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DRAFT
FOUNDATION INVESTIGATION AND DESIGN REPORT
REPLACEMENT OF HIGHWAY 401 UNDERPASS AT BAINSVILLE ROAD
TOWNSHIP OF LANCASTER
SITE 31-241, G.W.P. 4027-14-00
ASSIGNMENT NUMBER: 4014-E-0014

GEOCRES NUMBER: -
PART 1: FACTUAL INFORMATION
1 INTRODUCTION

This report presents the factual data obtained from a foundation investigation conducted by
Thurber Engineering Ltd. (Thurber) for the replacement of the Highway 401 underpass structure
at Bainsville Road located within the Township of Lancaster. Thurber carried out the investigation
as a subconsultant to MMM Group Limited (MMM), under Agreement No. 4014-E-0014.

The purpose of this investigation was to explore the subsurface conditions at the site and, based
on this data, provide a borehole location plan, record of boreholes, a stratigraphic profile,
laboratory test results and a written description of the subsurface conditions.

2 SITE DESCRIPTION

Site 31-241 is located on Highway 401, approximately 36 km east of Cornwall, Ontario. The
location of the structure is shown on the inset Key Plan on Drawing No. 1 in Appendix A.

Based on the historical contract documents, the six-span structure is an AASHTO girder structure,
approximately 121.5 m long, and 10.5 m wide that carries two lanes of Bainsville Road traffic over
Highway 401 and County Road 2. It is noted that for project orientation purposes, Highway 401
and County Road 2 (located to the north of Highway 401), will be assumed to run east-west and
Bainsville Road to be oriented north-south.

Highway 401 at this location has two through lanes in each direction with paved shoulders. The
eastbound and westbound lanes are generally separated by a wide, vegetated median ditch,
however, a flat gravel surfaced area is present in the immediate vicinity of the bridge. There are
steel beam guide rails located along both the median and outside lanes in both directions. The
median guiderails terminate at the overpass structure.

Bainsville Road at this location has one lane in each direction. Concrete curbs or barrier walls are
present at the edge of pavement on the bridge deck and approach slabs. A steel beam guide rail
is present on both sides of the roadway along both the north and south approach embankments.
County Road 2 within the project limits also has one lane in each direction with a rural cross-
section and gravel shoulders.

The site is located within a physiographic region known as the Lancaster Flats which are
characterized as lowlands in which the till plain has been buried under water-laid deposits of clay
to very fine sand (Chapman and Putnam, 1984).
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The lands surrounding the project limits are typically agricultural with some residential properties.
Storm water drainage in the area is to existing ditches and culverts. Site photographs showing
the structure and approach embankments are presented in Appendix D.

The approach embankments are up to 6.1 m high and include a 16.7 m wide stability berm sloped
at 20H:1V (Horizontal:Vertical) at the sides of both the north and south embankment and in front
of the north abutment; the upper and lower slopes are at 2H:1V. The upper and lower slopes of
the embankments are sloped are 2H:1V. The embankment slopes are vegetated with long
grasses, trees, and occasional shrubs. No evidence of slope instability was noted during the site
reconnaissance, however, evidence of settlement of the approach embankment was noted at the
north abutment and the location is posted with a “bump” sign.

Historical contract drawings indicated that the clay was removed from beneath the south abutment
and replaced with granular fill.

3 SITE INVESTIGATION
3.1 Previous Investigations

A GEOCRES report is available for this site (Report 31G00-151, 1961). It includes 9 boreholes
drilled in support of the original bridge design and construction. A copy of the Borehole Location
Plan and Borehole Logs for the previous investigation is provided in Appendix B

The stratigraphy in the area of the bridge is generally described as upper sand deposit over
medium strength clay over glacial till over limestone bedrock. The thickness of the clay was
identified as ranging from approximately 1.0 m at the south end of the alignment to approximately
12 m beneath the north approach. Only two of the nine boreholes, both north of County Road 2,
extended to bedrock at depths ranging from approximately 14 to 16 m below original grades.

3.2 Field Investigation

The field investigation plan was finalized after discussion with the MTO Foundations Section.
Approximate locations of boreholes are shown on the Borehole Location and Soil Strata Drawing
No. 1 in Appendix A. The field investigation for this site included advancing ten boreholes drilled
between November 9, 2015 and November 30, 2015. The locations and elevations of the
boreholes are shown on Drawing No. 1 are summarized in Table 3-1.

Table 3-1: Borehole Summary

: . Ground Surface
Borehole Location LTINS | T Elevation DT
(degrees) | (degrees) (m) (m)
201 South Abutment | 45.17606 | -74.40870 55.8 19.1
202 South Abutment | 45.17604 | -74.40875 55.8 23.3
203 Existing Pier 5 45.17627 | -74.40878 48.9 16.4
204 Existing Pier 4 45.17646 | -74.40896 49.0 16.8
205 Existing Pier 3 | 45.17666 | -74.40913 48.6 16.2
206 Existing Pier 3 | 45.17656 | -74.40923 48.3 13.0
207 Existing Pier 2 45.17682 | -74.40921 49.2 32.4
208 Existing Pier 2 45.17674 | -74.40943 49.1 12.7
[
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. . Ground Surface
: Latitude | Longitude . Depth
Borehole Location (degrees) | (degrees) Elez/rz;t)lon m)
209 North Abutment | 45.17714 | -74.40959 54.6 24.0
210 North Abutment | 45.17712 | -74.40960 54.6 20.0

As a component of our standard procedures and due diligence, Thurber contacted Ontario One
Call to provide utility locate clearances for the intended borehole locations.

The boreholes were advanced with CME truck and track mounted drill rigs equipped with NW and
HW size casing. The subsurface stratigraphy encountered in the boreholes was recorded in the
field by Thurber personnel. Split spoon samples were collected at regular depth intervals in the
boreholes via the completion of Standard Penetration Tests (SPT), following the methods
described in ASTM Standard D1586-11. In-situ shear vane testing was carried out within the soft
to firm cohesive strata. Thin-walled tube samples of the cohesive deposits were also collected at
selected locations. All soil samples recovered from the boreholes were placed in moisture-proof
containers and the samples were transported to Thurber’'s Ottawa geotechnical laboratory for
further examination and testing. Bedrock was cored in Boreholes 202 to 205 and 209 with NQ
size coring equipment and Borehole 207 with HQ size coring equipment following ASTM Standard
D6032-08. Bedrock core samples were stored in core boxes for transport.

Borehole 207 was advanced to a termination depth of 32.4 m in order to conduct downhole
seismic testing and analysis in order to measure the in-situ shear wave velocity profile at the site.
Thurber engaged Geophysics GPR International Inc. (GPR) to carry out downhole seismic testing
and analysis. The downhole survey allowed the measurement of the shear wave profile of the
overburden and the bedrock to determine the average shear wave velocity, Vsz. A copy of the
shear wave velocity profile for this site is provided in Appendix B.

A 25 mm inside diameter PVC piezometer was installed in Borehole 208 to allow for measurement
of the groundwater level at the site. Piezometer construction details are illustrated on the Record
of Borehole sheet for Borehole 208, provided in Appendix B.

The boreholes without monitoring wells installations were backfilled with a low-permeability
combination of auger cuttings and bentonite pellets in general accordance with the intent of
Ontario MOE Regulation 903. Boreholes advanced within paved areas were capped with 300 mm
of cold patch asphalt.

The as-drilled locations of the boreholes and ground surface elevations at the borehole locations
were surveyed by Thurber on November 16, 2015. The vertical datum used was Benchmark
830066 (BM) located in the north face of Pier 2, near Borehole 205. The BM had a geodetic
elevation of 49.474 m as indicated on the drawings provided by MMM. The location of the BM is
indicated on Drawing No. 1 in Appendix A.

3.3 Laboratory Testing

Geotechnical laboratory testing consisted of natural moisture content determination and visual
identification of all soil samples in accordance with the current MTO standards. Grain size
distribution analyses, Atterberg Limits testing and consolidation testing were also carried out on
selected samples to MTO and ASTM standards.
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The laboratory test results are presented on the Record of Borehole sheets in Appendix B and
are illustrated on the figures in Appendix C.

4 DESCRIPTION OF SUBSURFACE CONDITIONS
4.1 Overview / General

Reference is made to the Record of Borehole sheets in Appendix B for details of the soil
stratigraphy encountered in the boreholes. A stratigraphic profile for the site is presented on the
Drawing No. 1 in Appendix A for illustrative purposes. An overall description of the stratigraphy is
given in the following paragraphs; however, the factual data presented in the Record of Boreholes
governs any interpretation of the site conditions.

For reference, the stratigraphy encountered in the boreholes advanced at Site 31-241 differs
between those advanced north of Pier 5 to those advanced south of Pier 5 which has been
attributed to the past clay removal undertaken at the site.

In general the stratigraphy in the area of the boreholes advanced through the south embankment
is generally characterized by an asphaltic surface, overlying sand with silt and gravel fill, overlying
a sand with gravel fill with varying amounts of silt and clay, overlying sand with silt gravel, overlying
a granular glacial till, underlain by a limestone bedrock. It should be noted that the clay layer was
not encountered in the south abutment boreholes; however, was encountered in the historical
approach Borehole BH6, located approximately 40 m south of the south abutment.

The stratigraphy in the area of the boreholes advanced at the north embankments is generally
characterized by characterized by an asphaltic surface, overlying sand with silt and gravel fill,
overlying a sand with gravel fill with varying amounts of silt and clay, overlying silt, overlying a
weathered clay crust, over soft to stiff clay, overlying a granular glacial till, and underlain by a
limestone bedrock.

More detailed descriptions of the individual strata are presented below.
4.2 Topsoil

A topsoil layer with a thickness ranging from 125 mm to 225 mm was encountered in
Boreholes 203 to 208, expect Borehole 207.

4.3 Granular Fill

Boreholes 201, 202, 209 and 210 were advanced through Bainsville Road. An asphaltic surface
layer with a thickness of 125 mm was encountered in both the north and south abutment
boreholes. No boreholes were advanced through the pavement structure of either County Road 2
or Highway 401.

A granular fill layer consisting predominantly of sand and gravel with varying amounts of silt was
encountered below the asphalt in the embankment boreholes. The top of this layer ranges from
Elevation 55.7 m to Elevation 54.5 m and has a thickness ranging from 400 mm to 1.4 m. The
SPT ‘N’ values ranged from 33 to greater than 100 blows per 0.3 m of penetration; indicating a
dense to very dense condition.
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The moisture content of the samples tested ranged from 2% and 3%. The results of grain size
analysis conducted on samples of this material are summarized in Table 4-1 and are illustrated
on Figure 1 in Appendix C.

Table 4-1: Gradation Results for Pavement Structure Fill

Soil Particles %
Gravel 27 to 35
Sand 63 to 54

Siltand Clay | 3to 11

4.4 Embankment Fill

A granular fill layer consisting predominantly of sand with varying amounts of silt and gravel was
encountered beneath the granular fill. Occasional cobbles were noted in this layer. The top of this
layer ranges from Elevation 55.3 m to Elevation 53.0 m and has a thickness ranging from 6.3 m
to 8.6 m. The SPT ‘N’ values ranged from 3 to greater than 100 blows per 0.3 m of penetration;
indicating a loose to very dense condition; but typically compact to dense.

The moisture content of the samples tested ranged from 2% to 25%. The results of grain size
analysis conducted on samples of this fill material are summarized in Table 4-2 and are illustrated
on Figures 2 and 3 in Appendix C.

Table 4-2: Gradation Results for Embankment Fill

Soil Particles %
Gravel 0to 40
Sand 19to 91

Siltand Clay | 8to 81

45 Sand Fill

A granular fill layer consisting predominantly of sand with varying amounts of silt and gravel was
encountered beneath the topsoil layer in Boreholes 203, 204 and 208 and at the ground surface
in Borehole 207. A strong hydrocarbon odour was noted in Borehole 203, in this layer at a depth
ranging from 0.76 mto 1.4 m.

The top of this layer ranges from Elevation 49.2 m to Elevation 48.8 m and has a thickness ranging
from 0.8 m and 3.3 m. The SPT ‘N’ values ranged from 3 to 17 blows per 0.3 m of penetration;
indicating a loose to compact condition.

The moisture content of the samples tested ranged from 4% to 20%. The results of grain size
analysis conducted on samples of this fill material are summarized in Table 4-3 and are illustrated
on Figure 4 in Appendix C.

Table 4-3: Gradation Results for Sand Fill

Soil Particles %
Gravel 71042
Sand 48 to 85

Silt and Clay | 6 to 37

|
DRAFT . l

THURBER



Replacement of the Highway 401 Underpass at Bainsville Road Page 6
Township of Lancaster

4.6 SiltFill

A fill layer consisting predominantly of silt with varying amounts of sand and trace gravel was
encountered beneath the topsoil layer in Boreholes 205 and 206 and beneath the sand fill material
in Boreholes 202, 205 and 207. The top of this layer ranges from Elevation 48.5 m to Elevation
48.1 m and has a thickness ranging from 1.3 m and 1.6 m. The SPT ‘N’ values ranged from 3 to
16 blows per 0.3 m of penetration; indicating a very loose to compact condition.

The moisture content of the samples tested ranged from 4% to 28%. The results of grain size
analysis testing conducted on samples of this fill material are summarized in Table 4-4 and are
illustrated on Figure 5 in Appendix C.

Table 4-4: Gradation Results for Silt Fill

Soil Particles %
Gravel Oto 18
Sand 13to 31
Silt 51 to 83
Clay 4t06

Based on the results of Atterberg Limits testing the material is a non-plastic silt.
4.7 Silt (ML)

A silt with varying amounts of sand and clay was encountered beneath the fill materials in
Boreholes 207 to 210. The top of this layer ranges from Elevation 47.6 m to Elevation 46.8 m and
has a thickness ranging from 700 mm and 2.9 m. The SPT ‘N’ values ranged from 7 to 23 blows
per 0.3 m of penetration; indicating a loose to compact condition; but typically compact.

A hydrocarbon odour was noted in Borehole 210 at depths from 7.6 m to 8.4 m.
The moisture content of the samples tested ranged from 19% to 28%. The results of grain size
analysis testing conducted on samples of this material are summarized in Table 4-5 and are

illustrated on Figure 6 in Appendix C.

Table 4-5: Gradation Results for Silt

Soil Particles %
Gravel Oto3
Sand 9to 21
Silt 75 to 81
Clay 5t0 13

Based on the results of Atterberg Limits testing the material is a non-plastic silt.
4.8 Clay (CH)

A grey clay deposit with silt and trace sand was encountered beneath the fill materials in
Boreholes 204 to 206 and beneath the silt stratum in Borehole 207 to 210.

It should be noted that the clay layer was not encountered in the south abutment Boreholes 201
and 202 which has been attributed to the past clay removal undertaken at the site. However, the
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clay layer with an approximately thickness of 3.1 m was encountered in the historical approach
Borehole BH6, located approximately 30 m south of Boreholes 201 and 202. The location of BH6
is illustrated on the Plan View on Drawing No. 1 in Appendix. A copy of the historical Borehole
Log for BH6 is provided in Appendix B.

The top of this layer ranges from Elevation 47.5 m to Elevation 43.9 m and has a thickness ranging
from 1.5 m at Borehole 204 to 9.2 m at Borehole 210. In-situ shear vane test results indicated
undrained shear strengths ranging from 15 kPa to 70 kPa; indicating a soft to stiff consistency;
typically soft to firm. The moisture content of the samples tested ranged from 42% to 86%. The
results of grain size analysis testing conducted on samples of this material are summarized in
Table 4-6 and are illustrated on Figure 7 in Appendix C.

Table 4-6: Gradation Results for Clay

Soil Particles %
Gravel Oto5
Sand Oto 16
Silt 16 to 57
Clay 231084

The results of Atterberg Limits testing completed on samples of this material are summarized in
Table 4-7 and are illustrated on Figures 8 and 9 in Appendix C. All but one of the results indicated
a clay of high plasticity.

Table 4-7: Atterberg Limits Test Results

Liquid Limit | 30 to 72
Plastic Limit | 19to 24
Plasticity Index | 11 to 48

The results of oedometer (one-dimensional consolidation) tests carried out on an undisturbed clay
sample are summarized in Table 4-8. The results of the testing indicate that the clay is slightly
over-consolidated.

Table 4-8: Consolidation Test Results

Parameter Value
Borehole 208
Sample TW7
Depth / Elevation (m) (mid-sample) | 4.3/44.8
Moisture Content, (%) 85
Unit Weight, (y) (kN/m?3) 15.2
Specific Gravity (Gs) 2.78
Initial Void Ratio (eo) 2.31
Pre-consolidation Pressure, (kPa) 62
Compression Index (C.) 1.28
Recompression Index (C)) 0.08

4.9 Sand (SP-SM)

A sand layer with varying amounts of silt and gravel was encountered beneath the fill materials in
Boreholes 202 to 204 and beneath clay stratum in Boreholes 205 and 206. The top of this layer
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ranges from Elevation 46.6 m to Elevation 41.7 m and has a thickness ranging from 700 mm and
4.2 m. The SPT ‘N’ values ranged from 6 to 42 blows per 0.3 m of penetration; indicating a loose
to compact condition; but typically compact.

The moisture content of the samples tested ranged from 9% to 22%. The results of grain size
analysis conducted on samples of this material are summarized in Table 4-9 and are illustrated
on Figure 10 in Appendix C.

Table 4-9: Gradation Results for Sand

Soil Particles %
Gravel 6 to 35
Sand 30 to 84

Silt and Clay | 8 to 50

410 Glacial Till

A stratum of glacial till consisting predominantly of sand with silt and gravel was encountered in
all boreholes except Borehole 209. The top of this layer ranges from Elevation 46.6 m to
Elevation 35.5 m and has a thickness where completely penetrated ranging from 1.0 m in
Borehole 210 to 10 m in Borehole 201. The SPT ‘N’ values ranged from 12 to greater than 100
blows per 0.3 m of penetration; indicating a loose to very dense condition; but typically compact
to dense. Occasional cobbles and boulders were noted in this stratum.

The moisture contents of the samples tested were 3% and 21%. The results of a grain size
analysis testing conducted on samples of this material are summarized in Table 4-10 and are
illustrated on Figures 11 and 12 in Appendix C.

Table 4-10: Gradation Results for Glacial Till

Soil Particles %
Gravel 17 to 43
Sand 35to 56

Silt and Clay | 10to 37

Based on the results of Atterberg Limits testing the fines content is classified as non-plastic.
4.11 Bedrock

Limestone bedrock was encountered beneath the glacial till in Boreholes 202, 203, 204, 205 and
209; as proven by NQ and Borehole 207 as proven by HQ coring. The bedrock surface ranged
from Elevation 36.6 m to Elevation 35.1 m. Photographs of the bedrock core are provided in
Appendix B.

A stratum of slightly to moderately weathered bedrock was encountered at the bedrock surface
in Boreholes 203, 205, 207 and 209 with a thickness ranging from 1.0 m in Borehole 205 to 3.2 m
in Borehole 209. Within the weathered layer the total core recovery (TCR) ranged from 43% to
100%, the solid core recovery (SCR) ranged from 8% to 70% and the Rock Quality Designation
(RQD) ranged from 0% to 57%. Based on the RQD value the weathered bedrock is classified as
very poor to fair quality.
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Below the weathered layer the TCR ranged from 73% to 100%, the SCR ranged from 48% to
100%, the RQD ranged from 31% to 75%. Based on the RQD value the weathered bedrock is
classified as poor to good quality.

4.12 Groundwater Conditions

The groundwater level in the piezometer installed in Borehole 208 was recorded on December 7,
2015 at a depth of 1.9 m; corresponding Elevation 47.2 m.

This observation is considered a short-term reading 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.
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5 MISCELLANEOUS

Thurber staked and/or marked the borehole locations in the field and obtained utility clearances
prior to drilling. Thurber surveyed the borehole locations, and determined the stationing, offsets
and ground surface elevations based on contract drawings provided by MMM Group Limited.
Downing George Estate Drilling Ltd. of Hawkesbury, Ontario supplied and operated the drilling
equipment to carry out the drilling, sampling, and in-situ testing. Geophysique GPR International
Inc. of Longueuil, Quebec carried out the downhole seismic testing and analysis. The drilling, and
sampling operations in the field were supervised on a full time basis by Mr. Simon Paxton and
Justin Grey of Thurber. Laboratory testing was carried out by Thurber in its MTO-approved
laboratory in Ottawa.

Overall project management and direction of the field program was provided by Paul
Carnaffan, P.Eng. Interpretation of the field data and preparation of this report was completed by

Kenton Power, P.Eng. The report was reviewed by Paul Carnaffan, P.Eng. and Dr. P.K.
Chatterji, P.Eng., the Designated Principal Contact for MTO Foundations Projects.

Kenton C. Power, P.Eng.
Geotechnical Engineer

i

Paul Carnaffan, P.Eng.
Associate, Senior Geotechnical Engineer

P.K. Chatterji, P.Eng.
Review Principal, Designated MTO Contact

|
DRAFT . l

THURBER



Replacement of the Highway 401 Underpass at Bainsville Road Page 11
Township of Lancaster

DRAFT
FOUNDATION INVESTIGATION AND DESIGN REPORT
REPLACEMENT OF HIGHWAY 401 UNDERPASS AT BAINSVILLE ROAD
TOWNSHIP OF LANCASTER
SITE 31-241, G.W.P. 4027-14-00
ASSIGNMENT NUMBER: 4014-E-0014

GEOCRES NUMBER: -
PART 2: ENGINEERING DISCUSSION AND RECOMMENDATIONS
6 GENERAL

This report presents the interpretation of the factual data obtained from a foundation investigation
conducted by Thurber for thel5 replacement of the Highway 401 underpass structure at Bainsville
Road, along with a geotechnical assessment and geotechnical recommendations for the
foundations and approach embankments. The geotechnical assessment and recommendations
have been prepared based on the available data regarding the proposed foundations and existing
ground conditions and in accordance with the Canadian Highway Bridge Design Code (CHBDC),
version CSA S6-14.

This foundation investigation and design report with the interpretation and recommendations are
intended for the use of the Ministry of Transportation, and shall not be used or relied upon for any
other purposes or by any other parties including the construction or design-build contractor. The
design-build contractor must make their own interpretation based on the factual data in Part 1 of
the report. Where comments are made on construction, they are provided only in order to highlight
those aspects which could affect the design of the project. Contractors must make their own
interpretation of the factual information provided as it may affect equipment selection, proposed
construction methods and scheduling.

6.1 Historical Performance of Existing Structure and Embankments

Based on the historical contract documents, the six-span structure is an AASHTO girder structure,
approximately 121.5 m long, and 10.5 m wide that carries two lanes of Bainsville Road traffic over
Highway 401 and County Road 2. The piers and abutments are supported on steel H-piles driven
to bedrock. The abutment and piers were designed to be supported on Steel H piles driven to
bedrock, with pile lengths ranging from 15.2 m to 18.2 m and design load was 50 tons per pile
(500 kN per pile).

Additional discussion within the GEOCRES file indicated the following:

e A letter dated November 25, 1960, presented the results of settlement analysis for the
approach embankments. It predicted consolidation settlement ranging from 2.0 ft. to
7.8 ft. (0.6 mto 2.4 m).

e It was also recommended that the thin layer of clay beneath the foreslope at the south
abutment be removed and replaced with granular fill in order to avoid the need for a
stability berm at this location and therefore allow for a shorter structure. A historical
schematic drawing illustrating the location and area of the clay removal is provided in
Appendix G. The location is also noted on Drawing No. 1 in Appendix A.
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The existing bridge abutments are perched within the approach embankments. The approach
embankments are approximately 6.7 m high and include a 16.7 m wide stability berm sloped at
20H:1V (Horizontal:Vertical) at the sides of both the north and south embankment and in front of
the north abutment; the upper and lower slopes are at 2H:1V. The embankment slopes are
vegetated with long grasses, trees, and occasional shrubs.

No evidence of slope instability was noted during the site reconnaissance, however recent site
observations by Thurber staff indicate that settlement of the embankment and tilting of the
approach slab is evident at the north approach and the location is posted with a “bump” sign.

The performance of the existing structure was discussed in a technical paper prepared by Ministry
staff for presentation at the 20th Canadian Soil Mechanics Convention (Stermac, Devata, and
Selby, 1967). The paper titled “Unusual Abutment Movements at Underpass Structures on the
Macdonald-Cartier Freeway” describes the conditions encountered at the site and indicates:

“Settlements of the approach fill at the site have been considerable. Settlement
records are shown in Figure 20 for the south side; they are not available for the north
side.”

