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AMENDED
FOUNDATION INVESTIGATION AND DESIGN REPORT
GRAND RIVER CROSSING SBL
HIGHWAY 8 WIDENING, KITCHENER
G.W.P. 277-97-00, SITE: 33-137S

Geocres Number: 40P8-143

PART 1: FACTUAL INFORMATION

1 INTRODUCTION

This report presents the factual findings obtained from a foundation investigation conducted at the
site of a proposed structure at Kitchener, Ontario. The proposed five-span structure will carry the
southbound lanes (SBL) of the future widened Highway 8 across the Grand River,

The purpose of the investigation was to explore the subsurface conditions at the site and, based on
the data obtained, to provide a borehole location plan, records of boreholes, stratigraphic profile
and cross-sections, laboratory test results and a written description of the subsurface conditions. A
model of the subsurface conditions was developed from the data obtained in the course of the
investigation.

Thurber carried out the investigation as a sub-consultant to Morrison Hershfield, under the
Ministry of Transportation Ontario (MTQ) Agreement Number 3005-E-0035.

2  SITE DESCRIPTION

The site for the proposed new SBL crossing lies across the valley of the Grand River on the south
side of the City of Kitchener and immediately west (downstream) of the existing structure carrying
Highway 8 across the river. The existing Highway 8 spans the river channel, as well as the flood
plain on the south side of the river, on a five-span structure.

At the site location, the river channel is approximately 60 m wide and the existing bridge spans a
distance of approximately 190 m. The water level was measured to be approximately 1.5 m to
2.3 m deep at the locations of boreholes drilled in the river during the current investigation. The
south shoreline of the river consists of a generally level floodplain with a gentle slope towards the
river channel. The floodplain is mainly vegetated with grass, shrubs and some sparse trees. A
gravel trail crosses beneath the existing structure between the south abutment and Pier 4 and
continues eastwards and westwards from Highway 8, generally following the alignment of the
Grand River. The north shoreline of the river consists of an approximately 18 m high cliff with an
approximate slope of 2H : 1V. The slope is vegetated with grass and large trees and portions of the
toe of the slope and the riverbank are lined with rip-rap boulders. Residential houses overlooking
A
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the river are located at the top of the cliff along Hidden Valley Road, which generally follows the
river alignment.

Geologically, the site area is located within the physiographic region known as the Waterloo Hills,
which is characterized by sandy hills consisting of ridges of sandy till as well as kames and kame
moraines, with outwash sands occupying the intervening hollows. The surficial soils of this region
overly Silurian bedrock of the Guelph Formation. Locally, the site lies within the Grand River
spillway systern, which consists of alluvial terraces containing uniform sandy and gravelly
materials, although the steep slope of the north bank of the river can be considered part of a kame
moraine system composed mainly of till and sand and gravel deposits.

Photographs of the site are included in Appendix G. Both photographs are taken from the flood
plain area on the south side of the Grand River. Photograph #1 is looking northward across the
Grand River towards the area of the proposed North Abutment and Piers | and 2. Part of the
existing Hwy 8 bridge can be seen on the right side of the photograph. Photograph #2 is taken
from the area of Piers 3 and 4 and is looking southward across the floodplain towards the area of
the proposed South Abutment. Part of the existing Hwy 8 bridge can be seen on the left side of the
photograph.

3  SITE INVESTIGATION AND FIELD TESTING

The site investigation and field testing for this project were carried out between the period of
July 27 to November 21, 2006. Twelve boreholes numbered 06-2 to 06-13 pertaining to the five-
span structure were drilled to depths ranging from 6.3 m to 19.9 m. Boreholes 06-2 and 06-7 to
06-13 were drilled using truck and track-mounted CME 75 drill rigs in the vicinity of the proposed
North and South Abutments and Piers 3 and 4. Boreholes 06-3 to 06-6 were drilled through the
riverbed using a barge-mounted CME 75 drill rig in the vicinity of the proposed Piers 1 and 2. The
boreholes were drilled as close as was accessible to the foundation elements. The approximate
locations of the boreholes are shown on the attached Borehole Locations and Soil Strata Drawing
in Appendix F.

Thurber located the borehole locations in the field with reference to the existing Grand River
overpass structure. The borehole locations (with the exception of Boreholes 06-3 to 06-6, which
were drilled in the Grand River) were subsequently surveyed by Callon Dietz Inc., who provided
Thurber with the coordinates and geodetic elevations. Thurber obtained utility clearances prior to
drilling.

Prior to drilling boreholes 06-3 to 06-6 in the Grand River, the Department of Fisheries and Oceans
Canada determined that at the site of the new SBL crossing, the river contains a species of mussel
(Wavy Rayed Lampmussel) that is protected by the Species At Risk Act. Therefore, prior to the
commencement of the drilling activities in the river, a mussel relocation program was conducted in
order to minimize the impact of the drilling activities on the mussel population at the site. Prior to
future construction activities, it is possible that the site location may become repopulated with

A

AR

THURBER



Grand River Crossing SBL 3
Highway 8 Widening, Kitchener

mussels and therefore a new relocation program may need to be conducted, followed by a post-
relocation monitoring program.

