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1 INTRODUCTION

WSP Canada Inc. (WSP) was retained by CBRE Limited (herein as the Client) to conduct a geotechnical,
environmental (Phase One ESA) and geophysical investigation in support of the proposed renovations to Cisco
campus located at 2000 and 3000 Innovation Drive, Ottawa, Ontario. The work was carried out in general
conformance with the Terms of Reference 306789-ARUP-STR-RPT-ALL provided, and WSP Proposal number
2025CA430115-Rev1, dated July 29, 2025. The approximate location of the site is shown on the Key Map on the
attached Site Plan (Figure 1).

The purpose of the investigation was to assess subsurface soil and groundwater conditions at selected locations
within the Site, by means of several boreholes, and associated laboratory testing. The subsurface conditions
obtained from the previous and current investigation and available project details were used to prepare geotechnical
recommendations for the associated design aspects of the project, including construction considerations which
could influence design decisions.

An environmental assessment (Phase One ESA) and geophysical surveys were completed at the same time as the
present geotechnical investigation. The results of the environmental assessment are provided in a separate report.
The results of the geophysical investigation are provided in Appendix E and F.

This report should be read in conjunction with the attached “Important Information and Limitations of This Report”
which follows the text but forms an integral part of this document. The reader’s attention is specifically drawn to this
information, as it is essential for the proper use and interpretation of this report.

2 DESCRIPTION OF PROJECT

The project site is located in Kanata North, Ontario, and consists of two existing two-storey buildings at 2000 and
3000 Innovation Drive. These buildings belong to the Cisco Ottawa Development Centre and were constructed in
the year 2000. The project site is bordered to the west, east, and south by parking lots and Innovation Drive, and to
the north by grassed areas, parking lots, and existing buildings. Both buildings are rectangular in shape and
measure approximately 80 m in length, 59 m in width, and 9 m in height.

It is understood from the RFP that both buildings are constructed using reinforced concrete, including the roof
structures, and feature slabs-on-grade without basements. The buildings are supported on shallow spread footings,
arranged in a typical grid spacing of 6.6 m x 8.69 m. The lateral resisting system and the perimeter foundation walls
rest on shallow continuous strip footings. The slabs-on-grade, perimeter foundation wall footings, and typical interior
footings are founded at approximate elevations of 88.90 m, 87.35 m, and 88.22 m geodetic, respectively.

Based on the information provided, the Client is planning renovations or extension and the added mass will require
reinforcing the second floor, roof, and shear wall structures. Underpinning of existing foundation elements may
therefore be required. Moreover, parts of the existing 150 mm-thick slab-on-grade will likely be replaced with a
structural bearing slab to handle loadings of up to 12 kPa.

The details of the proposed renovations, foundations, loadings, etc. have been provided to WSP, and are therefore
not known at the time of this report.

3 DESKTOP REVIEW

Golder Associates (now a member of WSP Canada Inc., herein referred to as WSP) has previously carried out
several investigations at this site and is familiar with the existing ground conditions. WSP has reviewed relevant
previous investigation reports, including the following:
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m  Golder Report No. 991-2238 titled: “Geotechnical Investigation, Proposed Cisco Systems Development,
Northtech Park, Kanata, Ontario”, dated January 2000;

m  Golder Report No. 001-2075 titled: “Geotechnical Investigation, Proposed Cisco Systems, Building 2,
Northtech Park, Kanata, Ontario”, dated June 2000;

m  Golder Report No. 001-2129 titled: “Geotechnical Investigation, Proposed Cisco Systems, Building 3,
Northtech Park, Kanata, Ontario”, dated August 2000;

s Golder Report No. 001-2129A titled: “Geotechnical Investigation, Proposed Cisco Systems, Buildings 4, 5 and
Parking Garage, Northtech Park, Kanata, Ontario”, dated August 2002, and

m  Golder Report No. 08-1121-0122 titled: “Geotechnical Investigation, Proposed Generator Building, 5050
Innovation Drive, Ottawa, Ontario”, dated January 2011.

WSP reviewed the existing information available for the site including the following documents provided by the
Client:

m A set of As-Built Drawings titled "Building No.1 Northtech Campus. Innovation Drive, Kanata, Ontario", dated
April 7, 2000.

m A set of As-Built Drawings titled "Building No.2 Northtech Campus. Innovation Drive, Kanata, Ontario", dated
January 26, 2001.

3.1 Physiography

Published surficial geology mapping of the study area from Geological Survey of Canada (2019) was reviewed for
the desktop assessment. The map sources indicates that the site lies within the physiographic unit of Great Lakes
— St. Lawrence Lowlands™.

3.2 Published Geological Information

Based on the surficial geology maps of Southern Ontario published by the Ontario Geological Survey (as well as
previous investigations) the Site is expected to be underlain by fine-textured glaciomarine deposits (silt and clay,
with minor sand and gravel).

Based on the bedrock geology map of Ontario published by OGS, the bedrock beneath the project site is expected
to comprise dolostone or sandstone of the Beekmantown Group.

3.3  Subsurface Information from Golder Report No. 991-2238

A previous geotechnical investigation was completed by Golder Associates Ltd. in 2000 at the site located at 2000
Innovation Drive, Kanata, ON. The results of the investigation were presented in Golder Report No. 991-2238,
entitled “Geotechnical Investigation, Proposed Cisco Systems Development, Northtech Park, Kanata, Ontario”
and dated January 2000. Borehole record sheets from that report are included in Appendix I.

During that investigation, a total of nine boreholes designated as BH99-201, BH99-201A, BH99-202 to BH99-204,
BH99-204A, BH99-205, and BH99-206 were drilled in an undeveloped lot. The boreholes were advanced to

" Geological Survey of Canada, 2019. The Atlas of Canada — Physiographic Regions. <Physiographic Regions | Natural Resources Canada>.
Accessed October 14, 2025.
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depths ranging from 5.9 m bgs to 14.4 m bgs. The borehole records indicate that the subsurface materials at the
site comprised topsoil overlying a weathered crust, underlain by grey silty clay, glacial till, and bedrock. Refusal
(presumed bedrock) was encountered only in borehole BH99-200 at a depth of 14.4 m below the existing (at the
time) surface. Groundwater levels were measured in boreholes BH99-202 and BH99-205 at depths of 1.0to 1.5 m
below the existing ground surface.

The weathered crust was encountered at depths ranging from 0.1 m to 0.4 m, and extended to depths of 3.9 m to
4.9 m. The results of in-situ shear vane testing within this layer indicated undrained shear strengths greater than
96 kPa, indicating a stiff consistency.

Unweathered grey clay was encountered below the silty clay and extended to depths ranging from 5.9 m to
12.0 m. The results of in-situ shear vane testing indicated undrained shear strengths from 27 kPa to 38 kPa,
indicating a firm consistency.

A layer of glacial till was encountered below the grey clay in borehole BH99-200 only. The layer consisted of
sandy till with cobbles and was about 2.4 m in thickness.

3.4 Subsurface Information from Golder Report No. 001-2075

A previous geotechnical investigation was completed by Golder Associates Ltd. in 2000 at the site located at 3000
Innovation Drive, Kanata, ON. The results of the investigation were presented in Golder Report No. 001-2075,
entitled “Geotechnical Investigation, Proposed Cisco Systems Development, Building2, Northtech Park, Kanata,
Ontario” and dated June 2000. Borehole record sheets from that report are included in Appendix I.