“The north abutment seems to have moved away from the bridge more than an inch,
as shown in Figure 21. However, no corrective action has so far been necessary.”

A copy of Figure 20 is provided in Appendix G which indicates that between 0.2 and 0.3 feet (60
to 90 mm) of settlement occurred at the south approach (within the width of the roadway) during
the first 400 to 500 days post construction and that the settlement slightly exceeded 0.3 ft. (90
mm) by the time of the last reading between 700 and 800 days post construction. As noted above,
settlement data for the north approach is not available, however, it is reasonable to expect that
the settlement was significantly greater than at the south side since the underlying clay is at least
three times as thick as the south side and was large enough to cause movement of the abutment
away from the bridge.

6.2 Proposed Structures and Embankments

Based on information provided by MMM, it is understood that replacement of the bridge structure
will be on the existing alignment with a full road closure and detour. The following are structural
design consideration for the structure replacement:

o Long 3-Span Alternative was adopted by MTO as the technically preferred alternative
Bridge deck will have an approximate width of 10.1 m to accommodate two lanes,
shoulders and parapet walls.

e The structure has been designed with a 60 km/hr design speed for Bainsville Road

Based on discussions with the design team it is understood that proposed bridge design may
include the reuse of existing pier foundations.

Based on the preliminary span configuration, Highway 401 clearance requirements and the
proposed design speed for Bainsville Road, the vertical profile for Bainsville Road will be raised
approximately 0.8 m and 0.9 m at the north and south abutments respectively. The existing
elevations, grade raises and proposed elevations after raising the embankment grade are outlined
in Table 6-1.
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Table 6-1: Proposed Profile grades

Existing Approximate Proposed
Abutment | Top of Pavement | Grade Raise | Top of Pavement
(m) (m) (m)
North 55.0 0.8 55.8
South 56.2 0.9 57.1

The following sections address the foundation aspects of the replacement of the existing
underpass structure. The discussions and recommendations presented in this report are based
on the information provided by MMM Group and on the factual data obtained during the course
of this investigation.

6.3 Geotechnical Assessment

The design of the bridge structure foundations and approach embankments are governed by the
presence of a soft to firm compressible clay deposit throughout the site. Based on the results of
the field and laboratory investigation and the information provided by MMM of the proposed
project requirements, geotechnical foundation design considerations include:

e The soft to firm clay layer will not offer sufficient support to support bridge piers and
abutments on shallow foundations; deep foundations will be required.

e The soft to firm clay layer is highly compressible. Any additional load applied to the
underlying clay layer will result in new settlement of the approach embankments. The
design will need to incorporate mitigation measures to ensure that embankment
settlement due to the proposed grade raise meet the MTO embankment settlement
criteria.

e Stability of the approach embankments will also need to be verified, including stability
under the seismic conditions included in the current CHBDC.

e From a geotechnical perspective, the ground conditions at the site are generally suitable
for integral abutments.

Further discussion regarding these design considerations, evaluation of design options and
foundation recommendations are provided in the sections that follow.

7 STRUCTURE CLASSIFICATION

In accordance with CHBDC CSA S6-14, the analysis and design of structures takes into
consideration the importance of the structure and the consequence associated with exceeding
limit states. The importance category and consequence classification are defined by the
Regulatory Authority, which in this case in the Ministry of Transportation, Ontario (MTO).

Is understood that MTO has designated this structure as follows:
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Table 7-2: Bridge Structure Classification

Criteria Classification CHB.DC

Section
Importance Category Major Route Bridge 4.4.2
Consequence Classification Typical Consequence 6.5.1

Based on the above, a consequence factor (¥) of 1.0, as per Table 6.1 of the CHBDC, has been
used in assessing factored geotechnical resistances.

If the consequence classification changes, the geotechnical assessment and recommendations
will need to be reviewed and revised.

8 SEISMIC CONSIDERATIONS
8.1 Seismic Site Class — Soil Profile

The results of the in-situ shear wave velocity testing indicate that the Vs for the project site is
286 m/s (a copy of the results is provided in Appendix E), which typically indicates a Site Class D.

However, in accordance with Section 4.1 of the CHBDC a site is assigned a Site Class E
regardless of the shear wave profile if “Any profile with more than 3 m of soil with the following
characteristics”

¢ Plasticity index: Pl > 20
e Moisture content: w = 40% and
e Undrained shear strength: S, < 25 kPa

The Boreholes 206, 207 and 208 encountered a clay deposit that meets the soil profile outlined
above and therefore the site must be assigned a Site Class E.

8.2 Seismic Hazard - Spectral and Peak Acceleration Values

The seismic hazard data for the CHBDC is based on the fifth generation seismic model developed
by the Geological Survey of Canada (GSC). Seismic hazard data for this site has been obtained
from the GSC’s seismic hazard calculator. The data includes peak ground acceleration (PGA),
peak ground velocity (PGV), and the 5% damped spectral response acceleration values (Sa(T))
for the reference ground condition (Site Class C) for a range of periods (T) and for a range of
return periods including the 475-year, 975-year and 2475-year events. The GSC seismic hazard
calculation data sheet for this site is presented in Appendix G.

The site coefficients used to determine the design spectral acceleration and displacement values
are a function of the Site Class and the peak ground acceleration (PGA).

8.3 Seismic Liquefaction
Based on the combination of the grain size distribution, and the relative the density values of the

glacial till, and the highly plastic nature of the native clay the overburden soils at this site are
classified as “not susceptible” to liquefaction during the design earthquake event.
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9 APPROACH EMBANKMENTS

The proposed profile and bridge spans require a maximum grade raise of 0.75 m and 0.90 m at
the north and south approach embankments respectively. The proposed grade raise would also
result in a widening of the approach embankments in order to maintain the platform width at the
top and the existing embankment side slope geometry (2H:1V). It is understood that existing
stability berms are to remain as part of the proposed embankments.

9.1 Assessment of Settlement

An assessment of the time dependent settlement that would result from construction of the
proposed grade raise using conventional granular fill with 2H:1V side slopes was carried out using
Rocscience’s Settle*® modelling software. The design pre-consolidation pressure profile has been
derived from the oedometer tests, both current and historical, as well as correlations with the
undrained shear strength and plasticity. Compression characteristics have been modelled using
C., Ci, Cy and C, values from the current and historical oedometer test results.

The following design geotechnical parameters have been used in the analysis:

e, =2.311
C.=1.28
C,=0.08

C, = 0.064 cm?/min / 3.4 m?/year
Cw = 0.563 cm?/min / 29.6 m?/year

It is noted that the stresses associated with a grade raise constructed with conventional granular
would exceed the pre-consolidation pressure for a portion of the depth profile at both abutments.

The results of the analysis are summarized in the Table 9-1.

Table 9-1: Time Dependant Settlement — Grade Raise Constructed with Granular Fill

Grade Settlement Beneath Centreline After 20 Years (mm)
Location Raise 0to 20 m +20to +50 m +50 m
(m) from abutment® | from abutment from abutment
0

North 0 m grade raise beyond

Approach 0.75 65 20 +25 m of the north
abutment

South 0.90 30 55 20

Approach

Note 1: The predicted settlement values provided at the south approach in Table 9-1 are for the
approach embankment underlain by clay. The settlement due to the grade raise directly beneath
the abutment is expected to be less than 5 mm due to the clay removal carried out during the
original construction.

The predicted settlement values reflect both the maximum embankment height after the grade
raise as well as the aerial distribution of fill and fill height.
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The estimated settlement of the approach embankments at the abutments is in excess of the
MTO Guidelines for post construction settlement over a period of 20 years after paving outlined
below:

e 25 mm within 20 m behind bridge abutment
¢ 50 mm from 20 to 50 m from the bridge abutment
e 100 mm for greater than 50 m from the bridge abutment

The time rate of settlement has also been assessed and it is estimated that it would require a
preload of several years to meet the MTO settlement guidelines for the north approach fill.

9.2 Assessment of Global Stability

The global stability for the proposed grade raise constructed using conventional granular fill with
2H:1V side slopes was evaluated using GeoStudio 2012 Slope/W software for limit equilibrium
analysis. Input parameters for undrained analysis are based on the in-situ shear vane test results.
The values of cohesion and internal friction angle used in the drained analysis are based on
empirical correlations developed for the Champlain Sea clay deposits present in the area
(Tavenas and Leroueil, 1981).

The following additional parameters were used in the analysis:

o A traffic surcharge load as per Section 6.12.5 of the CHBDC
e A seismic horizontal loading of 0.19, equal to ¥z of the PGA value (0.381g) was used
for seismic analysis

e Existing embankment side slope geometry (2H:1V) and maintaining the existing
stability berms

Table 9-2: Global Stability Analysis Results — Grade Raise Constructed with Granular Fill

Factory of Safety
Location Static Conditions Seismic
Undrained | Drained | Conditions
North Abutment 1.5 1.5 1.0
South Abutment 1.3 1.4 1.0

The factor of safety does meet the target value of 1.3 and 1.0 under static and seismic conditions
respectively.

9.3 Evaluation of Embankment Design Options

Based on the initial assessment of the embankment constructed using conventional granular fill,
additional embankment design options to address both settlement and global stability were
developed and assessed.

The embankment design options considered include:

1. Conventional granular fill embankment

2. Lightweight fill embankments
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3. Ground improvement techniques
4. Accelerated settlement (surcharging either with or without wick drains)

Options 3 and 4 were ruled out since the proposed profiles are being constructed as grade raises
to the existing embankments. As the zone to be treated (clay layer) is buried beneath existing
embankments all treatments would have to be done through the existing embankment material.
Also, a drainage layer could not be constructed under the existing embankment to work in
conjunction with any wick drains installations therefore consolidation of the clay layer would take
longer to accomplish causing significant delays to the construction schedule.

A summary of the advantages and disadvantages of the remaining options is provided in
Table F-1 in Appendix F.

Several lightweight fill options, including slag, tire-derived aggregate, foamed concrete and
expanded polystyrene (EPS) were considered. The unit weight of the EPS fill is significantly lower
than all of the other lightweight fill options and was selected as the preferred type of lightweight
fill as it is the only option that would allow for appropriate control of the anticipated settlement
without excessive sub-excavation and replacement of native subgrade soil. EPS is also an MTO
approved lightweight fill.

9.4 Recommendations for Embankment Grade Raise Design and Construction

It is recommended that the embankment grade raise be constructed using EPS lightweight fill
(Option 2). This option addressed the settlement concerns, and does not result in significant time
delays to the project. It is noted that since the grade raise is generally less than 1.0 m, the volume
of lightweight fill is anticipated to be relatively small. The EPS lightweight fill option is the preferred
option from both a technical and risk management perspective and should be implemented at
both the north and south abutments.

The preliminary limits of the EPS fill considered were as follows:

¢ Where the proposed grade raise will result in settlement in excess of the limits
outlined in the MTO embankment settlement guidelines, expanded polystyrene (EPS)
fill should be placed within the core of the embankment with a minimum thickness
equal to the height of the proposed grade raise in order to limit settlement to within
acceptable limits.

The MTO embankment settlement guidelines indicate acceptable limits for post construction
settlement over a period of 20 years after paving as follows:

e 25 mm within 20 m behind bridge abutment
e 50 mm from 20 to 50 m from the bridge abutment
e 100 mm for greater than 50 m from the bridge abutment

Based on settlement analysis, EPS fill will be required where the proposed grade raise:

e is greater than 300 mm within 20 m of the bridge abutments
e is greater than 400 mm within the zone 20 m to 50 m from the bridge abutments
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To limit differential settlement, the thickness of the EPS should be stepped down in the
longitudinal direction in increments no greater than 0.5 m and no steeper than 4H:1V.

For preliminary design of the EPS limits, the width of the EPS should be:

e Centred along the roadway centerline.

¢ Where the thickness of the EPS is 1.0 m or less the width of the EPS layer should be
the greater of 10 m or the width of the roadway platform including shoulders and
curbs.

Table 9-3 outlines the preliminary minimum EPS thicknesses required at each abutment. The
thicknesses provided in Table 9-3 are based on the above criteria and the profile tie-in for the
Long 3 Span Arrangement provided by MMM. It should be noted that the final thicknesses and
limits may vary based on standard EPS block geometry and the design vertical profile

Table 9-3: Preliminary Minimum EPS Thicknesses required for each Approach

Embankment
. Distance from Abutment | Minimum EPS Thickness
Location
(m) (m)
0to 20 1.0
ASOrlé?ch 20 to 40 05
PP >40 0
Oto 10 1.0
R N?(r)t:ch 10 to0 12 05
PP >12 0

Implementation of the EPS design option will limit stress increases due to the proposed grade
raises at the abutments. Since a limited stress increase is developed little additional load is
applied to the underlying clay layer which will result in little settlement of the approach
embankments.

The results of the global stability analysis using EPS to construct the grade raise at both the north
and south approach embankments are summarized in Table 9.4. The predicted settlement values
reflect both the maximum embankment height after the grade raise as well as the aerial
distribution of fill and fill height.

Table 9-4: Global Stability Analysis Results — Grade Raise Constructed with EPS

EPS Layer Factory of Safety
Location | Thickness Static Conditions Seismic
(m) Undrained | Drained | Conditions
North
Approach 1.0 1.3 1.4 1.0
South 1.0 13 1.4 1.0
Approach

An assessment of the time dependent settlement and global stability that would result from
construction of the proposed grade raise using EPS lightweight fill with 2H:1V side slopes and
maintaining the existing stability berms was carried out using Rocscience’s Settle®® modelling
software.
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The stress increase beneath the EPS layer and resulting total settlement from 0 to 20 years is
outlined in Table 9-5.

Table 9-5: Settlement Analysis Results — Grade Raise Constructed with EPS Fill

Grade Settlement Beneath Centreline After 20 Years (mm)
Location Raise 0to 20 m +20to +50 m +50 m
(m) from abutment! | from abutment from abutment
0
North 0 m grade raise beyond
Abutment 0.75 <10 <5 +25 m of the north
abutment
South
Abutment 0.90 <10 <15 <5

Guidelines for the design of EPS embankments can be found in NCHRP Report 529. The contract
must include an NSSP for the EPS embankment materials and construction. Selection of the EPS
grade will depend upon surcharge loading including traffic loading, and the combined dead weight
of the pavement structure, earth cover and concrete slab for the EPS blocks. A draft version of
suggested NSSP wording is provided in Appendix H.

General EPS Installation Notes:

e The embankment design will need to take into consideration the potential for conflict
between the EPS fill and foundations for signs, guiderails, utilities or other structures.

e A granular levelling pad consisting of a 300 mm of compacted OPSS Granular A
should be provided beneath the EPS. It is recommended that a non-woven geotextile
be placed horizontally beneath the granular levelling pad as a separation layer
between the leveling pad and the existing embankment fill materials.

o The top surface of the EPS beneath the roadway platform should be covered with a
concrete slab. The top of the concrete slab should be at the underside of the
pavement subbase layer.

10 STRUCTURE FOUNDATIONS

10.1 Foundation Type

The results of the field and laboratory investigation and historical data indicate that the site soll
stratigraphy is underlain by a thick clay deposit, underlain by a glacial till deposit, underlain by

limestone bedrock.

Key elevations are as follows:

e Existing ground surface at the piers 49.2t049.0 m
e Existing ground surface at the abutments 55.8t055.6 m
e Top of glacial till deposit 46.6t0 35.5m
e Top of bedrock 36.6t035.1m
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The clay can generally be characterized as moderately sensitive with high plasticity. The clay is
generally soft to firm within the upper portion with strength increasing gradually with depth. The
clay deposit offers low bearing resistance and is susceptible to settlement under even moderate
loads. The clay deposit has insufficient strength to support the foundation loads associated with
the proposed abutments and piers.

The glacial till deposit generally consisted of silty sand with gravel and occasional to frequent
cobbles and boulders.

Based on the soil stratigraphy and anticipated loading, deep foundations are therefore required
at this site.

The following deep foundation alternatives were considered:

1. Steel pipe piles

2. Steel H-piles

3. Caissons (drilled shaft piles)
A comparison of the technical advantages and disadvantages of alternative foundation schemes
is presented in Table F-2 in Appendix F. Based on this comparison, steel H-piles are the
recommended foundation support option from a geotechnical perspective.
Design recommendations for driven steel H-piles are provided in the sections that follow.
10.2 Deep Foundations — Steel Piles
Based on the depth to bedrock it is recommended that the design use steel HP section piles
driven to refusal on or in the limestone bedrock. It has been assumed that HP 310 x 110 piles

sections will be used to support both the piers and abutment foundations.

Steel piles (Grade 350W steel) end-bearing on the bedrock at this site may be designed on the
basis of the following factored vertical geotechnical resistances at ULS:

e 2,000 kN per HP310x110 pile
The SLS condition will not govern for piles end-bearing in or on the bedrock.
The factored geotechnical resistances include the following factors:

e Consequence factor (¥) of 1.0

e Geotechnical resistance factors (CHBDC Table 6.2):
e ¢gu = 0.4 (static analysis; typical degree of understanding)
® (gs = 0.8 (static analysis; typical degree of understanding)

The estimated pile tip elevations based on piles end bearing on the bedrock are summarized in
Table 10-1.
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Table 10-1: Estimated Pile tip Elevations

Approximate
Foundation Underside of Pile Estimated Pile Tip
Element Cap Elevation Elevation (m)
(m)
North Abutment 50.5 34.5
Pier 1 48.1 35.1
Pier 2 48.1 35.0
South Abutment 50.0 35.8

10.2.1 Pile Lateral Resistance

A soil-structure interaction analysis to assess the response of a pile under lateral loading was
carried out using Ensoft Inc.’s LPile software. A copy of the results in the form of load-deflection
curves (p-y curves) and lateral load vs maximum bending moment are provided in Appendix G.

The resistance to lateral deflection should include the following factors:

e Consequence factor (¥) of 1.0
e Geotechnical resistance factors (CHBDC Table 6.2):
e (gs = 0.8; typical degree of understanding

Pile spacing and group effects will need to be considered in assessing the overall lateral
resistance of the piles at each foundation unit. The group efficiency factors should be in
accordance with Figures C6.11.3(r), C6.11.3(s), and C6.11.3(t) in Section C6.11.3.4 of the
Commentary to the CHBDC.

10.2.2 Integral Abutment

The subsurface conditions at this site are considered suitable for integral, semi-integral or
conventional type abutment design. If an integral abutment design is considered, the structure
will need to be supported on steel H-piles. The H-pile length below the abutment should be a
minimum of 5.0 m.

The integral abutment design requires that the piles possess flexibility in the upper 3 m of the pile
length. To provide the required flexibility, the upper 3 m of the piles should be surrounded by a
600 mm diameter column of loose sand as specified by the integral abutment design
requirements. A 600 mm diameter CSP may be used to contain the sand. An NSSP should be
included in the contract documents specifying the gradation of the sand according to Table 10-2.

Table 10-2: Integral Abutment Sand Backfill Grading

MTO Sieve Percent Passing
Designation (%)
#10 100
#30 80 — 100
#40 40 — 80
#60 5-25
#100 0-6
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10.2.3 Pile Installation

Driven piles must be installed in accordance with OPSS 903. The potential for conflict with the
existing steel piles must be checked.

As the piles are anticipated to be driven to bedrock, the pile tips of new piles driven at the site
should be protected from damage during driving with pile tip protection from an approved
manufacturer such as Titus Steel (standard H-Point) or approved equivalent.

Pile driving should be controlled in accordance with Standard Drawing SS 103-11 (Hiley Formula)
and an ultimate pile resistance should be specified by the designer. The Hiley formula need not
be used until the piles are within 2.0 m of the design pile tip elevation. 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”. The value of “R” should have a minimum value of twice the design load at ULS
as calculated by the Structural Engineer.

10.2.4 Downdrag

Should the grade raise be constructed using EPS backfill as outline in Section 9.4 little to no
stress increase is anticipated. Since no stress increase is to be applied to the underlying clay
layer no consolidation settlement is anticipated and therefore little downdrag loads will develop
along the piles.

Should the proposed grade raise be constructed using conventional granular materials an
analysis of the downdrag loads must be undertaken. Consideration of downdrag loads must then
be included in the pile design.

10.2.5 Frost Protection

The frost penetration depth at this site is 1.8 m as per OPSD 3090.101. Accordingly, a minimum
of 1.8 m of earth cover, or equivalent insulation, must be provided above the base of the pile caps
to serve as frost protection.

11 EARTH RETAINING STRUCTURES

Due to the settlement concerns associated with the grade raise of the embankments, the backfill
behind the abutments will consist primarily of EPS material. A mechanism for drainage behind
the abutment should be provided.

11.1 Static Lateral Earth Pressure Coefficients
The backfill pressures acting on the back of the abutment should consider both:

e The gravity loads of the EPS backfill and overlying pavement structure pressing
directly against the wall; and
e The active earth pressure from the soil behind the EPS backfill.

The methodology for assessing the pressures on the back of an abutment wall is described in
Section 6 of NCHRP Report 529. The vertical load of EPS blocks will result in negligible active
horizontal loading of the abutment wall. The horizontal pressure generated by the vertical stress
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imposed by the overlying pavement structure can be assumed to be equal to 0.1 times the vertical
stress.

The recommended lateral earth pressure parameters for the soil behind the EPS backfill for use
in the design for a horizontal back-slope are provided in Table 11-1.

Table 11-1: Static Lateral Earth Pressure Coefficients

OPSS Granular A & _
Parameter OPSS Granular B EX|§t|ng OPSS Granular
Fill B Type |
Type Il
Soil Unit Weight, kN/m3, y 21 20 20
Angle of Internal Friction, ¢ 35° 33° 32°
Interface Friction Angle, o o o
Soil to EPS, § 35 33 32
Coefficient of at Rest Earth
Pressure, K, (Restrained Wall) 0.43 0.46 0.47
Coefficient of Active Earth
Pressure, Ka (Unrestrained Wall) 0.27 0.29 0.31

For rigid structures, it is recommended that at-rest horizontal lateral earth pressures be used for
design. Active pressures should be used for the design of unrestrained walls. The ratio of wall
movement to wall height required to mobilize the active condition would be approximately 0.002.

For static analysis, passive earth resistance in front of the abutments should be ignored, and
therefore has not been provided. A lateral pressure due to backfill compaction should be added
to the calculated lateral earth pressure in accordance with Section 6.12.3 of the CHBDC.

11.2 Combined Static and Seismic Lateral Earth Pressure Parameters
The following recommendations are per Section C4.6.5 of the Commentary of the CHBDC which

states that seismically induced lateral soil pressures may be calculated using the Mononobe-
Okabe Method with:

kn = V2 F(PGA)*PGA for structures that allow lateral yielding, and
e kn=F(PGA)-PGA for non-yielding walls

For rigid structures, it is recommended that at-rest horizontal lateral earth pressures be used for
design. Active pressures should be used for the design of unrestrained walls. The ratio of wall
movement to wall height required to mobilize the active condition would be approximately 0.002.

The recommended seismic lateral earth pressure parameters for use in the design that are
provided in Table 11-2 assume the following:

o Horizontal back-slope behind the wall
e Seismic Site Class of E, and a PGA with a 2% probability of exceedance in 50 years
of 0.381 g; as outlined in Section 8.1
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Table 11-2: Lateral Earth Pressure (Under Seismic Loads)

OPSS Granular A & Existin OPSS
Parameter OPSS Granular B N9 | Granular
Fill
Type Il B Type |
Soil Unit Weight, KN/m3, y 21 20 20
Angle of Internal Friction, ¢ 35° 33° 32°
Interface Friction Angle, o o o
Soil to EPS, § 35 33 32
Yielding Wall
Dynam!c Active Earth Pressure 0.38 0.41 0.42
Coefficient, Kae
Non-Yielding Wall
Dynamic Active Earth Pressure
Coefficient, Kae 0.53 0.57 0.59

The total pressure due to combined static and seismic loads acting at a specific depth below the
top of the wall may be determined using the following equation that includes consideration of
material properties and the soil profile:

where:

oh = Kayd + (Kae - Ka) v (H - d)

on = lateral earth pressure at depth, d (kPa)

d = depth below the top of the wall (m)

Ka = static active earth pressure coefficient

y = unit weight of the backfill soil (kN/m?3)

Kae = combined static and seismic earth pressure coefficient
H = total height of the wall (m)

The horizontal coefficient of subgrade reaction of the EPS fill should be calculated based on the
following equation:

where:

K’eps = 0.14*Egps/ {H*(1 - v%eps)},

K’eps = horizontal coefficient of subgrade reaction (kN/m?)
Eeps = Young’s Modulus of EPS Blocks (kN/m?)

vers = Poisson’s Ratio of EPS Blocks (veps = 0.10)

H = Thickness (vertical) of EPS behind wall (m)

The horizontal pressure applied by the wall to the EPS fill must be smaller than the Elastic Limit
Stress of the EPS. A compressible geofoam inclusion may be considered where required to
ensure flexibility of the integral abutment system.