A combination of hollow-stem auger drilling techniques and casing and washboring methods were
used to advance the boreholes. Samples were obtained at selected intervals using a split spoon
One
borehole at each foundation element was advanced from 2.9 m up to 6.0 m into bedrock by NQ

sampler in conjunction with Standard Penetration Testing (SPT) in the overburden soils,

size diamond coring technigques, with the exception of Borehole 06-2 at the north abutment, which
was advanced greater than 3.0 m into refusal soil as defined by SPT ‘N’ values of greater than 100
blows per (.3 m.

Groundwater conditions in the open boreholes were observed throughout the drilling operations.
At each foundation element (with the exception of Piers | and 2, which are located within the river)
a standpipe piczometer consisting of 19 mm PVC pipe with a slotted screen was installed and
enclosed in filter sand to permit longer term groundwater level monitoring. The locations and
completion details of the piezometers are shown in Table 3.1. The boreholes in which no
piezometers were installed were grouted with bentonite. Grouting was carried out in accordance

with the requirements of MOE Reg. 903. The borehole completion details are shown in Table 3.1.

Table 3.1 — Borehole Completion Details

PDetails
Location Pierometer
Tip Depth/ Completion Details
Elevation (m)
06-2 Piezometer with 1.5 m slotted screen installed with sand filter to
North 19.9/274.9 | 18.0 m, bentonite seal from 18.0 m to 17.4 m, grout from 17.4 m to
Abutment 0.9 m and bentonite seal from 0.9 m to ground surface.
P{i)::'-il None Installed | Grouted with bentonite to riverbed surface.
P?:r-il None Installed | Grouted with bentonite to riverbed surface.
P?:rnfﬂ None Installed | Grouted with bentonite to riverbed surface.
P?{frwgz None Installed | Grouted with bentonite to riverbed surface.
06-7 Piezometer with 1.5 m slotted screen installed with sand filter to
Pier #3 12.1/271.2 10.1 m, bentonite seal from 10.1 m to 9.7 m, grout from 9.7 m to
(.6 m and bentonite seal from 0.6 m to ground surface.
P?e6r_§3 None Installed | Grouted with bentonite to ground surface.
P(i)ci-_z 4 None Installed | Grouted with bentonite to ground surface.
06-10 Piezometer with 1.5 m slotted screen installed with sand filter to
. 12.1/271.7 9.8 m, bentonite seal from 9.8 m to 9.1 m, grout from 9.1 mto 0.5 m
Pier #4 .
and bentonite seal from 0.5 m to ground surface.
06-11 Piezometer with 1.5 m slotted screen installed with sand filter to
South 14.0/270.5 12.2 m, bentonite seal from 12.2 m to 11.6 m and grout from 11.6 m
Abutment to ground surface.

[
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06-12
South Norne Instailed | Grouted with bentonite to ground surface,
Abutment

06-13
South None Installed | Grouted with bentonite to ground surface.
Approach

The drilling and sampling operations were supervised on a full time basis by a member of
Thurber’s technical staff. The supervisor logged the boreholes and processed the recovered soil
and rock samples for transport to Thurber’s laboratory for further examination and testing.

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

4 LABORATORY TESTING

The recovered soil samples were subjected to Visual Identification (VI) and to natural moisture
content determination. The results of this testing are shown on the Record of Borehole sheets in
Appendix A. Selected samples were also subjected to gradation analysis and the results of this
testing program are shown on the Record of Borehole sheets in Appendix A and on the figures
contained in Appendix B. The results of point load tests on rock cores retrieved from the boreholes
are shown in Table B1 in Appendix B.

S DESCRIPTION OF SUBSURFACE CONDITIONS

Reference is made to the Record of Borehole sheets in Appendix A. Details of the encountered soil
and rock stratigraphy are presented in this appendix and on the “Borehole Locations and Soil
Strata” and “Soil Strata” drawings in Appendix F. An overall description of the stratigraphy is
given in the following paragraphs. However, the factual data presented in the Record of Borehole
Sheets governs any interpretation of the site conditions. The factual data from the previous
investigation is contained in Appendix C.

In general, the site is underlain by 10.5 m to greater than 19.9 m of overburden soils overlying
Limestone bedrock. The overburden soils generally consist of topseil, granular or clay fill, an
upper sand and gravel deposit, sandy silt to silt and sand glacial till, and a lower sand and gravel
deposit. Occasional zones of sand and silty clay glacial till were also encountered in the
investigation.

5.1 Topsoil ard Fill

Across the site 0.1m to 0.2 m of topsoil was encountered that extends to elevations
ranging from 294.7 m to 283.3 m. The topsoil thickness may very between the borehole
locations and at other areas of the site.

