
16 EDGEWATER STREET, KANATA, ON

PRELIMINARY GEOTECHNICAL INVESTIGATION REPORT

Project No.: CCO-22-0244

Prepared for:

McCluskey Group

300 Terry Fox Drive, Unit 1000

Ottawa, Ontario K2K 0E3

Prepared by:

McIntosh Perry

104-215 Menten Place

Ottawa, ON K2H 9C1

October 2021



16 Edgewater Street, Kanata, ON

Preliminary Geotechnical Investigation Report
CCO-22-0244

i

TABLE OF CONTENTS

1.0 INTRODUCTION ...................................................................................................................................... 4

2.0 PROJECT UNDERSTANDING .................................................................................................................... 4

3.0 SITE DESCRIPTION .................................................................................................................................. 5

3.1 Site Geology...................................................................................................................................................... 5

3.2 Existing Site Conditions ..................................................................................................................................... 5

4.0 FIELD AND LABORATORY INVESTIGATIONS ............................................................................................ 5

4.1 Field Investigation............................................................................................................................................. 5

4.2 Laboratory Investigations ................................................................................................................................. 7

5.0 SUBSURFACE CONDITIONS ..................................................................................................................... 8

5.1 Subsurface Conditions ....................................................................................................................................... 8

5.1.1 Overview .................................................................................................................................................. 8

5.1.2 Topsoil ...................................................................................................................................................... 8

5.1.3 Fill ............................................................................................................................................................. 9

5.1.4 Silty Clay/Clayey Silt ................................................................................................................................... 9

5.1.5 Clayey Sand/Silty Sand ............................................................................................................................... 9

5.1.6 Silty Clay...................................................................................................................................................10

5.1.7 Till ............................................................................................................................................................11

5.1.8 Bedrock ....................................................................................................................................................12

5.2 Groundwater ...................................................................................................................................................13

5.3 Chemical Analysis ............................................................................................................................................14

6.0 DISCUSSION AND RECOMMENDATIONS .............................................................................................. 14

6.1 General ............................................................................................................................................................14

6.2 Geotechnical Characterization .........................................................................................................................15

6.2.1 Overview .................................................................................................................................................15

6.2.2 Bedrock Topography ................................................................................................................................18

6.2.3 Geotechnical Model .................................................................................................................................20

6.2.4 Frost Depth & Frost Classification.............................................................................................................21

6.2.5 Seismic Site Classification .........................................................................................................................21



16 Edgewater Street, Kanata, ON

Preliminary Geotechnical Investigation Report
CCO-22-0244

ii

6.2.6 Overall Implications for Design and Construction based on Ground Characterization ...............................22

6.3 Excavation Support and Groundwater Control Considerations ..........................................................................23

6.3.1 Overview .................................................................................................................................................23

6.3.2 Excavation Support Considerations for the two-level basements ..............................................................23

6.3.3 Excavation Support Considerations for the One-Level Basement Area (P1 only footprint) ........................25

6.3.4 Implications of Jointed bedrock in Hydraulic Contact with the Overburden Groundwater Table ...............25

6.4 Foundation Options .........................................................................................................................................25

6.4.1 Overview .................................................................................................................................................25

6.4.2 Mid-Rise Tower ........................................................................................................................................26

6.4.3 Town House Buildings ..............................................................................................................................30

6.4.4 Floor Slab and Underdrainage ..................................................................................................................31

6.4.5 Elevator Pits and Sump Pits ......................................................................................................................31

6.4.6 Frost Susceptibility - Foundations .............................................................................................................31

6.4.7 Mitigation against Bedrock Induced Hydrostatic Upthrust ........................................................................31

6.5 Geotechnical Considerations for Lateral Support of Excavations .......................................................................32

6.5.1 Temporary Shoring ..................................................................................................................................32

6.5.2 Design Considerations for Permanent Basement Walls ............................................................................33

6.5.3 Excavation Support and Associated Ground Movements ..........................................................................33

6.5.4 Bracing Support for Shoring Systems ........................................................................................................34

6.5.5 Design Parameters and Additional Construction Considerations for Temporary Shoring and Permanent

Basement Walls ......................................................................................................................................................35

6.5.6 Frost Protection .......................................................................................................................................38

6.6 Cement Type and Corrosion Potential ..............................................................................................................38

7.0 CONSTRUCTION CONSIDERATIONS ...................................................................................................... 39

7.1 General ............................................................................................................................................................39

7.2 Site Preparation ...............................................................................................................................................39

7.3 Excavatability Issues ........................................................................................................................................39

7.4 Open-Cut Excavation Stability ..........................................................................................................................40

7.5 Required Dewatering Permits ..........................................................................................................................40

7.6 Construction Monitoring Requirements for Geotechnical Issues .......................................................................41



16 Edgewater Street, Kanata, ON

Preliminary Geotechnical Investigation Report
CCO-22-0244

iii

7.7 Ground Vibrations and Noise ...........................................................................................................................42

7.8 Subgrade Preparation and Inspection ..............................................................................................................42

8.0 PAVEMENT AND HARD SURFACING ..................................................................................................... 42

8.1 Pavement Structure .........................................................................................................................................42

8.2 Sidewalks and Hard Surfacing ..........................................................................................................................43

9.0 SITE SERVICES ....................................................................................................................................... 43

10.0 CLOSURE ............................................................................................................................................... 44

APPENDICES

Appendix A – Limitations of Report

Appendix B – Figures

Appendix C – Borehole Records

Appendix D – Rock Cores

Appendix E – Lab Results

Appendix F – Seismic Hazard Calculation

Appendix G – Drainage Details

Appendix H – Geotechnical Investigation – 2018



16 Edgewater Street, Kanata, ON

Preliminary Geotechnical Investigation Report
CCO-22-0244

4

16 Edgewater Street, Kanata, ON

1.0 INTRODUCTION

McIntosh Perry (MP) was retained by McCluskey Group (the Client) to carry out foundation investigation for

the proposed multi-storey buildings and stacked townhouses located at 16 Edgewater Street in Kanata,

Ontario. Information regarding the revised basement floor elevations of the proposed underground parking

levels were communicated by the client on October 4th, 2021 and the revised drawing A.100.Rev 1. Based on

this information, it is indicated that this multi-storey building will consist of ten (10) storey (mid-rise) building

over part of the P1 level basement, and two (2) storey townhouse blocks founded overlying part of the P1 level

and P2 level basements (see Figs. 1b and 1c). The purpose of the investigation was to understand the

subsurface conditions at  the site by means of undertaking boreholes, field and laboratory testing,

supplemented by perusing related background technical information in the public domain.The fieldwork was

carried out between June 9 and 11, 2021, and comprised of eleven (11) boreholes advanced to a maximum

depth of 12 m. Based on the geotechnical investigation, this report presents the factual findings and preliminary

engineering recommendations.

This report provides anticipated geotechnical conditions influencing the design and construction of the

proposed multi-storey residential buildings and townhouses, as well as recommendations for foundation

design. Preliminary recommendations are offered based on the authors’ interpretation of the subsurface

investigation and test results. The readers are referred to Appendix A, Limitations of Report, which is an integral

part of this document.

2.0 PROJECT UNDERSTANDING

It is understood that the Client intends to construct a multi-storey apartment building, 10 storeys above

ground, with two underground parking levels. The first underground parking level will be constructed over the

entire footprint  of the property and a lower underground parking area is proposed at the east half of the

property. There are also blocks of stacked townhouses proposed at the north and east boundaries. The block

on the east side is nine (9) units and the block on the north side is thirteen (13) units. Proposed townhouses

are to be supported on the parking structure.

A preliminary investigation by McIntosh Perry was completed for the site dated December 2018. Borehole

locations were selected at the time of preliminary investigation based on the available project concepts.

Additional boreholes were drilled in 2021 based on the new design. The geotechnical investigation dated in

December 2018 is presented in Appendix H.
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3.0 SITE DESCRIPTION

3.1 Site Geology

Based on the published physiography maps of the area (Ontario Geological Survey), the site is located within

the Ottawa Valley Clay Plains. Surficial geology maps of southern Ontario indicate the proposed development

is located within fine-textured glaciomarine deposits composed mainly of silt and clay, minor sand and gravel,

surrounded by areas of coarse-textured glaciomarine deposits to the north and stone-poor, sandy silt to silty

sand-textured till on Paleozoic terrain to the east.

Bedrock geology maps of southern Ontario indicate the bedrock formation at which the site is located is

Limestone, dolostone, shale, arkose, and sandstone.

The Ottawa Valley between Pembroke and Hawkesbury, Ontario, consists of clay plains interrupted by ridges

of rock or sand. It is naturally divided into two parts, above and below Ottawa, Ontario. Within the valley, the

bedrock is further faulted causing some of the uplifted blocks to appear above the clay beds.

3.2 Existing Site Condit ions

The property is located in a mixed commercial and industrial area with a residential subdivision at its east,

separated by a chain-link fence and a line of mature trees. Currently the site is accessible from Edgewater Street

through the parking lot  of the adjacent commercial property that accommodates Tim Hortons and Wendy’s.

Boulders were used on the property line between both properties to prevent vehicular traffic on the property.

A commercial property separated with a chain-link fence and a line of mature trees and bushes at the

northwest. A ditch separates the site from Edgewater Street at its west.

The site topography is generally flat with no major changes in grade. Currently, the site covered with grass that

is appeared to be regularly mowed.

The property limits are shown in Figure 2a and 2b, in Appendix B.

4.0 FIELD AND LABORATORY INVESTIGATIONS

4.1 Field Invest igation

McIntosh Perry staff visited the site before the site investigation to mark out the proposed borehole locations.

Utility clearance was carried out by Underground Service Locators (USL-1) on behalf of McIntosh Perry. Public

and private utility authorit ies were informed, and all utility clearance documents were obtained before the

commencement of drilling work.
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At the time of investigation, no information was available about the location, size, and structural loads of the

proposed development. The field investigation program aimed at investigating the subsurface stratigraphy

across the site and to model the entire site stratigraphy. Field investigation included drilling eleven (11) new

boreholes in addition to the five boreholes which were drilled in 2018.

The hydraulic powered rig used for drilling was owned and operated by CCC Geotechnical & Environmental

Drilling Ltd. of Ottawa, Ontario. Boreholes were advanced using hollow stem augers aided by a track-mounted

CME 850 drill rig. Boreholes were advanced to a maximum drilling and coring depth of 12 m (El. 89.7 m) below

the ground level in BH21-01. Soil samples were obtained at 0.75 m intervals in boreholes using a 51 mm outside

diameter split spoon sampler following the Standard Penetration Test (SPT) procedure. The reported SPT

testing conforms to ASTM D1586 – Standard Penetration Test (SPT) and Split-Barrel Sampling of Soils. SPT

testing alternated with in-situ measurement of the undrained shear strength (Su) of cohesive soils using the

filed Vane Shear Test. The reported field vane shear testing conforms to ASTM D2573 – Standard Test Method

for Field Vane Shear Test in Saturated Fine-Grained Soils.

Dynamic cone penetration testing (DCPT) was undertaken with the standard SPT test hammer (63.5 kg) in

BH21-11 to estimate the extent of soil layers and to infer the depth of bedrock or DCPT refusal.

The bedrock was cored and sampled to approximately 3.0 m in six (6) boreholes. Rock cores were obtained by

diamond drilling and wireline tooling. Rock cores were retrieved in dual-wall NQ core barrel samplers to reduce

the risk of mechanical breaks.

A monitoring well was installed in BH21-07. Details and location information of the well are provided in Section

“4.3” and summarized in Tables 4-2.

The bedrock cores were sealed with holeplug and the boreholes were backfilled with auger cuttings and

restored to the original surface level. A summary of borehole designations, location and depths is shown in

Table 4.1. Borehole locations are shown in Figure 2a and 2b, included in Appendix B.

Table 4-1: Borehole Designations, Locations, and Depth

BH No.:

Drilling Date

Coordinates (Geodetic)

Lat (Long): degrees

Surface

El. (m)

Drilling Coring

Termination depthDepth

(m)

El.

(m)

Run

(m)

Depth

(m)

El.

(m)

21-01

June/09/2021
45.295308 /  -75.894941 101.7 9.0 92.7 3.0 12 89.7

Hollow Stem Auger

Bedrock cored (NQ)

21-02

June/09/2021
45.295376 /  -75.895153 101.7 6.1 95.6 2.9 9.0 92.7

Hollow Stem Auger

Bedrock cored (NQ)

21-03

June/09/2021
45.295566 /  -75.895236 102.1 2.7 99.4 3.3 6.0 96.1

Hollow Stem Auger

Bedrock cored (NQ)
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21-04

June/10/2021
45.295546 /  -75.895063 102.0 3.1 98.9 -- -- --

Hollow Stem Auger

Inferred bedrock/boulders

21-05

June/9/2021
45.295453 /  -75.894851 101.9 6.3 95.6 -- -- --

Hollow Stem Auger

Inferred bedrock/boulders

21-06

June/10/2021
45.295491 /  -75.894595 101.9 5.2 96.7 -- -- --

Hollow Stem Auger

Inferred bedrock/boulders

21-07

June/10/2021
45.295679 /  -75.894747 102.1 4.9 97.2 3.3 8.2 93.9

Hollow Stem Auger

Bedrock cored (NQ)

21-08

June/10/2021
45.295849 /  -75.894846 102.5 4.6 97.9 3.1 7.7 94.8

Hollow Stem Auger

Bedrock cored (NQ)

21-09

June/11/2021
45.295653 /  -75.894478 102.1 4.0 98.1 3.4 7.4 94.7

Hollow Stem Auger

Bedrock cored (NQ)

21-10

June/11/2021
45.295841 /  -75.894420 102.4 5.8 96.6 -- -- --

Hollow Stem Auger

Inferred bedrock/boulders

21-11

June/11/2021
45.296023 /  -75.894679 102.8 7.5 95.3 DCPT 11.1 91.7

Hollow Stem Auger

DCPT refusal.

Field investigation, including drilling and sampling, were supervised on a full-t ime basis by McIntosh Perry

technical staff. All boreholes were logged during the drilling progress. All samples were labeled by waterproof

paper one by one as they were retrieved. All soil samples were preserved in double plastic bags to mitigate the

risk of moisture loss during transportation to the geotechnical laboratory. Rock cores were laid and labeled in

specialty boxes made for rock core transportation. The Rock Quality Designation (RQD) was measured for the

first t ime in the field immediately after drilling to reduce the measurement errors caused by transportation

induced damages to the rock cores.

4.2 Laboratory Investigations

Laboratory testing on representative SPT samples was performed at McIntosh Perry geotechnical lab and

included grain size distribution analysis (ASTM D422/ LS-702). The laboratory tests to determine index

properties performed based on the American Society for Testing Materials (ASTM) test procedures.

Six (6) representative rock cores underwent uniaxial compressive strength (UCS) test to determine the UCS of

the intact rock cores. The tests were performed at McIntosh Perry geotechnical lab, located in Ottawa, in

accordance with the American Society for Testing Materials (ASTM D7012) test procedures.

The rest of the recovered soil samples and rock cores are stored in McIntosh Perry storage facility for one

month after submission of the final report. Samples and rock cores will be disposed of after this t ime unless

otherwise requested in writ ing by the Client.
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Paracel Laboratories Ltd., in Ottawa, carried out chemical tests on two representative soil samples to determine

the soil corrosivity characteristics. The chemical tests included corrosivity chemical tests (pH, Chloride,

Sulphate, and Resistivity). Laboratory test results are included in Appendix E.

5.0 SUBSURFACE CONDITIONS

5.1 Subsurface Condit ions

5.1.1 Overview

In general, the site stratigraphy within the property limits based on the borehole findings consists of topsoil

underlain by a fill layer followed by native overburden overlying bedrock. The native overburden consists of

four stratified layers of variable thickness across the site.

