@ Stantec

Foundation Investigation
and Design Report —

Pond Mills Road Overpass
Replacement- Highway 401
Rehabilitation from
Wellington Road to
Highbury Avenue, Design-
Build Project

Highway 401 City of London, ON
West Region

DB Contract Number: 2022-3004
GWP 3032-11-00

Geocres No. 40114-204

Prepared for:
CRH Canada Group Inc.

Prepared by:

Stantec Consulting Ltd.
300 — 675 Cochrane Drive
Markham, ON L3R 0B8

Project No. 165001239

February 02, 2023



FOUNDATION INVESTIGATION AND DESIGN REPORT -

POND MILLS ROAD OVERPASS REPLACEMENT- HIGHWAY 401 REHABILITATION FROM
WELLINGTON ROAD TO HIGHBURY AVENUE, DESIGN-BUILD PROJECT

February 2023

Table of Contents

1.0 L300 10 10 T 0 0 1
2.0 SITE DESCRIPTION .....coiiiiiiiiiiiiiiiis s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s ss s s s s s s sn s s s s s s s s s s s s s s s ssnsnnnnnns 2
21 T I I = I 107 I [ ] PR 2
2.2 GENERAL SITE DESCRIPTION ..ottt eeeeeseanssssnsnssnnnnes 2
2.3 EXISTING BRIDGE ... 2
2.4 SITE GEOLOGY ...ttt sssssssssssnnnssnsnnnnnnnnns 3
3.0 REVIEW OF PREVIOUS INVESTIGATIONS ... s 3
4.0 STANTEC INVESTIGATION PROCEDURES............coooiiieeeeieeeeeeeeeeeeeeee s e e s essns s s ssnennnnnnes 4
4.1 FIELD INVESTIGATION . ... 4
4.2 INVESTIGATION HOLE LOCATION AND ELEVATION SURVEY ......covviviiiiiiiiiiiiiiiinnnns 5
4.3 LABORATORY TESTING. .. .o 5
5.0 SUBSURFACE CONDITIONS ......coooiiiiiiiiiceeesesseeeessessssssssssssssssssssssssssssssssssssssssssnsnnsnnnnns 6
5.1 OVERVIEW ...ttt ettt a s essassssssssssssnssssnnsnnnnnnnnnnnnnns 6
5.2 L@ A 1 |0 L R 6
5.2.1 Ground SUMACE COVEN .......uiiii et e e 6
5.2.2 Il e 7
5.2.3 Upper Clayey Silt to Silty Clay.........coooeiiiiiiiiieeeeee e 8
524 Upper Silt to Sandy Silt ... 9
5.2.5 Lower Clayey Sill ... 10
5.2.6 LOWET Silt ... 10
5.2.7 (@7 ==Y R 11
5.2.8 BeAIOCK. ... e 12
5.2.9 (€101 0o 1T T 12
5.3 CHEMICAL TESTING ... oiiiiiiiiiiiiieeeee ettt ssssssnssssssssnnnnnsnnnnnnnnns 12
6.0 MISCELLANEOQUS ... iiiiiiiiiiieessssssss s s s s s s s s s s s s s s s s s s s s s s s s s s s e s s s s s s s s e s ss e s s annsssssssnnnnssnnnnnnnnns 13
7.0 0 10 15 U 14
8.0 DISCUSSION AND ENGINEERING RECOMMENDATIONS........cccooiiiiiiiirrrrnrneeenneneen 15
8.1 PROJECT DESCRIPTION AND BACKGROUND........ccooiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 15
8.1.1 Project Purpose/Description ..o 15
8.1.2 Proposed Bridge Replacement............ccoooiiiiiiiiiiic e 15
8.1.3 Degree of Site Understanding and Consequence Classification................... 16
8.2 GEOTECHNICAL DESIGN PARAMETERS .......ooiiiiiiiiieieieeeeeeeeeeeeeeeeeeeeee e 16
8.3 FROST PENETRATION ... e e e e e e e e e e e e e e e e e e e e aeeas 18
8.4 SEISMIC DESIGN CONSIDERATIONS ......oiiiiiiiiiiiiiieeeeeeeeeeee ettt eeeeeeeeeeeeeeeeaeeeeneenennnes 18
8.4.1 S| (3 01 = TR 18
8.4.2 Seismic Performance Category..........ooouuuiiiiiiiiiiiiiiieeeee e 19



FOUNDATION INVESTIGATION AND DESIGN REPORT -
POND MILLS ROAD OVERPASS REPLACEMENT- HIGHWAY 401 REHABILITATION FROM
WELLINGTON ROAD TO HIGHBURY AVENUE, DESIGN-BUILD PROJECT

February 2023
8.4.3 Peak Ground Acceleration (PGA)........ccoii i 19
8.44 Liquefaction Potential ..o 19
8.5 REPLACEMENT BRIDGE FOUNDATION ENGINEERING DESIGN INPUT ................. 20
8.5.1 Foundation OPtioNS.........cooiiiiiiiii e e 20
8.5.2 Driven Pile FOuNdations ..........cooooiiiiiiii e 21
8.6 LATERAL EARTH PRESSURES. ... 27
8.6.1 Abutment BackKfill .........c.ooooiiiiiiiii e 27
8.6.2 Static Lateral Earth Pressures...........coooiiiiiiiiiiii e 28
8.6.3 Seismic Lateral Earth Pressures ... 29
8.7 APPROACH EMBANKMENT GRADE RAISE AND WIDENING..........cccooeiiiiiiieeeeeee. 30
8.7.1 Embankment Stability .........ccooooiiiii 31
8.7.2 Embankment Settlements ... 31
8.8 CEMENT TYPE AND CORROSION POTENTIAL ...ccoetiiiiiiiieeiieieeeeeeeeeeeeeeeeeeeeeeeeee 32
9.0 CONSTRUCTION CONSIDERATIONS.........cooiiiiiiiimmnnsmsssssssssssssssssssssssssssssssssssssssssssnnes 33
9.1 CONSTRUCTION STAGING......cciiiiiiiiiiiieeeeeee ettt saesnnsnssssnnsnnnes 33
9.2 TEMPORARY PROTECTION SYSTEMS. ..ot 33
9.3 EXCAVATION AND BACKFILLING ......ccooiiieeeee e, 34
9.4 UNWATERING (GROUNDWATER CONTROL) ....coiiiiieeieieeeeeeeeeeeeeeeeeeeeeeeeee e 35
9.5 INSTRUMENTATION AND MONITORING.......cuutiiiiiiiiiiiiiiiiiiiiiiiiiiiieieenee 36
10.0 SPECIFICATIONS .....cooiiiiiiiiiiimninneneenenennssssssnssssssssssssssssnsssssssssssssssssssssssssssssssnssssssnssnnnns 37
11.0 MISCELLANEOUS ...ttt sss s s s s s s s s s ss s ss s s s s s s s s s ssssssssnsssnsnssssssssnsssnnnnn 38
72 T O R0 15 1 1 39
13.0 REFERENGCES........coitiititiiiiiiiiiiiiniierssssesesss s ss s s s s s s s s s s ssssssssssssnnn 40
LIST OF TABLES
Table 4.1: Borehole Information SUMMaAry ............ccooiiiiiiiiii i 5
Table 4.2: Geotechnical Laboratory Testing Program ............oooooiiiiiiiiiiiiiiiieeceee e 5
Table 5.1: Measured and Inferred Groundwater Levels..............ccccoovvviiiiiiiiiiiiieeeeeeeeeeeeeee 12
Table 5.2: Results of Chemical ANAlYSIS ...........uiiiiiiiiiiiie e 12
Table 8.1: Geotechnical Model for Highway 401 Pond Mills Road Overpass ...............cccevvveen. 17
Table 8.2: Geotechnical Model for Highway 401 Pond Mills Road Overpass (the north
half of the east abutment) ..o 18
Table 8.2: Peak Ground Acceleration Data ... 19
Table 8.3: Comparison of Foundation Options for Pond Mills Road Overpass ......................... 20
Table 8.4: Factored Geotechnical Resistances at ULS and at SLS - Pile Foundations............ 22
Table 8.5: Recommended Parameters for Lateral Pile Capacity Evaluation............................. 25
Table 8.6: Recommended Reduction Factors for Pile Groups...........cccceeieieeiiiiiiiiiiiieeceeeenn, 26
Table 8.7: Recommended Uplift Resistance — Pile Foundations ................ccccccciiiiiiiiiiniiinnnne. 27
Table 8.8: Recommended Non-Seismic Earth Pressure Parameters (Horizontal Backfill)........ 28
Table 8.9: Seismic Design Parameters to Estimate Lateral Earth Pressures............................ 29



FOUNDATION INVESTIGATION AND DESIGN REPORT -
POND MILLS ROAD OVERPASS REPLACEMENT- HIGHWAY 401 REHABILITATION FROM
WELLINGTON ROAD TO HIGHBURY AVENUE, DESIGN-BUILD PROJECT

February 2023
Table 8.10: Recommended Seismic Earth Pressure Parameters (Horizontal Backfill).............. 30
Table 9.1: Comparison of Roadway Protection Systems............cccoooviiiiiiiiiiiiiiic e, 33
Table 10.1: Specifications Referenced in the Report...............ccc o 37
LIST OF APPENDICES
N o o 1110 G A1
A1 Drawing Nos. 1 and 2 — Borehole Location Plan and Soil Strata Plots......................... A1
N o o 10 G = N B.1
B.1 Geocres NO. 4014-111 (Explanation of Terms Used in Report, Laboratory

Results, Records of Borehole, Borehole Locations and Soil Strata)..............cccooueeeee. B.1
B.2 Geocres NO. 40114-157 (List of Abbreviations and Symbols, Records of

Borehole, Borehole Locations and Soil Strata, Laboratory Test Data) ......................... B.1
N o o 111 0. G CA
C.1 Symbols and Terms Used on Borehole Records .............cccooiiiiiiiiiiiiiieeeeeen C.1
(O3 = 1] (=] a o] =T =T ot o] o [P CA1
N o o 1110 G D.1
D.1 Laboratory Test Results - Figures D1 — D11: Grain Size Distribution Plots and

PlastiCity Charts........ccooiiiieeeeeeeeee e D.1
D.2  Chemical Testing Laboratory Test RESUILS ..........ceeviiiiiiiiiiiiiiiiiiiiiiiiieeeeees D.1
N o o 110 G E.1
EA Geotechnical SOil MOEI .........coooeeiiii e e EA
E.2  Geotechnical Soil Model (the north half of the east abutment)...............ooovvviiiiiiinnn. E.1
E.3  Pile Capacity Plot (West ADUIMENT)........oooiiiiiiiiiiiiiiiiieee e E.1
E.4  Pile Capacity Plot (East ADUIMENt)........oooiiiiiiiiiiiiiiiiii e E.1
LD  PoY CUINVES oo E.1
E.6 e (= 2= T o] 1 - EA
N o o 10 G F.1
F.A1 Selected Highway Embankment Cross Sections .............coeuvvviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiees F.1
F.2 Settlement ANalysis RESUILS .........cooviiiiiiiiiiiiiiiiii e F.1
F.3 Slope Stability Analysis RESUILS.........ccoooeiiiiiiiiiiii e F.1
N o o 111 0. G G.1
G.1 2015 National Building Code Seismic Hazard Calculations .................cccoovviieieniinnnn, G.1



FOUNDATION INVESTIGATION AND DESIGN REPORT -

POND MILLS ROAD OVERPASS REPLACEMENT- HIGHWAY 401 REHABILITATION FROM
WELLINGTON ROAD TO HIGHBURY AVENUE, DESIGN-BUILD PROJECT

February 2023

FOUNDATION INVESTIGATION REPORT
For
GWP 3032-11-00
DB Contract Number 2022-3004

Pond Mills Road Overpass Replacement
Highway 401 Five Structure Replacements, Highbury Avenue Interchange Improvements, and
Highway 401 Pavement Rehabilitation and Reconstruction
West Region
City of London, Ontario

1.0 INTRODUCTION

CRH Canada Group Inc. (CRH) is constructing the Highway 401 Five Structure Replacement project,
which includes the Highbury Avenue Interchange improvements, and the Highway 401 rehabilitation and
improvements in the City of London, on behalf of the Ontario for the Ministry of Transportation (MTO),
under a Design-Build (DB) agreement. Stantec Consulting Ltd. (Stantec) was retained by CRH to
undertake additional foundation investigations and detailed foundation designs for the project.

The project extends along Highway 401 from 675 m east of Wellington Road easterly 5.5 km to 630 m
west of Old Victoria Road, along Pond Mill from 60 m north to 60 m south of Highway 401, and along
Highbury Avenue from Bradley Avenue to Wilton Grove Road. The project includes following foundations
engineering components:

o All deep cut areas and foundations for the new bridge structures, including:
— CNR Overhead (London-Port Stanley Railway (Site No. 19X-0371/B1 & B2);
— Pond Mills Overpass (Site No. 19X-0372/B1 & B2);
— Highbury Avenue Underpass (Site No. 19X-0373/B0);

e  Structural culvert replacements, including:
—  Tributary to Murray Drain Culvert (Site No. 19X-650/C0);
— Elliot-Laidlaw Drain Culvert (Site No. 19X-651/C0);

e High mast lighting;

e Overhead signs;

¢ Retaining walls (at the bridges and overhead sign footings);

e 1.5:1 reinforced side slope between Station 25+110 and Station 25+270 westbound (changed to
2H:1V slopes); and

e Sewers and storm water management facility.
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MTO reference numbers for this DB project are as follows:

GWP: 3032-11-00
DB Contract Number: 2022-3004

This foundation investigation report has been prepared specifically for the proposed Pond Mills Road
overpass replacement (structure 19-372/B1 &B2) and the approach embankment widening. Other
foundation engineering elements such as high mast light poles, median sewer and signs are reported
under separate cover.

2.0 SITE DESCRIPTION

2.1 SITE LOCATION
The site location is shown on the Key Plan inset to Drawing No. 1 included in Appendix A.

2.2 GENERAL SITE DESCRIPTION

The Highway 401 Pond Mills Road Overpass is located in the City of London, Ontario. The location
of the project is shown on the Key Plan, Figure 1. Highway 401 runs approximately in the southwest-
northeast direction at the site, while Pond Mills Road runs generally north-south. For the purposes of this
report, Highway 401 and Pond Mills Road are assumed to be oriented in an east-west direction and a
north-south direction, respectively.

Pond Mills Road has two lanes of traffic in each direction and Highway 401 is a six-lane (three lanes in
each direction) divided highway. The area adjacent to the bridge mainly consists of open green field (only
at northwest quadrant) and developed lands. It is understood that the existing structure will be
demolished and replaced with a new structure built at the same location as the existing structure.

2.3 EXISTING BRIDGE

The existing bridge structure at the Pond Mills Road overpass was constructed in 1955 and consists of a
10.5 m long single span, concrete tee beam structure. The total structure width is 33.6 m. The bridge
deck was widened by about 2.0 m on each side in 1989 to accommodate an additional third lane in each
direction, without modifications to the foundation elements. As per the as-original drawing available in the
SDR, the original bridge abutments and retaining walls were founded on 3.7 m wide spread footings at
elevations 267.8 m and 267.6 m for the west and east abutments, respectively.

The grade separation at the interchange was achieved by a partial cut profile along Pond Mills Road and
fill profile along Highway 401, resulting in the approach embankments have a maximum height in the
order of 2.5 m to 6.0 m above the adjacent prevailing ground surface. The existing approach
embankments are close to 2H:1V. The embankment side slopes are well vegetated, and no visible signs
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of embankment settlement and slope instability were noted during the site reconnaissance and
investigation.

24 SITE GEOLOGY

The physiographic mapping indicates that the Pond Mills Road Overpass site lies within the
physiographic region known as the Westminster Moraine and is situated on an undrumlinized till plain
(Chapman and Putnam, 1984). The surficial material consists of Port Stanley silty clay till and clayey silt
till, in places covered by thin patches of lacustrine silt based on the available Pleistocene Geology map of
area (Dreimanis, 1963).

According to Geological Survey of Canada 1:250,000 Geology map of Toronto-Windsor area (Map
1263A), the rock formation in the area of the site is described as medium brown, microcrystalline
limestone of the Dundee Formation of the Hamilton Group of Middle Devonian Age (Sanford, 1969).

3.0 REVIEW OF PREVIOUS INVESTIGATIONS

The following GEOCRES reports were provided as part of the DB RFP:

e GEOCRES No 40114-157 Preliminary Foundation Investigation and Design Report- Pond Mills Road
Overpass Replacement, Highway 401 Interchange Improvements/Structural Replacements, City of
London, Ontario, GWP 3054-11-00 (dated June 2015, prepared by Golder Associates LTD.).

e GEOCRES No 40114-111 Foundation Investigation Report- Pond Mills Road Overpass Widening,
Highway 401, District 2, London, Ontario (dated March 1987, prepared by MTO Engineering Materials
Office, Foundation Design Section).

The above-mentioned GEOCRES reports were reviewed as part of the bid phase design, as part of the
additional foundation investigation program development, and for preparation of the current report.

MTO Foundation Design Section drilled eight boreholes and Golder advanced four boreholes. The Golder
Associates and MTO Foundation Design Section investigation findings are incorporated in the borehole
location plan and stratigraphic section drawings included in Appendix A of this report. For reference,
copies of borehole records, borehole location plan, stratigraphic sections, and laboratory test results from
Golder Associates and MTO Foundation Design Section reports are also included in Appendix B.

Review of the existing information from previous investigations indicates that the subsurface stratigraphy
within the overpass area consists generally of fill and topsoil materials to about elevations 269.4 m and
266.6 m overlying layers of clayey silt till, silt, sandy silt, clayey silt, and sand. The groundwater level was
measured at about elevation 266.5 m to 267.0 m in the installed piezometer and standpipe monitoring
well between February 11 and June 5, 2013.
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4.0 STANTEC INVESTIGATION PROCEDURES

4.1 FIELD INVESTIGATION

The additional foundation investigation for the design-build overpass replacement consisted of advancing
a total of six boreholes at the site, identified as PM-01 to PM-06. The new boreholes and previously
drilled boreholes are well-distributed within the site to capture sufficient subsurface and groundwater
information to support the proposed overpass replacement design and construction. The locations of the
boreholes are shown on the Borehole Locations and Soil Strata Drawing Nos. 1 and 2, in Appendix A.

Prior to carrying out the investigation, Stantec contacted the public utility authorities to clear the borehole
locations of both private and public utilities. MTO locates were also obtained from the MTO West Region.

The field drilling program was carried out from July 13 to July 18, and August 19 to August 24, 2022. The

boreholes were advanced using continuous flight hollow and solid stem augers. The mud rotary technique
was used while advancing PM-03 below 3 m depth. Drilling was carried out with truck-mounted and track-
mounted drill rigs, both equipped for soil sampling.

The subsurface stratigraphy encountered in each borehole was recorded in the field by an experienced
Stantec field technician. The soil samples were recovered at regular 0.76 m intervals for the critical zone /
shallow depth (typically to 3.8 m depth) and 1.5 m interval to termination depth of boreholes (except at
borehole PM-02, where 3.0 m interval was used below 28 m depth to termination depth of the borehole).
Soil sampling was carried out using a 51 mm (outside diameter) split-tube sampler by conducting
Standard Penetration Tests (SPTs) in accordance with the procedures outlined in ASTM D1586 Standard
Test Method for Penetration Test and Split-Barrel Sampling of Soils. All soil samples recovered from the
boreholes were placed in moisture-proof bags. All recovered SPT samples were returned to our Markham
laboratory for detailed classification and testing.

In-situ shear vane (MTO N-vane) tests in accordance with ASTM D2573 Standard Test Method for Field
Vane Shear Test in Saturated Fine-Grained Soils were attempted on cohesive soils, where applicable, to
determine the undrained shear strengths of cohesive soils. A pocket penetrometer was also utilized to
estimate the strength/consistency of clayey soil samples at the site.

Boreholes PM-03 and PM-05 were advanced beyond the end of drilling to depths of 39.9 m and 16.0 m
by carrying out dynamic cone penetration tests (DCPT) until the penetration resistance achieved a
penetration rate of at least 100 blows/0.3 m.

Groundwater was also observed in several open boreholes during and upon completion of drilling.
Monitoring wells were installed in boreholes PM-03 and PM-06. After completion of drilling, boreholes
were backfilled with a mix of bentonite and drill cuttings. Boreholes advanced on the paved area were
sealed with cold patch asphalt.
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4.2 INVESTIGATION HOLE LOCATION AND ELEVATION SURVEY

The borehole locations and respective ground surface elevations were surveyed by Stantec Geomatics
personnel using Trimble R10-2 (horizontal accuracy of 8 mm+0.5 ppm and vertical accuracy of

15 mm+0.5 ppm as per the Trimble GNSS datasheet) to meet the survey accuracy requirements (vertical
accuracy of 0.1 m and horizontal accuracy of 0.5 m) of the Guideline for MTO Foundation Engineering
Services V2. Summary information pertaining to the Stantec boreholes included in this report is given in

Table 4.1.
Table 4.1: Borehole Information Summary
MTM Zone 11 Coordinates Ground ;’:;;I] End of \
Investigation surfaf:e drilled or borehple oufn;lgﬁr
Borehole Northing Easting elezl;t)lon advanced elezl:‘t)lon samples
(m)
PM-01 4755685.0 411524.8 275.9 18.9 257.0 15
PM-02 4755695.2 411548.2 275.6 40.2 2354 25
PM-03 4755747.4 411584.7 270.6 38.7 231.9 28
PM-04 4755725.5 411619.6 274.5 18.9 255.6 15
PM-05 4755752.6 411593.6 2711 14.3 256.8 12
PM-06 4755649.5 411552.5 269.2 15.1 254 1 13

4.3 LABORATORY TESTING

All samples were taken to Stantec’s Markham laboratories where they were subjected to a detailed visual
and tactile examination. The geotechnical laboratory testing program completed on the borehole samples
is summarized in Table 4.2. Two soil samples were tested for pH, soluble sulphate content, chloride
content, and resistivity. Samples remaining after testing will be placed in storage for a period of one year
after issuance of the final report. After the storage period, the samples will be discarded unless we are
directed otherwise by MTO.

Table 4.2: Geotechnical Laboratory Testing Program

Test Description Number of Tests Testing Firm
Moisture Content 117 By Stantec
Atterberg Limits 21 By Stantec
Grain Size Distribution (sieve & hydrometer) 27 By Stantec
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5.0 SUBSURFACE CONDITIONS

5.1 OVERVIEW

The detailed subsurface soil and groundwater conditions encountered in the boreholes and the results of
in situ and laboratory testing are displayed on the Record of Borehole sheets contained in Appendix C.
An explanation of the symbols and terms used to describe the Borehole Records is also provided in
Appendix C. The results of geotechnical laboratory testing are also presented on Figures D1 to D11
contained in Appendix D.

Borehole location plans and stratigraphic cross-sections of the soils encountered within the boreholes
along and across the proposed overpass are provided on Drawing Nos. 1 and 2 in Appendix A.

The stratigraphic boundaries on the borehole records and the strata plot are inferred from non-
continuous sampling and therefore represent transitions between soil types rather than exact boundaries
between geological units. The conditions will vary beyond the borehole locations. The stratigraphy
generally consisted of:

¢ Near-surface asphalt, topsoil and/or fill materials (pavement, grading and embankment fills)
e Upper clayey silt to silty clay

e Upper silt to sandy silt

e Lower silty clay

e Lowersilt

e Basal silty clay to clay

The groundwater level was measured at the installed monitoring wells at elevations 266.5 m and 266.4 m.

The subsurface conditions identified during the current investigation are in general agreement with the
previous investigations’ findings (e.g. stratigraphy including soil composition and depositional structure).