During that investigation, a total of six boreholes designated as BH 00-1 to BH 00-6 were drilled in an
undeveloped lot. The boreholes were advanced to depths ranging from 4.4 m to 7.6 m. The borehole records
indicate that the subsurface materials at the site comprised topsoil overlying a weathered crust, underlain by grey
silty clay, glacial till, and bedrock. Refusal (presumed bedrock) was encountered only in borehole BH 00-2, 00-3,
and 00-6 at a depth ranging from 6.4 m to 7.2 m. The groundwater level was measured in borehole BH 00-1 at
depth of 2.1 m below the existing ground surface.

The weathered crust was encountered at depths ranging from 0.1 m to 0.3 m and extended to depths of 3.3 m to
4.8 m. The results of in-situ shear vane testing within this layer indicated undrained shear strengths greater than
from 95 kPa, indicating a stiff consistency.

Unweathered grey clay was encountered below the silty clay and extended to depths ranging from 4.4 mto 7.6 m.
The results of in-situ shear vane testing indicated undrained shear strengths from 40 kPa to 55 kPa, indicating a
firm to stiff consistency.

A layer of very loose to dense glacial till was encountered below the grey clay in borehole BH 00-1, BH 00-2 and
BH 00-6.

4 GEOTECHNICAL INVESTIGATION PROCEDURE
4.1  Utility Locates

Prior to commencing the intrusive site investigation activities, WSP conducted a Site visit on September 7, 2025, in
order to lay out and clear the proposed borehole locations of any underground utilities. WSP retained the services
of USL-1 to identify the location of public and private subsurface utilities within the proposed investigation areas to
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reduce the risk of encountering buried utilities during daylighting and drilling works. All boreholes were cleared out
underground utilities and a stakeout report was provided to WSP prior to mobilizing on site.

4.2 Hydro-Vac Excavation Investigation

Following WSP's review of the underground utility survey reports and given the significant number of buried services
within the Site, hydrovac excavation was required at five locations (BH25-02, BH25-04, BH25-06, BH25-08, and
BH25-09, see Figure 1), from ground surface to about 1.9 m depth, to confirm the absence of buried utilities at the
proposed drilling locations. The hydrovac excavation was carried out on September 24, 2025 by Badger Daylighting
Limited.

At the end of the hydrovac excavation, all holes were backfilled with imported engineered fill (sand and gravel), and
the asphalt surface was reinstated with compacted cold patch.

4.3 Drilling Investigation

The drilling program for the current geotechnical investigation was carried out between September 22 and 30,
2025 and included advancing nine boreholes (BH25-01 to BH25-09). The approximate borehole locations are
shown on the site plan attached as Figure 1.

The boreholes were advanced with a CME-75 truck-mounted drill rig supplied and operated by George Downing
Estate Drilling of Grenville-sur-la-Rouge, Quebec.

Soil samples were obtained during drilling using a 35 mm inside diameter split-spoon sampler driven using a
63.5 kg hammer, dropped from a height of 760 mm, in general accordance with the Standard Penetration Test
(SPT) procedure (ASTM D1586). Soil samples were obtained at sampling intervals of about 0.76 m, where
possible.

All boreholes were advanced through engineered fill and native soil to refusal on cobbles/boulders or bedrock at
depths ranging from 2.1 m (~EL. 84.94 m) to 14.9 m (~ 73.35 m) below the existing ground surface. Bedrock was
cored at borehole BH25-06 only and NQ-sized bedrock core samples were obtained using a rotary diamond
drilling technique up to a depth of 12.1 m or approximately 74.88 m elevation.

Monitoring wells were installed in boreholes BH25-06 and BH25-07 to allow for measurement of the groundwater
levels in the soil overburden and bedrock. The monitoring wells comprised

50 mm inside diameter (ID) rigid PVC pipe with a 3.0 m long slotted screen section. The screen sections were
backfilled with silica sand and then sealed above with bentonite hole plug. WSP personnel measured the
groundwater levels within the monitoring wells on October 8 and 24, 2025.

All fieldwork was supervised by WSP’s geotechnical staff who logged the boreholes, directed in-situ testing, and
collected soil and rock samples retrieved in the boreholes. On completion of the drilling operations, the soil and

core samples were transported to WSP’s Ottawa laboratory for further examination, and for selective laboratory
testing. Chemical analyses were completed by Eurofins Environment Testing.

The borehole coordinates and existing ground surface elevations were measured using a Trimble R10 GPS
survey unit. The geodetic elevation reference system used for the survey is the North American datum of 1983
(NAD83-CSRS). The borehole coordinates are based on the Universal Transverse Mercator (UTM Zone 18)
coordinate system.
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4.4 Laboratory Testing

The following laboratory tests were carried out on selected materials (soil, rock) from the boreholes; tests are
conducted in general accordance with applicable ASTM standards.

= Natural water content (61 tests) - ASTM D2216

m  Grain size distribution (7 tests) - ASTM D422

m  Atterberg Limits (10 tests) - ASTM D4318

m  Oedometer (1 test) - ASTM D2435

m  Uniaxial Compressive Strength (2 tests) — ASTM D7012 Method C

In addition, chemical analyses of corrosivity parameters in four soil samples were performed. Analytes included
soluble sulphate, chloride, Electrical Conductivity, Resistivity, and pH.

The geotechnical laboratory test reports are summarized in the borehole logs in Appendix A and also included in
Appendix B and C, except consolidation results, which will be included in the final version of the report. Basic
chemical analysis reports are included in Appendix D.

5 SUBSURFACE CONDITIONS
5.1 General

The Record of Borehole sheets in Appendix A describes the subsurface conditions at the boreholes’ locations
only. The stratigraphic boundaries shown on the borehole records are inferred from non-continuous sampling,
observations of drilling progress and, therefore, represent transitions between soil types rather than exact planes
of geological change. Furthermore, subsurface soil, bedrock, and groundwater conditions will vary between and
beyond the boreholes’ locations.

5.2 Summary of Subsurface Stratigraphy

Based on the results of the borehole investigation, the general subsurface stratigraphy at the project site consists
of topsoil or asphalt, underlain by granular fill over weathered crust, overlying grey clay, thin layer of glacial till,
over bedrock.

Further descriptions of the soil and bedrock layers encountered during current investigation are provided in the
subsections below.

5.21 Asphaltic Concrete

Asphalt concrete surface material was encountered at borehole BH25-06 and BH25-08 only. The asphalt
thickness was found to be 80 mm and 110 mm at borehole BH25-06 and BH25-08, respectively. The asphalt was
underlain by granular fill. The asphalt thickness is summarized below in Table 1:

Table 1: Summary of Pavement Structure

Borehole ID. Asphalt Thickness (mm) Base/Subbase Materials
BH25-06 80 Granular
BH25-08 110 Gravel with sand
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5.2.2

A layer of topsoil at the surface was observed at all boreholes except boreholes BH25-06 and BH25-08. The topsoil
thickness at the borehole locations ranged from 100 mm to 460 mm.