Below the fill, a layer silty clay/ clayey silt  was encountered and was found to be of firm to stiff consistency.

This layer was observed to vary in thickness across the site from 0.4 m to 3.8 m (BH21-1).

This was followed by a variable deposit of clayey sand/silty sand of very loose to loose compactness, found in

the majority, of the boreholes. This layer was observed to vary in thickness across the site from 0.0 m to 1.4 m

(BH21-10 and BH21-11).

The cohesionless deposit  was followed by a silty clay deposit of soft to firm consistency, in general.

This cohesive deposit was underlain by a variable till deposit. Bedrock underlies the till deposit which was cored

and sampled in six (6) out of the eleven (11) boreholes.

The soils encountered during the investigation, together with the field and laboratory test results are shown

on the Record of Borehole sheets included in Appendix C. Rock cores and uniaxial compressive strength of

intact rock results are presented in Appendix D. Description of the strata encountered are given below.

Subsurface characterization generally follows the Canadian Foundation Engineering Manual (CFEM) (2006).

Characterization of the consistency of cohesive deposits follow the observations derived from the more reliable

field shear vane testing in preference to the less reliable SPT ‘N’ blow counts for purposes of characterizing the

consistency of cohesive deposits.

Section 5.1 discusses the 2021 borehole findings only. The findings of the 2018 borehole series will be

incorporated in Section 6 (Discussion part of the report) onwards.

5.1.2 Topsoil

A thin layer of topsoil was encountered at the surface in most of the boreholes. The topsoil extends to an

approximate depth of 25 mm to 75 mm below the ground surface.
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5.1.3 Fill

Topsoil was underlain by fill encountered in all the boreholes. Fill thickness ranged between 0.6 m and 1 m with

an average thickness of 0.8 m. The fill is mainly composed of sand and gravel, some silt to sandy and gravely

silt with traces of clay, with presence of organic matter identified in four out of eleven boreholes. The fill was

observed to be brown and dry.

SPT ‘N’ blow counts within the fill ranged between 13 and 49 indicative of a compact to dense nature. The

average SPT ‘N’ blow count was 30 blows/300 mm.

5.1.4 Silty Clay/Clayey Silt

A silty clay/ clayey silt deposit was observed in all the boreholes. This layer was observed to vary in thickness

across the site from 0.4 m to 3.8 m (BH21-1).

In general, the layer is composed of different portions of silt and clay and minor portions of sand and gravel. It

was observed to be brown with moisture content ranging from damp to moist. This cohesive deposit is

underlain by a cohesionless deposit.

A representative sample, SS-04 from BH21-07, underwent Atterberg’s Limits and water content testing. The

test results showed that the water content (wc) for the tested sample was 67% and the Atterberg limits  were

51% for Liquid Limit, 30.3% for Plastic Limit and 21% for Plasticity Index. The deposit can be classified as silt of

high plasticity (MH) as per USCS. A summary of Atterberg Limits for the tested sample from this layer is shown

in Table 5-1.

Table 5-1: Atterberg’s Limits Summary – Silty Clay

Sample Tested
Atterberg Limits (%)

wc (%) Remarks
LL PL PI

BH21-07 - SS-04  51 30 21 67 USCS Classification: MH

Fig. 3

The SPT ‘N’ blow counts within the deposit range from 1 to 11 blows/300mm and based on the SPT results, the

consistency of the deposit can be described as typically firm to stiff.

5.1.5 Clayey Sand/Silty Sand

A variable deposit of clayey sand/silty sand was observed, in the majority, of the boreholes. The layer thickness

varies across the site and was observed to range between 0.5 m to 1.4 m in BH21-10 and BH21-11 (towards

the east boundary). It was observed to be brown to grey with moisture content ranging from damp to wet.

This deposit is underlain by a cohesive deposit.
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Two representative samples, SS-03 and SS-04 from BH21-11, underwent grain size analysis testing and classified

as silty sands. Two representative samples, SS-03 from BH21-05 and SS-03 from BH21-10, underwent

Atterberg’s Limits and water content testing. The test results showed that the water content for the tested

samples was 30% on average. Based on the Atterberg results  of 26% for Liquid Limit, 14% for Plastic Limit and

12% for Plasticity Index on average, the two specimens tested reflect a clayey sand. A summary of the grain

size distribution and Atterberg’s Limits for the tested samples from this layer is shown in Table 5-2.

Table 5-2: Grain Size Distribution and Atterberg’s Limits Summary – Sandy Silt / Silty Sand

Sample Tested
Size Fraction (%) Atterberg Limits (%)

wc (%) Remarks
Gravel Sand Silt Clay LL PL PI

BH21-11/SS-03 10 65 18 7
Fig. 4

BH21-11/SS-04 1 65 25 9

BH21-05/SS-03 -- -- -- -- 27 14 13 28 Fig. 5

BH21-10/SS-03 -- -- -- -- 24 14 10 32 Fig. 5

This deposit, in general, was observed to be of very loose to loose compactness, with SPT ‘N’ blow counts

ranging between 2 and 7 blows/300mm.

5.1.6 Silty Clay

A silty clay layer was observed below the cohesionless deposit in most boreholes across the site. The layer

thickness ranges between 0.0 m in BH21-07 to 3.0 m in BH21-11. This deposit was not observed in BH21-07

(see Fig. 2a). Along the east side of the property, the layer was observed to be thickest, 2.9 m (BH21-10) to 3.0

m (BH21-11). It was observed to be brown to grey with moisture content ranging from moist to wet. The silty

clay was underlain by a till deposit.

Five representative samples  underwent grain size analysis testing, and the grain size distribution results are

shown in Table 5.3 and Fig. 6. Three representative samples, listed in Table 5-3, underwent Atterberg’s Limits

and water content testing. The test results showed that the water content for the tested samples was 57% on

average, and the limits for silty clay was 44% Liquid Limit, 19% Plastic Limit and 23% Plasticity Index on average.

In general, this deposit can be classified as silty clay of intermediate plasticity (CI) based on the plasticity chart

(see Fig. 7). However, BH21-08/SS-05 is classified as a sandy clay.



16 Edgewater Street, Kanata, ON

Preliminary Geotechnical Investigation Report
CCO-22-0244

11

Table 5-3: Grain Size Distribution and Atterberg Limits Summary – Silty Clay

Sample Tested
Size Fraction (%)

Atterberg Limits

(%)
wc

(%)
Remarks

Gravel Sand Silt Clay LL PL PI

BH21-01/SS-04 0 15 54 31 -- -- -- --

Fig. 6
BH21-04/SS-04 0 11 50 39 -- -- -- --

BH21-11/SS-06 1 3 45 52 -- -- -- --

BH21-08/SS-05 3 36 34 24

BH21-06/SS-04 0 13 47 40 47 20 26 59 Fig. 6 & Fig. 7

BH21-01/SS-06 -- -- -- -- 39 19 20 54 Fig. 7

BH21-02/SS-05 -- -- -- -- 45 18 27 58

The SPT ‘N’ values recorded within the deposit range from 0 to 3 blows/300mm. The SPT test  was alternated

with field vane shear tests to measure the undrained shear strength of the deposit. The undrained shear

strength within the layer ranges from 25 kPa to 85 kPa, based on the FSV. Accordingly, the consistency of the

silty clay deposit can be described as soft to stiff. The layer with sensit ivity values ranging between 5 and 10,

can be classified as low sensitivity according to CFEM.

5.1.7 Till

A till layer was observed in all the boreholes. The layer thickness ranges between 0.3 m in BH21-04, to 2.9 m in

BH21-01.

The till layer is composed of different portions of sand and gravel with silt and clay with presence of boulders

and cobbles over 50% of the boreholes. It was observed to be brown to grey and wet. The till is underlain by

bedrock or inferred bedrock/boulders, within the depths investigated.

Two representative samples, SS-07 from BH21-02 and SS-06 from BH21-06, underwent grain size analysis

testing. A summary of the grain size distribution for the tested samples from this layer is shown in Table 5-4.

Table 5-4: Grain Size Distribution Limits Summary – Till

Sample Tested
Size Fraction (%)

Remarks
Gravel Sand Silt Clay

BH21-02/SS-07 15 43 33 9
Fig. 8

BH21-05/SS-06 14 38 33 15
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The till in general was observed to be loose to compact with SPT ‘N’ blow counts range between 3 and 22

blows/300mm. Higher SPT ‘N’ blow counts and sometimes spoon refusal were encountered in the till layer

which is possibly due to presence of cobbles and boulders.

5.1.8 Bedrock

Below the till, bedrock was cored in six boreholes with cored depths ranging from 2.9 m to 3.4 m, with the

elevation of top of the cored bedrock  ranging between El. 99.4 m to El. 92.7 m, almost a 7.0 m variation (see

Fig. 2b). The bedrock and inferred bedrock/boulders elevations were observed to vary across the site. The DCPT

refusal in BH 21-11 was met at an elevation of 91.7 m. Hence, the top of bedrock is at least 11.1 m deep at this

location.

As mentioned, bedrock was cored and confirmed in six boreholes during the current investigation, and further,

in two boreholes in the 2018 preliminary investigation. Based on the retrieved samples and rock core quality

designation (RQD), the rock was identified as highly weathered Limestone and the rock mass can be classified

as fair to excellent quality as per CFEM Table 3.10. Six (6) selected rock cores were tested for uniaxial

compressive strength (UCS), and the results are shown in Table 5-5. Based on the intact  rock strengths, the

intact rock can be classified as strong to very strong as per CFEM Table 3.5. Based on the Total Core Recoveries

reported (TCR%), with an average of 92% and a minimum of 72% based on 22 TCR measurements, there is

hardly any evidence for the presence of solution cavit ies within the explored bedrock in six boreholes.

One rock core from BH21-09 exhibited failure pattern Type 1 “Reasonably well-formed cones on both ends” .

Microcracks were observed throughout the rock core from BH21-09. Two rock cores exhibited failure pattern

Type 2 “Well-formed cone on one end, vertical cracks running through” , and three rock cores exhibited failure

pattern Type 4 “Diagonal fracture with no to slight cracking through ends”  per ASTM D7012 Method C. Rock

core photo logs are shown in Appendix D.

Table 5-5: Uniaxial Compressive Strengths - Rock Cores

Borehole Rock Core Core Depth (m) Core El. (m) TCR (%) RQD (%) UCS (MPa)

BH21-01 RC-12 10.9 to 11.0 90.8 100,100 65 197.3

BH21-02 RC-9 6.8 to 6.9 94.9 100,100 67 112.0

BH21-03 RC-5 3.8 to 3.9 98.3 100,100 70 109.4

BH21-07 RC-9 5.8 to 5.9 96.3 4 Nos; each 100 90 118.5

BH21-08 RC-7 5.2 to 5.3 97.3 95,72,100 77 72.8

BH21-09 RC-8 4.9 to 5.0 97.2 100,100,100 59 88.1
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5.2 Groundwater

Groundwater levels were observed during and upon completion of drilling in the open boreholes, except for

BH21-03, and 21-08 due to presence of excess water during rock coring. Also, in BH21-10, groundwater level

in open borehole was not  measured since the drillers added water to facilitate drilling. The groundwater level

was observed in open boreholes in BH21-04, 21-05, and 21-11. In BH21-01, 21-04, 21-05, 21-06, and 21-09,

signs of groundwater were observed on the retrieved SPT spoon samplers and in the soil samples.

One monitoring well was installed in BH21-07 in the current investigation and its assembly is shown on the

borehole log records. In addition, the groundwater was observed in open boreholes or in auger, in eight (8)

boreholes out of eleven (11).

Groundwater levels were measured in all monitoring wells (4 Nos) on August 6, 2021, one from the current

investigation and three other wells that were installed in the 2018 preliminary site investigation. The

groundwater levels measured during the current investigation are presented in Table 5-6.

The groundwater level may be expected to fluctuate due to extreme weather events and seasonal changes.

Table 5-6: Groundwater Levels in Boreholes and Monitoring Wells

BH No.:

Drilling Date

Ground

Surface

El. (m)

GW in

Open BH

Borehole

Bottom

Monitoring

Date

GW in Well

Remarks
Depth

(m)

El.

(m)

Depth

(m)

El.

(m)
From

Depth

(m)

El.

(m)

BH21-01

June/09/2021
101.7 3.0 98.7 12 89.7 -- -- --

BH21-02

June/09/2021
101.7 1.9 99.8 9.0 92.7 -- -- --

BH21-04

June/10/2021
102.0

2.3 99.7
3.1 98.9 -- -- --

3.0 99.0

BH21-05

June/09/2021
101.9

1.1 100.8
6.3 95.6 -- -- --

3.0 98.9

BH21-06

June/11/2021
101.9 3.7 98.2 5.2 96.7 -- -- --

BH21-07

June/10/2021
102.1 2.6 99.5 7.0 75.1 Aug/ 06/2021 1.7 100.4

Sub-Artesian,

i.e., above the

filter pack zone

BH21-09

June/11/2021
102.1 3.8 98.3 7.4 94.7 -- -- --

BH21-11

June/11/2021
102.8 2.6 100.2 7.5 95.3 -- -- --
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BH18-01

Dec./13/ 2018
102.3 -- -- 4.6 97.7

June/11/2021 1.7 100.6

Aug/ 06/2021 1.7 100.6

BH18-02

Dec./13/ 2018
102.4 -- -- 6.1 96.3

June/11/2021 1.2 101.2 Sub-Artesian,

i.e., above the

filter pack zone
Aug/ 06/2021 1.3 101.1

MW18-03

Dec./13/ 2018
102.9 -- -- 9.0 93.9

June/11/2021 1.3 101.6

Aug/ 06/2021 1.3 101.6

5.3 Chemical Analysis

The chemical tests were conducted by Paracel Laboratories in Ottawa, ON, to determine the resistivity, pH,

sulphate and chloride content of two representative soil samples collected from two different boreholes. The

samples were chosen from within the estimated foundation depths and are shown in Table 5-7:

Table 5-7: Soil Chemical Analysis Results

Road Name Sample
Depth

(m)
pH

Sulphate

(%)

Chloride

(%)

Resist ivity

(Ohm-cm)

BH21-02 SS-05 3.0 – 3.6 7.7 0.0074 0.0141 2380

BH21-10 SS-05 3.0 – 3.6 7.92 0.0471 0.0012 1520

6.0 DISCUSSION AND RECOMMENDATIONS

6.1 General

This section of the report  provides general and project-specific geotechnical guidelines for the design and

construction of the proposed development. It is recalled as discussed under Section 1.0, that the Client intends

to construct a multi-storey building that will consist  of ten (10) storey (mid-rise) building over part of the P1

level basement, and two (2) storey townhouse blocks founded overlying part of the P1 level and P2 level

basements (see Figs. 1b and 1c). Information regarding the revised basement floor elevations of the proposed

underground parking levels were communicated by the client on October 4th, 2021. However, information on

the elevations of elevator pit levels, etc., were unavailable at the time of compiling this report. The P1

underground parking level will be constructed over the entire construction footprint of the property and the

lower P2 underground parking area is proposed over approximately the east half of the property. The current

geotechnical investigation, discussed herein, has revealed the crucial role of geological and hydrogeological

factors that have a significant influence on the geotechnical aspects of the design and construction of the

building complex. It has brought to focus the geotechnical areas where the current understanding has
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important gaps and recommendations will be given of measures to address such issues. Consequently, the

provided recommendations in this report are preliminary, and are based on the interpretation of the

subsurface conditions and our understanding of project details current at this stage.

The foundation details of the existing townhouses to the east are unknown but they are expected to be on

shallow foundations as typical for such buildings as founded in Ottawa. It is understood that only limited grade

raise will be required outside the proposed building footprint.

The provided recommendations are only intended for the defined limits and the scope of the project. These

recommendations shall not be used without the consent of the authors for engineering applications other than

those specified in this scope of work. The readers are referred to Limitations of Report included in Appendix A.