Borehole 06-2 was drilled in the ditch adjacent to the existing Highway 8 SBIL.. This

borehole encountered a layer of silty clay fill with trace sand and gravel underlying the
L—1
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topsoil. The fill layer extends to a depth of 0.8 m or to an elevation of 294.1 m. The fill is
considered to have a stiff consistency based on a Standard Penetration Test ‘N’ value of 8
blows per 0.3 m penetration. The moisture content of a sample of this material was 19%.

Boreholes 06-11 to 06-13 were drilled in the vicinity of the existing Highway 8 SBL
embankment and the gravel trail near the existing south abutment. These boreholes
encountered granular fill ranging from sand to sand to gravel underlying the topsoil. A
thin layer (75 mm) of topsoil was also encouniered beneath the granular fill in Boreholes
06-11 and 06-13. The granular fill and buried topsoil extends to a depth of 0.2 m to 0.7 m
or to elevations ranging from 284.1 to 283.5 m. Standard penetration tests conducted in
this layer gave ‘N’ values of 9 to 13 blows per 0.3 m penetration. Based on these results
the fill is considered to have a loose to compact relative density. The moisture content of
samples from this Iayer ranged from approximately 7% to 14%.

5.2 Sand

Underlying the topsoil, a layer of sand was encountered in the boreholes located in the
floodplain on the south side of the river. The sand also contained some silt and trace
gravel. The upper part of the sand was also mixed with topsoil. The sand deposit was
approximately 1.4 m to 2.1 m thick and was encountered to depths of 1.5 m to 2.2 m or to
elevations of 282.1 m to 281.1 m.

Standard penetration tests in this deposit gave ‘N’ values from 4 to 33 blows per 0.3 m
penetration, indicating that the relative density of the material varies from loose to dense,

The moisture content of samples from this material ranged from approximately 13% to
57%, with the higher values being attributed to the presence of topsoil within the sand.

5.3 Upper Sand and Gravel

An upper deposit of sand and gravel ranging from sandy gravel to gravelly sand extends
across most of the site except for at the location of the proposed North Abutment (Borehole
06-2). This deposit ranges in thickness from 0.2 m to 3.2 m and extends to depths of 2.3 m
to 4.6 m or to elevations of 281.0 m to 279.1 m. The material contains trace silt and
occasional to some cobbles and boulders. The presence of some rip-rap boulders was also
observed on the riverbed at Boreholes 06-3 and 06-4 near the north shoreline.

Selected samples of this material were subjected to grain size distribution tests and the
results are presented in Figures B4 and B3 in Appendix B.

Standard penetration tests in the upper sand and gravel deposit gave ‘N’ values from 11 to
greater than 50 blows per 0.3 m penetration indicating that the relative density of the
material varies from compact to very dense.

The moisture content of samples from this deposit ranged from approximately 4% to 21%.

L1
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5.4 Sandy Silt to Silt and Sand Till

Underlying the upper sand and gravel layer, a deposit of glacial till consisting of sandy silt
ranging to silt and sand extends across the site. The till also contains trace to some clay,
trace to some gravel and cobbles and boulders. The total thickness of the deposit ranges
from 1.8 m to greater than 19.1 m, although layers of sand with trace to some silt and trace
gravel as well as layers of silty clay till were encountered within this deposit. The deposit
extends to depths ranging from 4.7 m to greater than 19.9 m or to elevations ranging from
27783 mto 273.9 m. Glacial tills inherently contain cobbles and boulders.

Selected samples from this deposit were subjected to grain size distribution tests and the
results are presented in Figures B2 and B3 in Appendix B.

SPT ‘N’ values ranged from 8 to greater than 50 blows per 0.3 m penetration, although
were generally between 33 and greater than 50 blows per 0.3 m penetration, indicating that
the material has a dense to very dense relative density. Some of the SPT ‘N’ values may
represent tests conducted on cobbles and boulders.

The moisture content of samples from this deposit ranged from approximately 6% to 15%.

5.5 Silty Clay TiHl

Occasional zones of silty clay glacial till were encountered across the site. The glacial till
contains varying amounts of sand, ranging from ftrace sand to sandy, as well as trace
gravel, These zones range in thickness from 0.8 m to 7.6 m and were encountered
extending to depths of 8.4 m to 15.2 m or to elevations of 279.6 m to 272.6 m.

Selected samples from this material were subjected to grain size distribution tests and the
results are illustrated in Figure B1 in Appendix B. The results of Atterberg Limit tests
conducted on selected samples from this material are shown in Figure B6 in Appendix B,
All three samples tested plot as “CL”,

SPT *N’ values in this material ranged from 24 to more than 50 blows for 0.3 m
penetration, indicating a very stiff to hard relative density. Glacial tills inherently contain
cobbles and boulders and some of the high SPT ‘N’ values may represent tests conducted
on cobbles and boulders.