11.3 Backfill

Drainage

The parameters provided in Table 11-1 and 11-2 are based on the assumption that the backfill is
fully drained so that there are no unbalanced hydrostatic pressures. If adequate drainage cannot

be confirmed,
design.

the potential for buildup of hydrostatic pressures should be considered in the
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12 CEMENT TYPE AND CORROSION POTENTIAL

Three samples of the native soils were submitted to Paracel Laboratories in Ottawa, Ontario for
analysis of pH, water soluble sulphate and chloride concentrations, resistivity and conductivity.
The analysis was completed to determine the potential for degradation of the concrete in the
presence of soluble sulphates and the potential for corrosion of exposed steel used in foundations
and buried infrastructure. The analysis results are summarized in the Tables 12-1.

Table 12-1: Results of Chemical Analysis

o . RedOx
Borehole | Sample Depth | Sulphate oH Resistivity | Chloride Potential
(m) | (ko/9) (Ohm-m) | (ng/g) (mV)
204 SS4 2.2 145 7.4 12.8 274 391
205 SS3 1.8 38 7.6 16.3 323 -
207 SS8 4.2 174 8.0 17.5 65 -

The concentration of soluble sulphate provides an indication of the degree of sulphate attack that
is expected for concrete in contact with soil and groundwater at the site. Soluble sulphate
concentrations less than 1000 ug/g generally indicate that a low degree of sulphate attack is
expected for concrete in contact with soil and groundwater. Type GU Portland Cement should
therefore be suitable for use in concrete at this site.

The pH, resistivity and chloride concentration provide an indication of the degree of corrosiveness
of the sub-surface environment. The test results provided in the Table 12-1 may be used to aid in
the selection of coatings and corrosion protection systems for buried steel objects.

13 CONSTRUCTION CONSIDERATIONS
13.1 EXCAVATION

All excavations must be conducted in accordance with the requirements of the Occupational
Health & Safety Act & Regulations (OHSA) for Construction Projects. The fills at the site should
be classified as Type 3 in accordance with OHSA.

Subgrade preparation and placement of the EPS backfill and pile caps must be carried out in the
dry.

Selection of the equipment and methodology to excavate and prepare the founding surface is the
responsibility of the Contractor.

13.2 DEWATERING

All excavations for foundations must be dewatered prior to the placement of concrete, as per
OPSS 902.

The Contractor must be prepared to control the groundwater and surface water flow at the site to
permit construction in a dry and stable excavation. Water from either surface flow and/or
groundwater must be diverted away from the excavation at all times. Groundwater perched within
the embankment fill and, surface runoff will tend to seep into, and accumulate in proposed
excavations.
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The design of any dewatering system that may be required must be the responsibility of the
Contractor and the Contract Documents must alert them to this responsibility and the need to
engage a dewatering specialist.

13.3 Erosion Protection

Slope protection and drainage measures will be required to ensure the long-term surficial stability
of the embankment slopes. Normal slope vegetation should be established as soon as possible
after completion of the embankment fills in order to control surficial erosion in general accordance
with OPSS 804. The contractor should provide silt fences and erosion control blankets, as
required, throughout the duration of the construction to prevent silt/sediments from running off the
site as per OPSS 805.

13.4 CONSTRUCTION CONCERNS
Potential construction concerns include, but are not necessarily limited to, the following:

o Confirmation that the granular backfill is adequately placed and compacted to
specifications.
Confirmation that the EPS backfill is appropriately placed to specifications

o The Contractor's selection of construction equipment and methodology should include
assessment of the capability of the subgrade soils to support the proposed
construction equipment and any temporary structures or fill (i.e. as a pad for crane
support). Site conditions may limit the type of equipment suitable for use. The design
and safety of any temporary works is the responsibility of the Contractor.
Recommended wording for an NSSP addressing this issue is provided in Appendix H

The successful performance of the embankments will depend largely upon good workmanship
and quality control during construction. Observation of the excavation and backfilling operations
by the QVE will be required during construction to confirm that the foundation recommendations
are correctly implemented and material specifications are met.
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14 CLOSURE

Overall project management and direction of the field program was provided by Paul
Carnaffan, P.Eng. Interpretation of the field data and preparation of this report was completed by
Kenton Power, P.Eng. The report was reviewed by Paul Carnaffan, P.Eng. and Dr. P.K.
Chatterji, P.Eng., the Designated Principal Contact for MTO Foundations Projects.

Kenton C. Power, P.Eng.
Geotechnical Engineer

i

Paul Carnaffan, P.Eng.
Associate, Senior Geotechnical Engineer

P.K. Chatterji, P.Eng.
Review Principal, Designated MTO Contact
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APPENDIX A

BOREHOLE LOCATIONS AND SOIL STRATA DRAWINGS
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APPENDIX B

RECORD OF BOREHOLE SHEETS
BEDROCK CORE PHOTOGRAPHS
HISTORICAL PLAN OF BOREHOLE LOCATIONS (1960 FIELD INVESTIGATION)
HISTORICAL BOREHOLE LOGS (1960 FIELD INVESTIGATION)
SHEAR WAVE VELOCITY PROFILE
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Ministry of
Transportation

Ontario

THURBER
RECORD OF BOREHOLE No 201 10F 2 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 411.7 E 233 378.40RIGINATED BY JAG
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger / NQ Coring COMPILED BY KCP
DATUM _Geodetic DATE 2015.11.17 - 2015.11.17 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
E o | 3 [RESISTANCEPLOT — e S| REMARKS
5 nl|<3] & 20 40 60 80 100 |"™T  couenr MT| SO &
2| & LlzE| z \ : : : : wp w w | 5Z | cransizE
ELEV oo | H 3123 O |SHEAR STRENGTH kPa
DESCRIPTION eS| S| 2[352]| E e DISTRIBUTION
DEPTH |3~ >|38| < |© UNCONFINED ~ + FIELD VANE y )
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
55.8 w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
g-? 125 mm ASPHALT
’ Silty sand with gravel o
5.3 Dense 1 SS 40
05 Grey o
fwL_ . ______ 55
Silty sand
Dense 2 SS 34 o 0 88 12
Brown (SI+CL)
FILL
Some gravel below 1.2 m 3 SS | 100/ o
225mm 54
587
21 Silty sand with gravel
- frequent cobbles
Compact to very dense
Brown 4 SS 1" o
FILL 53
5 | SS 22 o 23 47 30
(SI+CL)
52
6 | SS 44 o
51
7| SS 50 o
8 | SS 64 o
50
- frequent cobbles from 6.1 mto 7.5 m 9 SS1007
75mm
49
10 | SS | 100/ °
275mm)
48
11 SS 11
47
46.6
9.1 SILTY SAND (SM) with gravel TILL
- frequent cobbles and boulders 12| ss 21 a 32 50 18
Compact to very dense (SI+CL)
Grey 10
46
Continued Next Page 20
+3 3. Numbers refer to 15$5
"7 Sensitivity To_ (%) STRAIN AT FAILURE
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Ministry of
Transportation

Ontario

THURBER
RECORD OF BOREHOLE No 201 20F 2 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 411.7 E 233 378.40RIGINATED BY JAG
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger / NQ Coring COMPILED BY KCP
DATUM _Geodetic DATE 2015.11.17 - 2015.11.17 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
E N RESISTANCE PLOT — Y REMARKS
= nl|<3] & 20 40 60 80 100 |™MT  comenw M| 5O &
2lel L] 913E] 2 \ : : : : wp w w | 5Z | cransizE
ELEV .ﬂ_- Q| a 2 S5 ,9 SHEAR STRENGTH kPa e DISTRIBUTION
DEPTH DESCRIPTION < ERS S123 < [o unconFineD + FIELD VANE ¥ %)
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
Continued From Previous Page u 20 40 60 80 100 20 40 €0 knm3 |GR SA sl cL
b
45
13| ss | 32
1o
44
0
14| ss | 51
b
43
I
42
Y15 | ss | 33 o 27 56 17
(SI+CL)
£ 41
N
11116 ss | 29 o
40
Y
i 39
17 | ss | 100/
o)
75mi
N
38
Y
18 | ss | 100/ o
175mm|
37
b
36.7
19.1 End of borehole on inferred bedrock
3 3. Numbers refer to 2
U Sensitvity 15{1%5 (%) STRAIN AT FAILURE




ONTMT4S BAINSVILLE.GPJ 2012TEMPLATE(MTO).GDT 1/6/16
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THURBER
RECORD OF BOREHOLE No 202 10F 3 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 410.1 E 233 374.50RIGINATED BY _SMP
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger / HQ Coring COMPILED BY KCP
DATUM _Geodetic DATE 2015.11.16 - 2015.11.17 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x W |RESISTANCE PLOT NATURAL - REMARKS
E %) < PLASTIC o T URE LiQuID .
5 nl|<3] & 20 40 60 80 100 |"™T  couenr MT| SO &
2| & LlzE| z \ : : : : wp w w | 5Z | cransizE
ELEV = = i 2[25| @ [SHEARSTRENGTHKPa R DISTRIBUTION
DEPTH DESCRIPTION g z |z S|33| £ |© UNCONFINED ~ + FIELD VANE ¥ %)
sl = z % O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
55.8 w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
g-? 125 mm ASPHALT
55' 4 Sitysand with gravel o 35 54 11
- Dense 1 sSs 33 (SI+CL)
05 Grey
fwL_ . ______ 55
Silty sand
Compact 2 SS 29 o
Brown
FILL
42,
15 Silty sand with gravel
Compact to very dense 3 ss 38 54 5
Brown
FILL
4| 88 | 17 o 32 4 24
5 (SIHCL)
5 SS 57 o
52
6 SS 57 o
-grey from4.5mto 53 m 51
7 SS 72 o
8 SS 50 o
50
9 SS 45
o
49
10 | SS | 100/
150mm| °
481
76 Sandy silt trace clay 48
Compact 11| ss 15 o 0 19 77 4
Brown
FILL
47
46.6
9.1 SAND SP-SM with silt some gravel el
Loose to dense ] 12 | ss 42 °
Brown oo
KN 46
Continued Next Page 20
+3 3. Numbers refer to 15$5
X7 Sensitivity %> (%) STRAIN AT FAILURE
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Ministry of
Transgé)rtation . l
Ontario THURBER
RECORD OF BOREHOLE No 202 20F3 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 410.1 E 233 374.50RIGINATED BY _SMP
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger / HQ Coring COMPILED BY KCP
DATUM _Geodetic DATE 2015.11.16 - 2015.11.17 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
E ” é RESISTANCE PLOT& PLASTIC MNQEE,;LE vao [ ':_: REMARKS
= nl|<3] & 20 40 60 80 100 |™MT  comenw M| 5O &
2lel L] 913E] 2 \ : : : : wp w w | 5Z | cransizE
ELEV DESCRIPTION .ﬂ_- Q| a 2 S5 ,9 SHEAR STRENGTH kPa e DISTRIBUTION
DEPTH SCRIPTIO < z| = 51325 < [© UNCONFINED + FIELD VANE y )
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
Continued From Previous Page u 20 40 60 80 100 20 40 €0 knm3 |GR SA sl cL
SAND SP-SM with silt some gravel 1.
Loose to dense °d°
Brown KR
K 45
{13 | ss | 18 o 1378 9
e (SI+CL)
e 44
9l1a| ss | 8 o
KK 43
425 KX
13.3 SILTY SAND (SM) with gravel TILL
Compact to very dense
- occasional cobbles and boulders -
Grey .10 42
15| SS 28 o
|
41
0|
16 | SS 40 o
: 40
|
|
39
17 | SS 39 o
0]
‘ 38
|
b 18 | SS 46 oH 30 47 18 5
37
0]
36
35.8 19 | SS | 100/
Continued Next Page 20
+3 3. Numbers refer to 15$5
X7 Sensitivity %> (%) STRAIN AT FAILURE




ONTMT4S BAINSVILLE.GPJ 2012TEMPLATE(MTO).GDT 1/6/16

Ministry of
Transportation

Ontario
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RECORD OF BOREHOLE No 202 30F3 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 410.1 E 233 374.50RIGINATED BY _SMP
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger / HQ Coring COMPILED BY KCP
DATUM _Geodetic DATE 2015.11.16 - 2015.11.17 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
E,| 3 RESISTANCE PLOT —— e MU | e | REMARKS
= nl|<3] & 20 40 60 80 100 |™MT  comenw M| 5O &
2% LlzE| z \ : : : : wp w w | 5Z | cransizE
ELEV & o o 2 S5 8 SHEAR STRENGTH kPa — e DISTRIBUTION
DEPTH DESCRIPTION < ERS S123 < [o unconFineD + FIELD VANE ¥ %)
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
Continued From Previous Page - u 20 40 60 80 100 20 40 €0 kN/m 3 (I;‘\’TJNSQ SI CL
19.9 mm
LIMESTONE BEDROCK TCR=100%
Fresh SCR=85%
Medium to thickly bedded 1 NQ RQD=55%
Good to excellent quality
35
RUN #2
TCR=73%
SCR=73%
RQD=63%
2 NQ
34
RUN #3
TCR=100%
33 SCR=97%
3 NQ RQD=31%
325
233 End of borehole
3 3. Numbers refer to 2
U Sensitvity 15{1%5 (%) STRAIN AT FAILURE
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THURBER
RECORD OF BOREHOLE No 203 10F 2 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 435.0 E 233 372.50RIGINATED BY JAG
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger / NQ Coring COMPILED BY CAM
DATUM _Geodetic DATE 2015.11.18 - 2015.11.18 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
E o | 3 [RESISTANCEPLOT — e S| REMARKS
5 nl|<3] & 20 40 60 80 100 |"™T  couenr MT| SO &
2| & LlzE| z \ : : : : wp w w | 5Z | cransizE
ELEV 'ﬂ_- m | 2 S5 8 SHEAR STRENGTH kPa — e DISTRIBUTION
DEPTH DESCRIPTION < z| = 51325 < [© UNCONFINED + FIELD VANE y )
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
48.9 w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
g-? 125 mm TOPSOIL S
' Sand with silt and gravel 1 SS 9 o 33 60 7
Loose (SI+CL)
Brown
482 FILL
08 T T T
Sand, trace silt, trace gravel 48
Compact to very loose 2 SS 10
Brown
Wet
FILL
Strong hydrocarbon odour noted from
0.76 mto1.4m 3 ss 8 o
47
4 SS 3 q 9 85 6
(SI+CL)
46
456 5 SS 17 o
34 SAND (SP-SM) with silt and gravel el
- occasional cobbles K
Compact to dense oo
Brown to grey qn
Wet oo 45
1] 6 SS 41 ¢} 35 54 1M
oo (SI+CL)
: : 7 SS 36 44 o
43.6 o e
5.3 SILTY SAND (SM) with gravel TILL
- ocassional cobbles 8 ss 41 °
Compact to very dense
Grey 10
43
9 SS 110 o
|2
42
0 10 | SS 35 o 41 49 10
(SI+CL)
o 11 SS 29 41 o
|2
(@)
40
0|
12 | SS 36 ¢} 20 55 21 4
39
Continued Next Page 20
+3 3. Numbers refer to 15$5
"7 Sensitivity 35> (%) STRAIN AT FAILURE
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WP# 4088-13-01

RECORD OF BOREHOLE No 203

LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 435.0 E 233 372.50RIGINATED BY JAG

20F2

ONTMT4S BAINSVILLE.GPJ 2012TEMPLATE(MTO).GDT 1/6/16

HWY 401 BOREHOLE TYPE _ Hollow Stem Auger / NQ Coring CAM
DATUM _Geodetic 2015.11.18 - 2015.11.18 KCP
DYNAMIC CONE PENETRATION
w
SOIL PROFILE SAMPLES w | § [RESISTANCEPLOT — oasne | NATURAL = REMARKS
= o MOISTURE = I &
5 wn|<E| o 20 40 60 L CONTENT zZ 9
olegl o B[2E] 2 ‘ ‘ : wp w 54 | cransize
ELEV 'ﬂ_- m| # 2 S a 8 SHEAR STRENGTH kPa s DISTRIBUTION
DEPTH DESCRIPTION < z |z >3 5 < | © UNCONFINED (%)
sl = z % O @ [e QuicK TRIAXIAL WATER CONTENT (%)
Continued From Previous Page u 20 40 60 20 40 GR SA Sl
SILTY SAND (SM) with gravel TILL
- ocassional cobbles
Compact to very dense
Grey
- cobbles from 9.0 mto 12.3 m 13| ss | 100/
38
T73rmim
37
36.6 14 | SS | 100/
123 LIMESTONE BEDROCK 150mm
Moderately weathered
Very thinly bedded
Very poor to poor qualit RUN #1
Ty poor fo poor quallty 1| NQ 36 TCR=79%
SCR=43%
RQD=17%
RUN #2
2 NQ TCR=94%
35.0 35 SCR=63%
7777777777777 = 0,
13.9 LIMESTONE BEDROCK RQD=25%
Fresh RUN #3
Thinly to medium bedded TCR=82%
Poor to fair quality 3 NQ SCR=61%
RQD=45%
34
4 NQ RUN #4
TCR=100%
33 SCR=98%
RQD=52%
32.6
16.4 End of borehole
Numbers refer to
Sensitivity (%) STRAIN AT FAILURE
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Ministry of
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Ontario

THURBER
RECORD OF BOREHOLE No 204 1 0OF 2 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 456.2 E 233 358.30RIGINATED BY JAG
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger / NQ Coring COMPILED BY CAM
DATUM _Geodetic DATE 2015.11.30 - 2015.11.30 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
E o | & [ResisTancEPLOT — N L TS
= nl|<3] & 20 40 60 80 100 |™MT  comenw M| 5O &
2% LlzE| z \ : : : : wp w w | 5Z | cransizE
ELEV 'ﬂ_- o o 2 S5 8 SHEAR STRENGTH kPa — e DISTRIBUTION
DEPTH DESCRIPTION < ERS S123 < [o unconFineD + FIELD VANE ¥ %)
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
49.0 w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
00| 125 mm TOPSOIL W 49
02 Silty sand trace gravel 1] SS 6 q 7 56 37
Loose (SI+CL)
Brown
FILL
2|88 | 6 48
475
15 CLAY (CL)
Stiff
3 SS 3 — o 5 15 57 23
Brown
47
4 SS 1 q
46.0 46
3.0 Sand (SP-SM) with silt and gravel el
Compact K
oo 2
Brown to Grey oo 5 ss 0
“le| ss | 18 45
ool 7 ss 19 o 31 59 10
- 44 (S+CL)
{8 | ss| 13 o
- 43
426 4 9 SS 29 o
6.4 SILTY SAND (SM) with gravel TILL
Compact to very dense
Grey
b
42
10 | SS 19 o
|2
1 SS 67 o
41
0]
P 40
12| SS | 53 ol 20 43 29 8
|2
Continued Next Page 20
+3 3. Numbers refer to 15$5
7 Sensitivity ° (%) STRAIN AT FAILURE




Ministry of
inistry of
Transportation . l

Ontario

ONTMT4S BAINSVILLE.GPJ 2012TEMPLATE(MTO).GDT 1/6/16

THURBER
RECORD OF BOREHOLE No 204 20F2 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 456.2 E 233 358.30RIGINATED BY JAG
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger / NQ Coring COMPILED BY CAM
DATUM _Geodetic DATE 2015.11.30 - 2015.11.30 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
E ” é RESISTANCE PLOT& PLASTIC MNQE:-:/;LE vao [ ':_: REMARKS
= nl|<3] & 20 40 60 80 100 |™MT  comenw M| 5O &
2% LlzE| z \ : : : : wp w w | 5Z | cransizE
ELEV .ﬂ_- m | 3 23 g SHEAR STRENGTH kPa - e DISTRIBUTION
DEPTH DESCRIPTION < ERS S123 < [o unconFineD + FIELD VANE ¥ %)
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
Continued From Previous Page u 20 40 60 80 100 20 40 60 kN'm3 |GR SA SI CL
39
SILTY SAND (SM) with gravel TILL
Compact to very dense
Grey i
O
13| SS 49 38
| o)
0]
37
14 | SS 39 ¢]
b
36
|2
35.6 :
13.5 LIMESTONE BEDROCK 1] NQ
Thinly bedded
Slightly weathered
Poor to fair quality 35
RUN #2
2 NQ TCR=78%
SCR=48%
RQD=33%
34
RUN #3
3| Na 3 TCR=97%
SCR=93%
RQD=67%
323
16.8 End of borehole
£33 %38, Numbers refer to 15{2g5

Sensitivity 10 (%) STRAIN AT FAILURE



ONTMT4S BAINSVILLE.GPJ 2012TEMPLATE(MTO).GDT 1/6/16

Ministry of
Transportation

Ontario

THURBER
RECORD OF BOREHOLE No 205 10F 2 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 478.9 E 233 345.10RIGINATED BY JAG
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger / NQ Coring COMPILED BY CAM
DATUM _Geodetic DATE 2015.11.16 - 2015.11.17 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
E o | 3 [RESISTANCEPLOT — e S| REMARKS
5 nl|<3] & 20 40 60 80 100 |"™T  couenr MT| SO &
2| & LlzE| z \ : : : : wp w w | 5Z | cransizE
ELEV oo | H 3123 O |SHEAR STRENGTH kPa
DESCRIPTION eS| S| 2[352]| E e DISTRIBUTION
DEPTH |3~ >|38| < |© UNCONFINED  + FIELD VANE ¥ %)
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
48.6 w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
0.0[ 200 mm ToPSOIL Ll
0.2 Silt some sand trace clay 1 SS 5 ©
Loose to compact
Brown 48
FILL
2 SS 11 o 0 13 83 4
47.0 pu
15 CLAY (CL)
Soft to firm
Grey 3 SS 3 — o 2 16 45 37
4| ss | wH 46
80
hd
80
45—+
-Thin gravel layer at 3.9 m
5 SS 19 o
44.0 44
4.6 SILTY SAND (SP-SM) trace gravel
Compact 6 ss 11 '} 6 84 10
Grey (SI+CL)
43.2
5.3 SILTY SAND (SM) with gravel TILL
43
Compact to very dense 7 ss ” 17 48 26 9
Grey
| o
8 SS 23 q
| e 42
0 9 SS 24
41
- cobbles and boulders from 7.6 m to
128m 1 bl10] ss | 12
IR 40
11 SS 42 o
0|
39
Continued Next Page 20
+3 3. Numbers refer to 15$5
"7 Sensitivity 35> (%) STRAIN AT FAILURE




Ministry of
inistry of
Transportation . l

Ontario

ONTMT4S BAINSVILLE.GPJ 2012TEMPLATE(MTO).GDT 1/6/16

THURBER
RECORD OF BOREHOLE No 205 20F2 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 478.9 E 233 345.10RIGINATED BY JAG
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger / NQ Coring COMPILED BY CAM
DATUM _Geodetic DATE 2015.11.16 - 2015.11.17 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
E o | 3 [RESISTANCEPLOT — Y REMARKS
5 nl|<3] & 20 40 60 80 100 |"™T  couenr MT| SO &
Sl L B(ZE| 2 \ : : : : wp w w | 5Z | cransizE
ELEV .ﬂ_- m | o 3 23 g SHEAR STRENGTH kPa - e DISTRIBUTION
DEPTH DESCRIPTION < ERS S123 < [o unconFineD + FIELD VANE ¥ %)
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
Continued From Previous Page u 20 40 60 80 100 20 40 €0 knm3 |GR SA sl cL
SILTY SAND (SM) with gravel TILL
Compact to very dense 12| ss 20 °
Grey b
. 38
| o)
37
13| SS | 100/
I 225m 21 42 30 7
1l 36
35.7
12.8 LIMESTONE BEDROCK
Sllghtlylto moderately weathered RUN #1
Very thinly bedded TCR=93%
i 1| NQ ooy
Poor quality SCR=68%
35 RQD=35%
@7
13.8 LIMESTONE BEDROCK
Fresh
Thinly to medium bedded
Fair quality
RUN #2
2 | NQ 34 TCR=95%
SCR=84%
RQD=56%
33 RUN #3
3| Na TCR=100%
SCR=97%
RQD=72%
32.3
16.2 End of borehole
20
£33 %38, Numbers refer to 15$5