5.2.3

Fill consisting of a variety of soil types ranging from silty sand to gravel with sand, were encountered at ground
surface in boreholes BH25-01, BH25-03, BH25-05, BH25-07 and BH25-09. Granular fill was also encountered
beneath asphalt at Boreholes BH25-06 and BH25-08. The cohesionless fill at these borehole locations extended to
depths ranging from about 0.4 to 1.4 m (~EI. 86.7 to 86.1). SPT ‘N’ values in the cohesionless fill ranged from 11 to
16 blows per 0.3 m of penetration, indicating a compact state of packing.

Topsoil

Granular Fill

The natural moisture content measured in selected samples of the fill ranged from 1% to 13%. Two samples of the
fill were submitted for laboratory grain size distribution analysis, and samples were found to contain 3% to 20%
gravel, 27% to 55% sand, and 24% to 69% fines (i.e., silt and clay). Results of grain size distribution analyses are
provided on Figures C2 and C8 in Appendix C, and summarized as follows.

Table 2: Results of Grain Size Distribution Analysis for Fill Samples

- Grain Size Distribution
Borehole ID Sample No. garrmlmg
epth (m) % Gravel % Sand % Silt % Clay
BH25-01 0.7-1.3 3.3 27.4 69.3
BH25-03 0.7-1.3 20.1 55.5 24.4
5.24 Lean to Fat Clay (Weathered Crust)

A layer of lean to fat clay with low plasticity clayey fines was encountered below the in all boreholes. This layer
extended to depths ranging from 2.9 m to 4.6 m (~El. 84.1 to 82.6). The lean clay crust was grey-brown in colour.
The SPT ‘N’ values recorded in this layer range from 19 to 2 blows per 0.3 m of penetration. Field shear strength
within the weathered crust was not measured during the current investigation, as the strength of the weathered
crust typically exceeds the limits of the test (96 kPa). Based on our experience in the area, the weathered crust
typically has an drained shear strength in excess of 100 kPa (which has been assumed in the subsequent analyses).

The natural moisture content measured on selected samples of the weathered crust ranged from 32% to 63%. The
results of Atterberg limits testing completed on 3 samples of this material indicated Liquid Limit ranging from 40%
to 52%, Plastic Limit ranging from 21% to 22%, and a Plasticity Index ranging from 31% to 43%. Atterberg limits
test results indicate weathered crust (CH) of high plasticity. Results are illustrated on Figures C3, C9, and C15 in
Appendix C, and summarized as follows.

Table 3: Results of Atterberg Limits Testing on Lean to Fat Clay (Weathered Crust)

.
Borehole D | Sample No. g:;ﬁh(?r?) Crr?ti:rt‘ltj?;)) Atterberg Limits (%)
WL Wp Pl LI
BH25-01 4 21-27 40.5 58 21 37 0.53
BH25-03 5 3.0-36 52.6 65 22 43 0.71
BH25-06 4 23-29 524 52 21 31 1.01
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5.25 Fat Clay (Unweathered Clay)

A fat clay was encountered below the upper lean clay in all boreholes. It was generally grey in colour and of high
plasticity. The layer extended to depths ranging from 5.8 mto 12.2 m (~El. 83.2 to 82.6 m). SPT ‘N’ values recorded
in this layer ranged from weight of hammer to 2 blows per 0.3 m of penetration. Field shear vane testing performed
in this fat clay deposit indicated undrained shear strength values ranging from 34 kPa to 95 kPa, indicating a firm
to stiff consistency. Undrained shear strength values were typically observed to increase with depth

Remoulded undrained shear strength values ranged from 2 kPa to 13 kPa and the evaluation of the sensitivity of
the fat clay (i.e., ratio of intact to remoulded undrained shear strength) yields values ranging from less than 8 to 30.
According to the classification of typical sensitivity values (Canadian Foundation Engineering Manual, Fifth Edition),
these values indicates that the cohesive soils encountered in the boreholes are classified as low to medium
sensitive.

One consolidation test was carried out on relatively undisturbed Shelby tube samples collected in Borehole
BH25-04 at a depth of about 6.2 mbgs. The results of the test will be included in the final report.

The natural moisture content measured on selected samples of the fat clay ranged from 43% to 66%. The results
of Atterberg limits testing completed on 8 samples of this material indicated Liquid Limit ranging from 48% to 61%,
Plastic Limit ranging from 20% to 23%, and a Plasticity Index ranging from 28% to 38%. Atterberg limits test results
indicate fat clay (CH) of medium to high plasticity. Results are illustrated on Figures C4, C5, C10, C16, C17, C19,
C20, and C24 in Appendix C, and summarized as follows.

Table 4: Results of Atterberg Limits Testing on Fat Clay (Unweathered Clay)

o
Borehole 1D | Sample No. g:gﬁh('::’) Cy:ti:;?;% Atterberg Limits (%)
WL Wp Pl LI

BH25-01 8 53-59 58.7 56 20 36 1.07
BH25-01 13 9.1-97 65.0 59 21 38 1.16
BH25-03 8 6.8-74 55.2 54 22 32 1.04
BH25-06 6 3.8-44 50.9 52 20 32 0.97
BH25-06 10 6.8-74 52.7 53 21 32 0.99
BH25-07 8 45-52 62.3 61 23 38 1.03
BH25-07 12 76-8.2 52.1 53 21 32 0.97
BH25-09 14 10.6 -11.2 50.3 48 20 28 1.08

5.2.6 Glacial Till

A deposit of glacial till comprised of a mixture of sandy clayey silt and silty sand with gravel was encountered
below the fat clay at depths ranging from 6.8 m (~El. 81.94 m) to 12.2 m (~El. 74.90 m). This layer is mostly wet
and contains low plasticity fines. The sandy clayey silt layer extended to about 15.3 mbgs (~El. 71.73 m) in
Borehole BH25-09. SPT ‘N’ values in this layer were 4 to 50 blows per 0.3 m of penetration, indicating a loose to
very dense state of packing.

The natural moisture content measured on selected samples of glacial till ranged from 10% to 49% based on
laboratory tests. The results of grain size distribution testing carried out on six samples of the glacial till are
presented in Figure C6, C11, C12, C22, C25 and C26 in Appendix C.
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Table 5: Results of Grain Size Distribution Test for the Glacial Till

Borehole ID Sample No. g:g:ﬁ“(:% ) oren e D'St”b”t"?"
% Gravel % Sand % Silt % Clay
BH25-01 15 10.6 - 11.2 11.6 50.5 37.9
BH25-03 11 10.6 - 11.2 16.6 42.3 41.1
BH25-03 12 12.2-12.8 3.0 45.7 51.3
BH25-08 10 9.1-97 14.4 44.8 40.8
BH25-09 15 12.2-12.8 11.5 41.8 46.7
BH25-09 16 13.7-14.3 15.0 50.6 34.4

5.2.7 Refusal

Refusal was encountered at all boreholes except BH25-05, at depths ranging from 6.9 m to 15.3 m (~El. 81.81 m
to El. 71.72 m). Refusal to augering could be an indication of the presence of boulders/cobbles, very dense soil or
the bedrock surface.