The design team should satisfy themselves of the adequacy of the information presented in this report for their

intended design. The constructors must make their own interpretation of the provided factual information as

it affects their construction equipment, efficiency, schedule, and the safety of their staff.

The preliminary foundation recommendations presented in this section have been developed following Part 4

of the 2012 Ontario Building Code (OBC).

The discussion in Section 6 of the report will draw upon the findings from the current 2021 borehole

investigation (BH 21-01 to BH21-11, 11 boreholes) as well as from the 2018 borehole investigation (BH 18-1 to

BH18-5, 5 boreholes). Regarding the previous 2018 borehole investigation, in the absence of any laboratory

testing, reliance will be made only of the field test results, as for quantitative geotechnical information.

6.2 Geotechnical Characterization

6.2.1 Overview

In general, the site stratigraphy within the property consists of topsoil underlain by a fill layer followed by native

overburden overlying bedrock. The native overburden consists of four stratified layers of variable thickness

across the site. Below the fill, a layer silty clay/ clayey silt deposit was encountered followed by a variable

cohesionless deposit of clayey sand/silty sand. The cohesionless deposit is underlain by a silty clay and was

followed by a till deposit. Bedrock was confirmed underlying the till at the borehole locations, where bedrock

was cored.

The ground surface elevation of the site at  the borehole locations varied from El. 102.8 m to El. 101.7 m, i.e.,

relatively flat. The confirmed thickness of the intercepted overburden, however, ranged from 2.7 m to 9.0 m

based on six boreholes where bedrock was cored. In BH 18-3 and BH21-11 (these two boreholes are in very

close proximity to each other), the overburden was advanced to 13.2 m (El. 89.8 m) and 11.1 m (El. 91.7 m),

respectively, before reaching DCPT refusal.
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In general, the intercepted native overburden comprised of an upper cohesive deposit of typically firm to stiff

consistency. A very loose to loose, variable cohesionless deposit was intercepted underlying the upper cohesive

deposit, in the majority, of the boreholes. The cohesionless deposit was followed by a lower cohesive deposit

comprising primarily, silty clay, typically of soft to stiff consistency. The consistency of the cohesive deposits is

based upon observations from the field shear vane testing reported in Section 5. The lower cohesive deposit

was underlain by a till deposit with the underlying bedrock either cored or inferred. Out of the total of 16

boreholes, in seven of the boreholes, SPT blow counts of 0 or “WOH” (weight of hammer) recordings were

observed, predominantly in the lower cohesive deposit and a few such observation within the till deposit.

As structure foundations and temporary shoring embedment will be into bedrock, understanding of the rock

mass properties is important for addressing both design and construction issues. Cored top of bedrock levels

across the site were found to be very variable, i.e., ranging in depth from 2.7 m to 9.0 m below existing ground

surface based on eight boreholes where bedrock was cored. In terms of elevations, the elevation of top of the

cored bedrock ranged between El. 99.4 m to El. 92.7 m, almost a 7.0 m variation, in eight cored boreholes

between the two series of investigations. It is important to note that at the northeast corner of the site (based

on BH21-11 and BH18-03 locations) bedrock will be deeper than 13.2 m (El. 89.8 m) (See Fig. 2).

The measured RQD (a measure of the degree of fracturing of the rock mass) values of the subject rock core

specimens did not show a trend for less jointed rock, i.e., higher RQD values either with decrease of elevation,

or with depth below top of bedrock for a given borehole, as seen in Figure 6.1.
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The UCS of the bedrock specimens tested, however, show an increasing trend of intact strength with elevation

(also with depth), as seen in Fig. 6.2. Rock coring was undertaken up to 3.2 m depth below top of bedrock but

as seen in Fig. 6.2, the UCS testing has covered only up to about 2 m depth. Another important caveat to note

is the average RQD of the entire drilled bedrock was 52%, i.e., more fractured (based on 17 specimens) but the

average RQD of the tested UCS samples was 71%, i.e., less fractured (based on 6 specimens). The minimum

geometry requirements of the UCS specimens dictate the testing to be confined to less fractured bedrock and

hence this explains the apparent anomaly. In view of this, the reported UCS strengths are likely to be an upper

bound on the intact strengths.
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While the trend of increasing UCS with elevation/depth is a posit ive outcome, the effective deformation

modulus (stiffness) of a rock mass depends besides the intact rock modulus (which is related to the intact rock

UCS) on the RQD, which is related to the fracture deformation modulus, i.e., low RQD implies more fractured

rock mass and hence the rock mass is of lower stiffness. In this context, we have seen from Fig. 6.1 that a trend

of decreasing fracture, i.e., lower RQD, with elevation is not apparent.

The measured stabilized groundwater levels indicate shallow groundwater (between 1.0 m to 2.0 m below the

existing ground surface) and indicative of sub-artesian conditions.  It  is seen that low RQD values, i.e., indicative

of high degree of fracturing, persists with depth. However, what is not known for sure is if the overburden

groundwater regime is hydraulically connected with the fractured rock within the depths of foundation

interest. Any hydraulic connection can have a significant impact on construction dewatering, design of

foundations and slabs-on-grade.

6.2.2 Bedrock Topography

To better understand the bedrock and inferred bedrock/ boulder topography, Figure 6-3 was established based

on data from borehole records. The site was divided into three sections: A-A on the north side, B-B in the middle

of the site from west to east, and C-C at the south. The bedrock and inferred bedrock/boulders elevations were

plotted against the corresponding boreholes. The nature of the variation of top of bedrock levels between

boreholes are unknown, but for simplicity the inter-borehole variation has been shown connected by straight

line segments. These top of bedrock elevational variations are shown in Figs. 6.4 to 6.6.
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Figure 6-3: Cross -Section locations

Figure 6-4: Cross-section A-A
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Figure 6-5: Cross-section B-B

Figure 6-6: Cross-section C-C

6.2.3 Geotechnical Model

Based on the all the available information from the geotechnical investigation and our engineering judgement

and experience, the following geotechnical model has been developed to address the various design issues.

Table 6-1: Geotechnical Model

Geotechnical Parameter Fill

Silty Clay

/  Clayey

Silt

Clayey Sand

/  Silty Sand

Silty

Clay
Till Bedrock

Unit Weight

(γ) kN m⁄ Above groundwater 20.0 18.0 18.0 18.0 20.0 26

Below groundwater

(Submerged)
8.2 8.2 8.2 8.2 10.2 16

Plasticity Index (PI) (average) N/ A 21 13 27 N/ A N/ A

Moisture Content % N/ A 67 32 59 N/ A -
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Undrained Shear Strength (Su)FSV

kPa
N/ A N/ A N/ A 30 N/ A

Clay Sensitivity – based on FSV

(average)
N/ A N/ A N/ A 10 N/ A

Effective Angle of Internal Friction

(ϕ′) degrees
28 29 31 28 30

Effective Cohesion Intercept (kPa) 0 0 0 0 0

Intact Rock: UCS (MPa); E (GPa);

Poisson’s Ratio, n
N/ A N/ A N/ A N/ A N/ A

70; 21;

0.25

Estimated Rock Mass Parameters:

GSI, RMR; Em (rock mass stiffness)
N/ A N/ A N/ A N/ A N/ A

45, 50;

0.9 GPa

Notes:

1. N/ A - Not Applicable

2. Lateral earth pressure coefficients assume horizontal backfill, level ground in front of the wall toe; neglect

wall friction

3. For design purposes, in the absence of any groundwater dewatering/depressurization, assume the

groundwater level at the existing ground surface. The earth pressure coefficients are only to calculate

lateral backfill pressure. Any surcharge effects due to static loads such as stockpiles and moving machinery

loading must be accounted for, based on the zone of influence (ZOI). At the minimum, the ZOI should be

equal to the depth of excavation for surcharging effects

4. See Section 6.5 for limitations on the reliance on passive earth pressure resistance in bedrock for shoring.

6.2.4 Frost Depth & Frost Classification

The frost depth for the project site as per MTO OPSD 3090.101 is indicated as 1.8 m. Underlying the fill, the

silty clay/ clayey silt deposit has been identified up to 2.3 m thickness. Based on the PI, the material can be

classified as a MH material or a borderline MH/CH material. As a potential MH/CH deposit, based on Table 13.1

of the CFEM, the material classifies as belonging to the F3/F4 frost group for frost  design. The implications of

this frost-heave potential will be discussed under temporary shoring since the structural foundations and slab

on grade will be on a much lower elevation, well below this deposit and founded on bedrock or concrete.

6.2.5 Seismic Site Classification

Seismic site classification is completed based on OBC 2012 Section 4.1.8.4 and Table 4.1.8.4.A. This

classification system is based on the average soil properties in the upper 30 m and accounts for site-specific

shear wave velocity, standard penetration resistance, and plasticity parameters of cohesive soils.

Selected spectral responses in the general vicinity of the site for 2% chance of exceedance in 50 years (2475-

year return period) are as indicated in Table 6-2, and in Appendix F.
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Table 6-2: Selected Seismic Spectral Responses (2% in 50 years) – NRCan 2010

Sa(0.2) Sa(0.5) Sa(1.0) Sa(2.0) PGA

0.619 0.299 0.134 0.045 0.316

Based on the subsurface conditions and field shear vane and SPT values, provided that the boundary zones of

the shear walls and all column loads are extended to and supported on bedrock, using caissons where bedrock

is deeper or on mass concrete founded on bedrock, then the site can be classified as Seismic Site Class (B) for

design of foundations for axial vertical loading. Otherwise, for all lateral earth pressure issues related to

basement walls and associated interactions, Site Class D would be applicable.

6.2.6 Overall Implications for Design and Construction based on Ground Characterization

· The overburden has been shown to be of variable thickness, saturated and not competent. It cannot

be relied upon to carry any structural loads from the proposed building complex. Hence the building

loads need to be carried on/within bedrock. The depth to top of bedrock is variable from 2.7 m to at

least 13.2 m (towards the northeast corner of the site) based on boreholes.  It is expected that

significant bedrock excavation will be required to reach the P1 only and P1 and P2 segments of the

building complex

· In view of the high ground water levels, the weak overburden cannot be relied upon to stand

unsupported temporarily for shoring options such as soldier pile and timber lagging, unless

construction dewatering/depressurization measures are undertaken. However, due recognition of

groundwater lowering impacts on the existing townhouses, likely supported on shallow footings on the

east, close to the subject property limits, needs to be taken into consideration

· Given the weak overburden, for deeper sections of the foundation excavation, perimeter temporary

shoring bracing support will be required, e.g., with t iebacks into bedrock for lateral support or for

possible raker pile support

· If the overburden groundwater regime is hydraulically connected with the fractured bedrock (this

needs to be established within a sealed bedrock zone), the resulting significant upward hydrostatic

pressures on slab-on-grade, either need to be resisted, e.g., using rock anchored structural slab or

relieved via explicit ly engineered moisture barriers (this latter approach can have significant risk of

becoming dysfunctional in the long-term)

· Since the rock is fractured, if the excavated walls within the bedrock is under significant groundwater

pressure, then jointed bedrock vertical cut faces will require shotcreting with mesh and may even

require rock dowelling for stability.

From the foregoing, it is clear, that the method of groundwater control and the nature of the hydrogeological

regime, i.e., if the fractured bedrock is part of the groundwater table or not, will dictate the requirements for

excavation support, foundation support for the structural loads and slabs-on-grade.
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6.3 Excavation Support and Groundwater Control Considerations

6.3.1 Overview

Excavation support issues will crit ically depend on the required depth of excavations and the nature of

subsurface conditions down to and below the required depths. According to the most recent information, the

ground level is at El. 102.0 m, P1 at El. 99.0 m and P2 at El. 96.0 m. These are interpreted as finished levels.

Dwg A2.04 shows the plan area of the Mid-Rise tower block, towards the southwest quarter of the property.

This plan area will be within the P1 level only area of this building complex (“ the one-level basement area” ).

Hence, the foundation loads will be transmitted below the P1 level slab-on grade. Comparing Fig. 2b with Dwg

A2.04 and matching scales approximately, it is clear, that locations of BH21-01 and BH21-02 will be within the

mid-rise tower plan area. it is very likely that BH21-03 will also be within the subject plan area.  Based on Fig.

2b, there is an approximately 7 m level difference of the top of bedrock levels between BH21-03 and BH21-01.

For purposes of preliminary discussion, based on the finished P1 elevation at El. 99.0 m, and allowing another

1.5 m for slab-on-grade, moisture barrier and the footing thickness, the underside of the footing elevation is

estimated at El. 97.5 m.

Similarly, the underside of the P2 footing elevation is estimated at El. 94.5 m. Hence, the P2 area will be able

to exploit, in general, competent foundation support  from the already excavated or the underlying, not too

deep, bedrock. While it may turn out to be beneficial for the foundations to be founded on excavated bedrock,

given the jointed nature of the bedrock, basement excavations with vertical faces into jointed bedrock will pose

additional lateral stability issues. These issues are discussed in Section 6.3.2.

At the design stage, in the absence of any reasonable knowledge of the extent of the variable bedrock

topography over the site (which is only known from the limited bedrock drilling findings), it will be necessarily

prudent to adopt a cautionary approach towards excavation support and foundation design for the building

complex. Such an approach will significantly minimize contractually expensive changes to designs during

construction.

Detailed design considerations for excavation support are detailed in Section 6.5 and Considerations for Control

of Groundwater are detailed in Sections 6.3.2 to 6.3.4.

6.3.2 Excavation Support Considerations for the two-level basements

The nature of temporary excavation support, e.g., contiguous caissons, which are pre-installed prior to

excavation, except for bracing support installed with progress of excavation or as with soldier piles, which are

pre-installed, and timber lagging and bracing support, progressively made with the excavation, will primarily

depend on:

· Whether the overburden can stand unsupported for short periods; the cohesionless deposit was found

in fourteen (14) out of the sixteen (16) boreholes, in general, to be of very loose to loose compactness.
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The underlying silty clay, recorded 0 or WHO (weight-of-hammer), SPT ”N”  blow counts, in one or more

SPT determinations, in seven (7) out of sixteen (16) boreholes

· Ability to secure permission from adjoining property owners for installation of temporary tiebacks;

ensuring tieback trajectories are clear of buried utilit ies and structures; ability to avoid adverse impacts

due to t ieback installations on buried utilit ies and structures, even if t ieback trajectories are clear of

direct impact on buried elements

· the need to control lateral and vertical ground movements outside the excavation to safeguard

adjoining buildings and utilit ies.

While temporary groundwater lowering during construction can stiffen the weak deposits and enhance their

stand-up times, however, this will also have the adverse effect of causing settlements on adjacent buildings

and utilit ies, especially given the townhouses, in close proximity, outside the eastern limits of the subject

property.

It is estimated that the farther length side of the townhouses is within about 20 m from the eastern boundary

of the subject property. Based on the grain size distribution results, for the predominantly silty sand deposit,

i.e., the cohesionless deposit, the hydraulic conductivity is estimated as 2.65e-7 m/s (based on BH21-11 SS3

and SS4). The required plan dimensions for the two-level basement excavation are estimated as a rectangle of

40 m by 55 m. Based on the estimated parameters, and assuming an average drawdown of 6.5 m, the estimated

zone of influence exceeds 40 m. Hence, the existing townhouses will be well within the zone of influence of

temporary construction dewatering. These are preliminary estimates only and need to be confirmed based on

a carefully planned hydrogeological investigation.

As discussed in Section 6.3.1, with the estimated base of footings for the two-level basement at El. 94.5 m,

excavations will progress into bedrock. Out of the 16 boreholes (from both investigations), only five boreholes

were advanced below El. 93.0 m. Out of the five boreholes, only four boreholes have intercepted proven

bedrock. As mentioned in Section 5.1.8, elevation of top of the cored bedrock ranged between El. 99.4 m to El.