Sensitivity 10 (%) STRAIN AT FAILURE



ONTMT4S BAINSVILLE.GPJ 2012TEMPLATE(MTO).GDT 1/6/16

Ministry of
Transportation

Ontario

THURBER
RECORD OF BOREHOLE No 206 10F 2 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 467.3 E 233 337.40RIGINATED BY JAG
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger / Casing COMPILED BY CAM
DATUM _Geodetic DATE 2015.11.17 - 2015.11.17 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
E o | 3 [RESISTANCEPLOT — e MU g REMARKS
= nl|<3] & 20 40 60 80 100 |™MT  comenw M| 5O &
2% LlzE| z \ : : : : wp w w | 5Z | cransizE
ELEV 'ﬂ_- m | 2 S5 8 SHEAR STRENGTH kPa — e DISTRIBUTION
DEPTH DESCRIPTION < z| = 51325 < [© UNCONFINED + FIELD VANE y )
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
48.3 w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
0.0] 150 mm TOPSOIL Ll
0.2 L 48
Silt with sand trace gravel 1 SS 8 o 8 16 70 6
Loose to compact
Brown
FILL
2 SS 16 o
47
464 3 SS 3 o
1.8 CLAY (CH)
Soft to firm
Grey 46
Wet
11.0
+
45
4 | TW | Push
8q
5 SS WH | | 0 0 27 73
44
6.0
b
-Thin sand layer at 5.0 m
43
6 SS | WH o
42
7 TW | Push
a7 us
6.6 SILTY SAND (SP-SM) with gravel el
Loose K
Grey B
Wet °q°
°4°y 8 SS 6 e/ 20 30 42 8
4 41
40.3 9| ss| 8 °
7.9 SILTY SAND (SM) with gravel TILL
- occasional cobbles and boulders
Dense to very dense 40
Grey 10
|2
. 10 [ SS | 100/ 39
100mm|
0]
Continued Next Page 20
+3 3. Numbers refer to 15$5
"7 Sensitivity 35> (%) STRAIN AT FAILURE




ONTMT4S BAINSVILLE.GPJ 2012TEMPLATE(MTO).GDT 1/6/16

Ministry of
Transportation

Ontario

THURBER
RECORD OF BOREHOLE No 206 20F2 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 467.3 E 233 337.40RIGINATED BY JAG
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger / Casing COMPILED BY CAM
DATUM _Geodetic DATE 2015.11.17 - 2015.11.17 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
E,| 3 RESISTANCE PLOT —— e MU | e | REMARKS
= nl|<3] & 20 40 60 80 100 |™MT  comenw M| 5O &
2% LlzE| z \ : : : : wp w w | 5Z | cransizE
ELEV & o o 2 S5 8 SHEAR STRENGTH kPa — e DISTRIBUTION
DEPTH DESCRIPTION < ERS S123 < [o unconFineD + FIELD VANE ¥ %)
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
Continued From Previous Page u 20 40 60 80 100 20 40 €0 knm3 |GR SA sl cL
SILTY SAND (SM) with gravel TILL
Dense to very dense 38
Grey | I
| o)
I1111] ss | 42 37
0]
36
1l
12| ss 66 o 42 47 1
(Sl+CL)
35.2
13.0 End of borehole on inferred bedrock
20
3 3. Numbers refer to
U Sensitvity 15{1%5 (%) STRAIN AT FAILURE




ONTMT4S BAINSVILLE.GPJ 2012TEMPLATE(MTO).GDT 1/6/16

Ministry of
Transgé)rtation . l
Ontario THURBER
RECORD OF BOREHOLE No 207 10F 4 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 497.0 E 233 339.1ORIGINATED BY _SMP
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger / HQ Coring / Downhole Seismic Testing COMPILED BY CAM
DATUM _Geodetic DATE 2015.11.09 - 2015.11.10 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
E ” é RESISTANCE PLOT & PLASTIC MNQ‘T;:/;LE vao [ ':_: REMARKS
= nl|<3] & 20 40 60 80 100 |™MT  comenw M| 5O &
2% LlzE| z \ : : : : wp w w | 5Z | cransizE
ELEV = = i 2[25| @ [SHEARSTRENGTHKPa R DISTRIBUTION
DEPTH DESCRIPTION < ERS S123 < [o unconFineD + FIELD VANE ¥ %)
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
49.2 w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
0.0 Sand with silt and gravel :" :"
Compact 1 ss | 17 [ I 49 o 42 48 10
Grey A (SI+CL)
FILL e
485
0.8 Sandy silt with gravel
E‘:gvsvi to compact 2 | ss o 18 31 51
(SI+CL)
FILL 48
3 SS o
47.0 47
23 SANDY SILT (ML)
Compact 4| ss ° 0 13 87
Grey (SI+CL)
46.2
3.0 CLAY (CH) "
Soft to stiff 5 ss dJ
Grey
+
45
+
8| ss [ |° 0 0 31 69
44
L
+
43
11| SS '}
42 i
-Gravely region within clay from 7.6 m
t08.8m 14| ss °
4
+
40.1
9.1 SILTY SAND (SM) with gravel TILL 40
- occasional cobbles 16| ss °
Compact to very dense
Grey 10
Continued Next Page 20
+3 3. Numbers refer to 15$5
X7 Sensitivity %> (%) STRAIN AT FAILURE




Ministry of
inistry of
Transportation . l

Ontario

ONTMT4S BAINSVILLE.GPJ 2012TEMPLATE(MTO).GDT 1/6/16

THURBER
RECORD OF BOREHOLE No 207 20F4 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 497.0 E 233 339.1ORIGINATED BY _SMP
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger / HQ Coring / Downhole Seismic Testing COMPILED BY CAM
DATUM _Geodetic DATE 2015.11.09 - 2015.11.10 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
E o | 3 [RESISTANCEPLOT — e MU g REMARKS
= nl|<3] & 20 40 60 80 100 |™MT  comenw M| 5O &
2lel L] 913E] 2 \ : : : : wp w w | 5Z | cransizE
ELEV DESCRIPTION .ﬂ_- Q| a 2 S5 ,9 SHEAR STRENGTH kPa e DISTRIBUTION
DEPTH < z| = >13 5 < | © UNCONFINED + FIELD VANE y (%)
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
Continued From Previous Page u 20 40 60 80 100 20 40 60 kN'm3 |GR SA SI CL
SILTY SAND (SM) with gravel TILL 39
- occasional cobbles
Compact to Very Dense i
Grey
17 | SS 26 ©
|10 38
0]
37
18 | SS 15 o 35 48 17
o (SI+CL)
b 36
19| SS | 100/ o
35.1 i :0 225
14.2 35 RUN #1
LI!VIESTONE BEDROCK TCR=88%
Slightly to moderately weathered 1 HQ SCR=70%
Very thinly to thinly bedded RQD=57%
Very poor to fair quality
RUN #2
TCR=100%
2 HQ 34 SCR=8%
=0
7l RQD=0%
15.5 LIMESTONE BEDROCK
Fresh RUN #3
Medium to thickly bedded 3 | Ha TCR=67%
Poor to excellent quality SCR=60%
RQD=45%
33
RUN #4
4 HQ TCR=100%
2 SCR=98%
RQD=65%
31
RUN #5
5 HQ TCR=88%
SCR=88%
RQD=55%
30
Continued Next Page : 20
£33 %38, Numbers refer to 15$5

Sensitivity 10 (%) STRAIN AT FAILURE



ONTMT4S BAINSVILLE.GPJ 2012TEMPLATE(MTO).GDT 1/6/16

Ministry of
Transportation

Ontario

THURBER

WP#
HWY

4088-13-01

401

DATUM _Geodetic

RECORD OF BOREHOLE No 207

LOCATION

BOREHOLE TYPE _ Hollow Stem Auger / HQ Coring / Downhole Seismic Testing

DATE

30F4

METRIC

Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 497.0 E 233 339.1ORIGINATED BY _SMP

COMPILED BY

2015.11.09 - 2015.11.10

CHECKED BY

CAM

KCP

SOIL PROFILE

SAMPLES

ELEV

DEPTH

DESCRIPTION

Continued From Previous Page

STRAT PLOT

NUMBER

TYPE

"N" VALUES

GROUND WATER
CONDITIONS
ELEVATION SCALE

DYNAMIC CONE PENETRATION

RESISTANCE PLOT &

%0 4‘0 6‘0 SP

190

SHEAR STRENGTH kPa
O UNCONFINED +
® QUICK TRIAXIAL

20 40 60 80

FIELD VANE
X LAB VANE

100

PLASTIC
LIMIT

wp

NATURAL
MOISTURE
CONTENT
\

LiQuip
LIMIT

wiL

00—

WATER CONTENT (%)

20

40

60

UNIT
WEIGHT

kN/m 3

REMARKS
&
GRAIN SIZE
DISTRIBUTION
(%)

GR SA SI CL

LIMESTONE BEDROCK
Fresh

Medium to thickly bedded
Fair to excellent quality

(o2}

HQ

HQ

HQ

10

HQ

1"

HQ

12

HQ

28

27

26

25

24

23

22

21

20

RUN #6

TCR=100%
SCR=100%
RQD=100%

RUN #7
TCR=100%
SCR=100%
RQD=95%

RUN #8

TCR=97%
SCR=66%
RQD=56%

RUN #9

TCR=98%
SCR=83%
RQD=56%

RUN #10
TCR=100%
SCR=100%
RQD=93%

RUN #11

TCR=100%
SCR=100%
RQD=100%

RUN #12
TCR=100%
SCR=100%
RQD=91%

Continued Next Page

+3 %3,

Numbers refer to
Sensitivity 10

20

1585

(%) STRAIN AT FAILURE




ONTMT4S BAINSVILLE.GPJ 2012TEMPLATE(MTO).GDT 1/6/16

Ministry of
Transportation

Ontario

THURBER
RECORD OF BOREHOLE No 207 40F4 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 497.0 E 233 339.1ORIGINATED BY _SMP
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger / HQ Coring / Downhole Seismic Testing COMPILED BY CAM
DATUM _Geodetic DATE 2015.11.09 - 2015.11.10 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
ﬁ ” é RESISTANCE PLOT & PLASTIC MNQL%,;LE vao [ ':_: REMARKS
= nl|<3] & 20 40 60 80 100 |™MT  comenw M| 5O &
2lel L] 913E] 2 \ : : : : wp w w | 5Z | cransizE
ELEV .ﬂ_- Q| a 2 S5 ,9 SHEAR STRENGTH kPa e DISTRIBUTION
DEPTH DESCRIPTION < ERS S123 < [o unconFineD + FIELD VANE ¥ %)
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
Continued From Previous Page u 20 40 60 80 100 20 40 60 kN'm3 |GR SA SI CL
LIMESTONE BEDROCK 19
Fresh
Medium to thickly bedded RUN #13
Fair to excellent quality TCR=98%
SCR=98%
RQD=98%
18
RUN #14
TCR=100%
SCR=91%
RQD=86%
16.9 7
324 End of borehole
Downhole seismic testing conducted
on January 20, 2016
Well construction details:
0-32.4 m - 50 mm inside diameter
PVC pipe
PVC pipe was encased in grout along
entire length as per ASTM D7400
3 3. Numbers refer to 2
U Sensitvity 15{1%5 (%) STRAIN AT FAILURE




ONTMT4S BAINSVILLE.GPJ 2012TEMPLATE(MTO).GDT 1/6/16

Ministry of
Transportation

Ontario

THURBER
RECORD OF BOREHOLE No 208 1 0OF 2 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 487.5 E 233 322.1ORIGINATED BY _SMP
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY CAM
DATUM _Geodetic DATE 2015.11.11 - 2015.11.11 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
E o | 3 [RESISTANCEPLOT — e MU g REMARKS
5 nl|<3] & 20 40 60 80 100 |"™T  couenr MT| SO &
2| & LlzE| z \ : : : : wp w w | 5Z | cransizE
ELEV .ﬂ_- m | 2 S a g SHEAR STRENGTH kPa s DISTRIBUTION
DEPTH DESCRIPTION < z| = 51325 < [© UNCONFINED + FIELD VANE y )
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
49.1 w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
00| 225 mm TOPSOIL NL 49 S
0.2 Silty sand with gravel 1] 88 | 12
Loose to compact o 32 53 15
Brown (SI+CL)
FILL
2 SS 5 48
47.6
15 SILT (ML) with sand
Compact 3 ss 15 Vi o 0 21 79
Grey = (SI+CL)
47
46.7
o]
24 :II;tTY (f:_LAY 4| ss | 3
oft to firm - o 0 1 39 60
Grey
46 513
2
64
2
7 | ST |Push 45
8 SS | WH o
44
+
4.4
ird
43
1l ss | wh I Jo 0 4 3165
+
42
-Gravely region within clay from 7.6 m
t08.2m 14| ss | 2 9
41
40.8
8.3 i
SILTY SAND (SM) with gravel TILL 25mm
- occasional cobbles
Compact to very dense .
Grey 1.0
40
|16 | ss | 12
Continued Next Page 20
+3 3. Numbers refer to 15$5
"7 Sensitivity 35> (%) STRAIN AT FAILURE




ONTMT4S BAINSVILLE.GPJ 2012TEMPLATE(MTO).GDT 1/6/16

Ministry of
Transportation

Ontario

THURBER
RECORD OF BOREHOLE No 208 20F2 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 487.5 E 233 322.1ORIGINATED BY _SMP
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY CAM
DATUM _Geodetic DATE 2015.11.11 - 2015.11.11 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
E o | 3 [RESISTANCEPLOT — st Mol | REMARKS
= nl|<3] & 20 40 60 80 100 |™MT  comenw M| 5O &
2lel L] 913E] 2 \ : : : : wp w w | 5Z | cransizE
ELEV .ﬂ_- Q| a 2 S5 ,9 SHEAR STRENGTH kPa e DISTRIBUTION
DEPTH DESCRIPTION < z| = 51325 < [© UNCONFINED + FIELD VANE y )
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
Continued From Previous Page u 20 40 60 80 100 20 40 €0 knm3 |GR SA sl cL
SILTY SAND (SM) with gravel TILL 39
- occasional cobbles
Compact to very dense b
Grey ’
17 | SS 34 ¢}
. [ | 38
v H
0 =
H 37
18 | SS 51 E o 26 56 18
36.4 .10 — (SI+CL)
127 End of borehole on inferred bedrock
Groundwater measured at 1.9 m BGS
on December 7, 2015
3 3. Numbers refer to 2
U Sensitvity 15{1%5 (%) STRAIN AT FAILURE




ONTMT4S BAINSVILLE.GPJ 2012TEMPLATE(MTO).GDT 1/6/16

Ministry of
Transgé)rtation . l
Ontario THURBER
RECORD OF BOREHOLE No 209 10F 3 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 533.0 E 233 309.70RIGINATED BY _SMP
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger / NQ Coring COMPILED BY CAM
DATUM _Geodetic DATE 2015.11.12 - 2015.11.13 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
E ” é RESISTANCE PLOT& PLASTIC MNQE.:/;LE vao [ ':E REMARKS
5 nl|<3] & 20 40 60 80 100 |"™T  couenr MT| SO &
= e : : ‘ : ‘ wp w we | 5L | cransize
ELEV 24| w | 3|c5| & [SHEARSTRENGTHKPa
DESCRIPTION eS| S| 2[352]| E e DISTRIBUTION
DEPTH <3| £ | 5[33| < [o unconrnep  + FiELD vANE ¥ %)
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
54.6 w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
8-? 125 mm ASPHALT
' Sand with gravel trace silt 1| ss | 49 o 33 64 3
Dense (SI+CL)
Brown 54
Moist
FiLL 2 | ss | 100/
54 300m ©
1.2 Sand with silt trace gravel
Compact
Brown 53
FILL
3 SS 30 o 1 9 8
(SI+CL)
4 SS 12 52 o
o]
L T ——— 5| ss | 18
34 Silty sand with gravel
Very loose to very dense 51
Brown
FILL
6 SS 3 o 30 46 24
(SI+CL)
50
7 SS 59 o
492
53 Silty gravel with sand
- occasional cobbles 8 ss 33 49 5 40 39 21
Dense to very dense (SI+CL)
Grey
FILL
9 SS 55 o
48
10 SS 100/
75mm
47
46.8 o
7.8 SILT (ML), trace organics
’ 1 2
Compact sS 3 9 3 9 75 13
Greyish Green
46
12 | SS 7 o 0 16 79 5
45
Continued Next Page 20
+3 3. Numbers refer to 15$5
7 Sensitvity & (%) STRAIN AT FAILURE




ONTMT4S BAINSVILLE.GPJ 2012TEMPLATE(MTO).GDT 1/6/16

Ministry of
Transportation

Ontario

THURBER
RECORD OF BOREHOLE No 209 20F3 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 533.0 E 233 309.70RIGINATED BY _SMP
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger / NQ Coring COMPILED BY CAM
DATUM _Geodetic DATE 2015.11.12 - 2015.11.13 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x W |RESISTANCE PLOT NATURAL - REMARKS
o) 6 & PLASTIC o oRe vauo |t
5 o |23 & 20 40 60 80 100 LMT - conrenr  MMT S O &
2| & LlzE| z \ : : : : wp w w | 5Z | cransizE
ELEV 'ﬂ_- m | 2 S a 8 SHEAR STRENGTH kPa s DISTRIBUTION
DEPTH DESCRIPTION < ERS S123 < [o unconFineD + FIELD VANE ¥ %)
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
Continued From Previous Page u 20 40 60 80 100 20 40 €0 knm3 |GR SA sl cL
SILT (ML), trace organics
Compact
Greyish Green
43.9 44
10.7 CLAY (CH)
Soft to firm 13| ss | wH | e — | 0 1 35 64
Grey
43 +
i]
1 WH o
6| SS 1
+
+
41
19| SS | WH o
40 T
+
22| SS | WH 39 o
+
iﬁ
38
25| SS | WH | b 0 0 16 84
- with gravel from 18.1 mto 19.2 m 37
27 | SS WH 36
35.4 sa | oo | 4oo,
28——S5——106¢
19.2 LIMESTONE BEDROCK + el
mm
- occasional shale seams
Moderately weathered 35
Laminated to thinly bedded
Poor quality
Continued Next Page 20
+3 3. Numbers refer to 15$5
X7 Sensitivity %> (%) STRAIN AT FAILURE




ONTMT4S BAINSVILLE.GPJ 2012TEMPLATE(MTO).GDT 1/6/16

Ministry of
Transportation

Ontario

THURBER
RECORD OF BOREHOLE No 209 30F3 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 533.0 E 233 309.70RIGINATED BY _SMP
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger / NQ Coring COMPILED BY CAM
DATUM _Geodetic DATE 2015.11.12 - 2015.11.13 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o w | RESISTANGE PLOT — | Remarks
w %) < PLASTIC LiQuID
= O LIMIT MOISTURE wr| E 5 &
= o |<E| @ 20 40 60 80 100 CONTENT zZ 9
2lel L] 913E] 2 \ : : : : wp w w | 5Z | cransizE
ELEV DESCRIPTION .ﬂ_- Q| a 2 S5 ,9 SHEAR STRENGTH kPa e DISTRIBUTION
DEPTH < z| = >3 5 < | © UNCONFINED + FIELD VANE y %)
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
Continued From Previous Page u 20 40 60 80 100 20 40 60 kN'm3 |GR SA SI CL
RUN#2
LIMESTONE BEDROCK 2| Na TCR=43%
ional shall SCR=32%
- occaslonal shale seams RQD=20%
Moderately weathered 34
Laminated to thinly bedded
Poor quality
33 RUN #3
3 | NQ TCR=80%
SCR=55%
RQD=28%
322
224 LIMESTONE BEDROCK 32
Fresh
Medium to thickly bedded
Good quality
RUN #4
4 | NQ TCR=95%
SCR=95%
RQD=75%
31
306
24.0 End of borehole
3 3. Numbers refer to 2
U Sensitvity 15{1%5 (%) STRAIN AT FAILURE




ONTMT4S BAINSVILLE.GPJ 2012TEMPLATE(MTO).GDT 1/6/16

Ministry of
Transportation

Ontario

THURBER
RECORD OF BOREHOLE No 210 10F3 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 530.9 E 233 305.70RIGINATED BY _SMP
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY CAM
DATUM _Geodetic DATE 2015.11.13 - 2015.11.13 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
E o | 3 [RESISTANCEPLOT — e S| REMARKS
= nl|<3] & 20 40 60 80 100 |™MT  comenw M| 5O &
2% LlzE| z \ : : : : wp w w | 5Z | cransizE
ELEV 'ﬂ_- m | 2 S5 8 SHEAR STRENGTH kPa — e DISTRIBUTION
DEPTH DESCRIPTION < z| = 51325 < [© UNCONFINED + FIELD VANE y )
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
54.6 w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
g-? 125 mm ASPHALT
’ Silty sand with gravel 1 SS 57 o
Very dense
Grey 54
FILL
2 SS 100/
275mm o 27 63 10
(SI+CL)
80
15 Sand with sit 53
Compact to dense 3 ss 34 ° 0 89 1
Brown (SI+CL)
FILL
4 SS 19 52 19}
5 SS 24 o
s9 51
37 Silty sand with gravel
- occasional cobbles
Very loose to very dense 6 ss 3 30 44 24
Brown to grey (SI+CL)
Moist
FILL
7 | ss | 100/ %0 B
125mm)|
- Grey from 5.3 m
8| ss | 28 49 o
9 SS 66 o
48
10 | SS 21 ¢} 34 47 19
(SI+CL)
47
46.8
7.8 SILT (ML), trace organics 1] ss | s5
Compact to dense
Greyish green
Wet
- Hydrocarbon odour noted from
7.8mto8.4m 46
12 | SS 10 o} 0 12 81 7
45
44.7
Continued Next Page 20
+3 3. Numbers refer to 15$5
"7 Sensitivity 35> (%) STRAIN AT FAILURE




ONTMT4S BAINSVILLE.GPJ 2012TEMPLATE(MTO).GDT 1/6/16

Ministry of
Transportation

Ontario

THURBER
RECORD OF BOREHOLE No 210 20F3 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 530.9 E 233 305.70RIGINATED BY _SMP
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY CAM
DATUM _Geodetic DATE 2015.11.13 - 2015.11.13 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
E o | 3 [RESISTANCEPLOT — st Mol | REMARKS
= nl|<3] & 20 40 60 80 100 |™MT  comenw M| 5O &
2% LlzE| z \ : : : : wp w w | 5Z | cransizE
ELEV 'ﬂ_- m | 3 23 8 SHEAR STRENGTH kPa - e DISTRIBUTION
DEPTH DESCRIPTION < ERS S123 < [o unconFineD + FIELD VANE ¥ %)
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
Continued From Previous Page u 20 40 60 80 100 20 40 60 kN'm3 |GR SA SI CL
9.9 CLAY (CH)
Firm 13| SS | WH o
Grey
44
43 t
+
1 WH o
6| SS 42
4
+
+
40
19| SS | WH F——r—|o 0 2 18 80
39
62
$.4
38
22| SS WH o
37
- with gravel from 18.1 mto 19.2 m
36
355
19.1 SILTY SAND (SM) with gravel TILL o
- frequent cobbles 25 | ss 46 ° 43 35 16 6
Dense
Grey 4 35
[e]
) 26 | SS | 100/
Continued Next Page 20
+3 3. Numbers refer to 15$5
X7 Sensitivity %> (%) STRAIN AT FAILURE




ONTMT4S BAINSVILLE.GPJ 2012TEMPLATE(MTO).GDT 1/6/16

Ministry of
Transportation

Ontario

THURBER
RECORD OF BOREHOLE No 210 30F3 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: N 5004 530.9 E 233 305.70RIGINATED BY _SMP
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY CAM
DATUM _Geodetic DATE 2015.11.13 - 2015.11.13 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o w [RESISTANGE PLOT =" e | remares
E2 6 MOISTURE - I
= wl|<2| 8 20 40 60 80 100 WM ovtenr  MT S5 O &
2% A \ : : : : wp w w | 5Z | cransizE
ELEV = = i 2[25| @ [SHEARSTRENGTHKPa R DISTRIBUTION
DEPTH DESCRIPTION < ERS S123 < [o unconFineD + FIELD VANE ¥ %)
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
e Continued From Previous Page = . u 20 40 60 80 100 20 40 €0 knm3 |GR SA sl cL
- O35mm
3 End of borehole on inferred bedrock
20
3 3. Numbers refer to
U Sensitvity 15{1%5 (%) STRAIN AT FAILURE




ONTMT4S BAINSVILLE.GPJ 2012TEMPLATE(MTO).GDT 1/6/16

Ministry of
Transportation

Ontario

THURBER
RECORD OF BOREHOLE No 205A 10F1 METRIC
WP# 4088-13-01 LOCATION Highway 401 Underpass at Bainsville Rd., MTM Zone 8: ORIGINATED BY JAG
HWY 401 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY CAM
DATUM _Geodetic DATE 2015.11.17 - 2015.11.17 CHECKED BY KCP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
i ol = RESISTANCE PLOT & PLasTc  NATURAL LiQuiD E REMARKS
[ o MOISTURE = T
5 o |23 & 20 40 60 80 100 LMT - conrenr  MMT S O &
2| & LlzE| z \ : : : : wp w w | 5Z | cransizE
ELEV 24| w | 3|c5| & [SHEARSTRENGTHKPa
DESCRIPTION eS| S| 2[352]| E e DISTRIBUTION
DEPTH é S [ > 8 5 ; O UNCONFINED + FIELD VANE ¥ (%)
sl = z|g O @ |[e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
48.6 w 20 40 60 80 100 20 40 60 kN/m3 |GR SA SI CL
00|  TOPSOIL (200mm) NI
0.2 SILTY SAND
Loose to Compact
Brown 48
Moist
47.0 47
15 SILTY CLAY
Soft to Very Soft
Grey
Wet
1 T™W
46
2 T™W
44.9 45
3.7 End of Borehole at 3.7 m
3 3. Numbers refer to 2
U Sensitvity 15{1%5 (%) STRAIN AT FAILURE
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TRy

e

HQ 1 Start
elev. 35.1 m

Borehole 207
HQ 1 to 5 (of 14)
Elevation 35.1 mto 31.3 m

HQ 2 Start
elev. 343 m

IREEEEES
e

HQ 3 End
£ elev.32.9 m [ME

HQ 4 start
5 elev.329m

HQ 4 End
elev. 31.3 m

HQS5sStart |
elev. 31.3 m

= elev.343m |

DA I

THURBER ENGINEERING LTD.