Detailed descriptions of the subsurface and groundwater conditions found in the current investigation
program are provided in the following sections.

5.2 OVERBURDEN
5.2.1 Ground Surface Cover
5.2.1.1 Pavement

The boreholes drilled on the highway (BHs PM-01, PM-02, and PM-04) encountered approximately
280 mm of asphalt pavement.
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5.2.1.2 Topsoil

Boreholes PM-03, PM-05, and PM-06 were advanced in the highway embankment toe areas covered by
grass and weeds adjacent to the highway. The surficial overburden materials were characterized as
topsoil and ranged in thickness from 100 mm to 250 mm. The topsoil thickness may vary across the site
and measured topsoil thickness at specific borehole locations should not be relied on for stripping
quantity estimate.

5.2.2 Fills

Granular embankment and grading fill materials extended to 0.8 m to 2.3 m at boreholes PM-01, PM-02,
PM-04, and PM-06:

e Granular fill materials, described as sand and gravel and silty sand, were encountered under the
Highway asphalt pavement in BHs PM-01, PM-02, and PM-04 and were 2.0 m, 0.8 m, and 1.2 m
thick. Standard Penetration Test (SPT) N-values measured within the granular fill materials ranged
from 14 to 40 blows per 0.3 m, indicating a compact to dense relative density. The measured
moisture content ranged from 3 to 8%.

e A 500 mm thick silty sand fill material was also encountered below the topsoil at borehole PM-06.
This fill layer was in a very loose state, based on the measured N-value of 3 blows per 0.3 m, and
extended to 0.8 m below the existing ground or to elevation of 268.4 m.

Cohesive fill layers were encountered in all borehole locations expect PM-06: Clayey silt, trace to some
gravel and trace sand, was encountered below the granular fill in PM-01, PM-02, and PM-04 and below
the topsoil at PM-05. A sandy clay to clayey silt with trace gravel was encountered below topsoil in
PM-03. The cohesive fill material ranged in thickness from 2.1 m to 6.4 m, and extended to 2.2 mto 8.7 m
below the existing ground or to elevations of 268.9 m to 267.2 m.

Based on the measured SPT N-values which ranged from 7 to 38 blows per 0.3 m penetration, the
cohesive fill materials at the site have a firm to hard consistency, but generally a stiff to very stiff
consistency (average SPT N-value of 15 blow per 0.3 m penetration). Measurement of undrained shear
strength using MTO N-vane was attempted within the cohesive fill (e.g. at 3.1 m depth at PM-02, at 4.5 m
and 5.5 m depth at PM-04) but encountered refusal implying an undrained shear strength higher than
100 KPa. Unconfined compressive strength, estimated by using the pocket penetrometer on recovered
split-tube soil samples, were between 0.75 kgf/cm? to 4 kgf/cm? and suggested an undrained shear
strength of 40 kPa to 210 kPa or a firm to hard consistency. Unconfined compressive strength of

4.5 kgf/cm? or more (undrained shear strength of 240 kPa or more) were also implied within the cohesive
fill (on soil samples from 6.4 m and 7.9 m depths from borehole PM-01) from maximum pocket
penetrometer readings. Index tests carried out on representative samples of the grading and
embankment fill materials yielded the following results:
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Granular fills:

e Gravel: 20%

e Sand: 59%

e Siltand Clay: 13%

e Moisture Content: 8%

Cohesive fills:

e Gravel: 210 13%

e Sand: 27 to 36%

o Silt: 29to 33%

e Clay: 29 to 35%

e Moisture Content: 11 to 24%

Atterberg limit tests carried out on cohesive samples of the fill materials measured Liquid Limits of 23 to
30 percent, Plastic Limits of 11 to 17 percent and corresponding plasticity indices of 12 to 14. The Unified
Soil Classification System (USCS) group symbol for the fill material is clayey silt and sandy clayey silt
(CL).

The results of grain size distribution testing and the corresponding plasticity charts for samples of the fill
materials are displayed on Figures D1 to D3 of Appendix D, respectively. Test results are also presented
on the Records of Borehole Sheets included in Appendix C.

5.2.3 Upper Clayey Silt to Silty Clay

Below the embankment and grading fills, a clayey silt to silty clay deposit was encountered in all
boreholes. The deposit thickness ranged from 1.6 m to 7.3 m and extended to depths ranging from 6.1 m
to 14.9 m below ground surface (elevations 268.9 m to 260.7 m).

SPT N-values measured within this deposit ranged from 8 to 34 blows per 0.3 m (average 18 blows per
0.3 m) indicating a stiff to hard consistency, but generally stiff to very stiff. No undrained shear strength
measurements were made using the MTO N-vane due to the inferred undrained shear strength being
higher than 100 KPa (could not push the vane into soils or could not turn the vane). Unconfined
compressive strength, estimated by using the pocket penetrometer on recovered split-tube soil samples,
were between 1 kgf/cm? to 4.25 kgf/cm? and suggested an undrain shear strength of 50 kPa to 230 kPa or
a stiff to hard consistency. Unconfined compressive strength of 4.5 kgf/cm? (undrained shear strength of
240 kPa) or more were also implied within the clayey silt to silty clay deposit (on soil sample from 1.8 m
depth from borehole PM-06) from maximum pocket penetrometer readings.
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Index tests carried out on representative samples from the surficial clayey silt till layer yielded the
following results:

e Gravel: 0to 6%

e Sand:1t017%

e Silt: 34 to 66%

e Clay: 33 to 50%

e Moisture Content: 9 to 19%

Atterberg limit tests carried out on representative samples from this layer measured Liquid Limits of 19 to
32, Plastic Limits of 12 to 16 percent and corresponding plasticity indices of 7 to 18. The USCS group
symbol for this layer is clayey silt (CL).

The results of grain size distribution testing and the corresponding plasticity charts for samples of the
upper clayey silt till layer are displayed on Figures D4 and D5 of Appendix D, respectively.

5.2.4 Upper Silt to Sandy Silt

Boreholes PM-03, PM-04, PM-05, and PM-6 encountered a layer of silt to sandy silt under the clayey silt
to silty clay. All above boreholes fully penetrated this layer and confirmed the layeris 5.2 mto 7.5 m
thick, extending to elevations ranging from 257.0 m to 255.5 m.

SPT N-values measured within this deposit ranged from 0 to 53 blows per 0.3 m penetration (average
SPT N-value of 23 blows per 0.3 m) suggesting the deposit is very loose to very dense, but generally
loose to dense. A localized very loose silt with trace sand (based on measured N-values of nil) zone was
encountered at PM-04 from 15.4 m to 17.5 m depth (or elevations 259.1 m to 257.0 m) and loose sandy
silt to silt (based on measured N-values of 5 and 7) was encountered at PM-05 between 8.7 m and

11.2 m depth (or elevations 262.4 m to 259.9 m). The very loose to loose silt samples retrieved from
boreholes PM-04 and PM05 showed sensitivity to disturbance (jelly-like and liverish appearance after
disturbance) at their natural moisture contents.

Index tests carried out on a representative sample of the silt to sandy silt yielded the following results:

e Gravel: 0

e Sand: 6to 29%

e Silt: 67 to 85%

e Clay: 41t022%

e Moisture Content: 13 to 21%

Atterberg limits test was attempted on one representative sample from this layer which resulted in a non-
plastic outcome. The USCS group symbol for this layer is silt and silt with sand (ML).

A grain size distribution plot for a representative sample of this layer is displayed on Figure D6 in
Appendix D.
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5.2.5 Lower Clayey Silt

A layer of silty clay was encountered below the upper silty clayey silt to silty clay in boreholes PM-01 and
below the silt to sandy silt deposit in boreholes PM-03, PM-04, PM-05, and PM-06. The silty clay layer
thickness was 3.9 m and extended to a depth of 18.2 m below ground surface (corresponding elevation
252.4 m) in borehole PM-03, where it was fully penetrated. Boreholes PM-01, PM-04, PM-05, and PM-06
were terminated within this layer after 0.2 m to 4.1 m penetration.

SPT N-values measured within this layer ranged from 14 to 61 blows per 0.3 m (with an average of 33)
suggesting the silt to silty clay has a stiff to hard consistency, but generally is very stiff to hard. Beyond
the end of drilling of borehole PM-05, dynamic cone penetration tests (DCPT) were carried out to depth of
16.0 m where a penetration rate of at least 100 blows/0.3 m was achieved. Unconfined compressive
strength, estimated by using the pocket penetrometer on recovered split-tube soil samples, were between
2 kgflcm? to 4.25 kgf/cm? and suggested an undrained shear strength of 110 kPa to 230 kPa or a very stiff
to hard consistency. Unconfined compressive strength of 4.5 kgf/cm? (undrained shear strength of

240 kPa) or more were also implied within the clayey silt deposit (on soil sample from 17.1 m depth from
borehole PM-01) from maximum pocket penetrometer readings.

Index tests carried out on a representative sample from the surficial clayey silt to silty clay layer yielded
the following results:

e Gravel: 0%

e Sand:0to 2%

e Silt:45t0 67%

e Clay: 3210 55%

e Moisture Content: 13 to 20%

Atterberg limit tests carried out on a representative sample from this layer measured Liquid Limits of 19 to
28 percent, Plastic Limits of 12 to 13 percent and corresponding plasticity indices of 7 to 15. The USCS
group symbol for this layer is clayey silt (CL).

The results of grain size distribution testing and the corresponding plasticity charts for samples of the
clayey silt to silty clay are presented on Figures D7 and D8 of Appendix D, respectively.

5.2.6 Lower Silt

A lower silt layer was encountered below the silty clay to clayey silt layer in BH PM-02 at a depth of

13.7 m below ground surface (elevation 260.7m) and below the lower silty clay layer in BH PM-03 at
18.2m below ground surface (elevation 252.4 m). The deposit is 14.7 m and 3.7 m thick and extended to
elevations of 246.0 m and 248.6 m, respectively. SPT N-values within this silt layer ranged from 20 to
more than 100 blows per 0.3 m penetration, indicating a compact to very dense relative density, but
generally dense to very dense.
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Index tests carried out on a representative sample of the silt yielded the following results:

e Gravel: 0

e Sand: 1to20%

e Silt: 60 to 76%

e Clay: 20 to 23%

e Moisture Content: 14 to 24%

Atterberg limits tests were attempted on two representative samples from this layer which both resulted in
a non-plastic outcome. The USCS group symbol for this layer is silt and silt with sand (ML).

A grain size distribution plot for a representative sample of this layer is displayed on Figure C9 in
Appendix C.

5.2.7 Clayey Silt Till

A basal clayey silt till was encountered in Boreholes PM-02 and PM-03 at 29.6 m and 21.9 m below
ground surface (elevations 246.0 m and 248.6 m, respectively). Both boreholes were terminated within
that layer at 40.2 m and 38.7 m depths (elevations of 235.4 m and 231.9 m, respectively). The silty clay to
clay deposit can be considered very stiff to hard, based on the measured SPT N-value of 21 to 51 blows
per 0.3 m penetration (with an average of 34). Beyond the end of drilling of borehole PM-03, dynamic
cone penetration tests (DCPT) were carried out to depth of 39.9 m where a penetration rate of at least
100 blows/0.3 m was achieved. Unconfined compressive strength, estimated by using the pocket
penetrometer on recovered split-tube soil samples, were between 1 kgf/cm? to 3.5 kgf/cm? and suggested
un undrained shear strength of 50 kPa to 190 kPa or a stiff to very stiff consistency.

Index tests carried out on a representative sample of the silt yielded the following results:

e Gravel: 1t02%

e Sand: 13t021%

o Silt:41t047%

e Clay: 37 to 40%

e Moisture Content: 12 to 17% (with the exception of sample SS24 from PM-03 which had a moisture
content of 52%)

Atterberg limit tests carried out on a representative sample from this layer measured Liquid Limits of 21 to
22 percent, Plastic Limits of 11 to 12 percent and corresponding plasticity index of 10. The USCS group
symbol for this layer is clayey silt till (CL).

The results of grain size distribution testing and the corresponding plasticity charts for samples of the
clayey silt till are presented on Figures C10 and C11 of Appendix C, respectively

11
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5.2.8 Bedrock

Bedrock was not encountered to the termination depth of the boreholes.

5.2.9 Groundwater

Groundwater conditions are observed during drilling operations and upon drilling completion in open
boreholes. Cave-in depths were also recorded. Two monitoring wells were installed in boreholes PM-03
and PM-06. The groundwater levels recorded in the boreholes are summarized in Table 5.1 below.

Table 5.1: Measured and Inferred Groundwater Levels

Date Groundwater Level (m)
Borehole No - Remark
Depth Elevation
PM-01 Upon completion 10.9 265.0 Caved-inat18.0 m
PM-02 Upon completion 12.2 263.4 Open
PM-03 Upon completion 4.6 266.0 Open
September 12-14, 2022 4.1 266.5 Monitoring Well
PM-04 Upon completion 9.1 265.4 Caved-inat13.4 m
PM-05 Upon completion dry - Open
PM-06 Upon completion 4.6 264.6 Open
September 12-14, 2022 2.8 266.4 Monitoring Well

The recorded groundwater levels are generally consistent with measured groundwater levels of 266.5 m
to 267.0 m reported by Golder in 2013. Fluctuations in the groundwater level due to seasonal variations
or in response to a particular precipitation event should be anticipated.

5.3 CHEMICAL TESTING

The results of the chemical analysis on two samples of the site soils are provided in Table 5.2 below.

Table 5.2: Results of Chemical Analysis

Depth Chloride Sulphate Resistivity
Borehole No | Sample No. H
P (m) P (1g/g) (1g/g) (Ohm-cm)
PM-02 SS6 4.6 6.6 206 16 2120
PM-03 SS8 7.6 6.8 8 96 4520
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6.0 MISCELLANEOUS

The field work was carried out under the supervision of Wuhib Tamrat, Akshat Shukla, Justin Moleta, and
Binoy Debnath, under the direction of Gwangha Roh, Ph.D., P. Eng.

The drilling equipment was supplied and operated by Landshark Drilling based in Brantford and DBW
Drilling Inc. based in North York, Ontario. Traffic control service was provided by CRH Group Inc.
Chemical testing for pH, soluble sulphate, and chloride content, and resistivity was out by Agat
Laboratories based in Mississauga.

The location and elevation survey of the investigation holes was carried out by Stantec’s Geomatics
Group based in London. Geotechnical laboratory testing was carried out at Stantec’s Markham
laboratory.

This report was prepared Ramin Ghassemi, Ph.D., P.Eng. and reviewed by Gwangha Roh Ph.D., P.Eng.
and by Raymond Haché, M.Sc., P. Eng., Designated Principal MTO Foundation Contact.
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7.0 CLOSURE

A subsurface investigation is a limited sampling of a site. The subsurface conditions described herein are
based on information obtained at the specific investigation hole locations. Some variation in conditions
between and beyond these locations must be anticipated. Should any conditions at the site be
encountered which differ from those described for the investigation hole locations, we request that we be
notified immediately to review the additional information and assess if revisions or changes to the content
of this report are warranted.

Respectfully Submitted;
STANTEC CONSULTING LTD.

R. GHASSEMI

%’ 100536678
L4 ’

Ramin Ghassemi, Ph.D., P.Eng.
Geotechnical Engineer

]

—

Gwangha Roh, Ph.D., P. Eng.
Senior Geotechnical Engineer

J.G.A.R HACHE

w‘q &ﬂ’ 17713504

Senior Principal, Designated Principal MTO Foundation Contact

\\cd1215-f01\work_group\01216\active\1650\165001239\reports\reports\08-pond mills\final
fidr\165001239_darft_hwy401highbury_fidr_pondmills_20230131.docx
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FOUNDATION DESIGN REPORT
For
GWP 3032-11-00
DB Contract Number 2022-3004

Pond Mills Road Overpass Replacement
Highway 401 Five Structure Replacements, Highbury Avenue Interchange Improvements, and
Highway 401 Pavement Rehabilitation and Reconstruction
West Region
City of London, Ontario

8.0 DISCUSSION AND ENGINEERING RECOMMENDATIONS

8.1 PROJECT DESCRIPTION AND BACKGROUND
8.1.1 Project Purpose/Description

This project involves the replacement of five structures, Highbury Avenue Interchange improvement and
Highway 401 pavement rehabilitation and improvement. As part of the project, the existing single span
overpass carrying Highway 401 over Pond Mills Road will be replaced with a new two-span structure.
The overpass replacement will also include the approach embankment widening and grade change. This
report covers only the design and construction of Pond Mills Road overpass replacement, and other
structures will be provided under separate covers.

8.1.2 Proposed Bridge Replacement

Based on the General Arrangement Drawing provided by Stantec Structural team, the proposed bridge
will be constructed at a similar centreline alignment (with 20°30’ skew angle to the existing Highway 401
centreline) as the existing bridge. The new overpass will be single span integral abutment structure with a
total length of 54.0 m (including approach slabs), and approximately 40.0 m from centreline to centreline
of abutment walls. The overall width of the new bridge will be approximately 50.7 m, which will
accommodate a future 3.75 m widening. The integral abutments will be supported on a single row of
driven steel H-piles. The new overpass will be constructed in stages to accommodate removal of the
existing bridge, and construction of the new. The existing approach embankments will be widened and
raised to accommodate the new overpass width and profile. The existing bridge structure will be removed
to footing elevation.
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Key approximate elevations associated with the proposed new overpass are as follows:

Existing Highway 401 grade at west-bound centreline elevations 277.16 m to 276.58 m
Existing Highway 401 grade at east bound centreline elevations 277.26 m to 276.71 m
Propose bridge west abutment bottom elevation. 271.60 m
Proposed bridge east abutment bottom elevation 271.25 m
Pond Mills Avenue grade at Highway 401 centreline elevation 268.61 m

8.1.3 Degree of Site Understanding and Consequence Classification

The Canadian Highway Bridge Design Code (CHBDC S6-19) requires an assessment of the “degree of
site and prediction model understanding” as a component of the geotechnical engineering investigation
and/or services. The site and prediction model understanding considers the geotechnical properties of
the soils underlying the site and the accuracy and degree of confidence regarding the numerical
performance prediction models to be used to estimate the geotechnical serviceability limit states reactions
and ultimate limit states resistances.

Based on the scope of subsurface investigations completed and available subsurface information related
to this site, a “Typical Understanding” has been adopted for foundation design assessment purposes.
except that a “High” degree of understanding has been adopted for assessment of embankment stability
where slip surfaces develop through imported/manufactured granular fill materials. MTO highway
Standards Branch Provincial Memorandum #2020-01 (dated March 23, 2020) was also considered for the
embankment global stability assessment if majority of instability is located within the proposed widening
section which will be built using controlled materials (high degree of understanding).

The consequence classification has been assumed as “Typical Consequence” in accordance with
Section 6.5 of the Commentary on CHBDC S6-19. Should the consequence classification change, the
foundation assessment and recommendations provided below should be reviewed and revised
accordingly.

8.2 GEOTECHNICAL DESIGN PARAMETERS

The soil conditions encountered at the overpass site generally consist of grading and embankment fill
materials underlain by native soils consisting of upper deposits of clayey silt to silty clay and silt to sandy
silt, underlain by lower silty clay and silt deposits, and a basal silty clay to clay deposit.

The results of the current investigation and previous investigations indicate that the subsurface conditions
are generally consistent within the overpass area. Two geotechnical models (soil profiles), one for the the
north half of the east abutment and another for the remaining of site, have been prepared for the
overpass foundation design and embankment stability and settlement evaluation.

The soil profile is summarized on the following tables and on Drawings No. E1 and E2 in Appendix D.
The geotechnical parameters identified in the soil profiles were developed based on a synthesis of the
borehole data, the measured penetration resistance values, and laboratory index test results (including
moisture contents) of soil samples obtained in the investigation
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The elevations provided on the drawing and table reflect a synthesis of the borehole data; reference
should be made to the Borehole Records for the range of conditions encountered.

Table 8.1: Geotechnical Model for Highway 401 Pond Mills Road Overpass

Elevation Design Soil Parameters
(m)
. . Undrained
. Total Unit Drained
Soil Type Weight?  |Friction Angle Shear
From To i’ Strength E(MPa)*
Y ¢ S,
3 o
(kN/m?3) (°) (kPa)
FILL: Firm to hard CLAYEY |21.0 (cohesive| 30 (cohesive | 75 (cohesive 20-30
Ground SILT to SILTY CLAY / very fills) fills) fills) (cohesive fills)
s 268
urface loose to dense SAND & 22.0 (granular | 30 (granular | N/A (granular 30-40
gravel, silty sand, and silt. fills) fill)® fill) (granular fills)
Upper CLAYEY SILT to SILTY
268 264 CLAY (stiff to hard) 21.0 32 200 50
264 256 Upper SILT to SANDY SIL'SI' 210 30 ) 10
(very loose to very dense)
256 259 Lower CLAYEY SILT (stiff to 20.5 32 150 35
hard)
259 247 Lower SILT (dense to very 225 33 ) 40
dense)
247 299 Basal SILTY.CLAY to CLAY 210 32 250 50
(very stiff to hard)
Notes:

N/A

1

2

3

Not Applicable

A static groundwater level at elevations of 267 m is recommended for use in foundation design

Submerged unit weight (y') should be used below the groundwater level.

The friction angles are applicable to drained conditions only and the shear strengths are applicable to undrained

conditions only

Compressibility Parameters: E = Soil Modulus

Borehole PM-01 is cohesive within this zone, however, as a synthesis of the site conditions the parameters listed

are conservative for the conditions at that location.

Based on the existing fill embankment performance.
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Table 8.2: Geotechnical Model for Highway 401 Pond Mills Road Overpass (the north half
of the east abutment)

Elevation Design Soil Parameters
(m)
Soil T Total Unit Drained Unsdrl;alned
ot Type Weight?  |Friction Angle ear
From To 3 Strength E(MPa)*
Y ¢ S,3
3 o
(kN/m?3) (°) (kPa)
Ground FILL: Firm to stiff SANDY
Surface 268 CLAY to CLAYEY SILT 21.5 30 75 20-30
Upper CLAYEY SILT to SILTY
268 262 CLAY (stiff to hard) 20.5 32 150 50
262 057 Upper SILT to SANDY SILT 20.5 30 ) 10
(loose to dense)
257 259 Lower SILTY CLAY (stiff to 215 32 150 35
hard)
252 247 Lower SILT (dense to very 220 33 ) 40
dense)
247 299 Basal SILTY.CLAY to CLAY 215 32 200 50
(very stiff to hard)
Notes:

N/A  Not Applicable

' A static groundwater level at elevations of 267 m is recommended for use in foundation design

2 Submerged unit weight (y') should be used below the groundwater level.

3 The friction angles are applicable to drained conditions only and the shear strengths are applicable to undrained
conditions only

4 Compressibility Parameters: E = Soil Modulus

8.3 FROST PENETRATION

In accordance with OPSD 3090.101, the design frost penetration depth for foundations, f, at the site is
1.2 m. Therefore, all foundation elements such as footings and pile caps should be provided with a
minimum of 1.2 m of soil cover or equivalent insulation for protection against frost heaving.

This depth of frost penetration should also be considered in the design of frost tapers adjacent to the
bridge abutment and retaining wall backfill zones.

8.4 SEISMIC DESIGN CONSIDERATIONS

8.4.1 Site Class

The seismic site class determination is based on the soil conditions in the upper 30 m of the stratigraphy
as encountered in the boreholes for the Geotechnical Investigation.
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Based on the current and previously done geotechnical investigations’ findings, this site is assessed to be
Seismic Site Class D as per CHBDC S6-19 Commentary Table 4.1.

