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FOUNDATION INVESTIGATION REPORT
CULVERTS & CULVERT EXTENSIONS
HIGHWAY 406 TWINNING
ONTARIO
AGREEMENT No. 2008-E-0016, W.P. 280-99-00, SITE:
GEOCRES No. 30M3-269
PART 1: FACTUAL INFORMATION

1 INTRODUCTION

This report presents the factual findings obtained from foundation investigations conducted at a
number of sites on Highway 406 where either culvert extensions or replacements are required. The
project area extends from East Main Street, City of Welland to about 1.0 km north of Port
Robinson Road, City of Thorold, Ontario.

The purpose of this investigation was to explore the subsurface conditions at nine culvert sites and
based on the data obtained, to provide borehole and test pit location plans, records of boreholes and
test pits, stratigraphic profiles, laboratory test results and a description of the subsurface conditions.
Models of the subsurface conditions were developed from the data obtained.

Terraprobe conducted the investigation as a sub-consultant to Giffels Associates Ltd./IBI Group,
under the Ministry of Transportation Ontario (MTO) Agreement Number 2008-E-0016.

For reporting purposes the investigated sites are identified as:

e Culvert #2: Highway 406 - Sta. 10+307. An 800 mm diameter CSP culvert currently exists
at this site.

e Culvert #5: Highway 406 - Sta. 10+777. A 1,850x1,250 RFB culvert is located at this site.

e Culvert #6: Highway 406 - Sta. 11+499. A 2,450x1,250 RFB culvert is located at this site.

e Culvert #8: Highway 406 - Sta. 12+338. A 3,050x1,850 RFB culvert is located at this site.

o Culvert #9: Highway 406 - Sta. 12+476. A 1,860x1,000 RFB culvert is located
approximately 50 m north of this site.

o Culvert#24: Highway 406 - Sta. 14+152. A 2,000x1,250 RFB culvert is located at this
site.

o Culvert #48: Highway 406 - Sta. 15+712. A 3,650x2,520 RFO culvert is located at this
site.

e Culvert #35: Port Robinson Road - Sta. 9+704. Twin 2,500 mm CSP culverts currently
exist at this site.

e Culvert #49: Highway 406 - Sta. 5+839. A 1,220x1,220 concrete culvert is located at this
site.
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2 SITE DESCRIPTION & PHYSIOGRAPHY

The south limit of the project is Sta. 10+000 located at the existing Highway 406 terminus at East
Main Street in the City of Welland. The north limit is about Sta. 6+400 approximately 1.0 km
north of Port Robinson Road in the City of Thorold. This approximately 6.5 km long route
traverses across generally flat terrain and crosses Woodlawn Road, Merritt Road and Port
Robinson Road. There is an at grade railway intersection (Trillium Railway) about 265 m south of
Woodlawn Road. The alignment also crosses the Welland River and Old Welland Canal.

The project area is located between the Niagara Escarpment and Lake Erie in the physiographic
region of Southern Ontario referred to as the Haldimand Clay Plain. The Haldimand Clay Plain is
best described as falling into a series of parallel belts with the highest ground adjacent to the
Escarpment. Generally this region is flat and poorly drained although it includes several distinctive
landforms such as dunes, cobble, clay and sand beaches, limestone pavements and back-shore
wetland basins.

The Niagara Region is underlain by a sequence of very gently south-dipping dolostones,
limestones, shales and sandstones overlying Precambrian basement rock. The key elements in the
bedrock geology of the region are the multiple layers of softer sedimentary limestones, shale,
sandstone and dolostone.

The bedrock units within the project limits consist of the Salina Formation and Guelph Formation
of Upper Silurian Age®. The Salina Formation consists essentially of easily weathered, grey, very
finely crystalline, laminated argillaceous dolostone with grey, calcareous shale partings and
gypsum veins and lenses of varying thicknesses. The Guelph Formation consists essentially of
unweathered, grey, laminated argillaceous dolostone.

3 SITE INVESTIGATION AND FIELD TESTING
The site investigation and field testing at the nine culvert sites are outlined below:

Culvert #2;: Three boreholes numbered C2-1, C2-2 and C2-3, drilled and sampled to depths
ranging from 12.7 m to 19.1 m during the period of June 21, 2010 to July 21, 2010. The
approximate borehole locations are shown on the Borehole Locations and Soil Strata Drawing in
Appendix C1.

Culvert #5: Two boreholes drilled and sampled to depths of 13.6 m and 14.1 m and one shallow
test pit dug to a depth of 0.3 m during the period of June 17, 2010 to July 20, 2010. The boreholes
were numbered C3-1 and C3-2 and the shallow test pit was numbered TP 3-1. Their approximate
locations are shown on the Borehole Locations and Soil Strata drawing in Appendix C2.

! Chapman and Putnam, “The Physiography of South Ontario”, 3" Edition, 1984.
2 Ontario Division of Mines, “Quaternary Geology Of The Welland Area”, Preliminary Map P.796, 1972.
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Culvert #6: Two boreholes (numbered C5-1 and C5-2) drilled and sampled to depths of 18.8 m
and three shallow test pits (numbered TP 5-1, TP 5-2 and TP 5-3) dug to a depth of 0.3 m during
the period of June 18, 2010 to July 05, 2010. A DCPT test was performed in Borehole C5-1 from
18.8 m to 19.4 m. The approximate borehole and test pit locations are shown on the Borehole
Locations and Soil Strata drawing in Appendix C3.

Culvert #8: Four boreholes drilled and sampled to depths ranging from 12.7 m to 20.3 m and four
shallow test pits dug to depths ranging from 1.2 m to 1.8 m during the period of November 12,
2009 to July 26, 2010. The boreholes were numbered C6-1, C6-2, S-EW 10+025Rt and
WE-S 10+360Lt and the shallow test pits were numbered TP 6-1 to TP 6-4. Their approximate
locations are shown on the Borehole Locations and Soil Strata drawing in Appendix C4.

Culvert #9: Four boreholes numbered C7-1 to C7-4 drilled and sampled to depths ranging from
12.6 m to 17.0 m and one shallow test pit (TP 7-1) dug to a depth of 1.2 m during the period of
June 25, 2010 to July 07, 2010. The approximate borehole and test pit locations are shown on the
Borehole Locations and Soil Strata drawing in Appendix C5.

Culvert #24: Two boreholes numbered C9-1 and C9-2 drilled and sampled to depths ranging
from 12.7 m to 13.6 m during the period of November 17, 2009 to November 18, 2009. A DCPT
test was performed in Borehole C9-2 from 13.6 m to 17.1 m. The approximate borehole locations
are shown on the Borehole Locations and Soil Strata drawing in Appendix C6.

Culvert #48:  Three boreholes drilled and sampled to depths ranging from 12.7 m to 23.4 m and
two shallow test pits dug to depths ranging from 0.2 m to 0.6 m during the period of July 13, 2010
to July 14, 2010. The boreholes were numbered C10-1, C10-2 and C10-3 and the shallow test pits
were numbered TP 10-1 and TP 10-2. Their approximate locations are shown on the Borehole
Locations and Soil Strata drawing in Appendix C7.

Culvert #35: Three boreholes (numbered C11-1, C11-2 and C11-3) drilled and sampled to
depths ranging from 18.8 m to 23.4 m and one shallow test pit (TP 11-1) dug to a depth of 0.3 m
during the period of July 08, 2010 to July 16, 2010. Their approximate locations are shown on the
Borehole Locations and Soil Strata drawing in Appendix C8.

Culvert #49:  Three boreholes numbered C12-1, C12-2 and C12-3, drilled and sampled to depths
ranging from 20.3m to 21.8 m during the period of June 25, 2010 to July 15,2010. The
approximate borehole locations are shown on the Borehole Locations and Soil Strata drawing in
Appendix C9.

The borehole locations were marked in the field by surveyors from Callon Dietz Inc. who also
provided Terraprobe with their coordinates and geodetic elevations. Access to some borehole
locations was difficult due to locally steep slopes and existing structures. These boreholes were
therefore relocated to be as close as feasible to the staked out location while allowing safe
operation of the drill rig. Utility clearances were obtained by Terraprobe prior to drilling.

%
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Samples of the overburden soils were obtained at selected intervals using a split spoon sampler in
conjunction with Standard Penetration Testing (SPT), as specified in ASTM Method D1586. In the
cohesive (clayey) deposits the undrained shear strength of the soil was measured in-situ by means
of field vane tests using an MTO type field vane. Relatively undisturbed soil samples were also
collected with thin-walled Shelby Tube samplers.

In addition to the testing outlined above, Dynamic Cone Penetration Tests (DCPT) were conducted.
This test consists of continuously driving into undisturbed ground a 50 mm diameter cone
(60° vertex angle) attached to a drill rod, with a driving energy of 475 J per blow (63.5 kg hammer
dropping freely a vertical distance of 0.76 m). The number of blows for each 300 mm of
penetration is recorded and this provides an indication of the relative changes in the soil
density/consistency with depth.

Ground water conditions in the open boreholes were observed throughout the drilling operations
and standpipe piezometers consisting of 19 mm diameter PVC pipe with a slotted screen enclosed
in sand were installed in selected boreholes to permit longer term ground water level monitoring.
The remaining boreholes were abandoned in accordance with MOE Regulation 903 by
sealing/grouting with a clay slurry mixture after drilling was complete.

The locations and completion details of the piezometers are provided in Tables 3.1 to 3.9.

Table 3.1 — Piezometer Installation Details

Piezometer Details (Culvert #2)

Piezometer Tip Depth/
Location Elevation Completion Details

(m)

Hole sealed with silty clay cuttings to 9.9 m, piezometer with 1.5 m slotted
screen installed with filter sand to 7.8 m, bentonite seal from 7.8 m to

€21 9.9/173.4 7.2 m, silty clay cuttings from 7.2 m to 0.6 m and bentonite seal from
0.6 m to ground surface with a flush mounted casing installation.
Hole sealed to 12.2 m with bentonite, piezometer with 1.5 m slotted
c2-3 12.2/169.4 screen installed with filter sand to 10.1 m, bentonite seal from 10.1 m to

9.5 m, silty clay cuttings from 9.5m to 0.6 m and bentonite seal from
0.6 m to ground surface.

ig Terraprobe Inc. 4
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Table 3.2 — Piezometer Installation Details
Piezometer Details (Culvert #5)
Piezometer Tip Depth/
Location Elevation Completion Details
(m)
Piezometer with 1.5 m slotted screen installed with filter sand to 10.4 m,
c3-1 12.9/171.0 bentonite seal from 10.4 m to 9.8 m, silty clay cuttings from 9.8 m to
’ ’ 0.6 m and bentonite seal from 0.6 m to ground surface with a flush
mounted casing installation.
Piezometer with 1.5 m slotted screen installed with filter sand to 11.6 m,
C3-2 13.7/170.1 bentonite seal from 11.6 m to 11.0 m, silty clay cuttings from 11.0 m to
0.6 m and bentonite seal from 0.6 m to ground surface.
Table 3.3 — Piezometer Installation Details
Piezometer Details (Culvert #6)
Piezometer Tip Depth/
Location Elevation Completion Details
(m)
Piezometer with 1.5 m slotted screen installed with filter sand to 16.4 m,
C5-1 18.3/172.1 bentonite seal from 16.4 m to 15.8 m, silty clay cuttings from 15.8 m to
’ ’ 0.6 m and bentonite seal from 0.6 m to ground surface with a flush
mounted casing installation.
Hole sealed to 15.2 m with bentonite, piezometer with 1.5 m slotted
C5-2 15.2/172.0 screen installed with filter sand to 13.1 m, bentonite seal from 13.1 m to
’ ’ 12.5 m, silty clay cuttings from 12.5 m to 0.6 m and bentonite seal from
0.6 m to ground surface.
Table 3.4 — Piezometer Installation Details
Piezometer Details (Culvert #8)
Piezometer Tip Depth/
Location Elevation Completion Details
(m)
Hole sealed to 9.1 m with bentonite, piezometer with 1.5 m slotted screen
C6-1 9.1/170.1 installed with filter sand to 7.0 m, bentonite seal from 7.0 m to 6.4 m, silty
) ) clay cuttings from 6.4 m to 0.6 m and bentonite seal from 0.6 m to ground
surface.
Hole sealed to 12.2 m with bentonite, piezometer with 1.5 m slotted
C6-2 12.9171.3 screen installed with filter sand to 10.1 m, bentonite seal from 10.1 m to
’ ’ 9.5 m, silty clay cuttings from 9.5 m to 0.6 m and bentonite seal from
0.6 m to ground surface.
S-EW Piezometer with 3.0 m slotted screen installed with filter sand to 15.1 m,
10+025Rt 18.8/164.8 bentonite seal from 15.1 m to 14.5 m, silty clay cuttings from 14.5 m to
0.6 m and bentonite seal from 0.6 m to ground surface.
WE-S Piezometer with 3.0 m slotted screen installed with filter sand to 16.2 m,
10+360Lt 19.8/163.6 bentonite seal from 16.2 m to 15.5 m, silty clay cuttings from 15.5 m to
0.6 m and bentonite seal from 0.6 m to ground surface.

o
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Table 3.5 — Piezometer Installation Details
Piezometer Details (Culvert #9)
Piezometer Tip Depth/
Location Elevation Completion Details
(m)
Piezometer with 1.5 m slotted screen installed with filter sand to 14.6 m,
C7-1 16.7/164.3 bentonite seal from 14.6 m to 14.0 m, silty clay cuttings from 14.0 m to
0.6 m and bentonite seal from 0.6 m to ground surface.
Piezometer with 1.5 m slotted screen installed with filter sand to 11.6 m,
C7-2 13.7/167.8 bentonite seal from 11.6 m to 11.0 m, silty clay cuttings from 11.0 m to
0.6 m and bentonite seal from 0.6 m to ground surface.
Piezometer with 1.5 m slotted screen installed with filter sand to 10.0 m,
C7-4 12.2/169.8 bentonite seal from 10.0 m to 9.4 m, silty clay cuttings from 9.4 m to
0.6 m and bentonite seal from 0.6 m to ground surface.
Table 3.6 — Piezometer Installation Details
Piezometer Details (Culvert #24)
Piezometer Tip Depth/
Location Elevation Completion Details
(m)
Hole sealed to 7.6 m with bentonite, piezometer with 1.5 m slotted screen
C9-1 76/167.3 installed with filter sand to 5.5 m, bentonite seal from 5.5 m to 4.6 m, silty
) ) clay cuttings from 4.6 m to 0.6 m and bentonite seal from 0.6 m to ground
surface.
Piezometer with 1.5 m slotted screen installed with filter sand to 10.0 m,
C9-2 12.1/163.9 bentonite seal from 10.0 m to 9.4 m, silty clay cuttings from 9.4 m to
0.6 m and bentonite seal from 0.6 m to ground surface.
Table 3.7 — Piezometer Installation Details
Piezometer Details (Culvert #48)
Piezometer Tip Depth/
Location Elevation Completion Details
(m)
Piezometer with 1.5 m slotted screen installed with filter sand to 8.5 m,
C10-1 10.7/166.4 bentonite seal from 8.5 m to 7.9 m, silty clay cuttings from 7.9 m to 0.6 m
and bentonite seal from 0.6 m to ground surface.
Piezometer with 1.5 m slotted screen installed with filter sand to 12.5 m,
C10-3 14.6/163.9 bentonite seal from 12.5m to 11.9 m, silty clay cuttings from 11.9 m to
0.6 m and bentonite seal from 0.6 m to ground surface.

o
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Table 3.8 — Piezometer Installation Details

Piezometer Details (Culvert #35)

Piezometer Tip Depth/
Location Elevation Completion Details

(m)

Hole sealed to 16.8 m with bentonite, piezometer with 1.5 m slotted
screen installed with filter sand to 14.7 m, bentonite seal from 14.7 m to
14.1 m, silty clay cuttings from 14.1 m to 0.6 m and bentonite seal from
0.6 m to ground surface.

Cl1-1 16.8/161.1

Piezometer with 1.5 m slotted screen installed with filter sand to 15.1 m,
C11-3 17.2/161.9 bentonite seal from 15.1 m to 14.5 m, silty clay cuttings from 14.5 m to
0.6 m and bentonite seal from 0.6 m to ground surface.

Table 3.9 — Piezometer Installation Details

Piezometer Details (Culvert #49)

Piezometer Tip Depth/
Location Elevation Completion Details

(m)

Piezometer with 1.5 m slotted screen installed with filter sand to 13.1 m,
Cl2-2 15.2/164.6 bentonite seal from 13.1 m to 12.5 m, silty clay cuttings from 12.5 m to
0.6 m and bentonite seal from 0.6 m to ground surface.

Piezometer with 1.5 m slotted screen installed with filter sand to 13.1 m,
C12-3 15.2/164.6 bentonite seal from 13.1 m to 12.5 m, silty clay cuttings from 12.5 m to
0.6 m and bentonite seal from 0.6 m to ground surface.

The drilling, sampling and in-situ testing operations were observed on a full time basis by members
of Terraprobe’s technical staff who logged the boreholes and processed the recovered soil and rock
samples for transport to Terraprobe’s Brampton laboratory for further examination and testing.

4 LABORATORY TESTING

The recovered soil samples were subjected to Visual Identification (VI) and natural moisture
content determination. Select samples were also subjected to a laboratory testing programme
consisting of gradation analysis and Atterberg Limits tests, consolidation tests, unit weight, and
undrained shear strength testing with a laboratory vane. The results of this testing program are
shown on the Record of Borehole sheets in Appendix Al to A9 and the Figures in Appendix B1 to
BO.

5 DESCRIPTION OF SUBSURFACE CONDITIONS

Reference is made to the Record of Borehole Sheets and Test Pit Logs in Appendices Al to A9.
Details of the encountered soil stratigraphy are presented in these appendices and on the “Borehole
Locations and Soil Strata” drawings in Appendices C1 to C9. An overall description of the
stratigraphy at the culvert sites is given in the following paragraphs. However, the factual data
presented in the Record of Borehole Sheets and Test Pit Logs governs any interpretation of the site
conditions.

ég Terraprobe Inc. !
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51 Culvert #2 (Hwy 406 Sta. 10+307)

In general, the site is underlain by topsoil, fill material (sandy gravel and silty clay) and native
overburden deposits of silty clay and silty clay till.

5.1.1 Topsoil

A 300 mm thick layer of topsoil was encountered at this site. Topsoil thickness may vary between
and beyond the boreholes.

5.1.2 Fill - Sandy Gravel

Borehole C2-1 was advanced through the existing shoulder of Highway 406 where granular fill
material consisting of sandy gravel was encountered. This fill extends to a depth of 1.4 m
(Elev. £181.9 m) below ground surface.

The grain size distribution plot of a tested sample of this granular fill is depicted in Figure B1-1.
The results show a grain size distribution consisting of 55% gravel, 34% sand, and 11% silt and
clay size particles.

Standard Penetration tests in the granular fill gave ‘N’ values that ranged from 13 to 16 blows for
0.3 m penetration. Based on these results this fill is considered to have a compact relative density.
The moisture content of samples of this fill ranged from 2% to 4% by weight.

5.1.3 Fill - Silty Clay

Silty clay fill material was encountered at this site extending to depths ranging from 0.7 mto 2.1 m
below ground surface or to elevations of £181.2 m to £180.2 m.

A sample of the silty clay fill was subjected to a grain size distribution test and the results are
presented in Figure B1-2. These results show a grain size distribution consisting of 0% gravel, 1%
sand, 60% silt and 39% clay size particles.

A sample of the fill was also subjected to Atterberg Limits tests and the results are presented in
Figure B1-3. The index values from these tests are summarized below:

Liquid Limit: 44%
Plastic Limit: 23%
Plasticity Index: 21%
Natural Moisture Content: 18%

These values are characteristic of clayey soils of intermediate plasticity.

Standard Penetration tests in the silty clay fill gave ‘N’ values that ranged from 3 to 19 blows for
0.3 m penetration. Based on these results the fill is considered to have a soft to very stiff
consistency. The moisture content of samples of this fill ranged from 16% to 28% by weight.

%
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5.14 Silty Clay

A silty clay deposit was encountered across the site extending to depths ranging from 8.6 m to
10.6 m below ground surface or to elevations ranging from £173.5 mto £171.0 m.

The grain size distribution curves of tested samples of the silty clay are presented in Figures B1-4
and B1-5. These results show a grain size distribution consisting of 0% gravel, 1-3% sand, 52-69%
silt and 29-47% clay size particles.

Samples were also subjected to Atterberg Limits tests and the results are illustrated on the plasticity
charts, Figures B1-6 and B1-7. The index values from these tests are summarized below:

Liquid Limit: 28-45%
Plastic Limit: 18-21%
Plasticity Index: 9-25%

Natural Moisture Content:  16-32%
These values indicate that the silty clay has a generally low to intermediate plasticity.

Standard Penetration tests in this stratum gave ‘N’ values that ranged from 5 to 42 blows for 0.3 m
penetration and field vane tests gave in-situ undrained shear strengths ranging from 64 kPa to in
excess of 120 kPa. These results indicate that the consistency of the silty clay is generally stiff to
very stiff with occasional firm and hard zones. The moisture content of samples of the silty clay
range from 16% to 32% by weight.

5.1.5 Silty Clay Till

A silty clay till deposit was encountered across this site extending to borehole termination depths
ranging from 12.7 m (Elev. £169.0 m) to 19.1 m (Elev. £164.2 m) below ground surface.

The grain size distribution plot of a tested sample from this unit is depicted in Figure B1-8. The
results show a grain size distribution consisting of 3% gravel, 18% sand, 54% silt and 25% clay
size particles. Till soils will also contain random cobble and boulder inclusions and it is noted that
auger refusal was encountered (probably on a boulder in this deposit) in Borehole C2-2 at depths of
10.5m, 10.7 m and 10.8 m.

A sample was also subjected to Atterberg Limits tests and the results are plotted on the plasticity
chart, Figure B1-9. The index values from these tests are summarized below:

Liquid Limit: 25%
Plastic Limit: 13%
Plasticity Index: 12%

Natural Moisture Content:  25%
These values are typical of clayey soils of low plasticity.

Standard Penetration tests in this stratum yielded ‘N’ values ranging widely from 1 to in excess of
100 blows per 0.3 m penetration and field vane tests performed in this deposit gave undrained shear
strength ranging from 80 kPa to in excess of 120 kPa. Based on these results, the silty clay till is
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considered to have a generally stiff to hard consistency with occasional soft zones. The moisture
content of samples from this deposit varies from 13% to 25% by weight.

5.1.6  Water Levels

Standpipe piezometers were installed in selected boreholes. The water level readings measured on
separate visits made after the completion of drilling are presented in Table 5.1.1.

Table 5.1.1 — Water Level Measurements

Borehole Date Water Levels
Depth (m) Elevation (m)
July 08, 2010 4.0 179.3
Cc2-1 July 13, 2010 3.7 179.6
July 20, 2010 3.6 179.7
July 28, 2010 5.9 175.7
August 06, 2010 7.1 174.5
August 13, 2010 6.5 175.1
C2-3 August 23, 2010 4.6 177.0
September 25, 2010 7.4 174.2
October 03, 2010 6.2 175.4
October 14, 2010 6.6 175.0

The ground water table was estimated based on the recorded water levels in the standpipe
piezometers and our review of moisture contents of the retrieved samples. This interpretation
indicates a ground water table that is estimated to exist at about Elev. £180.0 m. Perched water can
also be expected to occur where permeable layers of sand and gravel are underlain by more
impermeable silty clay soils.

All ground water observations at this site are short term and the levels are expected to fluctuate
seasonally and after severe weather events. The ground water level will also be controlled by the
free water level in the existing water course.

5.2 Culvert #5 (Hwy 406 Sta. 10+777)

In general, the site is underlain by topsoil, fill material (sand and gravel and silty clay) and native
overburden deposits of silty clay and silty clay till.

52.1 Topsoil

A 100 mm thick layer of topsoil was encountered in Borehole C3-2 and Test Pit TP 3-1. Topsoil
thickness may vary between and beyond the boreholes.

5.2.2 Fill - Sand and Gravel

Sand and gravel fill material was encountered in Borehole C3-1 which was drilled through the
existing shoulder of Highway 406. This fill material extends to a depth of 1.4 m (Elev. £181.8 m)
below ground surface.

The grain size distribution curve of a tested sample of this fill is presented in Figure B2-1. The
results show a grain size distribution consisting of 37% gravel, 46% sand, 13% silt and 4% clay
size particles.
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Standard Penetration tests in this fill gave ‘N’ values ranging from 27 to 33 blows for 0.3 m
penetration, indicating a compact to dense relative density. The moisture content of samples of this
fill was 5% by weight.

52.3 Fill - Silty Clay

Silty clay fill material was encountered at this site extending to depths of 2.1 m below ground
surface or to elevations ranging from +181.7 m to £181.1 m.

Samples of the silty clay fill were subjected to grain size distribution tests and the results are
presented in Figure B2-2. These results show grain size distributions consisting of 0-7% gravel,
5-13% sand, 40-46% silt and 40-49% clay size particles.

Samples of the fill were also subjected to Atterberg Limits tests and the results are presented in
Figure B2-3. The index values from these tests are summarized below:

Liquid Limit: 42-49%
Plastic Limit: 20-24%
Plasticity Index: 22-25%
Natural Moisture Content: 17-24%

These values are characteristic of clayey soils of intermediate plasticity.

Standard Penetration tests in the silty clay fill gave ‘N’ values that ranged from 13 to 26 blows for
0.3 m penetration. Based on these results the fill is considered to have a stiff to very stiff
consistency. The moisture content of samples of this fill ranged from 16% to 24% by weight.

5.2.4 Silty Clay

A silty clay deposit was encountered at this site extending to depths ranging from 9.4 m
(Elev. £173.8 m) to 10.1 m (Elev. £173.7 m) below ground surface.

The grain size distribution plots of tested samples of the silty clay are presented in Figure B2-4.
These results show a grain size distribution consisting of 0% gravel, 1-3% sand, 46-72% silt and
25-52% clay size particles.

Samples were also subjected to Atterberg Limits tests and the results are illustrated on the plasticity
chart, Figure B2-5. The index values from these tests are summarized below:

Liquid Limit: 28-49%
Plastic Limit: 16-23%
Plasticity Index: 12-26%

Natural Moisture Content: 17-24%

These values indicate that the silty clay has a generally low to intermediate plasticity.
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Standard Penetration tests in this stratum gave ‘N’ values that ranged from 11 to 28 blows for
0.3 m penetration and field vane tests gave in-situ undrained shear strengths ranging from 100 kPa
to in excess of 120 kPa. These values indicate that the consistency of the silty clay is generally
stiff to very stiff. Moisture content of samples of the silty clay ranged from 16% to 24% by weight.

5.2.5 Silty Clay Till

A deposit of silty clay till was encountered across this site extending to borehole termination depths
ranging from 13.6 m (Elev. £169.6 m) to 14.1 m (x169.7 m) below ground surface.

The results of a grain size distribution test conducted on a sample of silty clay till are shown in
Figure B2-6. The curve shows a grain size distribution consisting of 6% gravel, 18% sand, 56%
silt and 20% clay size particles. Till soils will also contain random cobble and boulder inclusions.

A sample of the silty clay till was also subjected to Atterberg Limits tests and the results are plotted
on the plasticity chart, Figure B2-7. The summarized index values from these tests are presented
herein.

Liquid Limit: 23%
Plastic Limit: 14%
Plasticity Index: 9%

Natural Moisture Content:  14%
These values are typical of clayey soils of low plasticity.

Standard Penetration tests in this stratum yielded ‘N’ values ranging from 11 to more than
100 blows for 0.3 m penetration and field vane tests performed in this deposit gave undrained shear
strengths in excess of 120 kPa. Based on these results, the silty clay till is considered to have a stiff
to hard consistency. The moisture content of samples from this deposit varies from 11% to 19% by
weight.

5.2.6  Water Levels

The boreholes were instrumented with a standpipe piezometer. The water level readings measured
on separate visits made after the completion of drilling are presented in Table 5.2.1.

Table 5.2.1 — Water Level Measurements

Borehole Date Water Levels -
Depth (m) Elevation (m)
July 08, 2010 2.0 181.2
C3-1 July 14, 2010 1.9 181.3
July 20, 2010 2.0 181.2
C3-2 July 28, 2010 5.6 178.2
August 06, 2010 5.8 178.0

The ground water table was estimated based on the recorded water levels in the standpipe
piezometers and our review of moisture contents of the retrieved samples. This interpretation
indicates a ground water table that is estimated to exist at about Elev. £181.0 m. Perched water can
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also be expected to occur where relatively permeable soils are underlain by more impermeable silty
clay soils.

All groundwater observations at this site are short term and the levels are expected to fluctuate
seasonally and after severe weather events. The ground water level will also be controlled by the
free water level in the existing water course.

53  Culvert #6 (Highway 406 Sta. 11+499)

In general, the site is underlain by topsoil, fill material (sand and gravel and silty clay) and native
overburden deposits of silty clay and silty clay till.

Stereoscopic interpretations of 1970 air photos indicate that this section of Highway 406 was not
yet constructed. The 1970 aerial photography show significant construction activity in this area
and it appears that large quantities of excavated soil from the Welland Canal construction were
being stockpiled at this site. The 1998 air photos show the current Highway 406 crossing this site
and it would be reasonable to assume that the highway and culvert at this site are founded on fill
material.

53.1 Topsoil

A 100 mm to 130 mm thick layer of topsoil was encountered at this site. Topsoil thickness may
vary between and beyond the boreholes.

5.3.2 Fill - Sand and Gravel

Borehole C5-1 was extended through the existing shoulder of Highway 406 where it encountered a
610 mm thick layer of sand and gravel fill that extends to a depth of 0.6 m (Elev. £189.8 m) below
ground surface.

The grain size distribution plot of a tested sample of this granular fill is depicted in Figure B3-1.
The results show a grain size distribution consisting of 40% gravel, 41% sand, 14% silt and 5%
clay size particles.

A Standard Penetration test in the granular fill gave an ‘N’ value of 22 blows for 0.3 m penetration
indicating that the fill has a compact relative density. The moisture content of a sample of the fill
was 6% by weight.

5.3.3 Fill - Silty Clay

Silty clay fill material was encountered at this site extending to depths ranging from 4.4 m
(Elev. £182.8 m) to 7.1 m (Elev. £183.3 m) below ground surface.

The grain size distribution curve of a sample of this fill is shown in Figure B3-2. The results show
a grain size distribution consisting of 0% gravel, 2% sand, 41% silt and 57% clay size particles.
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A sample of the silty clay fill was also subjected to Atterberg Limits tests and the results are plotted
on the plasticity chart in Figure B3-3. The summarized index values from these tests are presented
below.