The moisture content of samples from this material ranged from approximately 7% to 18%.

5.6 Lower Sand and Gravel

A lower deposit of sand and gravel ranging to gravelly sand extends across the site and the
layer overlies the bedrock. This deposit ranges in thickness from 2.0 m to 6.4 m and
extends to depths of 10.5 m to 14.6 m or to elevations of 272.0 m to 269.6 m. The material
also contains trace silt, occasional to some cobbles and distinet layers of boulders.

o
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Selected samples from this material were subjected to grain size distribution testing and the
results are shown in Figures B4 and B5 in Appendix B.

Standard Penetration tests in this deposit gave ‘N’ values that were more than 50 blows per
0.3 m penetration, indicating that the material has a very dense relative density. Some of
the high SPT ‘N’ values may also represent tests conducted on cobbles and boulders.

The moisture content of samples from this deposit ranges from approximately 6% to 23%.

5.7 Bedrock

The overburden soils described above are underlain by limestone bedrock. Bedrock was
proved by coring at the south abutment and at each of the four piers. Table 5.1 summarizes
the bedrock depth and the elevations to the top of bedrock where rock was cored and where
refusal was encountered on probable bedrock, but the rock was not cored.

The limestone bedrock is generally described as highly to moderately weathered, thinly
bedded and grey in colour. Occasional pitted zones and occasional to frequent rubble
zones indicate that the rock carries water bearing seams.

TABLE 5.1 — Depth to Bedrock at Foundation Elements

. Depth to Top of Bedrock
Location BH Number Bedrock (m) Elevation {m)
Pier #1 06-3 10.5/79.0* 272.0
' 06-4 11.7/9.7* 270.8
Picr 42 06-5 10.5/8.2*% 272.0
06-6 11.1/9.3% 271.4
. 06-7 12,0%:* 271.3%*
Pler #3 06-8 134 2703
. 06-9 11.8 271.6
Pier #4 06-10 12.2%% 271.6%*
06-11 14.0%* 270.5%*
South Abutment 06-12 146 269 6

*Denotes depth to bedrock below river water level / below riverbed level,
**Denotes where refusal was encountered on probable bedrock.

Core recovery in the bedrock was between 55% and 100%. The RQD values generally
ranged from 0% to 54% indicating very poor to poor rock quality.

The Fracture Index (F1) of the rock, expressed as fractures per 0.3 m of core, was generally
high, ranging from 5 to greater than 10. The Fracture Indices greater than 10 indicate the
presence of rubble zones within the rock mass. Some vertical joints were encountered in
Borehole 06-6 and they were mostly tight with little to no sand infilling or secondary
weathering material.

The estimated unconfined compressive sirength of the rock cores tested generally ranges
between 41 and 86 MPa indicating a medium strong to strong rock with occasional cores
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exhibiting higher strength values of 105 to 155 MPa. These estimated rock strength values
are based on point load tests that were conducted on rock cores recovered from the
boreholes. Due to very poor rock quality in the cores, no point load tests were conducted
on samples from Boreholes 06-3 and 06-4. A summary of the Point Load Test Results is
presented in Table B1 in Appendix B.

5.8 Water Levels

A standpipe piezometer was installed in a selected borehole at each foundation element
except for Piers 1 and 2, which are located in the river. Water levels were measured on
separate visits made after the completion of drilling. The water level readings at the
foundation elements are presented in Table 5.2.

Based on these observations, local groundwater levels exist at Elevations 283.0m to
2849 m. All groundwater observations at this site are short term and the levels are
expected to fluctuate seasonally and afier severe weather events,

Table 5.2: Water Level Measurements

Date BH 06-2 BH (6-7 BH 06-10 BH 06-11
N-Abutment Pier 3 Pier 4 S-Abutment
Depth/ Depth/ Depth/ Depth/
Elev. (m) Elev. (m) Elev. (m) Elev. (m)
August 1, 2006 - 1.5/281.9 - -
August 9, 2006 - 0.3/283.1 0.8 /283.0 -
August 10, 2006 - 0.4/283.0 0.8 /283.0 1.3/283.2
August 11, 2006 - 0.4/283.0 0.8/283.0 1.2/7283.3
August 14, 2006 - 0.4/283.0 0.9/2829 1.2/283.3
August 15, 2006 - 0.4/283.0 0.9/282.9 1.2/283.3
August 16, 2006 - 0.4/283.06 0.9/282.9 1.2/283.3
September 29, 2006 - 0.4/283.0 0.7/283.1 1.5/7283.0
January 4, 2007 9.89/284.9 - - -

6 MISCELLANEOQUS

All-Terrain Drilling Limited of Waterloo, Ontario supplied track and truck mounted CME 75 drill
rigs and conducted the driliing, sampling and in-situ testing operations for the boreholes drilled on
land. Canadian Soil Drilling of Midhurst, Ontario supplied a barge mounted CME 75 drill rig and
conducted the drilling, sampling and in-situ testing operations for the boreholes driiled in the Grand
River. Water Systems Analysts of Guelph, Ontario conducted the mussel relocation program.