8.4.2 Seismic Performance Category

As per the CHBDC S6-19 Section 4.4.4, a seismic performance category is assigned for each bridge
based on:

o the site-specific spectral acceleration for a 2% in 50-year probability of exceedance;
o the fundamental period of the bridge, T, in the direction under consideration; and
o the importance category.

Due to the low spectral acceleration values with consideration of the assigned Site Seismic Class D (i.e.
F(0.2) x Sa(0.2) and F(1.0) x Sa(1.0)) at the proposed bridge site, Seismic Performance Category

(SPC) 1 could be assigned for this bridge regardless of the bridge return period and importance. As noted
below Table 4.10 of the CHBDC S6-19, for lifeline bridges in SPC1, detailing of structural elements shall
adopt requirements for SPC2 as a minimum.

As per the CHBDC S6-19 Section 4.4.5.1., seismic analysis of bridges in SPC1 is not required. However,
design forces for retaining elements and bridge support lengths should meet the requirements specified in
the CHBDC S6-19 Sections 4.4.10.2 and 4.4.10.5.

8.4.3 Peak Ground Acceleration (PGA)

Seismic hazard values for the Pond Mills Road overpass site were obtained from Natural Resources
Canada (2015 National Building Code Canada). Table 8.2 below summarizes the parameters obtained
and recommended for use in the design based on a 2475-year return period.

Table 8.3: Peak Ground Acceleration Data

PGA . . .
Site Class C 54(0.2) S.(1.0) PGA,¢ Site Class Site Adjusted PGA
0.067g 0.111g 0.041g 0.054g D 0.086g

The 2015 NBC Seismic Hazard calculation sheet is provided in Appendix F.

8.4.4 Lliquefaction Potential

The potential liquefaction of the site soil under seismic loading conditions was assessed. The evaluation
indicated that liquefaction of the foundation soils is not a concern for this site due to:

(a) relatively low seismic hazards, and
(b) relatively high fine content (silty or clayey nature) of the site soils

The presence of less than 3 m thick very loose to loose granular soil layers won’t have significant impacts
on overall ground behavior under the given relatively low seismic conditions.
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8.5 REPLACEMENT BRIDGE FOUNDATION ENGINEERING DESIGN

INPUT

The design recommendations presented in the following sections have been developed in accordance
with the requirements and methods described in the Canadian Highway Bridge Design Code (CHBDC,

2019).

8.5.1 Foundation Options

Table 8.3 presents the advantages, disadvantages, relative assessment of cost and the
risks/consequences for various foundation options for the pier and abutment foundations of the proposed

bridge replacement from a foundations design and constructability perspective:

Table 8.4: Comparison of Foundation Options for Pond Mills Road Overpass

support/resist
higher axial and
lateral loads than
steel driven piles

abutments

Higher construction
cost than other
foundation options
Possible traffic impact
due to large caisson
drilling equipment

Option Advantages Disadvantages Relative Risk/Consequences
Cost
Driven Steel H Higher Higher construction Medium Cobbles and boulders
Piles geotechnical cost than spread may be encountered in
resistances than footings o glacially derived soils
spread footings Possible traffic impact that could impede pile
Ease of due to large crane and penetration to required
construction pile driving equipment depths
Feasible for Although pile relaxation
integral is a risk, the delay
abutments required for PDA
testing will render this
potential issue as non-
consequential.
Driven Steel Higher Higher construction Medium Cobbles and boulders
Pipe Piles geotechnical cost than spread may be encountered in
resistances than footings glacially derived soils
spread footings More vibration than that could impede pile
and driven steel driven steel H-piles penetration to required
H piles and not good for the depths
proposed staged Although pile relaxation
construction is a risk, the delay
More driving problems required for PDA
than Steel H-piles testing will render this
Possible traffic impact potentia| issue as non-
due to large crane and consequential.
pile driving equipment
Drilled Caissons Can Not suitable for integral | High Liners and drilling mud

likely required due to
presence of
groundwater.

Use of “wet” installation
methods precludes
ability to review/confirm
materials at the base of
the caissons and
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Option Advantages Disadvantages Relative Risk/Consequences
Cost
assess the potential for
reduced capacity
Spreading e Ease of *  Not suitable for integral | | ow to e Potential excessive
Footings construction abutments medium settlement under large
e Lower e Relatively lower loads
foundation costs geotechnical capacity e Increased potential for
than deep than deep foundation differential settlement

foundations e Larger foundation
areas required
compared to pile caps
or drilled caissons

e May increase
requirements for
roadway protection

Based on the above, the preferred option from a geotechnical/foundations perspective is to support the
integral abutments for the proposed bridge structures on driven steel H-piles.

8.5.2 Driven Pile Foundations
8.5.2.1 Design Considerations

Driven pile foundations consisting of steel H-piles, deriving their load-carrying capacity from both shaft
friction and tip resistance, can be used to support the abutments of the proposed replacement bridge
structure. Closed-end pipe piles are not recommended as they would displace more soil than H-piles
during installation which could lead to deformation/heave of adjacent piles and the adjacent ground during
pile installation. Closed-end pipe pile will also generate significant higher vibration than steel H-piles and
it is not suggested for the planned staged bridge construction.

The driving of steel H-piles for the new overpass is not expected to adversely affect the existing and
newly built structure(s) and approach embankment. However, vibration monitoring should be carried out
during the pile driving to confirm this.

8.5.2.2 Geotechnical Axial Resistance

Axial Resistance in Compression

The axial resistances at Ultimate Limit State (ULS) for driven steel 310x110 were assessed using the
Federal Highway Administration (FHWA) and API (American petroleum institute) design methods with the
program APILE (Ensoft, 2019). The geotechnical model outlined in Tables 8.1 and 8.2 and on Drawing s
No. E1 and No. E2 were used as input to these analyses.

The factored geotechnical resistances at Ultimate Limit States (ULS) outlined in Table 8.4 may be used in
design.
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Table 8.5: Factored Geotechnical Resistances at ULS and at SLS — Pile Foundations
Anticipated Pile Pile Tip Factored Geotechnical Factored Geotechnical
Pile Type Length below pile Elevation’ | Resistance at ULS?#3 Resistance at SLS?&3
cap(m) (m) (kN) (kN)
West Abutment
HP 310 X 110 | 216 | 250 | 1100 850
East Abutment (the south half)
HP 310 X 110 | 213 | 250 | 1100 850
East Abutment (the north half)
HP 310 X 110 21.3 250 930 740
HP 310 X 110 26.3 245 1100 850
Notes:

" Pile lengths and tip elevations are based on the underside of the abutment foundation as provided above in
Section 8.1.2.

2 |n accordance with Table 6.1 in the CHBDC, the ULS Geotechnical Resistances were determined based on a
consequence level of “Typical” with a consequence factor equal to 1.

3 In accordance with Table 6.2 in the CHBDC and the site and prediction model understanding classification of
“Typical”, a resistance factor of 0.4 (static analysis, compression) has been used in calculating the factored
geotechnical resistance at Ultimate Limit State (ULS) and a resistance factor of 0.8 (static analysis, settlement, and
lateral deflection) has been used in calculating the factored geotechnical resistance at Serviceability Limit State
(SLSy).

Figures E3 and E4 of Appendix D provides a profile of geotechnical axial resistance at ULS in
compression for HP310x110. A resistance factor of 0.4 should be applied to the calculated ultimate
capacity. The estimated geotechnical reaction at SLS for a 25 mm vertical settlement exceeds the
geotechnical reaction at ULSr given above. This SLS reaction was assumed to be 80% of the ULS:.

It should be noted that 100 blows material were not encountered within the bearing layer (lower silt
deposit) at PM-03 at the north half of the east abutment, as such piles driven at this location may need to
be longer to achieve the above-mentioned ultimate geotechnical resistance of 2,750 kN (or factored
resistance of 1,100 kN) within the very stiff to hard silty clay to clay till. After driving beyond the silt
deposit, initially, capacity reduction is expected for these piles, however, the ultimate geotechnical
capacity could be achieved at a deeper tip elevation of approximately 245 m (or anticipated pile length of
26.25 m below pile cap).

8.5.2.3 Downdrag

The proposed overpass structure will be constructed along the similar alignment as the existing bridge.
No significant grade raise is expected within the proposed bridge foundation footprint and existing
embankment will be removed to accommodate a longer bridge. In addition, the site soils consist
predominantly of dense to very dense granular soils and very stiff to hard cohesive soils and piles are not
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designed to purely rely on end bearing. Based on these conditions, the piles are not anticipated to be
subjected to significant downdrag loads.

8.5.2.4 Soil Setup, Relaxation and Pile Capacity Validation

Pile/Soil setup effect is a natural phenomenon where pile load capacity increases over time as the results
of dissipation of pore-water pressure. The magnitude of pile/soil setup is governed by three main factors:
pile slenderness ratio, elapsed time, and type of surrounding soil.

Piles will be driven through significant thickness of clay/clayey soils at the site. Piles driven in cohesive
soils generally gain capacity after driving has been completed and excess pore pressures have dissipated
(i.e., the capacity of friction piles in clayey soils increases with time). The ULStcapacities identified in the
previous sections represent the ‘long-term’ capacities of the piles. Capacities determined by static pile
testing or restriking of piles (particularly piles that derive most of their capacity from skin friction) at the
time of, or shortly following, driving would not be expected to equal the long-term capacities. To
determine the actual, long-term pile capacities the following procedures are recommended to be carried
out.

e At each abutment, two of the production piles should be driven to the targeted tip elevation while full-
time Pile Driving Analysis (PDA) testing is carried out to obtain the initial drive resistances.

o These ‘test piles’ shall remain in place for two weeks to allow for 14 days of soil set-up to occur.

e PDA testing of the piles shall be carried out on day 14.

e The result of the day-zero and day-14 results will be used to project the capacities after one year
using the following relationship.

Q.= Q, (Alog(=) + 1) Skov and Denver, 1988

The ‘A’ constant will be determined based on the setup determined at day-zero and day-14, followed by
calculation of Qasss which will be considered the long-term capacity of the piles.

For H-piles deriving their capacity predominantly from friction within the very stiff to hard silty clay / clayey
silt till, relaxation and reduction of pile capacity is not generally a concern. The delay required for PDA
testing should render this concern as non-consequential.

The Hiley Formula as defined on Structural Drawing SS103-11 should be applied to each driven pile to
provide a relative comparison between piles where PDA testing is carried out and the remaining piles.
The “Hiley Formula Pile Resistance” for all piles shall be submitted to the geotechnical engineer for
comparison with the PDA tested piles.

As per the RFP section 2.4.9.5 Foundation Design and Construction and related subsequent bid
enquiries (#166 and 176):
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For pile foundation specified to be driven to a specified ultimate resistance, the specified ultimate
resistance shall be validated using dynamic formula analysis and high-strain dynamic testing at end of
drive (EOD) and retap/restrike after sufficient time has passed to allow soil setup. In each pile group, 10%
of the piles rounded up to the next whole number, but no fewer than two piles, shall be re-tapped to
confirm that the ultimate axial geotechnical resistance has been achieved and/or sustained. Pile driving
records and testing results shall be provided to MTO Foundation Section for information purposes.

Piles should be supplied and installed/constructed in accordance with the requirements of OPSS.PROV
903 — Construction Specification for Deep Foundations.

The following “Pile Driving Note” should be included on the structural drawings:

e Piles to be driven in accordance with Standard SS 103-11. Projected ultimate capacity based on the
14-day PDA testing must demonstrate an ultimate geotechnical resistance of 2,200 kN per pile
(HP 310X110) based on a geotechnical resistance factor of 0.5, but must be driven to EL. 250 m.

o |f PDA testing indicates that the capacity will not achieved at EL. 250.0 m, it should be anticipated
that piles will need to be further driven to EL. 245.0 m; Should the initial testing reveal this to be the
case, the above pile driving note will need to be adjusted at that time.

¢ In the case of the northern half of the east abutment, the static analysis suggests that a lower
resistance maybe encountered at EL. 250 m; 14-day PDA test results should be used to determine if
driving to EL. 245.0 m will be required.

The specified resistance load per pile in the note above is dependent on the pile size selected and the
structural load planned to be supported on each pile and is equal to two times the factored geotechnical
resistance at ULS for the selected pile type.

8.5.2.5 Drivability

The pile driving equipment shall be appropriate to the driving conditions and capable of achieving the
design pile capacity. The pile termination or set criteria should be dependent on the pile driving hammer
type, helmet, select pile size and length. The set criteria should be established at the time of pile driving
once the equipment is decided.

The site soil generally consists of loose to very dense granular soils and stiff to hard cohesive soils
including glacial tills (upper clayey silt to silty clay). No early termination/refusal of boreholes than the
designated hole depths were noted at the site due to possible cobbles and boulders although some auger
grindings, gravel and rock fragments within auger cutting and split spoon samples were noticed during
Stantec investigation. Based on the current Stantec investigations’ findings, no significant pile driving
issues are anticipated within that soil deposit at the site.
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8.5.2.6 Pile Lateral Resistance

SLS Resistance Modelling and P-Y Curves

The response of a pile to lateral loads is a non-linear relationship. Non-linear elastic-plastic springs (i.e.,
p-y curves representing the load intensity per unit length of pile (p) versus the lateral deflection of the pile)
can be used in evaluating the structural response of the pile in response to lateral loads.

The program LPile 2019 developed by Ensoft, Inc. (Ensoft, 2019) was used to develop p-y curves for HP
310x110 piles, the preferred pile size for this site. A moment of inertia of 237x10% mm* was used for an
HP310x110 pile section. A modulus of elasticity of 200 GPa was used for the pile material (steel). The
pile was modelled with a total length of 23 m. The unfactored geotechnical input parameters that were
used in the analyses for the piles for the west abutment and the east abutment are displayed in the
following tables. For an integral abutment, sand fill within the flex zone (CSP) should be considered loose
for a lateral resistance assessment.

Table 8.6: Recommended Parameters for Lateral Pile Capacity Evaluation

Elevation Effective Unit Friction Undrained shear
Soil Layer Interval (m) weight, y angle, ¢ strength, S,
From To (kN/m?3) °) (kPa)
Stiff to hard CLAYEY SILT to
SILTY CLAY 268 267 21.0 32 200
Stiff to hard CLAYEY SILT to
SILTY CLAY 267 262 11.2 32 200
Loose to dense SILT to
SANDY SILT 263 256 11.2 30 -
Stiff to hard SILTY CLAY 256 252 10.7 32 150
Dense to very dense SILT 252 247 12.7 33 -

Note: Groundwater level is assumed at 267.0 m.

The p-y curve values versus depth for the piles size identified above at each foundation unit are
presented in Figure E5 and Table E1 in Appendix E. These tables provide a series of curves obtained
from the LPILE program generated for selected depths below the pile head. The p-y curves can be used
in the structural evaluation of the H-piles noting that the p-y curves provided are unfactored and that
appropriate resistance factors (i.e., as outlined in Table 6.2 of the CHBDC, 2019) should be applied when
assessing the geotechnical lateral resistances of the piles at ULS and SLS.

Group Action

The horizontal resistance of piles should consider the group action of piles (pile interaction) in accordance
with Section 6.11.3.4 and the associated commentary of the CHBDC.
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Group action of piles (pile interaction) for lateral loading should be considered if centreline spacing of
piles is less than 8 pile diameters (or least lateral dimension of pile) parallel to the direction of lateral load
or less than 4 pile diameters perpendicular to the load.

The effect of interaction between piles can be considered by applying a reduction factor to the soil
resistance (i.e., the p-multiplier) of a single pile to obtain p-y curves for the pile group. The reduction
factors to be applied are dependent on the pile spacing/group geometry. The reduction factors (i.e., p-
multipliers) outlined in Figures C6.11.3(r), C6.11.3(s) and C6.11.3(t) of Section C6.11.3.4 of the CHBDC
should be used. The following reduction factors may be used to account for pile group action:

Table 8.7: Recommended Reduction Factors for Pile Groups

Pile spacing / pile
diameter

Reduction Factor

Pile spacing / pile
diameter

Reduction Factor

Load Perpendicul

ar to Pile Spacing

Load Parallel to Pile Spacing

7 1.0 4 1.0
4 0.8 3 0.9
3 0.7 2 0.75
2 0.6 - -

ULS and SLS Lateral Resistances

At SLS, the horizontal resistance of the pile will be controlled by deflections and the horizontal resistance
of the piles should be calculated based on the p-y curves of the soil as discussed above. In general,

10 mm pile deflection under the pile cap is considered for a SLS condition. Both the structural and
geotechnical resistances of the piles should be evaluated to establish the governing case at ULS.

Based on the p-y analysis, a geotechnical resistance at SLS (10 mm pile top lateral deflection with a
resistance factor of 0.8 as per CHBDC S6-19) was assessed for the HP 310 X110 driven to the pile tip
elevation mentioned above. A factored ULS lateral resistance for the same pile was also assessed using
LPILE. When carrying out p-y based analysis, the ultimate lateral resistance of the pile (ULS) is generally
taken as the structural capacity of the pile laterally supported by the p-y springs or a maximum
displacement defined by the structural engineer. Where no limiting deformation is applied to the pile head,
the LPILE result represents the structural capacity of the pile.

Based on the LPILE analysis carried out using the soil properties provided in Table 8.5, the following
unfactored lateral pile capacities have been calculated for a HP310x110 pile with a fixed head condition
(as per the MTO Report S0-96-01 Integral Abutment Bridges). No pile axial loads were considered for
this analysis.

e Strong axis — 190 kN with a corresponding 10 mm of pile head deformation
e Strong axis — 370 kN with a limiting 50 mm deformation at the pile head

e Weak axis — 110 kN with a corresponding 10 mm of pile head deformation
e Weak axis — 210 kN with a limiting 50 mm deformation at the pile head
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A geotechnical resistance factor of 0.5 and 0.8 (as per CHBDC S6-19) should be applied to obtain the
lateral resistances at ULS and SLS, respectively. Group reduction factors should also be applied to
account for pile group action as necessary.

8.5.2.7 Axial Resistance in Tension

The axial resistance in tension at Ultimate Limit State (ULS) for driven steel 310x110 was assessed using
the APl (American petroleum institute) design method with the program APILE (Ensoft, 2019). The
geotechnical model outlined in tables 8.1 and 8.2 and on Drawing No. D1 and D2 were used as input to
the analysis.

For design against uplift, the tensile resistance provided in the following table is recommended.

Table 8.8: Recommended Uplift Resistance — Pile Foundations

Pile Type Assumed Pile Length (m) Factored Geotechnical I(?:ﬁ;stance (Tension) at ULS
HP 310 X 110 21.3-21.6 600

A resistance factor, ¢gu, 0f 0.3 has been applied to calculate the ULS resistance. The factored
geotechnical resistance (tension) at ULS provided above does not include the self-weight of the pile.

8.5.2.8 Other Pile Details

To facilitate pile installation, embankment fill through which piles will be driven must not contain any
material with particle sizes greater than 75 mm. Pre-augering may be required through the existing
embankment fill if large obstructions are noted during initial construction phase.

Due to the mode of deposition, site soils may contain cobbles and boulders. In order to be able to
penetrate boulders, cobbles and hard/very dense zones to achieve the required pile resistance, it is
recommended that the pile tips be reinforced as per OPSD 3000.100. Further consideration can also be
given to use heavier pile section to minimize potential pile damages.

Piles supporting integral abutments require a minimum 3 m long flex zone which is a CSP filled with loose
uniform sand to maintain the pile flexibility. The flex zone sand fill gradation should meet the
requirements in the MTO integral abutment Bridges Report SO-96-01.

8.6 LATERAL EARTH PRESSURES
8.6.1 Abutment Backfill

Ontario Provincial Standard Drawing (OPSD) 3101.150 outlines the required extent of the granular
backfill zone at the bridge abutments. The materials used as backfill behind the proposed bridge
abutments should consist of free-draining granular fill placed and compacted using methods and
equipment appropriate to the type of structure. For the purpose of this report, it is assumed that backfill
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materials meeting the requirements of OPSS Granular B (Type | or Type Il) or Granular A materials will
be used.

Excavation and backfill for the new bridge structure should be carried out in accordance with OPSS 902
Construction Specification for Excavation and Backfilling — Structures. Backfill materials should meet the
requirements of OPSS.PROV 1010 and be placed and compacted in accordance with the requirements of
OPSS.PROV 206 and OPSS.PROQOV 501, respectively.

8.6.2 Static Lateral Earth Pressures

Static lateral earth pressures will need to be considered in the design of abutments, retaining walls
(wingwalls) and retained soil systems. These structures should be backfilled using imported free-draining
granular fill materials meeting the gradation requirements of OPSS Granular A or Granular B Type |
materials.

Computation of earth pressures should be in accordance with Section 6.12 of the CHBDC. For retaining
walls that are designed to allow rotation, active earth pressure may be used for design. For rigidly tied
and unyielding structures, the at-rest earth pressure should be used for design. The effects of
compaction should be accounted for by applying a compaction surcharge as outlined in Section 6.12.3
and as shown in Figure 6.8 of the CHBDC. Where applicable (i.e., where unbalanced water pressures
may develop), the structures should also be designed to account for hydrostatic pressures.

The total at rest, (Po) active (Pa) and passive (Pp) thrusts can be calculated using the following equations:

PA=%KaYH2
Po =% Ko y H?
Pp =% Kpy H?

where H is the height of the wall and vy is the unit weight of the backfill soil. Values for Ka, Kp, Ko and y are
provided in Table 8.88 for horizontal backfill conditions. These values should be adjusted if sloped backfill
is considered. The thrust acts at a point one third up the height of the wall.

Table 8.9: Recommended Non-Seismic Earth Pressure Parameters (Horizontal Backfill)

Parameter Existing Fill OPSS Granular B OPSS Granular A and
Materials Type | Granular B Type I

Bulk Unit Weight, y (kN/m3) 21 22 22
Effective Friction Angle 28 32° 35°
Coefficient of Earth Pressure at 0.53 0.47 0.43
Rest (Ko)
Coefficient of Active Earth 0.36 0.31 0.27
Pressure (Ka)
Coefficient of Passive Earth 2.77 3.25 3.70
Pressure (Kp)

*this granular material should be tested to confirm the friction angle and compacted density as per relevant OPSSs
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8.6.3 Seismic Lateral Earth Pressures

The following design parameters are provided for use in assessing the earth pressures induced on the
bridge abutment and wingwalls under seismic loading conditions.

The total active and passive thrusts under seismic loading conditions can be calculated using the
following equations:

Pae = %2 Kae y H2 (1 - kv)
Pre = %2 Kpe y H2 (1 - kv)
where:
Kae = active earth pressure coefficient (combined static and seismic)
Kpe = passive earth pressure coefficient (combined static and seismic)
H = height of wall
kn = horizontal acceleration coefficient
kv = vertical acceleration coefficient
y = total unit weight

For this site, the following design parameters were used to develop the recommended Kae and Kpe values
as per CHBDC 2019.

Table 8.10: Seismic Design Parameters to Estimate Lateral Earth Pressures

Horizontal Acceleration Coefficient, kno Horizontal Acceleration Coefficient, kn
Site Adjusted PGA

Non-Yielding Yielding (wall movements of 25 mm to 50 mm)
0.0864g 0.086 0.043

Note: kno is the seismic horizontal acceleration coefficient that corresponds to zero wall movement and is equal to the
site-adjusted PGA estimated at ground surface. The vertical acceleration coefficient (kv) should be ignored in the
calculations as per CHBDC 2019, section C4.14.7.2.

The angle of friction between the soil and the wall has been set at 0° to provide a conservative estimate.