Liquid Limit: 50%
Plastic Limit: 24%
Plasticity Index: 26%

Natural Moisture Content:  21%
These values are characteristic of clayey soils of intermediate to high plasticity.

Standard Penetration tests in the silty clay fill gave ‘N’ values ranging from 9 to 45 blows for 0.3 m
penetration. Based on these results the fill is considered to have a stiff to hard consistency. The
moisture content of samples of this fill ranged from 10% to 32% by weight.

5.3.4 Silty Clay

A native silty clay stratum was encountered in both boreholes at this site. This deposit was fully
penetrated in Borehole C5-2 where it extends to a depth of 16.8 m (Elev. £170.4 m) below ground
surface. Borehole C5-1 was terminated in this deposit at a depth of 18.8 m (Elev. £171.6 m) below
ground surface.

The grain size distribution curves of tested samples of the silty clay are presented in Figures B3-4
and B3-5. These results show a grain size distribution consisting of 0-3% gravel, 2-6% sand,
44-69% silt and 28-40% clay size particles. One tested sample from Borehole C5-2 at
approximately 4.7 m depth (Elev. £182.5 m) contained 21% sand and was described as sandy.

Samples were also subjected to Atterberg Limits tests and the results are shown on the plasticity
charts, Figures B3-6 and B3-7. The index values from these tests are summarized below:

Liquid Limit: 28-40%
Plastic Limit: 15-20%
Plasticity Index: 11-20%

Natural Moisture Content:  14-24%
These values indicate that the silty clay has a generally low to intermediate plasticity.

Standard Penetration tests in this deposit gave ‘N’ values that ranged from 2 to more than excess of
100 blows for 0.3 m penetration and field vane tests gave in-situ undrained shear strengths ranging
from 20 kPa to in excess of 100 kPa. These results indicate that the consistency of the silty clay is
generally firm to hard with occasional soft zones. The moisture content of samples from this
deposit ranged from 14% to 24% by weight.
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535 Silty Clay Till

Borehole C5-2 encountered a silty clay till deposit that extends to a borehole termination depth of
18.8 m (Elev. £168.4 m) below ground surface.

The grain size distribution plot of a tested sample of the silty clay till is shown in Figure B3-8. The
results show a grain size distribution consisting of 3% gravel, 16% sand, 49% silt and 32% clay
size particles. Till soils will also contain random cobble and boulder inclusions.

One sample was also subjected to Atterberg Limits tests and the results are illustrated on the
plasticity chart, Figure B3-9. The index values from these tests are presented herein.

Liquid Limit: 28%
Plastic Limit: 14%
Plasticity Index: 14%

Natural Moisture Content:  16%
These results are typical for low plasticity silty clay soils.

Standard Penetration tests in the silty clay till yielded ‘N’ values ranging from 50 to 52 blows for
0.3 m penetration indicating that the silty clay till has a hard consistency. Moisture contents of
samples from this deposit ranged from 11% to 16% by weight.

5.3.6  Water Levels

Both boreholes were instrumented with a standpipe piezometer. The water level readings
measured on separate visits made after drilling was complete are presented in Table 5.3.1.

Table 5.3.1 — Water Level Measurements

Water Levels
Borehole Date Depth (m) Elevation (m)
July 05, 2010 9.0 181.4
C5-1 July 14, 2010 4.9 185.5
July 21, 2010 8.3 182.1
July 28, 2010 8.6 181.8
July 14, 2010 6.7 180.5
C5-2 July 21, 2010 6.3 180.9
July 28, 2010 6.4 180.8

The ground water table was estimated based on the recorded water levels in the standpipe
piezometers and our review of moisture contents of the retrieved samples. This interpretation
indicates a ground water table that is estimated to exist at Elev. +181.8 m. Perched water can also
be expected to occur where relatively permeable soils are underlain by more impermeable silty clay
soils.

All ground water observations at this site are short term and the levels are expected to fluctuate
seasonally and after severe weather events. The ground water level will also be controlled by the
free water level in the existing water course.
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5.4 Culvert #8 (Highway 406 Sta. 12+338)

In general, the site is underlain by topsoil, silty clay fill, and native overburden deposits of silty
clay and silty clay to clayey silt till.

54.1 Topsoil

Topsoil ranging from 50 mm to 200 mm in thickness was encountered at this site. Topsoil
thickness may vary between and beyond the boreholes.

5.4.2  Fill - Silty Clay

Silty clay fill material was encountered at this site extending to depths ranging from 1.4 m
(Elev. £182.1 m) to 4.4 m (Elev. £179.2 m) below ground surface.

Samples of the silty clay fill were subjected to grain size distribution tests and the results are
presented in Figure B4-1. These results show a grain size distribution consisting of 0% gravel,
3-11% sand, 38-59% silt and 30-59% clay size particles.

Samples of the fill were also subjected to Atterberg Limits tests and the results are presented in
Figure B4-2. The index values from these tests are summarized below:

Liquid Limit: 26-57%
Plastic Limit: 14-26%
Plasticity Index: 12-31%

Natural Moisture Content: 9-20%
These values indicate a silty clay fill with low to high plasticity.

Standard Penetration tests in the fill gave ‘N’ values ranging from 8 to 93 blows for 0.3 m
penetration. Based on these results the fill is considered to have a stiff to hard consistency. The
moisture content of samples of this fill ranged from 8% to 26% by weight.

543 Silty Clay

A major silty clay deposit was encountered across the site extending to depths ranging from 10.1 m
(Elev. £169.1 m) to 16.2 m (Elev. £167.3 m) below ground surface.

The grain size distribution plots of tested samples of the silty clay are presented in Figures B4-3 to
B4-5 inclusive. These results show a grain size distribution consisting of 0-2% gravel, 0-4% sand,
59-87% silt and 13-38% clay size particles.

Samples were also subjected to Atterberg Limits tests and the results are illustrated on the plasticity
charts, Figures B4-6 to B4-8 inclusive. The index values from these tests are summarized below:

Liquid Limit: 24-37%
Plastic Limit: 16-20%
Plasticity Index: 6-17%

Natural Moisture Content: 17-22%
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These values indicate that the silty clay has a generally low to intermediate plasticity with
infrequent zones of low plasticity clayey silt.

The Atterberg Limits test results are plotted against elevation, Figure B4-11. These results
illustrate that the natural moisture contents are generally at or below the plastic limit down to about
Elev. £177.5m. Below Elev. #177.5m the data indicates that the moisture content values
generally exist between the plastic and liquid limits.

Standard Penetration tests in this stratum gave ‘N’ values that ranged from 8 to 36 blows for 0.3 m
penetration. Field vane tests gave in-situ undrained shear strengths ranging from 72 kPa to in
excess of 120 kPa and a laboratory vane test on a relatively undisturbed Shelby tube sample gave
an undrained shear strength of 78 kPa. These values indicate that the consistency of the silty clay
is generally stiff to hard. The moisture content of samples of the silty clay ranged from 11% to
23% by weight and the unit weight of a tested sample was 21.0 kN/m°.

The variation of undrained shear strength with elevation is depicted in Figure B4-12. The plot
illustrates a wide scatter in the data with no obvious trend with depth and an interpreted dashed line
is shown representing a lower bound trend with depth for the data. The upper portion of this
deposit down to about Elev. £178.0 m is estimated to have relatively high shear strength i.e. in
excess of 100 kPa. Below Elev. £178.0 m the undrained shear strength decreases with depth and is
about 75 kPa from Elev. £173.0 m to Elev. £171.0 m. Below Elev. £171.0 m the trend indicates
increasing undrained shear strength with depth.

Consolidation tests were also performed on Shelby tube samples retrieved from Boreholes
SEW 10+025Rt and WES 10+360Lt and the results are presented in Figures B4-13 to B4-18
inclusive. Preconsolidation pressures were estimated from the e-log p curves. Due to the rounded
nature of the curves the preconsolidation pressures were also assessed based on the ‘Work’ —
method proposed by Becker et al. (1987). The details of the test results are summarized below.

Sample =
Borehole/Sample No. Depth/Elevation c Ce C €o
(m) (kPa)
S-EW 10+025Rt TW12 12.2/171.4 310 - 400 0.119 0.013 0.47
WE-S 10+360Lt TW11 12.2/171.2 220 — 260 0.157 0.029 0.59
Where: P. = Preconsolidation pressure

C. = Compression index
C, = Recompression index
e, = Initial void ratio

5.4.4 Silty Clay to Clayey Silt Till

A deposit of silty clay to clayey silt till was encountered across this site. All of the boreholes were
terminated within this deposit at depths ranging from 12.7 m to 20.3 m below ground surface or to
elevations ranging from £167.8 m to £163.1 m.

The grain size distribution curves of samples of the silty clay to clayey silt till are presented in
Figure B4-9. These results show grain size distributions consisting of 2-15% gravel, 13-34% sand,
38-58% silt and 13-27% clay size particles.
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Samples were also subjected to Atterberg Limits tests and the results are illustrated on the plasticity
chart, Figure B4-10. The index values from these tests are summarized below:

Liquid Limit: 17-25%
Plastic Limit: 11-14%
Plasticity Index: 5-11%

Natural Moisture Content:  7-18%
These values are characteristic of clayey soils of low plasticity.

Standard Penetration tests in this stratum gave ‘N’ values that ranged from 37 to in excess of
100 blows for 0.3 m penetration and a field vane test gave an in-situ undrained shear strength of
104 kPa. Based on these values the silty clay to clayey silt till is considered to have a very stiff to
hard consistency. The moisture content of samples from this deposit ranged from 7% to 18% by
weight.

5.45 Water Levels

A standpipe piezometer was installed in selected boreholes. The water level readings measured on
separate visits made after the completion of drilling are presented in Table 5.4.1.

Table 5.4.1 — Water Level Measurements

Borehole Date Water Levels -
Depth (m) Elevation (m)

July 28, 2010 Dry Dry
August 06, 2010 4.7 1745
C6-1 August 13, 2010 25 176.7
August 23, 2010 2.0 177.2
September 25, 2010 2.0 177.2
July 28, 2010 4.1 179.4
August 06, 2010 1.8 181.7
C6-2 August 13, 2010 3.6 179.9
August 23, 2010 4.1 179.4
September 25, 2010 4.1 179.4
December 08, 2009 17.7 165.9
December 15, 2009 16.1 167.5
S-EW 10+025Rt | January 04, 2010 5.0 178.6
January 11, 2010 3.9 179.7
January 19, 2010 4.0 179.6
November 20, 2009 6.3 177.1
November 30, 2009 7.7 175.7
WE-S 10+360Lt | December 15, 2009 5.9 177.5
January 04, 2010 5.7 177.7
January 11, 2010 5.5 177.9

The ground water table was estimated based on the recorded water levels in the standpipe
piezometers and our review of moisture contents of the retrieved samples. This interpretation
indicates a ground water table that is estimated to exist at Elev. £179.5 m. Perched water can also
be expected to occur where permeable layers of sand and gravel and sand and silts are underlain by
more impermeable silty clay soils.
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All groundwater observations at this site are short term and the levels are expected to fluctuate
seasonally and after severe weather events. The ground water level will also be controlled by the
free water level in the existing water course.

55 Culvert #9 (Highway 406 Sta. 12+476)

In general, the site is underlain by topsoil and peat, silty clay fill, and native overburden deposits of
silty clay and clayey silt to silty clay till.

55.1 Topsoil & Peat

Topsoil ranging from 80 mm to 130 mm in thickness was encountered at this site. Topsoil
thickness may vary between and beyond the boreholes.

A surficial peat deposit ranging from 200 mm to 230 mm in thickness was encountered in
Borehole C7-4 and in Test Pit TP 7-1. This material will be encountered at the east end of the
proposed culvert alignment (below the culvert footprint), a horizontal distance of about +32.0 m
extending westerly from the culvert outlet.

55.2  Fill - Silty Clay

Silty clay fill material was encountered in Borehole C7-2 extending to a depth of 0.7m
(Elev. £180.8 m) below ground surface.

A sample of this fill material was subjected to a grain size distribution test and the results are
presented in Figure B5-1. These results show a grain size distribution consisting of 0% gravel,
6% sand, 57% silt and 37% clay size particles. An Atterberg Limits test was not performed on this
sample because of limited sample recovery.

A Standard Penetration test in the silty clay fill gave an ‘N’ value of 11 blows for 0.3 m
penetration. Based on this result the fill is considered to have a stiff consistency. The moisture
content of a sample of this fill was 15% by weight.

55.3 Silty Clay

A silty clay deposit was encountered across the site extending to depths ranging from 12.3 m
(Elev. £169.7 m) to 14.0 m (Elev. £167.0 m) below ground surface.

The grain size distribution plots of tested samples of the silty clay are presented in Figures B5-2
and B5-3. These results show a grain size distribution consisting of 0-1% gravel, 1-3% sand,
42-79% silt and 20-57% clay size particles.

Samples were also subjected to Atterberg Limits tests and the results are illustrated on the plasticity
charts, Figures B5-4 and B5-5. The index values from these tests are summarized below:

Liquid Limit: 26-50%
Plastic Limit: 17-23%
Plasticity Index: 8-27%

Natural Moisture Content: 16-24%
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These values indicate that the silty clay has a generally low to intermediate plasticity.

The Atterberg Limits test results are plotted against elevation, Figure B5-8. These results illustrate
that the natural moisture contents are generally at or below the plastic limit down to about
Elev. £177.0 m. Below Elev. £177.0 m the data indicates that the moisture contents generally exist
between the plastic and liquid limits.

Standard Penetration tests in this stratum gave ‘N’ values that ranged from 10 to 71 blows for
0.3 m penetration and field vane tests gave in-situ undrained shear strengths ranging from 64 kPa to
in excess of 120 kPa. A laboratory vane test on a relatively undisturbed Shelby tube sample gave
an undrained shear strength of 103 kPa. These values indicate that the consistency of the silty clay
is generally stiff to hard. The moisture content of samples of the silty clay ranged from 14% to
44% by weight and the unit weight of a tested sample was 21.0 kN/m°.

The variation of undrained shear strength with elevation is depicted in Figure B5-9. The plot
illustrates a wide scatter in the data with no obvious trend with depth and an interpreted dashed line
is shown representing a lower bound trend with depth for the data. The upper portion of this
deposit down to about Elev. £177.0 m is estimated to have relatively high shear strength i.e. in
excess of 100 kPa. Below Elev. £177.0 m the undrained shear strength decreases with depth and is
about 60 kPa from Elev. £172.0 m to Elev. £171.0 m. Below Elev. £171.0 m the trend indicates
increasing undrained shear strength with depth.

Consolidation tests were also performed on a Shelby tube sample retrieved from Borehole C7-2
and the results are presented in Figures B5-10 to B5-12 inclusive. The preconsolidation pressure
was estimated from the e-log p curve. Due to the rounded nature of the curve the preconsolidation
pressure was also assessed based on the *‘Work’ — method proposed by Becker et al. (1987). The
details of the test results are summarized below.

Sample

Borehole/Sample No. Depth/Elevation Pe Cc C, €0
(m) (kPa)
C7-2 TW8 6.1/175.4 310 — 600 0.291 0.030 0.52
Where: P. = Preconsolidation pressure

C. = Compression index
C, = Recompression index
e, = Initial void ratio

5.5.4 Clayey Silt to Silty Clay Till

Clayey silt to silty clay till was encountered across this site extending to borehole termination
depths ranging from 12.6 m (Elev. £169.4 m) to 17.0 m (Elev. £164.0 m) below ground surface.

The grain size distribution plots of tested samples of the clayey silt to silty clay till are presented in
Figure B5-6. These results show grain size distributions consisting of 0-8% gravel, 2-26% sand,
49-78% silt and 17-20% clay size particles.
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Samples were also subjected to Atterberg Limits tests and the results are illustrated on the plasticity
chart, Figure B5-7. The index values from these tests are summarized below:

Liquid Limit: 20-26%
Plastic Limit: 12-18%
Plasticity Index: 7-8%

Natural Moisture Content:  10-18%
These values are characteristic of clayey soils of low plasticity.

Standard Penetration tests in this stratum gave ‘N’ values that ranged from 17 to in excess of
100 blows for 0.3 m penetration. Based on these results the till is considered to have a very stiff to
hard consistency. The moisture content of samples from this deposit ranged from 7% to 18% by
weight.

5.5.5 Water Levels

A standpipe piezometer was installed in selected boreholes. The water level readings measured on
separate visits made after the completion of drilling are presented in Table 5.5.1.

Table 5.5.1 — Water Level Measurements

Borehole Date Water Levels -
Depth (m) Elevation (m)
July 05, 2010 5.5 175.5
C7-1 July 13, 2010 4.2 176.8
July 19, 2010 4.1 176.9
July 05, 2010 6.4 175.1
C7-2 July 13, 2010 25 179.0
July 19, 2010 3.0 178.5
July 28, 2010 2.8 178.7
July 12, 2010 3.6 178.4
C7-4 July 19, 2010 2.3 179.7
July 27, 2010 2.3 179.7

The ground water table was estimated based on the recorded water levels in the standpipe
piezometers and our review of moisture contents of the retrieved samples. This interpretation
indicates a phreatic surface that is estimated exist at about Elev. £179.7 m at the east end of the site
falling gradually to Elev. £176.9 m at the west end of the site. Perched water can also be expected
to occur where permeable layers of sand and gravel and sand and silts are underlain by more
impermeable silty clay soils.

All groundwater observations at this site are short term and the levels are expected to fluctuate
seasonally and after severe weather events. The ground water level will also be controlled by the
free water level in the existing water course.
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5.6 Culvert #24 (Highway 406 Sta. 14+152)

In general, the site is underlain by native overburden deposits of silty clay and silt.

5.6.1 Silty Clay

A silty clay deposit was encountered across this site. Both boreholes were terminated within this
stratum at depths of 12.7 m (Elev. £162.2 m) and 13.6 m (Elev. £162.4 m) below ground surface.

The grain size distribution plots of tested samples of the silty clay are presented in Figures B6-1
and B6-2. These results show a grain size distribution consisting of 0-1% gravel, 0-5% sand,
43-76% silt and 22-56% clay size particles.

Samples were also subjected to Atterberg Limits tests and the results are illustrated on the plasticity
charts, Figures B6-3 and B6-4. The index values from these tests are summarized below:

Liquid Limit: 25-52%
Plastic Limit: 16-24%
Plasticity Index: 7-28%

Natural Moisture Content: 19-24%

These values indicate that the silty clay has a generally low plasticity with occasional intermediate
and highly plastic clayey inclusions.

The Atterberg Limits test results are plotted against elevation, Figure B6-6. These results illustrate
that the natural moisture contents are generally at or below the plastic limit down to about
Elev. £170.0 m. Below Elev. £170.0 m the data indicates that the moisture contents generally exist
between the plastic and liquid limits.

Standard Penetration tests in this stratum gave ‘N’ values that ranged from 2 to 22 blows for 0.3 m
penetration. Field vane tests gave in-situ undrained shear strengths ranging from 36 kPa to in
excess of 120 kPa and a laboratory vane test on a relatively undisturbed Shelby tube sample gave
an undrained shear strength of 52 kPa. These values indicate that the consistency of the silty clay
is generally firm to very stiff. The moisture content of samples from this stratum ranged from 16%
to 26% by weight and the unit weight of a tested sample was 20.6 kN/m?®.

The variation of undrained shear strength with elevation is depicted in Figure B6-7. The plot
shows an interpreted dashed line that represents a lower bound trend with depth for the data. At
Elev. £171.0 m the estimated shear strength is about 30 kPa and the trend indicates increasing shear
strength with depth.

A consolidation test was performed on a Shelby tube sample retrieved from Borehole C9-1 and the
results are presented in Figures B6-8 to B6-10 inclusive. The preconsolidation pressure was
estimated from the e-log p curve. Due to the rounded nature of the curve the preconsolidation
pressure was also assessed based on the *‘Work’ — method proposed by Becker et al. (1987). The
details of the test results are summarized below.
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Sample =
Borehole/Sample No. Depth/Elevation ¢ Ce C: €
(m) (kPa)
C9-1 TW7 6.1/168.8 170 — 280 0.158 0.027 0.58
Where: P. = Preconsolidation pressure

C. = Compression index
C, = Recompression index
e, = Initial void ratio

5.6.2 Silt

The silty clay stratum is divided by a 0.4 m to 2.0 m thick layer of silt that extends to depths
ranging from 2.1 m (Elev. £172.8 m) to 4.1 m (Elev. £171.9 m) below ground surface.

The grain size distribution plot of a tested sample of the silt is presented in Figure B6-5. The result
shows a grain size distribution consisting of 0% gravel, 3% sand, 82% silt and 15% clay size
particles.

Standard Penetration tests in this deposit gave ‘N’ values that ranged from 7 to 20 blows per 0.3 m
penetration. Based on these results the deposit is considered to have a loose to compact relative
density. The moisture content of samples from this soil ranged from 16% to 23% by weight.

5.6.3 Water Levels

Standpipe piezometers were installed in both of the boreholes at this site and water level readings
were taken on separate visits made after the completion of drilling. The water level records are
presented in Table 5.6.1.

Table 5.6.1 — Water Level Measurements

Borehole Date Water Levels -
Depth (m) Elevation (m)
November 30, 2009 3.0 171.9
December 08, 2009 2.1 172.8
Co-1 January 04, 2010 0.4 174.5
January 11, 2010 0.6 174.3
January 14, 2010 0.5 174.4
November 30, 2009 3.9 172.1
December 08, 2009 3.4 172.6
C9-2 January 04, 2010 1.7 174.3
January 11, 2010 1.7 174.3
January 14, 2010 1.5 174.5

The ground water table was estimated based on the recorded water levels in the standpipe
piezometers and our review of moisture contents of the retrieved samples. This interpretation
indicates that the local ground water level at this site exists at Elev. £174.5 m. Perched water can
also be expected to occur where relatively permeable soils are underlain by more impermeable
soils.
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All ground water observations at this site are short term and the levels are expected to fluctuate
seasonally and after severe weather events. The ground water level will also be controlled by the
free water level in the existing water course.

5.7 Culvert #48 (Highway 406 Sta. 15+712)

In general, the site is underlain by topsoil, fill material (gravelly sand, silt and silty clay), and
native overburden deposits of silty clay and silt.

5.7.1 Topsoil

An approximately 230 mm thick layer of topsoil was encountered at this site. Topsoil thickness
may vary between and beyond the boreholes.

5.7.2 Fill - Gravelly Sand

Borehole C10-2 was advanced through the existing shoulder of Highway 406 where granular fill
material consisting of gravelly sand was encountered. This fill extends to a depth of 0.7 m
(Elev. £181.0 m) below ground surface.

The grain size distribution plot of a tested sample of this granular fill is depicted in Figure B7-1.
These results show a grain size distribution consisting of 26% gravel, 56% sand, 14% silt and 4%
clay size particles.

A Standard Penetration test in the granular fill gave an ‘N’ value of 17 blows for 0.3 m penetration.
Based on this result the fill is considered to have a compact relative density. The moisture content
of a sample of this fill was 6% by weight.

5.7.3 Fill -Silt

Test Pits TP 10-1 and TP 10-2 encountered a surficial layer of fill material consisting of a mixture
of silt with some organics. This fill is approximately 200 mm to 300 mm thick.

5.7.4  Fill - Silty Clay

Silty clay fill was encountered extending to depths ranging from 2.1 m to 5.6 m below ground
surface or to elevations ranging from £176.4 m to £176.1 m.

A sample of the silty clay fill was subjected to a grain size distribution test and the results are
presented in Figure B7-2. These results show a grain size distribution consisting of 0% gravel,
3% sand, 57% silt and 40% clay size particles.

A sample of this fill was also subjected to Atterberg Limits tests and the results are presented in
Figure B7-3. The index values from these tests are summarized below:

Liquid Limit: 37%
Plastic Limit: 20%
Plasticity Index: 17%

Natural Moisture Content: 28%
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These values indicate that the silty clay fill is of intermediate plasticity.

Standard Penetration tests in this layer gave ‘N’ values ranging from 3 to 14 blows for 0.3 m
penetration. Based on these results the fill is considered to have a soft to stiff consistency. The
moisture content of samples of this fill ranged from 18% to 38% by weight.

5.7.5 Silty Clay

Discontinuous deposits of native silty clay were encountered across this site. An upper silty clay
stratum was fully explored in all of the boreholes where it was found to extend to depths ranging
from 10.5 m to 16.2 m below ground surface or to elevations ranging from £166.6 m to £165.3 m.
A lower silty clay deposit was encountered in Boreholes C10-2 and C10-3 extending to borehole
termination depths of 17.3 m (Elev. £161.2 m) and 23.4 m (Elev. £158.3 m) below ground surface.
The upper and lower silty clay deposits are divided by layers of silt.

The grain size distribution plots of tested samples of the silty clay are presented in Figures B7-4
and B7-5. These results show a grain size distribution consisting of 0% gravel, 0-8% sand, 30-82%
silt and 18-42% clay size particles. One tested sample from Borehole C10-1 contained 41% sand
and was described as sandy.

Samples were also subjected to Atterberg Limits tests and the results are illustrated on the plasticity
charts, Figures B7-6 and B7-7. The index values from these tests are summarized below:

Liquid Limit: 22-42%
Plastic Limit: 15-20%
Plasticity Index: 7-23%

Natural Moisture Content:  17-30%
These values indicate that the silty clay has a generally low to intermediate plasticity.

The Atterberg Limits test results (upper silty clay deposit) are plotted against elevation,
Figure B7-9. These results illustrate that the natural moisture contents are generally at or close to
the plastic limit down to about Elev. £175.0 m. Below Elev. £175.0 m the data generally indicates
a trend of increasing moisture content with depth with values plotting between the plastic and
liquid limits.

Standard Penetration tests in the upper silty clay gave ‘N’ values that ranged widely from 0 to
31 blows for 0.3 m penetration and field vane tests gave in-situ undrained shear strengths ranging
from 32 kPa to in excess of 100 kPa. A laboratory vane test on a relatively undisturbed Shelby
tube sample gave an undrained shear strength of 32 kPa. These values indicate that the consistency
of the upper silty clay is generally firm to hard. The moisture content of samples of the upper silty
clay ranged from 19% to 39% by weight and the unit weight of a tested sample was 20.7 kN/m®.

The variation of undrained shear strength with elevation (upper silty clay) is depicted in
Figure B7-10. The plot illustrates a wide scatter in the data with no obvious trend with depth and
an interpreted dashed line is shown representing a lower bound trend with depth for the data. The
upper portion of this deposit down to about Elev. £171.0 m is estimated to have relatively high
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shear strength i.e. in excess of 100 kPa. Below Elev. £171.0 m the undrained shear strength
decreases with depth and is about 30 kPa from Elev. £169.5m to Elev. £168.5m. Below
Elev. £168.5 m the trend indicates increasing undrained shear strength with depth.

Standard Penetration tests in the lower silty clay gave ‘N’ values that ranged from 8 to 33 blows for
0.3 m penetration indicating a stiff to hard consistency. The moisture content of samples of the
lower silty clay ranged from 17% to 22% by weight.

A consolidation test was also performed on a Shelby tube sample retrieved from Borehole C10-1
and the results are presented in Figures B7-11 to B7-13 inclusive. The preconsolidation pressure
was estimated from the e-log p curve and due to the rounded nature of the curve the
preconsolidation pressure was also assessed based on the ‘Work’ — method proposed by Becker et
al. (1987). The details of the test results are summarized below.

Sample =
Borehole/Sample No. Depth/Elevation ¢ Ce C: €
(m) (kPa)
C10-1 TW10 9.1/168.0 210 - 300 0.323 0.034 0.84
Where: P. = Preconsolidation pressure

C. = Compression index
C; = Recompression index
e, = Initial void ratio

576 Silt

Discontinuous silt deposits were encountered across this site. In Boreholes C10-2 and C10-3 a
+3.0 m thick layer of silt was encountered extending to depths of 16.2 m (Elev. £162.3 m) and
19.2 m (Elev. £162.5 m) below ground surface. Borehole C10-1 was terminated within this silt
layer at a depth of 12.7 m (Elev. £164.4 m) below ground surface. A +1.2 m thick silt layer was
also encountered in Borehole C10-1 extending to a depth of 5.6 m (Elev. £171.5 m).

The grain size distribution plots of tested samples from these silt deposits are presented in
Figure B7-8. The results show a grain size distribution consisting of 0% gravel, 0-3% sand,
78-89% silt and 11-19% clay size particles. Based on visual and tactile examinations of the
retrieved samples, the units are essentially cohesionless silts with frequent cohesive silty clay
seams and partings.

Standard Penetration tests in these deposits gave ‘N’ values that ranged from 0 to 37 blows for
0.3 m penetration. Based on these results the deposit is considered to have a very loose to dense
relative density. The moisture content of samples from this soil ranged from 19% to 26% by
weight.
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5.7.7 Water Levels

A standpipe piezometer was installed in selected boreholes. The water level readings measured on
separate visits made after the completion of drilling are presented in Table 5.7.1.

Table 5.7.1 — Water Level Measurements

Water Levels

Borehole Date Depth (m) Elevation (m)
July 19, 2010 0.1 177.0
C10-1 August 06, 2010 0.0 177.1
August 13, 2010 0.0 177.1
August 23, 2010 0.0 177.1
July 20, 2010 15 177.0
C10-3 July 27, 2010 11 177.4
August 06, 2010 1.1 177.4

The ground water table was estimated based on the recorded water levels in the standpipe
piezometers and our review of moisture contents of the retrieved samples. This interpretation
indicates a ground water table that is estimated to exist at an elevation of £177.4 m. Perched water
can also be expected to occur where permeable layers of gravelly sand and sand and silts are
underlain by more impermeable silty clay soils.

All groundwater observations at this site are short term and the levels are expected to fluctuate
seasonally and after severe weather events. The ground water level will also be controlled by the
free water level in the existing water course.

5.8 Culvert #35 (Port Robinson Road Sta. 9+704)

In general, the site is underlain by topsoil, a flexible pavement, fill material (sandy gravel, silty
sand and silty clay) and native overburden deposits of silty clay, silt and clayey silt.

5.8.1 Topsoil

Topsoil ranging in thickness from 150 mm to 180 mm was encountered. Topsoil thickness may
vary between and beyond the boreholes.

5.8.2 Flexible Pavement

A flexible pavement structure consisting of 110 mm of asphalt and 410 mm of gravelly sand was
encountered in Borehole C11-2.