Table 6: Summary of Auger Refusal

Borehole ID (N Sur(f::):e 3O Depth to Refusal (m) Refusal Elevation (m)
BH25-01 89.1 11.6 77.5
BH-25-02 88.8 8.2 80.6
BH25-03 88.3 14.9 73.4
BH25-04 88.7 6.9 81.8
BH25-06 87.1 9.2 77.9
BH25-07 87.0 11.8 75.2
BH25-08 87.2 9.8 77.5
BH25-09 87.1 15.4 71.7

Borehole BH25-05 was terminated at about 2.1 mbgs (~EIl. 84.94 m) on top of a buried pipe.
5.2.8 Bedrock

Borehole BH25-06 was advanced to refusal at a depth of 9.2 m (~EL. 77.9 m). The borehole was then cored using
rotary diamond drilling after auger refusal to confirm bedrock. The bedrock coring was extended to a depth of about
12.1 m (~El. 75.1 m) while retrieving N sized core.

Table 7 which follows, summarizes ground surface elevations and the depth and elevation of the bedrock.

Table 7: Summary of Depths/Elevations to Bedrock

Ground Debth to To Elevation to Core Lenath Depth to Elevation of
Borehole ID Surface of Bidrock (r?1) Top of (m) g Bottom of Bottom of
Elevation (m) Bedrock (m) Borehole (m) | Borehole (m)
BH25-06 87.1 9.2 77.9 29 12.1 75.0

The bedrock encountered in the cored borehole (BH25-06) was described as fresh to slightly weathered, thickly to
very thickly bedded, medium-coarse grained, non-porous, light greyish pink granite. Photographs of the recovered
bedrock cores are presented on Figure B1 and B2 of Appendix B.

WS .



December 11, 2025 CA0058422.0115_Rev0

Total Core Recovery (TCR) was 100%. Solid Core Recovery (SCR) ranged between about 84 and 98%. RQD
values ranged between about 80 and 83% indicating good rock quality. The results of UCS tests carried out on two
core specimens of the bedrock were 85 MPa and 141 MPa. The results of the UCS test are provided in Figure B3
in Appendix B.

5.3 Groundwater Condition

The groundwater levels in the monitoring well in Borehole BH25-06 and BH25-07, taken on October 24, 2025, are
summarized below in Table 8.

Table 8: Summary of Groundwater Levels in Monitoring Wells

Groundwater Depth
Borehole ID Screened Zone measured on October 24, Elevation (m)’
2025 (mbgs)
BH25-06 Clay 24 84.6
BH25-07 Clay 2.6 84.3

Note: (1) Elevation is geodetic, in metres (m), per NAD 83.
It should be noted that groundwater levels are expected to fluctuate seasonally. Higher groundwater levels or

shallow perched water are expected during wet periods of the year, such as spring and fall.

5.4 Basic Chemical Analyses

Four samples of soil from Boreholes BH25-01, BH25-04, BH25-05 and BH25-09 were submitted to Eurofins
Environmental testing for basic chemical analysis related to potential sulphate attack on buried concrete elements,
corrosion of buried ferrous elements. The results of this testing are provided in Appendix D and are summarized
below in Table 9.

Table 9: Summary of Basic Chemical Analyses Results on Soil Samples

Borehole ID simg:eer Inte[:\?;tsh(m) Chl(c:/r;i)des Sul?(;:';ltes pH '(ngzt';’r"?)’ Cfrlnzcljt;lt(i:\?ilty
(mS/cm)
BH25-01 3 1.5-2.1 0.152 0.01 7.87 730 1.37
BH25-04 3 3.0-36 0.043 <0.01 7.50 1190 0.84
BH25-05 3 1.5-2.1 0.046 <0.01 7.57 1176 0.85
BH25-09 5 23-29 0.049 0.01 7.66 971 1.03

5.5 Geophysical Surveys

Geophysical surveys, including soil including soil resistivity surveys and Multi-channel MASW (Multichannel
Analysis of Surface Waves), were conducted by WSP personnel on September 5, 2025. The results of the survey
are provided in Appendix E and F of this report.

5.6 Environmental Considerations

The following section presents the findings of the limited screening level environmental soil quality testing
undertaken in conjunction with the geotechnical investigation.
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5.6.1 Applicable Regulatory Criteria

Given that the Site is consists of a commercial office building and parking, soil quality for beneficial on-Site reuse
was compared against the following site condition standard:

m  MECP Table 3: Full Depth Generic Site Condition Standards for Industrial/Commercial/Community Property
(I/CIC) Use, O. Reg. 153/04 (Table 3 Site Condition Standards (SCS))

Soil quality results were also compared against the following Excess Soil Quality Standards (ESQS), as provided
under Ontario Regulation 406/19 — Excess Soil Regulation for consideration in the event of off-Site beneficial
reuse. It is noted that the following ESQS standard were selected for comparison as a commonly applicable
ESQS for local reuse sites. The actual ESQS applicable will be determined once a reuse site is identified, if any.

s ESQS Table 1: Full Depth Background Site Condition Standards for Residential/Parkland/Institutional/
Industrial/Commercial/Community Property (R/P/I/I/C/C) Use, O. Reg. 153/04 (Table 1 Site Condition Standards
(SCS))

s ESQS Table 2.1: Full Depth Excess Soil Quality Standards in a Potable Ground Water Condition for
Residential/Parkland/Institutional (R/P/l) Property Use (Table 2.1 ESQS)

5.6.2 Soil Quality Results

As part of the soil quality investigation, WSP collected, and submitted for analysis, three soil samples from two of
the geotechnical boreholes located with the two Areas of Potential Environmental Concern (APEC) on the Site.
These samples included BH25-01 SA1B (granular fill), BH25-01 SA2 (silty clay) and BH25-07 SA2 (silty clay). The
samples were analysed for the following chemicals of concern associated with the APEC (transformers and diesel
storage) along with metals and inorganics to satisfy the minimum testing requirements under Ontario Regulation
406/19.

m  Petroleum hydrocarbons (PHCs F1-F4)

s Benzene, toluene, ethylbenzene and xylene (BTEX)
s Metals

= Inorganics

Sample results compared to their respective criteria is included in the soil quality table and laboratory reports in
Appendix G and H.

On-Site reuse (Ontario Requlation 153/04):

In comparison to Table 3 SCS, two exceedances were identified as follows,
s Vanadium: BH25-01 SA2
m  Sodium adsorption ratio (SAR) and electrical conductivity (EC): BH25-01 SA2

It is considered that the vanadium is within an acceptable range to be considered naturally occurring and therefore
meeting the Table 3 SCS. Additionally, where an exceedance is directly related to the application of salt for safety
purposes (i.e. EC/SAR) is considered as meeting the Table 3 SCS. Therefore, soil excavated from the Site is
suitable for reuse on the Site. Additionally, there was no evidence of impacts associated with the APECs in any of
the samples.
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Off-Site reuse (Ontario Requlation 406/19):

In comparison to the two comparative ESQS (Table 1 (background) and Table 2.1 (RPI), the following exceedances
were identified

s SAR: BH25-01 SA1B and BH25-01 SA2

s EC:BH25-01 SA2

s Barium: BH25-01 SA2 and BH25-07 SA2

s Chromium and BH25-01 SA2

s Vanadium: BH25-01 SA2 and BH25-07 SA2

6 GEOTECHNICAL DISCUSSION

This section of the report provides geotechnical recommendations and comments for the design of the proposed
building renovations and expansion based on our interpretation of the subsurface information and the project
requirements.