The seismic earth pressures may be calculated using the parameters detailed in Table 8.10 for horizontal
backfill configuration. These values should be adjusted if sloped backfill is considered.
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Table 8.11: Recommended Seismic Earth Pressure Parameters (Horizontal Backfill)
OPSS Gran A and Existing Fill
Parameter OPSS Gran B Type | Gran B Type |l Materials
Bulk Unit Weight, y (kKN/m3) 22 22 21
Effective Friction Angle 32 35 28
Passive Earth Pressure, (KPE) 3.18 3.61 2.70
Height Qf Applicatiop of PPE from base 0327 0327 0326
as a ratio of wall height, (H)
Yielding Wall
Active Earth Pressure (Kae) for Yielding 033 0.29 0.39
Wall
Height of Application of Pae from base
as a ratio of wall height, (H) for Yielding 0.353 0.354 0.352
Wall
Non-Yielding Wall
Agtivg Earth Pressure (Kag) for Non- 0.36 0.32 042
Yielding Wall
Height of Application of Pae from base
as a ratio of wall height, (H) for Non- 0.372 0.374 0.369
Yielding Wall

8.7 APPROACH EMBANKMENT GRADE RAISE AND WIDENING

The maximum height of the existing bridge approach embankment is about 6 m above the surrounding
grade and existing embankment side slope is found about 2H:1V. As mentioned earlier, no visible signs
of embankment instability and settlement were noted during the site reconnaissance and borehole
investigation.

As part of the project, the existing overpass approach embankment will be widened and the grade will be
raised. As per the cross-sections provided, 1 m to 2 m grade raise with 3 m to 5 m wide embankment
widening (at the embankment crest level, on both sides of the existing embankment) are proposed at
each abutment location. The following comments are made on the proposed approach embankment
grade raise and widening:

e The proposed embankment widening will be done with typical 2H:1V side slope.

e If overall embankment height will be in excess of 8 m, a mid-slope bench should be provided for
maintenance as per OPSD 202.010.

e |tis assumed that all embankment widening higher than 4.5 m will be done using OPSS 1010 SSM
(or other compactible inorganic granular materials which can have an internal friction angle greater
than 30 degrees after placement) and embankment widening will be carried out in accordance with
relevant MTO standards such as OPSS.PROV 206 (subgrade preparation embankment construction)
and OPSS.PROV 501 (compaction, quality control).
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¢ In area where new fill is abutting to the existing embankment fill, the existing fill surface should be
properly benched in accordance with OPSD 208.01.

e To reduce surface water erosion on the granular embankment side slopes, topsoil and seeding as per
OPSS.MUNI 802 (Topsoil) and OPSS.PROV 804 (Seed and Cover) should be carried out as soon as
possible after widening of the embankments.

e ltis also imperative that the designs include provisions for preventing surface water flow on the
embankment side slope face. Consideration can be given to using a mountable curb and gutter
arrangement to control and divert surface water away from the top of the slope. Surface water must
be properly directed to armoured outfalls/outlets designed to drain into road and highway ditches.

For reference, selected Highway embankment cross sections are included in Appendix E.

8.7.1 Embankment Stability

Slope stability analyses were carried out at the critical locations of the highway embankments (i.e.,
section where the embankment is highest and side slope is steepest, right at the west and east
abutments) using the commercially available slope stability analysis software, SLOPE/W (GeoStudio
2020). The input geotechnical design parameters are summarized in Table 8.1. A horizontal seismic load
coefficient of 0.043g (equal to half the site Adjusted PGA) was used for the seismic/pseudo-static slope
stability evaluation.

A minimum factor of safety (FOS) of 1.3 to 1.4 (corresponding to resistance factor 0.7 and 0.75 as per the
MTO Provincial Engineering Memorandum # 2020-01 dated March 23, 2020) is considered acceptable
against static, deep-seated embankment instability depends on where majority of slip circle is located. For
seismic analyses, a minimum FOS of 1.1 is considered acceptable against pseudo-static, deep-seated
embankment instability depends on where majority of slip circle is located.

The results of a slope stability analysis of overpass approach embankment are presented on Figures F1
to F4 in Appendix F. The results of these stability analyses indicate that the proposed embankment grade
raise and widening with a 2H:1V side slope are acceptable (FOS>1.5 for static and FOS>1.1 for seismic
condition).

8.7.2 Embankment Settlements

The proposed embankment grade raise & widening will induce settlement of existing embankment fills
and native soils (immediate settlement for granular soils and recompression of cohesive soils). A two-
dimensional finite element analysis using Rocscience RS 2 (2D finite element analysis) was carried out
for the most critical embankment cross section to check the magnitude of settlements across the
embankment crest.

The soil parameters provided in Table 8.1 were used and FEM analysis results are presented in Figure
F5 in Appendix F. The maximum settlement along the embankment crest is estimated to less than
40 mm. Based on the prevailing subsurface conditions (predominantly granular soils and over-
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consolidated clayey soils), it is expected that more than half of the estimated settlement will be occurred
during the planned staged construction. It will be still beneficial to place all major embankment widening
before the winter shutdown period to minimize any long-term settlement potential.

In addition to above settlement, a self-weight settlement of new fill (for the grade raise and embankment
widening) should also be considered. Typically, 0.5% of the new fill height is considered as a self-weight
settlement amount for well-compacted approved inorganic granular earth fills and it will take about one to
two years to compete after construction. Self-weight settlement of well- compacted OPSS 1010 SSM and
Granular A and B materials are generally significantly less than inorganic granular earth fill self-weight
settlement.

The results of settlement analysis plus self-weight fill settlement after the construction will be generally
below the MTO Embankment Settlement Criteria for Design dated July 2010 (total settlement of 50 mm
and differential settlement of 200:1 for freeways & longitudinal transitions) and there are no significant
settlement concerns for the proposed highway improvement. As per the RFP, embankment and road
pavement settlements should be monitored.

8.8 CEMENTTYPE AND CORROSION POTENTIAL

The results of an analytical test on two samples of the embankment fill and native soils are presented in
Section 5.3 and Appendix D.

The analytical test results of the embankment fill and native soils samples were compared to Table 7.2 of
the U.S. Federal Highway Administration Publication No. FHWA-NHI-14-007 (2015) Table 7.2 Criteria for
Assessing Ground Corrosion Potential for the attack on buried steel. The sulphate concentrations
measured in the embankment fill and native soil samples are less than the threshold for non-aggressive
soils (less than 200 ppm). However, the concentration of chlorides for the tested fill soil sample (206 ppm)
is indicative of an “aggressive" soil (Chloride concentration of more than 100 ppm).

As per the MTO Structural Manual (2021) section 2.8.5, concrete is considered subject to sulphate attack
when

e Water-soluble sulphate (SOa4) content of the adjacent soil is equal to or greater than 0.10%; or,
e Sulphate (SOa) in groundwater is equal to or greater than 150 mg/L.

When concrete is identified as subject to sulphate attack, the concrete shall be resistant to sulphate
attack as required by Special Provision CONCO0006. Based on the test results, concrete will not be
subject to sulphate attack for this bridge site (water soluble sulphate in soil samples <0.10% which is
equivalent to 1000n.g/g).

In addition, the analytical test results were compared to CSA A23.1 Table 3 Additional requirements for
concrete subjected to sulphate attack for potential sulphate attack on concrete. The sulphate
concentrations measured in the tested samples are below the exposure class of S-3 (Moderate).
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Therefore, based on the two soil samples tested, when the designer is selecting the exposure class for
the structure, the effects of sulphates may not need to be considered.

Based on the results of the samples tested and given that the structure is located across the highway and
will be exposed to de-icing salt, consideration should be given by the designer to designing for a “C” type
exposure class as defined by CSA A23.1 Table 1.

It should be noted that the final selection of exposure class and corrosion mitigation measures should be
a decision of the design engineer who takes into account all design considerations including CSA A23.1
Section 4.1.1. durability requirements.

9.0 CONSTRUCTION CONSIDERATIONS

9.1 CONSTRUCTION STAGING

The construction of the foundations for the new abutments of the overpass is anticipated to involve
staging and lane-reductions on Highway 401 using appropriate traffic control. The use of a temporary
roadway protection system may be required based on the staging plan.

9.2 TEMPORARY PROTECTION SYSTEMS

Temporary protection systems (TPS) may be required to protect traffic on Highway 401 or maintain traffic
on Pond Mills Road during construction of the approach embankments and new overpass foundation
infrastructure.

The contractor will ultimately be responsible for developing and implement a roadway protection system
meeting the requirements of OPSS.PROV 539, including establishing appropriate geotechnical design
parameters. The soil parameters provided in Tables 8.1 and 8.8 could be used for design purpose.

The following table compares the available roadway protection options considered for the proposed
rehabilitation:

Table 9.1: Comparison of Roadway Protection Systems

. . Relative
Option Advantages Disadvantages Cost Risk & Consequences
Soldier Piles with e Relatively e Additional labour Low e Potential for
timber lagging; simple required groundwater seepage
struts/rakers or tie- installation ¢  Groundwater seepage and loss of ground
backs/anchors process into the excavation can unless groundwater

control measures are

occur without :
implemented

groundwater control

e Removal of soldier
piles can be difficult
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. . Relative .
Option Advantages Disadvantages Cost Risk & Consequences
os
e  Potential for minor
loss of ground at rear
of lagging
Steel sheet piles e Relatively o Difficult to drivefinstall | Medium | ¢  Potential for sheet
(SSP) with/without Simple in soils where piles to either be
tie-backs/anchors installation cobbles/boulders are damaged, deflected
process present or meet refusal due to
e Provides cut- e May require large obstructions
off to sections where
groundwater cantilever design is
seepage adopted
e  More efforts will be
required to remove or
cut the temporary
shoring system

Both of the temporary support systems described in the table are considered feasible for use. The
temporary support systems should be supported with struts or rakers from the construction side or tie-
backs/ground anchors.

Roadway protection design should generally meet the requirements of Performance Level 2 in
accordance with DB SP 539 and should consider traffic loading. Performance Level 2 specifies a
Maximum Angular Distortion of 1:200 and a Maximum Horizontal Displacement of 25 mm. Strut, raker, or
tieback design, if and as required, must be designed not to exceed these limits. Horizontal movement of
the temporary roadway protection system should be monitored throughout the bridge replacement
process as described in DB SP 539. If more stringent temporary excavation support performance criteria
is considered to be necessary for the proposed staged construction immediately next to the existing and
newly built bridge structures, a roadway protection design should be developed in accordance with
relevant performance levels of DB SP 539.

9.3 EXCAVATION AND BACKFILLING

Excavation and backfilling for the new bridge structure should be carried out in accordance with
OPSS.PROV 902 Construction Specification for Excavation and Backfilling — Structures.

Any vegetation, fill, organic soils, and other deleterious materials must be removed from beneath the
foundation and retaining wall footprints. Where deleterious materials are encountered within the
foundation footprint, the materials should be excavated, removed, and replaced with compacted granular
fill material.

All side slopes for open cut excavations should conform to the Occupational Health and Safety Act
regulations for Construction Projects (OHSA). The construction of the new abutments will require
excavation through the existing highway pavement structure and underlying fill materials and native soils.

34




FOUNDATION INVESTIGATION AND DESIGN REPORT -

POND MILLS ROAD OVERPASS REPLACEMENT- HIGHWAY 401 REHABILITATION FROM
WELLINGTON ROAD TO HIGHBURY AVENUE, DESIGN-BUILD PROJECT

February 2023

The construction of the new overpass abutments will also require excavation through the existing
materials in at the Pond Mills Road and additional fill material placed for the proposed embankment
widening and grade raise.

The fill in the existing approach embankment lower portion is likely to consist of general/variable earth fill.
The fill in the new approach embankments is also anticipated to consist of general earth fill (both granular
and cohesive fills). The granular fill materials are expected to have a compact to dense relative density
and the cohesive fill materials at the site to have a generally stiff to very stiff consistency. The underlying
native soils consist of generally stiff to very stiff clayey silt to silty clay and compact to dense sandy silt to
silty sand. Where space permits, these excavations may be developed using open-cut methods. The fill
materials (above the water table) and the native soils above groundwater table would be classified as
Type 3 soils.

OHSA indicates that temporary excavations made within Type 3 soils that are above the water table
and/or dewatered prior to excavation should be developed with side slopes no steeper than 1H:1V.

Grading work should be carried out in accordance with OPSS.PROV 206 Construction Specification for
Grading and SP 206S03. For the proposed embankment widening, the new fill materials should be
benched into the existing embankments in accordance with OPSD 208.010.

9.4 UNWATERING (GROUNDWATER CONTROL)

The groundwater level was measured at elevations of approximately 266.5 m to 267.0 m in the previous
investigation at the site. These elevations are about 1.1 m to 1.6 m below the Pond Mills Avenue grade at
Highway 401 centreline.

Excavation required for the new abutment foundation and removal of existing structure will likely be above
the static groundwater level. Temporary unwatering, using conventional sump and pump techniques,
should be anticipated to be required for excavations and should be satisfactory to handle seepage and
infiltration into excavations in the underlying native clayey silt to silty clay deposit.

All groundwater control systems required for the construction of the replacement bridge should be
designed and implemented in accordance with NSSP FOUNO00O03.

Ultimately, the design of dewatering/unwatering systems is the responsibility of the contractor.
Depending on the water taking/dewatering volumes and source(s) of water, the dewatering activities may
require a Permit to Take Water (PTTW) from the Ministry of Environment, Conservation and Parks
(MECP) or registration of the water taking activity in the Environmental Activity and Sector Registry
(EASR). The permit/registration requirements are outlined in Table 1.0 of CDED B517.
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9.5 INSTRUMENTATION AND MONITORING

An Instrumentation and Monitoring Plan should be prepared at least 3 months prior to commencement of
earthworks for the construction widening of the approach embankments and overpass replacement. The
Plan should include the following:

¢ Monitoring before, during and after construction to check the safety of the work

e Potential impacts of proposed construction on surrounding facilities

e Check compliance with performance specifications

o Assess design assumptions and refine estimates of future performance

e Monitoring before, during and after construction to check the safety of the work

o Discussion of potential for ground movements and impacts to Pond Mills Road, Highway 401, existing
and newly built bridge structures;

e Construction vibration monitoring;

o Buried utility (e.g. watermain and gas) monitoring within the earthwork zone of influence;

e Temporary protection system monitoring as per DB SP 539.

e Settlement surveys should be carried out before, during, and following construction. As a minimum,
monitoring is expected to include survey points along the existing road surface and on the existing
bridge abutments. Post-construction differential settlement between abutments and abutment
approaches should be taken at months 3, 6, 12, 18 and 24 of the general warranty period, starting
immediately after paving is complete; elevations at the centreline of each lane should be measured at
all bridge abutments, and at distances of 20 m, 50 m, 75 m, and 100 m from the abutments.

36



FOUNDATION INVESTIGATION AND DESIGN REPORT -
POND MILLS ROAD OVERPASS REPLACEMENT- HIGHWAY 401 REHABILITATION FROM
WELLINGTON ROAD TO HIGHBURY AVENUE, DESIGN-BUILD PROJECT

February 2023

10.0 SPECIFICATIONS

The following specifications are referenced in this report:

Table 10.1: Specifications Referenced in the Report

Document

Title

NSSP FOUNO0003

Dewatering Structure Excavations

OPSS.PROV 206

Grading

OPSD 202.010

Slope Flattening Using Surplus Excavated Material on Earth or Rock Embankment

OPSD 208.010

Benching of Earth Slopes

OPSS.PROV 212

Construction Specification for Earth Borrow

OPSD 3000.100

Foundation, Piles, Steel H-Pile Driving Shoe

OPSD 3090.101

Foundation Frost Depths for Southern Ontario

OPSD 3101.150

Walls, abutment, backfill — Minimum Granular Requirements

OPSS.PROV 206

Construction Specification for Grading

OPSS.PROV 501

Construction Specification for Compacting

OPSS.PROV 539

Construction Specification for Temporary Protection System

OPSS.PROV 902

Construction Specification for Excavation and Backfilling — Structures

OPSS.MUNI 802

Construction Specification for Topsoil

OPSS.MUNI 804

Construction Specification for Seed and Cover

OPSS.PROV 804

Construction Specification for Temporary Erosion Control

OPSS 805

Construction Specification for Temporary Erosion and Sediment Control Measures

OPSS.PROV 903

Construction Specification for Deep Foundations

OPSS.PROV 1010

Material Specification for Aggregates

SP517F01 Amendment to OPSS 517, July 2017

SP105S10 Construction Specification for Compaction

SP109S12 Amendment to OPSS 902, November 2010

SP 206S03 Earth Excavation, Grading

SP 599522 Retained Soil System, (Design and Construction Requirements)

SP 599823 Retained Soil System (Requirements for Materials and QC/QA testing)
DB SP 539 Amendment to OPSS 539

DB SP 902 Amendment to OPSS 902

DB SP 903 Amendment to OPSS 903

SP BRDG0007

CSP for Integral Abutment
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11.0 MISCELLANEOUS

The field work was carried out under the supervision of Mr. Wuhib Tamrat, Mr. Akshat Shukla, Mr. Justin
Moleta, and Mr. Binoy Debnath, under the direction of Mr. Gwangha Roh, Ph.D., P. Eng.

The drilling equipment was supplied and operated by Landshark Drilling based in Brantford and DBW
Drilling Inc. based in North York, Ontario. Traffic control service was provided by CRH Group Inc.
Chemical testing for pH, soluble sulphate, and chloride content, and resistivity was out by Agat
Laboratories based in Mississauga.

The location and elevation survey of the investigation holes was carried out by Stantec’s Geomatics
Group based in London. Geotechnical laboratory testing was carried out at Stantec’s Markham
laboratory.

This report was prepared Ramin Ghassemi, Ph.D., P.Eng. and reviewed by Gwangha Roh Ph.D., P.Eng.
and by Raymond Haché, M.Sc., P. Eng., Designated Principal MTO Foundation Contact.
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12.0 CLOSURE

The recommendations made in this report are in accordance with our present understanding of the
project. We request that we be permitted to review our recommendations when the drawings and
specifications are complete.

A soil investigation is a limited sampling of a site. The conclusions given herein are based on information
gathered at the specific borehole locations. Should any conditions at the site be encountered which differ
from those at the borehole locations, we request that we be notified immediately in order to assess the
additional information and its effects on the above recommendations.

We trust the information presented herein meets your present requirements. Should you have any
questions or require additional information, please do not hesitate to contact us.

Respectfully submitted,
STANTEC CONSULTING LTD.

Ramin Ghassemi, Ph.D., P.Eng.
Geotechnical Engineer

R. GHASSEMI

100536678

— -

i e
- é—rf//o
Gwangha Roh, Ph.D., P. Eng.
Senior Geotechnical Engineer

J.G.A.R HACHE

Sl L\

Raymond Haché, M.Sc., P.Eng.
Senior Principal, Designated Principal MTO Foundation Contact

\\cd1215-f01\work_group\01216\active\1650\165001239\reports\reports\08-pond mills\final
fidr\165001239_darft_hwy401highbury_fidr_pondmills_20230131.docx
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A.1 DRAWING NOS. 1 AND 2 - BOREHOLE LOCATION PLAN AND
SOIL STRATA PLOTS
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SILTY SAND E_ﬁ_“ﬁg ¢ wet ¢ w401 ¢ ey SANDY SILT, Compact to Dense
SANDY CLAY TO CLAYEY TRACE GRAVEL, (FILL), e | [ASPHALT | W SURFACE
Compqct to Dense N N - SILT TO CLAYEY SILT,
SILT, TRACE GRAVEL, ROOTLETS Y ; 14 TRACE TO SOME SAND, GRAVEL
AND ORGANICS (FILL), Loose v.””,##% § ’&"‘VV AND TOPSOIL, WITH COBBLES
to Compact =y ““”“‘ 13 (FILL), Loose to Compact
270 O o 3 SSRGS 270
YT LTI 16 30 14 , CLAYEY SILT, TRACE SAND
s 53 j2van pgs 1, AND GRAVEL, (TILL), Stiff to
CLAYEY SILT (CL), TRACE—17] i ” 1 Very Stiff
SAND AND GRAVEL, Very Stiff 18 q 5 = || —SILT, TRACE TO SOME SAND
260 2 CLAYEY SILT, i 3 o1 AND CLAY, WITH CLAYEY SILT 260
SANDY SILT TO SILT —— 0 SOME SAND. TRACE  {rmy /| 2 LAYERS, Compact
(ML), C t to D o GRAVEL (TILL), TS 22
» Compact to Dense %%/ L 1l PRI Very Stiff to Hard " Moz r——;- JT——CLAYEY SILT, TRACE SAND,
4 26 &7 WITH SILT LAYERS, Very Stiff
CLAYEY SILT (CL),— 7 16 CLAYEY SILT (CL), TRACE SILT, TRACE CLAY, WITH o to Hard ery St
- 4 B . CLAYEY SILT LAYERS, LA A M Al 20 L L o Har
Very Stiff L+, SAND AND GRAVEL (FILL), Stiff c t 132
250 e 32 e ompac 1887725 250
bt , AN AN 100¥275mm —
SILT, TRACE SAND,—/ A [ </ |38 // /4 P CLAY SILT (CL), TRACE SAND SILT, WITH CLAYEY SILT ancorse S rerar e erara }8(? 250mmigr) | =t = leBT’GRT:\fg_E ;rloerilo%Ee::ng
Dense to Very Dense / 49 | PO AND GRAVEL, Very Stiff LAYERS, Dense VITAITTII Kardry N g
. 26 |4 VA K SAND, SOME SILT, Very
pa 34 SILT WITH SAND (ML), TRACE CLAY, CLAYEY SILT, TRACE SAND Dense
. s [ AV x Very Loose to Very Dense AND GRAVEL, Very Stiff
240 S s ; 240
A 26 =NOTES=
CLAYEY SILT (CL), SOME_/ 4 ) % ) The boundaries between soil strata have been
SAND, TRACE GRAVEL, (TILL), vy b ‘ CROSS SECTION B-B established only at borehole locations.
Very Stiff to Hard V1 N2 A SCALE Between boreholes the boundaries are
o A2 1 5 o 5 1om assumed from geological evidence.
4 m
| S me— This drawing is for subsurface information

230

230

only. Surface details and features are for
conceptual illustration.

KEY PLAN
800m 0 800 1600m
LEGEND
Borehole (Stantec, 2022)
Borehole & Cone (Stantec, 2022)
4 Borehole (Colder, 2013)
4 Borehole (MTO, 1986)
(x.x m) Offset from Centreline of Alignment
N Blows/0.3m (Std Pen Test,
475 J/blow)
¥ WL at time of investigation
February 2013 and July 2022
¥ WL Measured on June 2013 and
September 2022
* Piezometer
MTM ZONE 11 COORDINATES
No ELEV NORTH EAST
PM-01 275.9 | 4 755 685.0 411 524.8
PM-02 275.6 | 4 755 695.2 411 548.2
PM-03 270.6 | 4 755 747.4 411 584.7
PM—04 [ 274.5 | 4 755 7255 411 619.5
PM—-05 2711 4 755 752.6 411 593.6
PM—-06 | 269.2 | 4 755 649.5 411 552.5
13-101 269.7 | 4 755 728.8 411 548.9
13-102 | 270.7 |4 755 673.4 411 594.4
13-103 275.6 | 4 755 703.8 411 539.8
13—-104 | 2751 | 4 755 694.3 411 594.5
1 268.3 | 4 755 657.6 411 563.5
2 269.0 |4 755 647.0 411 558.4
3A 269.0 | 4 755 726.9 411 564.0
3B 269.0 |4 755 732.7 411 563.4
4 269.5 |4 755 736.3 411 578.5
5 269.5 |4 755 665.5 411 582.8
101 274.7 |4 755 675.9 411 557.8
102 274.5 |4 755 723.2 411 586.2
NOTE: The complete foundation investigation and design report for
this project and other related documents may be examined at the
Engineering Materials Office, Downsview. Information contained in
this report and related documents is specifically excluded in
dance with the conditions of Section 102—2 of Form 100.
2
=]
1%2]
>
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HWY No 401 [oisT
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FOUNDATION INVESTIGATION AND DESIGN REPORT -

POND MILLS ROAD OVERPASS REPLACEMENT- HIGHWAY 401 REHABILITATION FROM
WELLINGTON ROAD TO HIGHBURY AVENUE, DESIGN-BUILD PROJECT

February 2023

B.1 GEOCRES NO. 40L4-111 (EXPLANATION OF TERMS USED IN
REPORT, LABORATORY RESULTS, RECORDS OF BOREHOLE,
BOREHOLE LOCATIONS AND SOIL STRATA)

B.2 GEOCRES NO. 40114-157 (LIST OF ABBREVIATIONS AND
SYMBOLS, RECORDS OF BOREHOLE, BOREHOLE LOCATIONS AND
SOIL STRATA, LABORATORY TEST DATA)

B.1



EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST {SPT) N VALUE 1S THE NUMBER OF BIOWS REGUIRED TO CAUSE A STANDARD Simm O.D. SPLIT BARREL
SAMPLER 1O PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 63.5kg, FALLING
FREELY A DISTANCE Of 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION

ACHIEVED. AVERAGE N VALUE {5 DENOTED THUS M.