The grain size distribution plot of a tested sample of the granular fill is depicted in Figure B8-1.
The result shows a grain size distribution consisting of 26% gravel, 58% sand, and 16% silt and
clay size particles.

A Standard Penetration test in this fill gave an ‘N’ value of 83 blows for 0.3 m penetration
indicating a very dense relative density. The moisture content of a sample of this fill was 5% by
weight.
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5.8.3 Fill - Sandy Gravel

A layer of sandy gravel fill was encountered in Borehole C11-1 extending to a depth of 2.1 m
(Elev. £175.8 m) below ground surface.

A Standard Penetration test in this fill gave an ‘N’ value of 100 blows for less than 0.3 m
penetration. Based on this result the fill is considered to have a very dense relative density. The
moisture content of a sample of this fill was 10% by weight.

5.8.4 Fill - Silty Sand

Fill material consisting of silty sand with some organics was encountered in Test Pit TP 11-1 dug
near the outlet of the existing culvert. This fill material is approximately 180 mm thick.

5.8.5 Fill - Silty Clay

Silty clay fill was encountered in all of the boreholes extending to depths ranging from 0.7 m to
2.1 m below ground surface or to elevations ranging from £178.4 m to £176.7 m.

The grain size distribution curves of two representative samples from this fill are shown in
Figure B8-2. The results show grain size distributions consisting of 4-28% gravel, 6-21% sand,
25-44% silt and 26-46% clay size particles.

Samples of the silty clay fill were also subjected to Atterberg Limits testing and the results are
plotted on the plasticity chart in Figure B8-3. The summarized index values from these tests are
presented below.

Liquid Limit: 37-47%
Plastic Limit: 18-23%
Plasticity Index: 19-24%

Natural Moisture Content:  15-18%
These values are characteristic of clayey soils of intermediate plasticity.

Standard Penetration tests in this fill gave ‘N’ values ranging from 5 to in excess of 100 blows for
0.3 m penetration. Based on these results the fill is considered to have a firm to hard consistency.
The moisture content of samples of this fill ranged from 15% to 27% by weight.

5.8.6 Silty Clay

A silty clay stratum was encountered across the site. This deposit extends to depths ranging from
14.0 m to 15.5 m below ground surface or to elevations ranging from £164.3 m to £163.6 m.

The grain size distribution plots of tested samples of the silty clay are presented in Figures B8-4
and B8-5. These results show a grain size distribution consisting of 0% gravel, 0-5% sand, 49-68%
silt and 31-50% clay size particles.
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Samples were also subjected to Atterberg Limits tests and the results are illustrated on the plasticity
charts, Figures B8-6 and B8-7. The index values from these tests are summarized below:

Liquid Limit: 29-42%
Plastic Limit: 15-22%
Plasticity Index: 13-23%

Natural Moisture Content:  19-32%
These values indicate that the silty clay has a generally low to intermediate plasticity.

The Atterberg Limits test results are plotted against elevation, Figure B8-11. These results
illustrate that the natural moisture contents are generally at or close to the plastic limit down to
about Elev. £175.0 m. Below Elev. £175.0 m the data generally indicates a trend of increasing
moisture content with depth with values generally plotting between the plastic and liquid limits.

Standard Penetration tests in this stratum gave ‘N’ values that ranged widely from 0 to 55 blows for
0.3 m penetration. Field vane tests gave in-situ undrained shear strengths ranging from 28 kPa to
in excess of 120 kPa and a laboratory vane test on a relatively undisturbed Shelby tube sample gave
an undrained shear strength of 42 kPa. These values indicate that the consistency of the silty clay
is generally firm to hard. The moisture content of samples from this stratum ranged from 19% to
46% by weight and the unit weight of a tested sample was 20.8 kN/m®.

The variation of undrained shear strength with elevation is depicted in Figure B8-12. An
interpreted dashed line representing a lower bound trend with depth for the data is shown on this
plot. The upper portion of this deposit down to about Elev. £171.0 m is estimated to have
relatively high shear strength i.e. in excess of 100 kPa. Below Elev. £171.0 m the undrained shear
strength decreases with depth and is about 35 kPa from Elev. £168.0 m to Elev. £167.0 m. Below
Elev. £167.0 m the trend indicates increasing undrained shear strength with depth.

A consolidation test was also performed on a Shelby tube sample retrieved from Borehole C11-3
and the results are presented in Figures B8-13 to B8-15 inclusive. The preconsolidation pressure
was estimated from the e-log p curve. Due to the rounded nature of the curve the preconsolidation
pressure was also assessed based on the *“Work’ — method proposed by Becker et al. (1987). The
details of the test results are summarized below.

Sample =
Borehole/Sample No. Depth/Elevation ° Cec Cr €
(m) (kPa)
C11-3 TW11 10.7/168.4 270 — 390 0.309 0.033 0.77
Where: P. = Preconsolidation pressure

C. = Compression index
C; = Recompression index
e, = Initial void ratio
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5.8.7 Silt

Silt approximately 1.5 m to 4.2 m thick was encountered in all of the boreholes extending to depths
ranging from 17.0 m (Elev. £162.1 m) to 18.9 m (Elev. £160.1 m) below ground surface.

The grain size distribution plot of a tested sample of the silt is presented in Figure B8-8. The result
shows a grain size distribution consisting of 1% gravel, 5% sand, 77% silt and 17% clay size
particles. Based on visual and tactile examinations of the retrieved samples, the unit is essentially a
cohesionless silt with frequent cohesive silty clay seams and partings.

Standard Penetration tests in this deposit gave ‘N’ values that ranged from 0 to 16 blows per 0.3 m
penetration. Based on these results the deposit is considered to have a very loose to compact
relative density. The moisture content of samples from this soil ranged from 18% to 27% by
weight.

5.8.8 Clayey Silt

All of the boreholes were terminated in a clayey silt deposit at depths ranging from 18.8 m
(Elev. £159.1 m) to 23.4 m (Elev. £155.6 m) below ground surface.

The grain size distribution plots of samples retrieved from this deposit are presented in
Figure B8-9. These results show a grain size distribution consisting of 0% gravel, 0-1% sand,
83-86% silt and 14-16% clay size particles.

Samples from this stratum were also subjected to Atterberg Limits tests and the results are
presented in Figure B8-10. The index values from these tests are summarized below:

Liquid Limit: 23%
Plastic Limit: 17%
Plasticity Index: 6%

Natural Moisture Content:  18-20%
These values are characteristic of clayey silt soils of low plasticity.

Standard Penetration tests in this deposit yielded ‘N’ values ranging from 6 to 59 blows for 0.3 m
penetration and field vane tests gave in-situ undrained shear strengths ranging from 96 kPa to in
excess of 100 kPa. Based on these results, the clayey silt is considered to have a generally stiff to
hard consistency with occasional firm zones. The moisture content of samples from this deposit
ranged from 13% to 25% by weight.

5.8.9 Water Levels

Standpipe piezometers were installed in selected boreholes and water level readings were taken on
separate visits made after the completion of drilling. The water level records are presented in
Table 5.8.1.
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Table 5.8.1 — Water Level Measurements

Water Levels
Borehole Date Depth (m) Elevation (m)
C11-1 July 12, 2010 45 173.4
July 19, 2010 4.4 173.5
July 19, 2010 5.1 174.0
C11-3 July 26, 2010 35 175.6
August 06, 2010 2.0 177.1
August 13, 2010 1.9 177.2

The ground water table was estimated based on the recorded water levels in the standpipe
piezometers and our review of moisture contents of the retrieved samples. This interpretation
indicates a ground water table that is estimated to exist at Elev. £177.0 m. Perched water can also
be expected to occur where relatively permeable soils are underlain by more impermeable silty clay
soils.

All ground water observations at this site are short term and the levels are expected to fluctuate
seasonally and after severe weather events. The ground water level will also be controlled by the
free water level in the existing water course.

59  Culvert #49 (Highway 406 NBL Sta. 5+839)

In general, the site is underlain by topsoil, a flexible pavement, silty clay fill and native overburden
deposits of silty clay, silt and clayey silt.

5.9.1 Topsoil

A layer of topsoil approximately 200 mm to 330 mm thick was encountered at this site. Topsoil
thickness may vary between and beyond the boreholes.

5.9.2 Flexible Pavement

Borehole C12-1 was drilled through the partially paved shoulder of Highway 406 and encountered
130 mm of asphalt underlain by 180 mm of sandy gravel. The sandy gravel fill extends to a depth
of 0.3 m (Elev. £181.0 m) below ground surface. The moisture content of a sample of this fill was
3% by weight.

59.3 Fill - Silty Clay

Silty clay fill was encountered at this site extending to depths of 1.4 m (Elev. £178.4 m) and 2.1 m
(Elev. £179.2 m) below ground surface.

The grain size distribution curves of two samples of this fill are shown in Figure B9-1. The results
show grain size distributions consisting of 2-28% gravel, 8-16% sand, 28-41% silt and 28-49%
clay size particles.

Samples of the silty clay fill were also subjected to Atterberg Limits testing and the results are
plotted on the plasticity chart in Figure B9-2. The summarized index values from these tests are
presented below.
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Liquid Limit: 39-53%
Plastic Limit: 20-24%
Plasticity Index: 19-29%

Natural Moisture Content:  17-19%
These values are characteristic of clayey soils of intermediate to high plasticity.

Standard Penetration tests in this fill gave ‘N’ values ranging from 3to 22 blows for 0.3 m
penetration. Based on these results the fill is considered to have a soft to very stiff consistency.
The moisture content of samples of this fill ranged from 17% to 34% by weight.

5.9.4 Silty Clay

Silty clay deposits were encountered in all of the boreholes. An upper silty clay stratum was
encountered extending to depths ranging from 15.2m to 16.2 m below ground surface or to
elevations ranging from £165.1 m to £163.6 m. A lower silty clay deposit was encountered across
the site extending at least to borehole termination depths ranging from 20.3 m to 21.8 m below
ground surface corresponding to elevations of £159.5 m.

The grain size distribution plots of tested samples of the silty clay are presented in Figures B9-3
and B9-4. These results show a grain size distribution consisting of 0-4% gravel, 0-4% sand,
19-77% silt and 22-80% clay size particles.

Samples were also subjected to Atterberg Limits tests and the results are illustrated on the plasticity
charts, Figures B9-5 and B9-6. The index values from these tests are summarized below:

Liquid Limit: 25-61%
Plastic Limit: 14-26%
Plasticity Index: 9-35%

Natural Moisture Content: 17-47%

These values indicate that the silty clay has a generally low to intermediate plasticity with
infrequent zones of high plasticity clay inclusions.

Standard Penetration tests in these deposits gave ‘N’ values that ranged widely from 0 to 52 blows
for 0.3 m penetration and field vane tests gave in-situ undrained shear strengths ranging from
48 kPa to in excess of 100 kPa. A laboratory vane test on a relatively undisturbed Shelby tube
sample gave an undrained shear strength of 99 kPa. These values indicate that the consistency of
the silty clay is generally firm to hard. The moisture content of samples of the silty clay ranged
from 17% to 47% by weight and the unit weight of a tested sample was 21.1 kN/m®,

Consolidation tests were also performed on a Shelby tube sample retrieved from Borehole C12-3
and the results are presented in Figures B9-10 to B9-12 inclusive. The preconsolidation pressure
was estimated from the e-log p curves. Due to the rounded nature of the curve the preconsolidation
pressure was also assessed based on the *‘Work’ — method proposed by Becker et al. (1987). The
details of the test results are summarized below.
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Sample =
Borehole/Sample No. Depth/Elevation ¢ Ce C: €
(m) (kPa)
C12-3TW7 4.6/175.2 250 — 430 0.255 0.049 0.66
Where: P. = Preconsolidation pressure

C. = Compression index
C, = Recompression index
e, = Initial void ratio

595 Silt

Silt approximately 1.6 m to 4.1 m thick was encountered at this site extending to depths ranging
from 17.8 m (Elev. £162.0 m) to 20.3 m (Elev. £161.0 m) below ground surface.

The grain size distribution plot of a tested sample of the silt is presented in Figure B9-7. The result
shows a grain size distribution consisting of 0% gravel, 0% sand, 93% silt and 7% clay size
particles. Based on visual and tactile examinations of the retrieved samples, the unit is essentially a
cohesionless silt with frequent cohesive silty clay seams and partings.

Standard Penetration tests in this deposit gave ‘N’ values that ranged from 0 to 16 blows per 0.3 m
penetration indicating a very loose to compact relative density. The moisture content of samples of
this soil ranged from 21% to 28% by weight.

5.9.6 Clayey Silt

A 1.5 m thick deposit of clayey silt was encountered in Borehole C12-3 where it extends to a depth
of 13.2 m (Elev. £166.6 m) below ground surface.

The grain size distribution plot of a sample retrieved from this deposit is presented in Figure B9-8.
The results show a grain size distribution consisting of 0% gravel, 0% sand, 87% silt and 13% clay
size particles.

A sample from this stratum was also subjected to Atterberg Limits tests and the results are
presented in Figure B9-9. The index values from these tests are summarized below:

Liquid Limit: 22%
Plastic Limit: 18%
Plasticity Index: 4%
Natural Moisture Content: 24%

These values are characteristic of clayey silt soils of low plasticity.

A Standard Penetration test in this deposit yielded an ‘N’ value of 17 blows for 0.3 m penetration
and a field vane test performed in this deposit gave in-situ undrained shear strength of 104 kPa.
Based on these results, the clayey silt is considered to have a generally very stiff consistency. The
moisture content of a sample of the clayey silt was 24% by weight.
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5.9.7 Water Levels

Standpipe piezometers were installed in selected boreholes and water level readings were measured
on separate visits made after the completion of drilling. The water level records are presented in
Table 5.9.1.

Table 5.9.1 — Water Level Measurements

Borehole Date Water Levels -
Depth (m) Elevation (m)
July 20, 2010 4.5 175.3
C12-2 July 26, 2010 3.7 176.1
August 06, 2010 2.7 177.1
August 13, 2010 2.7 177.1
July 20, 2010 2.8 177.0
C12-3 July 28, 2010 238 177.0

The ground water table was estimated based on the recorded water levels in the standpipe
piezometers and our review of moisture contents of the retrieved samples. This interpretation
indicates a ground water table that is estimated to exist at about Elev. £177.0 m. Perched water can
also be expected to occur where relatively permeable soils are underlain by more impermeable silty
clay soils.

All ground water observations at this site are short term and the levels are expected to fluctuate
seasonally and after severe weather events. The ground water level will also be controlled by the
free water level in the existing water course.

5.10 Miscellaneous

The drilling, sampling and in-situ testing operations were conducted with track and truck mounted
drill rigs owned and operated by Groundworks Drilling Limited of Toronto, Ontario, DBW Drilling
Limited of Ajax, Ontario, Determination Drilling & Soil Investigations of Hamilton, Ontario,
Strong Soil Search Inc. of Claremont, Ontario, and Kodiak Drilling of Oakville, Ontario. The
boreholes were advanced using both solid stem and hollow-stem auger drilling techniques.

Messrs. Phil Khuu, B.A.T., Alexander Winkelmann, E.I.T., Lucas Yu, E.I.T., and Brady Lin,
P.Eng. observed and recorded the field work. The laboratory testing was performed at
Terraprobe’s Brampton laboratory and the Mississauga laboratory of Golder Associates. The
report was written by Rehman Abdul, P.Eng. and reviewed by Michael Tanos, P.Eng.
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Prepared by:
R. Abdul, P.Eng.,
Senior Geotechnical Engineer

Report Reviewed by:

Michael Tanos, P.Eng.,
Review Principal
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LIMITATIONS AND RISK

Procedures

The soil conditions were confirmed at the borehole and test pit locations only and conditions
may vary between and beyond the boreholes. The boundaries between the various strata as
shown on the logs are based on non-continuous sampling. These boundaries represent an

inferred transition between the various strata, rather than a precise plane of stratigraphic
change.

This investigation has been carried out using investigation techniques and engineering
analysis methods consistent with those ordinarily exercised by Terraprobe and other
engineering practitioners, working under similar conditions and subject to the time, financial
and. physical constraints applicable to this project. The discussions and recommendations
that have been presented are based on the factual data obtained.

It must be recognized that there are special risks whenever engineering or related disciplines
are applied to identify subsurface conditions. Even a comprehensive sampling and testing
programme implemented in accordance with the most stringent level of care may fail to
detect certain conditions. Terraprobe has assumed for the purposes of providing design
parameters and advice, that the conditions that exist between sampling points are similar to
those found at the sample locations. The conditions that Terraprobe has interpreted to exist
between sampling points can differ from those that actually exist.

It may not be possible to drill a sufficient number of boreholes or sample and report them in a
way that would provide all the subsurface information that could affect construction costs,
techniques, equipment and scheduling. Contractors bidding on or undertaking work on the
project should be directed to draw their own conclusions as to how the subsurface conditions
may affect them, based on their own investigations and their own interpretations of the
factual investigation results, cognizant of the risks implicit in the subsurface investigation
activities.

Changes In Site And Scope

It must be recognized that the passage of time, natural occurrences, and direct or indirect
human intervention at or near the site have the potential to alter subsurface conditions.
Groundwater levels are particularly susceptible to seasonal fluctuations.

The design advice is based on the factual data obtained from this investigation made at the
site by Terraprobe and are intended for use by the owner and its retained designers in the
design phase of the project. If there are changes to the project scope and development
features, or there is any additional information relevant to the interpretations made of the
subsurface information, the geotechnical design parameters and comments relating to
~constructibility issues and quality control may not be relevant or complete for the revised

project. Terraprobe should be retained to review the implications of such changes with
respect to the contents of this report

This report was prepared for the express use of the Ministry of Transportation, its retained
design consultants and Giffels Associates Ltd./IBl Group. It is not for use by others. This
report is copyright of Terraprobe inc. and no part of this report may be reproduced by any
means, in any form, without the prior written permission of Terraprobe Inc. The Ministry of

Transportation, its retained design consultants and Giffels Associates Ltd./IBI Group, are
authorized users.




EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST (SPT) N VALUE IS THE NUMBER OF BLOWS REQUIRED TO CAUSE A STANDARD $1mm O.D. SPUT BARREL
SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 63.5kg. FALLING FREELY A
DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION ACHIEVED
AVERAGE N VALUE 1S DENOTED THUS R. )

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT (51mm O.D. 60° CONE ANGLE) DRIVEN BY 475J IMPACT
ENERGY ON ‘A’ SIZE DRILL RODS. THE RESISTANCE TO CONE PENETRATION IS MEASURED AS THE NUMBER OF BLOWS FOR EACH 0.3m ADVANCE OF THE
CONICAL POINT INTO THE UNDISTURBED GROUND.

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

CONSISTENCY: COHESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH (c,) AS FOLLOWS:

Cy 0-12 12-25 25-5) 50-100 100 - 200 >200

DENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS:

>50
VERY

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

10-30
COMPACT

[N ELowse.3m) i 0-§

5-10 ]
[ VERYIOOSE |

T

-0 ]
DENSE |

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

MODIFIED RECOVERY: SUM OF THOSE INTACT CORE PIECES, 100mm+ INLENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE
CORING RUN. THE ROCK QUAUITY DESIGNATION (RQD), FOR MCODIFIED RECOVERY 1S:

[ RQD (%) T 0-25 25-50 | 50-75 | 7590 |  9-i00
| VERYPOOR | POOR |~ _FAR | GOOD |
JOINTING AND BEDDING:
SPACING Eomm 50 —300mm. 03m—1m im-3m >3m
JOINTING VERY CLOSE TIOSE MOD. CLOSE WIDE VERVWIDE
BEDOING [~ TRICR VERY THICR
ABBREVIATIONS AND SYMBOLS
FIELD SAMPUNG MECHANICAL PROPERTIES OF SOIL
SS  SPLIT SPOON TP THINWALL PISTON m ke’ COEFFICIENT OF VOLUME CHANGE
WS WASH SAMPLE OS OSTERBERG SAMPLE Cc f COMPRESSION INDEX
ST  SLOTTED TUBE SAMPLE RC ROCK CORE Cs SWELLING INDEX
BS BLOCK SAMPLE PH  TWADVANCED HYDRAULICALLY c. 1 RATE OF SECONDARY CONSOLIDATION
CS  CHUNK SAMPLE PM  TWADVANCED MANUALLY C, s COEFFICIENT OF CONSOLIDATION
TW  THINWALL OPEN FS FOIL SAMPLE H m DRAINAGE PATH
T, 1 TIME FACTOR
STRESS AND STRAIN U % DEGREE OF CONSOUDATION
u, KPa PORE WATER PRESSURE v kPa EFFECTIVE OVERBURDEN PRESSURE
fu 1 POREPRESSURE RATIO g  KPa PRECONSOLIDATION PRESSURE
< KPa TOTALNORMAL STRESS 5y kPa SHEAR STRENGTH
o WPa  EFFECTIVE NORMAL STRESS ¢ a EFFECTIVE COHESION INTERCEPT
T KPa SHEAR STRESS ¢ -e EFFECTIVE ANGLE OF INTERNAL FRICTION
onon  KPa PRINCIPAL STRESSES & Ka APPARENT COHESION INTERCEPT
€ %  LINEAR STRAIN [T APPARENT ANGLE OF INTERNAL FRICTION
e €26 %  PRINCIPAL STRANS w  Ka RESIDUAL SHEAR STRENGTH
€ KPa MODULUS OF LINEAR DEFORMATION w  KPa REMOULDED SHEAR STRENGTH
G Pa  MODULUS OF SHEAR DEFORMATION S 1 SENSITIVITY = ¢, [,
« 1 COEFFICIENT OF FRICTION
PHYSICAL PROPERTIES OF SOIL
p. kg’  DENSITY OF SOLID PARTICLES ) 1%  VOIDRATIO Bin 1%  VOID RATIOIN DENSEST STATE
Yo KN UNIT WEIGHT OF SOLID PARTICLES n 1%  POROSITY . ; DENSITY INDEX = Emac—€
P« kgi®  DENSITY OF WATER ° Pasper-ng
%W KN UNIT WEIGHT OF WATER w 1%  WATERCONTENT o] mm  GRAIN DIAMETER
o kgim’®  DENSITY OF SOiL S, %  DEGREE OF SATURATION D, mm 0 PERCENT - DIAMETER
Yy  KUm UNIT WEIGHT OF SOiL w % LIQUID UMIT Cu 1 UNIFORMITY COEFFICIENT
ps  kgh®  DENSITY OF DRY SOIL w %  PLASTICUMIT h m HYDRAULIC HEAD OR POTENTIAL
v« KN UNIT WEIGHT OF DRY SOIL s %  SHRINKAGE LIMIT q affs  RATE OF DISCHARGE
Pu Ko DENSITY OF SATURATED SOIL e %  PLASTICITY INDEX = (w_ - W) v s DISCHARGE VELOCITY
Yo kNAW UNIT WEIGHT OF SATURATED SOIL % 1 LIQUIDITY INDEX = (w - w:Mlp i 1 HYDRAUUC GRADIENT
g kg’ DENSITY OF SUBMERGED SOIL i 1 CONSISTENCY INDEX = (W —wMe K ms_ HYDRAULIC CONDUCTIVITY
Y KU UNIT WEIGHT OF SUBMERGED SOIL € 1% VOIDRATIO INLOOSEST STATE i KM  SEEPAGE FORCE
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Ministry of . .
@ Transta,)rtation Foundation Design
Ontario

RECORD OF BOREHOLE No C2-1 1 0OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4761869.4 E:327476.3 ORIGINATED BY _ 8L
DIST HWY 406 BOREHOLE TYPE _ Hollow Stem Augers, D.C.P.T. COMPILED BY DB
DATUM _Geodetic DATE 06.21.10 CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES |, 4 |RESISTANCE PLOT NATURAL REMARKS
i b4 PLASTIC LIQUID| I
£E21 o umr  MOISTURE Zoel & T &
} o 18| & 20 40 80 80 100 CONTENT zZ9
215 g 12E| 2 N e W W w | 5% | cranseze
o la K o |25 O |SHEAR STRENGTH kPa
ELEV DESCRIPTION el ¢ | 2 ]2z8) & —_——y DISTRIBUTION
DEPTH si3 |3 38| < |0 UNCONFINED + FIELD VANE v %)
512 Z JEC| L |® QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
183,3| Ground Surface . 20 40 60 80 100 20 30 kN GR SA S| cL
0.0 KRR
FILL - Sandy Gravel, some silt :E::::: 11 ss{ 16 183 55 34 (1)
compact, grey, damp to moist haete
2 2 [ ss | 13 D) % o
1819 B K 182
14] " FILL - Sity Clay, trace sand, et >
trace to some organics, S5elels 3 ss 3 o
soft, dark brown/black, moist ] ‘<
181.2
21 % 181
SILTY CLAY 418 | 22 °
trace sand, %
stiff to very stiff, brown,
damp to moist < 43
51 85| 24 > % 180 0 2 55 43
)
N3\
6] ss | 2 ~< % o
N 179
41
71 ss | 19 § % 0 2 57 41
K % 178
f > %
N
2
81 ss| 11 Q % 177 °
f & %
i 176
9] ss| 10 of—i 0 1 69 30
175 18
>>+
firm ) )
ol ss | s 174
1735 4l
9.8
SILTY CLAY %7 °
u;-, 11| ss [
some sand, trace gravel, 7Y 173
soft to stiff, brown, damp to moist g ,/, % 0
77
(GLACIAL TiLL) 4 }42 2l ss | s ——s 3 18 5 25
7
.% 172
;(/5/ 2.0
Ly ]
%% 22
r% % >>4
%7
Bé 7 171 P
13| ss| 2
77
7% 14
4414 >>+
%% 170
%% >>4
&
%%
ﬁéé 14| ss| 8 °
7% 169
2%
y%% >>4
%4
Contnued NextPage +3,x8; Numbersreferto 3% roan AT FAILURE
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Ministry of . .
@ Trans;%rtation Foundation Design
Ontario

RECORD OF BOREHOLE No C2-1 2 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4761869.4 E:327476.3 ORIGINATEDBY 8L
DIST HWY 406 BOREHOLE TYPE Hollow Stem Augers, D.C.P.T. COMPILED BY DB
DATUM _Geodetic DATE 06.21.10 CHECKED BY RA
SOIL PROFILE SAMPLES |, w |RYIMIC SONE PENETRATION
Wi g PLASTIC WATIRAL  iquin bk REMARKS
b w |2 3 20 4 60 80 100 [UMT ‘cogrey Mt EF &
SHEIHE SHEAR STRENGTHKPa | ™ v W 2% | oRaNsize
ELEV a] ¥ 3 8] © 2 e o "
DEPTH DESCRIPTION 5 sl | S §5 ';': O UNCONFINED  + FIELD VANE Y D'STFEEE;’T'ON
=< Z |E°] © |® QUICKTRIAXIAL X LABVANE WATER CONTENT (%) >
@ 20 40 60 & 100 10 20 20 wm® J6R sA s oL
s 13—
% 7 >>4
i1 168
é/ 5] 881 1 )
574
.
V1
4 gé +2.2
%% 167
597
2
2%,
//;
r% %
166
%%
7
%%
— ,4// o]
very stiff ’,’?g \
Wi 6| ss | 15 o
164.2 24
19.1 End of Borehole

Dynamic Cone Penetration Test
performed from 16.2 to 18.6m.

Borehole was dry (not stabilized) and
hole apen to 13.7m on completion.

Piezometer installation consists of a
19mm diameter, Schedule 40 PVC
pipe with a 1.52m slotted screen.

