatures.

AutoCAD SHX Text
9.  Earth pressure diagram does not account for extended periods of exposure of the

AutoCAD SHX Text
10.  Bracing system should be regularly examined for signs of distress.

AutoCAD SHX Text
Safety Act and local regulations.  Good quality workmanship and construction

AutoCAD SHX Text
11.  All work should be carried out in accordance with the Occupational Health and

AutoCAD SHX Text
practices are to be employed.

AutoCAD SHX Text
12.  This sheet should be read in conjunction with text of report for this project.

AutoCAD SHX Text
Additional comments and recommendations concerning these general guidelines

AutoCAD SHX Text
will be provided if required.

AutoCAD SHX Text
D

AutoCAD SHX Text
p

AutoCAD SHX Text
H

AutoCAD SHX Text
h

AutoCAD SHX Text
= design lateral earth pressure

AutoCAD SHX Text
=     

AutoCAD SHX Text
h

AutoCAD SHX Text
= unit weight of soil

AutoCAD SHX Text
= depth of excavation

AutoCAD SHX Text
= depth of embedment of soldier piles (if used).

AutoCAD SHX Text
H

AutoCAD SHX Text
D

AutoCAD SHX Text
= lateral earth pressure coefficient

AutoCAD SHX Text
K

AutoCAD SHX Text
well above base of excavation and/or artesian conditions exist, local lowering of

AutoCAD SHX Text
the groundwater level will be necessary to prevent bottom heave/piping of the

AutoCAD SHX Text
base of the excavation.

AutoCAD SHX Text
0.65  

AutoCAD SHX Text
K H

AutoCAD SHX Text
REFER TO TABLE 3 FOR SOIL PARAMETERS



NOTE:

SOIL TYPE

RECOMMENDED x RECOMMENDED b

REFERENCE, PART 4, CANADIAN FOUNDATION ENGINEERING MANUAL

C     O     N     S     U     L     T     I     N     G          E     N     G     I     N     E     E     R    S 

DRAWN

CHECKED

APPROVED

DATE SCALE PML REF. FIG. NO.

N.T.S.

PLACEMENT OF RAKER STRUTS

H.G.

H.G.

JAN. 2022 21CF012 4

GEORGIAN BAY HARBOUR LTD.

23 AND 37 TROWBRIDGE STREET AND 12 BAYFIELD STREET, MEAFORD, ONTARIO

PROPOSED CONDOMINIUM BUILDING

P.J.

AutoCAD SHX Text
D1

AutoCAD SHX Text
D2

AutoCAD SHX Text
DEFLECTED SHAPE

AutoCAD SHX Text
RAKER INSTALLED IN TRENCH

AutoCAD SHX Text
X

AutoCAD SHX Text
1

AutoCAD SHX Text
THE EXCAVATION MUST NOT GO DEEPER THAN 1.5 FEET BELOW SUPPORT LEVEL BEFORE THE SUPPORT IS PUT IN.

AutoCAD SHX Text
SOFT TO FIRM CLAYS

AutoCAD SHX Text
LOOSE SANDS

AutoCAD SHX Text
SUBJECT TO STABILITY ANALYSIS

AutoCAD SHX Text
1.5 m

AutoCAD SHX Text
1

AutoCAD SHX Text
1.5 m

AutoCAD SHX Text
b

AutoCAD SHX Text
THIS IS BAD PRACTICE 

AutoCAD SHX Text
D1 WILL BE EXCESSIVE

AutoCAD SHX Text
D2 WILL BE ACCEPTABLE

AutoCAD SHX Text
THIS IS GOOD PRACTICE 

AutoCAD SHX Text
STIFF CLAY, SANDY CLAY

AutoCAD SHX Text
DENSE SANDS

AutoCAD SHX Text
1

AutoCAD SHX Text
1.5

AutoCAD SHX Text
3.0 m



A

A

CROSS-SECTION A-A

PLAN

C     O     N     S     U     L     T     I     N     G          E     N     G     I     N     E     E     R    S 

DRAWN

CHECKED

APPROVED

DATE SCALE PML REF. FIG. NO.

N.T.S.

H.G.

H.G.

JAN. 2022 N.T.S. 21CF012 5

GEORGIAN BAY HARBOUR LTD.

23 AND 37 TROWBRIDGE STREET AND 12 BAYFIELD STREET, MEAFORD, ONTARIO

PROPOSED CONDOMINIUM BUILDING

P.J.

PREFABRICATED DRAINAGE SYSTEM

ADJACENT TO CAISSON WALL-SOIL ANCHORS

AutoCAD SHX Text
   ANGLE TO BE DETERMINED BY STRUCTURAL SHORING DESIGNER. WEEPHOLE THROUGH CONCRETE OUTLETTING INTO SOLID DISCHARGE PIPE DRAINING FROST-FREE SUMP OUTLET. PREFABRICATED DRAINAGE SYSTEM TO BE CONTINUOUS FROM BOTTOM OF WALL TO ELEVATION INDICATED IN THE GEOTECHNICAL REPORT.  FOLD ALL TERMINAL FABRIC FLAPS OVER THE CORE EDGE AND FASTEN TO PREVENT INTRUSION OF CONCRETE INTO CORE. WATERPROOF PLATE AND ANCHOR PENETRATION.   REFER TO SHORING DRAWING FOR FULL DETAILS OF SHORING SYSTEM. 

