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FOUNDATION INVESTIGATION AND DESIGN REPORT
HIGHWAY 427 WIDENING
FROM FASKEN DRIVE TO STEELES AVENUE
CN HALTON SUBDIVSION OVERHEAD
TORONTO, ONTARIO
G.W.P. 202-95-00

Geocres Number: 30M12-288

PART 1: FACTUAL INFORMATION

1 INTRODUCTION

This report presents the factual findings obtained from a foundation investigation conducted for the
design and construction of the proposed widening of the existing mainline bridge structures at the
Highway 427 overhead crossing at the CN Halton Subdivision in Toronto, Ontario.

The purpose of the investigation was to explore the subsurface conditions at the site and, based on the
data obtained, provide a borehole location plan, borehole logs, stratigraphic profile and cross-sections
and a written description of the subsurface conditions. A model of the subsurface conditions was
developed to describe the geotechnical conditions influencing design and construction of the
foundations and approach embankments for the structures.

Thurber carried out the investigation as a sub-consultant to SNC-Lavalin under the Ministry of
Transportation Ontario (MTO) Agreement Number 2004-E-0071.

During the preparation of this report and in addition to the boreholes drilled for the proposed structure
widening, reference has been made to available information on subsurface conditions from a previous
investigation documented in the report below.

. MTO report titled “Foundation Investigation and Design Report, Hwy 427 C.N.R. Overhead
(Halton Subdivision), W.P. 153-80-02, Site No. 37-1109, Central Region, Toronto”,
GEOCRES No.30M12-235, 1981 (Reference 1).

2 SITE DESCRIPTION

The site is located approximately 300 m south of Albion Road and 1.6 km west of Highway 27 in
Toronto, Ontario. The site is generally flat except for the embankment fills, and the vegetation is
moderate consisting mainly of tall grass and shrubs.

Lands surrounding the site have been developed for commercial and industrial uses.

THURBER
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The existing structure consists of the northbound and southbound (NBL and SBL) bridges of
Highway 427 over the existing CN tracks which run in an east-west orientation.

Photographs of the site are included in Appendix G and show the general layout of the adjacent lands.

The site is situated within the South Slope physiographic region. The geology generally comprises a
till plain consisting of clayey silt to silty clay (Halton Till) overlying bedrock at relatively shallow
depth. The bedrock consists of grey shale with hard siltstone and limestone interlayers of the
Georgian Bay Formation.

3 SITE INVESTIGATION AND FIELD TESTING

The present site investigation was carried out from December 1 to 18, 2008. The field program
consisted of drilling and sampling ten boreholes (numbered CNH-01 to CNH-10) at the site.
Boreholes were drilled at locations of the structure abutments, piers and approaches parallel to the
alignments of, and between, the existing Highway 427 bridges.

Boreholes CNH-02 to CNH-04 and CNH-06 to CNH-08 drilled for the proposed piers and abutments
were terminated upon refusal in silty sand and silty clay till at depths ranging from 13.9 m to 23.2 m
(Elevations 152.4 to 165.7 m). Boreholes CNH-09 and CNH-10 drilled at the south and north

approaches, respectively, were terminated in silty clay fill and silty clay till at 6.7 m depth (Elevations
173.1 and 174.6 m).

Boreholes CNH-01 and CNH-05, drilled near the south abutment, were terminated upon refusal in
bedrock at 25.0 m and 26.1 m depths (Elevations 155.3 and 154.1 m). Borehole CNH-01 was further
advanced into shale bedrock by coring to a depth of 30.9 m (Elevation 149.4 m).

The approximate borehole locations are shown on the Borehole Locations and Soil Strata Drawing in
Appendix H. The coordinates and elevations of the boreholes are given on these drawings and on the
individual Record of Borehole Sheets in Appendix A. Records of boreholes (numbered 1 to 8) drilled
during the previous investigation (1981) are enclosed in Appendix C.

Prior to commencement of drilling, utility clearances were obtained for all borehole locations. A CN
permit was obtained and flagging from CN Rail was used while drilling within the CN right of way.

Solid stem augers were used to advance the boreholes in the overburden and into the shale. Samples
were obtained at selected intervals using a split spoon sampler in conjunction with Standard
Penetration Testing (SPT). NQ rock coring equipment was used to recover core samples of the
bedrock in Borehole CNH-01. Core samples of the shale bedrock were carefully protected to prevent
drying during transport to the laboratory

A member of Thurber’s engineering staff supervised the drilling and sampling operations on a full
time basis. The supervisor logged the boreholes, visually examined the recovered samples, and
transported them to Thurber’s laboratory for further examination and testing.

THURBER
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All rock cores were logged, and the Total Core Recovery (TCR), Rock Quality Designation (RQD)
and the Fracture Indices (FI) were determined.

Groundwater conditions in the open boreholes were observed throughout the drilling operations.
Three standpipe piezometers consisting of 19 mm PVC pipes with screens were installed in selected
boreholes to permit monitoring of groundwater levels. Details of the piezometer installations and
other borehole completion details are as shown in Table 3.1.

Table 3.1 — Borehole Completion Details

Piezometer
Foundation Unit Borehole Tip Del.)th/ Completion Details -
Elevation
(m)
South A h CNH-09 None Bentonite holeplug to surface
u pproac installed piug '
. None . .
Median | CNH-01 . Borehole grouted with bentonite to surface.
installed
South Piezometer with 1.5 m slotted screen installed
Abutment with sand filter to 21.3 m, bentonite holeplug
Median | CNH-05 25.0/155.2 | from 21.3 m to 19.8 m, bentonite grout from
19.8 m to 2.4 m, then bentonite holeplug to
ground surface.
CNR None Bentonite grout to 2.1 m, then bentonite
CNH-02 .
grade installed holeplug to surface.
South Piezometer with 1.5 m slotted screen installed
Pier CNR with sand filter to 13.4 m, bentonite holeplug
d CNH-06 15.2/156.1 | from 13.4 m to 12.5 m, bentonite grout from
grade 12.5 m to 1.5 m, then bentonite holeplug to
ground surface,
Piezometer with 1.5 m slotted screen installed
CNR with sand filter to 7.6 m, bentonite holeplug
ad CNH-03 12.7/158.9 | from 7.6 m to 7.0 m, bentonite grout from 7.0m
North grade to 1.5 m, then bentonite holeplug to ground
Pier surface.
None Bentonite grout to 1.5 m, then holeplug to
. . None Bentonite holeplug and auger cuttings to
Median | CNH-04 installed | 0,075m, then asphalt to surface.
North
Abutment , . None Bentonite holeplug and auger cuttings to
Median | CNH-08 installed 0.075m, then asphalt to surface.
_ None Bentonite holeplug and auger cuttings to
North Approach CNH-10 installed

0.075m, then asphalt to surface.

THURBER
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4 LABORATORY TESTING

All recovered soil samples were subjected to Visual Identification (VI) and rock samples to
geological logging. At least 25% of the recovered samples of soil were also subjected to grain size
distribution analyses (sieve and hydrometer) and Atterberg Limits testing where appropriate.
Moisture content determinations were carried out on all soil samples. The results of this testing
program are shown on the Record of Borehole sheets in Appendix A and on the figures contained in

Appendix B. Laboratory testing results from the 1981 investigation (Reference 1) are also included
in Appendix C.

S DESCRIPTION OF SUBSURFACE CONDITIONS

Reference is made to the Records of Borehole sheets in Appendix A. Details of the encountered soil
and rock stratigraphy are presented in this appendix and on the Borehole Locations and Soil Strata
Drawing in Appendix H. An overall description of the stratigraphy is given in the following
paragraphs. However, the factual data presented in the Record of Borehole Sheets governs any
interpretation of the site conditions.

In general terms, the soil stratigraphy encountered at this site outside of the railway tracks comprises
surficial topsoil or pavement structure overlying fill underlain by native silty clay till and silty sand.
Weathered shale bedrock was contacted below the silty sand at the south abutment of the Highway
427 SBL. More detailed descriptions of the individual strata are presented below.

5.1.1 Topsoil

Topsoil was identified surficially in Boreholes CNH-01, CNH-05 and CNH-09. The topsoil
thickness generally ranged from 50 mm to 75 mm. The topsoil thickness may vary between
and beyond the borehole locations and the data is not intended for the purpose of estimating
quantities.

5.1.2 Pavement Structure

Pavement structure consisting of approximately 75 mm of asphalt overlying granular
(gravelly sand to silt and sand fill) road base was encountered in Boreholes CNH-04, CNH-
08 and CNH-10 drilled at the Highway 427 median shoulder. The road base granular fill was
1.0 m thick in Borehole CNH-08 and the fill is in a dense to very dense state with SPT ‘N’

values ranging from 47 to 60 blows per 0.3 m of penetration. The moisture content of the
granular fill is in the order of 5% to 7%.

5.1.3 Sub-ballast

A 200-mm thick layer of rail sub-ballast was encountered surficially in Borehole CNH-03
drilled near the existing north pier of Highway 427 SBL.

THURBER
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5.14 Fill

Fill was contacted below the topsoil and the asphalt in boreholes drilled at the existing
approaches and embankments (Boreholes CNH-01, CNH-04, CNH-05 and CNH-08 to
CNH-10). It is understood that the fill was placed during construction of the existing
bridges. The fill generally consists of layers of various types of soils:

e Brown silty clay with sand and trace gravel
¢ Brown silt and sand containing trace to some gravel and trace clay
¢ Brown gravelly sand

The thickness of the fill ranged from 6.7 m to 9.1 m at the south abutment and south approach
and from 3.9 m to 4.5 m at the north abutment and north approach.

The depths to the base of the fill ranged from 4.0 m to 9.1 m (Elevations 171.1 to 177.3 m).
Borehole CNH-09 was terminated within the silty clay fill at 6.7 m depth (Elevation 173.1m).

Based on SPT ‘N’ values ranging from 8 to 30 blows per 0.3 m of penetration, the cohesive
fill is described as stiff to hard in consistency. The cohesionless fill (silt and sand, and

gravelly sand) is described as loose to very dense, based on SPT ‘N’ values of 7 to 60 blows
per 0.3 m of penetration.

The natural moisture contents of the fill samples ranged from 8% to 21%.

Grain size distribution curves for fill samples tested are presented on the Record of Borehole

sheets and on Figures B1 and B2 of Appendix B. Atterberg Limit test results are presented
on Figure B10 of Appendix B.

The results of laboratory tests are summarized as follows:

Soil Particles - Silty Clay Fill (%) ___Silty Sand Fill (%)
Gravel 3to8 0
Sand 24 t0 31 45 to 55
Silt 34to 41 39to 51
Clay 251034 4106
Liquid Limit 36 to 38 -
Plasticity Index 20 -

The above results show that the silty clay fill is typically of medium plasticity with a group
symbol of CL

THURBER
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515  Silty Clay Till

Native brown to grey silty clay till with sand and trace gravel was contacted below the
asphalt, topsoil, sub-ballast and fill at depths ranging from 8.5 m to 9.1 m at the south
abutment, 4.0 m to 4.6 m at the north abutment and at 0.2 m at the north pier.

During the present investigation, silty clay till was also contacted suficially in two boreholes
drilled at the south pier (Boreholes CNH-02 and CNH-06) and in one borehole drilled at the
north pier (Borehole CNH-07). Silty clay till was also encountered surficially in the eight
boreholes drilled during the previous investigation.

Thickness of the silty clay till ranged from 7.4 m to 13.8 m.
Layers of clayey silt were encountered within the silty clay till deposit.

A 1.6 m thick layer of silty clay till was also contacted at 9.1 m depth (Elevation 162.5 m) in
Borehole CNH-03.

The depth to the base of the silty clay till ranged from 10.7 m to 21.3 m (Elevations 158.9 to
163.4 m).

Boreholes CNH-08 and CNH-10 were terminated within the silty clay till at 15.6 m and 6.7 m
depth (Elevations 165.7 and 174.6 m).

Based on SPT ‘N’ values ranging from 8 to 92 blows for 0.3 m of penetration, the silty clay
till is described as firm to hard in consistency. SPT ‘N’ values higher than 100 blows per
0.225 m of penetration were observed at or below Elevation 169.0 m in Boreholes CNH-04
and CNH-08, and near Elevations 166.0 to 163.0 m in Boreholes 6 and 7.

The natural moisture contents of the samples recovered from the silty clay till layer ranged
from 8% to 30%.

Grain size distribution curves for the silty clay till samples tested are presented on the Record
of Borehole sheets and on Figures B3 to B5 of Appendix B. Grain size distribution curves for
clayey silt samples are presented on Figure B6 of Appendix B Atterberg Limit test results are
presented on Figures B11 to B13 of Appendix B.

Laboratory test results of previous investigation are presented in Appendix C.

The results of laboratory tests are summarized as follows:

THURBER
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Soil Particles Silty Clay Till (%) Clayey Silt (%)
Gravel 0to023 0
Sand 3to46 1to4d
Silt 27to0 82 74 to 83
Clay 4 to 40 16 to 25
Liquid Limit 18 to 48 -
Plasticity Index 8 to 27 -

The above results show that the silty clay till is typically of low to medium plasticity with a
group symbol of CL-CI.

Cobbles and boulders were noted in the silty clay till in Boreholes 3, 5, 6 and 7 drilled during
the previous investigation. Glacial tills inherently contain cobbles and boulders which may
occur for some high blow counts and resistance to augering.

5.1.6 Silty Sand

Native grey silty sand was contacted below the silty clay till in Boreholes CNH-01 to
CNH-03 and CNH-05 to CNH-07, and 1 to 8, drilled for the present and previous
investigations, respectively. The silty sand contains trace gravel, trace clay and occasional
cobbles, boulders throughout the deposit and shale fragments.

The silty sand layer was fully penetrated in Borehole CNH-01 located at the south abutment,
with a thickness of 5.2 m.

A layer of sand was encountered within the silty sand in Borehole CNH-01 near Elevation
157.0 m.

A layer of silt and sand was contacted below the silty clay till at 17.8 m depth in Borehole
CNH-04. Borehole CNH-04 was terminated within the silt and sand layer at 23.2 m
(Elevation 158.0 m).

Layers of sand and gravel and layers of cobbles and boulders were encountered within the
silty sand layer in boreholes drilled during the previous investigation.

Boreholes were terminated within the silty sand layer at depths ranging from 13.9 m to
26.1 m (Elevations 147.7 to 158.0 m). Borehole 3, drilled at the south pier of the Highway
427 NBL, was terminated at 33.4 m depth (Elevation 138.1 m).

SPT ‘N’ values measured in the silty sand layer generally ranged from 100 to 128 blows per
0.3 m of penetration, indicating a very dense relative density. An SPT ‘N’ value of 20 blows
per 0.3 m of penetration, indicating compact relative density, was measured in Borehole
CNH-01 near Elevation 157.0. SPT ‘N” values higher than 100 blows per 0.1 m of
penetration were measured near borehole termination depths.
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The natural moisture contents of the samples recovered from the silty sand layer ranged from

10% to 19%.

Grain size distribution curves for the silty sand samples tested are presented on the Record of

Borehole sheets and on Figures B7 and B8 of Appendix B.

Laboratory test results of the previous investigation are presented in Appendix C.

The results of laboratory tests are summarized as follows:

Soil Particles Sand (%) Silt and Sand (%) Silty Sand (%)
Gravel 4 5 0to 25
Sand 30 37 28 to 85
Silt - 42 11 to 64
Clay - 16 1to 15
Silt & Clay 16 - -

Occasional cobbles and boulders are reported throughout the silty sand layer, and the lower
part of this deposit (just above bedrock) may contain pieces and slabs of bedrock which may
account for some high blow counts and resistance to augering.

5.1.7 Sandy Silt

Native grey sandy silt containing trace clay was contacted within the silty clay till in
Boreholes CNH-03 and CNH-07 drilled for the present investigation. The thickness of the
sandy silt was 1.5 m and 1.0 m in Boreholes CNH-03 and CNH-07, respectively.

The depths to the base of the sandy silt were 9.1 m and 6.9 m (Elevations 162.5 and 164.7 m).

Based on SPT ‘N’ values of 15 and 60 blows for 0.3 m of penetration, the sandy silt is
described as compact to very dense.

The natural moisture contents of the samples recovered from the sandy silt layer were 20%.

Grain size distribution curves for two sandy silt samples tested are presented on the Record of
Borehole sheets and on Figure B9 of Appendix B.

The results of laboratory tests are summarized as follows:

Soil Particles Sandy Silt (%)
Gravel 0
Sand 29 to 46
Silt 50 to 68
Clay 3to4

THURBER
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5.1.8 Bedrock

Bedrock was contacted below the silty sand at 25.0 m depth (Elevation 155.3 m) in Borehole
CNH-01. The shale encountered in the borehole is described as thinly bedded and contains
frequent hard interbedded siltstone and limestone layers, typical of the Georgian Bay
Formation. The shale bedrock is highly to moderately weathered within the upper 2 m below
which the degree of weathering decreases with depth and the rock strength increases with
depth. An SPT ‘N’ value obtained in the upper part of the shale bedrock was higher than 100
blows per 0.1 m penetration. A moisture content of 11% was measured.