Water Level Readings:

Date Depth(m)  Elevation(m)
Jul.08.10 4.0 179.3
Jul.13.10 3.7 179.6
Jul.20.10 36 179.7

+ 3' X 3: Numbers refer to o 3%

Sensitivity STRAIN AT FAILURE
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RECORD OF BOREHOLE No C2-2

10F 2 METRIC

W.P. 280-99-00 LOCATION Coords: N:4761866.4 E:327497.5 ORIGINATED BY _8BL
DIST HWY _406 BOREHOLE TYPE __ Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 07.20.10-07.21.10 CHECKED BY RA
SOIL PROFILE SAMPLES | w |QENAMIC CONE FENETRATION
& ;:l NATURAL LIQUID [ REMARKS
=21 O MOISTURE [
= w |22] 3 20 40 60 80 100 CONTENT MIT| 5 & &
2lEl L |9 ]2E] 2 : L L 1 . w w | 34 | GRrRAINSIZE
ELEV DESCRIPTION Elal €| 2 85| @ [SHEARSTRENGTHkPa \ o E DISTRIBUTION
DEPTH HAEIR R EREY < | O UNCONFINED  + FIELDVANE Y %)
5 z z 4 O} @ |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%) §
181.7| Ground Surface “’ 20 4 e 8 100 20 30 kN |GR SA S cL
1 892 300mm TOPSOIL
X 7 1 S8 13
0.3 FILL - Silty Clay, trace sand, some [}
181.0 organics, stiff, dark brown, moist
0.7 181
SIK.TY CLAY
trace sand, 2 ss 27 °
stiff to very stiff, brown, damp to moist
3| ss | 29 180
45
hard 4]ss| a 0 1 52 47
179
51 8S 27 <]
178
6 Ss 24 o
7]ss| 13 177 } } 0 1 61 38
176
8iss| 9 I 1o 2 69 29
175
2.7
+
26
+
174
9| TW | PH
2
173.1 Y >t
8.6 9 173
SILTY CLAY 97
some sand to sandy, ;f
trace to some gravel, A (A
hard, brown, damp to moist ‘g% 10} ss | 3
%
(GLACIAL TiLL) igg 172
7%
.
Y,
,; 11 A_SS 4 100/
/ /7 10cm/] 171
a %/ 12 A_SS 007
% 13cm,
ag/ I3ASS AS00r
A/ 10cm
144
;g 170
7
%7
A
a4 2
7 14| ss | 8
169.0 v7 160
127 End of Borehole L
Obstruction to augering at 10.5m.
Probably on a boulder.
Borehole moved 1.5m south and 1.5m
east and redrilied. Obstruction to
augering at 10.8m. Probably on a
boulder.
Borehote moved 3.5m south and 0.5m
east and redrilled. Obstruction to
augering at 10.7m. Probably on a
Continued Next Page
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RECORD OF BOREHOLE No C2-2 2 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4761866.4 E:327497.5 ORIGINATEDBY _BL
DIST HWY 408 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 07.20.10 - 07.21.10 CHECKED BY RA
SOIL PROFILE SAMPLES | o w  [RYSAMIC CONE PENETRATION NATURAL
= REMARKS
] z PLASTIC LiQuUID
221 9 umt  MOSTURE “rur] E & &
5 o <5 @ 20 40 60 80 100 CONTENT 0
= 41ZEl z : . : L 1 W w w | 5% | cransize
aln| ¥ 3125 O |SHEAR STRENGTH kPa
ELEV | DESCRIPTION =121 ¢ 222 E e — DISTRIBUTION
DEPTH S| c > |38 £ [0 UNCONFINED + FIELD VANE ¥ %)
Bl 2 2 |2°| U |e QUICKTRIAXIAL X {ABVANE | WATER CONTENT (%)
o 20 40 60 80 100 10 20 30 kNm® JGR SA SI CL
boulder.
Borehole moved 5.0m south and 6.0m
east and redrilled.
Borehole was dry (not stabilized) and
hole open to 10.4m on completion.
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RECORD OF BOREHOLE No C2-3 1 0OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4761859.0 E:327522.2 ORIGINATED BY _ BL
DIST HWY 406 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 07.20.10 CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w o |RE e SN-FE
E“’ z = PLASTIC BATIRR.  Liqup] | & | REMARKS
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181.6| Ground Surface “ 20 40 60 8 100 20 30 km* |GR SA SI CL
9 300mm TOPSOIL =
181, =] 1| SS | 12 s
0.3 St o| | 0 1 60 39
FILL - Silty Clay, trace sand, trace R 181
organics, stiff to very stiff, brown, damp XXX
to moist Jotetes
::::::: 21 8s 19 o
180.2 e
14 180
SILTY CLAY L
trace sand, 3 8s 22 ‘<
stiff to very stiff, brown, damp to moist %
41 ss 32&\179 — 0 3 5 39
hard % %
5] ss| = > % o
_ N 178
6| ss 17%% I { 0 3 60 37
/ %
177
( 71ss| 12 > % °
{ % % 176
]sjss| o % °
N 175
% % 18
>>1
U Y %
K 174 =T
f o ss 10%% I | 0 2 6 35
N 418
) 173
D
<< % 41
()10 ss 7 i 0 1 55 44
172
25
.. .. +
i [ 30
171.0 ] 171 +
106 _ Y
SILTY CLAY A 1| ss | 13
trace to some sand, trace gravel, 4 7
very stiff, brown, damp to moist 4 %;
(GLACIAL TiLL) ,2; 170
. "%%
%%
o
é 12 ss | 28
2 169
Z
9% %
) 7
/;é./ 168
7%
¥4 13| ss | 25 o
167.4 A
14.2 End of Borehole
Sampler wet at 10.7m
Continued Next Page
+3,x38; Numbesreferto 3% grpan AT FAILURE

Sensitivity




ONTARIO MOT 1-08-4135 CULVERTS2.GPJ ONTARIO MOT.GDT 10/01/10

Ministry of ! .
@ Trans;%nation Foundation Design
Ontario

RECORD OF BOREHOLE No C2-3 2 OF 2 METRIC |
W.P. 280-99-00 LOCATION Coords: N:4761859.0 E:327522.2 ORIGINATED BY _BL
DIST HWY 406 BOREHOLE TYPE __Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 07.20.10 CHECKED BY. RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w |gre CE PLOT
ﬁ @ g SISTANCE PLO = puastic pARER.  Liqup| | b | REMARKS
S . 8 é % @ 2|0 4|0 6!0 8|0 190 LIMIT NTENT LIMIT 5 % &
ol 2 5 G ;
ELEV aldg|lw | 3 g5| & [sHEARSTRENGTHKPa e o B B s
DESCRIPTION = = 2|28 E i DISTRIBUTION
DEPTH S|S| & | > |38| £ |o UNCONFINED  + FIELDVANE Y %)
- 2 |£°] @ |@ QUICKTRIAXIAL X LABVANE | WATERCONTENT (%)
& 20 40 B0 80 100 0 20 30 km® |GR sA s cL

Borehole was dry (not stabilized) and
hole open to full depth on completion.

Piezometer instaflation consists of 2
19mm diameter, Schedule 40 PVC
pipe with a 1.52m slotted screen.

Water Level Readings:

Date Depth{m) Elevation(m)
Jul. 28. 10 5.9 175.7
Aug.06.10 7.1 174.5
Aug. 13.10 65 175.1
Aug.23.10 46 177.0
Sept. 25.10 74 174.2
Oct.03.10 6.2 175.4
Oct. 14.10 6.6 175.0

+ 3_ X 3: Numbers refer to

3%
Sensitivity O ” STRAIN AT FAILURE







GSD 1-09-4135 CULVERTS2.GPJ 9/3/10

GRAIN SIZE DISTRIBUTION

FIGURE B1-1

FILL - SANDY GRAVEL

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

6 e T e Y Y% 3 4 810 16 30 40 5060 100 200

100 X

90 \

80 \

70
z 9
E 60
o
L
Z
ic 50
}.—
z
S a0
L )
o

30 \\

20

\\*
L N
10 m —e
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE| COARSE FINE COARSE ]MED:UMI FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
o Cc2-1 0.3 183.0
Date .November 2010 . Prepd .....JS. ..
Project .1-09-4135. .. Chkd. MP




GSD 1-09-4135 CULVERTS2.GPJ 09/15/10

GRAIN SIZE DISTRIBUTION

FIGURE B1-2

100

90

80

70

60

50

PERCENT FINER THAN

30

20

10

FILL - Silty Clay

Size of opsnings, inches U.8.8. Sievs size, meshesfinch
6 Al 3 U Y V% 3 4 810 18 _31 40 5(:2_ 100 200
q
A
\\g
\\.
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE COARSE FINE COARSE I MEDIUM | FINE SILT and CLAY
SiZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
° C2-3 04 181.2
pate .November 2010 Prepd ... K.L. .
..................... Chkd. M.P




ALTR 1-09-4135 CULVERTS2.GPJ 09/15/10

ATTERBERG LIMITS TEST RESULTS

FIGURE B1-3

FILL - Silty Clay

60
CH
50
40 /
n cl < /
2 W
>
5 ‘
o
(73]
2 o /
o,
2 //
10 S /
cL
CL-ML / ML-OL MI-Ol MH-OH
ML
0
10 20 30 40 50 60 70 80
LIQUID LIMIT
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
® C2-3 04 181.2
pate .November 2010 . Prepd ... Kl . .
Project 1'09’4135 ....... Chkd. ...... MP. .




GRAIN SIZE DISTRIBUTION FIGURE B1-4

GSD 1-09-4135 CULVERTS2.GPJ 9/3/10

SILTY CLAY

Size of openings, inches U.S.S. Sieve size, meshesfinch
6;‘ ,;I‘Ia. ?" 1'1/2" 1I" 3{4n 1{2.3/5- :‘5 4 ?10 1I6 30 40 5060 100 200
100 N B
90 m e
80 o}
2
70 -
z \
< L[
60 s
\
2w . %
- \
Z
E . N\
: N
i \
30 NS
20
10
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE COARSE FINE COARSE | MEDIUM | FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
® Cc2-1 3.2 180.1
X C2-1 4.7 178.6
A C2-1 7.8 175.5
* Cc2-2 2.5 179.2
@® C2-2 4.7 177.0
L] C2-2 6.3 175.4
pate .November 2010, . Prepd .....JS ...
Project .1-09-4135. ... Chkd MP




GSD 1-09-4135 CULVERTS2.GPJ 9/3/10

GRAIN SIZE DISTRIBUTION

FIGURE B1-5

Size of openings, inches

SILTY CLAY

U.8.8. Sieve size, meshesfinch

6 M3 My Y bl 3 4 810 16 30 40 §060 100 200
100 __j\\:
N
- N
lk
o i
h\
70 ¥
=
: \
E 60
o
i}
P
i 50
'—
Z
8 40 N
\\"
% N
20
10
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE| COARSE |  FINE COARSE |MEDIUM|  FINE SILT and CLAY
Size GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
® C2-3 25 179.1
x C2-3 4.0 177.6
A C2-3 7.8 173.8
* C2-3 9.3 172.3
pate .November 2010 . Prepd .....dS ...
Project ..1-09-4135... Chkd MP




ALTR 1-09-4135 CULVERTS2.GPJ 9/3/10

ATTERB.ERG LIMITS TEST RESULTS

FIGURE B1-6

PLASTICITY INDEX

SILTY CLAY
60
CH
50
40 //
cl ‘\?f
Y
30 7
CL *
°
20 s 4 /
® /
q /
10
cL A
CL-ML / ML-OL MI-Ol MH-OH
ML
0
10 20 30 40 50 60 70 80
LIQUID LIMIT
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
® C2-1 3.2 180.1
= C2-1 4.7 178.6
A C2-1 7.8 175.5
* c2-2 2.5 179.2
® C2-2 4.7 177.0
e C2-2 6.3 175.4
.November 2010 .. Prep'd .....JdS
.1-09-4135 Chkd MP




ALTR 1-08-4135 CULVERTS2.GPJ 9/3/10

ATTERBERG LIMITS TEST RESULTS | oURE B17

SILTY CLAY
60
CH
50
40 /
n cl D /
: 5
>
5w ‘
i
o)
9 oL /
o
* /
20 ®
X
A /
10 =
cL
CL-ML / ML-OL MI-Ol MH-OH
ML
0
10 20 30 40 50 60 70 80
LIQUID LIMIT
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
) C2-3 25 179.1
= C2-3 4.0 177.6
A C2-3 7.8 173.8
* C2-3 9.3 172.3
pate .November 2010, . Prepd .....JS ...
Project ...1-09-4135. Chkd. ....... MP .




GSD 1-09-4135 CULVERTS2.GPJ 9/3/10

GRAIN SIZE DISTRIBUTION

FIGURE B1-8

1

PERCENT FINER THAN

Size of openings, inches

SILTY CLAY TILL

U.S.S. Sieve size, meshesfinch

6" 4y 3 o 1 3 ¥y 3 4 810 16 30 40 5060 100 200
00 L L L L %~I_-“\Il\l 1 13 3
% T
LN
- \m.(
70 \\
60 N
- \h
40
N
30 \.\
20 e
10 m
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE COARSE FINE COARSE | MEDIUM | FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
® C2-1 10.9 172.4
pate .November 2010 . Prepd .....dS.....
..1-09-4135... Chkd. MP

Project




ATTERBERG LIMITS TEST RESULTS | ' ¢URE B1®

ALTR 1-09-4135 CULVERTS2.GPJ 9/3/10

SILTY CLAY TILL

60
CH

50

. yd

Ci ‘\Q

)
cL /

. //

PLASTICITY INDEX
8
N

10 A
cL
CL-ML / ML-OL MI-OI MH-OH
ML
0
[ 10 20 30 40 50 60 70 80
LIQUID LIMIT

SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
° C2-1 10.9 172.4
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3 Pk e e e e
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(w) NOILYATTS

METRIC

DIMENSIONS ARE IN METRES
AND/OR MILLIMETERS
UNLESS OTHERWISE SHOWN

CONT No 20112005 | /7 T\
WP No 280-99-00 | I/

PLAN

. SCALE
/[\’\’Sm 25 0 25 5m
e ™ ™ s

,—— ORIGINAL GROUND

SURFACE

VERTICAL SCALE
6 1 2 3 4 5m

HORIZONTAL SCALE
5m 25 0 25 5m

e e e

HIGHWAY 406

SHEET
CULVERT # 2
BOREHOLE LOCATIONS AND SOIL STRATA 1 OF
GROUP
$ Terraprobe Inc.
oot Materials . Testing

10 Bram Court - Brampton Ontario LEW 3R6 (905) 796-2650

KEY  PLAN

LEGEND

-¢- Bore Hole
-$— Dynamic Cone Penetration Test

Bore Hole And Cone

'N' Blows/0.3m (Std Pen Test, 475 J/blow)
CONE Blows/0.3m (80" Cone, 475 J/blow)
z WL at Time of Investigation
WL in Piezometer (OCT. 2010)
I Piezometer

90% Rock Quality Designation
A/R Auger Refusal

COORDINATES
No ELEV.
NORTHING EASTING
c2-1 183.3 47618694 3274763
c2-2 1817 47618664 3274975
c23 1816 47618530 3275222

NOTE
The boundaries between soil strata have been established
only ot Bore Hole locations. Between Bore Holes the
boundaries are d from i

This drawing is for subsurface information only. Surface
details and features are for conceptual illustration.

REVISIONS

DATE BY DESCRIPTION

oEsGN RA | cooE ceoczoos | Lowp | oatE Fes.oon
DRAWN K.C

CHK RA I STRUCT GEOCRES 30M3-269
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Ministry of . .
@ Transportation Foundation Design
Ontario -

RECORD OF BOREHOLE No C3-1 1 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4762329.4 E:327576.6 ORIGINATED BY _ PK
DIST HWY _406 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 6.17.10 CHECKEDBY. RA
N
SOIL PROFILE SAMPLES |, | u |RYNAMICCONE FENETRATIO
] Z _ pLasTic NATURAL )0 0 = REMARKS
=21 o Lmr  MOISTURE  — et oz A
5 w |<8| o 20 40 60 80 100 CONTENT z9
g gizgl z e ra—— Ve w w| 58 | cransie
ELEV Slo| & | 3 12g8]| 9 [SHEARSIRENGTHkKPa —_— DISTRIBUTION
DEPTH DESCRIPTION AR EREE < | O UNCONFINED  + FIELDVANE Y %)
51% 2 |£°] L ]e QUICKTRIAXAL X LABVANE | WATER CONTENT (%)
183.2| Ground Surface wm 20 40 60 80 100 10 20 30 wim* fGR sA st cL
0.0 K:xx'
1420mm FILL - Sand and Gravel, ;:55552 11ss | 27 183 ) 37 46 13 4
some silt, trace clay, compact to t0tets
dense, brown/grey, damp to moist e
s
59 2 | ss | 33 > °
181.8 s < 182
1.4 FILL - Silty Clay, some sand, trace Ssoted 42
gravel, trace organics, very stiff, XX 2 | ss 2 [} 7 13 40 40
brown, damp to moist e N
181.1 S Y
21 181
SILTY CLAY ) »<
trace sand, 4 | SS 15 RN P
stiff to very stiff, brown, damp to moist 2
Y,
51 ss| 17 > 180
, \
6! ss| 15 < I | 0 1 64 35
179
7 ss | 11 g °
% 178
% >>__1.6
\ >>4
8| ss | 11 17 [ i 0 3 66 31
2 % 114
A
176
Y] % 1.0
S>>
% N
ol w/ pH %
175
§ v 1.7
§ __1.5
174
173.8 4] 10| ss | 16 g o
9.4 /)
SILTY CLAY f;; >
some sand, trace gravel, ; #
stiff to very stiff, brown, damp to moist 1 4 %
‘%{f 173
(GLACIAL TILL) 127
. )
s%? 1miss| 1 [H o
w5
/ N .
’-;’ / 172
Wi %
%%
/&74
.
,;//.;/ 171
4,/15 12 ss | 17 — 8 18 56 20
%
A////
%7 15
M ? S>>4
r% 170
169.6 %% b .
13.6 End of Borehole
Resistance {o augering at 2.3m
Sampler wet at 7.6m
Unable to push vane beyond 11.1m

ON_MOT 1-09-4135 CULVERTS2.GPJ ON_MOT.GDT 9/8/10

tinued Next Page
Continued Next Pag +3 %3, Numbers referto

0 3% STRAIN AT FAILURE
Sensitivity




ON_MOT 1-09-4135 CULVERTS2.GPJ ON MOT.GDT 9/8/10

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No C3-1 2 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4762329.4 E:327576.6 ORIGINATED BY __PK
DIST HWY 406 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 6.17.10 CHECKED BY. RA
M Ni
SOIL PROFILE SAMPLES |, w [SYNAMIC CONE PENETRATION
- NATURAL - REMARKS
U'_-I %) 8 PLASTIC MOISTURE LIQUID - T
= o |51 & 20 40 60 80 100 [YMT  content UMT SO &
SlE ¥2E| z : : ! 1 . We w w | 54 | cramsize
oim| % 2 |l25 O |SHEAR STRENGTH kPa
ELEV DESCRIPTION 1S & < |2z = O DISTRIBUTION
DEPTH é 5 E > 8 8 ;: QO UNCONFINED + FIELD VANE 7 %)
=1z 2 |9 @ |e@ QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 100 10 20 30 KN/m* JGR SA S CL
Borehole was dry (not stabilized) and
hole open to full depth on completion.
Piezometer installation consists of a
19mm diameter, Schedule 40 PVC
pipe with a 1.52m slotted screen.
Water Level Readings:
Date Depth(m) Elevation(m)
Jul. 08. 10 2.0 181.2
Jul. 14. 10 1.9 181.3
Jul. 20. 10 20 181.2
+3,x3; Numbersreferto 3% qrpa AT FAILURE

Sensitivity




ON_MOT 1-09-4135 CULVERTS2.GPJ ON_MOT.GDT 9/8/10

Ministry of X i ‘
@ Transportation Foundation Design
Ontario

RECORD OF BOREHOLE No C3-2 1 0F 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4762327.3 £:327602.0 ORIGINATED BY _ BL
DIST HWY 406 BOREHOLE TYPE __ Solid Stem Augers / Hollow Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 7.8.10-7.20.10 CHECKED BY. RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES |, W IRESISTANGE PLOT NATURAL o | revarks
Eaol & PLSTIC moisTure LQuiDt -, 1 A
51, o |28] @ 20 40 60 80 100 CONTENT %8
El z GRAIN SIZE
ELEV E s &3 55 9 [SHEAR STRENGTH kPa D = | bisTRIBUTION
BEPTH DESCRIPTION S|31&]5[8338] £ |o unconrmen  + FELDVANE Y %)
s = Z |E©| © [ QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
183.8| Ground Surface w 20 40 60 80 100 10 20 30 kNm® |GR SA SI CL
o 100mm TOPSOIL e
) ] 11 ss | 14 o
FiLL - Siity Clay, trace sand, XX
trace organics, R
stiff, brown, damp to moist PO 183 49
2l 2 | ss | 1 % % ¢ 0 5 46 49
,‘l‘)(.‘)(
::l(:ull
]
o] 3| ss | 13 ~< 182 o
181.7 R
2.1 i
SILTY CLAY X
trace sand, 4 Ss 21
very stiff, brown, damp to moist > % 181
’ K 49
5| ss 19> o p— 0 2 46 52
N
N 180
6| Ss | 28 »Q o
7 SS 21 % § 179 a
V]
/
%!‘% 178
/
8| ss 20»<% } - 0 2 67 31
% % 177
9| ss 23%%176 B 0 3 7225
J
[ % %
f N 175
%
K % ,
10| ss | 17 N I i 0 2 58 40
W % % 174
173.7 y
104 95*2
SILTY CLAY 524
trace to some sand, trace gravel, 5% 14 \
very stiff to hard, brown, damp to M/ 52 173
I g ~
moist ’é /4 11| 88 |00 qd
(GLACIAL TILL) 527
//f
i 1 B
,5/% A a2
1%
,’,;/_‘
;2 12 88 | 27 o
2% 171
5%
%
.
%7 100/ |- 170
5% .
169.7 ’,ﬁ?f 131 SS | 25em °
14.1 End of Borehale
Borehole was dry (not stabilized) and
hole open to full depth on completion.

Continued Next Page
9 + 3 3. Numbersreferto

0 3% STRAIN AT FAILURE
Sensitivity




ON_MOT 1-08-4135 CULVERTS2.GPJ ON_MOT.GDT 9/8/10

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No C3-2 2 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4762327.3 E:327602.0 ORIGINATED BY _BL
DIST HWY 406 BOREHOLE TYPE __Solid Stem Augers / Hollow Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 7.8.10-7.20.10 CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES « W {RESISTANCE PLOT NATURAL REMARKS
Wl T PLASTIC LIQUID L~
2] © umr  MOISTURE “rr|l £ 5
5 wn (<21 & 20 60 80 100 CONTENT z9 &
2| & L1ZE| z ! L We w w | 54 [ eransze
Llen| ¥ o 28] © |SHEARSTRENGTH kPa
| ELEV. DESCRIPTION =€ & =125 E — O DISTRIBUTION
DEPTH M E P > | 38| £ |0 UNCONFINED + FIELD VANE Y %)
£z Z |€°] L | QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
w 20 40 60 80 100 0 20 30 xNm* [GR SA SI CL
Piezometer installation consists of a2
19mm diameter, Schedule 40 PVC
pipe with a 1.52m slotted screen.
Water Level Readings:
Date Depth(m) Elevation{m)
Jul. 28. 10 56 178.2
Aug.06.10 .| 58 178.0
+3,x3; Numbersreferto 3% grpaiy AT FAILURE

Sensitivity




Hwy 406 Expansion - W.P 280-99-00
Port Robinson Road to East Main Street Project Number: 1-09-4135

Test Pit Logs
Culvert #3 ( Highway 406 Sta. 10+782)

Test Pit# TP 3-1

0 - 100 Tps
100 - 300 Fill, Br Si(y) Cl, Tr Sa, Tr Gr, Damp

Terraprobe Inc 1 of 1







GSD 1-09-4135 CULVERTS2.GPJ 9/3/10

GRAIN SIZE DISTRIBUTION

FIGURE B2-1

100

90

80|

70

60

50

PERCENT FINER THAN

20

10

Size of openings, inches

FILL - Sand and Gravel

U.8.S. Sieve size, meshesfinch

810 116 30 4‘0 5°6|° 1(')0 200

e “f“"m" e v ”’i”?"*.ﬂ' 3 4
®
\
X
\\\
‘\
N
"\‘
\i \.L‘\‘
it
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE| COARSE FINE COARSE lMEDlUM| FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
® C3-1 0.3 182.9
pate .November 2010 . Prepd .....JS......
..1-09-4135.. Chkd MP
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GRAIN SIZE DISTRIBUTION

FIGURE B2-2

PERCENT FINER THAN

Date

Size of openings, inches

FILL - Silty Clay

U.S.S. Sieve size, meshesfinch

g Ay 3 Mo 7 % Yy 3 4 810 16 30 40 5060 100 200
100 m \u I [raat ey
90 INn 4 iy
Mo~
L X
80 eyl u\
e b
1
70 \. ’i
60 ‘.\ \\
) !ll \
. \
30
20
10
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE COARSE FINE COARSE l MEDIUM l FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)

® C3-1 1.7 181.5

C3-2 1.1 182.7
.November 2010 . . Prepd .....dS....

..1-09-4135.. Chkd MP

Project




ALTR 1-09-4135 CULVERTS2.GPJ 9/3/10

ATTERBERG LIMITS TEST RESULTS

FIGURE B2-3

60

50

PLASTICITY INDEX
8

20

10

FILL - Silty Clay
CH
cl ‘\9
WY
4
cL /
¢
//
cL
CL-ML / ML-OL MI-Ol MH-OH
ML
10 30 40 50 60 70 80
LIQUID LIMIT
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
C3-1 1.7 181.5
C3-2 1.1 182.7
pate .November 2010 Prepd .....JS....
.. 1-09-4135 Chkd. MP

Project




GSD 1-09-4135 CULVERTS2.GPJ 9/3/10

GRAIN SIZE DISTRIBUTION FIGURE B2-4

Size of openings, inches

SILTY CLAY

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

" Al 3 e 1" Yy Yp3p 3 4 810 16 30 40 5060 100 200
100 gies 11 - ; 2=
N
% —\§
80
)
" R
=z
: )
E 60 \
e
[10]
Z s ; ‘\
u% 3 \
g X N\
- 20 \\ N
N
20 e
10
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE COARSE FINE COARSE lMEDIUMI FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
] C3-1 4.0 179.2
x C3-1 6.3 176.9
A C3-2 3.3 180.6
* C3-2 6.4 177.5
® C3-2 7.9 175.9
L] C3-2 9.4 174.5
pate .November 2010 . Prepd ... JdS. ...
Project ...1-09-4135. Chkd MP




ALTR 1-09-4135 CULVERTS2.GPJ 9/3/10

ATTERBERG LIMITS TEST RESULTS

- FIGURE B2-5

PLASTICITY INDEX

SILTY CLAY
60
CH
50
40 //
Cl ‘\Q
wP
30 7
cL A /
20 /
%0 /
=
® /
10 s
cL
CL-ML / ML-OL MI-OI MH-OH
ML
0
0 10 20 30 40 50 60 70 80
LIQUID LIMIT
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
® C3-1 4.0 179.2
b 4 C3-1 6.3 176.9
A C3-2 3.3 180.6
* C3-2 6.4 177.5
® C3-2 7.9 175.9
L] C3-2 94 174.5
September 2010 .. Prep'd .....JS. ...
....1-09-4135 Chkd MP




GSD 1-09-4135 CULVERTS2.GPJ 9/3/10

GRAIN SIZE DISTRIBUTION

FIGURE B2-6

Size of openings, inches

SILTY CLAY TILL

U.S.8. Sieve size, meshes/inch
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100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE COARSE FINE COARSE 'MEDIUM| FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
® C3-1 12.4 170.8
pate .November 2010 . Prepd .....JS ..
Project ...1-09-4135. Chkd. MP
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ATTERBERG LIMITS TEST RESULTS | ' 'CURE B27

SILTY CLAY TILL
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| HTH METRIC CONT No 2011-2005 /‘§
o <@ O ) DIMENSIONS ARE IN METRES
2 O A | S AND/OR MILLIVETERS WP No 280-99-00
WO 0 {UNLESS OTHERWISE SHOWN
— < I~ | | HIGHWAY 406 SHEET
R , , CULVERT # 5
: >_ [ he i 8 L : BOREHOLE LOCATIONS AND SOIL STRATA 1 OF
{ H-H L,
i T
| = L | 1Bl
§ [
S T Y
e | ﬁ Terraprobe Inc.
| ' Gonstuston Waariye Engincatng, mepocion’s Teona
! 10 Bram Court - Brampton Ontario LEW 3R6 (905) 796-2650
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-‘- Bore Hole
TOPSOIL 100 FILL - SILTY CLAY ; :
ORIGINAL GROUND SURFACE ?‘ Ol mm _\ * /_ o -GP- Dynamic Cone Penetration Test
186 \ 186 -$— Bore Hole And Cone
Existing Hwy 406 I l ' )
H FILL - SAND AND GRAVEL l +* Test Pit
184 EXISTING QULVERT IN' / Compact fo Dense N 184 N’ Biows/0.3m (Std Pen Test, 475 J/blow)
' \ i 1% CONE Blows/0.3m (60" Cone, 475 J/blow)
g@? §§ 1% z WL at Time of Investigation
182 = S OO 182 WL in Piezometer (AUG. 2010)
% “"é T 7 7X>7<X i 2 I Piezometer
8 1 90% | Rock Quality Designati
180 m . 180 e | g et
FILL - SILTY CLAY %
N Very Stiff i 3 % _ . e COORDINATES
5178 SILTY CLAY 20 178 m ° ) NORTHING EASTING
=z # Stiif to Very SHtff g C3-1 183.2 47623294 327 576.6
. y : 327 602.0
g 176 - . 176 ; c32 1838 | 47623273
o
o =
1174 174 =
i 3
172 172
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VERTICAL SCALE
0 1 2 3 4 5m
168 168 NOTE
HORIZONTAL SCALE The boundaries between soil strata have been established
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PROFILE CENTRELINE (CULVERT 5) oA | B DESCRIPTION
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Coords: N:4763047.5 E:327637.7
Hollow Stem Augers, D.C.P.T.