AutoCAD SHX Text
PERFORATED DRAIN (REFER TO TEXT OF GEOTECHNICAL REPORT FOR DESIGN AND INSTALLATION DETAILS) 

AutoCAD SHX Text
SECANT CAISSON

AutoCAD SHX Text
DRAINAGE SYSTEM (3)

AutoCAD SHX Text
PREFABRICATED 

AutoCAD SHX Text
FOOTING

AutoCAD SHX Text
WEEPHOLE (2)

AutoCAD SHX Text
FILTER FABRIC

AutoCAD SHX Text
PLASTIC CORE

AutoCAD SHX Text
WALL

AutoCAD SHX Text
BASEMENT   WALL

AutoCAD SHX Text
SAND AND GRAVEL

AutoCAD SHX Text
FLOOR SLAB-ON-GRADE

AutoCAD SHX Text
STEEL PILE

AutoCAD SHX Text
PENETRATION (4)

AutoCAD SHX Text
ANGLE (1)

AutoCAD SHX Text
PLATE AND ANCHOR

AutoCAD SHX Text
4.

AutoCAD SHX Text
3.

AutoCAD SHX Text
2.

AutoCAD SHX Text
%%UNOTES:

AutoCAD SHX Text
1.

AutoCAD SHX Text
SOIL ANCHOR

AutoCAD SHX Text
(TYP.)

AutoCAD SHX Text
SOIL ANCHOR

AutoCAD SHX Text
STEEL PILE

AutoCAD SHX Text
SECANT CAISSON

AutoCAD SHX Text
WALL

AutoCAD SHX Text
DRAINAGE SYSTEM (3)

AutoCAD SHX Text
PERFORATED DRAIN (REFER TO TEXT OF GEOTECHNICAL REPORT FOR DESIGN AND INSTALLATION DETAILS) 

AutoCAD SHX Text
PLASTIC CORE

AutoCAD SHX Text
WEEPHOLE (2)

AutoCAD SHX Text
SOLID DISCHARGE PIPE

AutoCAD SHX Text
FILTER FABRIC

AutoCAD SHX Text
PENETRATION TYP.(4)

AutoCAD SHX Text
PLATE AND ANCHOR

AutoCAD SHX Text
BASEMENT WALL

AutoCAD SHX Text
TOP OF FOOTING

AutoCAD SHX Text
2130mm APP.

AutoCAD SHX Text
710mm APP.

AutoCAD SHX Text
PREFABRICATED 

AutoCAD SHX Text
SLAB-ON-GRADE

AutoCAD SHX Text
5.



Supplemental Geotechnical Investigation 
Proposed Condominium Building  
23 and 37 Trowbridge Street and 12 Bayfield Street, Meaford, Ontario 
PML Ref.:  21CF012, Report:  2. January 19, 2022 

APPENDIX A 

Rigid Inclusions Informational Literature 



Rigid in 

Rigid inclusions are ground improvement elements 

used to transfer loads through weak, compressible soils 

to deeper underlying competent soils. Geopier® rigid 

inclusions are comprised of plain concrete, aggregate/ 

grout mixture, cement-treated aggregate or HDPE sleeves. 

Geopier offers several rigid inclusion technologies, 

including cement-treated aggregate GP3® Piers, Grouted 

Impact® Piers, GeoConcrete® Columns (GCC), and 

Armorpact® piers. 

Geopier’s geotechnical engineers can 

combine rigid inclusions with any of 

our proprietary systems to deliver the 

most cost-efficient design-build ground 

improvement solution for your project. 

Geopier® Armorpact System

WHY SHOULD YOU SELECT GEOPIER® RIGID INCLUSIONS? 

• ALTERNATIVE TO DEEP FOUNDATIONS Rigid inclusions are an economical alternative to

deep foundations (such as driven or drilled piles) and can be used to support

conventional shallow footings, slab-on-grade foundations, and embankments. Rigid

inclusions are not structurally connected to the foundation, so they eliminate the need for

heavily reinforced pile caps, grade beams, and structural slabs.

• SUBSURFACE CONDITIONS Rigid inclusions can be used to increase bearing capacity and

minimize total and differential settlements in most soil conditions. Rigid inclusions are

especially suitable in soft soil profiles, such as peat or organics, and soft silt or clay.

• ADVANTAGES OF INSTALLATION Geopier’s rigid inclusion systems are installed using

patented displacement methods that generate little to no spoils. The fast production rates

can reduce the foundation construction schedule by up to half the time as compared to

deep foundations and structural slabs. The construction methods do not require

dewatering.