Bedrock cores were collected using NQ sized coring equipment. Total core recovery (TCR)
in the bedrock were 80% and 100% in the two core runs.

RQD values recorded in the core runs were 7%, indicating a very poor rock quality.

The shale bedrock typically contains layers of siltstone and limestone that can be significantly
harder than the shale itself. The distribution, thickness and strength of these layers vary from

location to location, and these layers typically exhibit less pronounced weathering than the
shale.

5.1.9 Water Levels

Water levels were observed in the boreholes during and upon completion of drilling.
Standpipe piezometers were installed in three selected boreholes to monitor water levels after
completion of drilling. The water levels measured in the piezometers are summarized in
Table 5.1, along with the measurements in the boreholes upon completion of drilling.

THURBER
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Table 5.1 — Measured Groundwater Levels

: : Water Level (m) ;
Foundation Element Bf“’ Eh‘ﬂ? Date Depth | Elevation Comment
‘ (m) (m)
SBL i December 11, 1981 0.5 1714 Perched water
South January 21, 2009 14.5 165.7
Abutment | Median | CNH-05 May 5, 2009 14.2 166.0 In piezometer
June 8, 2009 14.2 166.0
NBL 2 December 14, 1981 0.5 171.1 Perched water
SBL 4 December 21, 1981 1.4 170.0 Perched water
gcrl:(i CNH-02 | December 9, 2008 8.2 162.9 In open borehole
South Pier CNR January 21, 2009 6.1 165.3
d CNH-06 May 5, 2009 4.9 166.5 In piezometer
grace June 8, 2009 4.9 166.5
NBL 3 December 17, 1981 0.9 170.6 Perched water
SBL 6 December 21, 1981 0.0 170.6 Perched water
CNR January 21, 2009 6.1 165.5
North Pier d CNH-03 May 5, 2009 5.6 166.0 In piezometer
grace June 8, 2009 5.5 166.1
CNR CNH-07 | December 12, 2008 0.5 171.1 In open borehole
grade
North Median | CNH-04 | December 15,2008 | 11.6 169.7 In open borehole
Abutment | NBL 5 December 18, 1981 | 5.7 165.8 In open borehole

Groundwater levels measured in the piezometers ranged from Elevations 166.0 to 166.5 m.
A higher perched water level was noted at elevations ranging from 170.0 to 171.4 m.

The above values are short-term readings and seasonal fluctuations of the groundwater level
are to be expected. In particular, the groundwater level may be at a higher elevation after the
spring snowmelt or after periods of heavy rainfall. Further, perched water may be
encountered at higher levels in pockets or zones of more permeable sands and silts within the
heterogeneous tills, or within the fill.

6 MISCELLANEOUS

Co-ordinates and ground surface elevations for boreholes of the present investigation were supplied to
Thurber by SNC-Lavalin.

The drilling and sampling equipment was supplied and operated by DBW Dirilling of Ajax, Ontario
and Groundwork Drilling Inc. of Etobicoke, Ontario. The field work was supervised on a full time
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basis by Mr. George Azzopardi and Mr. William Ball of Thurber Engineering Ltd. under the direction

of Dr. Sydney Pang, P. Eng.

Laboratory testing was carried out at Thurber’s Laboratory in Oakville, Ontario.

Overall supervision of the field program was conducted by Dr. Sydney Pang, P. Eng. Interpretation
of the data and preparation of the report were carried out by Dr. Sydney Pang, P. Eng, and Ms. R.

Palomeque Reyna, P.Eng.

Dr. P.K. Chatterji, P.Eng., a Designated Principal Contact for MTO Foundations Projects, reviewed

the report.
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FOUNDATION INVESTIGATION AND DESIGN REPORT
HIGHWAY 427 WIDENING
FROM FASKEN DRIVE TO STEELES AVENUE
CN HALTON SUBDIVSION OVERHEAD
TORONTO, ONTARIO
G.W.P. 202-95-00

Geocres Number: 30M12-288

PART 2: ENGINEERING DISCUSSIONS AND RECOMMENDATIONS

7 INTRODUCTION

This report presents interpretation of the geotechnical data in the factual report and presents
geotechnical design recommendations to assist the design team to select and design a suitable
foundation system and approach fills for the proposed inside widening of the NBL and SBL bridges
at the Highway 427 and CN overhead crossing in Toronto, Ontario. The widening will be carried out
in the air gap between the existing bridges

Based on the General Arrangement (GA) drawings provided by SNC-Lavalin, the existing structures
are three-span, precast prestressed concrete girder twin bridges carrying the Highway 427 southbound
lanes (SBL) and northbound lanes (NBL) over the CN tracks of the Halton Subdivision. Each of the
SBL and NBL bridges measures approximately 57 m in total span length. The NBL bridge which
also includes exit ramps to Highway 407 is approximately 26 m wide and the SBL bridge is
approximately 18 m wide. Each bridge is supported by two conventional abutments and two piers.
The abutments (north and south) are supported on driven steel H-piles arranged in two rows, one
vertical and one battered. Both piers are supported on spread footings. The approach embankments
are up to about 10 m high with a design inclination of 2H : 1V for the side and forward slopes.

The GA drawings for the existing structures indicate that buried CPCN telecommunications cables
are located in close proximity to the south piers and adjacent to the CN south track. Preliminary GA
drawings, dated January 12, 2009, provided by SNC-Lavalin indicate that the proposed structure
widenings will be located within the air gap between the two existing structures, and that the new
abutments and piers will be aligned with the existing ones.

The discussion and recommendations presented in this report are based on our understanding of the
project and on the factual data obtained during the course of the investigation.
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8 FOUNDATION DESIGN

Consideration was given to various alternate foundation systems, taking account of the site
stratigraphy and the structure General Arrangement.

In general terms, the stratigraphy encountered at the site consists of topsoil or asphalt overlying
approach embankment fill consisting of variable soils (stiff to very stiff silty clay, loose to very dense
silty sand and gravelly sand). Native stiff to hard silty clay till was encountered surficially or below
the fill. Compact to very dense silty sand was contacted below the silty clay till. Weathered shale
bedrock was contacted at elevation 155.3 m below the silty sand in Borehole CNH-01 drilled at the
south abutment. Piezometers installed in selected boreholes revealed that groundwater level is
anticipated to be between 14 and 14.5 m depths (from the top of approach fill) and about 5 m depth
below CN track level, at elevations ranging from 166.0 to 166.5 m. Perched water may be
encountered at higher levels within the fill.

Initial consideration was given to the following foundation types:
¢ Spread footings on native silty clay till
e Spread footings on engineered fill
e Augered Caissons (drilled shafts)
¢ Driven steel H-piles

A comparison of these foundation alternatives based on advantages and disadvantages of each is
included in Appendix D. In order to avoid undermining the existing bridge foundations during
construction of the bridge widening and to achieve consistency with the existing structures, it is
recommended that the proposed foundation layouts of the abutments and piers for the widening
structure be similar to the existing ones, i.e. abutments founded on driven H-piles and piers supported
on spread footings.

From a foundations technical, constructability and cost-effectiveness perspective, the recommended
foundations at this site are:

U Abutments - steel H-piles driven to achieve resistance in the very dense silty sand or
hard native silty clay till soils.

L Piers - spread footings on very stiff to hard native silty clay till.

8.1 Spread Footings on Native Silty Clay Till

It is recommended that spread footings be used as foundation support for the north and south
piers of the bridge widening.

Spread footings are not recommended at the abutments due to the presence of an extensive
thickness of embankment fill. Deep excavations ranging from 4.5 m to 9.0 m depth would be
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required to penetrate the fill for constructing spread footings on native very stiff to hard silty
clay till.

It is understood that the existing pier footings were designed to be founded on very stiff to
hard native silty clay till at approximate Elevation 169.5 m for the SBL and NBL. Based on
the GA drawings, it is assumed that existing footings are in the order of 0.8 m in thickness.

It is recommended that all new footings be founded at similar elevations as the existing
footings, where possible, such that the latter will not be undermined. It is critical for the
designer to have accurate information on footing base elevations and outlines of existing
footing footprints to avoid interference between new and existing footings.

Spread footings should be founded on the very stiff to hard silty clay till. Provided a
minimum footing width of 2 m is maintained, footings founded on the above recommended

stratum may be designed in accordance with the elevations and geotechnical resistances given
in Table 8.1.

Table 8.1 —~ Geotechnical Resistances for Spread Footings

Depth below Foﬁn diﬁ S
- Foundation Borehole existing Eleva t'mgl ULS; | sLs Soil
Element : ground : ( )l (kPa)' | (kPa) 0

L : surface (m) m : L ;
South | CNR | CNH-02 1.6 169.5 450 | 300 | Very stiff silty clay till

Pier | grade ["CNH-06 1.9 169.5 450 | 300 | Very stiffsilty clay till
North | CNR | CNH-03 3.1 168.5* 450 | 300 | Very stiff silty clay till

Pier | grade | CNH-07 3.1 168.5% 450 | 300 | Very stiff silty clay till

* Elevation 168.5 is approximately 1.0 m below existing footing base elevation.

At the location of the north pier (Boreholes CNH-03 and CNH-07), low SPT ‘N” values ( 8
and 9 blows per 0.3 m of penetration) were measured in the upper 3.0 m of the native silty
clay till and therefore founding elevations of spread footings presented in Table 8.1 are
approximately 1.0 m below the existing bridge footing base. Further construction
recommendations are provided in Section 8.1.1 of this report to prevent undermining,

settlement or damage of the existing bridge footings during excavation and construction of
new spread footings at the north pier.

The geotechnical resistances quoted above are for concentric, vertical loads only. In the case
of eccentric or inclined loading, the geotechnical resistance must be calculated as illustrated
in the CHBDC Clause 6.7.3 and Clause 6.7.4.

The geotechnical SLS resistance values given above are based on an estimated total
settlement not exceeding 25 mm. This settlement is expected to be substantially complete by
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the end of construction. Differential settlement is not expected to exceed 20 mm in a 6 m
span.

The sliding resistance of mass concrete poured on the native clay till soil may be computed
on the basis of an ultimate coefficient of friction of 0.45. This is an “ultimate” value and
requires a degree of sliding movement to occur to fully mobilize the resistance.

The bases of the foundation excavations should be inspected by a geotechnical engineer to
confirm that the exposed footing subgrade conforms to the design requirements and has been
adequately prepared to receive concrete. Where subexcavation is required to remove
unsuitable material from below the design founding level, the founding surface should be re-
established using mass concrete of the same class as the footing concrete or engineered fill.
The engineered fill must consist of OPSS Granular “A” placed in 150 mm lifts, compacted to
100% of its SPMDD at 2% of optimum moisture content.

8.1.1  Construction of the Spread Footings for the North Pier

The recommended founding elevation for spread footing at the north pier is 168.5 m,
which is 1.0 m below the adjacent existing bridge footing base at elevation 169.5 m,
indicated in the GA drawings. However, prior to finalizing the design, it is imperative
to confirm the actual base elevation of the existing footings. Special attention/care
should be given to excavation operations in close proximity to the existing pier
footings to avoid any damage to the existing structures. The alternatives to prevent
undermining, settlement or damage of the existing footings and bridge structure are
presented as follows:

1. Itis understood that the new and existing footings at the piers are separated by
a horizontal distance of about 1.5 m. One option would be to undertake the
new footing excavation to elevation 168.5 m by maintaining an undisturbed
1.5H : 1V soil wedge between the base of the existing footing and the base of
the new footing. This footing construction should be carried out expediently
and if practical in short, say 5 m, sections. This approach carries some risk of
destabilizing the existing footing.

2. The second option would be to excavate the new footing to the base elevation
of the existing footing (elevation 169.5 m), then proceed to excavate the
remaining 1 m vertically to elevation 168.5 m. Once the founding conditions
are confirmed, place a 1.0 m thick layer of mass concrete of the same class as
that of the footing (from elevation 168.5 to 169.5 m). Footings for the new
structure may then be formed on the hardened mass concrete at elevation
169.5 m. This final 1 m of vertical excavation and backfilling with mass
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concrete should be carried out in short, say 5 m, sections. This approach is
expected to reduce the risk of destabilizing the existing footings.

3. The option that carries relatively lower risk would be to construct the new
north pier footing within a fully supported, shored enclosure. The shoring
should be rigid enough not to destabilize the adjacent existing bridge footing
and must be installed prior to the start of footing excavation.

For the proposed alternatives 1 and 2, a methodology to minimize time of construction
should be implemented to reduce the risk of undermining the existing footings.

For all three alternatives, settlement monitoring of the existing north pier footings
should be conducted before, during and after construction.

The recommended option for excavation at the north pier is Alternative 2 if no railway
protection is planned, and Alternative 3 if railway protection is to be installed.
Option 1 is not recommended.

The site has a narrow space at the north pier for construction operations such as
advancing protection systems and excavation for construction of the new footings.
However, it is understood from the project designers, SNC-Lavalin, that the space is
adequate to advance the protection systems and construct the north pier foundations.
Measures must be taken during detail design to control undermining, settlement or
damage of the existing footings.

Once an alternative for constructing the spread footing at the north pier is selected,
Thurber will prepare an NSSP on the required procedures and operational constraints.

8.2 Spread Footings on Engineered Fill

Spread footings on engineered fill are not recommended at this site. At the piers, this option
is not appropriate since competent native soils are present at shallow depths below existing
ground. At the abutments, native soils founding levels for engineered fill is at a large depth
below the embankment fill.

8.2 Augered Caissons (Drilled Shafts)

Augered caisson foundations were also considered for the support of the structure. However,
in order to achieve a higher geotechnical resistance for the caissons, they must be socketed
3.0 m to 4.0 m into the very dense silty sand or bedrock.

At this site, the silty sand and bedrock were encountered at 10.7 m to 25.0 m below original
ground surface. The base of the caissons would be in the order of 6.0 m to 11.0 m below the
groundwater level and therefore subject to high hydrostatic heads.
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Potential installation problems with caisson construction in the silty sand below the water
table are likely to include side sloughing, difficulty in sealing the liner and potential base

boiling. Cobbles and boulders may also need to be dislodged and removed from caisson
holes.

Installation of caissons into the very dense silty sand or bedrock is also expected to be a more
expensive option than driven piles.

For these reasons, the use of a caisson foundation is not recommended at this site.

8.3 Driven Piles

The subsurface conditions at the site are considered suitable for the design of foundations
supported on steel H-piles driven to achieve resistance in the very dense silty sand and hard
silty clay till. However, piles are only recommended for the abutments.

Driven piles are not recommended for the piers for two major reasons:
(i) to avoid vibration due to pile driving close to the existing spread footings;

(ii) competent soils exist at relatively shallow depths making spread footings a viable
option.

It is recommended that the new piles for the abutments be founded at the tip elevations
recommended in Table 8.3. The GA drawings show that the existing pile tips are at
Elevations 155.0 and 154.0 m in rock at the north and south abutments, respectively.

The piles should be driven to termination at the design ultimate capacity (see later section)
within the very dense native silty sand and hard silty clay ftill.

The elevations at which the piles are expected to develop the required resistance are given in
Table 8.3.

Table 8.3 — Estimated Pile Tip Elevation

; - Anticipated | Anticipated Pile ,
Foundation E""““‘*“‘ Borehole bgg:vlﬁggit;lal S:Sellzé;vﬁtei;:ife(:} Fouﬁgglgg\?[;i:rial
ground (m) | Resistance (m) e ‘ ~
South Median | CNH-01 25.0 155.3 Shale Bedrock
Abutment | Median | CNH-05 23.2 157.0 Very dense silty sand
North Median| CNH-04 20.3 161.0 Very dense silty sand
Abutment | Median| CNH-08 14.3 167.0 Hard silty clay till

The pile tip elevations shown in Table 8.3 should be used for estimating purposes only. The
actual pile tip elevations will be controlled as described in Section 8.3.3 Pile Installation.
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8.3.1 Axial Resistance

It is recommended that the following geotechnical resistances be used to design the steel HP
310 x 110 piles driven to, or below, the approximate elevations presented in Table 8.3:

e Factored Geotechnical Resistance at Ultimate Limit States (ULS) of 1,400 kN
per pile.
¢ Geotechnical Resistance at Serviceability Limit State (SLS) of 1,200 kN per pile.

The structural resistance of the pile must be checked by the structural designer.

8.3.2  Pile Tips

Due to the presence of cobbles and boulders in the expected founding layer, the tips of all
piles should be fitted with cast steel, H-section pile points from an approved manufacturer
such as Titus Steel (Standard H-point) or approved equivalent.