92.7 m, almost a 7.0 m variation, in eight cored boreholes between the two series of investigations. It is

estimated that vertical bedrock excavations up to 4 m will be required for the two-level basement area.

Given the above challenges of dewatering, from a geotechnical point of view, the adoption of contiguous

caissons, is recommended for the two-level basement shoring. Within the two-level excavation, with significant

overburden thickness to be supported, i.e., in excess about 8.0 m, even contiguous caisson walls are likely to

require lateral bracing in the form of t iebacks etc. With this approach for the two-level basement shoring

support, i.e., use of contiguous caissons with t ieback support, negative impacts of dewatering, and issues of

limited stand-up time caused by fast ravelling and running conditions within the saturated overburden can be

largely mitigated under good workmanship.
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6.3.3 Excavation Support Considerations for the One-Level Basement Area (P1 only footprint)

The P1 basement footprint  will require shallower excavations in general. Even within the P1 only footprint, the

top of bedrock variations will also impact on the nature of temporary shoring support. For example, excavations

on the north can mobilize passive resistance from bedrock within the excavations. However, excavations

towards the south will require deeper shoring support to reach bedrock, having to advance through weak

sediments, well below PI finish levels, along the construction boundary (with top of bedrock elevation at 92.7

m in BH 21-01).

Given the shallower excavations required for the one-level basement footprint, in general, the depth of

dewatering drawdown will be lower. Further, this construction perimeter being further from the most

susceptible townhouses compared to the two-level construction perimeter, lateral excavation support in terms

of conventional soldier piles and timber lagging would be feasible for this footprint. However, bedrock

conditions at  the southern boundary, e.g., BH21-01, will need to be established with further clarity to finalize

the excavation support and groundwater control requirements.

6.3.4 Implications of Jointed bedrock in Hydraulic Contact with the Overburden Groundwater Table

This situation is likely given the fractured nature of bedrock with elevation (See Fig. 6.1). This groundwater

vulnerability has emerged out of the findings of the current investigation. This needs to be explicit ly addressed

before the foundation designs are finalized. While this will not have a direct impact on lateral support issues,

all structural foundations and slabs-on-grade will be subject to uplift pressures with the impact becoming more

significant at the two-level basement grade, since more fracturing is evident, i.e., in terms of lower RQD values,

below El. 96.0 m (See Fig. 6.1).

From the visual appearance of rock cores, it does not appear that the rock matrix is porous and water flows are

hence expected to convey via the fractures. It  is important, to confirm if the expected flows can be pumped

from within the excavation at the P2 level from filtered and strategically placed sumps excavated into bedrock.

Only general comments will be made in Section 6.4.7 on mitigation of uplift effects, particularly pertaining to

Sections 6.4 on Foundation Options, Floor Slab and Underdrainage and Elevator and Sump Pits, due to

suspected artesian groundwater pressures within the bedrock mass, until a better understanding of the

bedrock mass hydraulic conductivity regime is established.

6.4 Foundat ion Options

6.4.1 Overview

Based on the discussions on subsurface conditions in Section 6.2, the saturated weak overburden deposits

should be avoided as potential foundation support for the proposed building complex. All structural footings

should be supported either by spread/ strip footings or caissons, founded on or into bedrock. This site as

discussed has significant variation between the top of bedrock levels and based on the ground information at

hand could be 10 m plus. The topography of the bedrock surface is unclear, and this will require a cautionary
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approach in addressing foundation interactions. This will have the greatest impact over the tower footprint,

i.e., the most heavily loaded area.  (see Edgewater Basement Plan dated October 4, 2021, Drawing A.100 Rev1

(Dwg A100)).

Based on our understanding of the likely construction sequence, temporary shoring will be installed first. This

shoring will require excavations to be carried down to the respective P1 and P2 levels in the relevant areas.

This will also include excavation of bedrock in some areas. These excavations will require groundwater control

and ongoing groundwater management during construction to maintain relatively dry working conditions and

subgrades.

 It is clear, that at the northern portion of the underside of the P1 footings will be into bedrock and at the

southern end will be at least a few metres above the top of bedrock. To economize on foundation construction

costs, if the mid-rise tower can be re-located to the north-west quadrant of the construction perimeter, subject

to further confirmation of bedrock topography, potential for considerable cost savings is feasible. This will

enable the exploitation of shallower bedrock levels, thus making it possible, the use of spread/ strip footings

founded into bedrock.

As per the discussion in Section 6.3.1,  the two-level basement excavations are likely to go down to El. 94.5 m.

Hence, the base of the P2 area will be largely within excavated bedrock. Hence, the P2 area will be able to

exploit, in general, competent foundation support from the already excavated or the underlying, not too deep,

bedrock.

Permanent basement wall foundation and lateral support issues, where the major loading is lateral, are

discussed in Section 6.5.3.

6.4.2 Mid-Rise Tower

6.4.2.1 Overview

At this preliminary stage of design, foundation support for the high-rise structure can be provided by two

options as follows:

(a) Use of rock-socketed caissons over the entire mid-rise footprint

(b) By a combination of spread/ strip footings on/ into bedrock and where the bedrock is sloping, use to be

made of rock-socketed caissons into bedrock.

Both approaches are somewhat open-ended, more so for the lat ter approach, in so far as the uncertainty about

the bedrock topography within the proposed mid-rise footprint, given the level of foundation information at

hand. Undertaking of a geophysical seismic refraction survey has the potential to narrow down the uncertainty

of the depths to top of bedrock variability. This is strongly recommended.
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6.4.2.2 Rock-Socketed Cast-in-Place Concrete Caissons

The mid-rise building and the shear walls can be supported on rock-socketed cast-in-place concrete caissons.

Due to the fractured nature of the bedrock, to achieve dry rock-socket conditions can be extremely challenging.

Due to the saturated weak overburden, some of the caissons would be installed from the P1 founding level

through the weak overburden where the bedrock topography is lower within the tower footprint. The use of

permanent, oversize liners will be required to advance the caisson with minimal loss of ground since the

overburden materials will not stand unsupported. The permanent liners must be sealed into bedrock.

Additionally, it would require careful construction control to ensure the cleanliness of the socket bases, even

if the casings are sealed into the bedrock (See Fig. 6.1: RQD with Rock Core Elevation).

6.4.2.2.1 Axial Resistance

In general, shaft stiffness is known to be significantly higher than base stiffness in a rock-socketed caisson in a

rock mass having the same intact rock strengths and discontinuity spacing (fractures). We have taken note of

the perceived difficult ies in maintaining dry socket conditions and attendant difficult ies in ensuring socket base

cleanliness. Also, it is to be noted that the concrete compressive strength (fc’) is less than uniaxial compressive

strength of intact rock. Based on the above observations, and cognizance of the fact that the bedrock is

fractured, i.e., the compressive strength of the rock mass is considerably lower than that of the intact rock, the

estimated axial compressive loads for 0.9 m diameter, 1.5 m long rock sockets, are as follows:

Factored Ultimate Design Load in axial compression per rock socket (0.9 m diameter, 1.5 m long) = 3000 kN

The total set tlement under the above load is estimated between 5 mm and 10 mm.

A minimum socket diameter of 0.9 m or greater is recommended to facilitate socket base inspection.

Factored Ultimate Design Load in axial uplift per rock socket (0.9 m diameter, 1.5 m long) = 100 kN (Limited by

for cone pull-out; FoS = 3); This cone pull-out estimate assumes that the groundwater table is kept below the

top of the lowest rock socket until the building dead loads from the structure can suppress any mobilized uplift

load. If the mid-rise tower foundation design is dominated by uplift loads (unlikely for the proposed height of

tower), then longer rock socket lengths would be required or alternatively, uplift loads should be resisted by

vertically anchored caissons. The sides of the rock sockets should be grooved/ roughened with a grooving tool

to ensure cleanliness of the socket shafts. The skin friction from the overburden must be ignored.

The following constants of vertical subgrade reaction can be used for the design of the rock sockets for vertical

loading for single sockets:

Kv_shaft = 960 MN/m3

Kv_base = 1500 MN/m3
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Downdrag forces are negligible or not applicable for this project.

6.4.2.2.2 Resistance to Lateral Loads

Design for lateral loading should only rely on resistance from the bedrock. Reliance on lateral resistance from

the weak overburden should be ignored.

The following design parameters can be used for structural lateral loading design for a 900 mm diameter rock-

socketed shaft (single shaft):

Factored ult imate lateral resistance: 1.8 MN/m of socket shaft

Factored serviceability lateral resistance: 1.5 MN/m of socket shaft

Constant of horizontal subgrade reaction, kh: 1000 MN/ m3 for bedrock within the rock socket shaft

6.4.2.2.3 Pile Group behaviour

Axial Loading:

Providing a centre-to-centre spacing of caissons of at least three (3) diameters is adopted, group effects due to

axial loading in bedrock is not considered to be significant.

Lateral Loading:

The coefficient of horizontal subgrade reaction should be reduced, based on the spacing of caissons, and the

location of a shaft within the group, to account for pile group effects in lateral loading. The caissons in the lead

row have only a minor reduction. The rows that trail any row in front, since they are affected by the voids left

behind by the forward movement of the caissons in front of them, suffer more reduction.  The fact that in rock

sockets, lateral displacements are less than in soil (due to their higher stiffness) has also been factored into the

reductions. The reduction factors to be used for a pile group-oriented in the direction of loading are provided

in Table 6-3. Intermediate values may be obtained by linear interpolation.

Table 6-3: Coefficient of Horizontal Subgrade Reaction Reduction Factors for Pile Spacing

(GEC 10 Drilled Shafts Manual)

Pile Spacing

Centre-to-Centre

Horizontal Subgrade Reaction Reduction

Lead Row 2nd Row 3rd and Higher Rows

3D 0.7 0.5 0.35

4D 0.85 0.65 0.5

5D 1.0 0.85 0.7

Greater or equal to

6D
1.0 1.0

1.0
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6.4.2.3 Shallow Foundations

6.4.2.3.1 Overview

For shallow spread footings, the overburden soil below the structural columns, needs to be excavated to the

level of founding, into competent bedrock. No part  of a spread/ strip footing should be founded on the native

overburden. It is therefore recommended that all foundations be supported on the underlying bedrock using:

· Spread footings constructed on or into the bedrock surface; or,

· Where the bedrock surface will be deeper, e.g., likely towards the south or the west boundaries of the

tower footprint, based on the known bedrock drilling findings, use of rock-socketed caissons should

be undertaken.

· If rock socketed caissons are undertaken, then where there is void space between the sloping bedrock

and the line of caissons, any overburden present, should be sub-excavated to the bedrock level and

backfilled with mass concrete. This mass concrete should be raised to the required level to provide the

supporting subgrade for the moisture barrier, underside of the P1 slab-on-grade.

Spread footing bearing issues are further discussed in Section 6.4.2.3.2

6.4.2.3.2 Foundation Design Parameters for Spread Footings

Provided there are no continuous clay-filled seams or mud seams present at shallow depth in the bedrock

below the founding level, footings can be supported on a levelled bedrock surface.

The following design recommendations can be used for design of spread/ strip footings:

(a) Factored Ultimate Geotechnical Resistance (FULS) factored bearing resistance of 2000 kPa

(b)  Factored Serviceability Geotechnical Resistance (FSLS) of 1500 kPa for a total settlement of less than 10

mm.

(c) A coefficient of vertical subgrade reaction of 300 MPa/ m

(d) Unfactored Frictional Coefficient of Sliding Resistance = 0.6

Load eccentricity effects should be addressed by the st ructural designer. Shallow footings must not be smaller

than 0.6 m in their smaller dimension. Shallow footings should keep a minimum buffer of 3 m from any  bedrock

slope crest, i.e., top of bedrock slope. Any load carrying requirements within the buffer zone (3 m) and beyond

the crest, if fall within the tower footprint, should be addressed with the use of rock socketed caissons.

If due to varying bedrock topography, should footings at different levels be required, then,  in view of the highly

jointed nature of the rock mass, structural footings should be placed at the same level by building up structural
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grade concrete pedestals (with concrete of UCS 30 MPa or more, and any required reinforcements to be

detailed by the structural designer) to compensate level differences. To enhance sliding resistance, structural

footings should be dowelled into the concrete bases, where such bases are used.

The rock bearing surface should be inspected by qualified geotechnical personnel to confirm that the founding

surface has been acceptably cleaned of soil and debris, and any extremely weathered surficial bedrock

removed.

6.4.3 Town House Buildings

6.4.3.1.1 Town Houses with Foundation Support at the P1 Level (Units A to H)

Spread footings are feasible. Based on Figs.2 a & 2b, two possible founding scenarios can be identified:

(1) The underside of the footing is at or below the bedrock level: A factored ULS of 250 kPa can be used and

settlements are not an issue; an unfactored coefficient of sliding resistance of 0.6 can be used between

concrete and clean bedrock and 0.55 between concrete and structural fill.

(2) The underside of the footing is likely marginally above the bedrock level. The structural footing should be

built-up form the bedrock level upwards and founding parameters given in Section 6.4.3.1.1 (1) can be

adopted.

6.4.3.1.2 Town Houses with Foundation Support likely at the P2 Level (Units I to W)

Based on Fig.2, three possible founding scenarios could be possible:

The first  two scenarios would be the same as in Section 6.4.3.1.1 and the founding recommendations given in

that section should still be applicable.

The third scenario is likely to occur in the north-east corner of the site, i.e., in the locality of BHs 21-11 and 18-

03 where these boreholes were terminated by advancing the DCPT probe below the explored depths of the

cited two boreholes and DCPT refusal was met at elevations 91.7 m and 89.8 m, respectively, i.e., no confirmed

bedrock. These conditions are very likely to prevail in a localized area. Column loads founded on caissons are

recommended to address this scenario, since caissons are required for perimeter shoring in the two-level

basement area which includes this localized area (thus avoiding additional mobilization costs for different  deep

foundation options, such as micro-piles). An option, such as to locally sub-excavate the soft sediments and

backfill with mass concrete to the underside of the spread footings, should be avoided in this localized

depression, since such measures will result in deeper retainment heights for shoring support to be considered

with attendant significant increase in temporary shoring costs. This sub-excavation approach should be

particularly avoided as this locality is vulnerable to induce increased lateral movements that would undermine

the existing townhouses on to the east. The use of caissons as an underpinning support for the spread footings
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will also contribute locally to the lateral passive shoring support as well. This will act as an additional restraint

in mitigating excavation-induced lateral movements.

For a 600 mm caisson option embedded 300 mm into bedrock, a factored ULS (compression) of 2.7 MPa and a

SLS of 2.1 MPa can be used. For a (300 mm dia.) micropile option: foundation loading must by carried by shaft

friction within bedrock. A factored ULS compression of 500 kPa can be used for the design of the micropiles. A

minimum micropile shaft length of 3.0 m into the bedrock should be used.

6.4.4 Floor Slab and Underdrainage

The floor slabs (one on one-level only basement and the other on the two-level basement of the building

complex) can be supported on grade and should be free-floating (not attached to the foundation walls). A

moisture barrier consisting of at least 200 mm of 19 mm clear stone should be installed under the floor slab.

This moisture barrier has been proven to be effective for conventional floor surfaces and it  is assumed that

special floor coverings will not be required for parking basements. Any void between the underside of the

moisture barrier and top of P1 level bedrock can be backfilled with OPSS 1010 Granular B Type II or better,

compacted to 100 percent of the Standard Proctor Maximum Dry Density (SPMDD).

To prevent cross migration of fine particles between subgrade and the clear stone, the clear stone should be

fully wrapped with a Class II nonwoven geotextile.

Similar considerations apply for the floor slab at the P2 level.

It is recommended that subgrade preparation and compaction should be carried out under the supervision of

a geotechnical representative.