The drilling and sampling operations in the field were supervised on a full time basis by Mr.
Stephane Loranger, Mr. George Azzopardi and Mr. Mark Farrant of Thurber.

—
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Mr. Alastair E. Gorman, P.Eng. and Mr. Mark E. Farrant, P.Eng. directed the field operations and
prepared the report.

Dr. P.K. Chatterji, P.Eng., a Designated Principal Contact for MTO Foundations projects, reviewed
the report,

Thurber Engineering Ltd.
Mark E. Farrant, P.Eng,.,
Geotechnical Engineer

Alastair E. Gorman, P.Eng,,
Senior Foundations Engineer

Report Reviewed by:
P.K. Chatterji, P.Eng.,
Review Principal, Designated MTO Contact
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AMENBED
FOUNDATION INVESTIGATION AND DESIGN REPORT
GRAND RIVER CROSSING SBL
HIGHWAY 8 WIDENING, KITCHENER
G.W.P. 277-97-00, SITE: 33-137S

Geocres Number: 40P8-143

PART 2: ENGINEERING DISCUSSION AND RECOMMENDATIONS

7 GENERAL

This report presents interpretation of the geotechnical data in the factual report and presents
geotechnical design recommendations to assist the design team to select and design a suitable
foundation system and approach embankments for the proposed structure.

It is understood that the SBL of the widened Highway 8 will cross the Grand River on a new
structure to be constructed to the west (downstream) side of the existing structure carrying
Highway 8 over the river, The General Arrangement of the new structure is understood to match
that of the existing bridge, i.e. five spans. The Grand River will pass between Piers 1 and 3, though
most of the channel width will lic between Piers 1 and 2. From the south abutment to the river’s
edge, the structure spans the flood plain on the south side of the river.

At the south abutment, the finished grade of Highway 8 will be at Elevation 290.7 and the existing
ground surface lies at Elevation 284.3. The resulting embankment height above original ground
level will, therefore, be in the order of 6.4 m at the south abutment.

At the north abutment, the finished grade of Highway 8 will be at Elevation 295.0 and the existing
ground surface, corresponding to the top of the original valley slope, averages Elevation 308
approximately resulting in an approach cut in the order of 13 m deep.

The discussion and recommendations presented in this report are based on our understanding of the
project and on the factual data obtained in the course of this investigation. Reference has also been
made to the boreholes drilled in a previous investigation by E.M. Peto Associates Ltd. that are
included in Appendix C.

8 STRUCTURE FOUNDATIONS

Based on the boreholes drilled at the foundation elements, the site is underlain by limestone
bedrock at elevations ranging from 269.6 to 272.0. Immediately overlying the bedrock is a very
dense deposit of sand and gravel, overlain in turn by very dense silt till and by more recent,
reworked river deposits. A discontinuous layer of hard silty clay till was identified at the south
abutment.

L1
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Initial consideration was given to the following foundation types:

. Spread footings

= Augered Caissons (drilled shafts)

= Driven H-piles

= H-piles socketed into bedrock

= Micro-piles

A comparison of the foundation alternatives based on advantages and disadvantages of each is

included in Appendix D.

8.1 Spread Footings on Native Soil

The soil conditions encountered at this site are considered to be suitable for the use of
spread footings. However, a number of factors must be taken into account in the design of

spread footing for the new structure, including:

1. The risk of undermining the footings supporting the existing structure.

2. The constructability of foundations in the river for Piers 1 and 2.

3. The risk of the footings being undermined by scour and the requirements to

prevent this,

Table 8.1 shows the interpreted elevations of the undersides of the existing footings and
design parameters for the new footings.

Table 8.1 Foundatior Parameters.

N, Abut Pier 1 Pier 2 Pier 3 Pier4 | S, Abut
Elevation of  existing 289.80 280.7 279.7 281.0 281.9 281.9
underside of footing
Founding elevation for 289.0 279.5 2793 280.0 281.2 280.5
new footing
Difference (m) -0.8 -1.2 -0.4 -1.0 -0.7 -1.4
ULS; bearing resistance 690 1,000 1,000 1,000 750 750
(kPa)
SLS bearing resistance 460 N/A! N/A’ N/A! N/A' N/A
(kPa)
Groundwater clevation 284.9 282,57 | 282.5° 283.1 283.1 283.0
Minimum thickness of 150 150 150 150 150 150
working slab (mm)
Coefficient of sliding 0.6 0.7 0.7 0.7 0.7 0.7
friction (ultimate)
Anticipated tip elevation N/A 272.5 2723 N/A N/A N/A

1
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[ of sheet piling | | I | 1 |

1} The SLS condition will not govern.

2) River level, subject to fluctuation. Other groundwater levels will fluctuate with the season and
recent weather events. The groundwater levels at the piers and south abutment will be strongly
influenced by the river level, the north abutment less so.