The use of pile points is recommended since all the piles will be driven into very dense or
hard soils containing cobbles and boulders.

8.3.3  Pile Installation
Pile installation should be in accordance with Special Provision No. 903S01.
The Contract Documents should contain a NSSP alerting the Bidders to:

» The presence of cobbles and boulders in the soils through which the piles will be
driven.

e The possibility of piles within a group achieving the specified resistance at different
elevations.

¢  The possibility of some piles meeting refusal on a large boulder.

Suggested texts for NSSP’s are included in Appendix F.

8.3.4  Pile Driving

Pile driving must be controlled by the Hiley Formula and an ultimate pile resistance should
be specified by the designer in accordance with Clause 3.3.2 (b) Construction Stage of the
Structural Manual. The Hiley formula need not be used until the piles are approaching the
bearing stratum below Elevation 158.0 m at the south abutment and 162.0 to 168.0 m at the
north abutment. The appropriate pile driving note is “Piles to be driven in accordance with
Standard SS 103-11 using an ultimate resistance of “R” kN per pile”. “R” must have the
minimum value of 2,800 kN for a HP 310 x 110 pile section.
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Piles should not be damaged by overdriving. The NSSP should require the QVE to monitor
pile driving and terminate driving of the pile before the pile is damaged by overdriving.

To facilitate pile installation, embankment fill through which piles will be driven must not
contain oversize material, i.e. no particles exceeding 75 mm in size.

8.3.5 Downdrag

Downdrag on the piles is not considered to be an issue at this site.

8.3.6  Integral Abutment Considerations

The preliminary GA drawings provided by SNC-Lavalin indicate that conventional
abutments similar to the existing abutments will be adopted for the widening structures.
Integral abutments are not being considered for this bridge widening.

8.3.7 Lateral Resistance

The lateral resistance of a pile may be calculated using a value for the coefficient of
horizontal subgrade reaction (k;) and ultimate lateral resistance (py) as follows:

Cohesive soils:

Kq = 125*S,/D (kKN/m”*)
Puc = 9*S. (kPa)
where
D = pile width in metres
Su = undrained shear strength

Cohesionless soils:

ks = n,.z/D (kKN/m*)
Putt = 3.y.z. K, (kPa)
where z = depth of embedment of pile in metres
D = pile width in metres
ny, = value from Table 8.4
Y = unit weight (Table 8.4)
K, = passive earth pressure coefficient (Table 8.4)
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The above equations and recommended parameters may be used to analyze the interaction
between a pile and the surrounding soil. The lateral pressures obtained from the analysis should
not exceed the ultimate lateral resistance.

The spring constant, K, for analysis may be obtained by the expression, K = k*L*D (kN/m),
where k; is the coefficient of horizontal subgrade reaction (kN/m’), D is the pile width (m)
and L is the length (m) of the pile segment or element used in the analysis. The ultimate
lateral resistance on any one segment of pile, P, may be obtained from the expression,
Pue = pu*L*D. This represents the ultimate load at which the pile fails and will not support
any additional load at greater displacements. It is recommended, however, that the total
lateral resistance assumed in one pile be limited to no more than 200 kN at ULS and 110 kN
at SLS.

Parameters for lateral pile resistance are shown in Table 8.4.

Table 8.4 — Parameters for Lateral Pile Resistance

.| Elevation | , M o | Soo e o
Location (m) (kN'm") | K, (kPa) Weight Soil Conditions
OGL to i 29 65 20 Stiff to Veryfstiff
171.0 ) silty clay fill
South
Abutment IZ&O go . 3.1 200 22
(Boreholes 166.00 to Hard silty clay till
CNH-01 | 1999 - 3.1 200 12+
and (below ’
water)
CNH-05) 7590 10 10.000 14 ) L0% Very dense silty
154.0 ’ ) sand till
OGL to Loose to very dense
North 1760 | 200 | 3.0 - 20 silt and sand fill
Abutment lzg;)o g" ; 3.1 175 2
s | T8
CNH-04 (bek;?v ; 3.1 175 12% v clay
CNaginS) water)
164.0 to 10.000 34 i 10% Very dense silty and
161.0 ’ ) sand/silty sand

* Buoyant unit weight below water table for cohesionless soils

Interaction of piles bearing in soil should be considered with reference to CHBDC Clause
6.8.9.2.
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For lateral soil/pile group interaction analysis, the modulus of subgrade reaction (k,) should
be reduced based on pile spacing.

Where a pile group is oriented perpendicular to the direction of loading, group action may be
considered by reducing values for k by a reduction factor R as follows:

Pile Spacing Perpendicular to Horizontal Subgrade Reaction
Direction of Loading Reduction Factor, R
4 D* 1.00
1 D* 0.50

* D is the width of the pile, and spacing is measured centre to centre

Where a pile group is oriented parallel to the direction of loading, group action may be
considered by reducing values for k; by a reduction factor R as follows:

Pile Spacing Parallel to Horizontal Subgrade Reaction
Direction of Loading Reduction Factor, R
8D 1.00
6D 0.70
4D 0.40
3D 0.25

Intermediate values may be obtained by interpolation.

For conventional abutments, the lateral resistance may be provided by battered piles.

8.4 Frost Protection

The design depth of frost penetration at this site through overburden soils is 1.2 m. All
footing base and pile caps should be provided with 1.2 m of earth cover. It is possible to
reduce the thickness of earth cover by the substitution of synthetic insulation and typically
25 mm of Styrofoam is equivalent to 600 mm of earth cover. Synthetic insulation must itself
be covered to provide protection where it is used.

9 TEMPORARY EXCAVATION

9.1 General

All excavations must be carried out in accordance with the requirements of the Occupational
Health and Safety Act (OHSA). For the purposes of the OHSA, the soils within the likely
depth of excavation at this site may be classed as Type 3 soils for fill and Type 2 for native
stiff to hard silty clay till.

The selection of the method of excavation is the responsibility of the contractor and must be
based on his equipment, experience and interpretation of the site conditions. Excavations
should be inspected regularly for evidence of instability if they have been left open for
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extended periods of time and following periods of heavy rain or thawing. If required,
remedial actions must be taken to ensure the stability of the excavation and the safety of
workers,

The requirements for unwatering during excavation are discussed in Section 11.

9.2 Foundations

The excavation and backfilling for foundations must be carried out in accordance with
SP 902S01.

9.3 Earth Excavation

Earth excavations required at this site will penetrate through a variety of overburden soils
including native silty clay till. The soils, especially the tills, may contain cobbles and
boulders. It is anticipated that temporary excavations through a majority of soils at this site
may be formed unsupported with side slopes not steeper than 1H : 1V. Flatter slopes may be
required at locations where the soils are less competent than what is assumed during design or
where water seepage affects surficial stability.

A NSSP should be included in the contract alerting the Contractor to the possible presence of
cobbles and boulders.

10 ROADWAY AND RAILWAY PROTECTION

It is anticipated that roadway (Highway 427) and railway (CN tracks) protection will be required
during construction.

An item titled “Protection System” as per SP 105519 should be included in the contract documents.
A Performance Level 2 is recommended for Highway 427 protection.

Rail track protection will have to be implemented for construction of piers. Discussions with the
railway authorities should be carried out to determine the required level of protection. CN Rail may
require a more stringent performance level for railway protection.

The design of roadway and railway protection should be the responsibility of the Contractor.
However, one option that is considered to be suitable for use as temporary shoring at this site is a
soldier pile and lagging wall. It is anticipated that the soldier piles will need to be socketted into the
very stiff to hard silty clay till or very dense silty sand to develop the required toe resistance.

A temporary soldier pile and lagging wall may be designed using the parameters given below:
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y = 20 kN/m*
Yw = 10 kN/m’
K, = 0.35 (road embankment fill)
(active earth pressure) = 0.32 (silty clay till)
K, = 2.9 (road embankment fill)
(passive earth pressure) = 3.0 (silty clay till)

The designer of the roadway protection system should check whether the socket in the hard clay till is
sufficiently deep to provide base fixity.

The actual pressure distribution acting on the shoring system is a function of the construction
sequence and the relative flexibility of the wall and these factors must be considered when designing

the shoring system. All shoring systems should be designed by a Professional Engineer experienced
in such designs. "

11 UNWATERING

Temporary excavations for footing and pile cap construction are generally 2.0 m to 10.0 m above the
groundwater level measured in the piezometers. However, perched water was observed at elevations
ranging from 170.0 to 171.1 m during the previous investigation. Considering the consistency and
low permeability of the silty clay till soils, groundwater control measures such as perimeter ditches
and pumping from filtered sumps should be implemented to remove any accumulation of water from
the excavation base prior to placing concrete. The possibility exists that additional pumps may be
required if localized zones of perched water are encountered. All footings must be constructed in the
dry.

The design of the unwatering systems is the responsibility of the Contractor.

12 APPROACH EMBANKMENTS

The foundation soils governing stability of the approach embankments consist of existing native very
stiff to hard silty clay till underlain by compact to very dense silty sand. The proposed embankment
heights are approximately 10 m at the north and south approaches. Since the existing median is more
or less at grade, it is expected that the additional fill that may be required to construct the new
abutments should be minimal. The additional fill will be used generally as backfill of the existing
abutment with an approximate height of 1.0 m to 1.5 m.

Embankment construction should be in accordance with OPSS 206, as amended by Special Provision
“Amendment to OPSS 206, December 1993, dated November 2002. It is recommended that earth
fill should consist of SSM or granular materials in compliance with Special Provision 110F13,
“Amendment to OPSS 1010 March 1993”. Any existing fill slopes must be benched in accordance
with OPSD 208.010 prior to placing new fill.
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Considering the embankment height and consistency of the foundation soils, post construction
settlement induced by additional fill loading will be less than 25 mm.

The global, internal and surficial stability of the approach embankment fills will depend on the slope
geometry and also to a large degree on the material used to construct the embankments.
Embankments constructed using granular material, select subgrade material or non-cohesive earth fill
will have stable side slopes at inclinations not steeper than 2H:1V.

The existing north and south approach embankments are up to 10 m high with a slope inclination of
2H : 1V but without mid-height berms. Stability analyses were conducted for the cases with and
without the berm to assess the global stability of the existing approach embankments. The computed
factors of safety for the south approach are as shown in Table 12.1. Slope stability computation
outputs are included in Appendix E.

For the purpose of embankment stability analyses, the commercially available slope stability program
GSLOPE developed by Mitre Software Inc. was used. The Bishop’s simplified method for stability
analysis was employed.

Table 12.1 Computed Factors of Safety

Factor of Figure

Location / _Condition Safety (Appendix E)

Material

South Approach
Earth Fill 2.7 1
Earth Fill witha Undrained

. 2.8
2-m wide berm
Earth Fill 1.5
Earth Fill witha Drained

. 1.6
2-m wide berm

E-SER RSN

In each case, the factor of safety against global instability was greater than 1.5. These factors of
safety are considered to be acceptable for the proposed embankments.

All topsoil and organic soils should be stripped from the footprint of the approach fills. Particular
attention should be paid to removing all softened material from existing ditches that fall within the
footprint of the new embankment.

It is noted that the rock protection in front of the abutment walls has undergone settlement and/or
lateral movement. The observed distress appears worse at the south abutment. The stability analysis
summarized in Table 12.1 above indicates that the foundation soils are capable of sustaining global
embankment stability. It is recommended that all displaced rock protective facings, including any
underlying disturbed embankment fill, be removed and appropriately reinstated. For all existing and
new rock protection for slopes, reference should be made to Drawings SS-16-20 or SS-16-21 in the
Structural Manual for general layout design. Construction and material specifications should conform
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with OPSS 511 and OPSS 1004. Earth fill embankment slopes must be provided with erosion
protection in accordance with SP572S01.

13 BACKFILL TO ABUTMENTS

Backfill to the abutments should consist of Granular A or Granular B Type Il material meeting the
requirements of Special Provision 110F13 “Amendment to OPSS 1010, March 1993”. The backfill
must be in accordance with OPSS 902 as amended by Special Provision 902801, and placed to the
extents shown in OPSD 3101.150.

Compaction equipment to be used adjacent to retaining structures must be restricted in accordance
with SP105S01. The design of the abutment must include a subdrain as shown in OPSD 3102.100.
14 STATIC EARTH PRESSURE

Earth pressures acting on the structure may be assumed to be triangular and to be governed by the
characteristics of the abutment backfill. For a fully drained condition, the pressures should be
computed in accordance with the CHBDC but generally are given by the expression:

Py = K*(vh + q)
where:
Py = horizontal pressure on the wall at depth h (kPa)
K = earth pressure coefficient (see Table 14.1)
Y = unit weight of retained soil (see Table 14.1)
H = depth below top of fill where pressure is computed (m)
q = value of any surcharge (kPa)

Earth pressure coefficients for backfill to the abutment wall are dependent on the material used as
backfill. Typical values are shown in Table 14.1.
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Table 14.1 — Earth Pressure Coefficients (K)

Earth Pressure Coefficient (K)
OPSS Granular A OPSS Granular B OPSS Granular B
‘ : =35y =22.8 KN/m® ~Typell Typel
Condifios Y =28 ¢=35%y =228 kN/m® | ¢=32° y=212 kN/m®
Horizontal Sloping Horizontal Sloping Horizontal Sloping
Surface Backfill Surface Backfill Surface Backfill
Behind (2H:1V) Behind (2H:1V) Behind (2H:1V)
Wall Wall Wall
Active
(Unrestrained 0.27 0.40* 0.27 0.40%* 0.31 0.48*
Wall)
At rest
(Restrained 0.43 - 0.43 - 0.47 -
Wall)
Passive 3.7 - 3.7 - 33 -

* For wing walls.

In accordance with Clause 6.9.3 of the CHBDC, a compaction surcharge should be added. The
magnitude should be 12 kPa at the top of fill and decreasing to 0 kPa at a depth of 2.0 m for Granular
B Type L or 1.7 m for Granular A or Granular B Type IL.

In conventional design, the use of a material with a high friction angle and low active pressure
coefficient (e.g. Granular A, Granular B Type II) might be preferred as it results in lower earth
pressures acting on the wall.

The factors in Table 14.1 are “ultimate” values requiring certain movements for the respective
conditions to be mobilized. The values to use in design can be estimated from Figure C6.9.1 (a) in
the Commentary to the CHBDC.

15 SEISMIC CONSIDERATIONS

15.1 Seismic Design Parameters

The following seismic parameters should be used for design:

e Velocity Related Seismic Zone 0
e Zonal Velocity Ratio 0.05
e Acceleration Related Seismic Zone 1
e Zonal Acceleration Ratio 0.05
e Peak Horizontal Acceleration 0.05
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The soil profile type at this site has been classified as Type I. Therefore, according to Table
4.4.6.1 of the CHBDC, a Site Coefficient “S” (ground motion amplification factor) of 1.0
should be used in seismic design.

15.2 Liquefaction Potential

There is no potential for liquefaction of structures founded on hard or very dense soils. The
foundation soils at the site are assessed as not being prone to liquefaction.

15.3 Retaining Wall Dynamic Earth Pressures

In accordance with Clause 4.6.4 of the CHBDC, retaining structures should be designed using

active (Kag) and passive (Kpg) earth pressure coefficients that incorporate the effects of
earthquake loading.

For the design of retaining walls, the coefficients of horizontal earth pressure in Table 15.1
may be used:

Table 15.1 — Earth Pressure Coefficient for Earthquake Loading

Earth Pressure Coefficient (K) for Earthquake Loading

‘Granular Aor. | OPSS Granular B Type I
Granular B Type Il & =320 y = 21.2 KN/’
& =35% v = 22.8 kKN/m’ ~ e b
. W aili . Horizontal L Slopilig Surface | Horizontal | Sloping Surface
Con dition Surface Behind Behind Wall Surface Behind Behind Wall
: Wall QH:1V) Wall (2H:1V)
Active (Kap)* 0.29 0.4 0.33 0.53
Passive (Kp) 3.6 3.6 3.2 3.2
At Rest
0.59 - 0.63 -
(Kog)**

%k

After Mononobe and Okabe, passive case assumes a horizontal surface in front of the wall.
After Woods

16 ADJACENT STUCTURES AND BURIED UTILITIES

Fibre optics cables are present in the vicinity of the new foundation construction areas (south piers).
It is recommended that the exact locations and elevations of these and any other utilities be
established by the designer, and compared with the extent of the potential work zones related to the
foundations of the proposed widening structures and associated works. The settlement and
displacement/rotation tolerances of these utilities should also be obtained by the designer from the
owner/designer of these utilities. These utilities should not be undermined or damaged during new
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footing construction. It may be prudent to expose the fibre optics cables and protect them during
construction of the new foundations.

Settlement monitoring of the existing north pier structures must be conducted before, during and after
construction of the new footings which will be adjacent to the existing pier footings. Existing
footings at the north piers should not be undermined or damaged during new footing construction.