06.18.10

RECORD OF BOREHOLE No C5-1

ry of

ransportation

Minist
T

Ontario

@

w w3 o1 Y B 5 @
w o
& o5 _ ®»| = 5 o 9
L2z 2E
g SE 0= ™ © o~
= G% % g © - =3
[}
1HOIEIM E
mwn T2
ok ?
CERE S
3 < o o _—
E ®
z
gbe | & - i
Q
e8¢ o R 5 -
o0 (&) o] o
MMC v ° ° o
(8] (=]
b .| E°T
g5 g1 5
. 3
g
w
<
81 2%8
z = o
o EM
=L [8E" -8 n
= *+x
H 0.u|... o
m—l ﬁlG W_G
0.0 Z 0
wr (092 _
S M(mﬂmw t T
oL SNK
0z 38
SE o 5 0
n Z2&
g2 1§53
] X
Y4 noe
3 2 3 & 2 B 3 3 & o 8 2 R K =
TVOS NOLLYATT3 - -~ -~ - - - - - -— - -~ - Rl — -~

SNOILIONOD

HILYM ANNOHO
- T
w o | SINIVAN. 8 & & 3 ba & e o & ) & N a
a
- m.E._ %3 1] 1] %) 0
- W = 3dAL @ & 8 & a & 3 ] 2] ® 2 » E
= <
D Q @ o hand N o0
E g HIBNNN - ~ ® < 0 © ~ © o =] = o ®
% X b ey T e e e e e oo AN S N
9 mw m B Bl et o ettt ~ - - AN RN ~ S AN VA N
: | g
3 g E
3 2 2
3 < -
] .o 5 w €
© wl Z o m. 2 m m .m 8
=] | @] - 8 3o ? B oo
N o = § 2| eo¢ ] 3€
© = O
e} = - | §2 = g8
z |lg] & |5 5| L8 5 ]
Q. ) € Ao 5 SO
I a - JE ©
= i L33 8% g % . oL
. o] 9IFTS | S S <dge e
=] K] w @U@ o =0 @ o5 = =
e g Segs| 93 2 “2% 2
& ° hlEE & ‘e o W o =
(=) =
8 3 e=E | 2t g 2885 | E
& 0] Sosd| L® s nsel =
O
= S
. 2 R ) @
a ﬂ = W m olo agilo N
2 < o ) © k)
2 8 4 ol 2 e
01/10/04 1GO"LOW ORIVINO rd9'ZSLYIAIND SEL1-60-1 LOW OIYVINO

03% STRAINAT FAILURE

Numbers refer to
Sensitivity

+3,%x3

Continued Next Page



ONTARIO MOT 1-08-4135 CULVERTS2.GPJ ONTARIO MOT.GDT 10/01/10

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No C5-1 2 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4763047.5 £:327637.7 ORIGINATED BY _PK
DIST HWY _406 BOREHOLE TYPE __Hollow Stem Augers, D.C.P.T. COMPILED BY DB
DATUM _Geodetic DATE 06.18.10 CHECKED BY RA
SOIL PROFILE SAMPLES |, | w |RESEMGE2E FENETRATION
i g pLasTic NATURAL ol = REMARKS
=2 o umiT  MOISTURE "ol T
. w1251 & 20 40 60 8 100 CONTENT M z0 &
21 % wizgl 2 L L L L L W w w | 3¢ | cransze
ELEV Eim| ¥ | 21251 © |SHEARSTRENGTHkPa 2
DESCRIPTION =l s |2z = 0 DISTRIBUTION
DEPTH é = t > 8 o] § O UNCONFINED + FIELD VANE Y %)
£ 0,
el z |Z°] U |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 100 10 20 30 kN/m® {GR SA SI CL
\<< >>4
175
{ % % )
14| ss| 5 I b 0 3 67 30
174 14
+
inferred hard 15§ sS | 100/ o Sam
- pler refusal
- \5em £ 173 probably on a
cobble
172
16| SS 6 ¢
1716
18.8 End of Borehole
171.0 Aora
19.4 End of Dynamic Cone Penetration e
Test
Dynamic Cone Penetration Test
performed from 18.8m to 19.4m.
Resistance to augering at 2.0m.
Borehole was dry {not stabilized) and
hote open to full depth on completion.
Piezometer installation consists of a
19mm diameter, Schedule 40 PVC
pipe with a 1.52m slotted screen.
Water Leve! Readings:
Date Depth{m) Elevation{m)
Jul. 05.10 9.0 181.4
Jul. 14.10 49 185.5
Jul.21.10 83 182.1
Jul.28.10 86 181.8
+3, 3. Numbers refer to 03% STRAIN AT FAILURE

Sensitivity




Ministry of
Transportation

Foundation Design

ON_MOT 1-09-4135 CULVERTS2.GPJ ON _MOT.GDT 9/9/10

Sensitivity

Ontario
RECORD OF BOREHOLE No C5-2 1 0F 2 METRIC
W.P. 280-99-00 LOCATION Coords:  N:4763044.7 £:327676.8 ORIGINATED BY _BL
DIST HWY 406 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 6.30.10-7.5.10 CHECKED BY RA
SOIL PROFILE SAMPLES |, W | D b ETRATION
i 2 piastic PATURAL * oyp] &= | REMARKS
E2] O MOISTURE = I
5 ® é % 17 2‘0 4[0 6‘0 80 190 LIMIT I LIMIT 5 0] &
14 u £l z : w S 4 | GRAINSIZE
ald] w | 3 |o5]| & |SHEARSTRENGTHKPa e e S
ELEV DESCRIPTION {218 2128) ¢ S — DISTRIBUTION
DEPTH A | > 38| < [o unconFneD + FIELD VANE Y %)
51< Z [E°] U |® QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
1872} Ground Surface w 20 40 60 80 100 10 20 30 wm® ler sa s cL
100mm TOPSOIL s
o1 R4 1] ss | 1 187
FILL - Silty Clay, trace to some sand, 0%
trace gravel, stiff to hard, brown, shtels
damp to moist oSetots
] 2| ss | 45 S> %
5 K e
PR %
X331 ss| 13 o
- X
I‘Illx
B 185
XXX
5 4| ss | 1 $
Ixi(xi(i(
o3 ¢
s \<
e
ES:S:E: 5] ss| 10 % 184
— B N
trace organics :::::::
5] 6 | s | 18 < 183 o
XXX
182.8 B %
44
| 3 21 4 32
weathered, sandy, trace gravel 7|85} 18 < > d o
% 182
It K %
SILTY CLAY
trace sand, 181
very stiff to hard, brown, damp to 8 8s 35 Y o
moist y %
) % % 180
gl ss| 27 $> % 0 3 57 40
< 179
f S
K4 % 178
10} ss| 15 % % 3
) RN
4 % % 177
% > \
A 11| ss | 5 K % o
4 > % 176
S
— §
firm to stiff % %
175
2| ss| 3 t { 0 3 63 34
120
L 174
16 June 30
- r July 05
TU13| ss | 14 | H-e— 0 3 69 28
| 173
/ -
2
Continued Next Page
+3,x8; Numbersreferto 3% qrpa AT FAILURE




ON_MOT 1-09-4135 CULVERTS2.GPJ ON_MOT.GDT 9/9/10

Ministry of " .
@ Transportation Foundation Design
Ontario

RECORD OF BOREHOLE No C5-2 2 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4763044.7 E:327676.8 ORIGINATED BY _BL
DIST HWY 408 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 6.30.10-7.5.10 CHECKED BY. RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | w |RESSTANGE PLOT NATURAL I
ol s raTe ot Usucl
51 . 9 |£6] @ 20 40 60 & 100 CONTENT 29 &
gl z 5 GRAIN SIZE
BLEV sl w| 3 [25] & [sHEARSTRENGTHKPa Yo M T E | permson
DEPTH DESCRIPTION 3 2l el 3 38| < |o unconFNeD  + FIELDVANE Y %)
£l Z |£C| T |e QUICKTRIAXIAL X LABVANE | WATER CONTENT (%) ;
w 2 4 6 8 100 10 20 30 kNm® |GR sA S1 cL
172 =
14| T™W | PH
%
1.6
171
13
1704 +
16.8 A
SILTY CLAY 15| ss | s0 o
some sand, trace gravel, 14 170
hard, brown, damp 7 4;
755
(GLACIAL TiLL) 7 %
4
Vo 169
9 16| ss | s2 e 3 16 49 32
168.4 %%
18.8 End of Borehole

Sampler wet at 13.7m.

Borehole was dry (not stabilized) and
hole open to full depth on completion.

Piezometer installation consists of a
19mm diameter, Schedule 40 PVC
pipe with a 1.52m slotted screen.

Water Level Readings:

Date Depth{(m) Elevation{m)
Jul. 14. 10 .7 180.5
Jul.21.10 63 180.9
Jul.28.10 64 180.8

+3. 3. Numbers refer to

3%
Sensiivity O~ STRAIN AT FAILURE




Hwy 406 Expansion - W.P 280-99-00
Port Robinson Road to East Main Street Project Number: 1-09-4135

Test Pit Logs
Culvert #5 ( Highway 406 Sta. 11+499)

Test Pit# TP 5-1

0 - 100 Tps

100 - 300 Fill, Br Si(y) Cl, Moist
Test Pit# TP 5-2

0 - 130 - Tps

130 - 300 Fill, Br Si(y) Cl, Moist
Test Pit# TP 5-3

0 - 100 Tps
100 - 300 Fill, Br Si{y) Cl, Damp

Terraprobe Inc 1 of1




ON_MOT 1-09-4135 CULVERTS2.GPJ ON_MOT.GDT 9/9/10

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No C6-2 1 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4763794.6 E:327454.9 ORIGINATED BY _ BL
DIST HWY 406 BOREHOLE TYPE __ Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 7.21.10 CHECKED BY RA
SOIL PROFILE SAMPLES | o w [RYGAMIC CONE PENETRATION
& 2 pLasTic NATURAL ) o0 = REMARKS
2] ¢ umt  MOSTURE "] £ 5§ &
5 . @ § 5|l @ 20 40 60 80 100 CONTENT g%
gl z GRAIN SIZE
ELEV a|d| & |3 |o5| & [SHEARSTRENGTHKPa * . b
DESCRIPTION e |2 21z¢gl| e — DISTRIBUTION
DEPTH AR E 38| < |o unconFmneD + FIELD VANE Y %)
== 2 |[€°] 4 |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
183.5| Ground Surface w 20 40 60 80 100 10 20 30 k/m®* |GR SA SI cL
o7 80mm TOPSOIL >
. S 9
%] 1| ss | 16
FILL - Sitty Clay, trace sand, trace RS 183 °
organics, very siff to hard, brown, systete
damp to moist R 571
55 2 | ss 34%% t 0 3 38 59
,()(
1821
b SILTY CLAY 182
4 o
trace sand, 3 85 2 <
occasional gravel inclusions,
very stiff to hard, brown,
damp to moist ~<
4| ss | 3 181
’ K %
1] 5| ss | 20 > % o
» X 180
6| ss | 21 <!% o
_ % 179
frequent silt seams 7 ss 19 g %
% % 178
8| ss | 27 % — . 0 2 86 32
% % 177
%
o] ss| s % %
1A
} % % 175
L D) %
10| 8s | 17 i I 174 I 1 3 67 29
H . 8
173
1| ss | 21 >
¥
172
12| ss | 19 171 I i 2 2 70 2
%
170
K413] sS | 24 p
g
2 169
168.5

Continued Next Page

+ 3' X 3: Numt?_er§ refer to
Sensitivity

0 3% STRAIN AT FAILURE




ON_MOT 1-09-4135 CULVERTS2.GPJ ON_MOT.GDT 9/9/10

Ministry of
Transportation

Foundation Design
Ontario
RECORD OF BOREHOLE No C6-2 2 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4763794.6 E:327454.9 ORIGINATED BY _BL
DIST HWY _406 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 7.21.10 CHECKED BY RA
SOIL PROFILE SAMPLES | w  {RYNAMIC CONE FENETRATION
I - pLasTic BATUIRE  Liquip] | B | REMARKS
5| g |36/ 2| % % e @ o |MT comar M7 56 e
= El 2 w, -y GRAIN SIZE
ELEV o w 3 ]e E Q |SHEAR STRENGTH kPa ° b G ES
DESCRIPTION == < 3 = — DISTRIBUTION
DEPTH é 3 ﬁ > 8 & § O UNCONFINED + FIELD VANE -Y %)
5% z |z ©] I |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
o 20 40 60 80 100 10 20 30 i {GR sA SI cL
15.0 SILTY CLAY TO CLAYEY SILT ‘?7 7
some sand, trace gravel, H 7(
hard, brown, damp 44 14| ss | 37 168 e 2 13 58 27
167.8 (GLACIAL TILL) i
15.7 End of Borehole
Borehole was dry (not stabilized) and
hole open to full depth on completion.
Piezometer installation consists of a
19mm diameter, Schedule 40 PVC
pipe with a 1.52m slotted screen.
Water Level Readings:
Date Depth{m) Elevation(m)
Jul. 28.10 4.1 179.4
Aug. 06.10 1.8 181.7
Aug. 13.10 3.6 179.9
Aug. 23.10 4.1 179.4
Sept. 25.10 4.1 179.4
+3,x3; Numbersreferto 3% g AT FAILURE

Sensitivity




ONTARIO MOT 1-09-4135 CULVERTS2.GPJ ONTARIO MOT.GDT 10/01/10

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No WE-S 10+360Lt 2 OF 2 METRIC
W.P. 280-89-00 LOCATION Coords: N:4763814.3 E:327476.6 ORIGINATED BY __Aaw
DIST HWY 406 BOREHOLE TYPE __ Hollow Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 11.12.09 CHECKED BY RA
SOIL PROFILE SAMPLES |, w o |BENES C2E SENETRATION
el g _ pLasTIC HETURA.  Liquip) LB REMARKS
5]« @ |£8 @ 20 4 60 80 100 [UMT covreyy o LMIT 20 &
= E GRAIN Sz
ELEV a|8| & |2 |25| & [SHEARSTRENGTHKPa _ e v % T E | emboron
DEPTH DESCRIPTION $12| 7| 5188| £ |o unconrmep  + FELDVANE ¥ o
£l Z |Z°] & |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%) >
u 2
0 4% e & 10 | 10 20 30 wim* |GR sA s cL
‘<< ¥
13] ss | 18 168
167.3
16.1 40 +
CLAYEY SILT 954 1 167
trace to some sand, trace gravel, A
hard, grey / brown, damp ’:2,4
2%5
(GLACIAL TILL) 5; 14| ss | 54 °
94/ 166
Y,
7
4
%%
7
7%
L5 165
2 15| ss | 116 ° T 5 29 49 17
4%
Uil
A
vﬁ%
77
/g*’ 164
259
! g’
il 16| ss | 91 o
163.1 %4
20.3 End of Borehole
Unable to push vane below 16.1m.
Consolidation test performed on
TWA11.
Borehole was dry {not stabilized) and
hole open to full depth on completion.
Piezometer installation consists of a
18mm diameter, Schedule 40 PVC
pipe with a 3.0m slotted screen.
Water Level Readings:
Date Depth(m)  Elevation(m)
Nov.20.09 6.3 177.1
Nov.30.09 7.7 175.7
Dec.15.08 59 1775
Jan.04.10 5.7 177.7
Jan.11.10 55 177.8
0,
+3,x3; Numbersreferto ¢ 3% grRaN AT FALURE

Sensitivity




ONTARIO MOT 1-09-4135 CULVERTS2.GPJ ONTARIO MOT.GDT 10/01/10

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No S-EW 10+025Rt 1 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4763892.5 E:327500.9 ORIGINATED BY _ AW
DIST HWY 406 BOREHOLE TYPE _ Holiow Stem Augers COMPILED BY KL
DATUM _Geodetic DATE 12.03.09 CHECKED BY RA
SOIL PROFILE SAMPLES |, w | RES G2 e FENETRATION ATURAL CEMARKS
Wol| = PLASTIC yoerige  HOUDE £
5 o |8 2 20 40 60 8 100 |“MT contenr HMT| SO &
= i T El 2 . e w w | 5% | cransee
ola =128 O |SHEAR STRENGTH kPa
ELEV. DESCRIPTION Els) & < {22 E —O———— DISTRIBUTION
DEPTH gls el > 138| = |o UNcONFiNED + FIELD VANE Y )
£l < 2 |E°| I |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
183.6| Ground Surface C 20 40 60 80 100 10 20 30 kNm® JGR SA S CL
o1 70mm TOPSOIL o
- )(K)(I .
RN 1 SS 13 °
FILL - Silty Clay, Satetes
trace to some sand, trace organics, B 183
occasional gravel inclusions, al0yate \
occasional concrete debris, X o ss 93 % % o
stiff to hard, brown, damp to moist o
R N
235 3 | ss | =0 % % 182 9 4 0 11 5 30
Joteled
- %
E‘S:Eéf 4| ss| 15 s 181 )
555 K %
oK 12 o
S °1 e > %
S N 180
XXX
59 6 | ss | 14 Q!% 9
179.2 B
44 179
SILTY CLAY 71 ss | 25 9 o
trace sand,
stiff to very stiff, % % %
brown, damp to moist
§ %
< 178
8| ss |17 ~< % l+— 0 2 67 31
& 177
g 55118
% % >t
N 176
9| ss| 21 > %
, NN y
% % % 175 oS .
¢ % % >>--1'1
10| ss | 11 % N He—i 0 2 68 30
% % 174
{ § K
Q % 1.1
A § % 173 e o
%
1| ss | 15 § 9
b K % 172 >4 18
% % >>—-1.3
11 121 TW | PH % % 71 X te— 210 {0 4 75 21
i % %
q N
§ % 170
113 ss | 28 < Fe— 0 2 66 32
i
Continued Next Page +3 3. Numbers refer to

Sensitivity

03% STRAIN AT FAILURE




ONTARIO MOT 1-09-4135 CULVERTS2.GPJ ONTARIO MOT.GDT_10/01/10

Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No S-EW 10+025Rt 2 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: _N:4763892.5 E:327500.9 ORIGINATED BY _ aw
DIST HWY 406 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY KL
DATUM _Geodetic DATE 12.03.09 CHECKED BY RA
SOIL PROFILE SAMPLES |, W | N FENETRATION
Wyl 2 pLasTic WAL Laup] | b | REMARKS
51 . a |2 5 @ 20 40 60 80 100 [UMT  conrenr LMT z 9 GRNﬁS'ZE
ELEv g8l w! 2 lo5]| & [SHEARSTRENGTHkPa e s e s
DESCRIPTION -le 21z¢8| & — DISTRIBUTION
DEPTH S|3] F | 3 138| < |0 UNCONFINED  + FIELDVANE Y %)
=1 2 |EC| I |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 100 12 10 20 30 kNm® {GR SA SI CL
| Bl | >4
14| ss | 26 o
168
v
167.4
162 A%
CLAYEY SILT TO SILTY CLAY 44
sandy, some gravel, jgé 167
hard, brown, damp j 2 1
KA o 1 4
(GLACIAL TILL) ﬂ;:: 5| ss 5 %1
4‘/2
9% 166
92
77
A 16| ss 5 °
164.8 A 165
18.8 End of Borehole

Unable to push vane beyond 15.7m.

Borehole was dry (not stabilized) and
hole open to full depth on completion.

Piezometer installation consists of a
19mm diameter, Schedule 40 PVC
pipe with a 3.0m slotted screen.

Water Level Readings:

Date Depth{m} Elevation{m)
Dec.08.09  17.7 165.9
Dec. 16.09  16.1 1675
Jan. 04.10 5.0 178.6
Jan. 11.10 39 179.7
Jan. 18.10 4.0 179.6

Consalidation Test performed on
TwWi2

3 3. Numbers referto
X Sensitivity

3%
[¢] STRAIN AT FAILURE







GSD 1-09-4135 CULVERTS2.GPJ 9/7/10

GRAIN SIZE DISTRIBUTION

FIGURE B3-1

FILL - Sand and Gravel

Size of openings, inches U.S.S. Sieve size, meshes/inch
e Ay ¥ T 1" 3{4~ 1/3-3@- 3 4 810 18 30 40 5060 100 200
100 m“
90
80
70 \
=z \\
< N
E 60 %
& N\
=
L 50
-
4
8 4 \
i N
B »
20 N
‘\‘
20
10 &“
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE| COARSE FINE COARSE lMEDIUMl FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
® C5-1 0.3 190.1
pate .November 2010 . Prepd .....JS...
Project 1'09'4135 Chkd MP




GSD 1-09-4135 CULVERTS2.GPJ 9/7/10

GRAIN SIZE DISTRIBUTION

FIGURE B3-2

1

PERCENT FINER THAN

Size of openings, inches

" 4. 3" Yo 17 e o Fpe
6;4;63 1|I2 1|3{4 423183 4

FILL - Silty Clay

U.S.S. Sieve size, meshesfinch
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ATTERBERG LIMITS TEST RESULTS | ' 'CURE B33
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GRAIN SIZE DISTRIBUTION

FIGURE B3-4
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GRAIN SIZE DISTRIBUTION

FIGURE B3-5
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ATTERBERG LIMITS TEST RESULTS

FIGURE B3-6
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ATTERBERG LIMITS TEST RESULTS

FIGURE B3-7
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GRAIN SIZE DISTRIBUTION

FIGURE B3-8
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ATTERBERG LIMITS TEST RESULTS

FIGURE B3-9
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Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No C6-1 1 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4763918.4 E:327528.0 ORIGINATED BY _Js
DIST HWY 406 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY Js
DATUM _Geodetic DATE CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x E RESISTANCE PLOT NATURAL REMARKS
Wpl g PLASTIC yosture LlQUIDE | &
5| R E 51 o 20 40 80 g0 LMT  content —~ LMIT zg &
] = -4 W, > GRAIN SIZE
8w | 3 |25] & [SHEARSTRENGTHKPa d b e 2
ELEV DESCRIPTION =S = |zgl E ———— DISTRIBUTION
DEPTH 3|3 & Z |34 £ |o UNconFINED + FIELD VANE Y )
=1 2 |£°] I |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
179.2| Ground Surface “ 20 4 60 80 10 20 30 kim* |or sa s cL
179.0] 200mm TOPSOIL = 179
0.2 1 8s 10 M 1 0 3
SILTY CLAY — 59 38
trace sand,
stiff to hard, brown, damp to moist \
2|88 15 °
178
frequent silt seams
3| ss ] 3 ¢+ 0 0 87 13
- 177
4] 85} 23 § °
K
51 ss 18> 176 i 0 3 69 28
W
W\
61 ss | 28
< 175
71 ss 17‘< He—i 0 3 68 29
% 174
173
8| ss| o o
1.3
+
172
9| W | PH
171
170
0] SS | 36 P
169.1 )
101 ] 169
SILTY CLAY TO CLAYEY SILT “h
sandy, trace gravel, A
hard, brown, damp g /
4 — 4
(GLACIAL TILL) g; 11] 85 | 48 H 25 53 18
%% 168
7
V]
9%
4
7
/7
77, 167
12| ss | s °
166.5 W
12.7 End of Borehole
Borehole was dry (not stabilized) and
hole open to full depth on completion.

Continued Next Page

+ 3‘ X 3. Numbers refer to

Sensitivity

0 3% STRAIN AT FAILURE
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Ministry of . 5
@ Transportation Foundation Design
Ontario

RECORD OF BOREHOLE No C6-1 2 OF 2 METRIC
w.p. 280-99-00 LOCATION Coords: N:4763918.4 E:327528.0 ORIGINATED BY _Js
DIST HWY 406 BOREHOLE TYPE _ Solid Stem Augers COMPILEDBY __ Js
DATUM _Geodetic DATE 7.26.10 CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o« W IRESISTANCE PLOT L . REMARKS
Byl 2 ot vl g | M
5| e R 2 20 40 80 80 100 CONTENT z 2 GRAIN SIZE
ELEV |4l w| 3 |c5| & [sHEARSTRENGTH kP4 ‘"" . e
DESCRIPTION sl21 8| 2|28 E ———— DISTRIBUTION
DEPTH S|3| F | > |38]| £ |0 UNCONFINED  + FIELDVANE Y %)
5l = 2 |Z°] U |e QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
o 20 40 60 80 100 10 2 30 kNm® JGR SA S cL

Piezometer installation consists of a
18mm diameter, Schedule 40 PVC
pipe with a 1.52m slotted screen.

Water Level Readings:

Date Depth{m) Elevation(m)
Jul. 28. 10 Dry Dry

Aug. 06. 10 47 1745
Aug. 13. 10 25 176.7
Aug. 23. 10 2.0 177.2
Sept. 25.10 2.0 177.2

+ 3' X 3. Numbers refer to o3%

Sensitivity STRAIN AT FAILURE
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Ministry of
Transportation

Ontario

Foundation Design

RECORD OF BOREHOLE No WE-S 10+360Lt

1 0F 2

METRIC

W.P. 280-99-00 LOCATION Coords: N:4763814.3 E:327476.6 ORIGINATED BY _ aw
DIST HWY 406 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 11.12.09 CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES r W |RESISTANCE PLOT NATURAL REMARKS
Wyl < PLASTIC \yierure  LIQUID E
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Qle 41291 2 L L L 1 L W CONVT,ENT w | 38 | cramsize
ELEV Lldl ¥ ] 2128 © [SHEARSTRENGTHkPa ’ t 2
DESCRIPTION =3 <123} E — i DISTRIBUTION
BEPTH A EIERER EE < | O UNCONFINED  + FIELD VANE v %)
£l Z {£C] U |e® QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
183.4| Ground Surface “ 20 40 60 80 100 1020 30 kN’ JGR SA St oL
01 50mm TOPSOIL %
X4 1| SS 8 o
FILL - Silty Clay, R 183
trace sand, S0y
stiff, brown, damp to moist R N
5'2:22 2)1ss| 15 % °
182.0 R 182
14 /
SILTY CLAY
trace sand, 318 | 21 \é
very stiff to hard,
brown, damp to moist
181
11 4] ss | 20 § o
K
5] ss| 3 > ¢ | 0 3 &4 33
4 180
_ f >
stiff to very stiff, grey <
4 179
6] ss| 10 § p
>_ 178 1.7
14
K .
7]ss| 8 g 177 Fe—i 0 2 70 28
g
%
> 176 1.4
’ ¥
e | ss | 10 %
% 175 117
N 113
9| ss 10 § 174 4
Z
q § 13
¢ 173 12
U10] ss| 26 % o
»
A ¢ 172
U % 1.5
M 11] w | PH % 171 e+
> 17
2 < T
> 170 ~2.0
121 88| 10 < I | 0 1 84 35
§ 169 Tis
Continued Next Page 303 Numb s o
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Hwy 406 Expansion -
Port Robinson Road to East Main Street

W.P 280-99-00
Project Number: 1-09-4135

Test Pit Logs

Culvert #6 ( Highway 406 Sta. 12+354)

Temraprobe Inc

Test Pit# TP 6-1
0 -
200 -
Test Pit# TP 6-2
0 -
610 -
910 -
Test Pit# TP 6-3

0 -
610 -

Test Pit# TP 6-4

0 -
300 -

200
1.22

610
910

122

610
1.83

300
1.83

Dk Br Si(y) Cl, Some Org, Some Rootlets, Moist
Br Si(y) Cl, Tr Sa, Damp to Moist

Br Si(y) Cl, Some Org, Some Rootlets, Moist
Br Si(y) Cl, Tr Sa, Tr Rootlets, Moist
Br Si(y) Cl, Damp to Moist

Br Si(y) Cl, Tr Sa, Some Org, Some Rootlets, Moist
Br Si(y) Cl, Occ Sa Lense, Damp to Moist

Br Si(y) Cl, Tr Sa, Some Org, Some Rootlets, Moist
Br Si(y) Cl, Tr Sa, Damp to Moist

10f1
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GRAIN SIZE DISTRIBUTION

FIGURE B4-1
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ATTERBERG LIMITS TEST RESULTS | |GURE B42
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GRAIN SIZE DISTRIBUTION FIGURE B4-3

GSD 1-09-4135 CULVERTS2.GPJ 9/7/10
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GRAIN SIZE DISTRIBUTION FIGURE B4-4
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GRAIN SIZE DISTRIBUTION

FIGURE B4-5
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ATTERBERG LIMITS TEST RESULTS

FIGURE B4-6
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ATTERBERG LIMITS TEST RESULTS

FIGURE 4-7
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ATTERBERG LIMITS TEST RESULTS | 'CURE B4

PLASTICITY INDEX
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GRAIN SIZE DISTRIBUTION

FIGURE B4-9
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ATTERBERG LIMITS TEST RESULTS

FIGURE B4-10
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ATTERBERG LIMITS AND WATER CONTENTS

FIGURE B4-11
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HWY 406 TWINNING - CULVERT #6
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CORRECTED UNDRAINED SHEAR STRENGTH FIGURE B4-12
HWY 406 TWINNING - CULVERT #6
Silty Clay
Corrected Cu (kPa)
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HWY 406 TWINNING - CULVERT#6

FIGURE B4-13
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HWY 406 TWINNING - CULVERT#6

FIGURE B4-14
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FIGURE B4-15

HWY 406 TWINNING - CULVERT#6
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HWY 406 TWINNING - CULVERT#6

FIGURE B4-16

C:\Documents and Settings\Admin\My Documents\Marc P\Projects 2009\Hwy 406 Expansion\1-09-4135 (Hwy 406 Foundations)\Culverts and Retaining Walls\Culverts\Lab Resuits\1-09-4135 Consolidation Results.xls

Coefficient of Consolidation
(cm?¥s)

Volume Compressibility
(m%/kN)

Hydraulic Conductivity
(cm/s)

10

o
=

0.01

0.001

1.E-02

1.E-03

1.E-04

1.E-05

1.E-06

1.E-04

1.E-05

1.E-06

1.E-07

1.E-08

Project No. :

Date :

CONSOLIDATION TEST
Cv vs Pressure
WES 10+360 LT, TW11

10 100
Pressure (kPa)

CONSOLIDATION TEST
mv vs Pressure
WES 10+360 LT, TW11

10,000

10 100
Pressure (kPa)

CONSOLIDATION TEST
k vs Pressure
WES 10+360 LT, TW11

1,000

10,000

10 100
Pressure (kPa)

@fﬁ Terraprobe Inc.