Geopier® Rigid Inclusions 

Geopier Grouted Rammed Aggregate Pier® System Geopier Armorpact® System 

Geopier GeoConcrete® Column Installation 



GEOPIER’S DESIGN APPROACH 

Rigid inclusions have the capacity to support heavily 

loaded foundations, slabs, and embankments. 

Geopier® engineers perform advanced numerical 

modeling to evaluate the load transfer mechanisms 

and structural loads. The spacing and length of the 

rigid inclusions are controlled by both the structural 

and geotechnical capacity of the elements. Most 

of the applied loads are transferred to the rigid 

inclusions and some of the load is transferred to the 

surrounding matrix soils. The rigid inclusions and 

matrix soil share the load based on their relative 

stiffness and load-carrying capacity. An engineered 

granular pad must be used above the rigid inclusions 

to facilitate load transfer to the stiffer elements, 

as well as to serve as a shear break between the 

foundation and rigid inclusion elements. 

QUALITY CONTROL 

Geopier rigid inclusion systems allow for robust 

quality control monitoring during the construction 

process, ensuring the installation of a high-quality 

ground improvement elements. A full-scale load 

test is performed to 150 to 200% of design capacity 

on a test pier, depending on the project needs. 

LOAD TEST RESULTS 

The results of a full-scale load test on an 18-in. 

diameter Geopier GeoConcrete® Column (GCC) 

are provided here. The GCCs penetrated 9 feet of 

granular fill over 36 feet of soft, saturated organic silt 

and peat to tag medium dense to dense sand. The 

load test results demonstrate the high load carrying 

capacity of the rigid inclusion and provide a site- 

specific field measurement of the element stiffness. 

FEA for Load Transfer of Rigid Inclusion System 

Results of a Geopier GeoConcrete® Column Load Test 
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STATEMENT OF LIMITATIONS 

STATEMENT OF LIMITATIONS 

This report is prepared for and made available for the sole use of the client named. 

Peto MacCallum Ltd. (PML) hereby disclaims any liability or responsibility to any person or entity, 

other than those for whom this report is specifically issued, for any loss, damage, expenses, or 

penalties that may arise or result from the use of any information or recommendations contained 

in this report.  The contents of this report may not be used or relied upon by any other person 

without the express written consent and authorization of PML. 

This report shall not be relied upon for any purpose other than as agreed with the client named 

without the written consent of PML. It shall not be used to express or imply warranty as to the 

fitness of the property for a particular purpose.  A portion of this report may not be used as a 

separate entity: that is to say the report is to be read in its entirety at all times. 

The report is based solely on the scope of services which are specifically referred to in this report. 

No physical or intrusive testing has been performed, except as specifically referenced in this 

report.  This report is not a certification of compliance with past or present regulations, codes, 

guidelines and policies. 

The scope of services carried out by PML is based on details of the proposed development and 

land use to address certain issues, purposes and objectives with respect to the specific site as 

identified by the client.  Services not expressly set forth in writing are expressly excluded from the 

services provided by PML.  In other words, PML has not performed any observations, 

investigations, study analysis, engineering evaluation or testing that is not specifically listed in the 

scope of services in this report. PML assumes no responsibility or duty to the client for any such 

services and shall not be liable for failing to discover any condition, whose discovery would 

require the performance of services not specifically referred to in this report. 
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STATEMENT OF LIMITATIONS 

STATEMENT OF LIMITATIONS 
(continued) 

The findings and comments made by PML in this report are based on the conditions observed at 

the time of PML’s site reconnaissance.  No assurances can be made and no assurances are 

given with respect to any potential changes in site conditions following the time of completion of 

PML’s field work. Furthermore, regulations, codes and guidelines may change at any time 

subsequent to the date of this report and these changes may effect the validity of the findings and 

recommendations given in this report. 

The results and conclusions with respect to site conditions are therefore in no way intended to be 

taken as a guarantee or representation, expressed or implied, that the site is free from any 

contaminants from past or current land use activities or that the conditions in all areas of the site 

and beneath or within structures are the same as those areas specifically sampled. 

Any investigation, examination, measurements or sampling explorations at a particular location 

may not be representative of conditions between sampled locations.  Soil, ground water, surface 

water, or building material conditions between and beyond the sampled locations may differ from 

those encountered at the sampling locations and conditions may become apparent during 

construction which could not be detected or anticipated at the time of the intrusive sampling 

investigation. 

Budget estimates contained in this report are to be viewed as an engineering estimate of probable 

costs and provided solely for the purposes of assisting the client in its budgeting process.  It is 

understood and agreed that PML will not in any way be held liable as a result of any budget 

figures provided by it. 

The Client expressly waives its right to withhold PML’s fees, either in whole or in part, or to make 

any claim or commence an action or bring any other proceedings, whether in contract, tort, or 

otherwise against PML in anyway connected with advice or information given by PML relating to 

the cost estimate or Environmental Remediation/Cleanup and Restoration or Soil and Ground 

Water Management Plan Cost Estimate. 
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