If buried conduits such as sewer or watermain are present within the abutment construction areas, it is
recommended that the following be carried out prior to the commencement of foundation

construction:
o Carry out pre-construction condition survey to include documentation of any existing
distress associated with the conduits/utilities.
J Implement instrumentation and monitoring programs to prevent damage or settlement
of the existing conduits/utilities.
. Carry out post-construction condition survey.

Relocation of, and/or special protective measures for some or all of these affected utilities may be
required.

17 CONSTRUCTION CONCERNS

Potential construction concerns include, but are not necessarily limited to:

1.

Footing construction adjacent to the existing north pier footings.

Special attention should be paid to the following issues:

a) New footing construction must not undermine the existing bridge footings.

b) A practical and appropriate construction method outlined in Section 8.1.1 should be
selected for the new footing.

b) Settlement monitoring of the existing bridge footings should be conducted before,

during and after construction.
Pile refusal at higher elevation.

There is some indication that the glacial till deposits at this site contain occasional boulders.
It is possible that a pile will achieve refusal at a higher elevation than anticipated due to
encountering boulders. If it is suspected that this is happening, the QVE must immediately
bring it to the attention of the CA. If the CA cannot resolve the issue, it must be referred to
the design team for resolution. A pile must not be damaged by overdriving.
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3. Pile fails to develop specified resistance.

If a pile does not develop the specified resistance after being driven 2 m beyond the
anticipated pile tip elevation, stop driving and check the Hiley calculation and all input
values. If the calculation still shows that the pile has not reached the specified resistance, the
following procedure should be implemented:

a) Stop driving in that pile group for 48 hours (minimum).

b) After 48 hours, warm up the hammer on another pile, then retap the subject pile and
measure the resistance.

c) If the pile still does not reach the specified resistance, the QVE must immediately

advise the CA who, in turn, should refer the issue to the design team.

4. Destabilization of excavations

Perched water may be encountered within the upper sandy layers in the silty clay fill. The
impact of this perched groundwater could destabilize the sides and or base of the excavation.
The Contractor’s unwatering plan must be available for rapid implementation should the need
arise. Proper groundwater and surface water control measures must be in place prior to
commencing excavation. All footings must be constructed in the dry.

5. Excavations

Care must be exercised during excavation to avoid disturbing the founding subgrade. The

exposed subgrade soils should be expeditiously inspected, approved and protected from
disturbance.

6. Underground utilities

Any information on the location of the buried CNCP telecommunication cables should also
be carefully reviewed. All new foundation footprints should be clear of any buried utility.
Vibration and settlement monitoring for buried utilities, where required, should be provided
by qualified personnel.

7. Existing slopes
The forward and side embankment slopes should be inspected after construction for surficial

disturbance. Where necessary, remedial measures such as re-vegetation and/or placement of
gravel sheeting may be required.
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18 CLOSURE

Engineering analysis and preparation of this preliminary foundation design report was carried out by
Ms. Rocio Palomeque Reyna, P.Eng. and Dr. Sydney Pang, P.Eng.

The report was reviewed by Dr. P.K. Chatterji, P.Eng., a Designated Principal Contact for MTO
Foundations Projects.

THURBER ENGINEERING LTD.

Rocio Palomeque Reyna, P.Eng.
Geotechnical Engineer

Sydney Pang, P.Eng.
Associate, Senior Project Engineer

P.K. Chatterji, P.Eng.
Review Principal
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Appendix A

Record of Borehole Sheets

(Present Investigation)
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SYMBOLS, ABBREVIATIONS AND TERMS USED ON RECORDS OF BOREHOLES
TEXTURAL CLASSIFICATION OF SOILS

CLASSIFICATION PARTICLE SIZE VISUAL IDENTIFICATION

Boulders Greater than 200mm same

Cobbles 75 10 200mm same

Gravel 4.75 to 75mm 5 to 75mm

Sand 0.075 to 4.75mm Not visible particles to Smm

Silt 0.002 to 0.075mm Non-plastic particles, not visible to
the naked eye

Clay Less than 0.002mm

COARSE GRAIN SOIL DESCRIPTION (50% greater than 0.075mm)

Plastic particles, not visible 1o
the naked eye

TERMINOLOGY PROPORTION
Trace or Occasional Less than 10%
Some 10 to 20%
Adjective (e.g. silty or sandy) 20 to 35%
And (e.g. sand and gravel) 35to 50%

TERMS DESCRIBING CONSISTENCY (COHESIVE SOILS ONLY)

DESCRIPTIVE TERM

UNDRAINED SHEAR APPROXIMATE SPT!"'\¢
STRENGTH (kPa) VALUE

Very Soft 12 or less Less than 2

Soft 12 to 25 2t04

Firm 25t0 50 4108

Stiff 50 to 100 8to 15

Very Stff 100 to 200 15 to 30

Hard

Greater than 200 Greater than 30

NOTE: Hierarchy of Soil Strength Prediction 1) Laboratory Triaxial Testing

2) Field Insitu Vane Testing
3) Laboratory Vane Testing
4) SPT value

5) Pocket Penetrometer

TERMS DESCRIBING DENSITY (COHESIONLESS SOILS ONLY)

DESCRIPTIVE TERM SPT “N” VALUE
Very Loose Less than 4

Loose 4t0 10

Compact 10 10 30

Dense 30 to 50

Very Dense Greater than 50

LEGEND FOR RECORDS OF BOREHOLES

SYMBOLS AND SS  Split Spoon Sample WS Wash Sample

AS Auger (Grab) Sample
ABBREVIATIONS TW Thin Wall Shelby Tubc Sample TP Thin Wall Piston Sample
FOR PH Sampler Advanced by Hydraulic Pressure  PM Sampler Advanced by Manual Pressure
SAMPLE TYPE WH Sampler Advanced by Self Static Weight RC Rock Core SC Soil Core
Undisturbed Shear Strength
Sensitivity =
Remoulded Shear Strength
X Water Level
Cpen Shear Strength Determination by Pocket Penetrometer
SPT ‘N’ Value Standard Penetration Test ‘N’ Value

- refers to the number of blows from a 63.5kg hammer free falling a

ameter split spoon sampler for 0.3 m depth into undisturbed ground.
DCPT Dynamic Cone Penetration Test — Continuous penetration of a 50 mm outside diameter, 60° conical

steel point attached to “A” size rods driven by a 63.5 kg hammer free falling a height of 0.76 m. The resistance to cone
penetration is the number of hammer blows required for each 0.3 m advance of the conical point into undisturbed ground.

height of 0.76m to advance a standard 50 mm outside di



UNIFIED SOILS CLASSIFICATION

GROUP
MAJOR DIVISIONS SYMBOL TYPICAL DESCRIPTION
GwW Well-graded gravels or gravel-sand mixtures, little or
GRAVEL no fines.
AND GP Poorly-graded gravels or gravel-sand mixtures, little
GRAVELLY or no fines.
COARSE SOILS GM Silty gravels, gravel-sand-silt mixtures.
GRAINED GC Clayey gravels, gravel-sand-clay mixtures.
SOILS SwW Well-graded sands or gravelly sands, little or no
SAND AND fines.
SANDY SP Poorly-graded sands or gravelly sands, little or no
SOILS fines.
SM Silty sands, sand-silt mixtures.
SC Clayey sands, sand-clay mixtures.
ML Inorganic silts and very fine sands, rock flour, silty or
clayey fine sands or clayey silts with slight plasticity.
CL Inorganic clays of low to medium plasticity, gravelly
SILTS AND clays, sandy clays, silty clays, lean clays.
FINE CLAYS (W <30%).
GRAINED Wi < 50% ClI Inorganic clays of medium plasticity, silty clays.
SOILS (30% < W < 50%).
OL Organic silts and organic silty-clays of low plasticity.
MH Inorganic silts, micaceous or diatomaceous fine
SILTS AND sandy or silty soils, elastic silts.
CLAYS CH Inorganic clays of high plasticity, fat clays.
Wi > 50% OH Organic clays of medium to high plasticity, organic
silts.
HIGHLY Pt Peat and other highly organic soils.
ORGANIC
SOILS
CLAY SHALE
SANDSTONE
SILTSTONE
CLAYSTONE

COAL




EXPLANATION OF ROCK LOGGING TERMS

ROCK WEATHERING CLASSIFICATION

SYMBOLS
Fresh (FR) No visible signs of weathering.
Fresh Jointed (FJ) Weathering limited to the surface of major
discontinuities. % CLAYSTONE
Slightly Weathered Penetrative weathering developed on open discontinuity | e
(SW) surfaces, but only slight weathering of rock material. -4 SILTSTONE
Moderately Weathered Weathering extends throughout the rock mass, but the
(MW) rock material is not friable. SANDSTONE
Highly Weathered Weathering extends throughout the rock mass and the
(HW) rock is partly friable. - COAL
Completely Weathered Rock is wholly decomposed and in a friable condition, Bedrock (general)
(CW) but the rock texture and structure are preserved. g
DISCONTINUITY SPACING STRENGTH CLASSIFICATION
Rock Approximate Uniaxial Field Estimation
Bedding Bedding Plane Spacing Strength Compressive Strength of Hardness*
(MPa) (psi)
Very thickly bedded Greater than 2m Extremely Greater than  Greater than Specimen can only
Strong 250 36,000 be chipped with a
Thickly bedded 0.6 to 2m geological hammer
Medium bedded 0.2 t0 0.6m Very Strong ~ 100-250 15,000 to Requires many
36,000 blows of geological
Thinly bedded 60mm to 0.2m hammer to break
Very thinly bedded 20 to 60mm Strong 50-100 7,500 to Requires more than
15,000 one blow of
Laminated 6 to 20mm geological hammer
to break
Thinly Laminated Less than 6mm Medium 25.0t050.0 3,500to Breaks under
Strong 7,500 single blow of
TERMS geological
hammer.
Total Core Recovery: Core recovered as a percentage | Weak 5.0t025.0 750103,500  Can be peeled by a
(TCR) of total core run length. pocket knife with
difficulty
Solid Core Recovery: Percent Ratio of solid core of Very Weak 1.0 to 5.0 150 to 750 Can be peeled by a
(SCR) full cylindrical shape pocket knife,
recovered. Expressed with crumbles under
respect to the total length of firm blows of
core run. . .
geological pick.
Rock Quality Total length of sound core Extremely 0.25t0 1.0 35t0 150 Indented by
Designation: recovered in picces 0.1m in Weak thumbnail
(RQD) length or larger as a percentage (Rock)
of total core run length.
Uniaxial Compressive  Axial stress required to break
Strength (UCS) the specimen
Fracture Index: Frequency of natural fractures
(FD per 0.3m of core run.

—
[0
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Ministry of
Transportation

Ontario

GW.P._ 202-95-00

HWY 427

DATUM _Geodetic

RECORD OF BOREHOLE No CNH-01

N 4.845049.2 £ 294 356.2

BOREHOLE TYPE __Solid Stem Auger

2008.12.01 - 2008.12.03

METRIC

ORIGINATED BY _GaA
COMPILED BY __AN
CHECKEDBY ___ skp

DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES z ; RESISTANCE PLOT wou - REMARKS
17 -
= NEEIE 20 40 60 wrl £ &
Stel o1 913281 z e a—— w| 58 | orawnsize
ELEV DESCRIPTION 218| &| 2128] & [SHEARSTRENGTHKPa ) DISTRIBUTION
DEPTH izl z 513 3 < | O UNCONFINED ¥ %)
g z > €O @ |e auick TRIAXIAL WATER CONTENT (%)
180.3 W 40 80 120 60 KN/m3 |GR SA sI CL
58 TOPSOIL (50mm)
Sitty CLAY, with sand, trace gravel Ss 16 180
Stiff to Very Stiff
Brown
(FILL)
179
§s | 17 8 24 34 34
178
ss | 27 177
176
ss | 30
175
174
ss | 15 7 31 37 25
173
ss | 24
172
171.1
9.1 Silty CLAY, trace 1o some sand, trace 9?‘ 171
gravel, occasional iron oxide 4//’?!
A ss | 50
Hard 4
A/é
Brown :;j/
(TiLL) 4
:4//1
Continued Next Page

+3 %3, Num!?gr's refer to
Sensitivity

(%)} STRAIN AT FAILURE
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(@) e, 1
ran: tola]
Ontaro T
RECORD OF BOREHOLE No CNH-01 20F 4 METRIC
GW.P, _ 202-95-00 N 4 845 049.2 E 204 356.2 ORIGINATED BY GA
HWY 427 BOREHOLE TYPE _ Solid Stem Auger COMPILED BY AN
DATUM _Geodetic 2008.12.01 - 2008.12.03 CHECKED BY SKP
SOIL PROFILE SAMPLES | o w  [DYRAMIC CONE PENETRATION -
Ewl 2 s L | REMARKS
. nl<2] 8 20 40 60 80 100 W v T 25 &
O w2 o 1 1 ! L 1 wp w | 38 GRAIN SIZE
ELEV Sla| @ | 2]258| & [SHEARSTRENGTHKPa o % | oisTRIBUTION
DESCRIPTION =l s L1531
DEPTH <i 21 >138 < | O UNCONFINED + FIELD VANE . Y (%)
g = z Z O] L ]e QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page , Y 40 80 120 160 200 20 40 50 kvim3 JGR sA si CL
Silty CLAY, trace to some sand, trace *ﬁ/
gravel, occasional iron oxide ‘9‘? 170
Hard //’ '
Brown 546
Ty %%
A
ss | 70 b 0 4 79 17
Occasional layers of clayey sift ,é%
a’g’e 169
f//"
.
Y
25
A
49?
%¢ 168
477 ss | 63 o
22
7
%
£
néé
r‘/ﬁ
&/ 167
7%
%4
15
//‘{(
9%
%
é S8 81 (o)
2
// 166
7
Agg
A&f{?
fé?‘
%
7
i
07 ss | at o 6 35 43 16
with sand 24
A
aé/
%%
réé‘
éé 164
77
,%
1%
%7
;g? ss | s1 o
”éd 163
4
%
59
4%
%5
’?§ 162
Agﬁ
/;‘ SS | 50 o
.
¥/
.
;?3« 161
47 2
r&%
160.5 A
198 IRE
Continued Next Page

Numbers refer to
Sensitivity

20
595 (%) STRAIN AT FAILURE
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Ministry of |
Transportation .
Ontario
RECORD OF BOREHOLE No CNH-01 30F4 METRIC
GW.P.__ 202-9500 LOCATION N 4 845 049.2 E 294 356.2 ORIGINATED BY GA
HWY 427 BOREHOLE TYPE _ Solid Stem Auger COMPILED BY AN
DATUM _Geodetic DATE 2008.12.01 - 2008.12.03 CHECKED BY SKP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES @ '-_'-JJ RESISTANCE PLOT - - REMARKS
gaol & AT wosTuRe el - T
I nlgdl o 20 40 60 80 100 CONTENT 50 &
2% Wiz E| z Lol — wp w wo|l 38 | cramsie
a w 2125 © |SHEAR STRENGTH kPa
ELEY DESCRIPTION |81 2| 2128 E e S— DISTRIBUTION
DEPTH |3 ¢ > 138 £ |© UNCONFINED + FIELD VANE v %)
cl= z & Ol U |e QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page « 40 B0 120 180 200 20 40 60 kNm3 |GR SA &1 ¢t
Sitty SAND, trace gravel, trace clay SS 100 o
Very Dense 160
Grey
Wet
Hard augering
159
ss | 1oor o
0.150
158
wn ]
26
Compact
ss | 20 o 4 8 16
157 (SI+CL)
wsl ]
238
156
ss | 112 o
155.3
25.0 SHALE, highly weathered, thinly
bedded, frequent limestone and 155
siitstone interbeds
Grey
ss | oo '5a o
0.100
L
27.0 becoming moderately weathered RUN RUN 1#
153 TCR=80%,
SCR=7%,
RQD=7%
152
RUN RUN 2#
TCR=100%,
SCR=7%,
RQD=7%
151
Continued Next Page 20
+3 % 3. Numbers refer to ,5_¢5
"7 Sensitivity 1o (%) STRAIN AT FAILURE
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Ministry of _
Transportation . I
Ontaro

hao ¥ ]
RECORD OF BOREHOLE No CNH-01 40F 4 METRIC
GW.P,  202-95-00 LOCATION N 4 845 049.2 F 294 356.2 ORIGINATED BY GA
HWY 427 BOREHOLE TYPE _ Solid Stem Auger COMPILED BY AN
DATUM _Geodetic DATE 2008.12.01 - 2008.12.03 CHECKED BY SKP
SOIL PROFILE sampLes | . w o [RINAMIC SONE PENETRATION
& _;(; SASTC NATURAL LoD - REMARKS
- ‘é’ Q LT MOISTURE [T [=r &
I wnlLs5] o 200 40 60 80 100 CONTENT z ©
o1g S1zZE} =z CeT— . L wp w wi | 58 | cramsie
ELE aly W Sles O |SHEAR STRENGTH kPa
LEV DESCRIPTION =ls! & <|Z i i A DISTRIBUTION
DEPTH s{3| F > 138 £ |o unconFinep + FIELD VANE v )
=l z EC1 L |® QUICKTRIAXAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page w 40 80 120 180 200 20 40 50 xm3 |GR SA I cL
SHALE, moderately weathered, thinly 3 | RUN RUN 3#
bedded, frequent limestone and 150 TCR=100%.
siltstone interbeds _ o, '
Grey SCR=23%,
RQD=7%
149.4
30.9 END OF BOREHOLE AT 30.9m.
BOREHOLE BACKFILLED WITH
BENTONITE GROUT TO SURFACE.
3 3. Numbers refert 2
+ 9, x 3. Numbers referto 1595