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT { Simm Q.D. 60° CONE ANGLE) DRIVEN BY 475 J
IMPACT ENERGY ON A’ SIZE DRILL RODS. THE RESISTANCE TO CONE PENETRATION 15 MEASURED AS THE NUMBER OF BLOWS FOR EACH
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

0.3m

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

COHESIVE 50ILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRﬁNGTH(CU) AS FOLLOWS:

| ¢y tkpa) 0-12 12 - 25 25-50 | 50«00 | 100 -200| =200
VERY SOQFT SOFT FIRM STIFF VERY STIFF HARD
DENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY $PT N VALUES AS FOLLOWS:
N{BLOWS/0.3m}| 0 - 5 5-10 10 - 30 30 - 50 *350
VERY LOOSEY LOOSE COMPACT DENSE VERY DENSE

ROCKS ARE DESCRIBED BY THEIR COMPOSITION AND STRUCTURAL FEATURES AND / OR STRENGTH.

RECOVERY !

SUM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE CORING RUN,

MODIFIED RECOVERY:!

SUM GF THOSE INTACT CORE FIECES, 100mm+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.
THE ROCK QUALITY DESIGNATION (R Q D), FOR MODIFIED RECOVERY, 15:

l RQD (%) 0 =25 25 - 50 50 ~ 75 75 - %0 90 - 100
VERY POOR POOR FAIR GooL EXCELLENT
JOINTING AND_BEDDING :
SPACING 50mm 50 - 300mm| 0.3m ~ 1m Im =« 3m =>3m
JOINTING VERY CIOSE CIOSE MOD, CLOSE WIDE VERY WIDE
BEDDING VERY THIN. THIN MEDIUM THICK VERY THICK

ABBREVIATIONS AND SYMBOLS
MECHANICAL PROPERTIES OF SOIL

FIELD SAMPLING

S5 SPLUT SPOON T P THINWALL PISTON m, kPa™!  COEFFICIENT OF VOLUME CHANGE
W5 WASH SAMPLE OS OSTERBERG SAMPLE C, } COMPRESSION INDEX
S T SIOTTED TUBE SAMPLE R ¢ ROCK CORE Cy | SWELLING INDEX
85 BLOCK SAMPLE P H TW ABVANCED HYDRAULICALLY Cy 1 RATE OF SECONDARY CONSOUDATION
€S CHUNK SAMPLE P M TW ADVANCED MANUALLY <, m?/s  COEFFICIENT OF CONSOLIDATION
T W THINWALL OPEN F S FOIL SAMPLE H m DRAINAGE PATH
T, 1 TIME FACTOR
STRESS AND STRAIN U % DEGREE OF CONSOLIDATION
U, kPa  PORE WATER PRESSURE O, kP EFFECTIVE OVERBURDEN PRESSURE
Ty ) PORE PRESSURE RATIO o kpa PRECONSOLIDATION PRESSURE
o kpa TOTAL NORMAL STRESS 7 ko SHEAR STRENGTH
o’ kpa EEFECTIVE NORMAL 5TRESS ¢’ kpa EFFECTIVE COHESION INTERCEPT
T ko SHEAR STRESS y - EFFECTIVE ANGLE OF INTERNAL FRICTION
o, .9, kha PRINCIPAL STRESSES <, kpa APPARENT COHESION INTERCEPT
€ % LINEAR STRAIN by - APPARENT ANGLE OF INTERNAL FRICTION
€, €, 8y % PRINCIPAL 5TRAINS T kPa RESIDUAL SHEAR STRENGTH
E kPa MODULUS OF LINEAR DEFORMATION T, kpa REMOQULDED SHEAR STRENGTH
G kP MODULUS OF SHEAR DEFORMATION s, ] SENSITIVITY = é,um
i 1 COEFFICIENT OF FRICTION ’
PHYSICAL PROPERTIES OF S01L
A ko/n® DENSITY OF SOLID PARTICLES e 1,%  vDID RATIO @nin 1% VOID RATIO IN DENSEST STATE
% kN/m® UNIT WEIGHT OF SOLID PARTICLES n 1% POROSITY b ! DENSITY INDEX =~—Q——~n§m ":: .
A, kg/m’ DENSITY OF WATER w 1% WATER CONTENT O mm  GRAIN DlAmMETER o T
Y KN/ UNIT WEIGHT OF WATER 5, % DEGREE OF SATURATION D, mm  n PERCENT - DIAMETER
P kg/m® DENSITY OF sOiL wo% LIQUID LimiT ¢, ! UNIFORMITY COEFFICIENT
Y kN/ed UNIT WEIGHT OF 501 Wy % PLASTIC LimtT h m HYDRAULIC HEAD OR POTENTIAL
/é kg/m3 DENSITY OF DRY SOOIt W % SHRINKAGE LIMIT q m/s  RATE OF DISCHARGE
)c” KN/m UNIT WEIGHT OF DRY SOIL o % PLASTICITY INDEX 2 W « W, v m/s  DISCHARGE VELOCITY
@m kg/m® DENSITY OF SATURATED SOH I 1 LIGUIDITY INDEX = W i } HYDRAULIC GRADIENT
Yoot KN/m® UNIT WEIGHT OF SATURATED SOIL P W - W k m/s  HYDRAULIC CONDUCTIVITY
P' kg/m’ DENSITY OF SUBMERGED SOIL ' 1 CONSISTENCY INDER- "LT;““““ j kn/m' SEEPAGE FORCE
Y’ kN/m UNIT WEIGHT OF SUBMERGED SOIL Cax DR VOID RATIO IN LOOSEST STATE



7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SILT - - F;
Fine { Medium | Coarse ine Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
| 2 3 4 5 4] 20 30 40 50 75um 150um 300um &400um 118 mm 2.36mm ?.5mm 19.0 mm 37.5mm 63,0 mm
I ”l l” S3um 106um 250um  425um B50 um 2.00mm 4.75mm 26.5mm 53.0mm{ 75.0mm
100 % 0
90 to
80 20
70 30
:
g v
50 50
Z LEGEND E
= BH |SAMPLE SYMBOL <
o 40 60 &
a0 70
&
D)
20 4,‘:'\ 80
N
%
0 20
0Q 100
! 2 3 48 10 20 30 40 270 200 140 100 6050 40 30 20 16 108 4 W' S ¢ s a2l gt

MINISTRY SIEVE DESIGNATION (Imperial)

Transportation and WP 139 -86-02

Tmstry of GRAIN SIZE DISTRIBUTION FIG No 1
Oy ommunications SILTY CLAY (FILL MATERIAL)




7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
. SAND GRAVEL
CLAY & Sut Fine { Medium | Coarse Fine Coarie
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
1 2 3 4 5 10 20 30 4050 g5, 150um 00um  $O00um 118 mm 2.36mm 9.5mm 19.0mm 375mm  53.0mm
] l l l ”” l53um 106um 250u’m 425 um B850 um 2.00mm 4.75mm 13.2 mm 26.5 mm 53.0mm 75.0mm

100 Smm_ P

90 10

80 20

70 30
o 80 400
z z
m ....... s
& =

50 50
: |
Ty}

g | SAMPLE SYMBOL &
a 40 l 60 &
30 l 10

NG
20 < 80

,‘\‘o
Py
10 90
0 T u h 13 [ " n L3 loo
f 2 3 4 5 10 20 30 40 270 200 140 100 6050 40 30 20 16 e 4 L IS LR U/ POl 1A
MINISTRY SIEVE DESIGNATION (Imperial )
My of - ang GRAIN SIZE DISTRIBUTION FIG No 2
Communications - WP 139-86-02
St SAND (FILL MATERIAL)




7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SILT Fine | Medium | Coarse Fine Coorie
GRAIN "SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
! 2 3 4 8 10 20 30 4030 75um 150um 300um 600pm L8 mm 2.36mm 9.5 mm 19.0mm 375mm  63.0mm
100 I ”I Irm 53um 106um 250pm 425 pm B50 um ] 13,2 mm 26.5mm 53, 0mm{ 75,%mm
R e o o 5
.
90 10
B8O 20
70 30
o 403
z z
w b !
< b
50 50
z [ LEGEND z
s [ 8H [sampie SYMBOL &
& 40 lL 60 &
30 F 70
9
:)Q 80
20 ¢
N
<
10 90
0 " 100
I 2 3 45 10 20 30 40 270 200 |40 100 6050 40 30 20 6 08 4 R A A
MINISTRY SIEVE DESIGNATION {imperial)
Mot GRAIN SIZE DISTRIBUTION FIG No 3
Communications ) WP 139-86-02
Ontario SILTY CLAY TRACE /SOME SAND, TRACE GRAVEL




7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SuT Fine [ Medium | Coorse Fine Coorie
GRAIN S$IZE IN MICROMETERS MINISTRY SIEVE DESIGNATION ( Metric)
{ 2 3 48 10 20 30 4050 5w 150um 300um 600um 118 mm 2.36mm 9.5mm 19.0mm 375mm  61.0mm
100 ! l l I l l lq S3um 108 um 250um 425um 850 um 2.00mm 4.75mm 13.2mm 26.5mm 53.0med 750mm
0
90 10
80 20
70 30
w 80 400
E z
2 2
b -
50 50
> LEGEND z
i v]
g BH |SAMPLE SYMBOL &
a 40 60 &
i
30 70
&
20 ‘(,\' 80
2\
<
1+] Q’ 90
0 i 100
) 2 3 45 10 20 30 40 270 200 140 100 €050 40 30 20 I8 108 4 7 A N A ke
MINISTRY SIEVE DESIGNATION {imperial)
Ministry of FIG No 4
D) ot o GRAIN SIZE DISTRIBUTION
Communications WP 139-86-02

Ontario

SANDY SILT TO SILTY SAND




Mirsstry of
Transportation st
Commumeations

OFFICE REPORY ON SOIL EXPLORATION

Ortary
RECORD OF BOREHOLE No | METRIC
w P 139-86+02 LOCATION Co~ords. N 4 755 438.0: E 41} 554.3 ORIGINATED 8Y _DC
DIsT 2 .. Wwy__ 401 BOREHOLE TYPE _Cont. Flight Auger (H.5.) COMPILED 8y PP
DATUM Geodetic DATE 86 11 11 CHECKED @y L s
OIL PROFILE SAMPLES o w JOYNAMIL CONE PENETRATION
> s-u-'-"‘é’ < RESISTANCE PLOT PLASTIE :g;g::;; LIguID ,__5-: R
- gO b o 20 40 60 80 100 LUIMIT  CONTENT LIMIT EQ EMARKS
Ol b ok e VRS e U SO Wp W w, | S5« &
ELEV ESCRIPTIO Tlm| w2183 5 SHEAR STRENGTH O A— 2 | GRAIN sizE
DEFTH DESC N 13] % | 5|38 T [ounconrme  + piEwD vane WATER CONTENT (%) DISTRIBUTION
zi2 5 &Y | & [eaquck ruaxial x 1as vane % (%)
268.3 Ground Level w - ] GR SA 51 CL
0.0 /’ ¥ 268
Silty Clay
traces of sand // L 85 .52
traces of organics |/ 21 S8l 45
Very Stiff
to Hard 3] s8] 45 266
4 88 29
264.0 3 58 27
4.3 End of Borehole

x5 : Numbaers refer to
Sensitivity

20
1505 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

Mirmstry o
@ Transportaton ang
Commume ations

Ontano

RECORD OF BOREHOLE No 2 METRIC
WP 139-84-02 LOCATION Co-ords: N 4 755 427.4; E 411 549.2 ORIGINATED BY DC
DIST 2 HWY 401 BOREHOLE TYPE _Cont. Plight Auger (H.5.) & Washbore = BW Casing COMPILED 8Y __ PP
DATUM Geodetic DATE 86 11 311 - 86 11 13 CHECKED BVMA_.:T:;:“
w [OYNAMIC CONE PENETRATION
SOlL PROFILE SAMPLES 1 &y | |RESISTANCE pLor NATURAL s
Y o PLASTIC  mensruge WGuip | o T REMARKS
- go g 20 40 80 30 100 LimiT CONTENT LimiT -z-(__'z
Cla N - W L W W w| Sw &
ELEV SESCRIBTIO 12| ¥ 2 [28 | O [SHEAR STRENGTH U VE— 3 | GRAIN SiZE
DEFTH ESCRIPTION 131 2| £1858] % [ouvconmned  + FiEw vaNe ATER CONTENT ()| ¥ |PSTRIBUTION
glz 5 [EY ] & |eouck TRIAKIAL  x Lag vang | W (%) (%)
269.0 Ground Level ©w N e 10 2 3p GR SA 51 (L
0.0 //
/] + | s
AT 10 55| 8
y 6
Silty Clay A 266
A2l 88 137 ] 0 7 (91
traces of sand
traces of gravel Pq
1A 3].88 1 23 264
N
1 lal g8 20
Very Stiff P 262
LA
to Hard 11 5] 88 94
/’ 260
6] 88 | .17 bl 0 5 (9%
|
258.3
10.7 site 258
traces of gand
some clay
71 88 | 31 o 0 58015
Dense 256
255.3
13,7 )
Silty Clay 1
traces of sand ¥ 254
// 81 &8s 35
Hard
252.2 "
16.8 252
silt
91 .88 ] 60H 13 em
trace/some sand
trace clay 250
Very -
Denge
248
247.5
1% " 10155 | 100126 om ° 013 76 11
Sandy $ilt R
traces of clay S 248
Very Dense .
i) ss | s0
o e b
43.1 ERB
25,9 ¥
s
|1 242
i1
Silty Clay PTllLel ss | 84 L 220 (78)
//
A
// 240
i 4 /
/ 20 4
2.5, Numbers refer o .
. +7y K7 15 5 (% N AT .
Continved "7 Samsitivity o8 [RISTRAIN AT FAILURE Continved




OFFICE REPORT ON S50IL EXPLORATION

Mgty ot
Tramsportaon ang
Commumzanons

Detano
RECORD OF BOREHOLE No 2 (Cont'd) METRIC
WP 139-86-02 LOCATION Co-ords. N & 755 427.4; § 411 549.2 ORIGINATED BY _DC
DIST 2 HWY 401 BOREMOLE TYPE Cont. Flight Augér (H.8.) & Washbore - BW Casing COMPILED BY PP
DATUM Geodetic DATE 86 11 11 - 86 11 13 CHECKED BY
' DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | &, | 2 |REsistance “piot NATURRL =
=5 g PLASTIC  peysripe Uouip ] o I REMARKS
g U LimiT onTENT LMT | = O
- w |3 @ 20 40 60 80 100 ¢ z:=
ol Ylag| z oot Wy, W oW [ SE 8
ELEV DESCRIPTION Elal ¥ 215851 & [SHEAR STRENGTH U o—— % | GRAIN SIZE
DEFTH E c|E1 2| $138] 5 |ounconrined  + riewD vane WATER CONTENT ()| 7 |DISTRIBUTION
Continued 212 5 | E9 1 & |ecuck TRIAxAL  x LB vang NTENT {%) (%)
5388 4 5 £ = 10 20 30 GR SA S CL
[4
A 13 ss| 15
Ve 238
Some Sand /,
”
traces of gravel 236
& 35T 7%
//
14
234
v
e
Hard 1577887 8
232
M
|
Fq 230
228.9 16] 55 30 O 4 16 (80)
4u. 1 End of bBorehole

+3, x5 ; Numbers refer 1o
Sansitivity

20
15 -5 (%) STRAIN AT FAILURE
10



OFFICE REPORYT ON SOiL EXPLORATION

Mgty ot

Tratupertaton grg

Commurications
e

tare

RECORD OF BOREHOLE No 3A

METRIC

+3, x5 . Numbars refer to

Sansitivity

1505 {%) STRAIN AT FAILURE
10

WP 139-86-02 LOCATION Co-ords: W & 755 507.3; E 411 554.8 ORIGINATED 8Y _DC
DIST 2 Hwy__ 401 BOREHOLE TYpg , Cont. Flight Auger (5.5.) COMPILED BY __DC
e
DATUM Geodetic DATE 86 12 03 CHECKED 8Y :
SOIL PROFILE SAMPLES o w DYNAMIC CONE PENETRATION -
Mo | & [RESSTANCE PloT nastic NATURAL vaow| = Z | remarcs
= R - 20 40 60 80 100 conreny zz
O v p e 1 A L | ) Wp w W, oW &
fLEy DESCRIPTION =18 g 2|85 & [snear strencn AT 3 | GRAIN sIzE
{ > 5 = CISTRIBUTION
DEPTH =151 = > s} « |9 UNCONFINED + FIELD VANE . Y s
g1z 5 gu Z | Quick TRaxiaL  x 148 vane | WATER CONTENT (%) {%]
269.0 Ground Level % G e NI 1020 30 GR 5A 51 CL
0.0 =
Silty Clay A ™
with sand 4 1 &8 g 268 / 7 38 (35)
traces of gravel ¥ o
ST
Soft 4 ,
to 3881 21
Hard e 266 i‘
265.5 1 41 85 | 4§ e e - 3 11 (86)
3.5 End of Borehole
20




RLPWIME Y 2L CAP LU RME LAY

AAE TG

Mimistry ot
@ Teansportanon ang
Communications

Lntano
RECORD OF BOREHOLE No 38 METRIC
WP 139-86-02 LOCATION Co~ords.N4 755 513.1; E 411 554.2 ORIGINATED BY e
DIST .2 Wwy__ 401 BOREHOLE TypE__Comt. Flight Auger (S.5.) compiep sy PP
DATUM Geodatic DATE 86 12 04 CHECKED BY B N
DYNAMIC CONE PENETRATION.
SOIL PROFILE SAMPLES | &, | 2 |ResisTAnce  pLOT pastic NATURRL =
4% g LimiT 2“3,‘.?{;‘,55 LimT F-:C) REMARKS
51w w | 39 20 40 0 80 100 W W w | 2% 2
abwi 5ok % P t Dg
ELEV DESCRIPTION il - -l _zg Q |SHEAR STRENGTH ettt GRAIN 51ZE
DEPTH P 2z g B8 | T ]o unconpngd * FIELD VANE | oo oM TeNT (% y  [DISTRIBUTION
g1z 5 | &Y | & [eauck rriaxiat x Lag vane [W NT (%) 1%)
269.0 Ground Level ©» - " G 10 20 30 GR 5A 1 Cl
0.0 A gl
11
Probably 268
e
Silty Clay
A 266
265.3
3.7 o
Silt SL.58 168 0 383 14
Occasional Silty
Clay Pockets 8| 85155 264
traces of sand
Very Dense 7 88 |84 -} 0 479 17
262.0
26
7.0 JT 2
18} 88 117 o 91076 5
Sandy Silt .
ol | 260
. 9{ 85 31
traces of clay o (4
trac f gravel of o
races of g i 258
Compact R
10! 88 49 [=} 01679 5
to RER
Very . 256
Dense .
254
LTI S5TT00A28 em
B 252
250.4 LT2Ts8 | 60415 om
18.6 End of Borehole

+3, x5 : Numbers refer to

Sensitivity 10

20
15 <5 {%) STRAIN AT FAILURE
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Ministry ot
Tramgportausn and
Commune ghomy

RECORD OF BOREHOLE No 4

METRIC

w P 139-86-02 LOCATION Co-ords, N & 755 516.7: & 411 569.3 ORIGINATED BY _DC
DIST .2 Hwy 401 BOREMOLE TYPE _ Cont. Flight Auger ($.S.) COMPILED BY __DC
DATUM Geodetic DATE 86 12 05 CHECKED 8Y . -
w {OYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | &, | Z |Resistance ploT NATURAL I
ez o] FLASTIC  mestype  LIGUID b REMARKS
[ " go o 20 40 50 80 100 Limt CONYENT LIMIT 29
ol Slos| z e Wy W w | 52| &
ELEV CRIPTION El8] w1 2198] & [SHEAR STRENGTH e Z | GRAIN SIZE
DEPTH DESCRIPTIO w30 2] %136 % [ounconsnes  + FiEwD vane WATER CONTENT (0] 7 |PISTRIBUTION
é z 5 | BV & |e-cuck TRIAXIAL X LAB VANE o (%) (%)
269.5 Ground Level & - - o 10 20 30 GR SA Si CL
0.0 $ilty Clay /] :
traces of organics
traces of gravel //( 1,88 | 13 268 . sy 4 21 (75)
(Fill
some " 2i 55 1 40
cand Materia ,,}/.,_
Very Stiff 7| 2188130
b
265.8 to Hard AL 4l s5 1 25 266 LA 111 (88)
3.7 Silt 5] 88 45
traces of gravel
traces of sand 6] S5 | 61 © 8 479 9
Occasional §ilty 264
Clay Seams
Compact to 71 85 | 24 1o~ 0 2 (98)
Very Dense
262
261.6
R » 8] 858 30
o ¥
o Je o]
91 88 13 260
Sandy $ilt .
to o e
5ilty Sand 258
traces of clay 41101 s8] 71
Compact o | 256
to '
Very Dense .
o 1] 111 88 |49 254
" 252
250.8 141z 55 59 o
18.7 End of Borehole

+3, x5 . Numbers refer to
Sensitivity

20
1505 (%) STRAIN AT FAILURE
0
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Ministry of
Trangportanon ang
Commuymcatons

Ontane

RECORD OF BOREHOLE No 5

METRIC

* Groundwater Level

not observed

WP 139-86-02 LOCATION Co-ords. N & 755 445.9; E 411 573.6 ORIGINATED BY __0HC
DIST 2 Hwy__ %0l BOREHOLE Type _ Cont. Flight Auger (5.5.) COMPILED BY . PP
DATUM Geodetic DATE 86 12 08 CHECKED 8Y Lo
: w  FDYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & 2 |Resistance pior NATURAL =
=7 S PLASTIC  moigTyRe  LIGWID e REMARKS
= $5| » 20 400 60 80 100 |\ cowtenr Lmir i SO
9 o B D: = L fl ) } i Wp W W‘ W &
ELEV erpT ale| w| 219a] & [sHEAR STRENGTH NS AS— 2 | GRAIN SIZE
BERTH DESCRIPTION MEIEEE 8% = 1o unconmined s pEDVANE] CONTENT (% y DISTR!?UTION
g1z 5 | EY | & [eouck rriaxial  x LaB vane (%] (%}
269.5 Ground Level v - w 10 20 30 GR SA 51 CL
[V *
rd
vl 17881 32
- h"""‘“»._
$ilty Clay s Tw 268 — Fot 238 (50)
trace/some sand A AR 120 (25 du)
traces of gravel
4 ¥ 4] ss | 25 266
V1
A1 51 35 | 54 o 0 2 (98)
Hard 4
264
263, 1 e EINTREL o
6.4 1
Sandy Silt R 262
to ¥
Silty Sand .
traces of cla .
y ‘ 71 85 | 19 260
Compact
to g
Denze ", 258
S8 ss | s0
11" 256
bss.s LTSS TS 25t b b b L i 8] 738 (55)
15.7 End ¢f Borehole