1-09-4135
November 2010

1,000

10,000

HW
RA

Prepared By :
Checked By :




HWY 406 TWINNING - CULVERT#6

FIGURE B4-17
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FIGURE B4-18

HWY 406 TWINNING - CULVERT#6
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Ministry of
Transportation

Foundation Design

ONTARIO MOT 1-09-4135 CULVERTS2 (KELVIN).GPJ ONTARIO MOT.GDT 09/09/10

Ontario
RECORD OF BOREHOLE No C7-1 1 OF 2 METRIC
W.P. 280-99-00 LOCATION N:4763942.5 E:327381.6 ORIGINATED BY Pk
DIST HWY 406 BOREHOLE TYPE __ Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ww
£, 2 [(FOSNCEROT = prastic MATURAL © qup] & ] REMARKS
= Q MOISTURE - I
51 a §5 g 20 40 e 80 00 [umT oy LMIT g0 &
21 z 5 GRAIN SIZE
gl4| w| 2 |g5| & [SHEARSTRENGTHkPa e b =
| ELEV. DESCRIPTION =181 &1 2128] £ ——— DISTRIBUTION
DEPTH S131 F | 3 |38] < |o unconrnep  + FiELDVANE Y %)
A 2 |€C| I e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
181.0] Ground Surface ‘” 20 40 60 &0 100 10 30 kvm* |GR SA S| CL
18091 130mm TOPSOIL —~
01 1{ss]| 2
SILTY CLAY
trace sand,
very stiff to hard, brown, damp to moist 50
21 ss 35%% 180 P 0 1 42 57
3| ss| 48 %
% 179
4| ss | 67 §
g %
< 178
51 ss 71>% o { 0 1 71 28
X
stiff to very stiff 6| ss 25 <!% 177 °
7] ss| 24 ‘< %
% % 176
g % 175
8] ss| 15 % 0 3 70 27
% %
18
174
D
I
9| ss| 13
> % 110
S % 172 13
10| ss | 13 § %
§ % 171 13-
11| ss | 13 7
§ \%\ 170
12
N +
% % 169 f
N
12| ss | 18 > %
X
% % 168
167.0 13| ss | 19 < %
140 Vi 167
127
7r
Continued Next Page
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Ministry of
Transportation

Foundation Design

ONTARIO MOT 1-09-4135 CULVERTS2 (KELVIN).GPJ ONTARIO MOT.GDT 09/09/10

Ontario
RECORD OF BOREHOLE No C7-1 2 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4763942.5 E:327381.6 ORIGINATED BY __PK
DIST HWY 406 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o E RESISTANCE PLOT NATURAL
iyl % _ pLasTIc (AR Laup| | & REMARKS
= w251 & 20 40 60 80 100 CONTENT HMTI = & &
Ol i s i 1 i il I ]
Zlw) wl 3 =1 2z w w | 2 GRAIN SIZE
ELEV DESCRIPTION & ol g 3 g a g SHEAR STRENGTH kPa v o 2 DISTRIBUTION
DEPTH g 2|3 28 < ] O UNCONFINED  + FIELD VANE Y %
1< 2 |E€°] @ Je QUICKTRIAXIAL X LABVANE WATER CONTENT (%) )
i
20 40 60 80 100 20 30 kN/m* |GR SA SI CL
i
CLAYEY SILT TO SILTY CLAY WA,
sandy, trace gravel, Kli 14| ss | 17 e 8 26 49 17
very stiff to hard, brown, damp to moist 22,;
bk
A
(GLACIAL TILL) %75
7
VY,
A//;
5%Y% N
164.0 ¢4 75 | ss | 0on ]
17.0 End of Borehole
No sample recovery at SS7. Sampler
redriven and disturbed sample
collected.
Resistance to augering at 15.8m and
16.6m.
Borehole was dry {not stabilized) and
hole open to full depth on completion.
Piezometer installation consists of a
19mm diameter, Schedule 40 PVC
pipe with a 1.52m slotted screen.
Water Level Readings:
Date Depth{(m) Elevation{m}
July.05.10 55 175.5
July.13.10 4.2 176.8
July.19.10 4.1 176.9
0
8; RNumbersreferto 3% grraN AT FAILURE

Sensitivity




Ministry of
Transportation

Foundation Design

ONTARIO MOT 1-09-4135 CULVERTS2 (KELVIN).GPJ ONTARIO MOT.GDT 09/09/10

Ontario
RECORD OF BOREHOLE No C7-2 1 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4763976.6 E:327417.4 ORIGINATED BY _PK
DIST HWY 406 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 06.28.10 CHECKED BY RA
SOIL PROFILE SAMPLES |, w [RESIC GONE PENETRATION
it Z pLasTIc NATURAL - qup} &= | REMARKS
=E21 o T MOISTURE = X
51« T ER 20 40 60 80 100 CONTENT ~ HMIT 29 &
£l z 5 GRAIN SIZE
ELEV T8 w| 2 1g5| & |SHEARSTRENGTHKPa b S e
DESCRIPTION g 21z = e — DISTRIBUTION
DEPTH M EIRRE 3 3 < | O UNCONFINED + FIELD VANE Y %)
51 “ Z |£°| @ |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%) ’
181.5| Ground Surface w 20 40 60 80 100 10 20 30 kN'm* |GR SA SI CL
X 100mm TOPSOIL =
’ FILL - Sitty Clay, 3 1] ss | 11 o 0 6 57 37
trace sand, trace organics, whesere 181
138-3 stiff, brown, damp to moist G
SILTY CLAY ( M1 2] ss| 32 > ’\% 9
trace sand, < e
accasional grave! inclusions, §
brown, damp to moist ) > 180
]3] ss | 29 K d
U N %
/ %
14| ss| 52 § 179 $ } 1.2 72 25
4
v K
5| ss | 29 § P
K3 178
NN
/ \
6] 8s | 31 K o
very stiff to hard 4 g g
stiff to very stiff 4 % 177
A 7| ss| 17 § Q o
»
/ D
K K
{ > % 176
i 4 K
4| A §
s | w| e K % X Fo— 210 [0 2 72 2
NN 175
§ o
% % ’\4‘ 117
N
% b
// < 174 >
9] ss | 12 § § lHe— 0 3 70 27
| K K
§ 1.7
b % 2] 173 +
I {]
s % L3
|
b b
I1U10]| ss | 14 § §‘ 179 o
%
@
1 N K
bq % > +
K 17
N 171 -
y N
1] ss | 16 “ o
%
170
e )
11 12| 8S 20 169
%
168.3
13.2 CLAYEY SILT TO SILTY CLAY Wi
sandy, trace gravel, . :% 168
hard, brown, damp to moist 4’
(GLACIAL TILL) 22? 13| ss | a5 o — 5 25 53 17
167.3 /
14.2 End of Borehole
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Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No C7-2 2 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4763976.6 E:327417.4 ORIGINATED BY __PK
DIST HWY _406 BOREHOLE TYPE _Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 06.28.10 CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x W IRESISTANCE PLOT NATURAL R s
Bal| I PLASTIC poiiee taunf | & EMARK;
51 g | g gl 9 20 40 60 8 100 [UMT  conrent 8 &
3 = zZ ou GRAIN SIZE
ELEV PESCRIPTIO Tla| & | 3|28 & |SHEARSTRENGTHKPa e o " 2 | pistriBuTION
DEPTH CRIPTION Z13| % | 5|238| £ |o uvconemen  + FELDVANE Y o,
: o
£l Z |EC| © e QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 100 10 20 30 kN/m® |GR SA sI cL
No sample recovery at SS10.
Sampler redriven and disturbed
sample collected.
Water level at 7.3m (not stabilized)
and hole open to full depth on
completion.
Consolidation test performed on
TWS8.
Piezometer installation consists of a
19mm diameter, Schedule 40 PVC
pipe with a 1.52m siotted screen.
Water Level Readings:
Date Depth(m} Elevation(m)
July.05.10 6.4 175.1
July.13.10 25 179.0
July.19.10 3.0 178.5
July.28.10 2.8 178.7
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ONTARIO MOT 1-08-4135 CULVERTS2 (KELVIN).GPJ ONTARIO MOT.GDT 09/09/10

@ ‘hlﬁri:;ss'gm?t;tion Foundation Design
Ontario
RECORD OF BOREHOLE No C7-3 1 0F 2 METRIC
W.P. 280-99-00 LOCATION Coords: _N:4764008.4 E:327455.7 ORIGINATED BY _ PK
DIST HWY 406 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 06.25.10 CHECKED BY RA
SOIL PROFILE SAMPLES |, W | C N EENETRATION
Wel % _ pLasTIc WATURRE  wiuif | & | REMARKS
51 . @ %»:g 3 20 40 60 80 100  |UMT  conrent z8 &
9 =l z 5 GRAIN SIZE
ELEV =|8| w| 3]|25| & [SHEARSTRENGTHkPa e . e s
DESCRIPTION =l s 2 {22]| E ! DISTRIBUTION
DEPTH |5| 7| 3|28 < | O UNCONFINED  + FIELDVANE Y %)
=1 < Z |EC]| @ ]e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
182.41 Ground Surface m 20 40 60 80 100 10 20 30 wm® [GR SA S oL
oK 80mm TOPSOIL =
1| ss | 23 0
SILTY CLAY 182
trace sand,
brown, damp to moist
21 8s| 45 o
181
3| ss| 43 ¢ i
180
41 85 | 39 Q
5| ss | 48 °
N " 179
ery stiff to hard
stiff to very stiff q
6 ss 15 He—i 0 1 79 20
178
7] ss| 14 o
1.6
177 T
13
+
8] ss| 1 176 o
114
175 413
9] ss| 14 o
% 1.3
174 T
y 115
MU 10| ss | 16 173 He— 0 2 70 28
2
A
172
g
1| ss | 22
¥
171
¥
12| ss | 20 170 ,
7
1 9
169.2
13.2 Wi 169
CLAYEY SILT TO SILTY CLAY 195 9
sandy, trace gravel, /’
hard, brown, dam| ¢
° X 13| ss | 4 o 4 25 53 18
(GLACIAL TiLL) &4 g
797 168
755
9%
455
Continued Next Page 303 Numb " o
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Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No C7-3 2 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4764008.4 E:327455.7 ORIGINATED BY _ PK
DIST HWY 406 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 06.25.10 CHECKED BY RA
SOIL PROFILE SAMPLES | o w | R G FENETRATION AATURAL ENARK
i 2 PLASTIC LIQUID = REMARKS
= ‘2 I3 LMIT MOISTURE umtl E I &
51w a|$8] @ 20 40 60 80 100 CONTENT g%
£l z GRAIN SIZE
8| w| 3 |ok| 8 [SHEARSTRENGTHKPa b b " E
ELEV DESCRIPTION clg8l e | 2122) E L — DISTRIBUTION
DEPTH HE c > 138 < | O UNCONFINED + FIELD VANE Y %)
- 2 [€C] @ |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 100 10 20 30 km® |GR SA St CL
v
¢ 160/
166.8 o | SS | 20em 167
156 End of Borehole
Borehole was dry (not stabilized) and
hole open to full depth on completion.
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Ministry of
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Foundation Design

Ontario
RECORD OF BOREHOLE No C7-4 1 0F 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4764040.4 E:327486.8 ORIGINATED BY _PK
DIST HWY _406 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 07.07.10 CHECKED BY RA
SOIL PROFILE SAMPLES | o W [RSNGB o S RATION
P S i pLASTIC WATURAL  Liquip L b REMARKS
5|« @ §% @ 20 4 8 CONTENT ~ LMIT g% &
= Z GRAIN SiZE
ELEV sl 4| 3 |25| & [sHEARSTRENGTHKPa P e " 73 | permmuron
DEPTH DESCRIPTION s13| 7| 51358| = |o unconrmen Y .
s1< 2 |g©°| © |e QUICKTRIAXIAL WATER CONTENT (%)
182.0} Ground Surface - 20 4 € 20 30 ) e JGR SA S cL
181.8 200mm PEAT N q
0.2 1 88 10 44
stiff
- §' \ 181 $ %
SILTY CLAY 218 & R % M o
frace sand,
very stiff to hard, brown, damp to maist
3 SS 32 o
180
4 8s 29 § o
% % 179
s|ss| 18 > % I { 0 1
N
9
- 61 ss | 3 % 178
frequent sandy silt seams \ o
- 7 8S 37 \ % o
% % 177
% %
176
8| Ss | 18 % I i 0 3 69 28
N
% % 175
9 8S 16 o
% % 174
% %
N
D % 173
10} SS 17 i ' o
il 172
11} SS 14 171 o
%
4
] 170
169.7 v
123 CLAYEY SILT to SILTY CLAY, 121} SS 27
169.4) trace sand, very stiff, brown, damp 2 $— 0 2 78 20
12.6] \(GLACIAL TiLL)
£nd of Borehole
No sample recovery in SS8 and S510.
Sampler redriven and disturbed
sample collected.
Borehote was dry {not stabilized) and
hole open to full depth on completion.

ONTARIO MOT 1-09-4135 CULVERTS2 (KELVIN).GPJ ONTARIO MOT.GDT 09/09/10

Continued Next Page
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Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No C7-4 2 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4764040.4 E:327486.8 ORIGINATED BY _ PK
DIST HWY 406 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 07.07.10 CHECKED BY. RA
SOIL PROFILE SAMPLES |, | u |RESieTAnGe e NETRATION
& v { NATURAL - REMARKS
Hgl % pLAsTic plerter Lauo| | b
51, o 28] 3 2 4 & 8 0 [MT covewr UMTl 5O &
] =l =z =) GRAIN SIZE
ELEV sld| g 2 |25] & [sHEARSTRENGTHKPa e w e 2 P
DEPTH DESCRIPTION S131 £ | 5133 £ |o unconemed  + FELDVANE ¥ )
s1° Z |£O9| © |e QUICKTRIAXAL X LABVANE WATER CONTENT (%)
5 5] ad
w 20 40 60 80 100 10 20 30 kN/m* |GR SA SI CL
Piezometer instaliation consists of a
19mm diameter, Schedule 40 PVC
pipe with a 1.52m siotted screen.
Water Level Readings:
Date Depth{m)  Elevation{m)
July.1210 36 178.4
July.19.10 23
July.27.10 23
e
S
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o
[
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—
Q
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o
o
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>
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o«
w
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(&)
w0
°
I
D
<X
—
Q
=
Q
Z
E
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s}
+3,x3; Numbessreferto 3% grpnn AT FALURE

Sensitivity




Hwy 406 Expansion -

Port Robinson Road to East Main Street

Test Pit Logs
Culvert #7 ( Highway 406 Sta. 12+525)

W.P 280-99-00

Project Number: 1-09-4135

Terraprobe Inc

Test Pit# TP 7-1

0 - 230 Dk Br/Blk Amor Peat, Some Rootlets, Moist
230 - 610 Br Si(y) Cl, Tr to Some Org, Tr Rootlets, Moist
610 - 1.22 Br Si(y) Cl, Tr Sa, Damp to Moist

1o0f1







GRAIN SIZE DISTRIBUTION

FIGURE B5-1

GSD 1-09-4135 CULVERTS?2 (KELVIN).GPJ 09/03/10
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GRAIN SIZE, mm
COBBLE COARSE FINE COARSE ‘MEDIUMI FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
° C7-2 0.3 181.2
pate .November 2010 . Prepd ... K.L.....

..................... Chkd. ... M.P




GRAIN SIZE DISTRIBUTION

FIGURE B5-2

GSD 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/03/10

Size of openings, inches

SILTY CLAY

U.S.S. Sieve size, meshesfinch

& 4. 3 R R
100 ° |h ? 1I 1' : ?&.i 810 16 ji 40 5060 100 200 -
N
90 \[‘k
!
80 \\
70
=z
<€
T 60 \
14
: \
T 50
= %
S a0
i \
30
20
10
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
cospLE| COARSE | FINE COARSE |MEDIUM|  FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
° C7-1 1.0 180.0
x C7-1 3.2 177.8
A C7-1 6.3 174.7
* C7-2 25 179.0
® C7-2 6.3 175.2
& C7-2 7.8 173.7
pate .November 2010 . Prepd ... Kk ...
Project 1'09‘4135 ....... Chkd. M.P




GRAIN SIZE DISTRIBUTION

FIGURE B5-3

GSD 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/09/10
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I
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N \ \i‘.
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N \k N
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE| COARSE |  FINE COARSE | MEDIUM | FiNE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
] C7-3 4.0 178.4
x C7-3 9.3 173.1
A C7-4 1.0 181.0
* C7-4 3.2 178.8
® C7-4 6.3 175.7
pate .November 2010 . Prepd ... KL. .
..................... Chkd M.P




ALTR 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/03/10

ATTERBERG LIMITS TEST RESULTS

FIGURE B5-4

SILTY CLAY
60
CH
50
40 /
v e
W cl <
2 S
>
;5 o ,
& ®
<5 CL
o
20 //
*x X /
10 L A
cL
CL-ML / ML-OL MI-Ol MH-OH
ML
0
10 20 30 40 50 60 70 80
LIQUID LIMIT
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
o C7-1 1.0 180.0
b | C7-1 3.2 177.8
A C7-1 6.3 174.7
* C7-2 2.5 179.0
® C7-2 6.3 175.2
Lo C7-2 7.8 173.7
pate .November 2010 . Prep'd ... Kl... .
Project 1-:09-4135 Chkd. ... M.P




ATTERBERG LIMITS TEST RESULTS

FIGURE B5-5

ALTR 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/14/10
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PLASTICITY INDEX
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GRAIN SIZE DISTRIBUTION

FIGURE B5-6

GSD 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/09/10
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Size of openings, inches
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GRAIN SIZE, mm
COBBLE COARSE FINE COARSE l MEDIUM I FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
° C7-1 15.4 165.6
x C7-2 13.9 167.6
A C7-3 13.9 168.5
* C7-4 12.5 169.5
pate .November 2010 . Prepd ... K.L. ...
Project 1-09-4135 Chkd. ... M.P..
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ATTERBERG LIMITS TEST RESULTS

FIGURE B5-7

ALTR 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/09/10

PLASTICITY INDEX

Date

Projec

CLAYEY SILT TO SILTY CLAY TILL
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50
40 //
cl ‘\9
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30 s
cL /
20 /
10 ’a
CL ﬂ
CL-ML / ML-OL MI-Ol MH-OH
ML
0
10 20 30 40 50 60 70 80
LIQUID LIMIT
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
® C7-1 15.4 165.6
C7-2 13.9 167.6
A C7-3 13.9 168.5
* C7-4 12.5 169.5
.November 2010 . Prepd ... KL.. .
t 1-09-4135 Chkd. ... M.P




ATTERBERG LIMITS AND WATER CONTENTS

FIGURE B5-8

C:\Documents and Settings\Admin\My Documents\Marc P\Projects 2009\Hwy 406 Expansion\1-09-4135 (Hwy 406 Foundations\Culverts and Retaining Walls\Culverts\Lab Results\1-09-4135C7 Soil Parameter Estimation.xls
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November, 2010

HWY 406 TWINNING - CULVERT #7
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Project No. : 1-09-4135 Prepared By : HW
ﬁ Terraprobe Inc. pared By
Checked By : RA




CORRECTED UNDRAINED SHEAR STRENGTH

FIGURE B5-9

C:\Documents and Settings\Admin\My Documents\Marc P\Projects 2009\Hwy 406 Expansion\1-09-4135 (Hwy 406 Foundations)\Culverts and Retaining Walls\Culverts\Lab Results\1-09-4135C7 Soil Parameter Estimation.x|s

Elevation (m)

HWY 406 TWINNING - CULVERT #7
Silty Clay
Corrected Cu (kPa)
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Field Shear Vane Correction
Morris & Williams (1994)
(n=1.18 EXP(-0.08 Ip) + 0.57)

Applied Correction Factors
0.78 (Elev.> 179 m) 1.00 (Elev. <179 m)

Project No. : 1-09-4135

Date :

Noverber 2010 %g Terraprobe Inc.

Prepared By : HW
Checked By : RA




HWY 406 TWINNING - CULVERT#7

FIGURE B5-10

C:\Documents and Settings\Admin\My Documents\Marc P\Projects 2009\Hwy 406 Expansion\1-09-4135 (Hwy 406 Foundations)\Culverts and Retaining Walis\CulvertsiLab Results\1-09-4135 Consolidation Results.xls
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Prepared By :
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HWY 406 TWINNING - CULVERT#7

FIGURE B5-11

C:\Documents and Settings\Admin\My Documents\Marc P\Projects 2009\Hwy 406 Expansion\1-08-4135 (Hwy 406 Foundations)\Culverts and Retaining Walls\Culverts\Lab Resuits\1-09-4135 Consolidation Results.xls

CONSOLIDATION TEST

e vs Pressure

C7-2, TW8
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Soil Type : Silty Clay
€ = 0.52 o = 28% Po' = 89 kPa
o= 19% wp = 17% Pc' = 600 kPa
y= 21.0 kN/m® Pl = 1% Cc= 0.291
Gs = 2.73 ~Cr= 0.030
Project No.:  1-09-4135 ﬁ Prepared By : HW
Date : November 2010 7 Terraprobe Inc. Checked By: RA




FIGURE B5-12

HWY 406 TWINNING - CULVERT#7
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PROFILE CENTRELINE (CULVERT 9)

10m 5

(w) NOILYAZ3

METRIC

DIMENSIONS ARE IN METRES
AND/OR MILLIMETERS
UNLESS OTHERWISE SHOWN

CONT No 2011-2005 v"
WP No 280-99-00

PLAN

SCALE
0

5 10m

— ORIGINAL GROUND
SURFACE

VERTICAL SCALE
1] 1 2 3 4 5m
HORIZONTAL SCALE
10m 5 0 5 10m

HIGHWAY 406
CULVERT #9
BOREHOLE LOCATIONS AND SOIL STRATA

SHEET
1 OF

IBI

GROUP

Consutting Geotschnical & Envicamental Engineering
Construction Materials Enginesring, Inspection & Testing

ﬁ Terraprobe Inc.

10 Bram Court - Brampton Ontario LEW 3R6 (805) 796-2650

"KEY  PLAN

LEGEND

Bore Hole

Dynamic Cone Penetration Test

*
&
$— Bore Hole And Cone
-

Test Pits
N’ Blows/0.3m (Std Pen Test, 475 J/blow)
CONE Blows/0.3m (60" Cone, 475 J/blow)
z WL at Time of Investigation
I WL in Piezometer (JULY 2010)
Piezometer

90% Rock Quality Designation
A/R Auger Refusal

COORDINATES
No ELEV. NORTHING EASTING
C7-1 181.0 47639425 3273816
C7-2 1815 4763 976.6 3274174
C7-3 1824 4764 0084 327 455.7
C7-4 182.0 4764 0404 3274868

NOTE
The boundaries between soil strata have been established
only at Bore Hole locations. Between Bore Holes the
boundaries are d from logi i

This drawing is for subsurface information only. Surface
details and features are for conceptual illustration.

(2]

=z

[=3

H

= | DATE BY DESCRIPTION

pesioN RA | coor crmoczoos | o [ oaTE Femzov |
DRAWN K.C CHK RA I STRUCT GEOCRES 30M3-269

C:AUsers\wner\Documents\1-09-4135 HWY 406 CULVERTS UPDATES\1-09-4135 CULVERTS 7.dwg, KAMAL




CULVERT #24
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Ministry of
Transporiation

Foundation Design

Ontario
RECORD OF BOREHOLE No C9-1 1 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4765568.5 E:326999.7 ORIGINATED BY _ Ly
DIST HWY 406 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 11.18.09 CHECKED BY. RA
SOIL PROFILE SAMPLES | o | DIRAMIC CONE PENETRATION
' byl 2 = pLasTic MAORR. Liqup] | k| REMARKS
5 wn [£E5] & 20 40 60 8 100 |“MT  content (UMIT| 5 O &
2| & L12E| z S ———— We w w | 54 | crawsee
ELEV olpl ¥ o2 28] @ |SHEARSTRENGTH kPa
DESCRIPTION =13 < - b= p—— DISTRIBUTION
DEPTH § 5 L\I > 8 5 § O UNCONFINED + FIELD VANE 'y )
51 2 |Z°] U |® QUICKTRIAXAL X LABVANE WATER CONTENT (%)
174.9| Ground Surface w 20 40 60 80 100 10 20 30 kNm* {GR SA SI CL
0.0
SILTY CLAY 1 58 5 o
trace sand, trace rootlets, 4
occasional sand pockets, /
firm, brown, moist % 174 43
LA 2| ss 7 0 5 56 39
%
%
1732 pd [
17 SILT - trace clay, 3] ss 7 173
172.8 loose, brown, wet v
2.1
SILTY CLAY
trace sand, 41 88 2 ]
firm to stiff, brown, damp to moist
4 K 172
b 5|8 | 5 °
11
1.7;
171 s
1.3
+
) 6|ss]| 5 —i 0 3 73 24
¥ 170
1.4
+
%
1.9
) 169 ;
/1
) 7|1 W PH X e 20.6 0 2 76 22
[} 35
168 ¥
1.4
+
8{ss]| 8 167 e—i 0 1 72 27
]
/ +1.8
o %
) ) 166 113
=4
(2 q
- b 9 S8 g
o
O
B '~y =4
e} 1
= q A 117
o iB%g
9 b 2.1
= +
z
2 41110] ss | 13 164 } 0 0 71 28
o
Q
2| 1.8
4 163 o
IV 5
2
& 1] ss| 15 e 0 0 67 33
W
> 162,2'
= 127 End of Borehole
[$)
3 Consolidation test performed on
hot TW7.
!
< Borehole was dry (not stabilized) and
: hole open to full depth on completion.
o
=
o
14
=
z
(o]
Continued Next Page 3 U3 Numb fert o
+3,x 3. Numbersreferto 3% gypaN AT FAILURE

Sensitivity




Ministry of " .
@ Transportation Foundation Design

Ontario

RECORD OF BOREHOLE No C9-1 2 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4765566.5 E:326999.7 . ORIGINATED BY _ LY
DIST HWY _406 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY DB
DATUM _Geodetic » DATE 11.18.09 CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w R e R or
ﬁ ol % SISTANCE PLO _ pLastic NATURAL —op] 1= REMARKS
zl 9 LT MOISTURE “hu] £ 5§ &
5 . @ § 51 o 20 40 B0 80 100 CONTENT z 8
ol 2 5 G
ELEV E sl & 2]|¢g & 2 [SHEAR STRENGTH kPa D = D(SRTQES‘;ZISN
DEPTH DESCRIPTION 5 sle| s 23 < | O UNCONFINED  + FIELD VANE Y %)
=12 z |[€°] @ e QUICKTRIAXIAL X LABVANE | WATER CONTENT (%) §
w 20 40 60 80 100 10 20 30 kN/m* |GR SA SI CL

Piezometer installation consists of a
18mm diameter, Schedule 40 PVC
pipe with a 1.62m siotted screen.

Water Level Readings:

Date Depth(m)  Elevation(m)
Nov.30.08 3.0 171.9
Dec.08.09 2.1 172.8
Jan.04.10 0.4 174.5
Jan.11.10 0.6 1743
Jan.14.10 0.5 174.4

ONTARIO MOT 1-08-4135 CULVERTS2 (KELVIN).GPJ ONTARIO MOT.GDT 08/02/10

+ 3' X 3. Numbers refer to o 3%

Sensitivity STRAIN AT FAILURE




ONTARIO MOT 1-09-4135 CULVERTS2 (KELVIN).GPJ ONTARIO MOT.GDT 09/02/10

@ wg;‘s;%gfaﬁ on Foundation Design
Ontario
RECORD OF BOREHOLE No C9-2 1 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4765579.6 E:327009.4 ORIGINATED BY _ LY
DIST HWY 406 BOREHOLE TYPE __Hollow Stem Augers, D.C.P.T. COMPILED BY DB
DATUM _Geodetic DATE 11.17.09 CHECKED BY RA
SOIL PROFILE SAMPLES |, w | X2 FENETRATION CATURAL HEMARKS
Ul 3 PLASTIC yoeripr  LQuDl | &
6|« gl s 5| @ 20 40 60 80 100 {UMT conent 29 &
=l z =] GRAIN SIZE
ey aldl wi 3 {aE5| 6 [SHEARSTRENGTHKPa e b i z
1 DESCRIPTION =13 < 25| E i DISTRIBUTION
DEPTH 2|3 P > 188| £ |o uNconFINED + FIELD VANE Y %)
=< 2 |9 @ |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
176.0} Ground Surface w 20 40 60 80 100 10 20 30 kNm® JeR sA st cL
0.0 52
SILTY CLAY 11s8s| 1 I
trace sand, trace rootlets, q T 0 1 4356
stiff to very stiff,
brown, damp to moist \
2| ss | 2 > % 175
_§
3{ss| 22 °
173.9 { g 174
2.1
SILT ~< %
trace to some clay, trace sand, 4| SS 17 N ]
compact, brown, moist to wet % %
173
5| ss 2o>% o 0 3 8 15
§ %
171.9 172
41 g
SILTY CLAY
trace sand, trace gravel, IA
firm to stiff, brown, damp to moist 6] ss 3 N >
D % 171
1.3
N 170 +
7] ss 94% i 1.3 72 24
& 1.8
§ % 169 +
q < % 1.8
8| ss| s > % 168 9
VO
§ N 1.5
< +
N\ 13
D % 167 "
9] ss 7 % e 0 1 65 34
/ .
-1 7] 166 113
2.3
L3 +
10 8s 9 165 o
A
% 2.7
+
164 >
7
114 88| 13 o
A
163 —+
%
162.4
136 End of Borehole \ >
162

Continued Next Page

Numbers refer to

3 3.
TULXE Sensitivity

03% STRAIN AT FAILURE




Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No C9-2 2 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4765579.6 E:327003.4 ORIGINATED BY _ LY
DIST HWY 406 BOREHOLE TYPE __ Hollow Stem Augers, D.C.P.T. COMPILED BY D8
DATUM _Geodetic DATE 11.17.08 CHECKED BY. RA
SOIL PROFILE SAMPLES |, | w |RESyance i GENETRATION
NATURAL - REMARKS
Bol| 2 i pLasTic AALRE:  uauio| | &
5 o |23 % 20 40 60 80 100 JUMT  conTent 50 &
2lel L 12 2E] 2 L . ! — We w w | 54 | cransze
ELEV O lm | & 3128 Q |SHEAR STRENGTH kPa
DESCRIPTION HE 2 |5z] E —_— DISTRIBUTION
DEPTH é = fas > 8 e} ; O UNCONFINED + FIELD VANE 'Y )
=z z2 |EC] © |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 100 10 20 30 wm® {GR sA Sl cL
160 N
158.9 159
171 End of Dynamic Cone Penetration
Test
Dynamic Cone Penetration Test
performed from 13.6mto 17.1m.
Borehole was dry (not stabilized) and
hote open to full depth on completion.
Piezometer installation consists of a
19mm diameter, Schedule 40 PVC
pipe with a 1.52m slotted screen.
Water Level Readings:
Date Depth{m) Elevation(m)
Nov.30.09 3.9 1721
Dec.08.09 34 1726
Jan.04.10 1.7 174.3
Jan.11.10 17 174.3
Jan.14.10 15 1745
=4
Q
<
(<2}
(=]
&
9
6
=2
Q
Z
=
Z
O
-2
a
Q
z
]
o
X
&
&
[}
2
2
()
w0
(32
by
&
<
-
(o]
b=
o
%
=
z
[e]
+3,x3; Numbemsceferto 3% groa AT FAILURE

Sensitivity







GRAIN SIZE DISTRIBUTION FIGURE B6-1

GSD 1-09-4135 CULVERTS2 (KELV!N).GPJ 09/03/10

SILTY CLAY

Size of openings, inches U.S.S. Sieve size, meshes/inch
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w
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Z
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20 \r
N
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0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE| COARSE FINE COARSE |MEDIUM |  FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
° C9-1 1.0 173.9
m C9-1 47 170.2
A C9-1 6.3 168.6
* C9-1 7.8 1671
@ C9-1 10.9 164.0
] C9-1 12.4 162.5
.November 2010.... Prepd ... Kl....
Project 1:09-4135 Chkd. ... M.P. .




GSD 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/03/10

GRAIN SIZE DISTRIBUTION

FIGURE B6-2

Size of openings, inches

n Al an
g e

SILTY CLAY

U.8.8. Sieve size, meshesfinch
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0
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GRAIN SIZE, mm
COBBLE COARSE FINE COARSE I MEDIUM I FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
] C9-2 0.3 175.7
x C9-2 6.3 169.7
A C9-2 9.3 166.7
pate .November 2010 . Prepd ... K.L.. ..
Project 1-09-4135 . . Chkd. .....M.P

]
|
|
I
a
|
r




ATTERBERG LIMITS TEST RESULTS | ' 'CURE B&3

ALTR 1-09-4135 CULVERTS2 (KELVIN).GPJ 08/03/10

SILTY CLAY
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PLASTICITY INDEX
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0
0 10 20 30 40 50 60 70 80
LIQUID LIMIT
SYMBOL BOREHOLE DEPTH (m) ELEVATION (m)
o C9-1 1.0 173.9
b ] C9-1 4.7 170.2
A C9-1 6.3 168.6
* C9-1 7.8 167.1
® C9-1 10.9 164.0
L] C9-1 12.4 162.5
pate .November 2010 . Prepd ... KL.. ...