Sensitivity %> (%) STRAIN AT FAILURE
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Ministry of -
Transportation . I
Ontaro T Uan

RECORD OF BOREHOLE No CNH-02 10F2 METRIC
GW.P. 202:95-00 LOCATION N 4 8450739 E 294 349.3 ORIGINATED BY GA
HWY 427 BOREHOLE TYPE _ Solid Stem Auger COMPILED BY MFA
DATUM _Geodetic DATE 2008.12.08 - 2008.12.09 CHECKED BY SKP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o W |RESISTANGE PLOT —— - REMARKS
E 173 (() PLASTIC RE LIQUID - T
= A EEIR 20 40 60 80 100 T coveer  MT] S 5 &
9lx wls=21 o L 1 1 1 ! w w w 54 | GrANSsizE
ELEV aigl @1 2]98| @ [SHEARSTRENGTHKPa y e 2 | pistRiBUTION
DESCRIPTION Eis] = g z| E
DEFTH {317 >|338| £ |o unconrmep + FIELD VANE ¥ )
ez Z]&C| @ |® QUICKTRIAXAL X LABVANE | WATER CONTENT (%)
1714 u 40 80 120 160 200 20 40 80 kN/m3 |GR SA SI CL
0.0 Sitty CLAY, with sand, trace gravel ;é:f
N . ' 2 171
SHiff to Very Stiff 04”% | ss | 13 N
Brown ,ﬁ‘é
(TiLL) ;;5 7
A
%%
WA
r/¢
%5
*/ﬁ 170
7
:g?‘
7
2| ss | = - 4 28 43 19
/|
%7
1Y
%% 169
‘9%
7
;éé
77
2
:/ 168
Occasional layers of grey clayey silt g 3 ss 22 d 0 1 83 16
7
2‘/
7
77
:/? 167
%%
7
Grey A7 /
—%é 4| ss| 25 °
¢§74
i 166
7
3
r&?‘
1
A
%
165.3 s
s T T T T T TTT T %7
. 2/¢
Hard ’éf 165
%9 “
%&/5 SS | 48 i 3 26 37 M4
t
1
’/V
%7
%%
oA
164
%Y.
2
Y
4
7
2 6| ss | s6 o
2
j?‘f AV 163
.
"
%7
%9
%7
ra‘g
’?’,’;
i;f', 162
597
4?: 7] ss{ 79 0
’
7
%%
&
%
Continued Next Page . 20
+3'x3: Numbers refer to 15¢_5

Sensitivity

10

(%) STRAIN AT FAILURE
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Ministry of -
Transportation . l
Ontaﬁo haot ]
RECORD OF BOREHOLE No CNH-02 20F2 METRIC
GW.P. 202-9500 LOCATION N 4 845 0739 E 294 349.3 ORIGINATED BY GA
HWY 427 BOREHOLE TYPE _ Solid Stem Auger COMPILED BY MFA
DATUM _Geodetic DATE 2008.12.08 - 2008.12.09 CHECKED BY SKP
N
SOIL PROFILE e o Ty [Reeener ™ e
b S uouo [=
- "<" ‘é’ O T MOISTURE (L4 e (]g &
7 & 173 20 40 60 80 100 CONTENT zZ 0
9 E' ':l;" ES 2 pa 1 1 i 1 i wp w wy o %" GRAIN SIZE
ELEV clel 2| 2|2g] 2 |SHEARSTRENGTHKPa I — DISTRIBUTION
DEPTH DESCRIPTION 5 iz >138| £ |o UNCONFINED  + FIELD VANE y %)
2 Z|EC| @ ]e QUCKTRIAXAL x LABVANE | WATER CONTENT (%)
Continued From Previous Page Y 40 B0 120 160 200 20 40 60 kN/m 3 |GR sA 1 CL
Silty CLAY, with sand, trace gravel »gf 161
Hard A%,ﬁ
Grey :éﬁ
1605 (TILL) é 2
10.7 Silty SAND, trace clay, trace gravel -1
Very Dense ss 105 °
Grey
Wel 160
159
ss | tor o 3 64 24 9
158
P
b0 ss | 112 o
157
156
1] ss | 111 o
occasional cobbles
155
ss | 112 o
154
153
Layer of sand and gravel
ss | 104/ o
152.4 150
18.7 END OF BOREHOLE AT 18.7m.
BOREHOLE OPEN TO 18.7m AND
WATER LEVEL AT 8.2m UPON
COMPLETION OF DRILLING.
BOREHOLE BACKFILLED WITH
BENTONITE GROUT TO 2.1m, THEN
SEALED WITH BENTONITE
HOLEPLUG TO SURFACE.
+ 31 X 3. Numbers refer to

Sensitivity

20
1SS (%) STRAIN AT FAILURE
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]Ministry of ; _
ransportation
Ontario .l
RECORD OF BOREHOLE No CNH-03 10F2 METRIC
GW.P.  202-9500 N 4845094.6 E 294 347.1 ORIGINATED BY GA
HWY 427 BOREHOLE TYPE _ Solid Stem Auger COMPILED BY MFA
DATUM _Geodetic 2008.12.11- 2008.12.11 CHECKED BY SKP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES © W IRESISTANCE PLOT NATURAL . REMARKS
Lol g PASTC waisTuRe il R
= o |28l o 20 40 60 80 100 ‘ CONTENT z0 &
Sy wzs =l L 4 1 1 : wp w w | 58 | cramnsize
Elal w| 21281 & |SHEARSTRENGTHkPa t s
ELEV ‘ b o 21z = L S DISTRIBUTION
DEPTH DESCRIPTION S13| €| 51338]| 5 |o unconrmep  + FiELDVANE y %)
1= Z|EC| @ le QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
17186 w 40 80 120 160 200 20 40 60 kim3 |GR sA sI cL
00 suB-BALLAST
0.2 (FiLL) ss | 13 o
. - *‘5?‘
Silty CLAY, with sand, trace gravel jfﬁ
Stiff 121’;4 171
Brown ,é/
(TILL) ; é
,é;
%2
Aﬁ/
fé?‘
$9%
:// 170
’éé ss | s d
r?‘/
:g%
%%
1%
42
.89 592 169
27 jétg
r%f
Very Stiff to Hard :é?
a//
;ézj ss | 18 Bt 1 23 53 23
.
;é/ 168
st
b
-
0
7
oA
’g/ 167
Occasional layers of grey clayey sitt fg
;éﬁ ss | 30 g 0 1 74 25
4
’
@
r S
:fg
%% \ 4
% &é 166
4%&
i
Grey :/7
%%
:;ﬁ; ss | a7 b
2%
Kt 16!
gﬁ ;
a?jé
7
.
5
164.0 Wi
- 164
1.6 Sandy SILT, trace clay -
Compact
Grey S8 |8 o 0 290 68 3
Wet
163
162.5
9.1 Siity CLAY, trace to some sand, trace A
gravel ‘//
,;z Ss | 55 b
Hard "7‘0’
Grey :é/ 162
(TILL) 45
i4%
Continued Next Page

Numbers refer to
Sensitivity

20
’5%5 (%) STRAIN AT FAILURE




ONTMT4S 9270.GPJ  6/29/08

BOREHOLE OPEN TO 12.8m AND
WATER LEVEL AT 0.3m UPON
COMPLETION OF DRILLING.
Piezometer installation consists of
25mm diameter Schedule 40 PVC pipe
with a 1.52m slotted screen.

WATER LEVEL READINGS:

DATE DEPTH(m)  ELEV.(m)
2009.01.21 6.1 165.5
2008.05.05 56 166.0
2009.06.08 55 166.1

Ministry of f
Transportation . l
Ontario Trumman
RECORD OF BOREHOLE No CNH-03 20F 2 METRIC
GW.P._ 202-95-00 LOCATION N 4845 094.6 E 294 347.1 ORIGINATED BY GA
HWY 427 BOREHOLE TYPE _ Solid Stem Auger COMPILED BY MFA
DATUM _Geodetic DATE 2008.12.11 - 2008.12.11 CHECKED BY SKP
SOIL PROFILE SAMPLES | o w  |RYNAMIC QONE PENETRATION
W o, 2 —_— pasng  ATURAL Loun = REMARKS
MOISTURE
& nl|22] 8 20 40 60 80 100 |"M  omea | 5% 8
Sie wiz2l > L L 1 4 1 w w w | 28 | GRrANSEZE
aly W 3125] © ISHEAR STRENGTHkPa ° t 2
ELEY DESCRIPTION =18l 8 2{z¢gl e O DISTRIBUTION
DEPTH s]3 ¢~ >138| £ |0 UNCONFINED  + FIELD VANE . y %)
=8 Z O] U e QUCKTRIAXAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page v 40 80 120 160 200 20 40 60 kN/m 3 {GR SA St CL
Sitty CLAY, trace to some sand, trace ;/
gravet ‘fg
Hard ,ff
1609 O 456
- (TILL) 4 161
10.7 -1
Silty SAND, trace to some gravel,
occasional cobbles 8 | SS °
Very Dense
Grey
Wet
160
Shale fragments, occasional inferred
cobbles and boulders 9 ss o
159
158
157.7 10| SS | 109/ °
139 END OF BOREHOLE AT 13.9m. 150

42

x 3. Numbers refer to
: Sensitivity

20
‘5%5 (%) STRAIN AT FAILURE




ONTMT4S 9270.GPJ  6/29/09

Ministry of -
Transportation . -
Ontario

hao )
RECORD OF BOREHOLE No CNH-04 10F 3 METRIC
GW.P.  202-9500 LOCATION N 4845 118.7 E 294 338.6 ORIGINATED BY ws
HWY 427 BOREHOLE TYPE _Solid Stem Auger COMPILED BY MFA
DATUM _Geodetic DATE 2008.12.15 - 2008.12.15 CHECKED BY SKP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES © L_’U RESISTANCE PLOT NATURAL - REMARKS
o) 6 BASTIC L rone voun b
- nl<g]| & 20 40 60 80 100 T o M 50 &
=R 212 z T —— wp w we | 58 | cramnsue
ELEV Elp| ¥ 2125| 2 |SHEAR STRENGTH kPa e . 5 | sistriBUTION
DEPTH DESCRIPTION s13|r| 5138 < |o unconFmeD  + FiELDvANE y %)
=]z Z]E°| & |® QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
1913 @ 40 80 120 160 200 20 40 60 kN/m3 IGR SA sI CL
B9\ ASPHALT: (75mm)
SILT and SAND, some grave), trace 181 )
clay 1 S8 60
Dense to Very Dense
Brown
Moist
(FILL) 2| ss | 43 o
180
3| ss | a1 o
179
4| ss | 60 o 0 45 51 4
51 8s | 852 178 o
177.3
4.0 Silty CLAY, with sand, trace gravel
Very Stiff to Hard [
Brown : g 177
(TiLL) H
I
’
Ad 6 | ss | 2 o
3
¥
¥4
f 176
Y]
]
14
7l
He
M 7
A
s
4
77 175
;g% 78S 25 — 2 23 40 35
7
7
/ﬁ/‘
?‘//
%Y
7%
“gé 174
7
*?‘;
152
4%?
a%é 8| ss | 48 b
a?é
Eé; 173
27
1%
177
19
%%
7
%
%% 172
A o | ss | d
4/’/
A
%7
#
oY
7
Continued Next Page

3 x 3. Numbers refer to

20
* Sensilivity 195 () STRAIN AT FAILURE




ONTMT4S 9270.GPJ  6/29/09

E Minisln; of A
Transportation . l
Ontario
THUSINN
RECORD OF BOREHOLE No CNH-04 20F3 METRIC
GW.P._ 202-95-00 LOCATION N 4845 119.7 E 294 338.5 ORIGINATED BY ws
HWY 427 BOREHOLE TYPE __Solid Stem Auger COMPILED BY MFA
DATUM _Geodetic DATE 2008.12.15 - 2008.12.15 CHECKED BY SKP
SOIL PROFILE SAMPLES | w  |RENAMIC CONE PENETRATION B
w e PLASTIC TURAL UKD s REMARKS
[ 8] Wt MOISTURE wr] £ & &
= wl|l<E] & 20 40 60 80 100 ¢ CONTENT z Q
Slx T < 1 L 1 1 ! w w w S E | GRAINSIZE
ELEV LBl W 3128 & |SHEARSTRENGTHkPa P t E
DESCRIPTION =1 s s |zz = e | DISTRIBUTION
DEPTH RN IS >1368 < | © UNCONFINED + FIELD VANE Y (%)
=1z z ZO1 L ]e QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page v 40 80 120 180 200 200 40 60 kNim3 IGR sA s1 oL
74t
Sitty CLAY, with sand, trace gravel ;9'4/
4]
gard v&"% .
rown f//
(TiLL) 37, g
W
57
.
%ﬂ 10} ss | 3 °
24
a; 170
/,//2
%7 v
g/’/‘
77
A
7
7
e/% 160
,?’/‘ 11} ss | 100/ i °
%
’gﬁ 215
%%
Aéf
77
f'éé
%/ 168
7
5% %
%7
1;;;
77
:éﬁ 12] ss | 80 & 0 3 70 27
;éé 167
%27
2%
72
.
497
7
9&3 166
5%
ig? 13| ss | 89 o 2 29 82 17
1%
A%/
;%
%%
A
%% 165
2
%
27
%7
7
?% 14) ss | 79 )
%
Aég 164
163.4 %%
17.8 SILT and SAND, some clay, trace N
gravel
Very Dense
Grey 163
Moist SS 100/ [} 5 37 42 18
225
162
S5 1 100 o
Continued Next Page
+3‘>(3: Numbers refer to

Sensilivity

20
195 (%) STRAIN AT FAILURE
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Ministry of -
Transportation .
Ontaro
RECORD OF BOREHOLE No CNH-04 30F3 METRIC
GW.P._ 202-95-00 LOCATION N 4 845 119.7 E 294 3385 ORIGINATED BY ws
HWY 427 BOREHOLE TYPE _ Solid Stem Auger COMPILED BY MFA
DATUM _Geodetic DATE 2008.12.15 - 2008.12.15 CHECKED BY SKP
SOIL PROFILE SAMPLES | o w  [BENAMIC CONE PENETRATION
@ Z NATURAL Louo - REMARKS
0 PLASTC T
= [3] Lwary MOISTURE war] = &
= w|lL5 %3 20 40 60 80 100 COMTENT z O
=R S12E] 2 e wp w wi | 3 | cransie
1 & i @ 51928 Q |SHEAR STRENGTH kPa
ELEV DESCRIPTION 12l 21z¢] 2 B — DISTRIBUTION
DEPTH § 5 ;.>.' > 8 3 <>( O UNCONFINED + FIELD VANE Y (%)
£l 2 Z|EO| @ |e QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page W 40 80 120 160 200 20 40 60 kN/m3 IGR SA S| CL
SILY and SAND, some clay, trace -100
gravel
Very Dense 161
Grey
Moist
160
S8 | 100/ o
100
159
Moist to Wet
181 SS | 100/ o
158.0 228
2.2 END OF BOREHOLE AT 23.2m AND
WATER LEVEL AT 11.6m UPON
COMPLETION OF DRILLING.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG AND
CUTTINGS TO 0.075m, THEN
ASPHALT TO SURFACE.
3 3. Numbers refer to 2
+7.XT