8.2 Constructability and Footing-Specific Issues

The constructability of the new foundations is potentially influenced by their location
relative to the existing foundations and is discussed in the following sections.

8.2.1 Neorth Abutment

Three additional factors that must be taken into account for a spread footing design at this
foundation element are:

1. The effect of the slope on available geotechnical resistance
2. The possibility of slope creep
3. The impact of future erosion of the toe of the slope

The first two factors above have been taken into account in the parameters provided in
Table 8.1.

With respect to the third factor above, erosion, the overall design of the project must
incorporate river bank stabilization. Alternatively, the expected erosion of the slope over
the design life of the structure must be determined and the north abutment footing situated
such that it will remain stable after the erosion has taken place.

If the space between the new and existing footings is less than the difference in founding
elevations (0.8 my), refer to Section 8.2.5.

8.2.2 Piers 1 and 2

Piers 1 and 2 will lie in the Grand River and the founding soils are represented at Pier 1 by
Boreholes 06-3 and 06-4 and at Pier 2 by Boreholes 06-5 and 06-6.

Two issues specific to these piers are:
e Constructability in the river
e  Scour protection

The potential depth of scour must be determined by a river hydrologist, making reference
to CHBDC (CAN/CSA-56-06) Sections 1.9.4 and 1.9.5 and appropriate scour protection
must be designed to prevent undermining of the footings by the river.

One solution that can be considered to permit construction in the dry, and to provide some
protection from scour, is to construct the footing inside a permanent, interlocking, steel

L1
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sheet pile enclosure. The original drawings for the existing bridge indicate that Piers 1
and 2 of the existing structure were constructed in this manner and they appear to be
functioning satisfactorily.

For constructability concerns, the sheet piling must be driven to sufficient depth below the
river bed to allow excavation to be carried out ingide the sheet pile enclosure without the
base of the excavation being destabilized by unbalanced groundwater heads. This can
generally be achieved by driving the sheet piling to sufficient depth to reduce the
hydraulic exit gradient of seepage to 0.1 or less.

One construction sequence that is considered to be feasible for this site is as follows:
1. Install the interfocking sheet piling to the specified elevation.
2. Pump out the water contained inside the enclosure.

3. Excavate the soil inside the enclosure to the specified elevation, continuing to
pump any seepage water.

4. Hand clean all disturbed soil from the base of the excavation and pour a concrete
working slab, as specified. It is considered important that the excavation, hand
cleaning and pouring of concrete all proceed in one uninterrupted process and be
completed as quickly as is feasible and consistent with safety. The contract
documents should contain an instruction to the contractor that a schedule is
required that allows for completion of excavation, approval by the QVE and
placement of the working slab as one continuous process that does not leave the
completed excavation base unprotected.

5. After the working slab has been completed, construction of the spread footing and
the pier may continue,

During construction, the top of the sheet piling must be high enough to exclude river water
from the work area. From a geotechnical perspective, on completion of construction the
sheet piling may be cut off flush with the top of the completed footing.

Since the sheet piling will act as a cofferdam during construction, the detailed design of
the sheet piling and construction process must be carried out by the Contractor, taking
account of safety, his proposed construction methodology and allowing for the highest
river level anticipated during the construction period.

If the space between the new and existing footings is less than the difference in founding
elevations (1.2 m at Pier 1 and 0.4 at Pier 2), stepping of the footings may be required,
refer to Section 8.2.5,
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8.2.3 Piers 3 and 4

Piers 3 and 4 will lie in the flood plain of the Grand River and the founding soils are
represented at Pier 3 by Boreholes 06-7 and 06-8 and at Pier 4 by Boreholes 06-9 and
06-10.

The footprints of Piers 3 and 4 are underlain by very dense soil considered to be suitable
for the support of spread footings. The recommended founding elevations, however, lie
approximately 3.5 m below the groundwater level observed during the investigation and
the soils through which excavation will be carried out have an estimated permeability of
5x107 cm/sec, based on grain size distribution. It will be necessary, therefore, for the
coniractor to implement groundwater control measures during construction and prior to
excavating below the groundwater level,

The design of the groundwater control system is the responsibility of the contractor.
However, two systems that might be considered are:

¢ Vacuum well-points installed around the proposed excavation
e Interlocking steel sheet piling installed as a cutoff around the foundation excavation

If the space between the new and existing footings is less than the difference in founding
elevations (1.0 m at Pier 3 and 0.7 at Pier 4), stepping of the footings may be required,
refer to Section 8.2.5.

8.2.4 South Abutment

The south abutment of the structure will lie in the flood plain of the Grand River and the
founding soils are represented by Boreholes 06-11 and 06-12,

The footprint of the abutment is underlain by very dense soil considered to be suitable for
the support of spread footings. The recommended founding elevation, however, lies
approximately 2.5 m below the groundwater level observed during the investigation and
the soils through which excavation will be carried out have an estimated permeability of
1x107 em/sec, based on grain size distribution., It will be necessary, therefore, for the
contractor to implement groundwater control measures during construction and prior to
excavating below the groundwater level.