ALTR 1-08-4135 CULVERTS2 (KELVIN).GPJ 09/03/10

ATTERBERG LIMITS TEST RESULTS

FIGURE B6-4
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GRAIN SIZE DISTRIBUTION

FIGURE B6-5

GSD 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/03/10

Size of openings, inches

SILT

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

8 A 3 e 1Y Y 34 810 16 30 40 5060 100 200
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GRAIN SIZE, mm
COBBLE COARSE FINE COARSE |MEDIUM| FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
™ C9-2 3.2 172.8
pate .November 2010 . Prepd ... KL. ..
Project 1-09-4135 . Chkd. M.P




ATTERBERG LIMITS AND WATER CONTENTS

FIGURE B6-6

C:\Documents and Settings\Admin\My Documents\Marc P\Projects 2009\Hwy 406 Expansion\1-09-4135 (Hwy 406 Foundations)\Culverts and Retaining Walls\Culverts\Lab Results\1-09-4135C9 Soil Parameter Estimation.xls

HWY 406 TWINNING - CULVERT #9
Silty Clay

Atterberg Limits & Water Contents (%)
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Elevation (m)
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Project No. : 1-09-4135 T be |
Date : November, 2010 % lerraprobe Inc

Prepared By : HW
Checked By : RA




CORRECTED UNDRAINED SHEAR STRENGTH

FIGURE B6-7

C:\Documents and Settings\Admin\My Documents\Marc P\Projects 2009\Hwy 406 Expansion\1-09-4135 (Hwy 406 Foundations)\Culverts and Retaining Walls\Culverts\Lab Results\1-09-4135C9 Soil Parameter Estimation.x|s
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HWY 406 TWINNING - CULVERT #9
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Corrected Cu (kPa)
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Field Shear Vane Correction
Morris & Williams (1994)
(n=1.18 EXP(-0.08 Ip) + 0.57)

Applied Correction Factors

0.73 (Elev. > 173 m)

1.00 (Elev. <173 m)

Project No. : 1-09-4135

Date :

November, 2010

%g Terraprobe Inc.

Prepared By : HW
Checked By : RA




HWY 406 TWINNING - CULVERT#9

FIGURE B6-8

C:\Documents and Settings\Admin\My Documents\Marc P\Projects 2009\Hwy 406 Expansion\1-09-4135 (Hwy 406 Foundations)\Culverts and Retaining Walls\Culverts\Lab Results\1-09-4135 Consolidation Resuits.xls
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CONSOLIDATION TEST
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November 2010 _ Terraprobe Inc.
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HWY 406 TWINNING - CULVERT#9

FIGURE B6-9

C:\Documents and Settings\Admin\My Documents\Marc P\Projects 2009\Hwy 408 Expansion\1-09-4135 (Hwy 406 Foundations)\Culverts and Retaining Walls\Culverts\Lab Results\1-09-4135 Consolidation Resuits.xls

CONSOLIDATION TEST
e vs Pressure
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FIGURE B6-10

HWY 406 TWINNING - CULVERT#9
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BIMENSIONS ARE IN METRES
AND/OR MILLIMETERS WP No 280-99-00

UNLESS OTHERWISE SHOWN

‘METRIC CONT No 2011-2005 @

HIGHWAY 4086
CULVERT # 24
BOREHOLE LOCATIONS AND SOI. STRATA

IBI

GROUP

ﬁ Terraprobe Inc.

Gonstruction Materals Engineering, Inspection & Testing
10 Bram Court - Brampton Ontario LEW 3R6 (905) 796-2650

SHEET
1 OF

[
o
=
:
=
)

N

PLAN

SCALE
5m 25 0 25 5m

HYY 2008

TKEY  PLAN

LEGEND
Co-1 C9-2 -‘- Bore Hole
ORIG;TJ;;;?SSUND —\ Existing Hwy 406 -¢- Dynamic Cone Penetration Test
180 * & | 180 & | Bore Hole And Cone
;/ ! i ORIGINAL GROUND N Blows/0.3m (Std Pen Test, 475 J/blow)
178 | ! /_ SURFACE 1178 CONE Blows/0.3m (60" Cone, 475 J/blow)
EXISTING CULVERT i | / {(NORTH BANK) £ WL ot Time of Investigation
N N WL in Piezometer (JAN. 2010)
76 N N AT 1Al 176 I Piezometer
l N 1 it SILTY CLAY . S
S AT ] 2 Firm to Very Stiff 90% | Rock Quality Designation
—————————— AT A 2 yanran A/R | Auger Refusal
’E\ 174 I S I 7 giﬁy"’"’k 7 1 ‘SIILII' i 174 m
- R e b B S st oot g s i e J COORDINATES
= i S A M o 2§ : f 3 il % Loose to Compact I'I?I No ELEV. NORTHING EASTING
o 172 5 A bttt 172 ]<> Co1 1748 | 47655685 326 999.7
':E s o | C9-2 176.0 4765579.6 327 009.4
> 5 @)
= ; n =
z ] z
P
168 ﬂ 8 168 ™
{ SILTY CLAY
1 . .
Firm to Stiff
166 c e 166
il%
164 4 p 164
k] HORIZONTAL SCALE
162 162 Sm 25 0 25 5m NOTE
| m The boundaries between soil strata have been established
25 50 75100 VERTICAL SCALE gnly gt _Bore Hole locatu;ons. Betweap Bore. Holes the
160 B/F CONE 160 0 1 2 3 4 5m jes are from geologi d
f— ] ing i i ;
-50 -40 -3 20 -10 0 10 2 i) 40 50 Getele and foaturea e for concsptual Tusreion. "
(4]
=z
[=]
@
PROFILE CENTRELINE (CULVERT 24) 2 o T DESCRIPTION
DESGN RA | coDE crDc200s | oAb | DwrE Fem.20n
DRAWN K.C CHK RA | STRUCT GEOCRES 30M3-269

C:\Users\wner\Documents\1-09-4135 HWY 406 CULVERTS UPDATES\1-09-4135 CULVERTS 9, 10.dwg, KAMAL



CULVERT #48

TERRAPROBE INC. ﬁ







Ministry of . .
@ Trans;yor’(ation Foundation Design
Ontario

RECORD OF BOREHOLE No C10-1 1 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4766880.1 E:326317.5 ORIGINATED BY __ PK
DIST HWY _406 BOREHOLE TYPE __Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 07.13.10 CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x 4 IRESISTANCE PLOT
T I pLAsTIC BATURAL | quip LB REMARKS
51, o | § zl 3 20 40 60 80 100 JUMT conrenr LMT 55 &
' =3 4 =T GRAIN SIZE
ELEV T{L) w! 3 1o0F5]| & [SHEARSTRENGTHKPa W v " z
DESCRIPTION =13 < |£= E O DISTRIBUTION
DEPTH & = ﬁ > 8 Ie] § O UNCONFINED + FIELD VANE -y o
4 z [E°| @ |e QuCKTRIAXIAL X LABVANE | WATER CONTENT (%) )
177.1] Ground Surface w 20 40 60 8 100 10 20 30 kNm® |GR SA S| cL
176.9 230mm TOPSOIL i = 177
0.2 1 Ss 7 o
N 42
2| ss | 47 > % 176 ! 0 41 30 29
sandy <
SILTY CLAY 3188y 2 % % e
trace sand,
firm to very stiff, 175
brown, damp to moist <
4] ss | 22 N % ; | 0 6 56 38
% 174
5| ss| 16 % o
1 \
6] SS 10 \Q % 173 o
172.7 N %
44
SILT
trace clay, 7 88 " g 9
compact, brown, wet % % 172
171.5 >
5.6
SILTY CLAY ‘é NS
trace sand, \ 171
firm to stiff, brown, moist
8| ss 6 q
170
Do
1.7]
g X +
g|ss| 5 14 | 0 0 64 36
/ 169 +
{7
H U 2.2
’ 168 +
10{ TW | PH X b { 207 |0 1 58 40
%
24
b 167 |
166.6
10.5
SILT
trace to some clay, 1] S8 2 b 0 0 8 11
very loose to dense, brown, wet 166
165
12| 8S 37 °
164.4
127 End of Borehole
Sampler wet at 6.1m.
Water level at 7.3m (not stabilized)
and hole open fo 10.7m on
completion.
Consolidation test performed on
TW10.

ONTARIO MOT 1-09-4135 CULVERTS2 (KELVIN).GPJ ONTARIO MOT.GDT 09/10/10

Continued Next Page .
+ 3' X 3. Numbers refer to Io) 3%

Sensitivity STRAIN AT FAILURE




Ministry of . .
@ Transportation Foundation Design
Ontario

RECORD OF BOREHOLE No C10-1 2 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4766880.1 E:326317.5 ORIGINATED BY __PK
DIST HWY 406 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 07.13.10 CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES @ W IRESISTANCE PLOT NATURAL REMARKS
We, | < PLASTIC LiQuID £
E21 9 umr  MOSTURE “romt = § &
51, 9 28] @ 20 40 60 80 100 CONTENT zg
£l z 5 GRAIN SIZE
ELEV alE| g 3 |25| & [SHEARSTRENGTHKPa A * | bisTRiEUTION
DEPTH DESCRIPTION < 21z 3 25 < | O UNCONFINED ~ + FIELDVANE Y %)
Elz Z [EC| © le QUICKTRIAXAL X LABVANE | WATER CONTENT (%) ’
w 20 40 60 80 100 10 20 30 kNm® |GR SA sI oL

Piezometer installation consists of 2
19mm diameter, Schedule 40 PVC
pipe with a 1.52m slotted screen.

Water Level Readings:

Date Depth(m)  Elevation(m)
July.19.10 0.1 177.0
Aug.06.10 0.0 177.1
Aug.13.10 0.0 1774
Aug.23.10 0.0 177.1

ONTARIO MOT 1-09-4135 CULVERTS2 (KELVIN).GPJ ONTARIO MOT.GDT 09/10/10

+ 3' X 3. Numbers refer to o 3%

Sensitivity STRAIN AT FAILURE




ONTARIO MOT 1-09-4135 CULVERTS2 (KELVIN).GPJ ONTARIO MOT.GDT 09/13/10

Ministry of . .
@ Transportation Foundation Design

Ontario

RECORD OF BOREHOLE No C10-2 1 0F 2 METRIC ;
W.P. 280-99-00 LOCATION Coords: N:4766912.0 E:326352.7 ORIGINATED BY _BL
DIST HWY 406 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 07.14.10 CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES v W IRESISTANCE PLOT
NATURAL - REMARKS
ol § PLASTIC yoisture HQUID| &
& o <5 & 20 40 60 80 100 [UMT content m zo &
2l wizgl z : . - ! : We w w | 52 | cransize
S lg| ¥ 2 19581 © |SHEARSTRENGTH kPa
LELEV DESCRIPTION (21 &} 1i28] & ————— DISTRIBUTION
DEPTH 5|31 | 5138 < | O UNCONFINED  + FIELD VANE v %)
51° Z |EC] @ | QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
181.7) Ground Surface . 20 4% e 8 10 o2 kN/m® fGR SA SI CL
0.0 FILL - Gravelly Sand, ” :::.(
some silt, trace clay, 3 11 ss | 17 o 26 56 14 4
compact, reddish brown, damp to S
181.0] moist X 181
B DO
FiLL - Silty Clay, ::::::: 21 ss 5 o
trace sand, ajesess
soft to stiff, brown, damp to moist CRXS
ll)(‘i(l
X3
33| ss | 4 180
XX
s
R
Lesete?
BORR
X4 4 | ss | 12 °
B 179
XXX
R
o3e2e%s i
el 5| ss | 4 { 0 3 57 40
BORXA
LR
S o
X 6 ss | 3
: I.)(I
saet
ol
X ::: 71 Ss 6 177
XX
X ~)l
S
176.1 SR
56 176
SILTY CLAY
trace sand,
brown, damp to moist
8 88 19 g
2
175
%
174
o) ss | 16
%
very stiff 173
—— ~
firm fo stiff
10| ss | 3 t { 0 4 57 39
A
172
"
1 A P
>t
{ 171
11 11]| ss |woH o
% __1‘9
170
1.8
!/ +
1 12| ss |won °
Iy 169
1.9
. +
frequent silt layers iq A 15
L K
(@b 168 +
13| S8s 4 o
%
!
167
Continued Next Page
3 3. Numbers refer to 3%
+7, X7 Sensitivity (o] STRAIN AT FAILURE




Ministry of
Transportation

Foundation Design

ONTARIO MOT 1-09-4135 CULVERTS2 (KELVIN).GPJ ONTARIO MOT.GDT 09/13/10

Ontario
RECORD OF BOREHOLE No C10-2 2 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4766912.0 E£:326352.7 ORIGINATED BY _BL
DIST HWY 406 BOREHOLE TYPE _ Holiow Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 07.14.10 CHECKED BY RA
SOIL PROFILE SAMPLES |  [SENAMIC CONE FENETRATION
| NATURAL I REMARKS
E %) 5 PLASTIC MOISTURE LIQUID = I
= N ETIR 20 40 60 80 100 |MMT  conTENT 1 Z0 &
a1 & 12| z N W w w | 58 | cranseze
ELEV Llm| ¢ 3 |25] @ |SHEARSTRENGTHKPa ° DISTRIBUTION
BEPTH DESCRIPTION § g c > 8 5 < O UNCONFINED + FIELD VANE Y %)
£l 2 |29 L e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 100 10 20 30 kN/m®* §GR SA SI CL
14| SS 1 o
166
165.5
16.2
SILT
trace sand, frequent silty clay seams 165
and partings,
very loose, brown, wet 15| ss |wou ] 0 3 78 19
164
163
162.5.
19.2
SILTY CLAY
trace sand, 162
stiff to very stiff, brown, damp to moist
16| ss | 8 9
161
7] ss | 12 b 0 7 74 19
160
159
18| SS 24 o
158.3,
23.4 End of Borehole
Sampler wet at 10.7m.
Unabtle to push vane beyond 20.3m.
Borehole was dry (not stabifized) and
hole open to full depth on completion.
+3,x3; Numbersreferto 3% o N AT FAILURE

Sensitivity




Ministry of
Transportation

Foundation Design

ONTARIO MOT 1-08-4135 CULVERTS2 (KELVIN).GPJ ONTARIO MOT.GDT 09/13/10

Ontario
RECORD OF BOREHOLE No C10-3 1 0F 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4766953.3 E:326381.6 ORIGINATED BY _PK
DiST HWY _406 BOREHOLE TYPE __Solid Stem Augers COMPILED BY DB
DATUM _Geodetic CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x W |RESISTANCE PLOT REMARKS
Wt < PLASTIC \ocTure  LIQUID =
5 @ gg 9 20 40 60 80 100 LIMIT LIMIT ; o &
4 w = z 1 . L . . ou GRAIN SIZE
ELEV E as| & 32|¢2 5 © |SHEAR STRENGTH kPa P S = | bisTRIBUTION
DEPTH DESCRIPTION SIS| ¢ | 5|38] £ |o unconrmep  + FELDVANE Y %)
i Z |Z°] U |e QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
178.5] Ground Surface Y 20 40 60 80 100 10 30 km® |GR SA St CL
178.3 230mm TOPSOIL -
0.2 8 1 ss 7
FILL - Silty Clay, R 178
trace sand to sandy, "::::x
trace organics. . :::::
firm to stiff, brown, moist ESEEES 21| ss 11 <_
Seteded
Sotel > 177
Dl.i(‘!(‘)(
] 3| ss | 14 < °
1764 RS
21
SILTY CLAY ~<
trace sand, 4| ss | 31 176
very stiff to hard, §
brown, damp to moist %
5 ss 31 > 0 8 54 38
X N 175
6| ss 31<% — 0 4 59 37
N
% 174
7 S8 26 § %
> % 173
\
8 ss | 15 % 172 — 0 3 55 42
E;T—nto very stiff % %
171
N
9 ™ PH % %
\ 16
. X 170 +
frequent silt layers §, % +1~6
10 ] S8 7 % \ 169 o
> % °
§ % 418
1.7
K 168 t
111 88 16 % % 0 ¢ 8 18
> % 167
i $
12 88 8 i 166
1.0
165.3 4
13.2
SLT 165
trace clay,
loose to compact,
brown, wet 13} ss )
164
Continued Next P:
nunued fext Page +3,X3: Numbers refer to 03% STRAIN AT FAILURE

Sensitivity




Ministry of
Transportation

Foundation Design

ONTARIO MOT 1-09-4135 CULVERTS2 (KELVIN).GPJ ONTARIO MOT.GDT 09/13/10

Ontario
RECORD OF BOREHOLE No C10-3 2 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4766953.3 E:326381.6 ORIGINATED BY _PK
DIST HWY 406 BOREHOLE TYPE __ Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 07.14.10 CHECKED BY RA
SOIL PROFILE SAMPLES |, | u |RESAY NGO LOEETRATION
i 2 pastic SATURAL - jqup| = | REMARKS
E81 S umr - MOISTURE Tl £ & &
5l . T ERI R 20 40 60 80 100 CONTENT zz
e z > GRAIN SiZE
ELEV zld| w3 |oE5] & [SHEARSTRENGTHKPa " b e 2
DESCRIPTION =] = < |Z£2Z > O DISTRIBUTION
DEPTH g3 fat > 8 o) < O UNCONFINED + FIELD VANE 7 %)
S Z 12O U |e QUICKTRIAXAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 100 10 20 30 kNm®* JGR SA St CL
14§ SS 21 163 ©.
162.3
16.2 W1
SILTY CLAY 162
trace sand,
hard, brown, damp to moist p
i 15| 8s | 33 °
161.2
173 End of Borehole
Sampler wet at 9.1m.
Water level at 8.5m (not stabilized)
and hole open to 15.2m on
completion.
Piezometer installation consists of a
19mm diameter, Schedule 40 PVC
pipe with a 1.52m slotted screen.
Water Level Readings:
Date Depth{m) Elevation(m)
July.20.10 1.5 177.0
July.27.10 1.1
Aug.06.10 1.1
+3,x3; Numbersreferto 3% gyen At FALURE

Sensitivity




Hwy 406 Expansion -
Port Robinson Road to East Main Street

Test Pit Logs

Culvert #10 ( Highway 406 Sta. 15+723)

W.P 280-99-00
Project Number: 1-09-4135

Terraprobe Inc

Test Pit# TP 10-1

0 - 200

NFP

Test Pit# TP 10-2

0 - 300
300 - 610

Fill, Br Si, Some Org, Wet

Fill, Br Si, Some Org, Wet

Br Si(y) Cl, Tr Sa, Damp to Moist

1 of1







GRAIN SIZE DISTRIBUTION

FIGURE B7-1

GSD 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/03/10

Size of openings, inches

FILL - Gravelly Sand

1).8.8. Sieve size, meshss/inch

& 4‘1z4~ 3" 1:/2- v Fygo 112"3/'5, 3 4 810 16 30 40 5060 100 200
100
90 m
80
. I\
z
<
Ew \\
x
11
Z 5
19
e ™
z N
) N
g 4 L}
& N
30
20 \
10 <o
, Il
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
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GRAIN SIZE DISTRIBUTION

FIGURE B7-2

GSD 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/03/10
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ATTERBERG LIMITS TEST RESULTS

FIGURE B7-3

FILL - Silty Clay
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GRAIN SIZE DISTRIBUTION

FIGURE B7-4

GSD 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/13/10
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GRAIN SIZE DISTRIBUTION

FIGURE B7-5
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ATTERBERG LIMITS TEST RESULTS

FIGURE B7-6

ALTR 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/13/10
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ATTERBERG LIMITS TEST RESULTS

FIGURE B7-7

SILTY CLAY
60
CH
50
4 /
y /
W cl <
2 W
>
5 o ,
=
(/3]
2 o /
o
b 4]
20 A
*
10 s
cL
CL-ML / ML-OL MI-Ol MH-OH
ML
0
10 20 30 40 50 60 70 80
LIQUID LIMIT
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
o C10-2 21.5 160.2
X C10-3 3.2 175.3
A C10-3 4.0 174.5
* C10-3 6.3 172.2
® C10-3 10.9 167.6
pate .November 2010 Prepd ... K.L.. ..
Project 1-09-4135 . Chkd. ...... M.P. .




GRAIN SIZE DISTRIBUTION

FIGURE B7-8

GSD 1-09-4135 CULVERTS2 (KELVIN).GPJ 08/03/10
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ATTERBERG LIMITS AND WATER CONTENTS

FIGURE B7-9
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HWY 406 TWINNING - CULVERT #10
Silty Clay

Atterberg Limits & Water Contents (%)
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CORRECTED UNDRAINED SHEAR STRENGTH FIGURE B7-10
HWY 406 TWINNING - CULVERT #10
Silty Clay
Corrected Cu (kPa)
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HWY 406 TWINNING - CULVERT#10

FIGURE B7-11
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HWY 406 TWINNING - CULVERT#10

FIGURE B7-12
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FIGURE B7-13

HWY 406 TWINNING - CULVERT#10
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METRIC

DIMENSIONS ARE IN METRES
AND/OR MILLIMETERS
UNLESS OTHERWISE SHOWN

PLAN

SCALE
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10 Bram Court - Brampton Ontario LEW 3R6 (805) 796-2650

5

CONT No 2011-2005
WP No 280-99-00

HIGHWAY 406
CULVERT § 48
BOREHOLE LOCATIONS AND SOIL STRATA

SHEET
1 OF

C:\Users\wner\Documents\1-09-4135 HWY 406 CULVERTS UPDATES\1-09-4135 CULVERTS 9, 10.dwg, KAMAL
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Ministry of . .
@ Trans;%rtation Foundation Design
Ontario
RECORD OF BOREHOLE No C11-1 1 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4766756.7 E:326046.4 ORIGINATED BY _PK
DIST HWY 406 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 07.08.10 - 07.09.10 CHECKED BY RA
SOIL PROFILE SAMPLES |, W | e e CENETRATION
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] e Z w, > GRAIN SIZE
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[~ T T T T T T T T T T T T PR
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occasional cobbles, some silt, S:E &3 A SS 4 100/ >
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175.8 B
21
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trace sand, 4 SS 25 °
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175
5| ss | 27 > % °
N
6 ss | 2 % 174 I i 0 5 60 35
7] ss| 14 < o
q > % 173
> % >>4
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% 2
g % 171 T
% % —-1.5
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o
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m
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: § N ¥
4
° AN | ss| o K % 167
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8 1 R *
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g y % ++
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o —
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2
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Continued Next Page
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Ministry of
Transportation

Ontario

Foundation Design

WP
DIST

280-99-00

HWY 406

DATUM _Geodetic

RECORD OF BOREHOLE No C11-1

LOCATION
BOREHOLE TYPE
DATE

Coords: N:4766756.7 E:326046.4

2 OF 2

METRIC

Solid Stem Augers

07.08.10-07.03.10

CHECKED BY

ORIGINATED BY _PK
COMPILED BY

DB

RA

SOIL PROFILE

SAMPLES

ELEV
DEPTH

DESCRIPTION

STRAT PLOT

NUMBER

TYPE

“N" VALUES

GROUND WATER

CONDITIONS

ELEVATION SCALE

DYNAMIC CONE PENETRATION

RESISTANCE PLOT {

20 40 60

100
1

PLASTIC
LIMIT

i
SHEAR STRENGTH kPa
O UNCONFINED
@ QUICK TRIAXIAL

20 40 60 80

+ FIELD VANE
X LAB VANE

100

We

10

NATURAL
MOISTURI
CONTENT

w

——O——————j

WATER CONTENT (%) Y

20

LQuip
YT

w

UNIT
WEIGHT

30

GR SA

REMARKS
&
GRAIN SIZE
DISTRIBUTION
(%)

St CL

160.8

ST

trace sand, frace gravel,

frequent silty clay seams and partings,
loose to compact, brown, wet

SS

1714

158.1

CLAYEY SILT
trace sand,
very stiff to hard, brown, damp to moist

15

SS

16

16

Ss

55

162

161

160

1 5

0 1

77 17

83 16

18.8

ONTARIO MOT 1-09-4135 CULVERTS2 (KELVIN).GPJ ONTARIO MOT.GDT 08/10/10

End of Borehole
Sampler wet at 3.8m.

No sample recovery at SS3. Disturbed
sample collected.

No sample recovery at SS7. Sampler
redriven and disturbed sample
coliected.

Borehole was dry (not stabilized} and
hole open to full depth on completion.

Piezometer installation consists of a
19mm diameter, Schedule 40 PVC
pipe with a 1.52m slotted screen.

Water Levet Readings:

Date Depth(m)  Elevation(m)
July.12.10 4.5 1734
July.19.10 44 1735

+3.x

3. Numbers refer to
" Sensitivity

0% STRAIN AT FAILURE
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ONTARIO MOT 1-09-4135 CULVERTS2 (KELVIN).GPJ ONTARIO MOT.GDT 09/10/10

Ontario
RECORD OF BOREHOLE No C11-2 1 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4766773.0 E:326047.9 ORIGINATED BY _ AW
DIST HWY 406 BOREHOLE TYPE __Hollow Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 07.16.10 CHECKED BY RA
SOIL PROFILE SAMPLES |, W | R N GONE PENETRATION
byl % = PLasTIc pATURAE  Liuio| | & REMARKS
51 . @ ;g 3 20 40 80 80 100 |UMT conenr LMT| S5 &
s} el z = GRAIN SiZE
ELEV Sla| g 3] g 2 |SHEAR STRENGTH kPa D = | oistrREUTION
DEPTH DESCRIPTION S13| F| 3 |38] £ |o UNCONFINED  + FIELDVANE Y %)
=12 2 J€C| L |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
179.0 Ground Surface w 20 40 60 80 100 10 20 30 kNm® |GR SA SI CL
5 110mm ASPHALT o
: 410mm FILL - Gravelly Sand, some ] 1| ss | 83 o 26 58 (16)
— 11031 i, very dense, brown, damp___ _ 13860
o !l)(.lll
FILL - Sitty Clay, R
sandy, gravelly, race organics, Ry 2 | ss 5 178 { ' 28 21 25 26
firm, brown, damp to moist atogete
$ersse
s
&3 3] 85 | 6 °
1769 e 177
2.1
SILTY CLAY /
trace sand, 4] 88 13 P
firm to stiff, brown, damp to moist
4 176 4
s{ss| n 0 3 51 46
%
7
| 6| ss| 12 175
%
718 ]| 5 3
174
% 1.5
>>4
173
8 88 6 o
A
- A
M
>>4
41 9| ss 3 I | 0 1 53 46
171
+
H //
170 1.2,
>T 42
4] 10| ss |won
v
V1
169 1.3
+
/
113
11| ss | woH 168 o 0 0 6 38
[ 1.7
e
%
167 T16
12 8S |WOH I { 0 0 63 37
I/
26
166 =
M
1.2
+
) 13| ss 1 165 °
11
17
164.3 1
147
Continued Next Page 303 Numb £ o
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ONTARIO MOT 1-09-4135 CULVERTS2 (KELVIN).GPJ ONTARIO MOT.GDT 09/10/10

Ontario
RECORD OF BOREHOLE No C11-2 2 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4766773.0 E:326047.9 ORIGINATED BY _aw
DiST HWY 406 BOREHOLE TYPE __ Hollow Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 07.16.10 CHECKED BY. RA
]
SOIL PROFILE SAMPLES | . 1 | PTG b G CTRATION NATURA
] 3 PLASTIC L Lauio = REMARKS
=215 umy  MOISTURE rurl E & &
5 w {28 @ 20 40 60 80 100 CONTENT z0
2lEl L | B 12E] = : : ! L 1 We w w | 5% | cranseze
Qlm 30125 Q |SHEAR STRENGTH kPa
ELEV. DESCRIPTION =S & = |28} & ——— DISTRIBUTION
DEPTH 5|3 b > |38] £ |© UNCONFINED + FIELD VANE Y %)
=l= Z [£°] O |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 100 10 20 30 kNm® |GR SA SI CL
ST
trace to some clay, 14| S8S | WOH °
very loose to loose, brown, wet
163
15| ss | s 162
161
16} SS 6 o
160.1
18.9 160
CLAYEY SILT
trace sand,
stiff to hard, brown, damp to moist
: 1
17| ss | 21 159
%7
% 158
7
% 18| SS | 8 °
% 157
1.8
>>4
7
% 156 4
19 ss | 43 °
155.6
234 End of Borehole
Sampler wet at 12.2m.
Wet cave at 14.3m on completion.
+3,x 3. Numbersreferto 3% grpay AT FAILURE
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ONTARIO MOT 1-09-4135 CULVERTS2 (KELVIN).GPJ ONTARIO MOT.GDT 09/10/10

Ontario
RECORD OF BOREHOLE No C11-3 1 OF 2 METRIC
W.P. _ 280-99-00 LOCATION Coords: N:4766795.7 E:326063.9 ORIGINATED BY _PK
DIST HWY 406 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 07.09.10 -07.12.10 CHECKED BY RA
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=% z 4 ©] U |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
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0.7 N
SILTY CLAY
trace sand, 2| 8s | 38 % % 178 e
very stiff to hard,
brown, damp to moist
3| ss | 39 %!% °
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‘Q 4 42
4] ss | 55 N % 0 1 49 50
% 176
51 ss ] 30 > % °
N
6 ss 34 ~< % 175 <
7] ss| 34 ‘< % f { 0 2 61 37
% % 174
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8| ss| 23 Q >
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// \é [ 1
9] ss| 1 % % [ i 0 3 56 41
% § 171
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M 10]ss| 9 g N °
§ % 169 !
14
§ .
11TWPH€% X e 208 | o 1 68 31
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v
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i
A
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ONTARIO MOT 1-09-4135 CULVERTS2 (KELVIN).GPJ ONTARIO MOT.GDT 09/10/10

Ontario
RECORD OF BOREHOLE No C11-3 2 OF 2 METRIC
W.P. 280-93-00 LOCATION Coords: N:4766795.7 E:326063.9 ORIGINATED BY _PK
DIST HWY 406 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY []:]
DATUM _Geodetic DATE 07.09.10-07.12.10 CHECKED BY RA
SOIL PROFILE SAMPLES | o  |BESeR G Ne EENETRATION
& S pLasTIC NATURAL 15 = REMARKS
E 9 3] MOISTURE [T o
51, RER 0 4 e 8 o [MT comenr UMTI 3O &
= E r4 W w 2 GRAIN SiZE
ELEV a8 w Jie a Q |SHEAR STRENGTH kPa " NG =
DESCRIPTION L3 ] < 1€z B ———————— DISTRIBUTION
DEPTH é = t > 8 o] § O UNCONFINED + FIELD VANE 7 )
== z |Z£°1 & |e QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
w 20 40 60 80 19}0’) 10 20 30 kNm®* {GR SA SI CL
164 + July 09
163.6 14| ss| s Jul
155 ° July 12
SILT
trace clay,
loose, brown, wet 163
162.1
17.0 % 151 SS 6 162
CLAYEY SILT
{race sand, trace gravel,
firm to hard, brown, damp to moist o1
161
7
16| SS " o
160
% 17{ ss | 59 5Q e 0 0 8 14
158.8 VA bt
20.3 End of Borehole
Consolidation test performed on
TW11.
Water level at 17.4m (not stabilized)
and hole open to 13.7m on
completion.
§S51 - Sampler bouncing, probably on
a cobble.
Piezometer installation consists of a
19mm diameter, Schedule 40 PVC
pipe with a 1.52m slotted screen.
Water Level Readings:
Date Depth{m)  Elevation(m)
July.19.10 5.1 174.0
July.26.10 3.5 175.6
Aug.06.10 20 177.1
Aug.13.10 1.9 177.2
o
+3,x 3, Numbersreferto 3% gypan AT FALURE

Sensitivity




Hwy 406 Expansion - W.P 280-99-00
Port Robinson Road to East Main Street Project Number: 1-09-4135

Test Pit Logs
Culvert #11 ( Port Robinson Road Sta. 9+710)

Test Pitt TP 11-1

0 - 180 Fill, Br Si(y) Sa, Some Org, Some Rootlets, Wet
180 - 300 Br Si(y) Cl, Tr Sa, Damp to Moist

Terraprobe Inc

1 0f1







GRAIN SIZE DISTRIBUTION FIGURE Bs-1

GSD 1-09-4135 CULVERTS2 (KELVIN).GPJ 08/03/10

FILL - Gravelly Sand

Size of openings, inches U.S.S. Sieve size, meshesfinch
6 Ml 3 T 7 Y e 34 810 16 30 40 5060 100 200
100 ‘\ I
90 y
80
70
z
£ H
= 60
” \
it ]
P
T 50
- \
=
8 40 N
& Iy
e N
30 \
|
20 s
"
10
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE COARSE FINE COARSE | MEDIUMl FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
® C11-2 0.3 178.7
pate .November 2010 . Prepd ... KL. .
Project 1-09-4135. .. Chkd M.P




GRAIN SIZE DISTRIBUTION

FIGURE B8-2

GSD 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/03/10

Size of openings, inches

FILL - Silty Clay

U.S.S. Sieve size, meshesfinch

& a3 T 1" 3y Y% 3 4 810 16 30 40 5060 100 200
100 -l
T ]
90 el
At
80 \ \.\\
\\‘.-\

70
z m ™ \
< I ®
E o0 R \
o Ly
z \l N
i 50 Ib\
£
§ 40 \I\'\% \‘.
E "nk

20

10 lﬂ

L
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE| COARSE FINE COARSE I MEDIUM l FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
° C11-1 0.3 177.6
= C11-2 1.0 178.0
pate .November 2010 . Prepd ... KL.. ..
Project 1-09-4135 Chkd. ... M.P




ALTR 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/07/10

ATTERBERG LIMITS TEST RESULTS

FIGURE B8-3

60

50

40

30

PLASTICITY INDEX

20

FILL - Silty Clay

CH
cl &
&
4
cL °
/
x /
//
cL
CL-ML / ML-OL MI-Ol MH-OH
ML
10 20 30 40 50 60 70 80
LIQUID LIMIT
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
o C11-41 0.3 177.6
X C11-2 1.0 178.0




GRAIN SIZE DISTRIBUTION

FIGURE B8-4

GSD 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/03/10

Size of openings, inches

SILTY CLAY

U.S.S. Sieve size, meshesfinch

R T 1 Y U3 3 4 810 16 30 40 5060 100 200
100 # -
N
90 \\\\
i
80 N
70
z Y
£ 60
e
1]
% 50
\\
'_.
g N
O \ \§
i \
30
20 m
10
L m
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE COARSE FINE COARSE I MEDIUM | FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
™ C11-1 4.0 173.9
x C11-1 9.3 168.6
A C11-2 3.2 175.8
* C11-2 7.8 171.2
® C11-2 10.9 168.1
o C11-2 12.4 166.6
pate .November 2010 . Prepd ... K.lL. ...
Project 1-09-4135 Chkd. ... M.P. .