Sensitivity

155
10

(%) STRAIN AT FAILURE
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Ministry of -
Transportation . I
Ontaro
RECORD OF BOREHOLE No CNH-05 10F 3 METRIC
GW.P.__ 202-95-00 LOCATION N 4 845 053.1 E 294 358.8 ORIGINATED BY GA
HWY 427 BOREHOLE TYPE _ Solid Stem Auger COMPILED BY AN
DATUM _Geodetic DATE 2008.12.04 - 2008.12.04 CHECKED BY SKp
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | Y [RESISTANCE PLOT wore o | remares
(%] SMOISTURE T
= nl%2] 8 20 40 80 80 100 "™ comma )l B 8
S R B I : Lt — wp w wi| 58 | oransize
ELEV DESCRIPTION ﬁ g o 2 g a 8 SHEAR STRENGTH kPa o DISTRIBUTION
DEPTH <13 bt 5138 < |o unconrineD + FIELD VANE y %)
£lZ 2 ZO| W e QUCKTRIAXAL X LABVANE | WATER CONTENT (%)
180.2 w 40 80 120 160 200 20 40 60 kNim 3 {GR sA s1 L
99— TOPSOIL (75mm) K7
01 180
Silty CLAY, with sand, trace gravel 1 SS 14 o]
Stiff to Very Stiff
Brown
(FILL)
179
21ss | 17 o
178
177
3|ss| 20 o 6 30 36 28
176
4| ss| 18 o
175
174
5 ss | 22 of
173
6 SS 27 o]
172
171.6
8.5 Silty CLAY, some sand, trace gravel "3%
Hard Aﬁ;
Brown to Grey Aéé
(TiLL) E%ﬁ %
i 171
I
157
¢¢7 ss | 3 0 11 51 38
.
,%'
//’/:
Continued Next Page

x 3. Numbers refer to
' Sensitivity b4

20

1595

(%) STRAIN AT FAILURE




ONTMT4S 9270.GPJ 6/29/09

. )
Ministry of
Transportation
(s [T}
RECORD OF BOREHOLE No CNH-05 20F3 METRIC
GW.P.__ 202-95-00 N4845053.1 E 294 358.8 ORIGINATED BY GA
HWY 427

DATUM _Geodetic

BOREHOLE TYPE __Solid Stem Auger

2008.12.04 - 2008.12.04

COMPILED BY AN

CHECKED BY SKP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES € ; RESISTANCE PLOT e MATRR _ - REMARKS
- pre 2 Q T MOSTURE war | £ (ID &
n @ 20 40 60 80 CONTENT z O
Sl wlzel 3 1 1 1 1 w w w S8 | GRAINSIZE
ELEV g w 31281 8 |SHEAR STRENGTH kPa Y e 5 | pisTRIBUTION
DESCRIPTION =1z > 2l52z] E
DEPTH |31z >138| £ |© UNCONFINED + FIELD VANE . Y %)
£z ZIEC| ©@ @ QUICKTRIAXIAL X LABVANE | WATERCONTENT (%)
Continued From Previous Page o u 40 80 120 160 20 40 60 kN/m3 [GR SA st CL
Silty CLAY, some sand, trace gravel :g:ﬁ 170
Hard é%
Brown ;‘f/&
(TrLL) ;54
r?ﬁ
A s | ss | a1 o
7
’?5'2 169
’
'?é
;fé
3%
aéﬂ
A/é
7%
5? A 168
-4/?
%%
A ss | 38 o
é?
.
1
]
’ % 167
A
/é?‘/
5]
27
.
57 ss | 60 g
%%
W 7 166
155
%
%
.
2
77
,gg
%Y
?’4 165
.
)/"& S8 48 o
7
%
2%
%7 164
72
i
i
,ég
%%
?; ss | s4 o+ 327 4123
féé 163
Af"‘
4,
s%
227
%%
A
v?é
A
@ 162
Hard augering a/f/“
fﬁ ss | 8o o
%2
%2
%
iz
#g( 161
a?‘ﬂ
KA
77
Z
agé
Continued Next Page - 20
+3‘>(3- Numbers refer to 15¢5

Sensitivity 10

(%) STRAIN AT FAILURE
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Minisiry of -
Transportation . l
Oﬂtaﬁo has ¥t ]
RECORD OF BOREHOLE No CNH-05 30F3 METRIC
GW.P.__ 202.95-00 LOCATION N 4845053.1 E 294 358.8 QORIGINATED BY 6A
HwWY 427 BOREHOLE TYPE _ Solid Stem Auger COMPILED BY AN
DATUM _Geodetic DATE 2008.12.04 - 2008.12.04 CHECKED BY SKP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES @ ‘:’J RESISTANCE PLOT NATURAL
W I PLASTIC LoD = REMARKS
= > & Lhary MOISTURE Lt [ &
= R EEE IR 20 40 60 80 100 CONTENT zQ
2181wl Y122 z ] we w we| S8 | oramsize
ELEY DESCRIPTION mlel e 2| 28| 2 [SHEARSTRENGTHKPa e Qe DISTRIBUTION
BETH ESCR 3 2tz >13 F3 < | O UNCONFINED + FIELD VANE y )
B ZlzO] @ 1o QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page w 40 80 120 180 200 20 40 80 kNim3 IGR SA SI CL
Silty CLAY, some sand, trace gravel ar] 14 | ss a2 [+
Hard ‘gé 160
Brown ,éé
(TiLL) ‘/,;5 %
.
%%
%
%%
i
1589 %% 159
213 Silty SAND, trace clay, trace gravel e
Very Dense
Grey SS 121 ° 5 64 23 8
Wet
158
Hard augering
8S 128 157 o
156
155.8
244 Some gravel, some clay, occasional
shale fragments, occasional cobbles ss 15 ° 11 45 29 15
and boulders
Hard augering
155
Highly weathered shale
154.1 38 | ss [ 705 o
2.1 END OF BOREHOLE AT 26.1m 0.150
UPON REFUSAL ON PROBABLE
BEDROCK.
BOREHOLE OPEN TO 26m AND
WATER LEVEL AT 11.8m UPON
COMPLETION OF DRILLING.
Piezometer installation consists of
19mm diameter Schedule 40 PVC pipe
with 3 1.52m slotted screen.
WATER LEVEL READINGS:
DATE DEPTH (m) ELEV. (m)
2009.01.21 145 165.7
2009.05.05 14.2 166.0
2009.06.08 14.2 166.0
+3 % 3. Numbers refer to

Sensitivity

20
1595 (%) STRAIN AT FAILURE




Ministry of
Transportation

.
Tr mman

ONTMT4S 98270.GPJ  6/29/09

Ontaio
RECORD OF BOREHOLE No CNH-06 10F2 METRIC
GW.P__ 2029500 N 4 845 080.9 E 294 358.3 ORIGINATED BY _GA
HWY 427 BOREHOLE TYPE _ Solid Stem Auger COMPILED BY MFA
DATUM _Geodetic 2008.12.09 - 2008.12.10 CHECKED BY SKP
SOIL PROFILE SAMPLES | w |BYRAMIC CONE PENETRATION =
& 2 pAsTC VR = REMARKS
b w52 8 20 40 60 80 wr e el B F &
S| = w24 2 1 L : 1 w w w 5@ | cransizE
ELtv alg| @ | 23126] & [SHEARSTRENGTHkPa ° o t % | oisTRIBUTION
DESCRIPTION -1 = < z| E
DEPTH RS >1338| £ |o unconFineD + FIELD VANE y %)
sz Z1EC] © |e QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
171.4 u 40 80 120 180 20 40 80 kim3 IGR SA s1 cL
00 Silty CLAY, with sand, trace gravel
Stiff to Very Stiff
Brown 7 88 | # . g 3 23 34 40
(TILL) :
1%
g/
:az
r/%
77
,34 170
Occasional iron oxide staining "491
,g? S38 28 o
i25
%%
54
A 169
7%
%%
®©s ] :f?
28 Hard ’é/
trace sand rgg
;éé ss | 50 168 a 0 3 68 29
22
A
47"4
%%
,4?9(
i%%
.
%
Grey ;é/
v ss | 48 y o
r‘//
7
%5
%%
5§?‘ 166
v
Agz
9%
’?5
%%
1?5‘& ss | 34 165 o
7%
o
.
.
/
A
47
:/é 164
%7
with sand ‘? %
Séa’ ss | a8 o 2 31 47 20
»‘%2
%7
;éé 163
///
%%
2¢
%9
%7
,/(/ SS | 89 162 v
.
/?‘j
5%
Continued Next Page

Numbers refer to
Sensitivity

20
‘5%5 (%) STRAIN AT FAILURE
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Sensitivity

4 (%) STRAIN AT FAILURE

Minisiry of .-l
ransportation
hao ]
RECORD OF BOREHOLE No CNH-06 20F2 METRIC
202-95-00 N 4 845 080.9 E 294 358.3 ORIGINATED BY GA
427 BOREHOLE TYPE _ Solid Stem Auger COMPILED BY MFA
DATUM _Geodetic 2008.12.09 - 2008.12.10 CHECKED BY SKP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES 5 ; RESISTANCE PLOT osn NATURAL ouo - REMARKS
- 2 ‘g O 20 40 80 100 LRAT MOSTURE war | & 5 &
O« $ zQ 2 t 1 ) 1 1 a % w GRAIN SIZE
w
5188 | 2|25] & [srearsTRENGTHKPa “p : T E | permsnon
DESCRIPTION $13| | 3|238| g |o unconemed  + FiELDVANE y )
ez z O] @ e QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page w 40 80 120 160 200 20 40 60 kN/m3 IGR SA SI CL
Sifty CLAY, with sand, trace gravel ;3/
Hard v/‘é
Grey %?2 161
(TiLL) 575
Siity SAND, some gravel, trace clay -1
Very Dense
o
Grey 88 11 85 25 9
Wet
160
ss 158 5
Hard augering
158
S8 =3
157
S8 156 Q
END OF BOREHOLE AT 15.5m.
BOREHOLE OPEN TO 15.2m AND
WATER LEVEL AT 5.8m UPON
COMPLETION OF DRILLING.
Piezometer installation consists of
25mm diameter Schedule 40 PVC pipe
with @ 1.52m slotted screen.
WATER LEVEL READINGS:
DATE DEPTH (m) ELEV. (m)
2008.01.21 6.1 165.3
2008.05.05 4.9 166.5
2009.06.08 49 166.5
20
+3 % 3. Numbers refer to ‘5¢5
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Ministry of
Transporation

Ontaro 'mu--.u..
RECORD OF BOREHOLE No CNH-07 10F 2 METRIC
GW.P_ 202-95-00 LOCATION N 4845 1009 E 294 354.5 ORIGINATED BY GA
HwyY 427 BOREHOLE TYPE _ Solid Stem Auger COMPILED BY MFA
DATUM _Geodelic DATE 2008.12.12 - 2008.12.12 CHECKED BY SKP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | W |RESISTANCE PLOT e R R
=2 Z() MOISTURE ~ I
= olz3] 8 20 40 60 80 100 B conmr  WMT] 5 O &
Sle QIzE| 2 v L . 4 L we w wie| P8 | cransize
ale| & 212581 © |SHEARSTRENGTH kPa B
ELEV DESCRIPTION = & 22 b=t e Oy DISTRIBUTION
DEPTH g 2| ¢ >i38 &1 < |o unconrined + FIELD VANE Y %)
=12 22O & |e QUICKTRAXAL X LABVANE | WATER CONTENT (%)
T8 © ] 40 80 120 160 200 20 40 60 wim3 lor sa s a
0.0 Silty CLAY, with sand, trace gravel 'dg/
Stiff 129
;f 11 ss | 10 o
Moltled Brown to Grey : ?‘ é Z
ML ;’5/ 171
2%
HA
/gé
%5
Aé&
/?‘ﬁ
¢/§
” 170
7
2| ss| o —o
%%
A
,gg
Fgrf 169
.
K
%7
Occasional iron oxide staining f& 2
Very Stff *?? 3| ss| 2 o
7
204 168
27
%
%
2
LA g
4.4 Hard ; 167
Grey :/éf/
*4«‘-’; 41 ss | 30 o
aé¢
%%
77
‘é? 166
oY,
s8] 575
5.9 Layer of sandy silt ¢ f
Very Dense é}é
‘ég 5 §s 60 b 0 46 50 4
%} 165
7%
wary o] 5?9
6.9 %;
ré,//
,ﬁf
%%
7%
A&/
297 164
%2
40 6 | ss | 7o 9
2z
%
%9
’%f 163
.
s
£,
gg
$%7
g 1 | ss | 1 °
:gé 162
4
%
Continued Next Page 20
+3 %3, Numbersreferto 1s¢5

Sensitivity

=7 (%) STRAIN AT FAILURE




ONTMT4S 9270.GPJ 6/29/09

Ministry of
Transporiation

n
o T

Ontafio
RECORD OF BOREHOLE No CNH-07 20F2 METRIC
GW.P. 202-95-00 LOCATION N 4845 100.9 E 294 354.5 ORIGINATED BY GA
HWY 427 BOREHOLE TYPE _ Solid Stem Auger COMPILED BY MFA
DATUM _Geodetic DATE 2008.12.12 - 2008.12.12 CHECKED BY SKP
SOIL PROFILE SAMPLES | w [RENAMIC CONE PENETRATION s REMARKS
i X PLASTIC LIGUID g
s ‘2 o i MOISTURE wr] = X 2
5| g g35] 8] 2 w @ s w coe g8
ot 2 ST | GRANSIZE
Elev g8l wl 212E| & [SHEARSTRENGTRKPa ve v i = | osrrizur
DESCRIPTION =15 L1Z2Z2| & | a— STRIBUTION
DEPTH é 5 ﬁ > 8 o ;: O UNCONFINED + FIELD VANE y (%)
el z € C| @ |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
Continued From Previous Page u 40 80 120 160 200 20 40 60 kNim3 |GR sA s1 ct
Siity CLAY, with sand, irave gravel A
Hard "gé
Grey ,gé
{4
10| U %7 161
107 Siity SAND, trace gravel Ky
Very Dense 8 ss 101 o
Grey
Wet
160
9 S8 115 o
159
Hard augering
occasional inferred cobbles
158
88 | 111 o
157
8s 122
156.0
18.5 END OF BOREHOLE AT 15.5m.
BOREHOLE OPEN TO 14.6m AND
WATER LEVEL AT 0.5m UPON
COMPLETION OF DRILLING.
BOREHOLE BACKFILLED WITH
BENTONITE GROUT TO 1.5m, THEN
SEALED WITH BENTONITE
HOLEPLUG TO SURFACE.
+3, x3, Numbers refer to 1535

Sensitivity 1

(%) STRAIN AT FAILURE
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a Ministry of A
Transportation .
Ontaro T U

RECORD OF BOREHOLE No CNH-08 10F 2 METRIC
GW.P.__ 202-9500 LOCATION N 4845 128.7 E 294 354.8 ORIGINATED BY _ws
HWY 427 BOREHOLE TYPE _ Solid Stem Auger COMPILED BY AN
DATUM _Geodetic DATE 2008.12.18 - 2008.12.18 CHECKED BY SKP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | w R ST ANGE L o i | remarks
=] 2 g SIS worsTURE ol =z &
= nl23] o 20 40 60 80 100 CONTENT 3 O
Sl uiz | 2 : e — . we w wel D8 | GramszE
Eigiw 3126 © |SHEARSTRENGTH kPa e
ELEV - [ 2lz = e O] DISTRIBUTION
BEPTH DESCRIPTION S13| | 5133| 5 |o unconrined  + mieLo vane y %)
g Z 2 ZO| B |e QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
1813 w 40 80 120 160 200 20 40 60 wim3 {GR SA SI CL
B4 T\ ASPHALT. (75mm)
Gravelly SAND 181
Very Dense o
Brown 1]ss | 53
Moist
(FILL)
180.3
11 SILT and SAND, trace clay
Loose 180
Brown
Moist
(FILL)
179
2 S8 7 178 o 0 55 39 6
177
176.8
4.6 Silty CLAY, with sand, trace gravel r?/
Hard Aé?
Brown :2?
(TiLL) ;ﬁ %
%7
;4 176
A
A{;g
*
%7
%%
5
/%4
:gﬁ 3| ss| 3 175 1 0 22 45 33
455/
aé‘:/
»4//
5%
%%
147
%%
2% 174
Occasional layers of silty sand ?7‘
%
%
r}
%%,
/ﬁ o
;/é; 4| ss | a
’6% °
£ %%
;7‘ 173
Y
%7
7
H
%
"gé 5 SS 30 172 o
4
o
i
"%
p,
Continued Nex! Page