6.4.5 Elevator Pits and Sump Pits

It is anticipated that elevator pits and sump pits will be founded into the bedrock. These pits are generally

designed as water-tight structures. The water pressure on the pit  walls and the slabs should be designed

assuming the water table to be about 0.3 m below the adjacent basement floor, should the basement floor

drainage be provided with moisture barriers.

6.4.6 Frost Susceptibility - Foundations

All foundation elements will be founded either on bedrock or on mass concrete, which are both relatively frost

resistant. With the provision of moisture barriers, if seepage can be managed, conformance with frost depths

should not be applicable in such situations.

6.4.7 Mitigation against Bedrock Induced Hydrostatic Upthrust

If the predicted upward groundwater flows can be managed/drained via moisture barriers or should require

more posit ive restraint, e.g., the use of rock dowels for uplift resistance, will need to await the outcome of
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hydrogeological input to assess fractured rock hydraulic conductivity. However, in Sections 6.4.7.1 and 6.4.7.2,

indicative comments are made about uplift resistance potential within the bedrock mass.

6.4.7.1 Spread/Strip Footings and Caissons Carrying Column Loads

Passive, fully grouted, continuously threaded bar uplift anchors can be used to provide restraint against uplift,

if required. Typically, a 25 mm diameter, 3 m long anchor, installed in a 60 mm diameter drill hole into the

limestone bedrock, should have a working capacity of about 325 kN (FoS = 3.0), for spread/ strip footings.

For rock sockets, if additional uplift resistance is required, for 3.0 m long anchors installed at the bottom of

rock sockets, an uplift resistance of 650 kN per anchor (due to the larger uplift cone of rock) can be assumed.

These uplift resistances assume that the groundwater table is not above the rock head at any subject uplift

anchor. In providing the subject uplift resisting forces, it must be ensured that the working stress (50% of

ult imate tensile stress) of passive bars, are not exceeded.

6.4.7.2 Slabs-on-Grade/  Elevator Pits and Sump Pits

In the hydrostatic upthrust scenario, conventional unreinforced slab-on-grade will not be applicable. Structural

slabs should be used with required anchorage provided (see Section 6.4.7.1). The coefficient  of vertical

subgrade reaction between the floor slabs and the underlying compacted granular subgrade can be taken as

50 MN/ m3, if required for structural design purposes.

Once the bedrock hydrogeology regime is established, then the required uplift anchorage for slabs-on-grade,

elevator and sump pits needs to be re-visited.

6.5  Geotechnical Considerations for Lateral Support of Excavat ions

6.5.1 Temporary Shoring

6.5.1.1 Contiguous Caissons

A contiguous caisson wall is composed of a series of vertically drilled holes which are interlocked. A steel beam

or soldier pile is typically placed in every third or fourth hole. The intermediate holes are called “ filler piles” .

Therefore, this Hard/Soft secant pile approach will consist of “soldier piles”  and “ filler piles”.

Based on the engineering considerations advanced in Section 6.3.2, it was recommended that the lateral

excavation support for the P2 basement be provided with contiguous caissons, i.e. secant piles. This method

of shoring support provides a much stiffer excavation support than a soldier pile and a lagging wall. Contiguous

caissons are also specified in areas with poor/wet ground conditions and where deep dewatering needs to be

excluded to avoid dewatering induced settlements. All the above considerations are relevant to the P2

basement area.
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The excavation depths to bedrock are expected to exceed 8.0 m and P2 basement shoring will likely require

post-tensioned and preloaded tieback support installed into bedrock. The designed interlock between the

proposed filler piles and the soldier piles, i.e., the overlap, of adjacent secant piles, should consider the

intercepted weak ground conditions, and the requirement for water t ightness.

Design parameters for contiguous caisson shoring support and additional construction considerations are

discussed in Section 6.5.6.

6.5.1.2 Soldier Piles and Timber Lagging

Soldier piles and timber lagging may be considered as shoring support for the one-level (P1) basement area.

Based on the bedrock depths shown in Fig. 2(b), the shoring depths will have a significant variation, from as

shallow as 2.7 m or less to as deep as 9 m (BH21-1). At deeper depths, t ie backs into bedrock will be required

as additional shoring support. Given the silt rich, saturated overburden, stand-up times for t imber lagging will

be limited. Also, the nature of subsoils has a strong potential for soil erosion between the lagging boards.

Hence, dewatering/depressurization of the overburden to the top of bedrock will be required for this method

of shoring to be viable.

Design parameters for shoring and additional construction considerations are discussed in Section 6.5.6.

6.5.2 Design Considerations for Permanent Basement Walls

Consideration should also be given to the use of caisson walls for the two-level basement shoring support to

act as permanent load-bearing walls. If this is adopted, the tiebacks and contiguous caissons must be designed,

in addition to the requirements for temporary shoring, to carry the loads of the permanent structure for the

intended design life, whichever scenario governs the crit ical conditions. Hence, considerations must also

include addressing the required strength of concrete for caissons and double-corrosion protection for the tie-

back free lengths.

Design parameters for permanent basement walls and additional construction considerations are discussed in

Section 6.5.6.

The perimeter drainage requirements for basement walls and underfloor drainage schematics with different

perimeter drainage details for shoring systems are shown on Drawings in Appendix G.

6.5.3  Excavation Support and Associated Ground Movements

Even with a supported excavation, some inward lateral movement of the excavated supports is inevitable. In

general, the maximum lateral and vertical movements will be of the same order of magnitude. It is generally,

the understanding, that the factor of safety against basal heave has a significant effect on lateral wall

movements. At the subject site, within the two-level basement area, the perimeter secant caisson shoring will

be embedded into bedrock, hence the factor of safety against basal heave is expected to be very high. This
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should cause a reduction in potential lateral movements (CFEM, Fig. 26.24) and would contribute to mitigating

adverse settlement issues on the adjoining townhouse blocks to the east. Well designed, carefully constructed

and braced contiguous caisson walls embedded into bedrock at the subject site can be typically expected to

have maximum lateral movements less than about 0.2% of the excavation height and the maximum vertical

settlement not exceeding the lateral movement. The excavation induced zone of influence behind shoring

support (into the backfill), is expected laterally to be not farther than two excavation depths.

Details of a geotechnical related construction monitoring program including monitoring of noise and ground

vibrations are described in Section 7.

6.5.4 Bracing Support for Shoring Systems

6.5.4.1 Bottom-up Construction Sequence

In this construction sequence, the permanent works are constructed form the lowest level upwards, beginning

with the casting of the lowest basement level foundation slab. Therefore, the bracing for shoring should be

provided by temporary tiebacks, rakers and props. The width of the building block is considered too large for

use of propping.

6.5.4.1.1 Tiebacks

It is expected that t iebacks will be required for the deeper sections of shoring support, e.g., at the east boundary

of the excavation.  Given the weak, soil overburden and bedrock is relatively shallow, tieback support via rock

anchorage can be considered attractive for bracing.  Typically, rock anchors are drilled at 45 degrees. Anchor

lengths within the soft alluvium should be permanently cased to avoid hole collapse.  These casings must be

extended at least  1.5 m below the top of bedrock. Care must be taken during grouting to ensure that the grout

is injected from the bottom of the anchor hole to bond the entire length of the grout area. It is also suggested

that the anchor holes be thoroughly flushed with water prior to grouting. All rock anchors should be post-

tensioned and this will subject the upper zone of the fractured bedrock into a zone of compression (suppressing

pull-out) resulting in a stiffer anchor response.

A factored ULS bond strength at the rock- grout interface of 1.25 MPa and a SLS bond strength of 1 MPa can

be used for the design rock anchors. Design of rock anchors shall conform to Ch 26 of CFEM (4th ed). It is

important to note that the minimum anchor length should lie beyond the 45 - f/ 2 +.15H line drawn from the

base of the soldier pile.  The minimum fixed anchor length (i.e., the length along which the rock to grout bond

is developed) should be greater than 3 m.

Bond resistance crit ically depends sound installation methods and grouting procedures. Hence the contractor

must decide on a capacity and confirm its availability by field testing. All anchors must be tested as indicated

in the Foundation Engineering Manual, 4th edit ion. The installation and testing of the anchors must be observed

by a geotechnical engineer.
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6.5.4.1.2 Rakers

Rakers can be used to render lateral support to a shoring system. A raker is a steel member generally installed

at 45 degrees to the shoring. The base of the raker is seated in a concrete footing and the top is welded to a

soldier pile. Rakers can interfere with construction, require earth berms to temporarily support the shoring

while the rakers are installed and generally do not provide stiffness as much as tiebacks.

They are not prudent in locations where good control of lateral soil movements are required. However, they

can take advantage of shallow bedrock conditions. For these reasons, the use of rakers should be confined, if

at all, to the one-level (P1) basement area only.

6.5.4.2 Top-down Construction Sequence

In this construction sequence, the use of the permanent structure provides the temporary bracing to the

retaining walls. Therefore, the higher-level slabs are cast before the lower-level slabs to act as horizontal frames

for wall support as the excavation progresses.  The constrictions on the size of plant and limited access, further

constrained by the different levels of basements and rock excavation issues associated with the subject site

would make this construction approach not favourable for the site conditions.

6.5.5 Design Parameters and Addit ional Construction Considerations for Temporary Shoring and Permanent

Basement Walls

6.5.5.1 Static Lateral Earth Pressure Parameters for Temporary Shoring

· For overburden: ground surface is assumed as El. 102.0 m

· where movement is minimal, the earth pressure coefficient, K = 0.45

and for shoring on the east boundary, the earth pressure coefficient, K = 0.5

where minor movement (0.002H) can be tolerated, K = 0.25

· For bedrock: K = 0.2

· Groundwater level: top of existing ground surface (El. 102.0 m) unless dewatering/depressurization is

undertaken; top of ground surface for permanent basement walls

· Surcharge: to be determined by the shoring contractor

· The subject excavations will go into bedrock and in most cases, the soldier piles will not extend below

the base of the rock excavation due to the associated high cost of rock excavation. So passive earth

pressure from bedrock will not be relevant for soldier pile lengths that extend below the top of bedrock

but stop short of the base of the excavation as the face of the soldier piles is normally set along the line

of the proposed foundation wall. However, all soldier piles extending below the top of bedrock should
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be installed to a minimum of 3 m into the bedrock or to the excavation bottom if the rock excavation

is less than 3 m deep.

6.5.5.2 Design Parameters for Vertical Loading of Soldier Piles

If in the event, soldier piles are taken down to the level of the excavation base in bedrock, then the safe bearing

pressure for soldier pile caissons can be taken as q = 1200 kPa, provided the caisson holes are clean prior to

pouring concrete. Assuming a slurry procedure and tremie concrete, then q = 600 kPa.

6.5.5.3 Global Stability of Temporary Shoring

· For global stability check: Soil - f’ = 28 deg; c’ = 0; Saturated Unit Weight = 18 kN/m3

· Bedrock - f’ = 35 deg; c’ = 25 kPa; Saturated Unit Weight = 26 kN/m3

· Surcharge to be determined by the shoring contractor

· Groundwater level: top of existing ground surface (El. 102.0 m) unless dewatering/depressurization is

undertaken.

6.5.5.4 Lateral Earth Pressure Parameters for Permanent Basement Walls

Static Earth Pressure Parameters:

· For overburden: ground surface elevation is assumed as El. 102.0 m

The earth pressure coefficient, K = 0.40

· For bedrock: K = 0.2

· The basement walls should be designed for full hydrostatic pressure (with groundwater table at El.

102.0 m, irrespective of the fact that a drainage board is provided between the basement and the

shoring; the long-term effectiveness of geosynthetic drainage for the full design life of the building

cannot be relied upon)

Static Earth Pressure Parameters for OPSS 1010 Granular Materials are given in Table 6.4.

Table 6-4: Static Lateral Earth Pressure Parameters

Parameter
Granular A Granular B

Other OPSS1010

‘Granular’

Unit Weight (γ) kN m⁄ Above groundwater 22.5 21.7 21.7

Below groundwater 12.7 11.9 11.9

Angle of Internal Friction (ϕ′) 35° 32° 31°

Coefficient of Active Earth Pressure (k ) 0.27 0.31 0.32

Coefficient of Passive Earth Pressure (k ) 3.69 3.23 3.12

Coefficient of Earth Pressure at Rest (k ) 0.43 0.47 0.48
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Seismic Earth Pressure Parameters (Fig. 2c shows the vicinity fault lines):

For effective friction angle = 28 deg, Seismic Site Class = D, Site Adjusted PGA = 0.332,

KAE = 0.478, KPE = 2.476 : Seismic Horizontal Acceleration Coefficient, kh = 0.5*  Site Adjusted PGA

For Laterally Restrained: K = 0.651 : Seismic Horizontal Acceleration Coefficient, kh = Site Adjusted PGA

6.5.5.5 Excavated Bedrock Face Stability of Basements

Vertical excavation faces into bedrock, in view of the fractured nature of bedrock and ground water, may

require shotcreting with pinned steel mesh. Based on the visual assessment of the exposed rock face during

excavation, the stability of the rock face must be inspected by a geotechnical engineer to assess if the use of

short rock dowels is necessary for excavated rock face stabilization.

6.5.5.6 Additional Construction Considerations

The design of the shoring system is the responsibility of the contractor. The contractor shall hire a professionally

qualified and experienced shoring designer to provide a detailed design for the shoring system. However, this

report has provided some general guidelines on possible concepts for shoring, to be used by the designers for

assessing the possible impacts of the shoring design and site works as well as to evaluate the potential for

impacts of this shoring on the adjacent properties.

The use of rock anchors would require the permission of the adjacent property owners (including the City) since

the anchors would be installed beneath their properties. The feasibility of using tie backs will also depend on

the presence of existing utilit ies or structures which may interfere with the installation of t iebacks. It is

important to ensure the need to avoid adverse impacts due to t ieback installations on buried utilit ies and

structures, even if tieback trajectories are clear of direct impact on buried elements.

Given the weak saturated overburden, use of sealed permanent casing is strongly recommended for the east

perimeter shoring. For the remaining of the basement boundaries, at least, temporary casing should be used.

If dry socket bases cannot be established, careful tremie construction should be used for caisson construction.

Potential contractors should seek independent hydrogeological advice to mitigate adverse impacts on adjoining

buildings, buried utilit ies and structures. The groundwater levels across the site are very high and may pose a

challenge during excavations. Relatively dry conditions should be maintained within the excavation.

The excavation and the installation of temporary protection systems shall be performed in according with

OPSS.MUNI 902, and OPSS.MUNI 539.
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All of the backfill should be placed in horizontal lifts of uniform thickness of no more than 300 mm before

compaction at appropriate moisture content determined by the Proctor test. The backfill should be compacted

to a minimum of 98% Standard Proctor Maximum Dry Density SPMDD.

The shoring method(s) chosen to support the excavation sides must take into account the soil and bedrock

stratigraphy, the groundwater conditions, the methods adopted to mange the groundwater and construct the

shoring systems, the permissible ground movements associated with the excavation and construction of the

shoring system, and their potential impact on adjacent structures and utilit ies.

The final selection of the type of temporary shoring system and the method of lateral restraint shall be the

responsibility of the contractor.

6.5.6 Frost Protection

The minimum frost protection burial depth of water bearing utilit ies in the Township is typically 2.4 m below

the finished grade of the road. The frost penetration depth for the locality is 1.8 m below the ground surface.

The overburden at this site is potentially frost susceptible and should not be used as backfill behind exterior,

unheated, or well insulated foundation elements within the depth of potential frost penetration to avoid

problems with frost adhesion and heaving.

If shoring is to be carried out over the winter months or if the excavation is to be left  open for any period during

below zero temperature, shored walls must be protected against frost penetration by means of insulation or

heated hoarding.