The information in this portion of the report is provided for the geotechnical planning and design purposes by the
design engineers. Where comments are made on construction, they are provided only to highlight aspects of
construction which could affect the design of the project. Contractors bidding on or undertaking the works should
examine the factual results of the investigation, satisfy themselves as to the adequacy of the factual information
for construction, and make their own interpretation of the factual data as it affects their proposed construction
techniques, costs, sequences, schedules, equipment and other resource requirements, and safety.

The geotechnical recommendations herein are provided in general conformance with the requirements of the
National Building Code of Canada 2020 (NBCC 2020) and excerpts of the Ontario Building Code (OBC 2024)
where relevant.

The project comprises renovations and potential expansion of the existing building. Details of the proposed
renovations or expansions are not known at this time. It is, however, understood that the proposed expansion may
result in additional loading of the existing foundations including new vertical stair and escalator, and/or the
requirement for new foundations both within the existing building footprint and around the exterior of the
building(s).

It is understood that significant grade changes are not required, and that basements are not currently envisioned
for the proposed works. Considerations for foundation design are discussed below.

6.1 Frost Protection
6.1.1 Frost Penetration Depth

The frost penetration depth at the project site is estimated to be 1.8 mbgs based on Ontario Provincial Standard
Drawing (OPSD) 3090.101.

6.1.2 Frost cover Requirements

The upper existing fill and native clay layers at the project site are considered to be frost susceptible. All unheated
and partially heated foundation elements (including exterior side slabs and footings) should be protected against
frost heave by providing a minimum of 1.8 m soil cover or with the use of rigid insulation.
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6.1.3 Rigid Insulation Requirements

If insulation is used in place of frost cover insulated footings should have a minimum depth of 0.76 m below the
finished exterior grade, in accordance with Canadian Foundation Engineering Manual (CFEM 2023). A minimum
of 75 mm of rigid insulation should be used to insulate the foundation wall extending from 0.3 m above the ground
surface to the top of the footing pad and then extending horizontally to a minimum length of 1.2 m for footings
supporting heated structures and 2.4 m for footings supporting unheated structures.

For footing depths deeper than 0.76 m, the horizontal extent of insulation may be reduced in linear interpolation
so that insulation will not be required at depth of 1.8 m. For example, if the footing depth is 1.28 m (halfway
between 0.76 m and 1.8 m), then the insulation should extend horizontally to a minimum length of 0.6 m and
1.2 m for heated and unheated structures, respectively. Any horizontally extended insulation should have a
minimum soil cover of 0.3 m (or in accordance with the manufacturer’s recommendations).

6.1.4 Insulation for Slabs-On-Grade

Based on CFEM (2023), insulation of slab on grade should consist of a minimum of 100 mm thick rigid insulation
placed underneath the slab to cover the entire slab footprint and extending horizontally at least 1.8 m beyond the
edges of the slab.

The rigid insulation should be placed on a minimum of 200 mm thick, clean well graded granular engineered fill of
max particle size 26 mm (such as OPSS Granular A). The rigid insulation extending outside the slab footprint should
have a minimum soil cover of 300 mm (or in accordance with the manufacturer’'s recommendations).

In addition, the rigid insulation should be designed to resist the compressive stress applied from the slab. The
selected rigid insulation should also have the required compressive strength and stiffness to resist any loading from
the slab.

6.1.5 Insulation for Underground Utilities

Proposed underground utilities that will be affected by freezing such as watermain, sanitary and sewers should also
be provided with a minimum of 75 mm thick rigid insulation if they are placed above the estimated frost depth of 1.8
m below the finished grade. The rigid insulation should extend 1.8 m horizontally over the utility pipe or vertically on
both sides of the pipe (though this vertical insulation is difficult to construct and backfill). The horizontal insulation
over the pipe should have a minimum soil cover of 300 mm.

6.2 Seismic Design
6.2.1 Liquefaction Assessment

A liquefaction assessment was carried out at the project site following the approach in Idriss and Boulanger (2008).
The liquefaction assessment involves comparing the cyclic shear stresses applied to the soil by the design
earthquake, represented as the cyclic stress ratio (CSR), to the cyclic shear resistance provided by the soll,
represented as the cyclic resistance ratio (CRR). Liquefaction is predicted to occur when the available cyclic shear
resistance of the soil is less than the cyclic stress imposed by the earthquake.

An earthquake magnitude of 6.2 and PGA of 0.322g (for Site Class C) were considered in the liquefaction
assessment. In addition, the highest groundwater level of 2.3 m (~El. 84.67 m) at the surrounding of the existing
buildings footprint was considered as measured from BH25-06.

The results of the assessment suggest that the thin portion of the compact sandy soil (fill) may not be potentially
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liquefiable during a seismic event between Elevation 88.2 and 86.8 m in borehole BH25-03. Based on the thickness
(less than 1 m) of this marginally liquefiable layer and the corresponding low SPT ‘N’ value, the risk of liquefaction
during the design seismic event may reasonably be ignored.

6.2.2 Seismic Site Classification

Multichannel analysis of Surface Waves (MASW) test was carried out at the site to evaluate the average wave
velocity of the upper 30 m (Vs of soil/bedrock at the site. The shear wave velocities measured at the site are
presented in a technical memorandum (see results in Appendix E). The results indicate that the average shear
wave velocity in the upper 30 m of the subsurface at the MASW location was about 386 m/s, and according to 2020
NBCC site classification for seismic site response that this site can be assigned a Site Class C.

6.3  Site Preparation and Grading

The subsurface stratigraphy generally consists of topsoil underlain by fill. The fill is underlain by low to medium
plasticity weathered crust, which is underlain by medium to high plasticity native clay, overlying glacial till over
bedrock.

All the topsail, existing fills containing organics and rootlets, and other unsuitable materials should be removed from
the site. The exposed subgrade should be protected from disturbance of construction traffic and graded to quickly
drain away surficial runoff from the project site.

Public and private utility owners should be notified prior to the commencement of any construction activities. Existing
underground utilities in the vicinity of the proposed excavation should be reviewed before commencing any
excavation works to identify potential damage hazards due to the proposed excavation. Existing utilities that are
excavated or exposed as part of the construction will need to be supported and rerouted during the construction

No site grade raise is anticipated for the proposed upgrades. If more than 0.5 m of site grade raise is required, it
should be assessed for settlement of the existing adjacent structures and new addition structures.

6.4 Foundation Design Considerations

Based on encountered subsurface conditions and review of construction drawings of the existing buildings, the
following types of foundations may be considered:

= Shallow foundation placed on weathered crust or native clay deposit
= Raft slab foundations and slab-on-grade

s Deep foundation (driven and drilled piles)

In general, the native clay soil was stiff to very soft in strength. The clay soil was found to be low to highly plastic,
with groundwater levels at the project site ranging from 2.3 mbgs to 2.6mbgs. It is understood that the existing
foundations are founded at elevations between 88.22 m and 87.35 m, within the weathered crust, which is typically
very stiff to stiff in consistency. Therefore, shallow footings supported on the weathered crust deposit may provide
higher bearing capacity. Raft slabs can also be considered as an alternative foundation system.