+3 %3, Num{x;r; refer to
Sensitivity

20

1595 (5) STRAIN AT FAILURE
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]Min'\slry ofl .
ransportation
[T
RECORD OF BOREHOLE No CNH-08 20F 2 METRIC
GW.P.  202-9500 N 4845 128.7 E 294 354.8 ORIGINATED BY we
HWY 427 BOREHOLE TYPE _ Solid Stem Auger COMPILED BY AN
DATUM _Geodetic 2008.12.18 - 2008.12.18 CHECKED BY SKP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o W |RESISTANCE PLOT ATURAL - REMARKS
E » X PLASTIC L rone LKOUID -z
b AETAR 20 40 60 W ontenr T B &
Ol wlz=| > L 1 1 1 we w w, | D8 | Gramsize
Lin| ¥ 2]198| & |SHEAR STRENGTH kPa 3
ELEV DESCRIPTION =12 & 2lzg| & Oy DISTRIBUTION
DEPTH EIR >1338| £ |0 unconrineD + FIELD VANE %)
=1z z ZC] & |e QUICKTRIAXIAL X LAB VANE WATER CONTENT (%)
Continued From Previous Page v 40 80 120 180 20 40 60 GR SA si CL
2%
Silty CLAY, with sand, trace gravel Ez?‘
Hard 7% 171
Brown :f:?
(TiLL) f%
.v/‘/
-
%% ss b { 121 38 40
ﬁé
-
Egﬁ 170
///
7
i
%%
2?
557
%7
&g ss 169 5
’é;ﬁ 0275
%%
.
’
/
a%
%% 168
9%
47
:2? $s o
%% 0.225 1
$%%
e
ff'ﬁ 167
;%
52
[
77
5%
/&?‘;
Sg/
///,1%
Hard augering "f@ 166
%5 ss o 4 32 43 21
165.7 '%% 0250
156 END OF BOREHOLE AT 15.6m.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO 0.075m
THEN ASPHALT TO SURFACE.
20
+3 x3. Numbers referto 1585

Sensitivity (%) STRAIN AT FAILURE
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Ministry of —
Transportation . l
Ontaro THURBan
RECORD OF BOREHOLE No CNH-09 10F 1 METRIC
GW.P.__ 202-9500 LOCATION N 4845 035.8 E 294 359.8 ORIGINATED BY GA
HWY 427 BOREHOLE TYPE _ Solid Stem Auger COMPILED BY AN
DATUM _Geodetic DATE 2008.12.05 - 2008.12.05 CHECKED BY SKP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES @ B RESISTANCE PLOT NATURAL - REMARKS
&l 12] S P::im MOISTURE UOX:'D - X
5 9 g% b7 20 4 60 80 100 ¢ conTenT Lawre z¢ &
Sl El z w w w > GRAIN SIZE
ELEV ol - g 25| S [SHEARSTRENGTH kPa A S 2 IS TRIBUTION
DEPTH DESCRIPTION S12| 7| 3|128] 2 [o unconrned  + FELDVANE y P
£ 2 Z|EC] @ |e QUICKTRIAXAL X LABVANE | WATER CONTENT (%)
1798 w 40 80 120 180 200 20 40 60 KN/m 3 GR SA SI CL
8;8 TOPSOIL. (50mm)
Silty CLAY, with sand, trace gravel 1 8s 12 o
Stiff to Very Stiff
Brown
(FILL)
179
2| ss | 18 178 "
177
31 ss 8 | | 3 27 41 29
176
4| ss | 27 175 e
174
51 88| 28 4
173.4
67 END OF BOREHOLE AT 6.7m.
BOREHOLE OPEN AND DRY UPON
COMPLETION OF DRILLING.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO
SURFACE.
20
+3, % 3. Numbers refer to 15¢5

Sensitivity

p4 (%) STRAIN AT FAILURE




ONTMT4S 8270.GPJ  6/29/09

Ministry of AR
Transportation .

Ontario
RECORD OF BOREHOLE No CNH-10 10F1 METRIC
GW.P,__ 2029500 LOCATION N 4 845 130.8 E 294 336.8 ORIGINATED BY ws
HWY 427 BOREHOLE TYPE __Solid Stem Auger COMPILED BY MFA
DATUM _Geodetic DATE 2008.12.17 - 2008.12.17 CHECKED BY SKP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES @ B RESISTANCE PLOT NATURAL - REMARKS
'u._: @ 6 mﬁc MO TURE "?Uu‘:: - I
51« glg8] @ 20 4 60 80 100 cowrenr ER &
o7 2 5 GRAIN SIZE
ELEV S8l w| 2|25| 8 [SHEARSTRENGTH RPa ve . "t z
DESCRIPTION =121 ¢ 2lzQf = e DISTRIBUTION
DEPTH s|3| ¢ >138| < |o unconFineD + FIELD VANE y %)
I z O] L |e QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
181.3 w 40 80 120 160 200 20 40 60 Nim3 IGR SA SI CL
8:? ASPHALT: (75mm)
SILT and SAND, trace clay 181
Dense to Compact 1 88 47 o
Brown
Moist
(FILL)
2| ss | a7 o
180
31ss| 25 o
179
4| ss | 24 o 0 51 45 4
51 8s | 14 178 -
177.0
43 i i 177
Sty CLAY, with sand, trace gravel #;?‘
Very Stiff :2‘
Brown 197
(TILL) ”?é
W4l 6| ss | 16 i 0 25 48 27
;?2
4‘/
{,{?g 176
’éx
57
25
7
A
27
%% 175
el 7| ss | 1s d
22
174.6 %7
6.7 END OF BOREHOLE AT 6.7m.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO 0.075m,
THEN ASPHALT TO SURFACE.
3 3.  Numbers refer to 2
+7.x*: 1585

Sensitivity 10 (%) STRAIN AT FAILURE



Hwy 427 Widening — CN Halton Subdivision Overhead

Appendix B

Laboratory Test Results

THURBER



GRAIN SIZE DISTRIBUTION - THURBER 9270.GPJ 5/1/09

Hwy 427 Northbound and Southbound

GRAIN SIZE DISTRIBUTION

FIGURE B1

SILTY CLAY FILL

U.8.5. Sieve size, meshes/inch

200 1?0 8?50 4I0 30 ’16 10?

Size of openings, inches

4 3 38U 3t vt
[ Al 1

3" 41476
1t

100 i‘—?
90 = i
eo e
Pl
70 sZap
% s
= %
= 6 =
I
& i1
=z
i 50
}—
z
8 a0
74 <
& ;1}
30 74
m,/
20
10
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE ] MEDIUM | COARSE FINE COARSE | oo o
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® CNH-01 1.83 178.44
x CNH-01 6.40 173.87
A CNH-05 3.35 176.81
* CNH-09 3.35 176.45
W.P# J19-92-70.. ... . .

PreparedBy AN................. ...
Checked By .RPR

THURBER




GRAIN SIZE DISTRIBUTION - THURBER 9270.GPJ 7/8/09

Hwy 427 Northbound and Southbound
GRAIN SIZE DISTRIBUTION

FIGURE B2

SILT & SAND FILL

U.8.S. Sieve size, meshessinch

Size of openings, inches

200 100 6050 40 30 16 108 4 3 B 31 ot 34146
100 i ) 1 : L .l 1 1 L J i 1 L i i
30
80 1
70
e
<
E 60
i f
P4
o 50
'_
Z
O
© 40
w
: 7
) i
/l
20 é A
10 <]
0 il l i H
0.0001 0.001 0.01 0.1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE IMEDIUMI COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL Size
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® CNH-04 2.59 178.68
X CNH-08 3.35 177.97
A CNH-10 2.59 178.70
W.p# .202-95-00.......... . l

PreparedBy AN...................
Checked By .RPR

THURBER




GRAIN SIZE DISTRIBUTION - THURBER 9270.GPJ 5/1/09

Hwy 427 Northbound and Southbound

FIGURE B3
GRAIN SIZE DISTRIBUTION
SILTY CLAY TILL
U.8.8. Sieve size, meshes/inch Size of openings, inches
200 1[‘)0 6950 4I0 30 116 -1.()_? 1 3 38t 3/]-1' 1" il'l2‘ 3'41|I4'6"
100 SR -y T
30 P :E o
% 1
80 4
7 e
Zalld
70 ’?7 5%
z /( Al
60 1] A
= 7
z ﬂ‘ ey
i 50 L
o
z
5 J
& 40
a 4
A A
30 X
20
)
10
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE |MEDIUM| COARSE FINE COARSE | oo o
FINE GRAINED SAND GRAVEL SiZE

LEGEND

SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
L CNH-01 15.54 164.73
X CNH-02 1.83 169.30
A CNH-02 6.40 164.73
* CNH-03 3.356 168.24
O] CNH-04 6.40 174.87
o CNH-04 14.02 167.25

Prepared By AN..... ... THURBER




GRAIN SIZE DISTRIBUTION - THURBER 9270.GPJ 5/1/09

Hwy 427 Northbound and Southbound

GRAIN SIZE DISTRIBUTION FIGURE B4

SILTY CLAY TILL

U.S.S. Sieve size, meshesfinch Size of openings, inches

2?0 1?0 5?50 41) 30 16 10? 4: ? 3/8'1{2' 31‘4' 1" l|IIZ' 3[’4“/4' 6"
100 o3 e 1
pu ol ?*
%0 b 2]
4 , »e
80 ?{/ d I v
70 d
z -1 L
Z
I-I— 60
@
w
5 el /1
y V-
[y Y
z o
8 40 /
ﬁ i
o
30
o
20 x
10
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE ] MEDIUM | COARSE FINE COARSE | ono o
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE ~ DEPTH (m) ELEV. (m)
® CNH-04 15.54 165.73
x CNH-05 9.45 170.72
A CNH-05 17.07 163.10
* CNH-086 0.30 171.08
® - CNH-08 3.35 168.03
o] CNH-06 7.92 163.46

W.P# J19-82-70......... . . .

PreparedBy AN..................... THURBER
Checked By .RPR




GRAIN SIZE DISTRIBUTION - THURBER 9270.GPJ 5/1/09

Hwy 427 Northbound and Southbound
GRAIN SIZE DISTRIBUTION

FIGURE B5

SILTY CLAY TILL

U.8.S. Sieve size, meshes/nch

Size of openings, inches

200 1(')0 6?50 4]0 30 1]6 1'0? 4 j 318'1:2' 3/;1‘ 1]' 111/2‘ 3‘41]/4'61'
100 I
/#%/ i
90 /,Hf |
/ 1
80 4
A <
70 / ve
z ]
F e p
o
% 50 EE; "/
) ol x
S w
: gl
30 :,/ 1 L/ P
A
) - M!
10
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILY ang CLAY FINE | MEDIUM | COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL SiZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® CNH-08 6.40 174.92
X CNH-08 10.97 170.35
A CNH-08 15.44 165.88
* CNH-10 4.88 176.42
wes  1oma0. AR

PreparedBy AN................... ..
Checked By .RPR

THURBER




GRAIN SIZE DISTRIBUTION - THURBER 9270.GPJ 5/1/09

Hwy 427 Northbound and Southbound

GRAIN SIZE DISTRIBUTION FIGURE B6

CLAYEY SILT

U.8.8. Sieve size, meshesfinch Size of openings, inches

200 100 6050 40 30 16 108 4 3 3IIB'|Q' e 1]' 142 3" 41/4° 8"
i ) ] 3 demnnd

- porndrn L .l

100

4

AW}

80

70

60

40

PERCENT FINER THAN
3

30

20

0.0001 0.001 0.01 0.1 1
GRAIN SIZE, mm

10 100

SiLT and CLAY FINE l MEDIUM l COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)

® CNH-01 10.97 169.30
X CNH-02 3.35 167.78
A CNH-03 4.88 166.72

W.P# .19-92-70......... . .

PreparedBy AN................. ... THURBER




GRAIN SIZE DISTRIBUTION - THURBER 9270.GPJ 5/1/09

Hwy 427 Northbound and Southbound
GRAIN SIZE DISTRIBUTION

FIGURE B7

SAND

U.8.8. Sieve size, meshes/inch

Size of openings, inches

Z(I)O 1(1)0 6]050 AP 30 1]6 !0!]3 1 I|! 3/8'!/]2‘ 31;1' il' n.n- 3‘41’14'6"
100 J/”'
] o1&
30 ,’
80 {’
70
=z
£ /
= 60
o
w
2
i 50
.
Z
O
w
a
30 /
20 /
10
]
0.0001 0.001 0.01 0.1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE ‘ MEDIUM I COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® CNH-01 23.16 157.11

Prepared By .AN............. ... .
Checked By .RPR

THURBER




GRAIN SIZE DISTRIBUTION - THURBER 9270.GPJ 6/29/09

Hwy 427 Northbound and Southbound
GRAIN SIZE DISTRIBUTION

FIGURE B8

100

90

80

70

60

40

PERCENT FINER THAN
3

SILTY SAND

U.8.8. Sieve size, meshes/mch

Size of openings, inches

200 100 6050 4I0 30 16 108 1 Z’S RIET 7 A AR T3
1 i L I il

34146
[T

|
e

ot
gt

AN

s
/ﬂ/}/

JASN

e

30
" x 2| ,«./
po=s
- lll
10
0 |
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE l MEDIUM |  COARSE FINE COARSE | oo o
FINE GRAINED SAND GRAVEL SiZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
[ CNH-02 12.50 158.63
X CNH-04 18.48 162.79
A CNH-05 21.64 158.52
* CNH-05 24.69 155.48
®© CNH-06 10.97 160.41
Prepared By MFA. ... . THURBER
CheckedBy .RPR.................




GRAIN SIZE DISTRIBUTION - THURBER 9270.GPJ 6/28/09

Hwy 427 Northbound and Southbound

GRAIN SIZE DISTRIBUTION

FIGURE B9

SANDY SILT

U.S.8. Sieve size, meshessinch

Size of openings, inches

200 100 6050 40 30 16 108 4 3 BT Mt 34146
100 1 #*‘_,—_. 1 Lo, 1 1 i 1. 1 1 l 1 i
90 //
80 /
70
=z
T
~ 60
o
w
2 /
I 50
z
i !
E - 'll
ul
a
30
20 Al 1
10 o
0 =3 “! | “ ”
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and GLAY FINE lMEDIUM‘ COARSE FINE COARSE | noie
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® CNH-03 7.92 163.67
X CNH-07 6.40 165.15

W.P.# .202-95-00.......... . l

Prepared By MFA................ . THURBER
Checked By .RPR




THURBALT 9270.GPJ 5/1/09

ATTERBERG LIMITS TEST RESULTS

Hwy 427 Northbound and Southbound

FIGURE B10

PLASTICITY INDEX

Date

Project

60

SILTY CLAY FILL

CH
50
40 //
Cl o
\‘;.\>
30 »
CL

20 //
10 ra

CL

CL-ML / MI-Ol MH-OH

ML oL

0
0 10 20 30 40 50 60 70
LIQUID LIMIT
SYMBOL BH DEPTH (m) ELEV. (m)
® CNH-01 6.40 173.87
X CNH-09 3.35 176.45
- HR
A9:92-70 THURBER

80




THURBALT 9270.GPJ 5/1/0%

Hwy 427 Northbound and Southbound

ATTERBERG LIMITS TEST RESULTS

FIGURE B11

PLASTICITY INDEX

Date

Project

SILTY CLAY TILL

60
CH
50
40 //
o K7
“;.\>
30 7
cL
20 yd
* /
A
x u //
10
cL hd
CL-ML / MI-O! MH-OH
ML oL
0
0 10 20 30 40 50 60 70 80
LIQUID LIMIT
SYMBOL BH DEPTH (m) ELEV. (m)
® CNH-01 156.54 164.73
x CNH-02 1.83 169.30
A CNH-02 6.40 164.73
* CNH-03 3.35 168.24
® CNH-04 6.40 174.87
o] CNH-04 14.02 167.25
May 2009 . . l Prepd ... AN
19-92-70

THURBER




THURBALT 9270.GPJ 5/1/09

Hwy 427 Northbound and Southbound

ATTERBERG LIMITS TEST RESULTS

FIGURE B12

PLASTICITY INDEX

Date

Project

60

50

40

SILTY CLAY TILL

CH

o <
=
30 -
®
CcL o
/]
20 o
* /
10 ® //
CL A
cL-ML / MI-Ol MH-OH
ML OL
0
0 10 20 30 40 50 60 70 80
LIQUID LIMIT
SYMBOL BH DEPTH (m) ELEV. (m)
® CNH-05 9.45 170.72
b 4 CNH-05 17.07 163.10
A CNH-06 7.92 163.46
* CNH-07 1.83 169.72
® CNH-08 6.40 174.92
o] CNH-08 10.97 170.35
May 2009 .. . I Prep'd ..., AN
19-92-70 THURBER Chkd RPR




ATTERBERG LIMITS TEST RESULTS

Hwy 427 Northbound and Southbound

FIGURE B13

SILTY CLAY TILL

THURBALT 9270.GPJ 5/1/09

60
CH
50
40 /
s . /
Ci
2 \$0$
g 30 <
fund
o)
S cL
a
20 //
® /
10 e
cL
CL-ML / MI-Ol MH-OH
ML oL
0
0 10 20 30 40 50 60 70 80
LIQUID LIMIT
SYMBOL BH DEPTH (m) ELEV. (m)
o CNH-10 4.88 176.42

Date May 2009

Project 19-94-(0

THURBER Chkd




Hwy 427 Widening — CN Halton Subdivision Overhead

Appendix C

Record of Borehole Sheets

(Previous Investigation)

THURBER



OFFICE REPORT ON SOIL EXPLORATION

o

Wiy ot
Taamportanon ang
Commumcarars

Abandon hole
Fad of Borahole

* Borehole caved at
shallow depth.
Perched wataer level
ac 0.5 wetres.