Foundation Investigation
Highway 401 — Bainsville Underpass
Site 31-241
Township of Lancaster, Ontario

GWP: 4027-14-00

Project No.: 19-5161-263




-sivi-2es

99 .

SR

i

HQ 5 End
elev. 29.8 m

| elev.343m

HQ 6 Start

Elevation 29.8 m to 25.2 m

Borehole 207
HQ 5 to 9 (of 14)

HQ 7 End HQ 8 Start
elev.26.8m [ | elev.26.5m [

HQ 8 End
elev.25.2m |

HQ 9 Start P
elev. 25.2 m

=

s
fpd

=2

THURBER ENGINEERING LTD.

Foundation Investigation
Highway 401 — Bainsville Underpass
Site 31-241
Township of Lancaster, Ontario

GWP: 4027-14-00

Project No.: 19-5161-263




Borehole 207
HQ9 to 12 (of 14)
Elevation 23.7 mto 19.3 m

5

19-5161-2L3

™ 157 : =
e
b - pe s S 4 : e
D o Y e By HQ 9 End | Ha1ostart
5 ks elev.23.7m | | elev.23.7m

HQ 7 Start HQ10End g
e ) elev. 28.3 m : elev. 22.3 m
HQ 11 Start | 15 &
elev. 223 m i ; HQ 11 End
4 s Eo . o e — ; - Z = werp— elev. 20.7 m

HQ12End |
| elev.19.3m

"l HQ12Sstart
T elev.20.7 m

» .
B o-95°2"
e 10, 2016 4

Foundation Investigation
Highway 401 — Bainsville Underpass

HR
Project No.: 19-5161-263

GWP: 4027-14-00

Township of Lancaster, Ontario

THURBER ENGINEERING LTD.




L"-'F(u-vns |
E et
= B % J
HQ13 Start |
elev. 19.3 m

— 5 -

HQ 14 Start
elev. 17.8 m

Borehole 207
HQ 13 to 14 (of 14)
Elevation 19.3 mto 16.9 m

2 HQ13End |,
| elev.17.8 m

S HQ14End
elev. 16.9 m

THURBER ENGINEERING LTD.

Foundation Investigation
Highway 401 — Bainsville Underpass
Site 31-241
Township of Lancaster, Ontario

GWP: 4027-14-00

Project No.: 19-5161-263




cuens DEPARTMENT OF HIGHWAYS=ONT. [rame aoALKs . ASSOCIATED GEOTECHNICAL SERVICES
._\oa MO 6017 L.ccar:onTwp OF LANCASTER ‘Q‘ BUREHOLE ’ L] 3 Limifed
cvomer . WP =176-60 =80
NE-T S, LA B~ .. 0 ] -
oare vieen mvrerianrion  JUNE,1960 1%20 "PLAN OF BOREHOLE LOCATIONS
DATE REPORT e DY CHKD. AND CENTREL:.INE PROFILE
Ty GIW
B
5455508 : , |
B0 400 i =
OO e | - !
8HY | BH3 i BHY i
| QD : & i
e | & BH2 ! BHE g
H i [ ! S
Bre g !P-EHS _
CENTRELINE EXISTNG | CENTRE LINE PROPOSED @EHI
N i - | CENTRELINE PROP
HWY. N2 2 —] HWY. N 401 —" [-SOUTH SERVICE FOAD
R —_— . PROPOSED GRADE
e 7 T
80 I \ /,/
N
N\ /
N\ //
160 | BHS ;'Tx BH2 /! . BHE
e +
MEDIUM DENSE SAND,SOME SILT I —— L
MEDIUM GREY CLAY
DENSE SAND wrmi e — ettt SREY CL
MEDIUM  STRENGTH WITH GRAVEL -~ - *‘““ﬁuh N
Z 140 GREY CLAY GRAVEL e : — -
S " MEDIUM DENSE 1O VERY DENSE
=y SILT WITH SAND, SOME GRAVEL C
& TILL TEXTURE L
@ ,’/
120 / : L]
1%
b= © 2 =] e o =4 2 o
1] B ? = ] 2 o 3 o) o
. : : : : : ; ; : i : &
i i L I T L 1 I L
PROBABLE SCILS PROFILE ALONG CENT

RELINE COUNT
LOOKING EAST

Y ROAD

TO BAINSVILLE




=  DEPARTMENT. ogmﬁuwmm__

CLRAEND

‘1= 20"

; '['Assocmeb GEOTECHNICAL SERVICES

SU8 Mo, o7 LLOCATION TWP OF L&NCASTER ; L!mlltl‘.{ e ] T
snosrer . WP.= 7660 S I"=20' T
- JUNE, 1960 VERTICAL . . R :
DATE FIMLDINVESTIGATION L) A ——— e —— ™ .
DATE REPORY e ay CHKD, TRHNSVERSE so“w PROFlLES
COUNTY couwi‘v
COUNTY ROAD ROAD
80" ROAD 180 _ #_ 180 |F
| | -
fHg I . i [
i BHS : i
€04 TSI AND SRAVECFIL iR 160 4 BrS BHS ol Bm _ o7
—— Suaan MEDIUM __DENSE - : —-
: MEDIUM DENSE & .
| | MEDIUM DENSE SAND, SOME 'SILT SAND, SOME - SILT - : % SE_ AND. SOME SILT. 0.
Py : o . et [,
' . s SAND
MEDIUM. - STRENGTH .v___ : AND GRAVEL .
N .—/
& 1401 GREY  GLAY %0 | 1 LTeNSE 1') MEDIUM DENSE | |SAND 1401 "-_
= - ' "
g ~— | 5 % L “TEXTURE
B PEBBLY| _@) = & 1o
wl i 0 0 -‘_‘qERYWRHENg'Em a i fj _1 :
- b ) I} R
=~ {—TEDIUM DENSE TO DENSE . o ol
120 1 : SILT WITH SAND, SOME GRAVEL 120~ 120
TIEL TEXTURE
LIMESTONE  BEDROCK
100+ L 100 100 4
an L0 8¢

PROBABLE SOIL PROFILE
THROUGH BOREHOLES 4 AND 9
LOOKING NORTH

PROBABLE SOIL PROFILE
THROUGH BOREHOLES 8 AND 3
LOOKING NCRTH

PROBABLE SOIL PROFILE -
THROQUGH BOREHOLES | AND 7
LOOKING NORTH




6017

JOB ND,

CO-ORDINATES

Stas

cuenrDepartment of Hiphways_of Outario
_LOCAT lo&}iw_;ﬂml__ﬂn_ﬂam\ti 1lle
270+ £1

~ HHEY RT.

ITL?.\FI&‘HQN 1sun PQCEFIS.Q ....6_. fcouLant

CATUM DH O

.
m‘ﬂv @”uh

ST MBOLE

Noraver 4% VANE s}-ll!ln INATURAL
O« VANE SHEAR (REMOLDED)
. STANQARL\ PEMETRATION

+ o Tri-axiél,

URBISTURBED °

DIsTURE ‘.ﬂ BuT
REFRESENTATIVE

88= SPLIT GPOON
5T= SHELEY TUBE '
TWP.= THIN WALLED

PLSTON

. DA-TIALIDHD BIT

ABBREVIATIONE

C = CONSOLIDATION TEST
M oe MECHANICAL AHALY SIS
T - TRIARIAL GOMPRESSION
K o~ PERMESBILITY

U = UNCONFINED COMB.

ASSOCIATED GEOTECHNICAI_. SEIWICES _

Lum:fed

" OFFICE BOREHOLE LOG

&

i
H
i

i
i1
=R
oo !

—
it

DATE (8T Anram.:i.qzﬁ.‘{ ,.._.ilesu.l;t_:!.,g[.f’.[_éoﬂouliw:n:JK_. undrained e '::';:::;J:::LF:'::EU:L%:?:"" o 1 iy
AT "ﬂeﬁﬁ..}' t"".fjrlr.t.o sue.__ [la ,.S.._._.Q.aks_‘_j. - LosT : _BOREHOLE NO. F .
BORING LOG FIELD TESTS SAMBLING LADDRATORY TESTS
SHEAR STHRENGTH E DEPFTH Ui T 'ﬂil;l-ﬂ' BCF
> OGNS BER SOUATE.FODT) 7 ] RECOVERY =
peasjoErTH| ELRv. é LoG DESCRIBTION b “0 }5 0‘li“ 0;6 6 {8 g ; E 5 § |rrom| vo [rves LEHN;::T.H _’ i hEMAARn
s EET) FEET FEET 3, 5 STANDARD PENETRATION TEST E E ; - ; E FEET |FEET oIsT, DRIU‘WD :TT);RIIER(‘ LTE ol
L e 20 tevgfprerfigen B0 zalgl i |: RO W B0 °
j: O 1@ 8 “ u
',j TLETISH ] H' Mediumhriisnse . a: =
= : rreyish btrown fine [ 20 |1 [T 2.4 3.9 8S{12/18
a e I { sand some silt  HELA L Eﬁ 1’ / .
5501500 s dedium brown to EI"g ] i 2 =0 5.9 6.9 8T| 13/16 .- WN = 43.2%
T WT arey clay 1s! I - - '
e S y LR ana: Ho |3 BR9.quo.g stf22/12 WN = 79.3%
s e ey Tims ST o e F 26 |4 [ma.ze.f ss|12/18
'3.15_114.'? 1h4.9 some sily & sravel Hipi- Fi T
B I ' e boulder T - 14,915,3 DB| 22/22
- RAL31ARL3 BRI B SN - i \{ :
- P Denr*e to very dense |41 - o i ¢ -
._5‘-_9 I grey silt, with \ : o g léi -6.320.9 DB 5’;55 .
. i sand, some srave 1 - L R R L4 0.822,2 55| 0/18 L
o @41 Sccasional cobble |- et { _A___i_d: : Sample recovered -
,_.f-_-.ﬁ W] (8411 rexture) - i ; . ) with spring trap
] eI -.E-__-. -1 & 1 T _)3 7 26 .Z; SS l,fls .
- . 4]
R0 NN -
¥ O 11 11 100/9| 8 jwapo.931.6 ss| 7/9
h g van o N ST ! T
B (ERC BES R - =4 1008|9 |mps5.035.7 Ss| 6/8
'ir'*,(._" ——End of borehole [ R ’j
= EEENE ERRRES i
- Aede] ek + L -
- A " I - S .
» 1 " RN . nan i
] | S 3 -1 L
i [~ :[ . - t -
_‘; - ul
- NiEinticiieg
1 ARnRswE : RS -
e - - g
B ARENN R - AN N
4 : “t-f
a o 5
i iEs i -
b =
" 4] S o




.ASSQCIATED GEOTECHHICAL SER\'ICES '

Euii Department ai‘ Hirhways of Dntario, b s T T e e e s SRR YATIN

e T ka1 O S e ::::.:':::n. s e g, |0 Linited

coonomares S681_B7L ¢ 22 on _gentreline. o irmioans menbrnarion BRI SRS e T o0 T T Speessen |

weevinon sonracal 80,1 coriam __oavou DHO mu” @Pr” = L s rovuga.ren cusie eoot] OFFICE BOREHOLE LOG

DATE |51‘Aru'r:m_z,}.’,f’.(.’.._6,o S l:mlsusnL&/jﬁﬁchﬂuﬁm w“ . WH ~ HATURAL: WATER CONTERT BOREHOLE NO. 2

PIE, MO __1_-_____wpr_{)}"_l_@'_ﬁlﬂ.nsuﬂ. D, 8. Daks Lot

BORING LOG FIELD TESTS SAMPLING LAYORATORY TESTS
SHEAR STRENGTH 5 DEPTH UNLIT WEIGHT PCF
ITOMS PEH SQUARE FOOT z o RECOVERY W
E Oré 6,1} é,g d,g .f." 5 i3 § . LENG TH 1 1 REMARKS
FCALLIOERTH ELEV. % | res DESCRIPTION 1 | I I “z u : o |FRoM| To |yver REC. Ah'rlriuzwa le“
FEET) FEET FEEY 5 ; ETANDARD PENETRATION TEST ': . E o il E FEET |FELT 28T, Dmv.wﬂ e e R
-8 20 eupry PERGGETI B} 1: o Caol 3 z a0 i 20
Fé - RS I 2
0.5/ 155.6 A FIMedlum dense greyish +H s HHA
1 ¢ 4 {brown fine sand, N L0 0 s - P I 4 4.0 S8} 10/18 T HERREEN
£ e i poone sty ; 2 6.2 ST 16/16 W - WN = 69.0
“ooAMedium brown to grey Al i . T . -

B i - k. 41 I Ly Ll
SR ER 150.6 GWT ,36/, clay & some gravel T RENESEURRR NN 30 3 8.9 ssi 9/18 o
= a8 . T T BN

! AT ] 3 . NEEREAN
- §o {Dense, sand with & 1T 50 |4 13.3 8s| 10/28| T
1505.0{145.1 o0 8 87 T T ASRaREag .
1 b - T
§ 3 IDense sand some SRE ARG IRRRARE 28 |5 10/18 o e
200, olya0 1 5 Oferavel . s - -
S e 3T e 107 |6 s/18 [T <t Unable to drill -
B £ ANNEENEENS RS AEERRE S 1 casing binding -
(2 et V‘?{Y d‘?“?]e "-’"ﬁy moved hole 2 ft south
i stidsilt with san some |- 41 | Feh T
g gravel, sccasional - b - 56 | 7 [lTe6.72¢.1 88| 10/18 [ILT :

“lideobble (till texture B T

1 Lf:._\{;
o 1
e *":‘fb‘“‘—""' i,
I
[l

- 114 | 8 E381.4933.0 ss| s/ sttt itaom
55 {. e SRnE
5 i hl, BEEgEmEs
7 i [+ 18 |9 [[Mhe.37.9 ss| 15/21 [0 LT
:ég e e s s s
E L{ _End of borehole N _ 1
- ENRERRS Ci 11 EneE i
H : H e
H | T - :
HHE | : ==



:uvaQnﬁrtmﬁntmaﬁ_Hivhwavs ol Onteario
sonno. D017 LocamiodiWy.401 3t Bainsville Rd
Sta: 271 ¢ LO - 62,5' LT,

CHORDINATES - e
ELEVATION tsum--cr-]..lé.Q._- licoream ...\nn'ruu....._D.HO_
DATE (53TARTLD] Pf(‘_ojfi_g CAFIMESH Ln\ajéjégl: OMPLLED) ..W.LI.
rignee L 1veBOYLesocosve D 8. Qaks..

L Ae VANE SMEAR (NATURAL
Qs VAME SHEAR (REMOLDER]

m. Ifllitll‘l‘IURlED

DISTURBED BUT
REPRESENTATIVE

b= BIAMIND BIT

ABBREVIATIONS

55« SPLIT SPOON
a7= SHELBY TUBE
TWP. = THIN WALLED

€+ CONSOLIDATION TEST

M oe MECHANICAL ANALY¥SIS

T = TRIARIAL COMPRESSION :
K = PEARMEASILITY

Vo= YNCONFINED CosmP,

PLCF - PODUNDS PER CuUsic FOOT

wWH = HATURAL WATEHN CONTEWT

ASSOCIATED GEOTECHNICAL SERV

ECHI ICES - .
Limited S

OFFICE BOREHOLE LOG

BOREHOLE NO. 3

DORING LOG

AAMPLING

LAROHATORT

TESTS

Lot o

SHEAR STREMGTH DERTH

iTONS PER SQUARE FOOT)

UMIT WEIGHT FCF
1y

[
w
2 & H
@ Q2  O.h . 016 ;35 2 “ ' 1 REMARKS
ecalE|DEPTH] ELEV. L SRIP TION 1 ] T [rver
‘ (M1 DESCR a E : o g ATTEHDERG LIMITS
IFEET| FEET FELT E E ETAMNDARD PEMETRATION TEST :; : (t) I a’ & FEET WP x a oy
- AL PER T Tom o I
a 20 0 EW auw 3o H ] R
£ 0 i iz 2o @ U

b N
I

LY

B . R

e

3.0] 157.1

{{1trown fine sand,
.20 153.9 1some silt

1Medium dense srevish|D

=
=

e
-3~

Medium erey clay

H ‘&1 Dense sand
L5

g and sravel

oW

17,0 143.1 -
it Medium dense grey
1sand, some silt

2.0

RS

[
Lt
R Te N
..

O

o
.

snme mravel, (till
texture)

End of boreshole

A O R O N

T

[ ]

ﬁ'; Dense silt with sand|

;M =3 howun

et d il i

O AR TR S AR A AU T 0 S

3.9 S8

6.0 58

7.9 ST

11.4 SP

16.8 88

1/24 oty
18.9 ss

21.6 SS

24,5 S5

WN = 65.%)

Sampler redriven with
spring trap - no
recovery

8.5, lost in hole and
unable to recover -

- hole terminated




venr Department of Highways of Ontario © . svumaous i g R N ;“;sm“ws. o TR e T
[+ BN T o e A e AL e e M e e R 4 N ” B
JOB NO, __ég;?____ Lucgr:oNHW?-f&Ol at Baj.!"l sville rf.d Il]Il]]]]H]H,.L-I. E M Ay b VANE SHEAR (NATURAL Eukulsrunla;u 3%= SALIT s'puuu c - :eusoum_ﬁon TEST “SSOCL‘TED GEDTECHNIC&L SERVICES S5
coomomares 3681 270 + 94.5 - 190! LT 07 e A NEMOLOEO o svuna o aus s T MALLED - IAGIAL COMPRYSon - - Limired
ELEVATION sunracun1609 CoLLAR] DATUM DH /) CLAY FEAT : Srmn .II:."' REXRESEMEATIVE u!—uli:f(;‘::kll’ z:::::‘::lﬂ:“:n r. . .
: E ¢ Y '_r\"' 9 . _.f:_“_-. "‘9‘"”‘ m @ ﬁ FAIR PCF = POUNDS n‘;a c:au: roor : QFFICE BOREHOLE LOG
DATE 137 -urunv_‘“_é[‘___o_ ______u=m-su:nQ/_’/_’ﬁQmoumLzm WH W = NATURAL WATER CONTENT :
AT, MO, 1 rvnnﬁ,{):{_} EfeLo aun‘___rl.v_ﬁ_,___ﬁ_ﬁvlj_ﬂ_m,_ sAND Losr BOREHOLE NO. k .
DORING LOG FIELD TESTS SAMPLING Li\aﬂ_ﬁAToﬁY TESTS
7 t'rou:.ttfr.*nn:ai::n:u?:orr Pl E e MECOVERY o ‘";":_"'I' e .
| 2 __v___.gfz O,k 0.6 0.8 g ¥ g LENGTH ) Aemanil
SCALE|DEPTH] SLEWV. < Log BESCRIPTION i L 1 . z hy _1 ?z.' FROMY To frveg REC, TTERDER it '
rEet| FEET | reRETY ?l g STANDARD PRNETRATION TEST Z 5 E - ; E FEET | FEET PlaTe DRIV :___,_...,..i.:-_l._:.sg wif
< E‘ ’_mez? tsl.!al)s p!-.nﬁaon 20 E E 2 E : z ORLE:e]
i Black to brown silté [Tio el ] - — 1
i 3.0 15?'-:; :l‘::?} _with !?titi}felo I‘illl} i '] N N 5 I o .[ i
- 5 L.5115A 4 ‘ LQ.QS!?._l?.ILQE&__Bl]-_t__-";é&—--- ; L1 1L Eg 20741 880 2/18 i
¥ 21 Medium dense grevisEIIT LM 1 \ R R N LT
H eusise. l 111 brewn fine sand, sofetiiid - 28| 2 M 5.7 7.3 S5 18/18
10 N2 . “!{\ - 3 =] ¢.4 9.9 ST| 16/16 [ WN = 70.3
n GWT } /" ‘ 1 BN NS 7
- oy ﬁ L] B L [Bh2.013.4 8T| 21/16 [T WN = 71.2
115 A Vedis . At 1 4 - i- 1
g /) Medium mrey clay b et o
1 ’_”’ . 4o R 4 ]
T 7/ g A [ T i 5 [17.518.9 ST 16/16 i WN = 81.4
’ TR T
’ N | ; ] = NERE
. . AT S Do, i .
s iig'L" i 'f;"j‘ REas 6 [3<p2.023.3 ST|16/16 Ennany WN = 79.8
= S R4 AN I ol O - -
~ [27.51133.4 S ST = {— LT 1-*'7' T TT “'_;T| 7 7 .027.% ST| 0/6 T
30 0/l Grey clay, some 41 F) ANECh -“'1"4““-_?1" 15|76 ==p7.529.0 SS| 3/18
2,018, 0 _4_?, gravel = NBRRERY '."% Tt [ ]
- ?’/,-;) B N L T -
l:j-ﬁaq ; 1')3 . Z’;:{’/:; Saft aray Cla}' 4 ' i T ‘l 1 8 EZ:—-_,;-BL-O:;S-‘ 88 18/18
| 7. 23, E ¢ e ia - I ek )
1,0 C'[:_, Medium dense srey [ Lp& L _j.lii 22| 9 |ll87,239.¢ ssf12/21
: 7{ silt with sand, somg] LJ O O O I |
. NS gravel, occasional it iy .
QE 54 cobble {t"l.ll :- “',I_ER\;“* ; T :‘. ; 148110 2.2&.#.C 38 0/18 4T
A, 61114,3 texture) T T
- e e 0/11) 11 =1,5.76.6 SS| 4/11 HHHH
._50 T EE = ] i foofd 7 >
n i1 Limestone bedrock f 3 ', T T?:J‘ 12 {__p6.650.8 DB 25/50 ARANENRR N
L_‘f?_f : BNSEE NN l‘ % 13 XSO.BSS.U nB| 61/61 :3 ERuNE RN
B - o - 1 . . & ;
6060.0] 1009 s R 1k Ass.%o.m DB| 50/50
- { - HE +_ RENNES
- ! T ENENAS AN
g ~—t———End of borehole T -
- AL O O I O O O Y . . -
L e T 3k | NANNEREN
; T : r [l




cuens Depargment of Highways of Ontario -

Ien N, '6017

cocamionHWY, 401 at Bainsville Rd

co-onomates. Staz 271 4 A4 - 3975 IT .
ELEVATION |.-.unmcm.li btcoviant__

——oaTuM_DH
DATE {START EU’_.LQZ_@/@_Q ___lF-'Nl!HEDAMQQMP‘LEQ}%’F

1 «vecBoyleSicio sue. D. 8. Oaks

TG tloravEL

As VANE JELR (NATURAL |
. QL VANE HEAR REMOLDED)

T =t

€ - COMSOLIDATION THST
M= MECHANICAL AHALYSIS

THOiSTURBED BuT  YWE.= THIN WALLED Y » TRYAXIAL COMBRESSION . | 0

T it

U UNEONFINED COMP. .
BCF = POUNDS PER CURIC FOOT
©WN '+ NATURAL WATPR CONTENT| °

© OFFICE BOREHOLE LOG
" 'BOREHOLE NO. 5

SORING LOG

FIELD TESTS

WATER
CBSERVATION

LaG DESCRIPTION

SHEAM STRENGTH
ITONS PER SQUAR

.6 0.8
I [

STAMDARD PEMETRATION TEST

DERS T 8

RESISTANCE
IBLOWS PER

BERETHATION
FaoT)

SAMPLE MUMBSER| |

LUNIT WEIGHT ROF

1 I
ATTERBERG LIMITS

CONDITION

AEMARKS

ko

f{ Medium dense

A LT I T Ty I T i T I ITT

iu
<o

T TIIT]
Tt

TTTT ]

i

ok
WO

5 oo

I

i it

TS 00 SN B

erevish brown fine
sand, some silt

-

iy
o

b

Soft to medium
grey clay

NN

NN

DM
A,

~\Q§§=3§Sb“

O

Y

R

.,

1

A
Lt

4.
—
-
-
for _

.

o Limestone bedrock

]

End of borehole

4 d Dapse —mpeyv—fine—aan .
Y RSe i reYIne —Sah 1
il gome silt
O Very dense grey sil
Plwith sand, some gra
- Tt —textare) B EREN

NN |

10

11

12
13

1

g

Wy = 28.9
WN = 76.0°

WN = 82,4, W
Wy = 53.7

N = 69.8

WN = 65.6, Wp

W = 37.8

W= 65.5

WN = 42,4, Wp
W= 49,00

wa,,53,6v': ;:fk.'