6.4.1 Geotechnical Design Parameters

Geotechnical conditions may vary between and beyond borehole locations. WSP reviewed available information
to assess the geotechnical conditions and parameters that are considered suitable for carrying out analyses and
developing engineering comments and recommendations for the proposed structures. The review incorporated
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available results of the geotechnical investigation, laboratory test results, and WSP’s experience with similar soils
and geological conditions.

Preliminary soil parameters for the design of the proposed structures are shown in Table 10. It should be noted
that many soil parameters are not intrinsic characteristics of the soils themselves, but depend upon the loading
conditions, imposed stresses, mechanisms under consideration, etc. The designer should review and adjust these
parameters as appropriate based on the actual detailed design considerations.

Table 10: Summary of In-Situ Geotechnical Properties

Coefficient of

Bulk Unit Bulk Unit Drained Undrained tl,:riction
. Weight Above | Weight Below Conditions Conditions® etween
Soil Type Water Table | Water Table Conscr(_eltt(ez)and
(kN/m?) (kN/m?) °!
C’ (kPa) | ® (Deg) | Su(kPa) | ® (Deg)
Existing Fill 19-21 92-11.2 0 30 - 32 -
(Lean to Fat Clay)
Weathered Crust - 18 -18.5 8.2-8.7 5-8 25 >100 - 0.25-0.40
Upper
(Lean to Fat Clay)
Weathered Crust - 18 -18.5 8.2-87 5-8 25 55-95 - 0.25-0.40
Lower
Fat Clay gﬁ’:;’;eathered 17-175 72-77 2-12 26 38-95 ] 0.25 - 0.40
Glacial Till 20 -22 10.2-12.2 0 33-35 - 33-35 0.35-0.45
Granular "A"
(OPSS 1010) 21 12.2 - 36 - 36 0.40-0.50
Granular "B" Type II 22 13.2 - 34 - 34 0.40 — 0.50

(OPSS 1010)

Notes:
(1) The undrained shear strengths have not been corrected for plasticity. These are estimated values (average constant values increasing
with depth) based on field vane tests, from current and previous investigations
(2) These are friction angle values based on CFEM 2023 and WSP’s experience on similar soils
(3) Engineered fill as specified as OPSS 1010 specifications

6.4.2 Shallow Spread and Strip Footings on Undisturbed Weathered Crust

As discussed above, the low to medium plastic native clay deposit was stiff to very soft in consistency and would
provide low bearing capacity to support the shallow foundations. It is understood that the proposed footings will be
founded at the same elevations as the existing footings, which are between 88.22 m and 87.35 m.

The recommended bearing resistances for the design of shallow footings supported on the undisturbed weathered
crust deposit are provided in Table 11, based on foundation sizes.
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Table 11: Recommended Bearing Resistances for Shallow Foundations

Footing Type Assumed_Founding Footing Size (m)? Allowable Bearing Factored Resistance
Elevation (m) Pressure at SLS (kPa) @ ULS (kPa)®
4x4 165 300
3.5x3.5 165 300
3.0x3.0 165 300
25x25 210 300
20x20 250 300
Interior 88.22
1.75x1.75 250 300
4x25 165 330
3.5x25 165 320
3.0x54 165 280
1.525x6.3 220 260
3.5x3.5 175 300
25x25 200 300
Perimeter Wall 87.35 20x2.0 200 300
1.75x1.75 200 300
1.525x6.3 200 260

Notes:
(1) Footings should be placed on competent, undisturbed weathered crust deposit; however, footings shall not be placed shallower than
1.8 m for bearing capacity requirement and to extend through the upper potential fill layer. Insulation should be provided if footings
are placed below frost depth as specified in section 6.1.3
2 A resistance factor of 0.5 was used to calculate the factored ultimate bearing resistance at ULS.
(3) The SLS bearing resistance was calculated for the corresponding estimated footing settlement of less than 25 mm.

The values above are based on limiting the stresses in the underlying clay soil as well as an anticipated post-
construction settlement of 25 mm (total) and 20 mm (differential). It should be noted that where new foundations
are constructed adjacent to existing foundations the existing foundations will have already settled. Any new
settlement will therefore be entirely differential.

6.4.2.1 Horizontal (sliding) Resistance of Footings

For cast-in-place concrete footings, resistance to horizontal loads (sliding resistance) can be calculated by
considering the sliding friction resistance between the concrete footing base and the bearing stratum. The
recommended interfacial adhesion strength (Ca) and recommended interface friction coefficient (tan &) between
cast-in-place footing concrete and native clay soil bearing strata are provided below:

m Cast-in-place concrete footing to native clay soil: ca = 75 kPa (undrained loading condition)
m Cast-in-place concrete footing to native clay soil: tan 8=0.45 (drained loading condition)

The calculated sliding resistances using the above interface adhesion strength will be the ultimate value. A
geotechnical resistance factor of 0.8 should be used to calculate the factored ultimate sliding resistance.

2 If new foundations are placed immediately adjacent to existing foundations, or existing foundations are widened then the relevant foundation
width should be taken as the combined width (i.e., if a new 2 m wide foundation is placed adjacent to an existing 1.5 m wide foundation
the foundation width should be considered to be 3.5 m). For areas where foundations are close (but not immediately adjacent to) existing
foundations the potential for overlapping zones of stress will need to be assessed on a case-by-case basis.
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6.4.3 Raft slab Foundation and Slab-On-Grade
6.4.3.1 Subgrade Preparation

All unsuitable materials such as topsoil, organics, existing fill, boulders, cobbles, and any wet, weak, or disturbed
native clay soil should be stripped off from the proposed slab-on-grade and raft slab footprints. The exposed
subgrades after excavation should be thoroughly cleaned of debris and loose materials. The excavated subgrade
should also be visually inspected and approved by a qualified geotechnical consultant prior to placement of
engineered fill or slab-on-grade or raft slab construction.

The exposed native clay stratum should be carefully reviewed to determine if compaction of the granular
engineered fill will further disturb the native clay soil.

6.4.3.1 Granular Bedding

A minimum of 200 mm thick, clean well-graded crushed stone granular bedding (grain size distribution satisfying
OPSS.MUNI 1010 Granular A with less than 5% of fine particles passing 75um sieve) should be installed on the
prepared subgrade for the purpose of levelling and draining. The granular bedding should be installed in a single
lift and compacted to 100% of SPMDD at +2% of OMC.

6.4.3.2 Vertical Modulus of Subgrade Reaction

Load bearing slab-on-grade or raft slab should be structurally designed. It is anticipated that a portion of the
existing 150 mm slab-on-grade will be replaced with a structural bearing slab designed to support loads of up to
12 kPa. The recommended vertical modulus of subgrade reaction values for the design of slab-on-grade or raft
slab are provided below for anticipated bearing strata:

= Native clay soil bearing stratum: 7/B (MPa/m)

Where B (in meters) is the shortest dimension of the loaded area on slab-on-grade or raft slab. The slab design
should consider the variability of stiffness between native soil and engineered fill. The slab-on-grade or raft slab
should be designed structurally to accommodate the transition in bearing stratum stiffness. Expansion joints
should also be provided for the slab-on-grade as required by the design.