GSD 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/03/10

GRAIN SIZE DISTRIBUTION

FIGURE B8-5

Size of apenings, inches

SILTY CLAY

U.S.S. Sieve size, meshesfinch

00 e Ay 3 Ve 1 Y 142&@:_1 _‘ 810 16 _ 30 40 5060 100 200
Q\
N
o m \\w
80
70
zZ
<€
T 60
14
2 \ \
i 50
M
’_—
N
hid N
: AN
30 \
20 M
10
L
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE COARSE FINE COARSE | MEDIUM | FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
® C11-3 2.5 176.6
b C11-3 47 174.4
A C11-3 7.8 171.3
* C11-3 10.9 168.2
0] C11-3 12.4 166.7
pate .November 2010 . Prepid ... Kbo ...
Project 1-09-4135 . Chkd. M.P




ATTERBERG LIMITS TEST RESULTS

FIGURE B8-6

ALTR 1-09-4135 CULVERTS2 (KELVIN).GPJ 08/03/10

60

50

40

PLASTICITY INDEX
8

20

10

SILTY CLAY
CH
cl ‘\Q
WY
cL
A
- /
*® /
G /
W
cL
CL-ML / ML-OL MI-Ol MH-OH
ML
10 20 30 40 50 60 70 80
LIQUID LIMIT
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)

o C11-1 4.0 173.9

= C11-1 9.3 168.6

A C11-2 3.2 175.8

* C11-2 7.8 171.2

® C11-2 12.4 166.6

e C11-3 2.5 176.6




ATTERBERG LIMITS TEST RESULTS

FIGURE B8-7

ALTR 1-09-4135 CULVERTSZ (KELVIN).GPJ 09/03/10

PLASTICITY INDEX

SILTY CLAY
60
CH
50
4 //
o] ‘\Q
P
30 7
cL
/
20 X
°
Al /
10 A
cL
CL-ML / ML-OL MI-Ol MH-OH
ML
0
10 20 30 40 60 70 80
LIQUID LIMIT
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
@ C11-3 4.7 174.4
=X C11-3 7.8 171.3
A C11-3 10.9 168.2
* C11-3 124 166.7
.November 2010 .. Prepid ... KlL. ...
Project 1709-4135 Chkd. ... .M.P




GSD 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/03/10

GRAIN SIZE DISTRIBUTION

FIGURE B8-8

Size of openings, inches

SILT

U.S.S. Sieve size, meshssfinch

6 A 3 e 1 1/"3’"-?. 4 810 16 30 40 5060 100 200
100 m P~y . wf
90
80 m m
70 5\
zZ
<
E 60 m m
x
w
-
i 50
: \
=z
8 a0
. \
N
20 \‘\
N
10
L
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE COARSE FINE COARSE |MEDIUM| FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
° C11-1 154 162.5
pate .November 2010 . Prepd ... K.L. .
Project 1-09-4135 .. Chkd. .....M.P




GRAIN SIZE DISTRIBUTION FIGURE B8-9

PERCENT FINER THAN

GSD 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/03/10

CLAYEY SILT

Size of openings, inches U.S.S. Sieve size, meshesfinch
6 Ay ¥ T 1" 4 T3 3 4 810 16 30 40 5060 100 _ 200
100 * ===U=='——lm
90 m
80 m \\\
70 x
60 |\\
50 \3\
40 \&
) %
20 N
e
™~
10
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE COARSE FINE COARSE l MEDIUM l FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED

SYMBOL BOREHOLE DEPTH (m) ELEVATION (m)

] C11-1 18.5 159.4
= C11-3 20.0 159.1




ATTERBERG LIMITS TEST RESULTS

FIGURE B8-10

ALTR 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/03/10

60

50

30

PLASTICITY INDEX

20

CLAYEY SILT
CH
cl L
Y’
cL /
/ -
//
cL
CL-ML » ol MI-Ol MH-OH
ML
10 20 30 40 50 60 70 80

LIQUID LIMIT

SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)

o C11-1 18.5 1569.4
x C11-3 20.0 159.1




C:\Documents and Settings\Admin\My Documents\Marc P\Projects 2009\Hwy 406 Expansion\1-09-4135 (Hwy 406 Foundations)\Culverts and Retaining Walls\Culverts\Lab Results\1-09-4135C11 Soil Parameter Estimation.xls

ATTERBERG LIMITS AND WATER CONTENTS

FIGURE B8-11

HWY 406 TWINNING - CULVERT #11
Silty Clay

Atterberg Limits & Water Contents (%)

20 30 40

50 60

179

173

Elevation (m)

170 b o e

164 b oo

163 4

Project No. : 1-09-4135
Date : November, 2010

ﬁ Terraprobe Inc.

Prepared By : HW
Checked By : RA




CORRECTED UNDRAINED SHEAR STRENGTH

FIGURE B8-12

C:\Documents and Settings\Admin\My Documents\Marc P\Projects 2009\Hwy 406 Expansion\1-09-4135 (Hwy 406 Foundations)\Culverts and Retaining Walls\Culverts\Lab Results\1-09-4135C11 Soil Parameter Estimation.x|s
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HWY 406 TWINNING - CULVERT #11
Silty Clay

Corrected Cu (kPa)

0 25 50 75 100 125 150 175 200 225

o>
o >

acii-1 ©C11-2

AC11-3

Field Shear Vane Correction

Morris & Williams (1994) 0.78 (Elev.>175m)
(u = 1.18 EXP(-0.08 Ip) + 0.57)

Applied Correction Factors

0.90 (Elev.<175m)

Project No. : 1-09-4135

Date :

Noverber 2010 %g Terraprobe Inc.

Prepared By : HW
Checked By : RA




HWY 406 TWINNING - CULVERT#11

FIGURE B8-13

C:\Documents and Settings\Admin\My Documents\Marc P\Projects 2009\Hwy 406 Expansior\1-09-4135 (Hwy 406 Foundations)\Culverts and Retaining Walls\Culverts\L.ab Results\1-09-4135 Consolidation Resuits.xls

Volume Compressibility Coefficient of Consolidation
(m%/kN) (cm?s)

Hydraulic Conductivity
(cm/s)

0.1
0.01
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0.0001
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1.E-09

Project No. :

Date :

CONSOLIDATION TEST
Cv vs Pressure
C11-3, TW 11

10 100
Pressure (kPa)

CONSOLIDATION TEST
myv vs Pressure
C11-3, TW 11

10,000

H i

10 100
Pressure (kPa)

CONSOLIDATION TEST
k vs Pressure
C11-3, TW 11

1,000

10,000

10 100
Pressure (kPa)

1-09-4135 ﬁ
November 2010 e TQ"“P robe Inc.

10,000

Prepared By: HW
Checked By: RA




HWY 406 TWINNING - CULVERT#11

FIGURE B8-14

C:\Documents and Settings\Admin\My Documents\Marc P\Projects 2009\Hwy 406 Expansion\1-09-4135 (Hwy 406 Foundations)\Culverts and Retaining Walls\Culverts\Lab Results\1-09-4135 Consolidation Results.xls

CONSOLIDATION TEST
e vs Pressure

C11-3, TW 11
0.90
0.85
0.80 |
eq= 077 Po'l=/127 kPa * P¢'|= 390 kPa
O‘“-G """""""""""""" T
0.75 S
~e
~ey|
0.70 e
0.65 :
\Q % Virgin Curve
2 060 N
3 G| \\
o} \6\ ““\
g 055 =g g
0.50 To—%
0.45
0.40
0.35
0.42e,/= 0.32
0.30
0.25
1 10 100 1,000 10,000
Pressure (kPa)
Soil Type : Silty Clay
€ = 0.77 o, = 29% Po'= 127 kPa
o= 22% Op = 14% Pc' = 390 kPa
y= 20.8 kN/m?® Pl = 14% Cc= 0.309
Gs= 2.76 Cr= 0.033
Project No. : 1-09-4135 $ Prepared By : HW
Date : November 2010 Terraprobe Inc. Checked By: RA




FIGURE B8-15

HWY 406 TWINNING - CULVERT#11
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C:\Users\wner\Documents\1-09-4135 HWY 406 CULVERTS UPDATES\1-09-4135 CULVERTS 11.dwyg, KAMAL

A\

dS0-9% ¥ X 002

dSO §/°G2. X 00g

METRIC

DIMENSIONS ARE IN METRES
AND/OR MILLIMETERS
UNLESS OTHERWISE SHOWN

CONT No 2011-2005
WP No 280-99-00

&,

AN PLAN
SCALE
\_\ 5m 25 . 0 25 5m
C11-1
182 ‘ obinson Road ’ 182
| FILL- GRAVELLY SAND [ | v OR'Gé'[‘J’:;LngSUND
180 TOPSOIL 180mm - I.N. Very Dense —\ N /—ASPHALT 110mm TOPSOIL 150mm—\ l'N' 180
E \, — S L
oo s SRR N A Hard
178 KX NSNS 5 %FILL-SILTY CLAY% pff 1 V7 178
FILL - SILTY CLAY — M ol b Fim j %/ M %
Stiff to Hard PR o RRR S I a __..—7/’ 5%
176 4 PR e - T 4 ¥ 176
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Very Dense 1 7 4 7 § % 174
i % . u
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—_ 3 8
E 170 5 0 170 m
= JHOH E
= 4 s
<C 168 o 168 3
o ol
H § H ] Z 4
W 166 166 3 f
7 =4
i 6
A e S T -—/~—-_ i_A
164 3 s ‘m =S8 A At 164
g SILT
162 l 5 Very Loose to Compact 777’,7_7’7 o & 162
B 0 222%%
A i O 29772500 f
160 VY474 - |71 160
Ii‘;i 9% -.51
158 CLAYEY SILT 158
8 Firm to Hard VERTICAL SCALE
0 1 2 3 4 5m
156 £ 156
- HORIZONTAL SCALE
5m 25 0 25 5m
154 154 e
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PROFILE CENTRELINE (CULVERT 35)

HIGHWAY 406
CULVERT # 35
BOREHOLE LOCATIONS AND SOIL STRATA

SHEET
1 OF

GROUP

ﬁ Terraprobe Inc.
Consuiting Geolechnicat & Environmental Enginoering
Construction Materials Enginearing, Inspection & Testing

10 Bram Court - Brampton Ontaric LEW 3R6 (905) 796-2650

LEGEND
-¢‘ Bore Hole
-$- Dynamic Cone Penetration Test
-$- Bore Hole And Cone
: 3 Test Pit
N Blows/0.3m (Std Pen Test, 475 J/blow)
CONE Blows/0.3m (60° Cone, 475 J/blow)
3 WL at Time of Investigation
WL in Piezometer (AUG. 2010}
I Piezometer
90% Rock Quality Designation
A/R Auger Refusal
o BV, COORDINATES
NORTHING EASTING
cii-1 1779 4766 756.7 326 046.4
c11-2 179.0 4766 773.0 326 0479
c11-3 179.1 47667957 326 0639

NOTE
The boundaries between soil strata have been established
only at Bore Hole locations. Between Bore Holes the
boundaries are d from i

This drawing is for subsurface information only. Surface
details and features are for tual i

0

=z

o

g

& | pATE BY DESCRIPTION

DesN RA | cooe croczoos | Loap [ oarE Fes.zon
DRAWN K.C CHK RA | STRUCT GEQOCRES 30M3-269




CULVERT #49

TERRAPROBE INC. ;@ -







Ministry of . .
@ Transportation ) Foundation Design
Ontario

ONTARIO MOT 1-09-4135 CULVERTS2 (KELVIN).GPJ ONTARIO MOT.GDT 09/10/10

RECORD OF BOREHOLE No C12-1 1 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4767228.9 E:326354.3 . ORIGINATED BY 8L i
DIST HWY 406 BOREHOLE TYPE _ Hollow Stem Augers, D.C.P.T. - COMPILEDBY DB
DATUM _Geodetic DATE 06.25.10 CHECKED BY RA
SOIL PROFILE SAMPLES |, | e PENETRATION
wgf 2 - pLasTic pAe tauip| | b | REMARKS
51, o |58 8 20 40 60 80 100 |MT goumegr  LIMIT 20 &
£l =z = RAIN SI
2|49 w! 3 |o5| & [SHEARSTRENGTH kP2 e by " z | CRANSEZE
ELEV DESCRIPTION {181 & 2]z8| E O} DISTRIBUTION
DEPTH A E by > 138| £ |© UNCONFINED + FIELD VANE Y %)
51 2 |EC| U je QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
81.3| Ground Surface w 20 40 60 80 100 10 20 30 kN'm* {GR SA SI CL
5 W 130mm ASPHALT ZM
| 18100 ™480mm FiLL - Sandy Gravel, e AS | - 181 2
0.3 grey, damp /R
\ O]
D o]
FILL - Silty Clay, 25
some sand, gravelly, XX 2 | s 6 (<] — 28 16 28 28
trace organics, 008
soft to firm, brown, damp to moist s 180
% )l'l
0.0
9 3| ss | 3 o
X llx)(
179.2
21
SILTY CLAY A 179
trace sand, 4| ss | 12 e
firm to very stiff,
brown, damp to moist
43
5| ss | 22 178 9= 0 0 57 43
6| ss | 18 b
177
71ss| 12 q
176
8 | ss 6 175 { { 0 4 60 36
V1
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9 T™W | PH
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173 14
+
11 120
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+
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u
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+
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13| ss 6 H—d 0 1 77 22
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%
Continued Next Page
3 3. Numbers referto 3%
+°,X % Sensitity O % STRAIN AT FAILURE




Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No C12-1 2 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4767228.9 E:326354.3 ORIGINATED BY _ 8L
DIST HWY 408 BOREHOLE TYPE _ Hollow Stem Augers, D.C.P.T. COMPILED BY [):]
DATUM _Geodetic DATE 06.25.10 CHECKED BY. RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES v W | RESISTANCE PLOT NATURAL REMARKS
Wl < PLASTIC LiQuUID [~
Ez| O umT  MOISTURE "yl £ § &
51y 9 |$6] @ 2 40 60 80 100 CONTENT z2
= = z 2 GRAIN SIZE
a4 wl| 2 |25] & |sHEARSTRENGTHKPa e v i E
ELEY DESCRIPTION |2 2|22] E ————— DISTRIBUTION
DEPTH é =1 E > 8 o § O UNCONFINED + FIELD VANE 'Y )
a1 2 [€°| L |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 80 1100 10 20 30 kN/m®* |GR SA SI CL
s
166
14| SS 1 °
U
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16.2 165
SILT
frequent silty clay seams and partings,
very loose to loose, brown, wet
15| 88 2 o
164
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16 | SS | WOH o
162 \
17| AS - o
161.0
203 161 \
SILTY CLAY
trace sand, frace gravel,
inferred very stiff to hard, brown, damp
to moist
160 \\
18 | AS - ]
159.5 1
218 End of Borehole
Dynamic Cone Penetration Test
performed from 18.7m to 21.5m.
Wet cave to 10.4m on completion.
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Ministry of i i
@ Transportation Foundation Design
Ontario

RECORD OF BOREHOLE No C12-2 1 0F 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4767226.6 E:326344.2 . ORIGINATED BY _ PK
DIST HWY 408 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 07.15.10 CHECKED BY RA
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o uw  |RESISTANGE PLOT NATURAL REMARKS
w = PLASTIC LiQuip =
2| o FenTiC MOISTURE =T
- o 1221 8 20 40 60 80 100 CONTENT HMTl Z O &
81« g 128]| 2 i f i 1 i e W w | SUQ GRAIN SIZE
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| ELEV. DESCRIPTION ElSl &) 2|2 [ i DISTRIBUTION
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trace gravel, trace organics, .-,:_ N N 179 5
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ONTARIO MOT 1-09-4135 CULVERTS2.GPJ ONTARIO MOT.GDT 10/01/10
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Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No C12-2 2 OF 2 METRIC
W.P. 280-93-00 LOCATION Coords: N:4767226.6 E:326344.2 ORIGINATED BY _ PK
DIST HWY 406 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 07.15.10 CHECKED BY RA
SOIL PROFILE SAMPLES |, [P ARCS e ENETRATION
NATURAL = REMARKS
Bg| X _ pLasTic (ORRARE Liquiof | &
- o I < % 9 20 40 60 80 100 UMIT  oonTenT  LIMIT) =6 &
alg LI1ZE]| z N T — We w w | 38 | cransize
ELEV Ela|l ¥ 2]25| & |SHEARSTRENGTHkPa 2
DESCRIPTION [l I < |2z = 0 DISTRIBUTION
DEPTH é 2| > 8 el < O UNCONFINED + FIELD VANE 7 )
= Z |£C°| U je QUCKTRIAXIAL X LABVANE WATER CONTENT (%)
w 20 40 60 188 100 10 20 30 kN'm® {GR SA SI CL
164.6 K- +
15.2 AR
SILT 14| SS 16 : o
trace sand,
occasional silty clay seams 164
and partings,
loose to compact, brown, wet
163
15| ss | 8 ° 0 0 93 7
162.0
178 162
SILTY CLAY
trace sand,
very stiff, brown, damp to moist
i e 16| 8S | 24 °
161
160
171 88 | 29 i 0 4 74 22
159.5
20.3 End of Borehole
Sampler wet at 9.1m.
" Water level at 11.9m {not stabilized)
and hole open to 15.2m on
completion.
Piezometer installation consists of a
19mm diameter, Schedule 40 PVC
pipe with a 1.52m slotted screen.
Water Level Readings:
Date Depth(m)  Elevation(m)
July.20.10 45 175.3
July.26.10 3.7 176.1
Aug.06.10 2.7 177.1
Aug.13.10 2.7 177.1
0,
+3,x3; Numbersreferto 3% qrpain AT FAILURE

Sensitivity




Ministry of
Transportation

Foundation Design

ONTARIO MOT 1-09-4135 CULVERTS2 (KELVIN).GPJ ONTARIO MOT.GDT 09/10/10

Ontario
RECORD OF BOREHOLE No C12-3 1 OF 2 METRIC
W.P. 280-99-00 LOCATION Coords: N:4767208.6 E:326322.1 ORIGINATED BY __PK
DIST HWY 406 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY DB
DATUM _Geodetic DATE 07.14.10 CHECKED BY RA
DYNAMIC GONE PENETRATION
SOIL PROFILE SAMPLES v W IRESISTANCE PLOT NATURAL
g pLasTic WA oup] | & | REMARKS
5 @ gg 2 20 40 60 UMT - Gontent  MT| B & &
@ u cl z L L 1 5@ | GRrANSIZE
ELEV E g & | 3 o5 Q ISHEAR STRENGTH kPa D = | oistreuToN
DEPTH DESCRIPTION S121 7| 5 |38| = |o unconemen  + mELDVANE Y %
= z |EC| © |® QUICKTRIAXIAL X LABVANE | WATER CONTENT (%) g
179.8| Ground Surface o 20 40 60 80 100 10 20 30 km® IGR SA S oL
179.6]  200mm TOPSOIL ==
0.2 1] 8s | 16 o
SILTY CLAY
trace sand,
very stiff to hard, 179
brown, damp to moist 2 ss 33 % %
3| ss | a2 ~< % 178 4
% 41
41 ss| 36 % % 0 0 56 44
%— 177
5| ss | 23 > o
N
N 176
6| ss | a7 o
7
7TWPH§§175 ; | 211 |4 3 59 34
§ % >>"2'0
174 =T
firm to very stiff 81 ss 14 < % } | 0 3 64 33
& 173
1.
K % +1
% % ~-1-2
9fss| 9 % % 172
13
171
D % AN
10| ss| s § I 2 1 36 61
& % 170
1.
2
> 169 i
1nlss | 9 K i b 0 3 55 42
/
% % 1-6
168.1 1 +
117 168
CLAYEY SiLT 9 %y% N 7
very stiff,
brown, moist 7 N
Y 12 ss | 17 Hlo 0 0 & 13
7 167
166.6 7 .
13.2 B -
SILTY CLAY
trace sand, 1
firm to stiff, 1 166
brown, damp to moist 13| Ss 6 °
) |12
) 165
Continued Next Page 303 N B .
+3, umbers referto 5 3% grrAN AT FAILURE

Sensitivity




Ministry of
Transportation

Ontario

Foundation Design

RECORD OF BOREHOLE No C12-3

METRIC

ONTARIO MOT 1-09-4135 CULVERTS2 (KELVIN).GPJ ONTARIO MOT.GDT 09/10/10

Sampler wet at 9.1m.

Consolidation test performed on
TW7.

and hole open to 15.2m on
completion.

19mm diameter, Schedule 40 PVC
pipe with a 1.52m slotted screen.
Water Level Readings:

Juiy20.10 2.8
July28.10 238 1770

Water level at 12.2m (not stabilized)

Piezometer instaliation consists of a

Date Depth(m)  Elevation{m)
177.0

W.P. 280-99-00 LOCATION Coords: N:4767208.6 E:326322.1 ORIGINATED BY _PK
DIST HWY 406 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY
DATUM _Geodetic DATE CHECKED BY
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o« W IRESISTANCE PLOT NATURAL
we,l < _ PLASTIC LiQUID! =
= Z 3] MOISTURE =X
5 v @ <;< 5 @ 210 4]0 elo 8|0 NTI 2 8
pus = 4
ELEV slEl g2 |e 5| & [SHEARSTRENGTHKPa . " =
DEPTH DESCRIPTION & % C > 8 % < O UNCONFINED + FIELD VANE Y
51 < 2 |E€©] @ |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
v 20 40 €0 & 30 kNm® |GR SA Sl CL
14| sS 7
164
163.6
16.2
ST
occasional silty clay seams and
partings, 163
compact, brown, wet 15| ss 12
#
SILTY CLAY
trace sand, trace gravel,
very stiff to hard, brown, damp to moist
161 SS 24
161
160
17| ss 36
159.5
203 End of Borehole

+ 3 X 3: Numbers refer to

Sensitivity

o3 STRAIN AT FAILURE







GRAIN SIZE DISTRIBUTION

FIGURE B9-1

GSD 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/03/10

FILL - Silty Clay

Size of openings, inches U.S.S. Sieve size, meshesfinch
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GRAIN SIZE, mm
COBBLE| COARSE FINE COARSE |MEDIUM|  FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
™ C1241 1.0 180.3
L | C12-2 1.0 178.8
pate .November 2010 . Prepd ... Ko ...
Project 1-:09-4315 Chkd. ... .M.P




ATTERBERG LIMITS TEST RESULTS

FIGURE B9-2

ALTR 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/03/10

FILL - Silty Clay
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Date .November 2010 . Prepd ... K.L.. . .
Project 1:09-4135 Chkd. ... M.P




GRAIN SIZE DISTRIBUTION

FIGURE B9-3

GSD 1-09-4135 CULVERTS2 (KELVIN).GPJ 08/07/10

SILTY CLAY

Size of openings, inches U.S.S. Sieve size, meshes/inch
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GRAIN SIZE, mm
COBBLE COARSE FINE COARSE ‘ MEDIUM | FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
] C12-1 3.2 178.1
x C12-1 6.3 175.0
A C121 10.9 170.4
* C12-1 13.9 167.4
o] C12-2 4.7 175.1
o C12-2 9.3 170.5
pate .November 2010 . Prepd ... . KL. ..
Project 1709-4135 Chikd. .....M.P




GRAIN SIZE DISTRIBUTION FIGURE B9-4

GSD 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/10/10
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COBBLE| COARSE |  FINE COARSE |MEDIUM |  FINE SILT and CLAY

SIZE GRAVEL SAND FINE GRAINED

SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)

™ C12-2 20.0 159.8

@ C12-3 2.5 177.3

A C12-3 4.7 1751

* C12-3 6.3 173.5

@ C12-3 9.3 170.5

o C12-3 10.9 168.9
pate .November 2010 Prepd ... KL. ..
Project 1709-4135 Chkd. ... M.P. .




ALTR 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/03/10

ATTERBERG LIMITS TEST RESULTS

FIGURE B9-5
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PLASTICITY INDEX
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pate  November 2010
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ATTERBERG LIMITS TEST RESULTS

FIGURE B9-6

ALTR 1-09-4135 CULVERTS2 (KELVIN).GPJ 08/10/10
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GRAIN SIZE DISTRIBUTION

FIGURE B9-7

GSD 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/07/10
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SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
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Date .November 2010 . prepd ... KL. .
................... Chkd. M.P




GRAIN SIZE DISTRIBUTION FIGURE BO-8

PERCENT FINER THAN

GSD 1-09-4135 CULVERTS2 (KELVIN).GPJ 09/03/10

CLAYEY SILT

Size of openings, inches U.S.S. Sieve size, meshesfinch
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60
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10 SN
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GRAIN SIZE, mm
COBBLE COARSE FINE COARSE | MEDIUM I FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED

SYMBOL BOREHOLE DEPTH(m) ELEVATION (m)
. C12-3 12.4 167.4




ATTERBERG LIMITS TEST RESULTS | TCURE B9

ALTR 1-08-4135 CULVERTS2 (KELVIN).GPJ 09/07/10

CLAYEY SILT
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pate .November 2010 . Prep'd ... K.L. ..
Project 1-09-4135 Chkd. ... M.P.




HWY 406 TWINNING - CULVERT#12

FIGURE B9-10

C:\Documents and Settings\Admin\My Documents\Marc P\Projects 2009\Hwy 406 Expansion\1-09-4135 (Hwy 406 Foundations)\Culverts and Retaining Walls\Culverts\Lab Results\1-09-4135 Consolidation Results.xls
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HWY 406 TWINNING - CULVERT#12

FIGURE B9-11

C:\Documents and Settings\Admin\My Documents\Marc P\Projects 2009\Hwy 406 Expansion\1-09-4135 (Hwy 406 Foundations)\Culverts and Retaining Walls\Culverts\Lab Results\1-09-4135 Consolidation Results.xls

CONSOLIDATION TEST
e vs Pressure
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FIGURE B9-12

HWY 406 TWINNING - CULVERT#12
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CLAYEY SILT
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PROFILE CENTRELINE (CULVERT 49)
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CONT No 2011-2005
WP No 280-99-00

HIGHWAY 406
CULVERT # 49
BOREHOLE LOCATIONS AND SOIL STRATA
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ﬁ Terraprobe Inc.

Consulting Geolachnical & Environmental Engineering
Construction Matedals Englnoering, Inspection & Testing

10 Bram Court - Brampton Ontaric LBW 3R6 (905) 796-2650

"KEY  PLAN

LEGEND

—¢- Bore Hole
-q;- Dynamic Cone Penetration Test

Bore Hole And Cone

N Blows/0.3m (Std Pen Test, 475 J/blow)
CONE Blows/0.3m (60" Cone, 475 J/blow)
= WL at Time of Investigation
WL in Piezometer (AUG. 2010)
I Piezometer

90% Rock Quality Designation
A/R Auger Refusat

COORDINATES
No ELEV.
NORTHING EASTING
c12-1 1813 4767 2289 326354.3
C12-2 179.8 4767 2266 326 3442
C12-3 179.8 4767 2086 326 3221

NOTE
The boundaries between soil strata have been established
only at Bore Hole locations. Between Bore Holes the
boundaries are d from logical evi

This drawing is for subsurface information only. Surface
details and features are for conceptual illustration.
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