The design of the groundwater control system is the responsibility of the contractor.
However, two systems that might be considered are;

e  Vacuum well-points installed around the proposed excavation
¢ Interlocking steel sheet piling installed as a cutoff around the foundation excavation

If the space between the new and existing footings is less than the difference in founding
elevations (1.4 m), stepping of the footings may be required, refer to Section 8.2.5.

L1
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8.2.5 Stepping Between Founding Elevations

Where a new footing is founded at a lower elevation than the adjacent existing footing, the
new footing must be founded above a plane projected downwards from the edge of the
existing footing at 45°. This condition can be satisfied if the spacing between the footings
is equal to or greater than the difference in founding elevations.

In situations where the spacing between the footings is less than the difference in founding
elevations, it is recommended that the east end of the excavation follow the projected 45°
plane until the required founding elevation is reached. Mass concrete may be placed up to
the elevafion of the existing footing to provide a uniform elevation on which to construct
the new footing.

Sloping of the excavation is not required if the new footing excavation is entirely enclosed
in steel sheet pile shoring that is designed to allow no movement or loss of ground under
the existing footing. This condition may be difficult to achieve if pre-augering is used to
install the sheeting.

8.2.6 Inclined Loads

The recommended geotechnical resistances provided above are for concentric, vertical
loads. Where eccentric or inclined loads are applied, the resistance used in design must be
reduced in accordance with the CHBDC Clause 6.7.3 and Clause 6.7.4,

8.3 Aungered Caissons

Consideration was given ito supporting the structure on augered caissons (drilled piles).
Since the caisson is a deep foundation unit, higher geotechnical resistance is available from
a caisson in earth than from a similar sized spread footing. However, at this site caissons
have the following disadvantages:

1. They must be installed to greater depth than spread footings in order to develop
the higher resistance.

2. The soil providing the resistance, whether it is skin friction or end bearing, must
be protected from disturbance.

3. [Installation of the caisson to sufficient depth to satisfy (1) above may place the
critical sections of the shaft in non-cohesive, possibly bouldery soil below the
water table where it will be very difficult to be sure that (2) above is satisfied.

4. The installation costs, particularly in the river, are expected to be higher than for
spread footings.

From a geotechnical risk perspective, caissons founded in earth are not recommended at
this site.

THURBER
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Caissons founded on bedrock were also considered, but in some boreholes the rock is
closely fractured near the surface. As a consequence, shafts into the bedrock would be
required in order to provide confidence in the founding conditions. Caissons founded in
bedrock are not recommended at this site.

8.4 Driven Steel H-Piles

Driven steel piles will achieve effective refusal in the very dense soils underlying the site.

The estimated founding elevations for steel H-piles and the corresponding pile lengths are
shown in Table 8.2.

Table 8.2 — Estimated Pile Lengths

Elevation of Estimated Estimated
L . Borehole Ground . . Length of
ocation Pile Tip g
No. Surface or Elevation Pile
River Bed {m)
North
Abutment 06-2 294.8 291.0 3.8
Pier 1 06-3 281.0 278.0 3.0
06-4 280.5 277.0 3.5
Pier 2 06-5 280.2 2717.0 3.2
06-6 2807 277.3 3.4
Pier 3 06-7 283.4 277.5 5.9
06-8 283.7 275.6 8.1
Pior 4 06-9 2834 277.0 6.4
06-10 283.8 277.5 6.3
South 06-11 284.5 276.8 7.7
Abutment 06-12 2842 276.0 8.2

* From ground surface existing at the time of investigation. In the case of the north abutment,
piles will be driven from lower elevations to be determined in the course of the design
process.

The actual length of pile will be less than the values in the table as it will be measured from
the underside of the pile cap.

Driven piles are considered to be feasible at Piers 3 and 4 and at the south abutment but are
not recommended at the north abutment or at Piers 1 and 2 due to the very short lengths that
could actually be driven in the very dense soils at these locations.

If driven piles are selected for the north abutment, he contractor must be prepared to predrill
to a depih of up to 4 m, if necessary, in order to install the piles to the required minimum
fength without damage.

If driven piles are selected at the north abutment to implement an integral abutment design,
then the required length of pile must be determined on the basis of:

¢ The “free” length of pile required to provide flexibility, and

—
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e Sufficient length to develop the geotechnical resistance

Typically, a free length of at least 3 m is required. At this site, however, due to the length of
the structure a greater free length may be found to be necessary on the basis of the structural
analysis. It is anticipated that the pile will achieve geotechnical resistance approximately
2 m below the free length.
8.4.1 Axial Resistance
An HP 310 X 110 pile may be designed on the basis of:
e 1,800 kN factored geotechnical resistance at ULS
¢ 1,600 kN geotechnical resistance at SLS
The structural resistance of the pile must be checked by the structural designer.
Oversize materials (e.g. greater than 75 mm nominal diameter) must not be used in any
fills through which the piles will be driven.
8.4.2 Downdrag

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

8.4.3 Pile Tips

The tips of all piles should be fitted with cast steel, H-section rock points from an approved
manufacturer such as Titus Steel (Standard H-point) or APF hard Bite or approved
equivalent.