In areas where pavement or other hard surfacing will abut the building, differential frost heaving could occur

between the granular fill immediately adjacent to the building and the more frost susceptible materials beyond

the wall backfill. To avoid excessive deferential heaving, the backfill adjacent to the wall should be placed to

form a frost taper starts from 1.5 m depth below the finished grade to the pavement subgrade level at 3H:1V,

or flatter.

All earthworks must be protected from freezing. Backfilling materials should not be placed on frozen ground

as per OPSS.MUNI 902.

·

6.6 Cement Type and Corrosion Potential

Seven soil samples were submitted to Parcel laboratories for testing of chemical properties relevant to

exposure of concrete elements to sulphate attacks as well as potential soil corrosivity effects on buried metallic

structural elements. Test results are presented in Table 5-7.
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The potential for sulphate attack on concrete structures is moderate to low. Therefore, Type GU Portland

cement may be adequate to protect buried concrete elements within the subsurface conditions encountered.

Based on electrical resistivity results and chloride content, the corrosion potential for buried steel elements is

within the slightly to nonaggressive range.

7.0 CONSTRUCTION CONSIDERATIONS

7.1 General

Additional construction issues that need resolution may be warranted, depending on the contractors’ means

and methods. Potential contractors should seek independent geotechnical advice for such issues. Potential

construction considerations include, but are not necessarily limited to the following:

7.2 Site Preparation

As previously noted, the footprint  of the proposed development is underlain by stratified overburden

composed of fill, silty clay/ clayey silt, silty sand/ clayey sand, silty clay and till. The existing overburden contains

different portions of sand, gravel, silt and clay with different competence levels throughout the site. The fill

and overburden are not suitable to support the structural loads of the proposed development. However, fill

can be bulk sampled during construction and tested for gradation and proctor to determine if it  can be used or

not, for landscaping or general grade raise. Soil disposal issues are addressed in a separate report (please refer

to the Environmental Report).

7.3 Excavatability Issues

Excavation of overburden soil can be performed using conventional hydraulic excavating equipment.

Bedrock excavation will be required to accommodate the underground parking levels. The top of bedrock

depths varies significantly across the site (see Fig. 2b). Bedrock removal is expected to be achievable through

hydraulic excavation equipment and hoe ramming.

Uniaxial compressive strengths ranging from 72 MPa to 197 MPa have been determined on intact limestone

bedrock specimens (see Section 5.1.8). Presence of higher strength rock bands cannot be ruled out. The

contractor is advised to take these observations, and the reported presence of cobbles and boulders

documented in the borehole logs into account, in selecting means and methods for bedrock excavation

including for caissons and tiebacks. Such rock excavations could require more aggressive excavation methods,

such as by undertaking line drilling, which should be independently assessed by the contractor but blasting

should be avoided.
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7.4 Open-Cut Excavation Stability

In accordance with the Occupational Health and Safety Act (OHSA) of Ontario and based on engineering

experience, the overburden within the limits of the project can be classified as Type 3 Soil, above groundwater,

but in view of the fissured nature of the surficial silty clay, should not be sloped steeper than 2H:1V. Soils below

groundwater, are classified as OHSA Type 4 Soil. For, OHSA Type 4 Soil, the recommend sloping for the

excavation sides are 3H:1V or shallower or be shored. For excavations through multiple soil types or rock, the

side slope geometry is governed by the soil with the highest Type number designation. However, during

construction, before worker entry, a geotechnical engineer upon inspecting the excavations, may revise these

assessments.

If space restrictions exist, excavations deeper than 1.2 m can be supported by temporary support systems in

compliance with OPSS.MUNI 539, OHSA, O.Reg. 213/91.

Cobbles or boulders larger than 300 mm in diameter should be removed from the side slopes for worker safety.

Please refer to the factual section of this report which includes a description various layers of the overburden.

Large size of rock fill, cobbles, and boulders may be encountered due to rock excavations. The Occupational

Health and Safety Act (OHSA) of Ontario indicate that rock could be classified as Type 1 Soil. However, in view

of low RQD values recorded (see Fig. 6.1), side slopes in highly fractured bedrock, i.e., with low RQD, are

classified as OHSA Type 3 soil and should be sloped no steeper than 1H:1V. For basement side wall excavations

which are vertical, recommendations are given in Section 6.5.5.5 for rock face stabilization considerations.

7.5 Required Dewatering Permits

The excavation needs to be kept relatively dry. Due to the monitored high groundwater level, dewatering will

be required as per OPSS.MUNI 517.

Based on the O.Reg 63/13 and O.Reg 387/04, if the volume of extracted water expected is greater than 400,000

liters per day, then a Permit to Take Water (PTTW) needs to be obtained from the Ontario Ministry of

Environment Conservation and Parks. For expected groundwater extraction between 50,000 and 400,000 liters

per day, an Environmental Activity and Sector Registry (EASR) permit is adequate. The volume of pumped water

per day is a function of the length of excavated trench and the dewatered zone. Based on the encountered

stratigraphy, the amount of groundwater intake, and the size of excavation, an application for a Permit to Take

Water (PTTW) will be required.

 All backfilling shall comply with the OPSS.MUNI 501 and the City of Ottawa Special Provision General No. D-

029 for compaction requirements, unless the design recommendations included in this report exceed

provisions of OPSS.MUNI 501 and D-029.
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7.6 Construct ion Monitoring Requirements for Geotechnical Issues

Special attention should be given to excavations in the proximity of the existing utilit ies. Public and private

utility authorities should be notified before the commencement of construction of the proposed development,

and all utility clearance documents should be obtained. The contractor shall inform owners of all existing

utilit ies before proceeding with excavation. The utility owners may provide the permissible deformation that a

particular utility may tolerate.

A monitoring program should be developed by the shoring designer to monitor the inward movements of the

excavation support system to ensure compliance with the design assumptions and avoidance of adverse

impacts on nearby structures and buried services. Similar requirements apply for dewatering impacts.

A preconstruction/dilapidation survey is recommended to be carried out on the existing townhouse blocks to

the east, utilit ies, or pavements that may be affected by ground movements. This survey should be carried out

prior to the commencement of any dewatering/excavation to establish baseline readings on targets mounted

on selected front portions of the existing townhouses and on selected targets for other accessible utilit ies and

structures. At least three sets of baseline readings should be undertaken.

Both vertical and horizontal targets should be installed on the caissons, with a greater number of targes on the

east side caissons. Survey monitoring should be undertaken to capture x,y,z of target movements (caissons and

townhouses) and at each support level. The monitoring should be continued till the end of below-ground

construction or as until determined by the shoring contractor, whichever is later, at least on a weekly basis,

including the winter months to detect any damaging movements due to frost. Regular monitoring also provides

the means of early detection of potential problems or signs of overloading of the system. Evidence of adverse

readings will enable directions to be given to improve shoring support.  It is emphasized that shoring monitoring

is an integral part of the design philosophy.

Therefore, it is recommended that monitoring points on building foundations in the vicinity of the excavated

areas within the larger of the two radii of influence zones, i.e., the excavation induced zone of influence and

the dewatering induced zone of influence be installed, to document the monitoring point elevations before

and after construction. The reference points on structures should be kept for future reference. This will also

help to address third party claims. A monitoring program shall be included in the Quality Control documents

submitted by the contractor. The monitoring program where required should conform to industry practices.

If there are any structures that the designers may have concern, McIntosh Perry has the expertise and

resources to design and implement case-specific monitoring programs for these structures under a separate

scope.



16 Edgewater Street, Kanata, ON

Preliminary Geotechnical Investigation Report
CCO-22-0244

42

7.7 Ground Vibrations and Noise

Shoring installation operations must ensure that construction-induced vibration levels do not adversely result

in soil disturbance and associated unexpected settlements of the nearby roadway, buildings, and utilit ies. Also,

the noise level should be kept at a tolerance level of noise per the City of Ottawa requirements. Applicable

non-exceedance noise levels should be adhered to in the operation of pump units and in other construction

processes.

Vibration and deformation monitoring will be required throughout the process of shoring installation,

excavation, construction, and backfilling.

7.8 Subgrade Preparation and Inspection

The excavated subgrade must be kept dry at all t imes to minimize disturbance to the subgrade under the

influence of dewatering/depressurization requirements as discussed under Section 6.3.  The subgrade shall be

kept dry at all t imes, especially before compaction and proof rolling.

Any grade adjustment due to over-excavation shall be Granular A conforming to OPSS.MUNI 1010.  Granular A

should be placed in loose uniform lifts not thicker than 300 mm and compacted to a minimum of 98% SPMDD.

A geotechnical engineer or technician should attend the site to confirm subgrade excavation, type of fill

material and level of compaction.

8.0 PAVEMENT AND HARD SURFACING

8.1 Pavement Structure

It is understood the entire above ground parking area will be located on a reinforced concrete slab. The

structural engineer and the architect shall comment on surface covering of their choice. There are two

entrances predicted for the site which is expected to be heavily used connecting the road to the structure. The

pavement structure shown in the following table shall be used for the road connection to the structure.

Table 8-1: Pavement Structures

Material Thickness (mm)

Surface Superpave 12.5 mm, PG 58-34 40

Upper Binder Superpave 19 mm, PG 58-34 50

Base OPSS Granular A 150

Sub-base OPSS Granular B Type II 450
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The base and sub-base materials, i.e., Granular A for base and Granular B Type II for sub-base, shall be in

accordance with OPSS.MUNI 1010. Both base and sub-base should be compacted to 100% SPMDD. Asphalt

layers should be compacted to comply with OPSS 310.

8.2 Sidewalks and Hard Surfacing

The width and extent of the sidewalks will be defined as per the architectural drawings. The designer shall

provision adequate slope, based on applicable codes, to provide appropriate runoff discharge. Sidewalks can

be categorized under residential/ commercial use. The City of Ottawa SC4 ‘Typical Concrete Sidewalk in

Boulevard’ standard is recommended for the construction of the concrete sidewalk. Expansion, construction,

and dummy joints shall be spaced per the City of Ottawa standards SC5 ‘Sidewalk Construction Joints’ and SC14

‘Sidewalk Joints’. A minimum of 150 mm bedding of OPSS Granular ‘A’ compacted to 100% SPMDD is required

for the concrete sidewalk panels.

All proposed new curbs shall be constructed as per applicable standards. It is recommended to follow City of

Ottawa detail provided in SC1.4 ‘Concrete Barrier Curb with Sidewalk’. Curbs should receive a minimum of 150

mm Granular ‘A’ bedding compacted to 100% SPMDD on a proof rolled subgrade that is free from soft, loose,

and organic materials.

Interlocking concrete pavers could be used for the walkways and terraces at this site. The concrete pavers

should meet the requirements of ASTM C936. The concrete pavers used for walkways (no vehicle traffic) should

be placed on a minimum of 25 mm sand bedding which should meet the gradation requirements for concrete

sand as described in CSA A23.2-04, Section 4.2.3.3. Below the sand, a minimum of 300 mm OPSS Granular ‘A’

compacted to 100% SPMDD should be provided.

9.0 SITE SERVICES

At the subject site, the burial depth of water-bearing utility lines is typically 2.4 m below the ground surface. If

this depth is not achievable due to the bedrock level, equivalent thermal insulation should be provided.

The Occupational Health and Safety Act (OHSA) of Ontario indicated that native overburden can be classified

as Type 4 soil, and excavation side slopes can be sloped at a minimum of 3H:1V or be shored. If space

restrictions are encountered, the excavations can be carried out within closed sheeting, which is fully braced

to resist lateral earth pressure.

Utilit ies should be supported on a minimum of 150 mm bedding of Granular A compacted to a minimum of

98% of SPMDD. Utility cover can be Granular A or Granular B type II compacted to 96% SPMDD. All covers are

to be compacted to 100% SPMDD if they are intersecting structural elements. Compaction loads can damage

the buried pipes and thus it  is recommended to choose utility pipes that can tolerate compaction loads.



16 Edgewater Street, Kanata, ON

Preliminary Geotechnical Investigation Report
CCO-22-0244

44

A geotechnical engineer or technician should attend the site to confirm the bedrock, type of fill material, and

level of compaction. All bearing surfaces should be inspected by experienced geotechnical personnel before

pouring the concrete to ensure that strata having adequate bearing capacity have been reached, and the

bearing surfaces have been properly prepared.

10.0 CLOSURE

We trust this geotechnical investigation report meets the requirements of your project. The “Limitations of

Report”  presented in Appendix A are an integral part of this report. Please contact the undersigned should you

have any questions or concerns.

McIntosh Perry Consult ing Engineers Ltd.

N’eem Tavakkoli, M.Eng., P.Eng.

Senior Geotechnical Engineer

Vasantha Wijeyakulasuriya, M.Eng., P.Eng.

Senior Technical Director, Geotechnical
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McIntosh Perry Consulting Engineers Ltd. (McIntosh Perry) carried out the field work and prepared the report. This 

document is an integral part of the Foundation Investigation and Design report presented. 

The conclusions and recommendations provided in this report are based on the information obtained at the borehole 

locations where the tests were conducted. Subsurface and groundwater conditions between and beyond the boreholes 

may differ from those encountered at the specific locations where tests were conducted and conditions may become 

apparent during construction, which were not detected and could not be anticipated at the time of the site 

investigation. The benchmark level used and borehole elevations presented in this report are primarily to establish 

relative differenced in elevations between the borehole locations and should not be used for other purposes such as to 

establish elevations for grading, depth of excavations or for planning construction. 

The recommendations presented in this report for design are applicable only to the intended structure and the project 

described in the scope of the work, and if constructed in accordance with the details outlined in the report. Unless 

otherwise noted, the information contained in this report does not reflect on any environmental aspects of either the 

site or the subsurface conditions. 

The comments or recommendation provided in this report on potential construction problems and possible construction 

methods are intended only to guide the designer. The number of boreholes advanced at this site may not be sufficient 

or adequate to reveal all the subsurface information or factors that may affect the method and cost of construction. The 

contractors who are undertaking the construction shall make their own interpretation of the factual data presented in 

this report and make their conclusions, as to how the subsurface conditions of the site may affect their construction 

work. 

The boundaries between soil strata presented in the report are based on information obtained at the borehole 

locations. The boundaries of the soil strata between borehole locations are assumed from geological evidences. If 

differing site conditions are encountered, or if the Client becomes aware of any additional information that differs from 

or is relevant to the McIntosh Perry findings, the Client agrees to immediately advise McIntosh Perry so that the 

conclusions presented in this report may be re-evaluated.  

Under no circumstances shall the liability of McIntosh Perry for any claim in contract or in tort, related to the services 

provided and/or the content and recommendations in this report, exceed the extent that such liability is covered by 

such professional liability insurance from time to time in effect including the deductible therein, and which is available to 

indemnify McIntosh Perry. Such errors and omissions policies are available for inspection by the Client at all times upon 

request, and if the Client desires to obtain further insurance to protect it against any risks beyond the coverage provided 

by such policies, McIntosh Perry will co-operate with the Client to obtain such insurance. 

McIntosh Perry prepared this report for the exclusive use of the Client. Any use which a third party makes of this report, 

or any reliance on or decision to be made based on it, are the responsibility of such third parties. McIntosh Perry accepts 

no responsibility and will not be liable for damages, if any, suffered by any third party as a result of decisions made or 

actions taken based on this report. 
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Affordable Housing - 16 Edgewater Street, Kanata, ON

Figure 3
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Unified Soil Classification System
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Affordable Housing - 16 Edgewater Street, Kanata, ON
Figure 5
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Affordable Housing - 16 Edgewater Street, Kanata, ON

Figure No. 7
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Sandy and Gravelly Silt, trace of
clay, brown, dry, compact, presence
of organic matter,

 - [FILL]
Silty Clay, brown, damp, stiff

-------------------------------------------
Silty Clay, soft

Sandy Silt some clay, trace gravel,
brown, damp to wet
 - [TILL]
Highly Weathered Limestone
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Topsoil ~ 40 mm
Sand and Gravel, some silt, brown,
dry, dense

 - [FILL]

Silty Clay, brown to grey, damp,
firm

Clayey Sand, some silt, brown,
moist, loose

Silty Clay, some sand, brown,
moist, firm

Sand, brown, wet, compact (Till)

END OF BOREHOLE

Inferred bedrock/boulders.