+

3

¥

x5 . Numbers refer to
Sansitivity

20
15 45 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

Ministry ot
Trangpomatizd gng
Communzansns
Ontar
L4
RECORD OF BOREHOLE No 101 METRIC
W P 139-86-02 LOCATION Co-orda: N & 755 456.3; E 411 545.6 ORIGINATED 8Y __ DM
DisT 2. Hwy_ 401 BOREHOLE TYPE  Washbore - NX Casing COMPILED B8y __ PP
DATUM Geodetic DATE 86 11 18 - 86 11 20 CHECKED BY H\m" -
w | DYNAMIC CONE PENETRATION
SOIL FROFILE SAMPLES | & | % | REsistance Pior TR B
=21 8 MOISTURE L - REMARKS
e} A LimIY CONTENT  LIMT g_f)
5 o | 29 20 4D 40 80 100 Z5 &
Qe W LE z L L L Wp w W, :3
ELEV DESCRIPTION >lo) o purt zg Q SHEAR STRENGTH [T S—) GRAIN SIZE
DEPTH “1EL 2| S |38 5 |ounconmnes  + RiEwD vane WATER CONTENT (%) 7 DISTRIBUTION
2z 5 | EY | & |eouck TRIAXAL  x LaB VANE NT (%) {%)
l274.7 Ground Level » g @ 1o 20 30 GR 5A S Ci
0.0 )S\
Sand ) 274
Some Gravel 4 58 | 28
Occasional Cobbles 27 8§ 11 o 19 67 10 4
traces of silt
traces of clay N I [ 272
Loose to >< 4] ss !
Very Dense ST T & 14 41 29 16
(Fill Material) >< B1“S5 T 60/F.5 em 270
.1 71 88 60/1(_)‘&:11
D B 85 | 45 o 1373 10 4
268.0 268
6.7 IR PO 130 (69)
/V
$ilty Clay 111104 85 | 67
trace/with sand /w 2686
traces of gravel 4 11 88 | 37
Qeeasional Silt Seams //
264
and Layers 12 88 | 60 o 0 5 (95)
1
A
Hard 13,88 .46 262
//
s
N .
A 260
259.0 A 141 55 1 46
15.7 End of Borehole

+3' x° ; Numbars rafer to
Sensitivity

20
15 35 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOJL EXPLORATION

Mimsrry of
@ Transponahon ang
Communt ations

Ontare
RECORD OF BOREHOLE No 102 METRIC
‘WP 139-86-02 LOCATION Corgrda, N & 755 30362 E. 411 577.0 ORIGINATED BY _ DM
DIST 2 Awy_ %01 BOREHOLE type  Washbore - NX Casing COMPULED BY _ PM
DATUM Geodetic DATE 86 11 21 - 86 11 24 CHECKED BY
w OYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & | % | RESsrance ot paste NATURAL =
52 o MOISTURE  LIGUID REMARKS
- 20| & 20 40 60 80 100 |™T cowtewr bty SO
O & o L i f 1 w &
z|w Siok| 2 Wp w W | 3
ELEV DESCRIPTION Zl8| w2 [88| & [sHEAR STRENGTH N 2 | grain SIZE
BEPTH = Iz 8 8% T |0 UNCONFINED  + FIELD VANE WATER CONTENT (% 7 DISTRIBUTION
g1z 5 |29 | @ |eouck TRIAKAL X 1aB vanE CONTENT {%) (%)
1274.5 Ground Level wi - L 10 20 30 GR SA 51 CL
0.0 » w | 274
Silty Clay )(\ - » , (50
some/with sand 2 et 13 28 59)
trace/some gravel (\ 2] 38
I ES T 272
Firm to
Very Stiff N 4! 88 I3
/>\ 5] §5 | 24
(Fill Material) 270
269.3 Ny 8L 58 | 22 g 335 (62)
5.2 $ilty Clay TS ut or 112 (87)
trace/some sand // 8! 58| 50 268
traces of gravel 9] 85 | 43
A
266.4 Hard AT 10l 55 1 75 ° 616 (78)
8.1 End of Borehole

Water Level was
ohserved to be 0.6 m
below ground level,
one day after the
removal of casings.

+3, x5 ; Numbers refer to
Sensitivity

20
1595 {%) STRAIN AT FALURE
10




¢ .
oo METRIC |an RS
-t 15
a 38 L 3A MEDIAN HWY 401 , 101 1 2 WP No 139-86-02
; & $. & _‘, & o @ o o w o DIMENSIONS ARE IN METRES
2 H ¥ 4 2232 s 222 ANDZOR MULIMETRES UNLESS
276 ! 278 Zss 58S 3 S ?!HEEWiSsE; s:-seewm STATIONS SHEET
2 e Kwe TS, N g0 N KLOMETRES + MEIRES. POND MILLS ROAD
2 274 e - LA - 274
£ L PN AR P SAND X KA AN
] 277 /ﬁék)ﬁ RAVgL,Exc cos%i'as : ‘*{Zf 272 BORE HOLE LOCATIONS & SOM STRATA
- ra 3 ) EA
g o K, TRACESZ OF ST K K 7 p—
3 270 B/g-dmCoNT AP A0 X Loose 1oV, Bense A 28 X 4rS 2 270 .5
5 = N N§_ P00 SISO FILL. MATERIAL) T30 XS 0 G n N
H 268 PG Ao 2 /I)%Lﬁ‘*ﬁ : Y*/ETi/-i 45 1 X1 ss 272.0
E T STV CLA sty 7 A GCTA A b
: 266 4 3%54 4 4% JRACES OF SAND & GRAY el VA Ay 4 4% 266 272.5 Ciry
S 8 + Soft to Hord PdErgx 2971 27 : 273.0 £
. 264 TSI T i P A AL N AN A% S e :
H V Dense OCC SILTY CLAY i LP SV P ¥  R2%%Y) S 273.5 LI
z (i |24 [POCKETS Tt e /120 { /i 74.0 -
z 262 — HL L o et L 5 1262 5i
= 260 dBR3 G NANE 4 ad 3 4 / £
3 G IR A AE 7 g & WBL S ASPHALT T/
5 258 Ll LE 1T SANDY suy Ja , 58 e 3 C 3 - — f%-* Y
z T H T TRACES OF CLAY ST T I @ & & & /w)
F 256 -1 149 TRACES OF GRAVEL TRS OF SaNpi a1 :’”53256 S = /"\ ;
- RENE Comp to V Dense P 1 L 2755 o
3 o I e STy Coav] TE ., I G MEDIAN HWY 401, _ ,
& RN EEANNNEN TRS OF S5aND W37 V' - : /
5 - 252 a0 IR SR Haed "4 AL BAA :
£ A sl 11 1T SILT — T et @ EBL / ASPHALT
250 B AN ART TR/SOME SAND 250 - — - - -
y T8 OF cami - /
Y Denss| :
48 §“¥ 00/ ZBem =248
” SANDY SHLT| 246 KEY PLAN
TR OF CLAY [ 11, . SCALE
244 VDense_ I EL ISP tem 0.5 O Tk
4 b SR —_— —— SE—
242 ZEs 242
240 VAL %0 LEGEND
SILTY CLAY st
238 SOME SAND 1 7 258 € Bore Hols
TR'S OF GRAVEL 4
3% Hard /// 7 ; 238 ‘$’ Dynomic Cone Penstrotion Test [Conel
A b /
e 4 i1 234 Q‘ fSore Hole & Cene
. . L
32 A T 232 N Blows/0-3m {Std Pes Tast, £75 J/blow]
» A . R
30 7 i CONE Blows/0-3m [50° Cone, 475 3/ biow)
. %
o 228 < 228 —-} Wi o time of investigotion B& 1%
fa 226 : 226
282 282
4 102 % MEDIAN HWY 401 5 :
Y 278 ' 278 TG - OROINATES
i : Wi NOY No | ELEVATION
276 - H OBSERVED 276 ) 274 74 NORTH EAST
ey . B
va a3 an 1 268.3 | 4755438.01 411 554.3
27 AR KISy CLAY PORRPR 274 270 e 270
272 1 & I TRACES E_SAND, T?ACE; o!] GRAVE;K?\ 272 266 | SEE I 2 | 260.0 la7s5427.41 an 549.2
A< irm  to Har < 5/0.3m CONE ’ ue L) S ) S S
270 NSRS PRIUR TR MATERIAL S REDRNE " 55 b, 270 S S S 3 2 : 3 | 269.0 |4755507.3] 41 534-8
- et >2,‘22 REX 3 M % & XK 3 A T 262 5 3 T ¥ 5 262
268 IRSCE ORGSY'S Dearrt [SUTY CLAY 411/ AL g e 4150 TP 258 & & . 2 & 2 258 38 | 2690 (475551301 411 554.2
T AN LT 2 TRACES/ SOME SAND | AW Y i : °
286 et iPe% /.2.5./// TRAcEs OF araveL | WAV A I X a4 4% 266 PROFILE HWY 401 4 | 269.5 }4755516.70 411 569.3
T11 P i4si T TFerd Wl 4 .
264 Comp o] || TSILT fTTE AL YAV A VA sl XV o ¢ E&M W 5 | 269.5 |4755445.5] 41 573 .6
V Dense | | J24[IR°S OF SAND & GRAVEL 11 1111 1 bt A 4 s 264
PR Tty OCC SHYY QLAY SEaMs "[{ j- [ il bt . ; 262 8m 4 O Bm 101 | 274.7 [ 4755456.3] 411 548.6
RS ERNERNANS LTRSS RN AN =t
s T TS LT - SQNDE;R:%E ;f)?ag.‘(ﬁ SANDL .1 RIARERAR] . 02 | 274 .5 1 4755503.8] 41 577.0
sUrel b b Comp to V¥ Densed f-17)-17 1] |+
258 : . 5 'S e : % S8 S BN IR 08 P £ : 3 . . = T O 8 i} =i 258
- + - + + . . . . . Er . . . - . = . r . - . - . - . - N . ) = m . - .
I54 . - P ‘ PR e W . . s . . S G X A T4 B £ I 456
254 - + el lagl bl sl . ; 254
252 . NN 252 5
RSN ENENE : ) =NOTE=
250 S adlis ] 253 k The boundaries between 1oif strata hove been eifoblithed
- ’ only of Bore Hole locations. Betwesn Bors Holes the
248 248 boundories ore anumed from geological evidence.
246 WNQTE: The late foundation & tigotion ond desgn repoef for
246 this proiect ond other reloted documents moy be examined ot the
B - B Engingering Materials Office, Downsview. [nformation contoined n
: this repoet aad reloted documents is specificolly exciuded in
accordance with the conditions of Section 1022 of form 100
Z| L1
Iy SECTIONS X DATE [ Y | CESCRIPTION
%_ Sm ‘SCQ{'E Bm Hor Geocres No 40114 - 111
p T o Ve : HY No 4C1 DiST 2
= m ' : SUBMD PP ICHECKED  IDATE 87 03 26 {SHE 19-372
REF No E-10030-1 5402 CRAWN DT JCHECKED 47 |5 /o0 ES DWS I393602-E




LIST OF ABBREVIATIONS

The abbreviations commonly employed on Records of Boreholes, on figures and in the text of the report are as follows:

L

AS
BS
CS
SS
DS
FS
RC
SC
ST
TO
TP
WS

II.

SAMPLE TYPE

Auger sample
Block sample
Chunk sample
Split-spoon
Denison type sample
Foil sample

Rock core

Soil core

Slotted tube
Thin-walled, open
Thin-walled, piston
Wash sample

PENETRATION RESISTANCE

Standard Penetration Resistance (SPT), N:

The number of blows by a 63.5kg. (140 1b.)
hammer dropped 760 mm (30 in.) required to drive
a 50 mm (2 in.) split spoon sampler for a distance
of 300 mm (12 in.)

Dynamic Cone Penetration Resistance; Ny:

PH:

PM:
WH:
WR:

The number of blows by a 63.5kg (1401b.)
hammer dropped 760 mm (30 in.) to drive uncased
a 50 mm (2 in.) diameter, 60° cone attached to “A”
size drill rods for a distance of 300 mm (12 in.).

Sampler advanced by hydraulic pressure
Sampler advanced by manual pressure

Sampler advanced by static weight of hammer
Sampler advanced by weight of sampler and rod

Piezo-Cone Penetration Test (CPT)

A electronic cone penetrometer with a 60° conical
tip and a project end area of 10 cm? pushed through
ground at a penetration rate of 2cm/s.
Measurements of tip resistance (Q,), porewater
pressure (PWP) and friction along a sleeve are
recorded electronically at 25 mm penetration
intervals.

1. SOIL DESCRIPTION
(a) Cohesionless Soils
Density Index N
(Relative Density) Blows/300 mm or Blows/ft.
Very loose 0to 4
Loose 4 to 10
Compact 10 to 30
Dense 30 to 50
Very dense over 50
(b) Cohesive Soils
Consistency
CusSu
KPa pst
Very soft 0to 12 0 to 250
Soft 12 to 25 250 to 500
Firm 25 to 50 500 to 1,000
Stiff 50 to 100 1.000 to 2,000
Very stiff 100 to 200 2,000 to 4,000
Hard over 200 over 4,000
Iv. SOIL TESTS
w water content
Wy, plastic limit
Wi liquid limit
C consolidation (oedometer) test
CHEM  chemical analysis (refer to text)
CID consolidated isotropically drained triaxial test"
CIU consolidated isotropically undrained triaxial test
with porewater pressure measurement'
Dr relative density (specific gravity, Gy)
DS direct shear test
M sieve analysis for particle size
MH combined sieve and hydrometer (H) analysis
MPC Modified Proctor compaction test
SPC Standard Proctor compaction test
oC organic content test
SO, concentration of water-soluble sulphates
ucC unconfined compression test
uu unconsolidated undrained triaxial test
\" field vane (LV-laboratory vane test)
Y unit weight
Note: 1  Tests which are anisotropically consolidated prior to

shear are shown as CAD, CAU.

Golder Associates

LIST OF SYMBOLS

Unless otherwise stated, the symbols employed in the report are as follows:

pY)
pa(Ya)
Pu(¥w)
Ps(¥s)
,YI

Dr

¢

n
S

General

3.1416

natural logarithm of x

x or log x, logarithm of x to base 10
acceleration due to gravity

time

factor of safety

volume

weight

STRESS AND STRAIN

shear strain

change in, e.g. in stress: A &
linear strain

volumetric strain

coefticient of viscosity

poisson’s ratio

total stress

effective stress (¢’ = c-u)

initial effective overburden stress
principal stress (major, intermediate, minor)
mean stress or octahedral stress
= (o1toyt03)/3

shear stress

porewater pressure

modulus of deformation

shear modulus of deformation
bulk modulus of compressibility

SOIL PROPERTIES

(a) Index Properties

bulk density (bulk unit weight*)

dry density (dry unit weight)

density (unit weight) of water

density (unit weight) of solid particles

unit weight of submerged soil (y' = y- y,))
relative density (specific gravity) of solid
particles (Dg = py/ py) (formerly Gy)

void ratio

porosity

degree of saturation

Cmax

Cmin

=4z

(a) Index Properties (continued)

water content

liquid limit
plastic limit
plasticity index = (w; — w;,)
shrinkage limit

liquidity index = (w — w,)/I,
consistency index = (w; —w) /I,
void ratio in loosest state
void ratio in densest state
density index = (emax - e) / (emax - emin)
(formerly relative density)

(b) Hydraulic Properties
hydraulic head or potential
rate of flow
velocity of flow
hydraulic gradient
hydraulic conductivity (coefficient of permeability)
seepage force per unit volume

(¢) Consolidation (one-dimensional)

compression index (normally consolidated range)
recompression index (over-consolidated range)
swelling index

coefficient of secondary consolidation
coefficient of volume change

coefficient of consolidation

time factor (vertical direction)

degree of consolidation

pre-consolidation pressure

over-consolidation ratio = 6',/c"\,

(d) Shear Strength

peak and residual shear strength
effective angle of internal friction
angle of interface friction
coefficient of friction = tan &
effective cohesion

undrained shear strength (¢ = 0 analysis)
mean total stress (o + 63)/2
mean effective stress (¢'; + ¢'3)/2
(o1 +03)/2o0r(c’+0'3)2
compressive strength (o, + o3)
sensitivity

t=c'+o' tan ¢’

shear strength = (compressive strength)/2

density symbol is p. Unit weight symbol is y where
vy=pg (i.e.massdensity x acceleration due
to gravity)

Golder Associates
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'Associalies

London, Ontario

LDN_MTO_06 12-1132-0076-1001.GPJ LDN_MTO.GDT 22/05/15

PROJECT  12.1152.0076 RECORD OF BOREHOLE No 13-101 10oF2  METRIC
W.P. 3030-11-00 LOCATION N 4755728.8 , E 411548.9 ORIGINATED BY _BT
DIST HWY 401 BOREHOLE TYPE _ POWER AUGER, HOLLOW STEM COMPILED BY WDF/LMK
DATUM _GEODETIC DATE February 6 - 7, 2013 CHECKED BY
DYNAMIC CONE PENETRATION
wegy| < PLASTIC LiQuID [ =
£z 9 umr  MOISTURE “ronl £ 5 &
'C_) %) <8 » 20 40 60 80 100 CONTENT zZ 9
) u =] z 1 W, w w | 24 [ cransize
ELEV o|lm| ® 3128 O |SHEAR STRENGTH kPa
DESCRIPTION 1= < £z = O DISTRIBUTION
DEPTH <3| £ | > |38| < [© UNCONFINED  + FIELD VANE Y %)
El= z |E°| © |® QUICKTRIAXAL x LABVANE [ WATERCONTENT (%)
269.72]  GROUND SURFACE | u 20 40 €0 80 100 0 20 30 kN/m® |GR SA sI cL
0.00 TOPSOIL, silty ==
Brown o
0.30 FILL, silty sand, trace topsoil
268.96 Brown 269
0.76 CLAYEY SILT TILL, trace sand, Y
trace gravel g 1| SS | 18
Very stiff / Granul
Brown 4:2. 2 ss 21 Bentonit
ZEdl 268
7%
3111 3 | ss | 25
267
4| ss | 23 ¢ | 1.7 50 42
5 Ss 15 266
265.45
4.27 SANDY SILT, trace clay
Compact to dense 6| ss | 31 (X
Grey ig 265
Backfill
264.33 7| Ss P %1%1%
5.39 SILT, some sand, trace clay, with
clayey silt layers 264
Compact to dense 1%
Grey 8 SS 31 é
262.80 9 SS 20 =
6.92 SILT, trace sand, some clay ><
Very loose to compact
Grey %
10 | SS 19 e} 0 9 74 17
262
g
%
é 261
11| SS | WR
%
259.97 é 260
9.75 SILT, trace clay, with clayey silt 9
layers
Dense
Grey
12| SS 30 [¢] o 1 91 8
é 259
é 258
257.65
12.07|  CLAYEY SILT, with silt seams and 13 88 | 19
layers (X
Stiff to very stiff
Grey é 257
E
14 | SS 25 (4 256 0 1 74 25
| é
| ; 255
xl

Continued Next Page

+ 3‘ % 3. Numbers refer to

Sensitivity

0,
o3 & STRAIN AT FAILURE

E Golder
Associates
London, Ontario
PROJECT  12.1152.0076 RECORD OF BOREHOLE No 13-101 20F2 METRIC
W.P. 3030-11-00 LOCATION N 4755728.8 , E 411548.9 ORIGINATED BY _BT
DIST HWY _401 BOREHOLE TYPE __ POWER AUGER, HOLLOW STEM COMPILED BY WDF/LMK
DATUM _GEODETIC DATE February 6 - 7, 2013 CHECKED BY
DYNAMIC CONE PENETRATION
wey| < PLASTIC pdleture  taub|
— 2z 9 LIMIT M| £ & &
n <8 » 20 40 60 80 100 CONTENT z=
2zl L | Y |2E| 2 ! ! ! L . " w w | 5& | cransize
ELEV & o | o 2 243 'g SHEAR STRENGTH kPa —_e DISTRIBUTION
DEPTH DESCRIPTION Z|5| 7| 3 |38| < [0 unconFiNED  + FIELD VANE Y %)
gl = z [£°] @ |® QuickTRIAXAL x LaBVANE [ WATER CONTENT (%)
w 20 40 60 80 100 10 20 30 kN/m* |GR SA SI CL
CLAYEY SILT, with silt seams and 15| ss 16
layers
Stiff to very stiff
Grey 254
16| ss | 13 253
252.04
17.68 SILT, trace clay, trace to some sand 252
Very dense 077
Gi
rey 17| SS boomm o 0 10 81 9
251
Granul.
|Bentonit
18 | SS | 100 250
F/‘/IerSarlvd
248.99 B r"zﬂg g
20.73 SAND, fine, trace silt, with silt layers
Very dense
Gre 102/ Caved
248.29 Yy SS bo5mm AMaterial
21.43 END OF BOREHOLE

LDN_MTO_06 12-1132-0076-1001.GPJ LDN_MTO.GDT 22/05/15

Groundwater encountered at about
elev. 262.8m during drilling on
February 6, 2013.

Water level measured in standpipe
at elev. 266.52m on
February 11, 2013.

Water level measured in standpipe
at elev. 266.62m on
March 8, 2013.

Water level measured in piezometer
at elev. 266.52m on
March 8, 2013.

Water level measured in standpipe
at elev. 266.77m on
April 3, 2013.

Water level measured in piezometer
at elev. 266.72m on
April 3,2013.

Water level measured in standpipe
at elev. 267.05m on
June 5, 2013.

Water level measured in piezometer
at elev. 266.62m on
June 5, 2013.