8
RECORD OF BOREHOLE No | METRIC
w P 153-80-02 LOCATION Co-ords. N & 844 821.2: E 294 328.3 ORIGINATED BY _V.P.
DisT 6 HWY 427 BOREHOLE Type Hollow Stem Augers and Cons Test COMPILED BY _ V.2.
DATUM _Ceodetic DATE 81~12-10 to 81-12-11 CHECKED 8y .
uws | OYNAMIC CONE PENETRATION
SOIL PROFiLE SAMPLES | & | 2 |resistance pror NATURAC =
5z S RASTIC  woistuar UOUD | REMARKS
e 30| » 20 40 60 ap 100 U content umr | 5O
Ola 128 2 (O T R Wo W w | 5w 4
ELEv oescRIPT! T{E| ¢ | 2198 | & [sHear strencTH R A 2 | crain Siz€
DEPTH s ON wIEl 213138 5 |ounconmmer  + riewo vane reR conTenT (| ¥ |PISTRIBUTION
g1z 5 | &Y | & |eoucx reaxian x Lag vane |WA ER CON ol (%)
171.21Ctound Surface v > s . 10 20 0 GR SA §1 CL
0.0 4L
i L
Mottled L ss 1.9
s TS O 2-20-43-33
e 170 ey
;/& \\
Brova. // 31ss 129 ~» 110/28| em
Grey NE py= —
(Glacial T111) B e
Silty Clay '}/ slee 1921 168 3-20-57-20
vith Sand 2@ar
trace of Gravel ;/ 4188 las °r
. 1 /
LA
(8% 166
SJFRERTHEY
"
Seiff /7/
to o 8§ 188 15 A
Hard NP e 16
N
145
A 9 1ss 133
'k 162
bl
5 10 I8§ 37 I 0-28-42-30
160.0 ﬂ:ff
) : T 160
34.2 {Siley Sand J{Ll i8S 137
Dense 1 ‘
58,0 Toulder WK TR D
13.9 Break corebarral
45 i iin borehole

k]

+

x5 . Numbers refer 1o
Sanyitivity

20
15 -8 (*A) STRAIN AT FAILURE
0




OFFICE REPORYT ON SOit EXPLORATION

Muntey of
Teaniooraten ang
Orv,

Communcanons

00

9
RECORD OF BOREHOLE No 2?2 METRIC
WP 153-80-02 LOCATION Co-ords. M & 844 846.8; E 294 360.0 ORIGHNATED 8Y _V.P.
oisr__ 6 Hwy _427 BOREHOLE type _Hollow Stem Augers COMPILED BY  V.P.
DATUM _Geadetic DATE 81-12~11, 8}-12-14, 81-12-15 CHECKXED 8Y 6{ .
OYNAMIC CONE PENETRATION
SOIL PROFILE SAMPI_.ES §W u;; RESISTANCE PLOT nagne  NATUIAL T
2 g MQIstyre  HOUD | REMARKS
= w [ 29| © 20 40 40 80 100 VM7 cowrmr umr 2O
Sl 8122 2 . : h : : Wp w w| Sw 3
ELEV OESCRIPTION Slal €] 2158 & [sHEaR STRENGTH A — % | crain sizE
DePTH =|5] 2|5 |38]| 5 [ounconnnes  + miewo vane . rent | ¥ |DSTRIBUTION
&12 3 |EY | & [eouck Tmanar  x 1ag vang |WATER CONTENT{%) (%)
173}..3 Ground Surface v s & 10 20 30 GR SA St CL
bt X
k 1 ss 27 .
48 * 170
M i-2l ss] 12 ‘
B r1 i
(.;i‘“’_‘_‘ — {14 3 s5) s1 b bt 5-28-32-15
tey B4
(Glacial T111) 2 T
. % 168
Silty Clay LA
with Sand ‘.,G S 8§s 47 O
trace of Gravel AT 6 Ss %3
.
(./ 166
ﬁ:/‘ e ot 12-15-41-32
A
Silrz Sae¥ifd g so 1 15 164
Very Stiff .
to Hard A
i
6 i S§ 1 78 162
_,]:0"1 Grey .
ST - 23 S5 : o1 B4 25«37=35=3
ty Sand il L
0 vt e+ 4n 160 [E 25%63~30-2
1R RTINS
Sand : o : Ass YA 1-72-16-11
H 4 £
sl sstoss 18
Sand "TT: . l
and Gravell f-
. ‘n Fol L35 SS ' 106418 em 156 e 51-53~( 16 )
varying RN H
Amounts of Gravel AL }
3 161 S5 L _I0415 e 2-65-32-1
Occasional Lit.
Cobbles and % 154
{Boulders throughout
i
BB 152
lL IS TTRA1S e po-~56~( 14 )
Dense to :
Very Deanse .
150
148
23.4 Refusal to Augering
i % End of Botehole
* Note: Perched water
table,3.H.
caved at 3.5
metres.

o), x5 . Numbers rafer 10
Sensitivity

0

20

10

1545 {*%) STRAIN AT FAILURE




OFFICE REPORT ON SOIL EXPLORATION

Manitire o1

Tran100rt3t0n aco

Comenymcangny
Onwo

10
RECORD OF BOREHOLE No 3 METRIC

w P __153-80-02

LOCATION Co-ords, N & 844 869.0; E 294 354.2 ORIGINATED 8Y _V.P.
OIST __6 HWY __427 BOREHOLE TYPE Hollow Stem Augers/Solid Stem Augers 24.4 n to 33.4 nCOMPILED BY  V.P.
. and Cone Test
DATUM _Gacgetice Datg fl-22-16, 81-12-17 CHECKED B8Y
w |OYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ;f_,m z RESISTANCE PLOT " NATURAL 5':
-2 B SIC monatog UQUD | REMARKS
= 56| # 20 40 60 80 g0 ' cowtter nmit} 5O
Ola 0 = : h : ) : w w w | Se &
2wl w S a= Z P Y B
ELEV DESCRIPTION Tlal w1 2198 | & |sHear strencTH RO GRAIN SIZE
DEPTH = 2zl g 85 % | o unconrnes + FIELO VANE| CENT 1 y |DISTRIBUTION
. x| Z > | &Y | @ |eouck raaxal  x 1as vang |WATER CONTENT (%) (%)
121 Sl 0rowmd Suefara m - - . . f . i % 10 GR SA St CL
0.0 (1 N
' L
(Claczal T11) i8S L 91
q. * 170 g .
f (IR —_ |
; sg. | eo K 0 r——t 2~22-55-21
o -~ bslies | e 168 ! a104213
Grey ¥ -
Silty Clay Alslss | am
with Sand - o
trace of Gravel ) SS..12 5-12-31~32
L
y 166
W
ALzlss |26
oce. Cobbles P
and Boulders %
P2 164
1714 81ss |30
“
Stiff to Y149 | ss "
Eard ‘/_1 162
161.1! VA -
.5 bouides &l
140 1110 185 | 36 01 22-48-25-5
Grey 160 '
Silty Sand to Sand 1. |- plss_ 108
Varying Amounts INE
of Cravel BB 158
. 1112 1 8s 58 2~-71-25-2
Occasflonal iRk
Cobbles ang SN
Boulders throughout .1 156
‘113 1SS | SB/115 em L6-42-( 14 )
Alternating Seams 154
and Layers of -
Silc, Sand and .
Gravel K
. 152 ; ;
bt L& 1SS 11057113 em 1 i
RN i
Dense to Very Dense o : ]
. i !
i/t 150 3 T : . T ‘1/1 ;
‘ H [ 4
; | i i ] ¥
14 I ! I ‘ 1 e
. 140 : :
136.1
33.4{Refusal to Solid Augers
Voo |Possible Boulder or
Bedrock
End of Borehole
* Perched Warer Table at 0{9 o
Borenole Caved at 3.5|m
tiote: This bovehole is k cqmbihaticm of {two bdrings
the first meeting| redusal at {10.7 jmetred on a
probable boulder.

20
1535 {*/) STRAIN AT FAILURE
10

o3 5. Numbers rafer to
' :
Sonsitivity



OFFICE REPORT ON SOIL EXPLORATION

Mitagiry ot
Fransoottanon ana

Zommun<atany

11

RECORD OF BOREHOLE No 4 METRIC

w P __153-30-02

LOCATION Co-ords N 4 844 838.7; B 204 313.7 ORIGINATED 8Y __V.P.
DIST __§ HwY __427 BOREHOLE TYPE _Hollow Stem Auger and Cone Tast COMPILED BY V.P.
DATUM _Geadetic DATE 81-12-18 to Bl-12-21 CHECXED BY QEi .
wr OYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES E“” 3 | resistance eloT RASTIC hATUIM  ouo T
A U moisruer LIQUO i REMARXKS
= 30| @ 20 40 50 80 10 |UmT contew b z<
(e} o - : P . ‘ 1 W, I &
Sl Ll 8iaz! 2 Wp w W P3
ELEV DESCRIPTION SIS g1 2]|2g| g |snear STRENGTH [l N———— GRAIN SIZE
DEPTH 2V 21 5138 5 lounconamen v mewevane| o courenril Y DISTRIBUTION
g Z‘ 5 | &Y Z |e ouck rmaxal  x LaB vanE w e %)
171.4 Ground Surface b M u s , . , 10 20 30 GR SA S CL
] - \ \ \
L 1 |
(Glactal T¢11) ”1 ss i el » ~—_ |
H 2! S8 . 1767~
_ Rrow 50 168 1-17-67-15
Crey {u
b
S{1ry Sand!:
66
Silry Clay 1
scme Sand
trave of Gravel
164
4 5-15-60-20
Bard
162
159.8 . 160
1.8 Copbles R
3% | grey : 15-53-30-2
) Leznact
158
Silry Sand
o e
~ 1 156
Cobble laver
Sand 1.
i1l ss 15 em 6-75-( 19
Varying Anouvmts 47 154
of Gravel 1
et .
QLo c - ' - - -4
Boulders throughout d- 1185 VIEA413 @ 12-51-33
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Hwy 427 Widening — CN Halton Subdivision Overhead

Appendix D

Foundation Comparison
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Hwy 427 Widening — CN Halton Subdivision

Appendix E

Slope Stability Output

THURBER



L FHNSOI-

20L°Z =4 owoioy - PN BunesuwBug Jeqinyt ISD LNEYNIL~IAOUNIL ~LHOIIUN L ~PAMHOL\ZE\6 1\ H Wd L5121 6002/8/L

OM: Jm, 0
051 -— 0Gl
; pues Aljis asuap Asap M
09t -~— 09}
i 11 Aepo Ais piey 03 s Alop -
0Ll — j1n e Ayis s - 0L
i Aep Apis
202
sisAjeuy paulelpun I 0 Ge 0 1z pues AlliS
w 0} ybBiay sunjueqw3 JuawiInge YINOS L 0 0 S/1 1z 11m Kep Ais
600Z ‘g AInp L 0 0 ool 1z 1 Aep Ais
pEBYIBAQ UOISIAIPANS UO)EH NO L 0 0 0S 0z 11y Aeo Ais
peoy 0osi( je Buiuepim 22y Aemybi 0/-26-61 ‘Hung dpo Bep edy SN
o0zold U iud D Bwwes

ojucio] - 'py1 Buussuibug Jeqinyy



¢ FdNOId

158'C =4 Owoioy - py] Bunesuibuz saqinyL SO WHIBYNIVL~IFAOUNIL~1HOdAML~YAMHONZE\ELVH Wd 91722 600Z/8/4

00} 05 0
oSt - — 064
3 pues Ajis asuap Adp M
09L — — 094
) 1 Aepo Als pJey o) s Asap s
0Ll — 1 Aepo Ais yns — 0Ll
iy Aep Anis
18872
sisAjeuy psulelpun L 0 se 0 1z pues Ayis
wJag apim W-z ‘w gl Jubiay Jusunjuequy ‘JusLWINge YINog L 0 0 Gl 1z 111 Aeo At
6002 ‘g Ainr L 0 0 00!t 1z i Aep As
peayJaA( UOISINIPQNS UOYEH ND l 0 0 0s 0C iy Aego A
peoy 09s1q 1e Buluepip 22y Aemuybiy 02-26-61 ‘ung dsp Bap BdY  CW/NY
ozold U iud 0J Bwweo

ojot0] - *py] BuussuiBuz saqiny)



¢ 3¥NOIA

L0574 =4 owosoy - P17 Buneeuibuz eqinyl 1SD QLABYNINL~3A0UNI ~LEOIIM L ~VAMHOLZE\6 I\ H Wd 61:€2:C 6008/8/4

0S4

08t —

pues Ajjis asuap oA

11 Aejo Ajits piey o3 yis Assp

i

0Lk —

1n Aep s wis

sisAjeuy pauleld

w o1 ybiey Jusuniuegquwy JuswINge Yinosg
6002 ‘8 AInr

PEBWSAQ UOISIAIPANS UOIEH NO

peoy 02s!q 1 Buuapip LZy AemubiH 02-26-61
ooloj - 'p1] Buussuibul Jsqinyy

Ll ol
oo 0o

SE
€€
1€
0e

Bap
ud

O OO

0

1z
(24
(¥4
0c
Edd  EW/NY

D ewwe




¥ 3dNOId

969t = 4 Qo0 - ‘P11 Bunesuibul Jequnyl SO GWNIEYNIVL~FAOENDIIL~LHOJIUL~YAMHOLZE\E LVH Wd 61:4Z°Z 6002/8/L

00} 0S 0
~ _ | !
051 - (Gl
pues Ayis asuap Asp i
094 — 091
iin Aepo Auiis paey o} yis Asan B
0Ll — 1 Aejo Ayis 4is —= 0Lt
Ais
\ \ | _
osgl N Hy VA
) I/
sishjeuy pauiesq L 0 se 0 12 pueg A
wJaq apim wi-z ‘w gl ybray Jusunjuequiz ‘Juswinge Yinog L 0 £ 0 L2 i Aep Ans
6002 ‘g AInr L 0 LE 0 % i Aep LS
PeayIaA0 UOISINPANG uolieH NO i 0 o 0 0z Iy Aepd A
peoy 02siq Je Buuapip L2y AemubiH 02-26-61 ‘Ung dp Bap BdY  EW/NY ,
ozald U ud 0 ewwe9

ojuo40] - 'p17 Buussuibug seqiny



Hwy 427 Widening — CN Halton Subdivision

Appendix F

List of SPs and OPSS
Suggested Text for Selected NSSP
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1. List of Special Provisions and OPSS Documents Referenced in this Report

SP 902 SO1.
e SP 572801
e OPSS 120, 1994

e SP 105819
e OPSS 206
e OPSS 1010

e OPSD 208.010

e OPSS 902

e Special Provision 902S01
e OPSD 3101.150.

e OPSD 3102.100

OPSS 206, as amended by Special Provision “Amendment to OPSS 206, December 1993”, dated
November 2002.

All granular material should meet the specifications of Special Provision 110F13 “Amendment to
OPSS 1010, March 1993,

2. Suggested Text for NSSP on “Impact on Adjacent Structure”

1t is critical that Contractor’s excavation and construction activities do not undermine or have any
adverse impact on the integrity and performance of the following adjacent structures:

*  The lanes of the Highway 427 during excavation and foundation construction at the new
north and south abutments and piers.

* Protection of the existing underpass foundations during excavation and removal of existing
abutment.

Protection of existing approach fills.



Hwy 427 Widening ~ CN Halton Subdivision

3. Suggested Text for NSSP on “Pile Installation” should contain the following:

“The glacial till soil overlying the bedrock contains cobbles, boulders and rock slabs. The existing
fill may contain obstructions such as rubble and, rock slabs. The presence of these obstructions will
potentially have an impact on the installation of piles at the site. Some possible impacts that must be
taken into consideration include, but are not necessarily limited to:

*  The obstructions in the fill or cobbles and boulders in the till may impede the driving of the piles
resulting in more arduous driving

* Some piles may meet refusal on boulders that are large enough not to be dislodged or broken by
the pile driving

*  As aresult of the presence of boulders, piles may meet refusal at varying depths

*  Pile driving must be controlled according to the criteria specified for the site

* Ifa pile meets refusal at a depth less than the anticipated depth, the QVE must terminate driving
before the pile is damaged due to over-driving

THURBER
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Appendix G

Site Photographs
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Photo 1. Looking at the existing north abutment, Highway 427 SBL

e S

< T N o

Photo 2. Looking at the south abutment and south pier, Highway 427 SBL
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Photo 4. Looking at the existing north abutment and pier, Hwy 427 NBL (Boreholes CNH-03 and
CNH-07)




Hwy 427 Widening — CN Halton Subdivision

Appendix H

Borehole Locations and Soil Strata Drawing
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