Subgrade preparation below the slab-on-grade will involve the removal of all topsoil, organic matter and
unsuitable soils to expose a competent native subgrade approved by the geotechnical engineer.

6.4.3.3 Permanent Drainage

It is understood that the proposed upgrades will not include a below grade level (or basement) at the existing
buildings.

As previously discussed, the design groundwater level of 2.3 mbgs (~El. 84.67 m) is recommended based on the
water level measurement from the installed monitoring wells and considering the seasonal groundwater level
fluctuations. Therefore, the proposed ground floor slab and/or raft slab and foundation walls are anticipated to be
above the groundwater level and will not be subjected to hydrostatic pressures.

However, the prepared subgrade within and around the existing buildings footprint may consist of different soil
materials including existing fill, native clay soil, granular engineered fill, and bedrock. Thus, the different subgrade
soil conditions may block the free movement of water for draining and cause local ponding of water beneath the
building’s footprint.

A perimeter weeping tile subdrain system should be provided around the buildings footprint to facilitate drainage
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of surface water infiltration and perched water away from the building foundations and ground slabs. The weeping
tile subdrain system may consist of perforated pipes surrounded by free drain granular material (OPSS.MUNI
1004 19 mm Clear Stone or approved equivalent) and wrapped up with OPSS.MUNI 1860 Class Il non-woven
geotextile (Terrafix 360R or approved equivalent). The subdrains should be connected to the site drainage system
or catch basins. Alternately, they can be drained into a sump and pump out. Inspection and maintenance of the
subdrain system are recommended to ensure that the drainage system does not become blocked.

Due to the shallow groundwater table, the slab-on-grade or raft slab should be provided with impermeable damp-
proof membranes, such as a minimum 150 um thick polyethylene sheet vapor barrier.

The perimeter subdrain systems should be properly designed by the Civil Design Consultant of the project. The
above recommendations are provided for general guidelines only.

6.44 Deep Foundations

Based on the subsurface conditions and laboratory test results, the lower portion of the clay is firm to stiff, sensitive
and highly compressible when subjected to new loads. Based on these conditions, deep foundation system may be
considered as an alternative option to shallow foundations at the project site.

Piles would typically be drilled or driven piles for exterior additions to the buildings. If piles are required for the
interior they would typically be smaller diameter drilled shafts (as driving piles inside a structure is typically very
difficult)

6.4.4.1 Drilled Shafts
6.4.4.1.1 Axial Capacity in Compression

Based on the uniaxial compressive strength of the bedrock at this site, and a minimum of 1.0 m long bedrock socket,
the recommended skin friction and end bearing resistances are provided in Table 12 below. For piles drilled into
bedrock, the resistance provided by the soil is typically very small (compared to the resistance of the rock socket)
and can reasonably be ignored.

End-bearing resistance could be included in the total compressive resistance if adequate measures to clean the
bases of the shaft are implemented during construction (though this is typically difficult for smaller diameters and
end bearing should be neglected for drilled shafts less than approximately 450 mm unless there is a high level of
certainty in the contractors ability to clean and inspect the base.

The cleaned base should be visually inspected by a qualified geotechnical engineer during construction. Should the
inspection indicate that loosened material is present at the base, the base would need to be re-cleaned and re-
inspected.

Table 12: Recommended Unfactored Ultimate Resistances for Drilled Shafts

Soil Tvpe Depth Below Existing Unfactored Ultimate Skin Unfactored Ultimate End
yp Grade (m) Friction at ULS™ (kPa) Bearing at ULS () (kPa)
Bedrock >14.9 1,500 15,000

Notes:
(1) A resistance factor of 0.4 should be applied to calculate the factored ultimate unit resistance.
(2) The geotechnical resistance factor may be increased to 0.5 if a program of dynamic testing is carried out, or 0.6 if a static load test is
carried out.

SLS does not apply to caissons end bearing on/in bedrock at this site, since the SLS resistance for 25 mm of
settlement is greater than factored axial geotechnical resistance at ULS.

WS o



December 11, 2025 CA0058422.0115_Rev0

6.4.4.1.2 Downdrag (Negative Skin Friction)

When the caissons have been installed in or through the soil deposit that is subject to settlement, the resulting
relative downward movement of the clay around the piles, as well as in any soil above the clay layers, induces
downdrag forces on the piles through negative skin friction.

Downdrag increases the structural loads in the pile and thus should be accounted for when evaluating the structural
ultimate limit state of the pile. As per Section 9.2.5 of CFEM (2023), the total drag load can be calculated by
multiplying the unit ultimate skin friction values by shaft circumference or pile perimeter length and by the length of
the pile embedded in settling soil.

The recommended unit ultimate (negative) skin friction that can be used in the design are provided below.

Table 13: Recommended Unfactored Unit Ultimate (negative) Skin Friction for Drilled Shafts

Unfactored Unit Ultimate Skin

Soil Type Depth Below Existing Grade (m) Friction at ULS (kPa)
Fill / Native Silty sand 0-15 3
Unweathered Clay 1.5-37 40
Weathered Clay 3.7-104 30
Sandy Glacial Till 10.4 -14.9 70

6.4.4.1.3 Lateral Capacity

For drilled shafts socketed into competent bedrock, a fixed condition at the shaft toe may be assumed, provided the
socket length and rock properties are sufficient to ensure fixity. This condition (i.e., fixity at the rock socket) may be
assumed to be met if the length of the rock socket is the greater of: at least two times the diameter of the drilled
shaft, or 1 m.

For the proposed deep foundations, the SLS lateral geotechnical reaction of the soil in front of the piles under lateral
loading may be calculated using subgrade reaction theory where the coefficient of horizontal subgrade reaction, kn,
is based on the equations given below, as described by Terzaghi (1955) and the Canadian Foundation Engineering
Manual (CFEM 2023) and API (2003). The equations provided, and the associated resistances are based on vertical
piles; a modification factor would need to be applied for inclined piles.

Where ground conditions are generally competent and the lateral loads on piles are relatively small such that the
maximum lateral pile deflections will be relatively small, the resistance to lateral loading in front of a single pile can
be estimated using subgrade reaction theory (as outlined below). However, it should be noted that the response of
a pile to lateral loads is highly non-linear and methods that assume linear behaviour (such as subgrade reaction
theory) are only appropriate where the maximum pile deflections are less than 1 percent of the pile diameter, where
the loading is static (no cycling) and where the pile material is linear (CFEM, 2006). Where these conditions are not
met, the non-linear lateral behaviour of the soil should be considered using P-y curves.

For cohesionless soils:

mz Where: nn s the constant of horizontal subgrade reaction (kPa/m) (Table below);
B z is the depth (m); and,
B s the pile diameter or width (m).
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For cohesive soils:

3 67s, Where: su is the undrained shear strength of the soil (kPa); and,

" B B s the pile diameter/width (m).

Table 14 outlines the ranges for the values of nn and su that may be used in the lateral analysis of the piles at this
site. The ranges in values reflect the variability in the subsurface conditions, the soil properties, and the approximate
nature of the linear-elastic subgrade reaction analysis.