+ 3‘ % 3. Numbers refer to

Sensitivity

0
o3 & STRAIN AT FAILURE




LDN_MTO_06 12-1132-0076-1001.GPJ LDN_MTO.GDT 22/05/15

E Golde:
'Associalies

London, Ontario

PROJECT  12.1152.0076 RECORD OF BOREHOLE No 13-102 10oF2  METRIC
W.P. 3030-11-00 LOCATION N 4755673.4 , E 411594.4 ORIGINATED BY _BT
DIST HWY _401 BOREHOLE TYPE __ POWER AUGER, HOLLOW STEM COMPILED BY WDF/LMK
DATUM _GEODETIC DATE February 14 - 19, 2013 CHECKED BY
DYNAMIC CONE PENETRATION
wey| < PLASTIC \CicTirg  LlQUID [
— 2z| 9 LiMIT | E G &
%) <8 » 20 40 60 80 100 CONTENT z=
ol g ulIzE| z 1 w, w w | 5L | cransize
ELEV & o | & 2 243 'C__> SHEAR STRENGTH kPa PR — DISTRIBUTION
DEPTH DESCRIPTION Z|5| 7| 3 |38| < [0 unconFiNED  + FIELD VANE Y %)
El= z |E°| © |® QUICKTRIAXAL x LABVANE [ WATERCONTENT (%)
270.72|  GROUND SURFACE - 0 4 60 8 100 0 20 % kNm® [GR SA sl CL
0.00 TOPSOIL, silty, trace gravel
27026  Bown
0.46 FILL, silt, some sand, trace topsoil
Compact 270
Brown
1 SS 15 o
269.50 Y
1.22 FILL, clayey silt, trace to some sand, -
trace gravel, with cobbles 2 SS 8 q
Loose to compact 269
Brown
3 Ss 18 [e]
268
4 Ss 25 (e}
267.37
3.35 CLAYEY SILT TILL, trace sand, %
1 | 4L
Vory Stff 15| ss | 19 267 1 1 0 8 49 43
266.61 Brown
4.1 SANDY SILT,
Compact
Brown becoming grey at about 6 sS 20 °
265.84 elev. 266.1m 266
4.88 CLAYEY SILT TILL, trace sand,
face gravel 7| ss | 14 °
265.08]  Crey 4
5.64 SILT, trace to some sand, trace clay, 265
with clayey silt layers
Compact 8 Ss 25 [e]
Grey
264
9 Ss 13 o
263
262.49
8.23 SANDY SILT
Dense
Grey 262 N
261.55 Ss 31 0 32 63 5
9.17 SILT, trace sand, trace clay Qg
Dense
Grey
260.81 261
9.91 SILT, some sand, with silt layers
Compact
Grey
1" SSs 23 o
260
259
! 12| ss | 21 o 0 14 80 6
258
13| SS 27 257 Qq
256.39
14.33 CLAYEY SILT, trace sand, with silt
layers
! Very stiff to hard 256
Grey

Continued Next Page

3 3. Numbers refer to
+ 7, X7 I
Sensitivity

0,
o3 & STRAIN AT FAILURE

F Golder
Associates
London, Ontario
PROJECT  12.1152.0076 RECORD OF BOREHOLE No 13-102 20F2 METRIC
W.P. 3030-11-00 LOCATION N 4755673.4 , E 411594.4 ORIGINATED BY _BT
DIST HWY _401 BOREHOLE TYPE _ POWER AUGER, HOLLOW STEM COMPILED BY WDF/LMK
DATUM _GEODETIC DATE February 14 - 19, 2013 CHECKED BY
DYNAMIC CONE PENETRATION
wegy| < PLASTIC LiQuID [ =
£z 9 umr  MOISTURE - “ronl £ 5 &
'5 n <8 » 20 40 60 80 100 CONTENT zZQ
) ul=El z I W, w w | 24 [ cransize
ELEV olm| ® 3 |25| @ |SHEAR STRENGTH kPa
DESCRIPTION £l = < £z = o DISTRIBUTION
DEPTH <3| £ | > [38]| < [© UNCONFINED  + FIELD VANE Y %)
gl = z [£°] @ |® QuickTRIAXAL x LaBVANE [ WATER CONTENT (%)
w 20 40 60 80 100 10 20 30 kN/m* |GR SA SI CL
CLAYEY SILT, trace sand, with silt 14| ss 42 b
layers
Very stiff to hard
Grey 255
15| ss | 26 254 4 0 1 51 48
253
16| SS | 20 I i 0 1 48 51
252
251.67
19.05 SILT, trace to some sand, trace
gravel
Very dense
Grey 17| ss | 132 251 =
18 | ss | 100/ [¢]
25mi
250
19SS 100/ o 0 12 77 11
K 25mm)
100/ 249
o
20 | SS >75m
21| SS 103 248 =
247.31 o
23.41]  SAND, fine, some silt ss |, 300 d
Very dense 247
246.79 Grey
23.93 CLAYEY SILT, trace sand, trace
gravel
246.18 Very stiff BISs | °
24,54 \Crey
END OF BOREHOLE
Groundwater encountered at about
elev. 269.5m during drilling on
February 14, 2013.

LDN_MTO_06 12-1132-0076-1001.GPJ LDN_MTO.GDT 22/05/15

3 3. Numbers refer to
+ 7, X7 i
Sensitivity

0
o3 & STRAIN AT FAILURE
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London, Ontario

LDN_MTO_06 12-1132-0076-1001.GPJ LDN_MTO.GDT 22/05/15

PROJECT  12.1152.0076 RECORD OF BOREHOLE No 13-103 10oF 1 METRIC
W.P. 3030-11-00 LOCATION N 4755703.8 , E 411539.8 ORIGINATED BY _MA
DIST HWY _401 BOREHOLE TYPE __ POWER AUGER, HOLLOW STEM COMPILED BY AMG/LMK
DATUM _GEODETIC DATE May 14, 2013 CHECKED BY
DYNAMIC CONE PENETRATION
wegy| < PLASTIC LiQuID [ =
2z| 9 umr  MOISTURE “ronl £ 5 &
= n | L8 7] 20 40 60 80 100 CONTENT zZ 0
ol g ulIzE| z 1 w, w w | 5L | cransize
ELEV & o | & 2 % a 'C__> SHEAR STRENGTH kPa _—e DISTRIBUTION
DEPTH DESCRIPTION Z|5| 7| 3 |38| < [0 unconFiNED  + FIELD VANE Y %)
El= z |E°| © |® QUICKTRIAXAL x LABVANE [ WATERCONTENT (%)
275.58|  PAVEMENT SURFACE - 0 4 60 8 100 0 20 % kNm® [GR SA sl CL
8;‘8 ASPHALT
. FILL, sand and gravel, trace silt,
0.30
crushed 275
Brown
274.60 FILL, sand and gravel, trace silt,
0.98 cobbles 1] 8s 12
Compact
Brown
FILL, clayey silt, trace to some sand, 2| ss | 65 274
trace gravel, trace to some topsoil,
with silt seams and layers
Firm to hard
Brown 3| ss 7 | S | 0 25 45 30
273
4 | 8s 6
272
5| SS 5
6| ss | 12 271 = 0 17 54 29
270.00 7|88 18 270
5.58 FILL, topsoil, silty, trace sand, trace
5.79 gravel
Very stiff
269.27 Black 8 | SS 20
6.31 FILL, clayey silt, some sand, some
topsoil, trace gravel B 269
6.55 . A
Very stiff i
Brown SS 28
FILL, topsoil, silty, some sand
Very stiff
Black 268
CLAYEY SILT TILL, trace to some AP SS 43 13 | 7 11 44 38
sand, trace to some gravel ZE
Very stiff to hard Z2al
Brown becoming grey at about 2
elev. 266.4m 514
¢ 267
A4 6
RY%
454
A1 11| SS 28
266
a7
44
458
9% 265
il 12| ss 19 | 20 11 37 32
264.00
11.58 SILT, trace clay 264
Compact
Grey
13| SS 17
262.93 263
12.65 END OF BOREHOLE
Borehole dry during drilling on
May 14, 2013.
+ 3' % 3. Numbers refer to 03% STRAIN AT FAILURE

Sensitivity
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E Golder
Associates
London, Ontario
PROJECT  12.1152.0076 RECORD OF BOREHOLE No 13-104 10oF 1 METRIC
W.P. 3030-11-00 LOCATION N 4755694.3 , E 411594.5 ORIGINATED BY _MA
DIST HWY _401 BOREHOLE TYPE __ POWER AUGER, HOLLOW STEM COMPILED BY AMG/LMK
DATUM _GEODETIC DATE May 15, 2013 CHECKED BY
DYNAMIC CONE PENETRATION
wegy| < PLASTIC LiQuID [ =
£z 9 umr  MOISTURE - “ronl £ 5 &
'5 o |<L8 7] 20 40 60 80 100 CONTENT zZ0
) ul=El z I W, w w | 24 [ cransize
ELEV olm| ® 3|28 O |SHEAR STRENGTH kPa
DESCRIPTION == < |5z E 0 DISTRIBUTION
DEPTH 2|3 bt > 8 ] < O UNCONFINED + FIELD VANE ‘Y (%)
|z z [£°] @ |® QuickTRIAXAL x LaBVANE [ WATER CONTENT (%)
27510 PAVEMENT SURFACE - 0 4 60 8 100 10 20 % kNm® [GR SA sl CL
011 ASPHALT _% 275
. FILL, sand and gravel, trace silt,
0.34 crushed
Brown
FILL, sand and gravel, trace silt,
271'3? cobbles 1 88 14 274
273'73 Compact
1'37 Brown
) FILL, clayey silt, trace sand, trace
273.18 gravel, trace topsoil 2 SS 5 o
Too] | \SHlt [
: Brown 273
213 F!LL, sandy clayey silt, some topsoil
Firm 3| ss| s | 0 12 58 30
Brown
272.201 '\ FILL, silty fine sand AVA
2.90 Loose 272
Brown — 4| ss | a o
FILL, clayey silt, with silt and sand
seams and layers
Firm
271.08 Brown
4.02 FILL, fine sand, some silt, with 518817 271
clayey silt layers
Loose
Brown %
FILL, clayey silt, trace sand, trace * 6 SS 23
topsoil
262?2 Firm to very stiff w4 270
Brown (4]
CLAYEY SILT TILL, some sand, p 7 Ss 30
trace gravel
Very stiff to hard
Brown becoming grey at about 41 269
elev. 268.1m A1 8 | SS 35 o} : 0 12 48 40
4
A 268
1]
4B
267.18 2141 9 | ss 30
7.92 SILT, trace clay, with clayey silt 267
layers
Compact
Grey
266.26
8.84 CLAYEY SILT TILL, some sand, L1 A
trace gravel 14 266
Very stiff 1
Grey qr] 0] ss | 2 Fe— 1 11 55 33
265.04 sl
10.06]  SILT, with clayey sif layers 265
Dense
Grey
11| ss 34
263.97 264
11.13 END OF BOREHOLE =
Groundwater encountered at about
elev. 272.2m during drilling on
May 15, 2013.
+ 3' % 3. Numbers refer to 03% STRAIN AT FAILURE

Sensitivity
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PLOT DATE: June 02,

D|MENS»0NSA{RéZ;M?E/Tg‘s AND/OR CO NT NO.

MILLIMETRES UNLESS OTHERWISE SHOWN.

STATIONS IN KIL?METRES + METRES\. WP NO. 3054_1 1 __OO

POND MILLS ROAD OVERPASS SHEET
HIGHWAY 401 IMPROVEMENTS

BOREHOLE LOCATIONS AND SOIL STRATA

Golder Associates Ltd.
LONDON, ONTARIO, CANADA
KEY PLAN SCALE IN KILOME:TRES )
[
(o™ ™ . EE—
LEGEND
-¢— Borehole — Current Investigation
‘G Borehole (Geocres 40114—111)
a Seal
POND MILLS ROAD i
2 13—103 13—101 093—1184 102 Standpipe
s 0/S 15.2m . -IMm 0/s 15.0 i
FLL, tsand and grcv$l tQt silt, trcce‘ 0/S 44.4m Nérth of C/L —‘—O/S 3417m 01/% 319%1 hof O _GNC/H‘U'I 2 fg‘/L APPROXIMATE ROAD SURFACE N Standard Penetration Test Value
to some topsoil, with cobbles; South of C/L A ] North of C/L B N Bt i , i
280 Loose to compact; clayey silt, ASPHALT South~of C/L 280 16 Blows/0.3m unless otherwise stated
B Firm tto brlwqrg [ I ASPHALT |.'||_|_a S/itlty clay SOll’ne (Std. Pen. Test, 475 j/blow)
rown 10 ac sana, trace grave
s : - — N : I _ ; _ _ ’ _\ N /Very stiff ’(O hc'r,dw, - X WL measured on June 5, 2013
CLAYESYGn%lLTtrZIéJé, tgogc?mteo gsr%f'\;'leel §§ TOFZEOIQLF'GVSel'Ity’ 4 g CLAYEY S[(lj_'r tTILL' | X WL encountered during drilling
’ v some sanaq, trace rave
Ve"yaritv'vf'f\ ?{g hggg Bfown _\ N 0 Hard 9 DRY  Water level not established
270 e g ‘y,, N e § PSRAIGEEX g " s S is % 3 § 3 : : — 4 ’ S"_T trdce ¢|0y - with 270
B o i s 8 e 81 SlGyy St layers o, S CO-ORDINATES (MTM ZONE 10)
,,a,- A27 [¥illos [T Pt ls g AR Compact NORTHING EASTING
) ) AL o3 4 AEHAE A AL FA T T T LT b e YV Grey ) ) _
265 CLAYEY SILT TILL, aterate it lE ¥ onn bt " SANDY SILT trace clay 265 13-101 | 269.72 4 755 728.8 411 5489
krate sand, Iraee S 20 Hm w3 L] Compact 1o dense 13-102 | 270.72 4 755 673.4 411 594.4
" gravel Lo i 24 [TEORY fuenn) FV praug - SANDY SILT  Brown to grey " 137103 § 27558 LA 4115398
2 260 Very stiff to”hard EAEA7 [E ) L w L] o [Tl Dense ’ ; . 13-104 | 275.10 4 755 694.3 411 594.5
& SILT, some clay,~ L i3 30 21 Grey 200 & Geocres 40114—111
] trace sand FIFFITH - L v 4] L, ————SILT, trace to some sand, = 1 268.3 4 755 657.6 411 563.5
s Dense N T s WAL o A 27 Bk irace to some clay, With = 2 269.0 4 755 647.0 411 558.4
Z os5 RELNRPET - & 11 Ay / )42 ~ clayey silt layers , 255 = 3A 269.0 4 755 726.9 411 564.0
2 CLAYEY SILT— 1 35 16 26 f Goly 188 1o dense z 38 269.0 4 755 732.7 411 563.4
8 Face Bang ot W pdrdlgli :;/200 L igze i Z'\y = 4 269.5 4 755 736.3 411 5785
mm T T T BUAREEN
S 250 . | o7 omm W voof111] , RN CLAYEY SILT, trace sand, o Tor | 2vas | 478 eves i1 2678
i SILT, trace to some— H| 100419 with silt seams and layers 250 : ‘ .
o sand, trace clay M 100,/280mm #21102/225mm!, | 199/275mm Stiff to hard 102 274.5 4 755 723.2 411 586.2
Very dense NEERNRE ) {20 Grey NOTES
245 M NN REiE "SAND, fine, trace to some ] oe fo some : 245 i ing i ) i 1
<AaNIAG ’ et o 2 SILT, trace to some sond, This drawing is for subsurface information only. Surface details and
SANDY S”_T,—/ < = — silt, with silt lcyers trace gravel, trace c|0y features are for conceptual illustration.
trace clay 84 race sand, trace gravel Very dense
Very dense Very dense Grey The boundaries between soil strata have been estoblished only at
240 . Grey CLAYEY SILT. t e 240 borehole locations. Between boreholes the boundaries are assumed from
15 sand, trace 'grgj/%I geological evidence.
" gery'stiff
rey
235 ' 235 REFERENCE
CLAYdEYt SILT, Somel\‘7 Base plans based on City of London Digital Mapping Disc 2011
sand, trace g}ticovﬁj 60 (converted to MTM ZONE 11
230 a 230
PROFILE ALONG & HIGHWAY 401
HSORIZONK\L SCALsEm 5VERTICA(I)_ SCALESm NO. | DATE BY REVISION
225 5 ! e 225 Geocres No. 40114—-157
o 8 HWY. 401 [PROJECT NO. 12-1132-0076 |DIST.
5 L‘{*; SUBM'D. NG CHKD. NAG DATE: June 12/13 |SITE: 19-372
i DRAWN: _WDF /LMK [cCHKD. DUP APPD._FUH DWe.__1




PRELIMINARY FOUNDATION INVESTIGATION AND DESIGN REPORT
POND MILLS ROAD OVERPASS, SITE NUMBER 19-372

APPENDIX A

Laboratory Test Data

June 2015

- Golder
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70
60 U.S.S. Sieve Size, meshes/inch Size of openings, inches
200 1?0 6:050 4IO 30 2|0 1I6 10? 4 J3- :‘81{2 3{4 I1 ‘II.S 4 ?
= 100 4:,2#,4‘/
9 ‘/rf
E %0 A 90 %
) CH
= ¢ /
w ™~ \/\V\ 80 1
2 . : At
- ¢ / z 70 £
2 / E Y
= [=
n 30 7 & 60 Wlﬁ
< =z I
T CL T /
Z 50 A
w
20 pd g A
w
%_0 / o 40 }
g / MH OH //
) y
10 ® 30 7
A =
CL-ML g )
> M| ol 20
0 ML LML |oL
0 10 20 30 40 50 60 70 80 90 100
10
LIQUID LIMIT (Percent)
0
SOIL TYPE PLASTICITY 0.0001 0.001 0.01 0.1 1 10 100
C =Clay L =Low
M = Silt ) |= Intgrmediate GRAIN SIZE, mm, . .
O = Organic H = High fine | medium coarse fine coarse Cobble
CLAYAND SILT SAND SIZE GRAVEL SIZE Size
LEGEND
SYMBOL BOREHOLE SAMPLE  LL(%) PL(%) Pl LEGEND
FILL, clayey silt SYMBOL BOREHOLE SAMPLE ELEV (m)
. 13-103 3 252 157 95 ° 13-103 3 2732
] 13-103 6 264 152 113 " 13-103 6 270.9
N 13-104 3 192 114 79 N 13-104 3 2726
CLAYEY SILT TILL
+ 13-101 4 322 173 149
. 13-102 5 341 180 162
o 13-103 10 311 163 149
o 13-103 12 300 167 134
A 13-104 8 318 176 142
® 13-104 10 253 143 114
CLAYEY SILT
° ISl 14 o oe " POND MILLS ROAD OVERPASS REPLACEMENT 55 OND MILLS ROAD OVERPASS REPLACEMENT
e 13102 12 316 180 137 HIGHWAY 401 INTERCHANGE IMPROVEMENTS HIGHWAY 401 INTERCHANGE IMPROVEMENTS
: ) ) GWP 3054-11-00 GWP 3054-11-00
- TITLE
o
PLASTICITY CHART GRAIN SIZE DISTRIBUTION
« CLAYEY SILT FILL
i PROJECT No.12-1132-0076-1001 FILE No. 1211320076-1001-FO40A1 2‘ . PROJECT No12-1132-0076-1001 FILE No. 1211320076-1001-FO40A2
SCALE N/A | REV. [} ﬁ SCALE N/A | REV.
éé = G()ldﬁl' DRAWN | LMK | Jun12/13 gl é A = GOldel‘ DRAWN | LMK | Jun12/13
Associates [o= FIGURE A-1 5 L7 Associates [== FIGURE A-2
LONDON. ONTARIO 3 LONDON. ONTARIO




LDN_MTO_GSD GLDR_LDN.GDT

PERCENT FINER THAN

U.S.S. Sieve Size, meshes/inch

Size of openings, inches

200 1?0 6:050 4I0 30 2|0 ‘IIS 108 4 i :‘81{.2 3{4 I1 ‘II.S 4 ?
100 T
:';sbﬁf_,,ze// K
*/9"— "//
90 m o —
’/’/7? (A/ al
80 yﬁ’
70 7 b
// r/{
‘a
60
v
f
50 /%g% 4
40 %/ g
30 ¢
20
10
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm, . .
CLAY AND SILT e | meoum | coae| me coarse | goppie
SAND SIZE GRAVEL SIZE Size
LEGEND
SYMBOL BOREHOLE SAMPLE ELEV (m)
° 13-101 4 266.8
" 13-102 5 267.0
N 13-103 10 267.9
+ 13-103 12 264.8
23 13-104 8 268.8
o 13-104 10 265.7

PROJECT

POND MILLS ROAD OVERPASS REPLACEMENT
HIGHWAY 401 INTERCHANGE IMPROVEMENTS
GWP 3054-11-00

TITLE

GRAIN SIZE DISTRIBUTION

ngolder

ociates

LONDON. ONTARIO

CLAYEY SILT TILL
PROJECT No12-1132-0076-1001 FILE No. 1211320076-1001-FO40A3
SCALE N/A | REV.
DRAWN LMK Jun 12/13
FIGURE A-3

LDN_MTO_GSD GLDR_LDN.GDT

PERCENT FINER THAN

us.s.

Sieve Size, meshes/inch

Size of openings, inches

200 100 6050 40 30 20 1I6 10? 4 :Ii 3I/81I/2 3{4 I1 1I.5 4 ?
100 re #
90
80
70
]
60
50
40 l
30
20
10 /p/
il
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm . .
CLAY AND SILT fine | medium coarse fine coarse Cg_bble
SAND SIZE GRAVEL SIZE ze
LEGEND
SYMBOL BOREHOLE SAMPLE  ELEV (m)
® 13-102 10 261.7

PROJECT

POND MILLS ROAD OVERPASS REPLACEMENT
HIGHWAY 401 INTERCHANGE IMPROVEMENTS
GWP 3054-11-00

TITLE

GRAIN SIZE DISTRIBUTION

SANDY SILT
. PROJECT No12-1132-0076-1001 FILE No. 1211320076-1001-FO40A4
ﬁ SCALE N/A | REV.
é é L3 GOldel‘ DRAWN LMK Jun 12/13
L7 Associates [== FIGURE A-4
LONDON. ONTARIO
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PERCENT FINER THAN

U.S.S. Sieve Size, meshesfinch Size of openings, inches
200 100 6050 40 30 20 1I6 10? 4 Zli 3I/8 1I/2 3{4 I1 1I.5 4 ?
100 Tl
90
80 TZ
70 /
60 ;
50 / /
40 [
) (% )/
20 —
-4 /ﬁ /‘/
10 ol
& W
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm . .
CLAY AND SILT fine | medium coarse fine coarse Cobble
Size
SAND SIZE GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE SAMPLE ELEV (m)
[ ] 13-101 10 262.2
| | 13-101 12 259.1
A 13-101 17 251.5
+ 13-102 12 258.6
* 13-102 19 249.6
"*'POND MILLS ROAD OVERPASS REPLACEMENT
HIGHWAY 401 INTERCHANGE IMPROVEMENTS
GWP 3054-11-00
GRAIN SIZE DISTRIBUTION
SILT
= PROJECT No12-1132-0076-1001 FILE No. 1211320076-1001-FO40A5
SCALE N/A | REV.
é L3 GOldel‘ DRAWN | LMK Jun 07/13
7 Associates [== FIGURE A-5
LONDON. ONTARIO
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PERCENT FINER THAN

U.S.S. Sieve Size, meshes/inch

Size of openings, inches

200 100 6050 40 30 20 16 108 4 3 3812 341 15 4 6
100 W o ‘ — L L - Ll L L
90 / f
80 %
70
60 § /
50 / #
40 /
30 /,‘
20
10
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm . .
CLAY AND SILT fine | medium coarse fine coarse Cgibzl;le
SAND SIZE GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE SAMPLE ELEV (m)

[} 13-101 14 256.1

[ ] 13-102 15 253.9

A 13-102 16 252.5
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POND MILLS ROAD OVERPASS REPLACEMENT
HIGHWAY 401 INTERCHANGE IMPROVEMENTS
GWP 3054-11-00
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GRAIN SIZE DISTRIBUTION
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FOUNDATION INVESTIGATION AND DESIGN REPORT -

POND MILLS ROAD OVERPASS REPLACEMENT- HIGHWAY 401 REHABILITATION FROM
WELLINGTON ROAD TO HIGHBURY AVENUE, DESIGN-BUILD PROJECT

February 2023

C.1 SYMBOLS AND TERMS USED ON BOREHOLE RECORDS
C.2 BOREHOLE RECORDS
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SYMBOLS AND TERMS USED ON BOREHOLE AND TEST PIT RECORDS
SOIL DESCRIPTION

Terminology describing common soil genesis:

- vegetation, roots and moss with organic matter and topsoil typically forming a

Roofmat maftress at the ground surface
Topsoil - mixture of soil and humus capable of supporting vegetative growth
Peat - mixture of visible and invisible fragments of decayed organic matter
Till - unstratified glacial deposit which may range from clay fo boulders
Fill - material below the surface identified as placed by humans (excluding buried services)

Terminology describing soil structure:

Desiccated | - having visible signs of weathering by oxidization of clay minerals, shrinkage cracks, etc.
Fissured - having cracks, and hence a blocky structure
Varved - composed of regular alternating layers of silt and clay
Stratified - composed of alternating successions of different soil types, e.g. silt and sand
Layer - >75mm in thickness
Seam - 2mmto 75 mm in thickness
Parting - <2mmin thickness

Terminology describing soil types:

The classification of soil types are made on the basis of grain size and plasticity in accordance with the Unified
Soil Classification System (USCS) (ASTM D 2487 or D 2488) which excludes particles larger than 75 mm. For
particles larger than 75 mm, and for defining percent clay fraction in hydrometer results, definitions proposed by
Canadian Foundation Engineering Manual, 4th Edition are used. The USCS provides a group symbol (e.g. SM)
and group name (e.g. silty sand) for identification.