Groundwater was observed in auger
@ 3.0 m BGS.

Groundwater was observed in open
borehole on completiong @ 2.3 m
BGS.
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A stone in the
SPT spoon
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2.3 m BGS.

Groundwater
in auger @
3.0 m BGS.
SPT spoon
sampler and
auger refusal
at 3.1 m BGS.
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REF. NO.:  CCO-22-0244

ENCL NO.: 4

PROJECT: RESIDENTIAL HOUSING

CLIENT: McCluskey Group

PROJECT LOCATION: 16 Edgewater Street, Kanata, ON.

DATUM: MTM Zone 9

BH LOCATION: 16 Edgewater Street, Kanata, ON.  N 5017466 E 352247
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Method: Split Spoon Auger
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Topsoil ~50 mm
Silty Sand and Gravel, some clay,
brown, damp, compact, presence of
organic matter
 -[FILL]

Clayey Silt, trace sand, brown, dry,
stiff

Clayey Sand, brown, damp to wet,
loose

Silty Clay, some sand, brown,
moist, soft to firm

-------------------------------------------
Clayey Silt, trace sand, trace

gravel, brown to grey, moist, soft to
firm

Silty Sand, some clay, some gravel,
grey to reddish brown, wet, loose to
compact. Presence of cobbles and
boulders.
 - [TILL]

END OF BOREHOLE

Inferred bedrock/boulders.

Groundwater was observed in open
borehole @ 1.1 m BGS.

Groundwater was observed in auger
@ 3.0 m BGS.
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Groundwater
was observed
in open
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Groundwater
was observed
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Vane push
refusal

Auger grinds
from 4.0 m
BGS to the
EOB.
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REF. NO.:  CCO-22-0244

ENCL NO.: 5

PROJECT: RESIDENTIAL HOUSING

CLIENT: McCluskey Group

PROJECT LOCATION: 16 Edgewater Street, Kanata, ON.

DATUM: MTM Zone 9

BH LOCATION: 16 Edgewater Street, Kanata, ON.  N 5017456 E 352263
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DRILLING DATA

Method: Split Spoon Auger

Diameter: 200

Date:  Jun/09/2021
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Topsoil ~ 50 mm
Sand and Gravel trace silt, brown,
dry, compact

 - [Fill]

Silty Clay trace sand, brown dry to
damp, firm

Silty Clay, some sand, brown, wet
to moist, firm to soft

Clayey Sand, some gravel, grey,
wet, soft to firm

Presence of cobbles and boulders
 - [TILL]

END OF BOREHOLE

Inferred bedrock/boulders

Groundwater was observed inauger
@ 3.7 m BGS.
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Auger grinds

Groundwater
was observed
in auger @
3.7 m BGS.

SPT spoon
sampler and
auger refusal
@ 5.2 m BGS.
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REF. NO.:  CCO-22-0244

ENCL NO.: 6

PROJECT: RESIDENTIAL HOUSING

CLIENT: McCluskey Group

PROJECT LOCATION: 16 Edgewater Street, Kanata, ON.

DATUM: MTM Zone 9

BH LOCATION: 16 Edgewater Street, Kanata, ON.  N 5017460 E 352284
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DRILLING DATA

Method: Split Spoon Auger

Diameter: 200

Date:  Jun/11/2021
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Topsoil ~ 25 mm
Sand and Gravel, some silt, trace
clay, brown, dry , compact to dense.
Presence of organic matter
[FILL]

Silty Clay, brown, damp to moist,
soft to stiff

Clayey Sand, brown to grey, wet,
loose

Silty and Sandy Clay, some gravel,
grey, wet, firm
 - [Till]

Silty Sand and Gravel, grey, wet,
compact, [Till]
Hightly Weathered Limestone

Vertical cracks.

END OF BOREHOLE

Groundwater was observed in the
well on June 11, 2021 @ 2.6 m
BGS.
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The well is
protected with
a stickup
case.
Stone in the
SPT tip. Auger
grinds.

Black stain in
the sample
(smells/oudor)

Empty SPT
spoon
sampler
(SS-03)

Groundwater
was observed
in the well on
June 11, 2021
@ 2.6 m BGS.

SPT spoon
sampler and
auger refusals
@ 4.9 m BGS.
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REF. NO.:  CCO-22-0244

ENCL NO.: 7

PROJECT: RESIDENTIAL HOUSING

CLIENT: McCluskey Group

PROJECT LOCATION: 16 Edgewater Street, Kanata, ON.

DATUM: MTM Zone 9

BH LOCATION: 16 Edgewater Street, Kanata, ON.  N 5017481 E 352271
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DRILLING DATA

Method: Split Spoon Auger

Diameter: 200

Date:  Jun/10/2021
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Topsoil ~50 mm
Sand and Gravel, some silt, brown,
dry. Presence of organic matter.
[FILL]

Clayey Silt, some sand, brown,
damp, firm to stiff

Silty Clay, brown, firm to soft

Clayey Sand, some gravel, trace
clay, grey, moist to wet, compact.
Presence of cobbles and boulder

 - [TILL]

Highly Weathered Limestone

END OF BOREHOLE
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A stone in the
SPT tip

Auger grinds

SPT spoon
sampler and
auger refusals
@ 4.6 m BGS.
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REF. NO.:  CCO-22-0244

ENCL NO.: 8

PROJECT: RESIDENTIAL HOUSING

CLIENT: McCluskey Group

PROJECT LOCATION: 16 Edgewater Street, Kanata, ON.

DATUM: MTM Zone 9

BH LOCATION: 16 Edgewater Street, Kanata, ON.  N 5017500 E 352264
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DRILLING DATA

Method: Split Spoon Auger

Diameter: 200

Date:  Jun/10/2021
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Topsoil ~ 75 mm
Sand and Gravel, brown to dark
brown, dry, compact, [FILL]

Silty Clay, trace sand, brown,
damp, firm to stiff

Silty Sand, brown, damp

Silty Clay, trace sand, brown, moist,
firm

Clayey Sand, some gravel, brown,
moist to wet, compact, [Till]

Precence of cobbles and boulders

Sand and Gravel, trace clay, trace
silt, brown, wet, [Till]
Highly Weathered Limestone

END OF BOREHOL

Groundwater was observed in auger
@ 3.8 m BGS.
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Shattered
stone in the
SPT tip.

SPT spoon
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refusal @ 2.7
m BGS. Auger
grinds.
Crushed and
shattered
stone in SPT
spoon and tip.
Auger grinds
and rattles.
Groundwater
was observed
in auger @
3.8 m BGS.
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REF. NO.:  CCO-22-0244

ENCL NO.: 9

PROJECT: RESIDENTIAL HOUSING

CLIENT: McCluskey Group

PROJECT LOCATION: 16 Edgewater Street, Kanata, ON.

DATUM: MTM Zone 9

BH LOCATION: 16 Edgewater Street, Kanata, ON.  N 5017478 E 352293
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DRILLING DATA

Method: Split Spoon Auger

Diameter: 200

Date:  Jun/11/2021
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Topsoil ~ 50 mm
Sand and Gravel, some silt, brown,
dry, compact, [FILL]

Silty Clay, trace sand, brown, damp

Clayey Sand, brown, moist, loose

Silty Clay, some sand, grey, wet,
soft

Sand and Gravel, trace clay, trace
silt, compact, [TILL]
Presence of cobbles and boulders

END OF BOREHOLE

Inferred bedrock/boulders
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facilitate
drilling

Sensitivity =
10
Sensitivity = 8

Auger grinds

SPT spoon
sampler
refusal @ 5.5
m BGS.

Rock in SPT
tip. Auger
refusal @ 5.8
m BGS.
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REF. NO.:  CCO-22-0244

ENCL NO.: 10

PROJECT: RESIDENTIAL HOUSING

CLIENT: McCluskey Group

PROJECT LOCATION: 16 Edgewater Street, Kanata, ON.

DATUM: MTM Zone 9

BH LOCATION: 16 Edgewater Street, Kanata, ON.  N 5017499 E 352297
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DRILLING DATA

Method: Split Spoon Auger

Diameter: 200

Date:  Jun/11/2021
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Topsoil ~ 50 mm
Sand and Gravel, some silt, brown,
dry, compact, (FILL)

Clayey Silt, some sand, trace
gravel, brown, damp, soft to firm

Silty Sand, trace gravel, brown, wet,
loose

Silty Clay, trace sand, gray, wet,
soft

Sand and Gravel, trace silt, grey,
wet, very loose (Till)

Inferred Till
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White
substance/
debris. Could
be gypsum.

Groundwater
was observed
in auger @
2.6 m BGS.

Sensitivity = 9

Sensitivity = 8

Sensitivity = 5

Sensitivity = 5
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REF. NO.:  CCO-22-0244

ENCL NO.: 11

PROJECT: RESIDENTIAL HOUSING

CLIENT: McCluskey Group

PROJECT LOCATION: 16 Edgewater Street, Kanata, ON.

DATUM: MTM Zone 9

BH LOCATION: 16 Edgewater Street, Kanata, ON.  N 5017519 E 352276
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June 30,2021

OL-1

Geotech Investigation - 16 Edgewater, Kanata, ON

Date Issued:

Report No.:

Project No.:

Lab No.:

Project Name:

CCO-22-0244

OL-21037

Core No.:

Borehole Location:

Date Sampled:

BH 21-01

06/09/21

Run:

Received:

06/09/21 Received:

Borehole Location:

Moisture Condition:

06/30/21

As Received

2 Moisture Condition: As Received

Date Sampled:

Core No.:

Borehole Location:

Tested: 07/06/21

1

44.9

3

45.0

06/30/21 Tested: 07/06/21

BH 21-3 Run: RC-5 Depth (ft): 12'5"-12'10"

06/09/21 Received:

3 Moisture Condition: As Received

Date Sampled:

Core No.:

150.3

N/A

Type 2Type 2

N/A

Type 4

N/A

Core No. :

Diameter (mm)

Thickness/Height (mm)

Density (Kg/m
3
)

Compressive Strength (Mpa)

108.5

2716

197.3

2

45.0

112.0

2702

180.6

Corr. Compressive Strength (Mpa)

Description of Failure

Date: July 7,2021

Jason Hopwood-Jones

Laboratory Manager

*Note - Type 2 fracture: Well-formed cone on one end, vertical cracks running through

ends, no-well defined cone on the other end.

*Note - Type 4 fracture: Diagonal fracture with no to slight cracking through ends.

Remarks:

Reviewed By: 

109.4

2696

BH 21-02 Run: RC-9 Depth (ft): 22'2"-22'7"

RC-12

06/30/21

Depth (ft):

Tested:

35'9"-36'2"

07/06/21

1

Unconfined Compressive Strength of Intact Rock Cores

ASTM D7012 Method C

McIntosh Perry 104-215 Menten Place Nepean, ON K2H 9C1 Ph.:613.453.0751 email:j.hopwood-jones@mcintoshperry.com



Lab No.: OL-21037 Report No.: OL-1

Project Name: Geotech Investigation - 16 Edgewater, Kanata, ON

Project No.: CCO-22-0244 Date Issued: June 30,2021

19'1"-19'6"

Date Sampled: 06/09/21 Received: 06/30/21 Tested: 07/06/21

Core No.: 4 Moisture Condition: As Received

Borehole Location: BH 21-07 Run: RC-9 Depth (ft):

Date Sampled: 06/09/21 Received: 06/30/21 Tested: 07/06/21

Core No.: 5 Moisture Condition: As Received

Borehole Location: BH 21-08 Run: RC-7 Depth (ft): 17'2"-17'7"

Date Sampled: 06/09/21 Received: 06/30/21 Tested: 07/06/21

Core No.: 6 Moisture Condition: As Received

Borehole Location: BH 21-9 Run: RC-8 Depth (ft): 16'0"-16'5"

Thickness/Height (mm) 109.4 109.0 108.7

Density (Kg/m
3
) 2681 2634 2678

Core No. : 4 5 6

Diameter (mm) 45.0 44.9 45.0

Description of Failure Type 4 Type 4 Type 1

Remarks: *Note: Microcracks throughout number 6 rock core.

Compressive Strength (Mpa) 118.5 72.8 88.1

Corr. Compressive Strength (Mpa) N/A N/A N/A

Jason Hopwood-Jones

Laboratory Manager

*Note - Type 4 fracture: Diagonal fracture with no to slight cracking through ends.

*Note: Rock core # 4 had a seem of quarts on a diagonal plane at failure.

Reviewed By: Date: 07-Jul-21

Unconfined Compressive Strength of Intact Rock Cores

ASTM D7012 Method C

McIntosh Perry 104-215 Menten Place Nepean, ON K2H 9C1 Ph.:613.453.0751 email:j.hopwood-jones@mcintoshperry.com



 

 

 

 

 

 

 

 

  

 

Client:    McCluskey Group 

Project:  Affordable Housing – 16 Edgewater Street, Kanata, ON. 
 

BH21-01     Core#: RC – 11                      Run: 9.0 m – 10.5 m 

BH21-01     Core#: RC – 12                      Run: 10.5 m – 12.0 m 
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Client:    McCluskey Group 

Project:  Affordable Housing – 16 Edgewater Street, Kanata, ON. 
 

BH21-02     Core#: RC – 09                      Run: 6.1 m – 7.4 m 

BH21-02     Core#: RC – 10                      Run: 7.4 m – 9.0 m 
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Client:    McCluskey Group 

Project:  Affordable Housing – 16 Edgewater Street, Kanata, ON. 
 

BH21-03     Core#: RC – 05                      Run: 2.7 m – 4.2 m 

BH21-03     Core#: RC – 06                      Run: 4.2 m – 5.8 m 

BH21-03     Core#: RC – 07                      Run: 5.8 m – 6.0 m 
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Client:    McCluskey Group 

Project:  Affordable Housing – 16 Edgewater Street, Kanata, ON. 
 

BH21-07     Core#: RC – 08                      Run: 4.9 m – 5.4 m 

BH21-07     Core#: RC – 09                      Run: 5.4 m – 6.7 m 

BH21-07     Core#: RC – 10                      Run: 6.7 m – 7.6 m 

BH21-07     Core#: RC – 10                      Run: 7.6 m – 8.2 m 
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Client:    McCluskey Group 

Project:  Affordable Housing – 16 Edgewater Street, Kanata, ON. 
 

BH21-08     Core#: RC – 07                      Run: 4.6 m – 5.7 m 

BH21-08     Core#: RC – 08                      Run: 5.7 m – 6.1 m 

BH21-08     Core#: RC – 09                      Run: 6.1 m – 7.7 m 
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Client:    McCluskey Group 

Project:  Affordable Housing – 16 Edgewater Street, Kanata, ON. 
 

BH21-09     Core#: RC – 07                      Run: 4.0 m – 4.8 m 

BH21-09     Core#: RC – 08                      Run: 4.8 m – 6.0 m 

BH21-09     Core#: RC – 09                      Run: 6.0 m – 7.4 m 
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www.paracellabs.com

1-800-749-1947

Ottawa, ON, K1G 4J8

300 - 2319 St. Laurent Blvd

Attn: Jason Hopwood-Jones

Nepean, ON K2H 9C1

215 Menten Place, Unit 104

McIntosh Perry Consulting Eng. (Nepean)

Certificate of Analysis

This Certificate of Analysis contains analytical data applicable to the following samples as submitted:

Paracel ID Client ID

 Order #: 2133058

Order Date: 6-Aug-2021 

    Report Date: 12-Aug-2021 

Client PO: CCO-22-0244 

Custody:    128753 

Project: 16 Edgewater

2133058-01 BH21-02 SS-05

2133058-02 BH21-10 SS-05

Any use of these results implies your agreement that our total liabilty in connection with this work, however arising, shall be limited to the amount paid by you for 

this work, and that our employees or agents shall not under any circumstances be liable to you in connection with this work.