WN = 33,3, Wp
Wy = 20,5
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cuesr Department of Highways of Ontario”

4s VANE SHEAR INATURAL

| aoe qn."@l?ms L.oc.r!émliw_?,-{tgl E.ltegai!;s‘;;llew_ﬁ-d 'MI]]HII]E,‘LT 5% lenavel A Sty it S unpisTUnsto :3: ’_‘::{E'siﬁf‘ 8 :‘: lcﬂn;m&l&zyt:;::::u : :; - i g | L,m“gd
, ROIORDINATES, ta: i+ 22 - 3. - BTANDARD PENETRATION :L’.',‘i."g"::f."r:f:'vg_"" ATON K LR EAITE : : ; =
evgvanon syreacer. 100 (Ocoriam e . earon DHO._. -c"" @PE" BT e YT ot rea tusic oot | : OFFICE aoggum_s L.OG_; 1
BATE :annrem_l:iz_é'.[_éﬂ__ mn::H:mMﬁQ}mpl;cmw_ i re- gty . . W © RATURAL' WATKR CONTENTY] . : BOREHOLE O 6 e
RiG. Nﬂ._z__,_____ TYPE o _. FIELD SUP, D._.___S_.___Qﬁ_kﬁ____ - Losr - L . = ; : v b it
BOMING LOG - FIELD TESTS ) . . SAMPLING ] LA.HORHT?R? TESTS
SHEAR STRENGTH E DEERTH . UNIT N;‘:HT PCF
2 LTGMS PER SQUARE, FOOT) r 1 - RECOVERY| R
PCALE|DERTH] ELEV. '9“ B DESERIPTION 0.12 01& 016 018 : .?' 3 i é 4 lrrom] to |rvee “-QRN:YH I i REMARKS
: = < Las R iz ® u g ; s BEe. ATTERBERG LIMITS )
FEET| FEET FRET § fj STANGARD PENETRATION TEST :; E ‘3} " ; H FEET | PFEET [OtST, m!lu'.‘m= « . = owll
: § 20 "Ry TEHEeT 80 i E E EE E E 60 "~ 80
. BB
1 g ! Loose greyish brown K BN
L 3.5{156.5 1 fine sand, some RAANNEN -1 g 0 2.9 4.0 SA 16/18 ; _ R
12| 5-5 {1505 } SRS Bt s S N EaRaEERazse: 2 54 5.4 6.0 s116/18 . WN = 66.8
. .JT _",-/ Soft to medium - {1 A=t " - : : )
Rt Gl 7, grey clay, : . | - . WN o= 78.4° o
Eqﬂ / becoming gravelly a 3 B 9.9ur.1 sT|14/18 n 8 S I R -_h '
- - y; 1 : : - .
~ . 7 T . : : ) o
S R Medium dense sravel L ! T : bR LS. S-T ?/9 2 . ; WN =93.2
o) and sand, some silt [irig it AL oy = N B ' _
1 (til3 texture) BEEm S TTE S_ 8.920.¢ S8 2/18 _ _ . . _ LT B
EL BENNE -<nulRANSRAN BEE 6 ) :  - 22.‘..8 i IS_S._-boiJ_r}(_:ipg o
:fj -1 Boulder fsus d:? X ] : ' ' : on h.0t11derf -
R7.51132.5 AT 59 | 7 [[0p6.0R7.6 SS| 8/18 FHF

I..L.L%_-..L

Eiﬁ. ~——--End of borehole

= 1 BERRE 117 ;
& ] 44 N
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mmﬂemmm,,oi_iahnm.mmm o2 e T . § A AT ~ ASSCCIATED GEOTECHNICAL SERVICES
108 HO . &OLZ_Loc*r.oMJAQJ__gn__&mm| 1 Rd ![[m[mmmu P" [ 6% VANE SHEAR (NATURAL Justerunace :Y.iiillr’"ﬂf&i ﬂ“.f.":"cf.“.‘:.‘:‘l’:'l"’.’ﬂff,'., . ) : Limited v
2] £ /Y R ""b O~YAHE SUELR JREMOTLREG) BIATURDED BUT. TWP.» “HIN WALLED T = TAIAKIAL COMPHESSION g ]
r:a-cnnmnn_s__ﬁ_tﬂ__. 27l . Wl = 20 v Sl , - 3TAHOARD PEMETRATION REPREAENTATIVE vISTON K = PERMEABILITY -
: AY B=DIAMOND BIT = UNCOMFINED COMP.
CATE iﬂnnz\’:ml.!*/ﬁiég_ IFINISHEDT liéﬁ/gg""g;‘-}:: N undr‘ained ] LosT . - . BOREHOL.E NO. 7
RIG NG, vwpE s low, LFIELD SUP,. . -
: BORING LOG FIELD TESTS .' - SAMPLING LASORATORY TESTa !
SHEAR STRENG TH sl DEPTH UNIT HEIGHT POF
N AYONS PSR SQUARE £OOT) : . ? n::::f:v ax -
g R R— O REMARKS
oarcloEeTi| ELEV. E Los pESCRIBTION N It - E ;: {E 7 ?‘ From| To |vyee REC. s " "
kret reeT FEEY & & ) STAMNDARD PENETRATION TEST L H - 2 E FEET |FERT p18T. BRvL e O WL
3 20 CRECCAST do  fEEIE P13 60 B0 |p
5 0 : ) pe Yul oo |
T T
Medium dense areyishilTSS 1
sl 154 .0 1l brown fine sand T 19 | L M 2.9 &.¢ s 18/1¢
Lo 15h. 1 some silt xS . N
6.0{152.5 ; B et {. AT T 2] 6.9 7.3 ST 19/16 X wN = 82,2
o . AN g o] -
9.6{ 148.9 ‘J Soft grey c:!.ay : - i 17 M 2.3 9.9 58} 14/18
GWT ! s . ‘7“' n
| Medium dense to very I - IR BEERE . u
denge g:rﬂvel and ,t b gt ] 68 f} EEI:I_B .Ol({.e 3 S8 9/18 |
] A1 sand ‘ TN I R
G o7.60140.9) |G _ HTF T 52 | 5 [Ihe. 8.9 55 15/18 et
1 118,01140,5 Very dense gravel f i« - -
—__30- and sand, some silt, MMRENG> BRE 3
: {till texture) R T
25 End o:‘ horeholel T T M0
n H 1
i ‘
:-‘—T L E.
ai 1 nhNe
n ERENE NN REN D NEE
" N EE ] ]
1 SEENRRERRRES ! mu
B T
__:r—* A NN ; =
it f T " . i | -9
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" cuimyr_Department of Highways of Ontario.
.anb No._é‘g_lz___.l.acanﬂll{?ﬂ"f‘ol B‘t Baiﬂ_sville Rd

SYMBOLS |

} .

L8] anaviy, A* VANE SHEAR NAYURAL

g\l!ﬂl“ URBED

ABEREVIATISNSE

S84 SPLIT SPOON  © -

CONSOLIDATION TEST

: "_;&SSQCIAfso.'G'E’

OTECHNICAL: SERVICES

“coonomares St ‘2?1 + 00 - 62.5" Lt <l rmioine ranermavionRlISse sur  Toe. T ek T TR S vmen Linitd
ELEVATION lsunru:?_}.ﬂgslcal.uml._ - DATUM_QiIO [ | . DB DIAMOND BIY U - UNCOKFINED CoOmP, | Lt . ~
DATE ISTARTE m.;_E_@_.;..I?__._IrlNI!HEDL_%é{_b_/_QQQMNLBul_'!?_N... ‘ e ! ::;J‘:;:"?‘E’:f‘u’:"%::::'r OFFICE BOREHDL'E e

o omanod  +recBOYLES eio sum ] D. 5. Oaks i rosr BOREHOLE No, 8

HORING LOG FIELD TEXSTS ) SAMPLING LABORATONMY TEsTS )
“angan STRENG TH [ DEPTH - UNIT WEIGHT PCF
2 LYONS PER SQUARE FOOT) ol o MECOVERY

N : 0,27 0\L 0808 B, |} e o :

STALE|DERTH| ELEV. < Lo DEBCRIPTISN 1 1 i i £ gr H z |enom| o [rvee nec REMARKS

EEY| FEET | FEET ;. B ATANDARD PENETRATION TEET E E 2 . E g. reer | reer [’I’“_':;';:"m, ATTERRERG LIM. TS N

;E 20 PO RERERT 20 & E ; § 3 z “*}‘pﬁ ° @
gRR] - TTTT T =
{{ 7| Medium dense grey:sh{H$d {
4.5 154.8 _H;i: brown fine sand,  |r DR - 21 |1 [T 2.9 &.9 S8 18/18)
{41 some silt & |l o :
7.6{ 151,7 L - . 2 158 5.9 7.1 ST 16/16 WA WN = 34,0
o
A ;
) Med: : 3 |
7 Med um crey clay 3 0.Q11.3 ST 16/16 WN = 75.8
GWT 22’;;, i e

u /] i o i

H 7% T T & 16.4 ST 16/16 WN = 39.2

0 118,0{ 141.3 -Ilf‘J‘/_? h e =k [ . ) AREREED

jEQEC.b 138.? l ‘Dense grey sand 39 5 19“? S8 18/18 ]

i . 1. - ' - . -

i b Medium dense to wery [k 117 11 16 |6 23,2 83| 8/18(1

%ﬂi |44 dense grey eilt with ERNRRN - ? A8 .

{11 sand, some gravel T :

j Vet (241l texture) N 46 |7 28.4 sg 3/18[H

-1030.9] 128.4 - AT 72 |8 30.9 88| 0/18HH+H-

1 T i B 1]

=P | fassics

s ——End of borehole T S T T

C T -

r—m - b
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KBBREVIATIONS s
Jon Mo, ‘_G_D_L Locxrlouﬂ.d&lﬁ_ﬂh insy !. e 1.,5..___8\__ 8115 b Pk “ VANE SHEAR (NATURAL UNBISTURERD S5 SPLIT 8POON . € - CONSOLIDATION TEST SSOCL‘TEn GEDTEC‘HN’CAL SERY'CES
"y x | R B L Gv VANE & ! AT« SHELBY TUBE M = MECHANICA g . ..‘-
GO-ORDINATES., Sta: 7Y % 45 - 1G5 LT e ; : .- "T‘Nnr:;:x‘:::::::“:: OISTURBED BUY  FWE.- YHIN WALLED T = TRIARIAL ::M:'r:s:;‘::u . L.il'l'l“!ll -
161 ,! . D Q 1 7 v h REPRESENTATIVE rISTON K = PEAMEABILITY —_—
ELEVATION [SUR rﬁcr} fcoLLar) DATUW __j — W AAR A PEAT + ‘Triaxial : OBAGIAMOND BIT U - UNCONFINED COMP. - 3
- L : ' PEF = POUNDS PER CUBIC FOGT ' 1
DATE Il'uhfﬁbll‘}tz. :'i 60 lFINlSNE‘DIl 5.[ /SQOMFILEBI ﬂﬂ. i?"‘l undraineé n . WH - M'lr'l::nkl.':'krm LONTENT OFFICE BOREFOLE LOG
wieo oL rvpBOYLES, (o 4 D. S. Oaks i J“ Los¥ BOREHOLE'NO. §
BORING LODd . FIELD TESTS SAMPLING . LAGORATORY .‘r:srs a
SHEAK ATRENGTH E DEPTH UNIT WEIGHT BCF £
z 0 (TONS a-:n‘:&umaé:on 8 H 2 RECOVERY oy
) = 9w - .
FeAtEeERTRl ELEC Y| wos BEAGRIP TION - ‘F " * P E 7 £ |rrom} to lrypm LERH!:;H f f Mewanrs
E & < = ! e H
e EET| FEET FEET E § B3TANDARD PENETRATION TEST E t g - E ’r:s FEET | FEET (LR uﬁlv.wp ATYERDERS LiMiTs "
iBL PER T F- o | e —— owy
: = n o s

2.6] 158.7 S légiwﬁimhﬁit‘?;‘—; -
Le5) 156.8 ‘114 Medium dense greyish "ﬁ I -+

brown fine sand,
some silt

-
=

W
T

i

ey

2.5 4.Q SS| 2/18 :
M 5.5 7.9 ss|18/18 [T a
9.210.84 8T|16/16 H1+ NN WH = 66.5

i
-
n
n

LS

5.9 1514 ‘

L P L

¢
Medium grey clay :

Fé‘i_Ll_H.J.JMJ_F}_L_Lj
=]

F ew,;f/, (Euas s - 1=32.003.4 s 11 el x WN = 83.1 & 77.3
// i - I wp = 22:‘2
R A 2 WL = 56,6 PL w342
o :,,/ Ey i 5 7.018,.4 ST} 18/16[ NN NRANE )
* HHHT i - WY = 700
,/, 6 BR2.023.4 ST 17/16 o x| WN = 75 L & 70.2
// A St N O B : wp e 4

46. 9 PI = 22,7

13 .

g g T _-

T /4 NEENSRN 8 [szR7.0R8.4 ST 18/16 N Yy, =

= % SN WN = 66,1
133 12603 ) TR jEEsaEmRazmans

Ha g @.D v?ry dense eravel et At : g 2,033.4 8T 18/16 - N WN = b%-g
1364 1208 3 * with sand B THFR 60 |10 iflﬂ 5.4436.9 S8 18/18 : 5

-, Q I Dense prey fine sand i [

] Sk some eilt (till T R ¢

D [ 43.G 128.3 (1D texture) P - 35 (12 1.2042,5 8s{ 0/18 1T ~—Flap valve used and
. d HEH Y : . samplér driven to
: T - L3 ft: (sample
8 -+ HH S5E ' Erre recovﬁrad)
“:‘!.5_(4' —{~—End of borehole | : T iy - b
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Highway 401 Underpass at Bainsville Road Replacement
Township of Lancaster

APPENDIX C

LABORATORY TEST RESULTS
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THURBER



GRAIN SIZE DISTRIBUTION - THURBER BAINSVILLE.GPJ 1/6/16

Site 31-241 - Highway 401 Underpass at Bainsville Rd.

GRAIN SIZE DISTRIBUTION

FIGURE 1

PERCENT FINER THAN

Granular Fill

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

Size of openings, inches

200 190 6950 4‘0 30 1‘6 102‘3 4 Z‘i 3/‘8"1/‘2“ 3/4" 1" 11‘/2" 3"41‘/4“ §
100 ﬁ'
90 A
A
80
70 %ﬁ
) /
50 /
40 il
30 /
0 /x(/}
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE | MEDIUM | COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® 202 0.30 55.46
X 209 0.30 54.27
A 210 1.07 53.51
|
June 2016 ... . . Prepd | KCP.....
4088-13-01 THURBER Chkd. PC




GRAIN SIZE DISTRIBUTION - THURBER BAINSVILLE.GPJ 1/6/16

Site 31-241 - Highway 401 Underpass at Bainsville Rd.

GRAIN SIZE DISTRIBUTION

FIGURE 2

PERCENT FINER THAN

Embankment Fill

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

Size of openings, inches

200 100 6050 40 30 16 108 4 3 3/8"1/2" 3/4"" 11/2" 3"41/4" 6"
100 L L L L L L L L L .l L L
90
80
70
1
4 /7] A
60 {
50
Wi %/ 2/
40 ’/ %/
y /
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 COBBLE
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® 201 3.35 52.42
X 202 2.59 53.18
A 209 4.11 50.46
* 209 5.64 48.94
® 210 411 50.46
o] 210 7.16 47 .41
|
June 2016 ... . . Prepd | KCP.....
.4088-13-01 ... THURBER Chkd. .| PC.....




GRAIN SIZE DISTRIBUTION - THURBER BAINSVILLE.GPJ 1/6/16

Site 31-241 - Highway 401 Underpass at Bainsville Rd.

GRAIN SIZE DISTRIBUTION

FIGURE 3

PERCENT FINER THAN

Embankment Fill

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

Size of openings, inches

200 190 6050 40 30 16 108 4 3 3/8"1/‘2“ 3/‘4" 1‘" 11‘/2" 3"41‘/4“ §
100 JF/ Eﬁ;ﬁﬁ' x
% /
80
70 //
60
50 / /
40
30 #
20
10 J‘;Z {
SN B i
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE | MEDIUM | COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® 201 1.07 54.71
X 202 7.92 47.84
A 209 1.83 52.75
* 210 1.83 52.75
|
June 2016 ... . . Prepd | KCP.....
.4088-13-01 ... THURBER Chkd. .| PC.....




GRAIN SIZE DISTRIBUTION - THURBER BAINSVILLE.GPJ 1/6/16

Site 31-241 - Highway 401 Underpass at Bainsville Rd.

PERCENT FINER THAN

FIGURE 4
GRAIN SIZE DISTRIBUTION
Sand Fill
U.S.S. Sieve size, meshes/inch Size of openings, inches
200 100 6050 40 30 16 108 4 3 3/8"M/2" 34" 1" 11/2" 3"41/4" 6"
100 T ‘ ‘ I ‘ —
4(‘
90 s> 5
<
80 /{ I @/ /é
70 ( /
gf % A
60
7/
. ; /
40
1 ]
30 j x|
ey,
20 /u
gzl
" ={
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE | MEDIUM | COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® 203 0.30 48.64
X 203 2.59 46.36
A 204 0.30 48.74
* 207 0.30 48.93
® 208 0.49 48.61
|
June 2016 ... . . Prepd | KCP.....
.4088-13-01 ... THURBER Chkd. .| PC.....




GRAIN SIZE DISTRIBUTION - THURBER BAINSVILLE.GPJ 1/6/16

Site 31-241 - Highway 401 Underpass at Bainsville Rd.

GRAIN SIZE DISTRIBUTION

FIGURE 5

PERCENT FINER THAN

Silt Fill

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

200 100 6050 40 30 16 108
!

Size of openings, inches

100 = —o— T —¢

90 =

4 3 3/8M/2" 34" 1" 11/2" 3"41/4" 6"
- L [P L
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GRAIN SIZE DISTRIBUTION - THURBER BAINSVILLE.GPJ 1/6/16

Site 31-241 - Highway 401 Underpass at Bainsville Rd.

GRAIN SIZE DISTRIBUTION

FIGURE 6

PERCENT FINER THAN

Silt
U.S.S. Sieve size, meshes/inch Size of openings, inches
200 190 6‘05‘0 4‘0 30 16 108 4 3 3/8"1/‘2“ 3/‘4" 1‘1 11‘/2" 3"41‘/4“6‘"
100 = qiﬁ TR
ﬁ,‘———t——
90
80
70
60
50 y
40 ;/ 3
30 (72 7(
20 /
_‘r,m"
| AT 9/
10 4/ G
| e —*—T
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE | MEDIUM | COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® 207 2.59 46.65
X 208 1.83 47.27
A 209 8.00 46.58
* 209 9.45 4513
O] 210 8.69 45.89
|
June 2016, . . . Prepd |
.4088-13-01 ... THURBER Chkd. ..
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Site 31-241 - Highway 401 Underpass at Bainsville Rd.

GRAIN SIZE DISTRIBUTION

FIGURE 7
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THURBALT BAINSVILLE.GPJ 1/6/16

Site 31-241 - Highway 401 Underpass at Bainsville Rd.

FIGURE 8
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Site 31-241 - Highway 401 Underpass at Bainsville Rd.

ATTERBERG LIMITS TEST RESULTS

FIGURE 9

PLASTICITY INDEX

60
CH
50
40 //
Cl &
© \g\@
30 L/
cL
20 //
X ,/
10
cL |y
CL-ML ) MI-Ol MH-OH
°
. ML . oL
10 20 30 40 50 60 70
LIQUID LIMIT
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
® 202 18.59 37.18
X 204 1.83 47.22
A 204 9.45 39.60
* 205 1.83 46.72
® 210 14.78 39.79
|
June 2016 . . Prep'd |
4088-13-01 THURBER Chkd

80




GRAIN SIZE DISTRIBUTION - THURBER BAINSVILLE.GPJ 1/6/16

Site 31-241 - Highway 401 Underpass at Bainsville Rd.

GRAIN SIZE DISTRIBUTION

FIGURE 10
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GRAIN SIZE DISTRIBUTION - THURBER BAINSVILLE.GPJ 1/6/16

Site 31-241 - Highway 401 Underpass at Bainsville Rd.

PERCENT FINER THAN

FIGURE 11
GRAIN SIZE DISTRIBUTION
Glacial Till
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GRAIN SIZE DISTRIBUTION - THURBER BAINSVILLE.GPJ 1/6/16

Site 31-241 - Highway 401 Underpass at Bainsville Rd.

GRAIN SIZE DISTRIBUTION

FIGURE 12
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Siantec Consulting Lid.
400 - 1331 Clyde Avenue
Ollawa ON K2C 3G4

" Tel: (613) 722-4420
@ Stantec  rox: 13 7222799

February 16, 2016
File: 1224108464

Atiention: Kenion Power

Thurber Engineering Lid.

104 — 2460 Lancaster Road
Ottawa, Ontario, Canada, K1B 455
Tel: 613-274-2121

e-mail: kpower@thurber.ca

Dear Mr. Power,

Reference: Consolidation Test Results for Mega 3 Bainsville
Thurber File# (19-5161-243): Sample TW208 ST7 sampled on November 30, 2015

This letter presents the resulls of o one-dimensional consolidation test carried out on the above
referenced sample in accordance with ASTM D2435. The test results are provided in the attached
table and figure,

This letter provides test results only and does not constitute any interpretation or engineering
recommendations with respect to material suitability or specification compliance.