Terminology describing cobbles, boulders, and non-matrix materials (organic matter or debris):
Terminology describing materials outside the USCS, (e.g. particles larger than 75 mm, visible organic matter, and
construction debiris) is based upon the proportion of these materials present:

Trace, or occasional

Less than 10%

Some

10-20%

Frequent

>20%

Terminology describing compactness of cohesionless soils:
The standard terminology to describe cohesionless soils includes compactness (formerly "relative density"), as
determined by the Standard Penefration Test (SPT) N-Value - also known as N-Index. The SPT N-Value is described
further on page 3. A relationship between compactness condifion and N-Value is shown in the following fable.

Compactness Condition SPT N-Value
Very Loose <4
Loose 4-10
Compact 10-30
Dense 30-50
Very Dense >50

Terminology describing consistency of cohesive soils:
The standard terminology to describe cohesive soils includes the consistency, which is based on undrained shear
strength as measured by in situ vane tests, penetrometer tests, or unconfined compression tests. Consistency
may be crudely estimated from SPT N-Value based on the correlation shown in the following table (Terzaghi and
Peck, 1967). The correlation to SPT N-Value is used with caution as it is only very approximate.

Consistency Undrained Shear Strength Approximate
kips/sq.ft. kPa SPT N-Value
Very Soft <0.25 <12.5 <2
Soft 0.25-0.5 12.5-25 2-4
Firm 0.5-1.0 25 - 50 4-8
Stiff 1.0-2.0 50-100 8-15
Very Stiff 2.0-4.0 100 - 200 15-30
Hard >4.0 >200 >30
@ Stantec
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ROCK DESCRIPTION

Except where specified below, terminology for describing rock is as defined by the International Society for Rock
Mechanics (ISRM) 2007 publication “The Complete ISRM Suggested Methods for Rock Characterization, Testing

and Monitoring: 1974-2006"

Terminology describing rock quality:

RQD Rock Mass Quality Alternate (Colloquial) Rock Mass Quality
0-25 Very Poor Quality Very Severely Fractured Crushed
25-50 Poor Quality Severely Fractured Shattered or Very Blocky
50-75 Fair Quality Fractured Blocky
75-90 Good Quality Moderately Jointed Sound
90-100 Excellent Quality Intact Very Sound

RQD (Rock Quality Designation) denotes the percentage of intact and sound rock retrieved from a borehole of
any orientation. All pieces of intact and sound rock core equal to or greater than 100 mm (4 in.) long are
summed and divided by the total length of the core run. RQD is determined in accordance with ASTM D6032.

SCR (Solid Core Recovery) denotes the percentage of solid core (cylindrical) retrieved from a borehole of any
orientation. All pieces of solid (cylindrical) core are summed and divided by the total length of the core run (It
excludes all portions of core pieces that are not fully cylindrical as well as crushed or rubble zones).

Fracture Index (Fl) is defined as the number of naturally occurring fractures within a given length of core. The
Fracture Index is reported as a simple count of natural occurring fractures.

Terminology describing rock with respect to discontinvity and bedding spacing:

Spacing (mm) Discontinvities Bedding
>6000 Extremely Wide -
2000-6000 Very Wide Very Thick
600-2000 Wide Thick
200-600 Moderate Medium
60-200 Close Thin
20-60 Very Close Very Thin
<20 Extremely Close Laminated
<6 - Thinly Laminated

Terminology describing rock strength:

Strength Classification Grade Unconfined Compressive Strength (MPa)
Extremely Weak RO <]
Very Weak R1 1-5
Weak R2 5-25
Medium Strong R3 25-150
Strong R4 50-100
Very Strong RS 100 - 250
Extremely Strong R6 >250

Terminology describing rock weathering:

Term Symbol Description
No visible signs of rock weathering. Slight discoloration along major
Fresh Wi . L
discontinuities
Sliahtl W2 Discoloration indicates weathering of rock on discontinuity surfaces.
gntly All the rock material may be discolored.
Moderately W3 Less than half the rock is decomposed and/or disintegrated info soil.
Highly W4 More than half the rock is decomposed and/or disintegrated into soil.
Completely W5 All The' rqck material is decgmposed on'd/or disintegrated into soil.
The original mass structure is still largely intact.
Residual Soil Wé All the rock converted to soil. Structure and falbric destroyed.

@ Stantec
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STRATA PLOT

Strata plots symbolize the soil or bedrock description. They are combinations of the following basic symbols. The
dimensions within the strata symbols are not indicative of the particle size, layer thickness, etfc.

s Ul 00 B -

Boulders Sand Silt Clay Organics  Asphalt  Concrete Fill

lgneous Metao- Sedi-
Cobbles Bedrock morphic mentary
Gravel Bedrock Bedrock
SAMPLE TYPE
ss Split spoon sample (obtained by
performing the Standard Penefration Test) WATER LEVEL MEASUREMENT
ST Shelby tube or thin wall tube ) )
bp Direct-Push sample (small diameter tube ! meosurefl n sfono:lplpe,
sampler hydraulically advanced) piezometer, or we
PS Piston sample
BS Bulk sample
HQ, NQ. BQ, efc. Rock core sornplgs obtained 'vwfh T'he use z inferred
of standard size diamond coring bits.

RECOVERY

For soil samples, the recovery is recorded as the length of the soil sample recovered. For rock core, recovery is
defined as the total cumulative length of all core recovered in the core barrel divided by the length drilled and
isrecorded as a percentage on a per run basis.

N-VALUE

Numbers in this column are the field results of the Standard Penetration Test: the number of blows of a 140 pound
(63.5 kg) hammer falling 30 inches (760 mm), required to drive a 2 inch (50.8 mm) O.D. split spoon sampler one
foot (300 mm) into the soil. In accordance with ASTM D1586, the N-Value equals the sum of the number of blows
(N) required to drive the sampler over the interval of 6 to 18 in. (150 to 450 mm). However, when a 24 in. (610
mm) sampler is used, the number of blows (N) required to drive the sampler over the interval of 12 to 24 in. (300
to 610 mm) may be reported if this value is lower. For split spoon samples where insufficient penetration was
achieved and N-Values cannot be presented, the number of blows are reported over sampler penetration in
millimetres (e.g. 50/75). Some design methods make use of N-values corrected for various factors such as
overburden pressure, energy ratio, borehole diameter, etc. No corrections have been applied to the N-values
presented on the log.

DYNAMIC CONE PENETRATION TEST (DCPT)

Dynamic cone penetration tests are performed using a standard 60 degree apex cone connected fo ‘A’ size
drill rods with the same standard fall height and weight as the Standard Penetration Test. The DCPT value is the
number of blows of the hammer required to drive the cone one foot (300 mm) into the soil. The DCPT is used as a
probe to assess soil variability.

OTHER TESTS
N Sieve analysis T Single packer permeability test;
H Hydrometer analysis test interval from depth shown to
k Laboratory permeability bottom of borehole
y Unit weight T -
Gs Specific gravity of soil particles Double packer permeability test;

CD | Consolidated drained triaxial fest interval as indicated

cu Consolidated undrained triaxial with pore o
pressure measurements Folling head permeobiliTy test
UU | Unconsolidated undrained triaxial using casing
DS Direct Shear
C | Consolidation Faling head permeability test
Qu Unconfined compression using well point or piezometer
Point Load Index (lp on Borehole Record equals
lo I5(50) in which the index is corrected to a

reference diameter of 50 mm)
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ONTARIO MTO 165001239_MTO_HWY_401_HIGHBURY.GPJ ONTARIO MTO.GDT 1/20/23

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No PM-01 1 OF 2 METRIC
W.P. 3032-11-00 LOCATION Pond Mills Road Overhead/ Highbury, London, Ontario ORIGINATED BY  WwT
DIST West HWY 401 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY JM
DATUM _Geodetic DATE _2022.07.13-2022.07.14 |ATITUDE _ 429334885 | ONGITUDE _ -81.1924381 CHECKEDBY __ GR
SOIL PROFILE SAMPLES | o o [BYNAMIC CONE PENETRATION
= NATURAL - REMARKS
E %) 5 PLASTIC MOISTURE LIQUID =
= o <3| @ 20 40 60 80 100 [UMT  Gonrent LMIT[ S © &
2% ulzg| z ! . . — We w w [ 5% | cransize
ELEV L |lm| # 2 |25 © |SHEAR STRENGTH kPa
DESCRIPTION S| & = |z8| E —o——i DISTRIBUTION
DEPTH é =) i > 8 o) ; O UNCONFINED + FIELD VANE 'Y %)
sl = Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
275.9 w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
0.0 280 mm ASPHALT
275.6 1 SS 40
0.3 FILL: Silty SAND with Gravel (SM). o
Contains clayey inclusions.
Brown
Compact to dense
Di
Y 275
2 SS 15 ()
3 SS 16 274 [o] 20 59 13 8
273.6
23 FILL: CLAYEY SILT with Sand (CL),
trace gravel
Brown 4 | SS 15 ° -
Stiff to hard PP=2.25
Moist Su= 121 kPa
273
5 SS 25 o
272
125 mm seam of fine sand in SS6 6| 8s | 18 27 ° PP=0.75
° Su=40 kPa
270
Layer of black organic material in 7 S8 29 lam P?’>4:.3 33 29
SS7 Su> 241 kPa
269
268 °
8 SS 38 PP>45
¢} Su> 241 kPa
267.2
8.7 CLAYEY SILT to SILTY CLAY with
Sand (CL), trace gravel 267
Brown to grey
Very stiff to hard
Moist
o
o SS 31 PP=4.25
° Su= 228 kPa
266
Continued Next Page Numb fort o
+3,x3; Numbersreferto 3% grpaN AT FAILURE

Sensitivity



ONTARIO MTO 165001239_MTO_HWY_401_HIGHBURY.GPJ ONTARIO MTO.GDT 1/20/23

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No PM-01 2 OF 2 METRIC
W.P. 3032-11-00 LOCATION Pond Mills Road Overhead/ Highbury, London, Ontario ORIGINATED BY  WwT
DIST West HWY 401 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY JM
DATUM _Geodetic DATE _2022.07.13-2022.07.14 | ATITUDE _ 429334885 | ONGITUDE _ -81.1924381 CHECKEDBY___ GR
SOIL PROFILE SAMPLES | o w R CRNE FENETRATION
i Z - pLAsSTIC NATURAL ) \0yp = REMARKS
E2l S MOISTURE ~ I
= o |22 9 20 40 60 80 100 [|UMT  content  LMT| S O &
2% ulzg| z ! . . — We w w [ 5% | cransize
ELEV L |lm| # 2 |25 © |SHEAR STRENGTH kPa
DESCRIPTION S| & < |z2| E ———— DISTRIBUTION
DEPTH é =) i > 8 o) ; O UNCONFINED + FIELD VANE 'Y (%)
sl = Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
CLAYEY SILT to SILTY CLAY with
Sand (CL), trace gravel
Brown to grey
Very stiff to hard
Moist (continued)
AV
Grey below 10.7m
265
2 13 35 50
0] 88| 18 tor— PP=2.25
Su= 121 kPa
264
o
11 SS 20 PP=1.75
o Su= 94 kPa
263
262
12| ss | 13 9 PP=1.0
Su= 54 kPa
261.1
14.8 CLAYEY SILT (CL-ML), trace sand 261
Grey
Hard
Moist
13| ss | 43 © PP=3.25
Su= 174 kPa
260
259
0 2 64 34
14 | SS 61 s PP>4.5
Su> 241 kPa
258
18] ss| 8 PP=4.25
257.0 SE7 Su= 228 kPa
18.9 END OF BOREHOLE
Groundwater level and cave-in
measured at approximately 18.0 m
below grade, respectively.
0y
+3,x 3. Numbersreferto 3% grpan AT FAILURE

Sensitivity



ONTARIO MTO 165001239_MTO_HWY_401_HIGHBURY.GPJ ONTARIO MTO.GDT 1/20/23

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No PM-02 1 OF 5 METRIC
W.P. 3032-11-00 LOCATION Pond Mills Road Overhead/ Highbury, London, Ontario ORIGINATED BY JM/AS
DIST West HWY 401 BOREHOLE TYPE Hollow Stem Augers COMPILED BY RR
DATUM _Geodetic DATE _2022.07.15-2022.07.18 | ATITUDE _ 429335766 |ONGITUDE _ -81.1921493 CHECKEDBY___ GR
SOIL PROFILE SAMPLES |, W |RE T ANSE P oT IRATION
w e & pLASTIC NATURAL ) 1oyip = REMARKS
22| g umr - MOISTURE . “riyir| £ &
= 0w |<8 @» 20 40 60 80 100 CONTENT z 9
S I A I = L : ! ! ! We w w [ 5E | cransie
ELEV DESCRIPTION clele |2 (22 2 |SHEAR STRENGTH kPa ————— DISTRIBUTION
DEPTH é =) i > 8 o) <>( O UNCONFINED + FIELD VANE 'Y %)
sl = Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
275.6 w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
0.0 280 mm ASPHALT
2753
03 FILL: SILTY SAND (SM), trace 11 8S | 26 °
gravel. Contains construction debris.
Brown
Compact 275
Dry
(o)
2745 2| ss | 14 _
11 FILL: Sandy CLAYEY SILT (CL), ° PP=2.25
trace gravel and organics Su=121kPa
Brown
Stiff to very stiff
Dry to moist 274
3 SS 12 o PP=0.75
Su= 40 kPa
el
4| ss| 7 273 le— ph=ois 30 3%
Su= 40 kPa
Su > 100 kPa
5 SS 14 q PP=25
Su= 134 kPa
272
271
6| ss | 15 q PP=2.25
Su= 121 kPa
270
7] ss | 23 ° PP=375
269 Su= 201 kPa
268.0 268
76 CLAYEY SILT (CL-ML) to SILTY
CLAY (CL), some sand, trace gravel
Brown 8 | ss | 19 le— 7. 34 49
Very stiff to hard P&’—s.zs
Moist Su= 174 kPa
267
R ° PP=3.75
266 Su= 174 kPa

Continued Next Page

+ 3’ X 3. Numbers refer to

0y
o @] 3% STRAIN AT FAILURE
Sensitivity



ONTARIO MTO 165001239_MTO_HWY_401_HIGHBURY.GPJ ONTARIO MTO.GDT 1/20/23

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No PM-02 2 OF 5 METRIC
W.P. 3032-11-00 LOCATION Pond Mills Road Overhead/ Highbury, London, Ontario ORIGINATED BY JM/AS
DIST West HWY 401 BOREHOLE TYPE Hollow Stem Augers COMPILED BY RR
DATUM _Geodetic DATE _2022.07.15-2022.07.18 |ATITUDE _ 429335766 | ONGITUDE _ -81.1921493 CHECKEDBY __ GR
SOIL PROFILE SAMPLES | o W |RE T ANSE P oT IRATION
NATURAL - REMARKS
byl . pLasTic pACIEEE Liaup| |
= o |22 9 20 40 60 80 100 [|UMT  content  LMT| S O &
2% ulzg| z ! . . — We w w [ 5% | cransize
ELEV ol | & 2 |25 © |SHEAR STRENGTH kPa
DESCRIPTION S| & = |z8| E —o——i DISTRIBUTION
DEPTH é =) i > 8 o) ; O UNCONFINED + FIELD VANE 'Y (%)
sl = Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
CLAYEY SILT (CL-ML) to SILTY
CLAY (CL), some sand, trace gravel
Brown
Very stiff to hard
Moist (continued)
265
10| ss | 16 9 PP=2.25
Su= 121 kPa
264
AV
Grey below 12.2m
11 SS 34 o}
PP=25
263 Su= 134 kPa
262
12 | SS 27 Hl 0 1 66 33
261
260.7
14.9 SILT to SILT with Sand (ML), some
clay
Grey
Moist to wet
Compact to very dense
13| SS 44 q
260
259
14 | SS 43 [¢
258
15| ss | 45 257
256
Continued Next Page Numb f o
+3,x3; Numbersreferto 3% grpa AT FAILURE

Sensitivity



ONTARIO MTO 165001239_MTO_HWY_401_HIGHBURY.GPJ ONTARIO MTO.GDT 1/20/23

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No PM-02 3 0F5 METRIC
W.P. 3032-11-00 LOCATION Pond Mills Road Overhead/ Highbury, London, Ontario ORIGINATED BY JM/AS
DIST West HWY 401 BOREHOLE TYPE Hollow Stem Augers COMPILED BY RR
DATUM _Geodetic DATE 2022.07.15-2022.07.18 LATITUDE __ 429335766 LONGITUDE -81.1921493  CHECKED BY GR
SOIL PROFILE SAMPLES | o W |RE T ANSE P oT IRATION REMARKS
i z = pLasTic NATURAL ) 1oup E
22| g umr - MOISTURE . “riyir| £ &
= 0w |<8 @» 20 40 60 80 100 CONTENT z 9
S I A I = L : ! ! ! We w w [ 5E | cransie
ELEV DESCRIPTION clele |2 (22 2 |SHEAR STRENGTHkPa ————— DISTRIBUTION
DEPTH |3 P > 123 < o UNCONFINED + FIELD VANE Y %)
S Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
3!.};I'toSILTwith Sand (ML), some 16| ss 58 o 0 1 76 23
ﬁro?;{t to wet Non-Plastic
Compact to very dense (continued)
255
17| ss | 20 254
253
18| SS | 20 o
252
19| SS | 153 251 o
250
20| ss | 102 o 0 20 60 20
249 Non-Plastic
248 o
21| ss | 157
o
247
246.0
29.6 246
171
Continued Next Page Numb f o
+3,x 3. Numbersreferto 3% grpan AT FAILURE

Sensitivity



ONTARIO MTO 165001239_MTO_HWY_401_HIGHBURY.GPJ ONTARIO MTO.GDT 1/20/23

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No PM-02 4 OF 5 METRIC
W.P. 3032-11-00 LOCATION Pond Mills Road Overhead/ Highbury, London, Ontario ORIGINATED BY JM/AS
DIST West HWY 401 BOREHOLE TYPE Hollow Stem Augers COMPILED BY RR
DATUM _Geodetic DATE _2022.07.15-2022.07.18 | ATITUDE _ 429335766 |ONGITUDE _ -81.1921493 CHECKEDBY___ GR
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES |, w | RESISTANGE PLOT CATURAL REMARKS
by, | < —— PLASTIC LiQuID £
Fz| 9 umr  MOISTURE . “ruir| £ 5 &
= 0w |<8 @» 20 40 60 80 100 CONTENT z 9
2% ulzg| z ! . . — We w w [ 5% | cransize
e W 3 25 O |SHEAR STRENGTH kPa
ELEV DESCRIPTION 2 & = |z2| E —0—— DISTRIBUTION
DEPTH é =) i > 8 o) ; O UNCONFINED + FIELD VANE 'Y (%)
sl = Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
CLAYEY SILT with Sand (CL-ML to /
CL), trace gravel (TILL) 71
Grey %
Hard g
Moist (continued) 7 l
245
A,
k| 22 | SS 32 PP=2.25
. Su= 121 kPa
p
< .
4
A
ALt 244
4 1
.
1 243
7/
A,
K
’ ¥
> 242
4
23| ss | 38 ° PP=225
A1 Su= 121 kPa
i
¥ 241
.
/1
7/
A,
e 240
L
4
>
2 239
14 o] 24 | SS 51 (=] 2 21 41 37
K PP=2.25
0 Su= 121 kPa
.
/1
y 238
7/
A,
K
¥
ALf 237
>
4 1
. 236
1] 25| ss | 38 o
Continued Next Page Numb f o
+3,x 3. Numbersreferto 3% grpan AT FAILURE

Sensitivity



ONTARIO MTO 165001239_MTO_HWY_401_HIGHBURY.GPJ ONTARIO MTO.GDT 1/20/23

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No PM-02 5 OF 5 METRIC
W.P. 3032-11-00 LOCATION Pond Mills Road Overhead/ Highbury, London, Ontario ORIGINATED BY JM/AS
DIST West HWY 401 BOREHOLE TYPE Hollow Stem Augers COMPILED BY RR

DATUM _Geodetic DATE _2022.07.15-2022.07.18 | ATITUDE _ 429335766 | ONGITUDE __-81.1921493 CHECKED BY GR
SOIL PROFILE SAMPLES | o wo |RENAMIC CONE PENETRATION
i Z = pLAsSTIC NATURAL ) \0yp = REMARKS
22| g umr - MOISTURE . “riyir| £ &
5 0w |<8 @» 20 40 60 80 100 CONTENT z 9
2| & ulzg| z ! . . — We w w [ 5% | cransize
ELEV |9 w| 2 |25| & [SHEARSTRENGTHkPa
DESCRIPTION |12l e 2|z2| E ———— DISTRIBUTION
DEPTH S|3| F | 5 [38| £ |o UNCONFINED  + FIELDVANE Y %)
S Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
% PP=175
2354 /J ’i/ Su=94 kPa
402] END OF BOREHOLE

+3,%

3.

Numbers refer to
Sensitivity

0,
@] 3% STRAIN AT FAILURE



Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No PM-03 1 OF 4 METRIC
W.P. 3032-11-00 LOCATION Pond Mills Road Overhead/ Highbury, London, Ontario ORIGINATED BY JMm
DIST West HWY 401 BOREHOLE TYPE Hollow Stem Augers COMPILED BY JM
DATUM _Geodetic DATE _2022.08.22-2022.0824 |ATITUDE _ 429340416 | ONGITUDE _ -81.1916928 CHECKEDBY __ GR
SOIL PROFILE SAMPLES | o W |RE T ANSE P oT IRATION
NATURAL - REMARKS
Wy| 3 PLASTIC pbierome  Laup| &
= o |22 9 20 40 60 80 100 [|UMT  content  LMT| S O &
2% ulzg| z ! . . — We w w [ 5% | cransize
ELEV a4| w |3 |25 & [SsHEARSTRENGTHkPa
DESCRIPTION S| & < |z2| E —o——i DISTRIBUTION
DEPTH é =) i > 8 o) ; O UNCONFINED + FIELD VANE 'Y (%)
sl = Z [E°| L [ QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
270.6 w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
276.8]  150mm TOPSOIL -
0.2 FILL: SANDY CLAY to CLAYEY SILT,
trace gravel, rootlets, and organics 188 | 12 o PP=4.0
i Su= 215 kPa
Dry to moist 270
Firm to stiff
2| ss | 11 o H— 13 27 29 31
269
s|ss |7 ° PP=3.25
Su= 174 kPa
268.3
23 CLAYEY SILT (CL), trace gravel and
sand
Brown 4| ss | 14 268 $—1 _14 37 48
Very stiff v ! Pg‘s-é
Wet Su= 188 kPa
5| ss | 21 © PP=3.5
267 Su= 188 kPa
Grey below 4.6 m Z 266
6| ss | 24 o PP=2.5
Su= 134 kPa
g 265
o
o
=
o
Q
[e]
g
5 7| ss | 23 © PP=2.75
4 264 Su= 148 kPa
=
z
[e]
-
o0
Q
>
[
)
£
o 263
I
i
g 8| ss | 20 9 PP=2.5
> Su= 188 kPa
=
I
)
=
3| 262
(o2}
(]
o
S
o
Q| 2614
[ o1 SANDY SILT to