Table 14: nh and su values for Lateral Load Resistance Calculations

Soil Type Dept:u'ﬁa'gz’(%"“"d Nh (kPa/m) Average Su (kPa)
Sandy Fill (cohesionless) 0-14 2,200 -
Weathered Crust (cohesive) 14-3.7 - 85
Fat Clay (cohesive) 3.7-10.5 - 65
Glacial Till 10.5 - Bedrock 11,000 -

For piles arranged in closely spaced groups, the pile-soil-pile interaction causes the individual piles in a group to be
less effective than a single pile. Theses “group effects” can be incorporated into the design by reducing the
calculated coefficient of horizontal subgrade reaction values either in the direction of loading or perpendicular to the
direction of loading using a method that modifies the single pile lateral resistance by some factor (i.e., a
p-reduction factor).

6.4.4.1.4 Construction Consideration for Drilled Shafts

The construction feasibility of the drilled shafts depends on the means and methods of construction by the specialty
contractor including the availability of equipment suitable to the site-specific conditions. Therefore, the selection of
the caisson should be confirmed by the contractor prior to design.

Given the high groundwater level, temporary steel casing and dewatering (bailing water) will be required to reduce
soil sloughing and seepage into the pile boring. The potential presence of cobbles and boulders within the existing
soil deposit should also be considered in selecting the pile boring and casing equipment.

As previously discussed, the base of each caisson shall be thoroughly cleaned of any cuttings or other material and
inspected and tested. The method of cleaning proposed by the selected piling contractor should be approved by a
qualified geotechnical engineer prior to commencement of field works. The cleaned base should be visually
inspected (with a camera if necessary, depending on the length and construction setup) by a qualified geotechnical
engineer during construction. Should the inspection indicate that loosened material is present at the base, the base
would need to be re-cleaned and re-inspected. If an inspection approach is not feasible then a shaft resistance
design approach should be used for the rock socket as per Section 9.10.4 of CFEM (2023).

Piles should be spaced at center-to-center spacing of at least three times pile diameter (3D) to minimize pile group
effect. A minimum shaft diameter of 400 mm is recommended for drilled shafts to minimize void formation during
pouring of the concrete.

If caisson caps are to be included as part of the design at or below the existing ground surface, they should be
constructed at a minimum depth of 1.8 m for frost protection purposes, per OPSD 3090.101.
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The various soils at this site are sensitive soils and could “flow” into the auger hole during drilled shaft installation if
left unsupported. Temporary liners will be required for construction. It should be assumed that these liners will need
to be “set” into the underlying bedrock.

It is expected that the temporary liners/casings would be installed using rotation methods. If a vibratory hammer is
used, vibration monitoring of the existing hotel building and utilities is recommended. Casing installation through
the cobbles and boulders of the fill deposit is expected to require rotary drilling methods, and churn drilling or down-
hole hammer techniques may also be required to advance the caisson to the required depth if and where boulders
are encountered as well as to form the rock socket in the bedrock. Provisions should be given for the presence of
hard cobbles and boulders in selecting suitable drilling equipment to advance pile boring through the obstructions.

Full-time monitoring of caisson installation by a qualified geotechnical inspector is recommended to confirm the
proper installation of caisson and base cleaning.

6.4.4.2
6.4.4.2.1

Steel piles driven to refusal on granite bedrock may be considered as an alternative foundation option for the
proposed building expansion. Consideration can be given to both H piles and concrete-filled pipe piles. The
recommended skin friction and end bearing resistances are provided.

Driven Steel Piles
Axial Capacity in Compression

Table 15: Recommended Unfactored Unit Ultimate (negative) Skin Friction for Driven Steel Piles

Soil Type Depth Below Existing U_nfac_tm:ed Unit Ultimate Unfac_tored Ultimate End
Grade (m) Skin Friction at ULS(") (kPa) Bearing at ULS (') (kPa)
Fill / Native Silty sand 0-1.5 5 -
Unweathered Clay 1.5-37 40 -
Weathered Clay 3.7-104 30 -
Sandy Glacial Till 10.4-14.9 100 200
Bedrock >14.9 - 12,000

Notes:

(1) A resistance factor of 0.4 should be applied to calculate the factored ultimate unit resistance.

SLS does not apply to piles end bearing on/in bedrock at this site, since the SLS resistance for 25 mm of settlement
is greater than factored axial geotechnical resistance at ULS.

The factored geotechnical resistance of strong bedrock is often higher (sometimes significantly so) than the capacity
of the steel section. The design loads should therefore also be limited to the structural capacity of the pile.

6.4.4.2.2

Downdrag (Negative Skin Friction)

As mentioned in Section 6.4.4.1.2, the total drag load can be calculated by multiplying the unit ultimate skin friction
values by shaft circumference or pile perimeter length and by the length of the pile embedded in settling soil.

The recommended unit ultimate (negative) skin friction that can be used in the design are provided below.

Table 16: Recommended Unfactored Unit Ultimate (negative) Skin Friction for Driven Steel Piles

Unfactored Unit Ultimate Skin

Soil Type Depth Below Existing Grade (m) Friction at ULS™ (kPa)
Fill / Native Silty sand 0-1.5 5
Unweathered Clay 1.56-37 40
Weathered Clay 3.7-104 30
Sandy Glacial Till 10.4 - 14.9 100
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Since the steel piles are expected to be driven to refusal on sound bedrock to achieve required resistance, the effect
of drag loads on the settlement (or SLS geotechnical axial resistance) of the driven pile will be negligible.

6.4.4.2.3 Lateral Capacity

The lateral capacity of piles can be calculated as per Section 6.4.4.1.3.

As piles are driven to refusal without socketing, their lateral capacity is controlled by overburden soil resistance,
and no fixity at the rock surface is assumed. If the foundations cannot generate sufficient lateral resistance, then
rock anchors can be considered.

6.4.4.2.4 Construction Consideration for Driven Steel Piles

Driven piles must be installed in accordance with OPSS 903.

For the installation of steel piles, consideration must be given to the potential presence of cobbles and boulders
within the fill and glacial till deposit. The use of driving shoe/ or flange plates is recommended to minimize damage
while penetrating the fill and till deposit (which is expected to contain boulders and cobbles) and seating on to the
granite bedrock. Pipe piles are considered to have a higher risk than H-piles for hanging up or being deflected away
from their vertical or battered orientation, if cobbles and boulders are encountered during driving.

The installation of steel piles is typically associated with increased noise and ground vibrations, which may affect
existing hotel structure, utilities, and nearby development. If the option of driven pile is selected, it is recommended
that a vibration monitoring plan be implemented during construction. This plan should include baseline vibration
measurements, continuous monitoring during pile driving, and the establishment of threshold limits to ensure
potential impacts are identified and managed promptly. Appropriate mitigation measures should also be in place to
address any exceedances and minimize disturbance to neighbouring properties. The vibration monitoring plan
should be prepared by a specialist geotechnical engineer.

Provision should be made for restriking all piles at least once to confirm the design set and/or the permanence of
the set and to check for upward displacement due to driving adjacent piles. Piles that do not meet the design set
criteria on the first restrike should receive additional restriking until the design set is met. All restriking should be
performed a minimum of 48 hours after the previous set.

Pile driving criteria depend not only on the details of the pile (size, le