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

Regards,
STANTEC CONSULTING LTD.

w13 -

Raymond Hache, M.5c., P.Eng.
Principal Geotechnical Engineer
Phone: (613} 738-6055

Fax: {413) 722-2799
Raymond.Hache@stantec.com

Attachment: Consolidation test results (1 table + 1 Figure)

Deaslgn with community in mind
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Consolidation Test Results

Project Thurber Engineering, File#, 19-5161-263 Project No. 122410864
Sample No. TW 208, ST7, Mega 5 Bainsville Sample Depth (m) 4.267
Sample Data
Initial Ht. of soil, H; 19.03 mm Wet unit weight 1516  kN/m’ Odometer B
Initial sample volume, V; 38.66 cm?® Dry unit weight 8.23 kN/m? ASTM Method A
Specific gravity, G 2.780 Tested Initial height of voids, H 1.328 cm Load Duration 24 hours
Initial Water Content 85.0 % Ht. of solids, H; 0.575 cm Start Date 30-Nov-15
Wet mass of soil 59.76 g Initial Void Ratio, e, 2.31 End Date 16-Dec-15
Dry mass of soil 32.46 g Degree of Saturation 100.0 %
Stress End of and Strain = Void Ratio End of Correcte_zd Specimen Time tey Coeffic_ient‘ of Time to, Coeffic.ient. of
Stage | Test Type | Increment | Deformation AHH. Ae = AH/H, o Load Height| deformation | height H50 (min) Consol|2dat.|on (min) C0n50||2dat.|0n
(kPa) (cm) ! (cm) AHS50 (cm) (cm) ¢, (cm*/min) ¢, (cm“/min)
Seating Seating 0.00 0 2.311
1 Consolidation 4.88 0.0014 0.00074 0.002 2.309 1.902
2 Consolidation 10.59 0.0050 0.00263 0.009 2.302 1.898 0.0022 1.9008 0.90 0.8510
3 Consolidation 20.44 0.0122 0.00641 0.021 2.290 1.891 0.0068 1.8962 1.30 0.5863
4 Consolidation| 41.28 0.0290 0.01524 0.050 2.261 1.874 0.0161 1.8869 1.40 0.5391
5 Consolidation 81.11 0.1898 0.09974 0.330 1.981 1.713 0.0740 1.8290 10.90 0.0651
6 Consolidation| 119.34 0.3742 0.19664 0.651 1.660 1.529 0.2621 1.6409 12.40 0.0460
7 Consolidation| 160.75 0.4688 0.24635 0.816 1.495 1.434 0.4091 1.4939 12.20 0.0388
8 Consolidation| 320.05 0.6220 0.32685 1.082 1.229 1.281 0.5250 1.3780 4.70 0.0856
9 Consolidation| 639.79 0.7360 0.38676 1.281 1.031 1.167 0.6634 1.2396 3.90 0.0835
10 Rebound 160.75 0.7112 0.37373 1.237 1.074 1.192
11 Rebound 41.28 0.6790 0.35681 1.181 1.130 1.224
12 Rebound 10.59 0.6542 0.34377 1.138 1.173 1.249
13 Rebound 4.88 0.6420 0.33736 1.117 1.194 1.261
Notes: Test Method A loading Conducted by: DB Checked by: AN

Specimen from 304.8 - 330.2 mm from top of tube

V:\01224\active\laboratory_standing_offers\2015 Laboratory Standing Offers\10864 Thurber Engineering Ltd\Nov 11, Consolidation, 19-5161-263\Consolidation_Test_Worksheet-Frame_B - Method A_(24 HOURS).xIs
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One-Dimensional Consolidation Properties

of Soils Using Incremental Loading
ASTM D2435
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Highway 401 Underpass at Bainsville Road Replacement
Township of Lancaster

APPENDIX D

SELECTED PHOTOGRAPHS OF THE UNDERPASS LOCATION
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Highway 401 Underpass at Bainsville Road Replacement
Township of Lancaster

Figure 2: Highway 401 looking eastbound from Bainsville Road
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Highway 401 Underpass at Bainsville Road Replacement
Township of Lancaster

Figure 3: Highway 401 underpass at Bainsville Road looking north

Figure 4: County Road 2 underpass at Bainsville Road looking west
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Highway 401 Underpass at Bainsville Road Replacement
Township of Lancaster

Figure 5: Northwest embankment stability berm

Figure 6: North abutment foreslope slope pavers
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Highway 401 Underpass at Bainsville Road Replacement
Township of Lancaster

Figure 7: South approach embankment looking south along Bainsville Road towards
Boreholes 201 and 202

Figure 8: South abutment embankment foreslope looking east
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Highway 401 Underpass at Bainsville Road Replacement
Township of Lancaster

Figure 10: South abutment foreslope slope pavers
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Highway 401 Underpass at Bainsville Road Replacement
Township of Lancaster

Figure 11: North approach embankment looking north towards Boreholes 209 and 210
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Highway 401 Underpass at Bainsville Road Replacement
Township of Lancaster

APPENDIX E

DOWNHOLE SHEAR WAVE VELOCITY REPORT
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GEOPHYSICS GPR INTERNATIONAL INC. 100 — 2545 Delorimier Street ~ Tell. : (450) 679-2400
Longueuil (Québec) Fax: (514) 521-4128

Canada J4K 3P7 info@gprmtl.com

www.geophysicsgpr.com

February 4", 2016 Transmitted by email: kpower@thurber.ca
Our Ref.: M-15171-A

Kenton C. Power, M.A.Sc., P.Eng.
Geotechnical Engineering
Thurber Engineering Ltd.
104-2460 Landcaster Road
Ottawa (ON) K1B 4S5

Subject: Downhole Shear wave Velocity Survey, Bainsville
[WP No.: 4113-01-01]

Dear Mr. Power,

Geophysics GPR International Inc. was requested by Thurber Engineering Ltd. to carry
out a downhole shear wave velocity sounding under the Highway 401 Bainsville’s

overpass, to obtain the V,, value for the site (seismic) classification according with the

National Building Code.

The borehole was located beside the south shoulder of County Road 2 (cf. Figure 1).
The surveys were carried out on December 10", 2015 by Mr. Charles Trottier, M.A.Sc.
phys. and Mr. Maxime Boudreault, and January 27" 2016 by Mr. Nicolas Beaulieu, Eng.
and Mr. Patrick Therrien, E.I.T. Figure 1 illustrates the location of the borehole.

The following paragraphs briefly describe the survey design, the principles of the test
method, the methodology for interpreting the data and finally, the results.

1S
£9001



Mr. Kenton C. Power, M.A.Sc., P.Eng. 2
February 4", 2016

Downhole Survey

Prior to the seismic measurements, a 31 meters deep bore-hole was realized by Thurber
Engineering Ltd. (BH 207). A 2 inches diameter PVC pipe was also installed and
grouted. For the seismic measurements, a probe (BHG-2) including 3 orthogonal axis
geophones (15 Hz resonance frequency) was used. The seismic data were recorded
with a Terraloc Mark 6 seismograph (from ABEM Instruments).

The downhole survey was conducted using source points located 1.0 meter laterally
apart from the borehole center. For every measurement, 3 different surface impacts
were recorded using a 18 pounds sledgehammer:

- One vertical strike on a steel plate, recorded every meter of depth;

- Two reversed transversal strikes on a soil coupled steel H-beam, recorded
every meter of depth.

The seismic records were realized with 4096 data sampled at 50 us, with a pre-trig delay
of 10 ms.

An electrical mechanism (BHGC-1) allowed the seismic probe to be adequately coupled
with the PVC pipe at each depth of measurement, thus allowing the adequate seismic
wave transmission from the surface to the geophones. Figure 2 schematically illustrates
the general principle of this type of seismic survey.

A small scale MASW survey with 1 meter geophones spacing was also carried out on
the site. These data sets would be used in case the seismic shear wave (S) arrivals near
the ground surface would not be identifiable due to the compressional (P) wave-train
interference.

More detailed descriptions of the methods are presented in Shear Wave Velocity
Measurement Guidelines for Canadian Seismic Site Characterization in Soil and Rock,
Hunter, J.A., Crow, H.L., et al., Geological Surveys of Canada, General Information
Product 110, 2015.



Mr. Kenton C. Power, M.A.Sc., P.Eng. 3
February 4", 2016

Results

The seismic data were of moderate quality, most likely due to a guide wave through the
grout. Figure 3 shows the reconstructed polarized seismogram for a horizontal
component. To ease the shear wave identification for the overburden, the ESPC-MASW
calculations results were used (Figure 4). The compressional seismic velocities (Vp)
measured for the rock were also used to guide the deeper shear wave recognition.

The picks of the shear wave’s arrival times, according to depth, are shown in Figure 5.
Linear regressions were calculated on the picked data for segments showing linear
trends (guided regressions). Figure 6 presents the results of the guided linear
regressions, the sliding linear regression operators for 3 and 5 consecutive picks, and
the ESPAC-MASW modelling results. The downhole guided regressions model consists
of four velocity layers: 137 m/s from the surface to 4 meters deep; 90 m/s from 4 to 9
meters; 468 m/s from 9 to 16 meters; and 2677 m/s for the rock.

The V,,,value is based on the harmonic mean of the shear wave velocities, from the
surface to 30 meters deep. It is calculated by dividing the total depth of interest (e.g. 30
meters) by the sum of the time spent in each velocity layer from the surface up to that

depth. This harmonic mean value reflects an equivalent single layer response.

The calculated vV, value is 285.8 m/s (Class “D”). Details of the v, calculation are

presented in Table 1. Low seismic shear wave velocities were measured and calculated
from the surface to 9 meters deep, especially from 4 to 9 meters.



Mr. Kenton C. Power, M.A.Sc., P.Eng. 4
February 4", 2016

Conclusion

A seismic site classification survey was realized by Geophysics GPR International inc.
using the seismic downhole and ESPAC-MASW methods at the Highway 401
Bainsville’s overpass. The borehole (BH 207), the PVC pipe installation and its grouting
were provided by Thurber Engineering Ltd.

The downhole survey allowed measuring the shear wave velocities of the overburden
and the rock. ESPAC-MASW results complemented the shallow portion, for the
overburden materials. Based on this value (determined through the downhole and the
MASW/ESPAC methods), Table 4.1.8.4.A of the NBC, and the Building Code, O. Reg.
332/12, the investigated site presented a calculated Vj,, value of 286 m/s, corresponding
to Site Class "D" (180 < V.., < 360 m/s ).

S30

Some low seismic shear wave velocities were measured and calculated for the
overburden materials, from the surface to 9 meters deep. A geotechnical assessment
could have to be addressed to the corresponding materials, regarding at least, the
potential of liquefaction and the clay sensitivity.

It must be noted that other geotechnical information gleaned onsite; including the
presence of liquefiable soils, soft clays, high moisture content etc. can supersede the

site classification provided in this report based on the v, value.

The Vs values calculated are representative of the in situ materials, and were not
corrected for the total and effective stresses.

This report has been written by Jean-Luc Arsenault, M.A.Sc, P.Eng.

Jean-Luc Arsenault, M.A.Sc., P.Eng.
Project Manager
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February 4", 2016

Figure 1: Bore Hole Location
(Source: Google Earth™)

Seismograph

3 Component
Geophone

Figure 2: Schematic of a Downhole Seismic Survey
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Bainsville Vs Downhole Arrival Times
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Figure 5: Shear Wave’s Arrivals Times Picks
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Figure 6: Downhole Survey Results (with ESPAC-MASW)
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Table 1: Vs3, Calculation from Downhole and MASW Surveys Results

4 89.8 4 0.029246 | 0.029246 4 136.8
9 468.1 5 0.055658 | 0.084903 9 106.0
16 2677.3 7 0.014955 | 0.099859 16 160.2
30 14 0.005229 | 0.105088 30 285.5
Vs30 = 285.5
Site Class: D~

*: subject to geotechnical assessment of the unconsolidated materials from surface to 9 m deep.
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APPENDIX F

TABLE F-1: FOUNDATION ALTERNATIVES COMPARISONS
TABLE F-2: COMPARISON OF FOUNDATION OPTIONS
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Highway 401 Underpass at Bainsville Road Replacement
Township of Lancaster

F- 1. Evaluation of Embankment Design Options

Option Description Advantages Disadvantages Risks / Consequences R((e:lggzle Comments
Granular Embankment , Pre-loading period of several years required to achieve Settlement is slower than expected
Conventional o - .

1 _ _ _ construction sufficient degree of consolidation and pre-load period needs to be Low Not
Construction of embankment fills at 2H:1V using Low cost extended / further delays to project Recommended
conventional construction techniques. schedule
Lightweight Fill
Use of lightweight material for embankment fill in order .

- . Relatively fast
to limit stress increase. construction
Specialized construction techniques required therefore a
3 Can achieve zero stress increase by excavating and contractor with experience in the design and constructing Medium | Recommended
. . Addresses both e A .
replacing some material beneath the embankment. embankments with light fill will be required
settlement and
Lightweight fill options include slag based aggregate, stability concerns
tire derived aggregate, expanded polystyrene and
cellular concrete.
Ground Improvement Relatively fast
construction The sensitivity of the clay and thickness of the clay deposit
Treatment of the ground to make it less compressible means that very few ground improvement technigues are .
2 through methods such as deep soil mixing Addresses both feasible and also increases the cost Medl_um Not
' ' to High Recommended
settlement and
stability concerns Zone to be treated is buried beneath existing embankment
Accelerated Settlement Zone to be treated is buried beneath existing embankment
Acceleration of the settlement process by surcharging A drainage layer cannot be constructed under the existing
the site. Settlement could be further accelerated by | i embankment to work in conjunction with the wick drains | is of h d
inclusion of wick drains Settlement timing therefore consolidation of the clay layer will take longer to Settlement is s ower than expecte
4 ' can be controlled accomplish and surcharge period needs to be Low to Not
by wick drain P extended / further delays to project Medium | Recommended
spacing Difficulty advancing wick drains through existing schedule
embankment
Significant delay to construction schedule
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Highway 401 Underpass at Bainsville Road Replacement

Township of Lancaster

F- 2: Comparison of Deep Foundation Alternatives

Steel Pipe Piles

Steel H-Piles

Caissons

Advantages:
Quick installation procedure

Advantages:
Quick installation procedure

Advantages:
High axial and lateral resistance

Low cost Low cost

Disadvantages: Disadvantages: Disadvantages:

Generally lower resistance than H-piles N/A High cost

Increased risk of damage during driving Constructability concerns due boulders

through glacial till deposit. within glacial till and existing piles
FEASIBLE RECOMMENDED NOT RECOMMENDED
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Highway 401 Underpass at Bainsville Road Replacement

Township of Lancaster

APPENDIX G

HISTORICAL SETTLEMENT DATA
HISTORICAL CLAY REMOVAL SCHEMATIC DRAWING
GSC SEISMIC HAZARD CALCULATION
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2015 National Building Code Seismic Hazard Calculation

INFORMATION: Eastern Canada English (613) 995-5548 francais (613) 995-0600 Facsimile (613) 992-8836
Western Canada English (250) 363-6500 Facsimile (250) 363-6565

February 25, 2016
Site: 45.1765 N, 74.4092 W  User File Reference: 31-241 Bainsville Road Underpass

Requested by: , Thurber Engineering Ltd.

National Building Code ground motions: 2% probability of exceedance in 50 years (0.000404 per annum)
Sa(0.05) Sa(0.1) Sa(0.2) Sa(0.3) Sa(0.5) Sa(1.0) Sa(2.0) Sa(5.0) Sa(10.0) PGA (g) PGV (m/s)
0.634 0.725 0599 0.450 0.315 0.151 0.069 0.018 0.0062 0.381 0.260

Notes. Spectral (Sa(T), where T is the period in seconds) and peak ground acceleration (PGA) values are
given in units of g (9.81 m/s?). Peak ground velocity is given in m/s. Values are for "firm ground" (NBCC
2015 Site Class C, average shear wave velocity 450 m/s). NBCC2015 and CSAS6-14 values are specified in
bold font. Three additional periods are provided - their use is discussed in the NBCC2015 Commentary.
Only 2 significant figures are to be used. These values have been interpolated from a 10-km-spaced grid
of points. Depending on the gradient of the nearby points, values at this location calculated directly
from the hazard program may vary. More than 95 percent of interpolated values are within 2 percent
of the directly calculated values.

Ground motions for other probabilities:

Probability of exceedance per annum 0.010 0.0021 0.001
Probability of exceedance in 50 years 40% 10% 5%
Sa(0.05) 0.057 0.211 0.354
Sa(0.1) 0.077 0.257 0.418
Sa(0.2) 0.067 0.216 0.348
Sa(0.3) 0.052 0.163 0.261
Sa(0.5) 0.036 0.112 0.181
Sa(1.0) 0.018 0.053 0.086
Sa(2.0) 0.0070 0.024 0.039
Sa(5.0) 0.0014 0.0055 0.0096
Sa(10.0) 0.0007 0.0021 0.0035
PGA 0.041 0.138 0.224
PGV 0.025 0.086 0.144

References N\_\ C
. - J 7

National Building Code of Canada 2015 NRCC no. 56190; 45.5°'N =

Appendix C: Table C-3, Seismic Design Data for Selected Locations in \Q

Canada

User’'s Guide - NBC 2015, Structural Commentaries NRCC no.
XXXXXX (in preparation)
Commentary J: Design for Seismic Effects

Geological Survey of Canada Open File 7893 Fifth Generation
Seismic Hazard Model for Canada: Grid values of mean hazard to be
used with the 2015 National Building Code of Canada

45°N

TI

See the websites www.EarthquakesCanada.ca
and www.nationalcodes.ca for more information

Aussi disponible en francais : — \

I* I l(\lzg}]uarglaResources ggrs]sa(()jgrces naturelles C an a.d a




Title: Highway 401 Underpass at Bainsville Road - North Abutment
Comments: Embankment Stability Assessment
Name: 1 - Existing Embankment Drained Static

Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.52 m
PWP Conditions Source: Piezometric Line

Seismic: H\0 V\0 - FILL (Existing) 20 kN/m® OkPa 32°
Sip Suace Coner (1193393, 7.2) w Rads 150 CLAY_L(ESA)  17kNim* 4kPa 27°
Silt 20kN/m3 OkPa 30°
Till 22KkN/m3 OKkPa 36°
Bedrock
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Title: Highway 401 Underpass at Bainsville Road - North Abutment
Comments: Embankment Stability Assessment
Name: 2 - Existing Embankment Undrained Static

Method: Morgenstern-Price, Half-Sine

i S Swsce b Ao FILL (Existing) ~ 20kN/m®  OkPa  32°
Seismic: H\0 V\ 0 _ CLAY_1 (TSA) 17 kN/m® 40kPa O0°
S S Comar (1042233 oy R 1.6 CLAY_2(TSA)  17KkNime 60kPa 0°
Silt 20kN/m3 OkPa 30°
Till 22kN/m® OkPa 36°
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Title: Highway 401 Underpass at Bainsville Road - North Abutment
Comments: Embankment Stability Assessment
Name: 3 - Existing Embankment Seismic

Method: Morgenstern-Price, Half-Sine

Mini Slip Surf Depth: 1.52 [ o
P\I/r\}lgqgc:]ndil?on:rszierce?gtiezomet?iqc Line FILL (EXIStIng) 20 kN/m3 0 kPa 32
Seismic: H\ 0.19 V\ 0 CLAY 1 (TSA 17 kKN/m3 40kPa O0°
Sﬁpsg]ucrface Center: (-11.266667, 64.4) w/ Radius: 13 m CLAY_Z ETSA; 17 kN/m3 60 kpa 0°
FoS Contours: 0.9to0 1.9, ++0.1 —
Silt 20kN/m3 OkPa 30°
Till 22KkN/m3 OkPa 36°
Bedrock
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Title: Highway 401 Underpass at Bainsville Road - North Abutment
Comments: Embankment Stability Assessment
Name: 4 - Embankment Granular Grade Raise Drained Static

Method: Morgenstern-Price, Half-Sine

PP Gondions Source: piezometc Line FILL (New) 20kN/m® QO kPa 32 °
Seismic: H\0 V\0 - FILL (Existing) 20 kN/m® OkPa 32°
S Suree Contr (19995555, 64w Rads 119 CLAY_1(ESA)  17kNim® 4kPa 27°
Silt 20kN/m3 OkPa 30°
Till 22KkN/m3 OkPa 36°
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Title: Highway 401 Underpass at Bainsville Road - North Abutment

Comments: Embankment Stability Assessment

Name: 5 - Embankment Granular Grade Raise Undrained Static

Method: Morgenstern-Price, Half-Sine FILL (New) 20 kN/m3 OkPa 32°
W Condiions Source: Piszometic Line FILL (Existing) 20kN/m®  OkPa 32°
Seismic: H\0 V\ 0 _ CLAY_1 (TSA) 17 KN/m3 40kPa O0°
iy St S (1025657, 61.2 s O CLAY 2(TSW)  17kNim* 60kPa O°
Silt 20kN/m® OkPa 30°
Till 22kN/m3 OkPa 36°
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Title: Highway 401 Underpass at Bainsville Road - North Abutment
Comments: Embankment Stability Assessment
Name: 6 - Embankment Granular Grade Raise Seismic

Method: Morgenstern-Price, Half-Sine FILL (NeW) 20 KN/m3 0 kPa 32°

Mini Slip Surf Depth: 1.52 T °

P\I/r\}lgqgc:]ndil?on:rszierce?gtiezomet?iqc Line FILL (EXIStIng) 20 kN/m3 0 kpa 32

Seismic: H\ 0.19 V\ 0 CLAY_1 (TSA) 17 kN/m3 40kPa O0°

Slip Surf Center: (-16.866667, 76.333333) w/ Radius: 37.733333 °

P08 Contours: 0 10 1.9, 0.1 Juree : CLAY_2 (TSA) 17kN/m®  60kPa 0
Silt 20kN/m3 OkPa 30°
Till 22KkN/m3 OkPa 36°
Bedrock
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Title: Highway 401 Underpass at Bainsville Road - North Abutment
Comments: Embankment Stability Assessment
Name: 7 - Embankment EPS Grade Raise Drained Static

Method: Morgenstern-Price, Half-Sine FILL (NeW)
Minimum Slip Surface Depth: 1.52 m T
PWP Conditions Source: Piezometric Line FILL (EXIStIng)
Seismic: H\0 V\ 0 EPS
Slip Surface Center: (-11.6, 66.8) w/ Radius: 14.6 m
FoS Contours: 1.0 to 2.0, ++0.1 CLAY—l (ESA)
Silt
Till
Bedrock
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Title: Highway 401 Underpass at Bainsville Road - North Abutment

Comments: Embankment Stability Assessment
Name: 8 - Embankment EPS Grade Raise Undrained Static

FILL (New) 20kN/m* OkPa 32°
Method: Morgenstern-Price, Half-Sine FILL (Existing) 20 KN/m3 0 kPa 32°
Mini Slip Surf Depth: 1.52 °
P\I/r\}gérc:]ndil?on:rszcuerce?giezomet?c Line EPS 1 kN/m3 1 kPa 0
Seismic: H\0 V\ 0 CLAY_1 (TSA) 17 kN/m® 40kPa O0°
Slip Surf C 1 (-12.6, 71) w/ Radius: 18.8 o
o Contoure 101020 oy e CLAY_2 (TSA) 17 kN/ms 60 kPa 0
Silt 20kN/m3 OkPa 30°
Till 22KkKN/m3 OkPa 36°
Bedrock
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Title: Highway 401 Underpass at Bainsville Road - North Abutment
Comments: Embankment Stability Assessment

Name: 9 - Embankment EPS Grade Raise Seismic FILL (New) 20 kN/m® OkPa 32°
Mfet.hod: I\/Io.rgenstern—Price, Half-Sine FILL (Existing) 20 KN/m3 0 kPa 32°
WP Conditens Source: PiezomelrcLie EPS LkN/m*  1kPa 0°
Seismic: H\ 0.19 V\ 0 CLAY_1 (TSA) 17 kN/m® 40kPa O0°
Slip Surface Center: (-17.2, 77.733333) w/ Radius: 39.133333 0
oS Camtours: 10020, 1100 ’ CLAY_2 (TSA) 17kN/m® 60kPa 0
Silt 20 kN/m3 OkPa 30°
Till 22 kN/m® OkPa 36°
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Title: Highway 401 Underpass at Bainsville Road - South Abutment
Comments: Embankment Stability Assessment
Name: 10 - Existing Embankment Drained Static

Method: Morgenstern-Price, Half-Sine

Minimum Slip Surface Depth: 1.52 m

PWP Conditions Source: Piezometric Line

Seismic: H\0 V\ 0

Slip Surface Center: (-10.933333, 60.8) w/ Radius: 9.1 m
FoS Contours: 1.2 to 2.2, ++0.1
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Title: Highway 401 Underpass at Bainsville Road - South Abutment
Comments: Embankment Stability Assessment
Name: 11 - Existing Embankment Undrained Static

Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.52 m

PWP Conditions Source: Piezometric Line FILL (Existing) 20 kN/m?  OkPa 32°

Seismic: H\0 V\ 0 _ CLAY_1 (TSA) 17kN/mé  40kPa O0°

Sy S Cener (102005 oy s CLv20S s 20k o
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Title: Highway 401 Underpass at Bainsville Road - South Abutment
Comments: Embankment Stability Assessment
Name: 12 - Existing Embankment Seismic

Method: Morgenstern-Price, Half-Sine

Minimum Slip Surface Depth: 1.52 m

PWP Conditions Source: Piezometric Line

Seismic: H\ 0.19 W\ 0

Slip Surface Center: (-11.266667, 62.2) w/ Radius: 10.5 m
FoS Contours: 0.9 to 1.9, ++0.1
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Title: Highway 401 Underpass at Bainsville Road - South Abutment
Comments: Embankment Stability Assessment
Name: 13 - Embankment Granular Grade Raise Drained Static