Approved By:

Page 1 of 7

Laboratory Director

Dale Robertson, BSc



 Order #: 2133058

Project Description: 16 Edgewater

Certificate of Analysis

Client:

Report Date: 12-Aug-2021

Order Date: 6-Aug-2021 

Client PO:  CCO-22-0244

McIntosh Perry Consulting Eng. (Nepean)

Analysis Summary Table

Analysis Method Reference/Description Extraction Date Analysis Date

EPA 300.1 - IC, water extraction 10-Aug-21 10-Aug-21Anions

EPA 150.1 - pH probe @ 25 °C, CaCl buffered ext. 12-Aug-21 12-Aug-21pH, soil

EPA 120.1 - probe, water extraction 11-Aug-21 12-Aug-21Resistivity

Gravimetric, calculation 10-Aug-21 10-Aug-21Solids,  %

Page 2 of 7



 Order #: 2133058

Project Description: 16 Edgewater

Certificate of Analysis

Client:

Report Date: 12-Aug-2021

Order Date: 6-Aug-2021 

Client PO:  CCO-22-0244

McIntosh Perry Consulting Eng. (Nepean)

Client ID: BH21-02 SS-05 BH21-10 SS-05 - -

Sample Date: --09-Jun-21 09:0009-Jun-21 09:00

2133058-01 2133058-02 - -Sample ID:

MDL/Units Soil Soil - -

Physical Characteristics

% Solids --60.461.90.1 % by Wt.

General Inorganics

pH --7.92 [1]7.70 [1]0.05 pH Units

Resistivity --15.223.80.10 Ohm.m

Anions

Chloride --12 [1]141 [1]5 ug/g dry

Sulphate --471 [1]74 [1]5 ug/g dry

Page 3 of 7



 Order #: 2133058

Project Description: 16 Edgewater

Certificate of Analysis

Client:

Report Date: 12-Aug-2021

Order Date: 6-Aug-2021 

Client PO:  CCO-22-0244

McIntosh Perry Consulting Eng. (Nepean)

Qualifer Notes:

Login Qualifers :

Received at temperature > 25C 

Applies to samples: 

Sample - One or more parameter received past hold time - Chloride, pH, sulphate 

Applies to samples:  BH21-02 SS-05, BH21-10 SS-05

Sample Qualifers :

Holding time had been exceeded upon receipt of the sample at the laboratory. : 1

Sample Data Revisions

None

Work Order Revisions / Comments:

None

Other Report Notes:

MDL: Method Detection Limit

n/a: not applicable

Source Result: Data used as source for matrix and duplicate samples

%REC: Percent recovery.

RPD: Relative percent difference.

ND: Not Detected

NC: Not Calculated

Soil results are reported on a dry weight basis when the units are denoted with 'dry'.

Where %Solids is reported, moisture loss includes the loss of volatile hydrocarbons.

Page 7 of 7



 

 
 

16 EDGEWATER STREET KANATA, ON

 

APPENDIX F 

SEISMIC HAZARD CALCULATION

 



2010 National Building Code Seismic Hazard Calculation
INFORMATION: Eastern Canada English (613) 995-5548 français (613) 995-0600 Facsimile (613) 992-8836

Western Canada English (250) 363-6500 Facsimile (250) 363-6565

Site: 45.295N 75.895W User File Reference: 16 Edgewater Street, Kanata, ON

Requested by: McIntosh Perry

2021-08-12 14:07 UT

Probability of exceedance 
per annum 0.000404 0.001 0.0021 0.01

Probability of exceedance 
in 50 years 2 % 5 % 10 % 40 %

Sa (0.2) 0.619 0.376 0.240 0.085

Sa (0.5) 0.299 0.181 0.119 0.042

Sa (1.0) 0.134 0.085 0.054 0.017

Sa (2.0) 0.045 0.027 0.017 0.006

PGA (g) 0.316 0.195 0.118 0.036

Notes: Spectral (Sa(T), where T is the period in seconds) and peak ground acceleration (PGA) values are
given in units of g (9.81 m/s2). Peak ground velocity is given in m/s. Values are for "firm ground"
(NBCC2015 Site Class C, average shear wave velocity 450 m/s). NBCC2015 and CSAS6-14 values are
highlighted in yellow. Three additional periods are provided - their use is discussed in the NBCC2015
Commentary. Only 2 significant figures are to be used. These values have been interpolated from a
10-km-spaced grid of points. Depending on the gradient of the nearby points, values at this
location calculated directly from the hazard program may vary. More than 95 percent of
interpolated values are within 2 percent of the directly calculated values.

References

National Building Code of Canada 2015 NRCC no. 56190; Appendix C: Table C-3, Seismic Design
Data for Selected Locations in Canada

Structural Commentaries (User's Guide - NBC 2015: Part 4 of Division B)
Commentary J: Design for Seismic Effects

Geological Survey of Canada Open File 7893 Fifth Generation Seismic Hazard Model for Canada: Grid
values of mean hazard to be used with the 2015 National Building Code of Canada

See the websites www.EarthquakesCanada.ca and www.nationalcodes.ca for more information

http://www.earthquakescanada.nrcan.gc.ca
http://www.nationalcodes.ca
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Project Name: Affordable Housing - 16 

Edgewater Street, Kanata, ON.

Project Numver: CCO-22-0244

Figure G-1

Drainage Recommendations
Shored Basement Wall with Underfloor Drainage System

(not to scale)
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Project Name: Affordable Housing - 16 

Edgewater Street, Kanata, ON.

Project Numver: CCO-22-0244

Figure G-2

Drainage Recommendations
Shored Basement Wall with Underfloor Drainage System

(not to scale)
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115 Walgreen Road, R.R.3. Carp, ON  K0A 1L0 |  T. 613-836-2184 |  F. 613-836-3742

info@mcintoshperry.com |  www.mcintoshperry.com

TECHNICAL MEMORANDUM

To: Benjamin Clare, MCIP, RPP

Senior Land Use Planner

From: Geotechnical Division

Date: December 21, 2018

Re: Preliminary Geotechnical Investigation Results (UPDATED), 6 Edgewater Street, Ottawa, Ontario

The intent of this memorandum is not to replace the Geotechnical Report, it is only intended to provide general

expert opinion on site conditions and its suitability for development. At this point all boreholes have been

drilled as intended. Conceptual site plans indicated potential development opportunit ies along the north and

the east of the property. Therefore, boreholes were focused on those parts of the land. The quick turnaround

requested by the client did not provide adequate time for laboratory testing and detailed analysis process.

Judgements provided in this memorandum are based on our previous experience with soils of similar properties

an design procedures indicated in relevant standards, codes and guidelines.

Field Procedure

An environmental drilling program was scheduled for December 13, 2018. Our geotechnical field staff attended

the site during environmental drilling and performed geotechnical testing and limited sampling in two of the

environmental boreholes which were drilled for monitoring well installations. A separate geotechnical drilling

program was conducted on December 19 and more rigorous in-situ geotechnical testing and sampling,

including one undisturbed sample, were completed during site investigation. Borehole location sketch and

draft borehole logs are appended to this memorandum.

Subsurface Conditions

Soil descriptions provided in this section are solely based on visual observations and in-situ testing. At present

there is no lab testing results available to confirm soil descriptions, however soil descriptions can be considered

accurate for the purpose of this preliminary discussion.

Topsoil

A layer of approximately 150 mm of topsoil was encountered across all boreholes.

Fill

Topsoil was underlain by fill which consistently encountered in all boreholes. Fill thickness ranged between 0.3

m and 1 m with an average thickness of 0.7 m. SPT ‘N’ values within the fill ranged between 6 and 16 indicating

a relatively non-homogeneous mix. Fill is clayey silt with some sand and gravel. Based on the visual observation

the existing fill does not comply with OPSS Granular criteria therefore it cannot be used as engineered fill. The

fill, as observed, is not suitable to provide structural support or drainage. However, fill can be bulk sampled



6 Edgewater Street, Ottawa, ON

Preliminary Geotechnical Information 0CP-17-0635-02

2

during construction and tested for gradation and proctor to determine if it  can be used or not for landscaping

or general grade raise.

Clayey Silt

Fill was underlain by clayey silt trace to some sand in all boreholes except BH18-2. The clayey silt was considered

‘firm’ with SPT blow counts between 0 to 7 blows/ 300 mm. Presence of cobbles was inferred within this layer.

This layer ranged between 1 to 3 m in thickness.

Silty Sand

A layer of silty sand trace to some clay encountered in borehole BH18-2 underneath the fill and in borehole

BH18-3 underneath the clayey silt. SPT ‘N’ values ranged between 1 to 7 for this layer and it was categorized

as ‘loose’ according to Canadian Foundation Engineering Manual (CFEM).

Sand

A layer of sand encountered in borehole BH18-1, 1.1 m in thickness and SPT ‘N’ value of 8 and was categorized

as ‘loose’.

Clay

A layer of very soft to soft clay encountered in boreholes BH18-2 (3.1 m thick), BH18-3 (3.1 m thick), and BH18-

5 (5.7 m thick). Undrained shear tests were completed within this layer which indicated shear strength of

between 25 kPa to 51 kPa which an average value of 35 kPa undrained shear strength. Remoulded strength

was also measured and indicated sensitivity of between 5 to 16 which indicates the clay is extremely sensitive.

Monitoring well MW18-3 which was drilled and installed by the environmental team also indicated existence

of this soft clay.

Clay/ silt/ sand

Various compositions of clay and silt and sand on top of the bedrock/ refusal was encountered in all boreholes

except borehole BH18-5 with SPT ‘N’ values ranging between 0 and 9. Thicknesses are indicated in the borehole

logs.

Bedrock

Boreholes BH18-1 and BH18-2 were terminated at auger refusal, borehole BH18-3 was terminated at DCPT

cone refusal and boreholes BH18-4 and BH18-5 were cored to prove the rock. Bedrock was identified as

limestone interbedded with shale and calcite. Coring of borehole BH18-4 indicated lower Rock Quality

Designation (RQD) between 0 to 65 with highest value in run 3 out of 4. Bedrock was cored from El. 98.9 to

95.2 in borehole BH18-4. In borehole BH18-5 rock was cored from El. 94.6 down to 92.3 with measured RQD

of 74 and 78 in two runs. It is reasonable to assume auger refusals and DCPT refusals also indicate an

approximate rock surface. It is evident that the rock slopes from northwest corner (4.6 m) to northeast corner

(13.2 m) and east (8 m).
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Groundwater

Groundwater was measured in boreholes BH18-1 and BH18-2 (monitoring wells) at the two opposite corners

of the site 1.1 m and 0.9 m below ground surface respectively (El. 101.2 and 101.5).

Discussion

This discussion is provided to offer an overview on the feasibility of any proposed development and the

opportunit ies and challenges which the site may pose from foundation engineering perspective.

It is a common practice to lower the footings in Ottawa area down to below the expected frost penetration

depth or approximately 1.8 m, unless frost protection is provided by synthetic insulation. However, considering

required removal of all unsuitable topsoil and fill, founding at frost depth seems a plausible choice for this site.

With light-weight buildings in mind, only findings of boreholes BH18-1 and BH18-4 can support construction of

light-weight buildings with no site improvement. Although the bearing capacities might be still low. Findings of

borehole BH18-1 can support a relatively low bearing capacity of approximately 75 kPa SLS for shallow footings.

borehole BH18-4 indicates silt under hydrostatic pressure therefore demonstrating low capacities in saturated

condition. However, bedrock is not far in that borehole and the silt can be dug and replaced by engineered fill.

The very soft clay of high sensitivity which was encountered in all other boreholes (boreholes 2, 3, and 5) pose

a challenge to any development. This clay is expected to undergo large deformations under superimposed loads

of construction. The clay exists along the east side of the property. One solution for construction on such

deposits are to use deep foundations in the design. Given the depth of bedrock at that location, piles are the

most practical options. This option will add the cost of mobilization of pile installation rig and design and

construction of pile caps to the design. However, the issue will still remain with grade raise, land scaping and

pavement load, which depending on the load, may trigger consolidation settlements of their own.

The other option to overcome challenges involving construction on soft clays is to preload the site. To

determine the required surcharge and the length of t ime required on site, the laboratory test on the obtained

undisturbed sample has to be completed. Based on our previous experiences for a soil similar to the soft clay

encountered at this site, an embankment of approximately 3 m to 4 m in height and projecting beyond the

footprints of the buildings by 10 m is required to remain on site for approximately 1 year to 18 months.

Consolidation process can be accelerated by adding more surcharge and installation of wick drains at a cost. All

grade raise and pavement structures can be constructed once the building surcharges are placed and

adjusted/ re-graded upon completion of construction. Pre-loading process also needs an instrumentation and

monitoring program to confirm projected settlements have been achieved. Instrumentation is involved

installation vibrating wire piezometers and settlement plates.

Groundwater level is relatively high at this site. High groundwater table reduces the effective strength of the

soil therefore the bearing capacity. If there is no basement proposed, there shouldn’t be any concerns for
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building operations by having high groundwater table. However, that requires groundwater lowering and

disposal during the course of construction.

Conclusion

In conclusion, the northwest corner of the site is the only location encountered feasible for construction with

relatively low improvement cost. A low bearing capacity can be offered for that portion of the site or depending

on the proposed building location the unsuitable soil can be removed and replaced with engineered fill

(approximately 1 to 2 m in thickness).

The rest of the site is underlain by a layer of very soft and sensitive clay. That clay will undergo noticeably large

deformations due to development loads. In case development is needed for those portions of the site, upon

acquisit ion, the site has to be preloaded for approximately 12 to 18 months (to be confirmed by lab testing)

before construction can begin. Otherwise deep foundations are needed to support the buildings.

Please do not hesitate to contact the undersigned should you have any questions or concerns.

McIntosh Perry Consulting Engineers

N’eem Tavakkoli, P.Eng.

Manager – Foundation Engineering
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Natural ground surface
150 mm Topsoil.

Fill. Clayey silt, some gravel, some

sand, brown, moist, stiff.

Fill. Clayey silt, trace sand, brown,

moist, firm.

Silty sand, some clay, brown, moist to

wet, loose.

- wet

- trace clay

Silty clay, grey, wet, very soft to soft.

Silty and sandy clay, some gravel, grey,

wet, compact to dense (TILL).
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Natural ground surface
150 mm Topsoil.

Fill. Clayey silt, trace to some sand,

trace gravel, brown, moist.

Clayey silt, some sand, grey to brown,

moist to wet, firm.

-Shell fragments

Silty sand, some to trace clay, brown,

wet, loose.

Silty clay, traces of sand, grey, wet, soft.

-sand layers/seams

Clayey and sandy silt, some gravel,

grey, wet, soft to stiff.

Probable Clayey and sandy silt.
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 DCPT refusal on probable bedrock.
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Natural ground surface
150 mm Topsoil.

Fill. Clayey silt, some sand, grey brown,

moist, firm.

Clayey silt, some sand, grey brown,

moist, firm.

Clayey silt, traces of sand, grey, wet,

soft.

Silty and sandy clay, some gravel, gret,

wet, dense (Till).

Limestone Bedrock, interbedded with

Shale, calcite veins.
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Natural ground surface
150 mm Topsoil.

Fill : Clayey silt, some sand, traces of

gravel, brown, moist.

Clayey silt, some sand, grey brown,

moist to wet, soft to firm.

Silty clay, some sand, grey, wet, soft.

Limestone Bedrock, interbedded with

Shale, calcite veins.
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