Method: Morgenstern-Price, Half-Sine
Minimum Slip Surface Depth: 1.52 m

PWP Conditions Source: Piezometric Line FILL (New) 20kN/m3  OkPa 32°
Seismic: H\ 0 V\ 0 FILL (Existing) 20kN/m* OkPa 32°
Slip Surface Center: (-15.866667, 69.933333) w/ Radius: 18.233333 m °
FoS Contours: 1.2 to 2.2, ++0.1 CLAY—l (ESA) 17kN/ms — 4kPa 27
Sand 20kN/m3 OkPa 30°
Till 22kN/m® OkPa 36°

Bedrock

60.0 — — 60.0
575 — —{575
55.0 — — 1550
525 — —{ 525
50.0 — N —150.0
475 — —{ 475
45.0 — Materials — 45.0
s - monoen s
40.0 ggg?g—l ESA) |1 400
37.5 — =-L£:ie”dr0ck —] 375
35.0 — —{350
325 — —{ 325
oo e e e e e s O [P
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T s F 2 Figure 13
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Title: Highway 401 Underpass at Bainsville Road - South Abutment
Comments: Embankment Stability Assessment
Name: 14 - Embankment Granular Grade Raise Undrained Static

Method: Morgenstern-Price, Half-Sine

Minimum Slip Surface Depth: 1.52 m FILL (Ne.W). 20 kN/m* ~ OkPa 32°
PWP Conditions Source: Piezometric Line FILL (Existing) 20kN/m3  OkPa 32°
Seismic: H\0 W\ 0 CLAY_1 (TSA) 17kN/mé  40kPa O0°
Slip Surface Center: (-15.533333, 68.533333) w/ Radius: 16.833333 m °
FoS Contours: 1.2 t0 2.2, ++0.1 CLAY_2 (TSA) 155kN/m? 20kPa O
Sand 20kN/m3 OkPa 30°
Till 22KkN/m3 OkPa 36°

Bedrock

60.0 — — 60.0
575 — — 57.5
55.0 — — 55.0
525 — — 525
50.0 — \ — 50.0
475 — / — 475
45.0 — Material; — 45.0
ws - mruten s
w00 - e P
37.5 |- o Sand —1 375
350 |— B Bedrock — 1350
325 — — 325
0oy A N N N N O D [PPPIO
-52-50-48-46-44-42-40-38-36-34-32-30-28-26-24-22-20-18-16-14-12-10-8 -6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42
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Title: Highway 401 Underpass at Bainsville Road - South Abutment

Comments: Embankment Stability Assessment
Name: 15 - Embankment Granular Grade Raise Seismic

Method: Morgenstern-Price, Half-Sine

Minimum Slip Surface Depth: 1.52 m

PWP Conditions Source: Piezometric Line

Seismic: H\ 0.19 W\ 0

Slip Surface Center: (-15.533333, 68.533333) w/ Radius: 16.833333 m
FoS Contours: 0.9 to 1.9, ++0.1

60.0 —
575 —
55.0 —
525 —

50.0 —

FILL (New)
FILL (Existing)
CLAY_1 (TSA)
CLAY_2 (TSA)
Sand

Till

Bedrock

20 kN/m3
20 KN/m3
17 kN/m3
15.5 kN/m3
20 KN/m3
22 kN/m3

OkPa 32°
OkPa 32°
40kPa O0°
20kPa 0°
OkPa 30°
OkPa 36°

—

475 —

/

45.0 — \

|

7

Materials
| M FILL (New)
425 [ FILL (Existing)
400 | [ CLAY 1 (TSA)
. O CLAY_2 (TSA)
| [ sand
37.5 W il
350 |— M Bedrock
325 —
90y O s e N S O O A
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Title: Highway 401 Underpass at Bainsville Road - South Abutment

Comments: Embankment Stability Assessment
Name: 16 - Embankment EPS Grade Raise Drained Static

Method: Morgenstern-Price, Half-Sine

Minimum Slip Surface Depth: 1.52 m

PWP Conditions Source: Piezometric Line

Seismic: H\0 V\ 0

Slip Surface Center: (-12.266667, 67.4) w/ Radius: 14.4 m
FoS Contours: 0.9 to 1.9, ++0.1

FILL (New)
FILL (Existing)
EPS

CLAY_1 (ESA)
Sand

Till

Bedrock

20 kN/m3
20 KN/m3
1 kN/m3
17 kN/m3
20 KN/m3
22 kN/m3

OkPa 32°
OkPa 32°
lkPa O0°

4kPa 27°
OkPa 30°
OkPa 36°

60.0 —

57.5 —

55.0 —

525 — _

50.0 | _— N
475 (— e

45.0 — — Materials

425 — E— E E:tt Egii\glt)ing)
400 — 5 (E:EASY_l (ESA)
375 |— o Sand

350 |— M Bedrock

325 —

90y O s e N O A I A O
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Title: Highway 401 Underpass at Bainsville Road - South Abutment
Comments: Embankment Stability Assessment
Name: 17 - Embankment EPS Grade Raise Undrained Static

Vethod: M brice. HaliSi FILL (New) 20kN/m3 OkPa 32°
ethod: Morgenstern-Price, Half-Sine . o
Minimum Slip Surface Depth: 1.52 m FILL (EXIStmg) 20kN/m®  OkPa 32
PWP Conditions Source: Piezometric Line EPS 1 KN/m3 l1kPa O0°
Seismic: H\0 V\ 0 CLAY_1 (TSA) 17kN/m3  40kPa 0°
Slip Surface Center: (-12.6, 68.8) w/ Radius: 15.8 m °
FoS Contours: 0.9 to 1.9, ++0.1 CLAY—Z (TSA) 15.5 kN/m? 20 kPa 0
Sand 20kN/m® OkPa 30°
Till 22KkN/m® OkPa 36°
Bedrock

60.0 — — 60.0
575 — — 575
55.0 — — 55.0
525 — — 525
50.0 — N — 50.0
475 (— / — 475
45.0 — Material; — 45.0
25| meLen | as
400 — ECE:E:Y_l (Tsa) | | 40.0
375 — DSLAY2(TSA) | 375
35.0 — =1|;ica”drock —| 350
325 — — 325
90 (PP
-52-50-48-46-44-42-40-38-36-34-32-30-28-26-24-22-20-18-16-14-12-10-8 6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42
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Title: Highway 401 Underpass at Bainsville Road - South Abutment

Comments: Embankment Stability Assessment
Name: 18 - Embankment EPS Grade Raise Seismic

Method: Morgenstern-Price, Half-Sine

Minimum Slip Surface Depth: 1.52 m

PWP Conditions Source: Piezometric Line

Seismic: H\ 0.19 W\ 0

Slip Surface Center: (-14.933333, 78.6) w/ Radius: 25.6 m
FoS Contours: 0.8 to 1.8, ++0.1

60.0 —
575 —

55.0 —
525 —

50.0 —

FILL (New)
FILL (Existing)
EPS

CLAY_1 (TSA)
CLAY_2 (TSA)
Sand

Till

Bedrock

20 kN/m3
20 KN/m3
1 kN/m3

17 kN/m3

15.5 kN/m3

20 KN/m3
22 kN/m3

OkPa 32°
OkPa 32°
l1kPa O0°
40kPa O0°
20kPa O0°
OkPa 30°
OkPa 36°

—

475 — AN

/

45.0 — \

7

>

Materials
425 — E E:tt Egii\glt)ing)
400 — 5 (E:EASY_l (TSA)
375 — g gla_nAJ_Z (TSA)
35.0 — = Egdrock
325 —
0oy A N O N I N Y N )
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Highway 401 Underpass at Bainsville Road Replacement

Township of Lancaster
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Figure 1: Lateral Load vs. Pile-head Deflection for the North Embankment



Highway 401 Underpass at Bainsville Road Replacement

Township of Lancaster
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Figure 2: Lateral Load vs. Pile-head Deflection for the South Embankment



Highway 401 Underpass at Bainsville Road Replacement
Township of Lancaster

APPENDIX H

LIST OF REFERENCED SPECIFICATIONS
NON-STANDARD SPECIAL PROVISIONS - USE OF HEAVY CONSTRUCTION EQUIPMENT
NON-STANDARD SPECIAL PROVISIONS - EXPANDED POLYSTYRENE EMBANKMENT

|
DRAFT . l

THURBER



Highway 401 Underpass at Bainsville Road Replacement
Township of Lancaster

LIST OF REFERENCED SPECIFICATIONS

OPSD 3090.101 Foundation, Frost Penetration Depths for Southern Ontario

OPSS 804 Construction Specification for Seed and Cover

OPSS 805 Construction Specification for Temporary Erosion and Sediment Control
Measures

OPSS 902 Construction Specification for Excavating and Backfilling-Structures

OPSS 903 Construction Specification for Deep Foundations

|
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Highway 401 Underpass at Bainsville Road Replacement
Township of Lancaster

RECOMMENDED WORDING FOR "NSSP- USE OF HEAVY CONSTRUCTION EQUIPMENT"

The use of heavy construction equipment and in particular heavy lift cranes may be required
during removal of the existing and erection of the new bridge. The impact of the heavy equipment
loads on the existing embankment, the native soft to firm soils clay underlying the embankment
and the existing bridge foundations must be considered during selection of the methodology and
equipment employed for construction.

Prior to commencement of construction, the Contractor shall retain a Geotechnical Consultant to
assess the impact of the proposed equipment loads and methodology, and determine
requirements and/or restrictions necessary to safely support the loads. All Foundation
Engineering services required for this project shall be performed by consultant(s) listed as
accepted under the MTO's RAQS for providing services under the specialty of Geotechnical
(Structures and Embankments) - High Complexity.

The assessment shall include, but not be limited to, the following:

e Determining appropriate setbacks for heavy equipment from the bridge abutments
and existing foundations;

¢ Determining the permissible ground pressure that may be applied to the foundation
soils by the equipment; and

¢ Providing recommendations for crane pad design to distribute the crane loads without
causing foundation failure.

The Contractor shall submit the findings of the geotechnical assessment and details of the
proposed equipment and construction methodology to the Contract Administrator for information
purposes a minimum of two weeks prior to the start of construction.

|
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Highway 401 Underpass at Bainsville Road Replacement
Township of Lancaster

EXPANDED POLYSTYRENE EMBANKMENT - Item No. **

Special Provision:

1. SCOPE

This special provision covers the requirements for the supply and construction of the rigid
expanded polystyrene embankment fill and associated works as shown on the contract drawings.

2. REFERENCES

This special provision refers to the following standards, specifications or publications.

National Standards of Canada:

ASTM:

CAN/CGSB - 51.20 M87

ASTM D1621
ASTM C203

ASTM C177

ASTM D2842

ASTM D2863
ASTM D2126

Test Method for Compressive Properties of Rigid Cellular Plastics
Test Method for Breaking Load and Flexural Properties of Block
Type Thermal Insulation

Test Method for Steady State Heat Flux Measurements and
Thermal Transmission Properties by Means of the Heat Flow
Apparatus

Test Method for Water Absorption by Rigid Cellular Plastics

Test Method for Measuring the Minimum Oxygen Content

Test Method for Response of Rigid Cellular Plastics to Thermal
and Humid Aging

OPSS - Ontario Provincial Standard Specification:

OPSS 212
OPSS 501
OPSS 517
OPSS 1010
OPSS 1605
OPSS 1860

Borrow

Compaction

Dewatering

Aggregates — Granular A,B,M, and Selected Subgrade Material
Expanded Extruded Polystyrene Pavement Insulation
Geotextiles

3. SUBSURFACE CONDITIONS

The subsurface conditions at the site are described in the Foundation Investigation Report for this

Contract.

4. DEFINITIONS

For the purpose of this special provision, the following definitions apply:
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Rigid Expanded Polystyrene

Molded rigid blocks produced by a process of pre-expansion, aging and forming of petroleum
based raw material.

Rigid Extruded Expanded Polystyrene

Rigid boards made by extrusion of expanded polystyrene beads.
Production Lot

The quantity of rigid polystyrene blocks produced in a continuous period of manufacturing the
same grade and thickness of product within the same production day.

Quality Verification Engineer

Means an Engineer with a minimum of five (5) years of experience related to the design and/or
construction of expanded polystyrene systems of similar scope to that in the Contract, or
alternatively has demonstrated expertise by providing satisfactory quality verification services for
the work at a minimum of two (2) projects of similar scope to the Contract. The Quality Verification
Engineer shall be retained by the Contractor to ensure conformance with the contract documents
and issue of certificate(s) of conformance.

5. QUALIFICATION

The Contractor shall have on site at the commencement of the work, a representative of the
supplier of the rigid expanded polystyrene to advise on recommended construction procedure.

The Contractor shall maintain liaison with the supplier throughout the construction of the
embankment for advice and guidance as required. Periodic site visits by the supplier should be
coordinated as required.

6. SUBMISSION AND DESIGN REQUIREMENTS

6.1 Submission of Shop Drawings

At least three weeks before the commencement of work, the Contractor shall submit to the
Contract Administrator six copies of the shop drawings and method statement signed and sealed
by the Quality Verification Engineer that provides full details of materials and construction
procedure.

6.2 Delivery, Storage, Handling and Protection

The Contractor shall submit the method of delivery, storage, handling and protection from damage
by weather, traffic, construction staging and other causes as per the rigid expanded polystyrene
manufacturer’s requirement.

6.3 Construction

The contractor shall submit full details of the following.

|
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The method of foundation excavation and preparation.
Construction of levelling pad.

. The method of placement of expanded polystyrene blocks including temporary

ballasting and protection of blocks during installation. The shop drawings shall
indicate laying pattern and block dimensions on a layer by layer basis.

The method and limits of placement of polyethylene sheeting.

The method of placement of 125 mm reinforced concrete base pad (or equivalent).
The method of placement of subbase material.

The method of placement of side slope cover.

7. MATERIALS

7.1 Granular Levelling Pad

The levelling pad shall consist of a Granular “A” or Granular “B” material with gradation and
physical requirements as specified in OPSS 1010.

7.2 Rigid Expanded Polystyrene

7.2.1 General

7.2.1.1 The Contractor shall submit:

1.

2.

A general statement as to the type, composition, and method of production of the
material.

The manufacturer’'s name, address, phone number, identification of a contact person
and description of experience background in the manufacturing of the rigid expanded
polystyrene.

Certification of compliance of physical and mechanical properties.
An identification of a laboratory accredited by the Standards Council of Canada to
conduct the testing of the physical and mechanical properties of the rigid expanded
polystyrene.

The physical and mechanical properties of the rigid expanded polystyrene including:

Geometry

Nominal Density
Compressive Strength
Flexural Strength
Thermal Resistance
Dimensional Stability
Flammability

Water Absorption

Aging and durability characteristics of the polystyrene including the chemical,
biological and ultra-violet degradation resistance of the rigid polystyrene.

. A sample of the expanded polystyrene material to the Quality Verification Engineer for

review.

To the Contract Administrator a Certificate of Conformance sealed and signed by the
Quiality Verification Engineer a minimum of one week prior to commencement of work
under this item. The Certificate shall state that the expanded polystyrene material is in
conformance with the requirements and specifications of the contract documents.

|
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7.2.1.2 Block Production Identification

Each block of the same production lot shall be stamped with the same production code showing
plant identification, type and date of production. The polystyrene shall be free from defects
affecting serviceability.

7.2.2 Detail Requirements

Requirements shall be as shown in Table 7-1 and as described below.

Table 7-14-1: EPS Properties Requirements

TEST

PROPERTY UNIT REQUIREMENTS PROCEDURE
Geometry mm
- Linear 1200 x 600 x 300

with tolerances + 1%
- Flatness 10mmin3m NA
- Squareness + 0.5%
- Thickness -3to +5 mm
. kPa (min) 110 (EPS Type 22) | ASTM D1621

Compressive Strength at 5% Deformation 170 (EPS Type 29) | (Procedure A)

240 (EPS Type 22) | ASTM C203

Flexural Strength kPa (min) 340 (EPS Type 29) | (Procedure B)
Dimensional Stability % linear change (max) 15 ASTM D2126
Thermal Resistance , m2.oC/\N_ 0.7 ASTM CL77 or
(min for 25 mm thickness) ' Ch18
Flammability Limiting (()n’q‘%%e” Index 24 ASTM D2863
Water Absorption % by Volume (max) 4 (EPSType 22) | g1y poga

2 (EPS Type 29)

7.2.2.1 Geometry

The expanded polystyrene shall be supplied in the form of rectangular parallel blocks of minimum
acceptable dimensions of 1200 mm x 600 mm x 300 mm. The maximum deviation from the
specified linear dimensions shall be + 1%.

The flatness of the block faces shall be within + 10 mm of a line formed by a 3 m straight edge.
The maximum difference in corner to corner dimensions (squareness) shall be 0.5%.

The thickness shall be within -3 to +5 mm.

7.2.2.2 Compressive Strength

The minimum compressive strength, measured in accordance with ASTM D1621, Procedure A,
shall be 110 kPa for EPS Type 22 and 170 kPa for EPS Type 29 at a strain of not more than 5%.

|
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The maximum permissible permanent stress level should not exceed 30% of the compressive
strength of the material at 5% strain.

7.2.2.3 Flexural Strength

The minimum flexural strength of the polystyrene shall be 240 kPa for EPS Type 22 and 340 kPa
for EPS Type 29. The flexural strength shall be determined in accordance to ASTM C203, Method
1, Procedure B.

7.2.2.4 Dimensional Stability

Dimensional Stability shall be determined in accordance with ASTM D2126, Procedure G. A
tolerance of 1.5% shall be satisfied.

7.2.2.5 Thermal Resistance

The thermal resistance shall be 0.7 m2.0C/W for a 25 mm thickness using the following equation
and using the average value from three specimens:

R2smm = R measured x25
thickness (mm)

The thermal resistance shall be measured in accordance with ASTM C177 or C518.

7.2.2.6 Flammability

The expanded polystyrene shall be classified as to surface burning characteristics in accordance
with CAN/ULC - 51022 having a flame spread rating less then 500. The expanded polystyrene
shall have a minimum limiting oxygen index measured in accordance with ASTM D2863

7.2.2.7 Water Absorption

The water absorption as measured by ASTM D2842 shall be limited to 4% for EPS Type 22 and
2% for EPS Type 29 by volume.

7.2.2.8 Chemical Resistance

The expanded polystyrene shall be resistant to common inorganic acids and alkalies. A table
identifying the chemical resistance as either resistant, limited or not resistant shall be submitted.

7.2.2.9 Biological Resistance

The expanded polystyrene shall be resistant to biological degradation caused by organisms or
enzymes.

7.2.2.10 Environmental

The expanded polystyrene shall be inert, non-nutritive and highly stable and shall not produce
undesirable gases or leachate.

|
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8. DELIVERY, STORAGE AND HANDLING

The product shall be suitably marked to identify its type, number and the manufacturer’'s name or
trademark.

The Contractor shall protect the expanded polystyrene from exposure to sunlight to avoid
ultraviolet degradation as per manufacturer’s recommendation.

Protection of materials and works from damage by weather, traffic, construction staging, fire or
vandalism and other causes shall be the responsibility of the Contractor.

9. CONSTRUCTION
9.1 Foundation Excavation

Foundation excavation shall be carried out to the design elevations shown on the drawings. Any
softened, loosened or deleterious materials at the foundation footing elevation shall be
subexcavated and replaced with Granular 'A' or Granular 'B' material.

9.2 Leveling Pad

Place, level and compact a layer of Granular 'A' or Granular 'B' material in accordance with OPSS
501 to within £30 mm of the design elevation. The leveling pad shall not deviate by more than 10
mm at any place on a 3 m straight edge over the limits of the bottom course of blocks. The
leveling pad shall not be placed on frozen ground.

9.3 Installation of Blocks

1. The individually marked blocks shall be placed on the prepared leveling pad. The
top surface of the first layer of blocks is to be set plane and level. Local trimming of
the blocks may be necessary.

2. Subsequent successive layers shall be oriented with the long axis of blocks
positioned at 90° to the previous layer in order to avoid continuous joints. Block joints

shall be offset and staggered between layers.

3. A continuous check shall be kept to ensure the evenness of the blocks is satisfactory
in each layer. Blocks shall be laid with joints with maximum opening of 10 mm
between blocks. Differences in heights between adjacent blocks in the same layer
should not exceed 5 mm.

4. Sloping end adjustments at the abutments shall be accomplished by leveling terraces
in the subsoil in accordance with the block thickness.

5. Temporary ballast shall be provided as necessary to prevent movement of expanded
polystyrene both in storage and as placed due to windy conditions. Timber fasteners
or equivalent shall be used as necessary.

6. The expanded polystyrene embankment shall be protected from accidental ignition
due to welding, smoking, grinding or cutting tools, etc. The Contractor shall take all
necessary precautions to prevent ignition of the expanded polystyrene.

7. The expanded polystyrene shall be protected from organic solvents and other
aggressive, harmful chemicals during construction. The proposed method of
protection during construction shall be submitted to the Contractor’s Quality
Verification Engineer for review and to the Contract Administrator for information
purposes.
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8. Exposed blocks shall be covered immediately to avoid possible burrowing by animals.

9. Individually marked blocks shall be fabricated and placed to ensure the top surface
matches the elevation and crossfall shown on the drawings.

10. The top surface and side surfaces of the expanded polystyrene shall be covered
with 10 mil polyethylene sheeting extending onto adjacent work at the longitudinal
ends of the embankment. All joints shall be lapped a minimum of 300 mm to provide
a fully sealed enclosure.

11. The contractor shall install the concrete base pad as detailed elsewhere in the
contract.

12. The side slope of the rigid expanded polystyrene embankment shall be covered
with Select Subgrade Material (SSM) as detailed elsewhere in this contract.

13. The Contractor shall submit details of the sequence and method of installation to
the Quality Verification Engineer for review. The submittals shall satisfy the
specifications and at a minimum include a detailed description of proposed installation
procedures. The details shall be submitted at least three weeks prior to the
installation of the rigid expanded polystyrene embankments the Contractor shall also
submit to the Contract Administrator, for information purposes, details of the
sequence and method of installation. The submittals shall satisfy the specifications
and at a minimum contain the above information as provided to the Contractor’s
Quality Verification Engineer.

14. The Contractor shall submit to the Contract Administrator a Certificate of
Conformance sealed and signed by the Quality Verification Engineer a minimum of
one week prior to commencement of work under this item. The Certificate shall state
that the installation procedures are in conformance with the requirements and
specifications of the contract documents. Quality test certificates for each production
lot supplied, showing compliance with all requirements of this special provision shall
be obtained by the Contractor and submitted to the Contract Administrator prior to
installation. Upon completion of the Expanded Polystyrene Embankment the
Contractor shall submit to the Contract Administrator a Certificate of
Conformance sealed and signed by the Quality Verification Engineer stating
that the Expanded Polystyrene Embankment has been constructed in
conformance with the installation procedures and specifications of the contract
documents.

10. EQUIPMENT
All cutting of polystyrene materials shall be by electric equipment or by hand.

Heavy equipment shall be limited in weight and size and restricted in operation to avoid damaging
the expanded polystyrene as per the manufacturer’s requirement.

11. QUALITY ASSURANCE

11.1 Sampling and Testing

11.1.1 General

The Contract Administrator may undertake an independent testing program of the expanded

polystyrene. Sampling and testing will be carried out in conformance with the relevant test
procedure. The physical and thermal property testing identified in Table 1 will be conducted. The
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testing shall be conducted by a recognized testing laboratory accredited by the Standards Council
of Canada.

11.1.2 Sampling Frequency

Sufficient sample material shall be obtained from blocks randomly selected by the Contract
Administrator from each production lot as soon as the material arrives on site. As a minimum,
three blocks shall be tested.

11.1.3 Acceptance/Rejection

Failure of any one of the sample blocks to comply with any requirements of this special provision
shall be cause for rejection of the production lot from which it was taken. Replacement of the
blocks shall be at the Contractor’'s expense.

12. MEASUREMENT FOR PAYMENT

12.1 Actual Measurement

Measurement will be by volume in cubic metres measured in its original position and based on
cross sections.

13. PAYMENT
13.1 Basis of Payment

The Concrete Base pad and granular leveling pad shall be paid for with the appropriate tender
items as detailed elsewhere in the contract.

Payment at the contract price for the above tender item shall be full compensation for all labour,
materials and equipment to do the work as described above and no extra payments will be made.

14. SHEETING
14.1  Scope of Work

As part of the work of the above noted tender item the Contractor shall supply and install
Polyethylene Sheeting as detailed elsewhere in the contract.

14.2 Basis of Payment
Payment at the contract price for the above tender item shall include full compensation for all

labour, equipment and materials to install the Polyethylene Sheeting as detailed elsewhere in the
contract and no extra payment w
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