8.4.4 Pile Instailation

Pile installation should be in accordance with Special Provision No. 903S01.

8.4.5 Pile Driving

Pile driving must be controlled by the Hiley Formula and an ultimate pile resistance to be
specified by the designer in accordance with Clause 3.3.2 (b) Construction Stage of the
Structural Manual. The Hiley formula need not be used until the piles tips are approaching
the bearing stratum, i.e. below Elevation 279, except at the north abutment where the
elevation will be higher and determined on the basis of the final foundation design. The
appropriate pile driving note is “Piles to be driven in accordance with Standard SS 103-11
using an ultimate resistance of 3,600 kN,

8.5 H-Piles Socketed into Bedrock

This option is considered to be of greatest advantage at Piers 1 and 2 where the penetration
of driven piles into the very dense soil will be limited.

[
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It is recommended that the underside of the pile cap be placed at the same elevation as the
founding level of the footings for the adjacent piers of the existing bridge, i.e. 280.7 for
Pier I and 279.7 for Pier 2.

The H-piles must be installed inside a steel sheet pile cofferdam that will be left in place
and will also constitute the formwork for the pile cap. The cofferdam must be maintained
in a flooded state while the H-piles are installed.

The detailed construction sequence should be determined and designed by the contractor,
but one possible construction sequence is as follows;

1. Install a cofferdam to isolate the work zone from the remainder of the river,
typically the sheeting should penetrate to at least Elevation 278.2 at Pier 1 and
Elevation 277.2 at Pier 2, and deeper if the cofferdam design requires more
penetration for stability. Note, however, that the depth of cofferdam penetration
must be coordinated with the location and orientation of the battered piles.

2. Pre-auger, as required, to loosen the soil to permit sheet pile advancement. Pre-
augering is only permitted inside the cofferdam so as to contain turbidity.

3. Excavate to the elevation of the underside of the tremie concrete plug described
below (Elevation 279.2 at Pier 1 and 278.2 at Pier 2) while maintaining the water
level inside the cofferdam at or above the river level

4. Install the piles by:
—drilling a suitable diameter, cased hole 1 m into bedrock
—installing the H-pile in close contact with the base of the drilled hole
—grouting around the H-pile using 30 MPa concrete

5. The liner may be left in place, or it may be withdrawn as grouting occurs provided
that a positive head of grout is maintained inside the liner at all times during
withdrawal

6. Tremie a concrete plug 1.5 m thick to form a seal in the base of the cofferdam
7. Unwater the cofferdam
8. Construct the structural foundation

The tremie concrete plug should be of the same class of conerete as the pile cap.

It is important that the pile installation process be designed to guard against loss of ground
outside the cofferdam or around the H-piles as any such loss could undermine the existing
bridge foundations.

THURBER



Grand River Crossing SBL 19
Highway 8 Widening, Kitchener

Typically, the following factored ULS geotechnical axial resistances are used for piles
bearing in bedrock:

Pile Section Factored ULS Resistance (kN)
HP 310X 110 2,000
HP 310x 152 2,750

The SLS condition will not povern for piles bearing in bedrock.

Pile installation must be carried out in accordance with the requirements of SP903S01,
latest edition.

The orientation and batter of piles must be chosen bearing in mind the presence of both the
new cofferdam and the cofferdam driven to construct the existing bridge.

8.6 Micropiles

From a foundation feasibility point of view, the foundations could be supported on
micropiles socketed into the bedrock.

Typical micropile installation techniques would be capable of penetrating the very dense
sand and gravel with cobbles and boulders to penetrate into the bedrock and provide a high
capacity foundation. This system is similar to the socketed pile described above except
that the pile is generally of smaller diameter and reinforced using a solid bar such as a
Dywidag bar.

The advantages of this system are that it is less susceptible to disturbance of the excavation
base than a spread feoting and would reduce the risk of undermining the existing
foundations. The disadvantages relate mainly to the cost and to the fact that they are
generally installed by a specialty contractor.

If this option has to be explored further, it will be necessary to discuss the design with a
contractor in order to develop appropriate resistances to be used in design.
8.7 Pile Lateral Resistance

The geotechnical lateral resistance acting on a pile may be calculated using a value for the
coefficient of horizontal subgrade reaction (k) and ultimate [ateral resistance (p,,) as

follows:
kg = my.z/ D (kN/m’)
Puti = 3.y.z. K, (kPa)

where zZ = depth of embedment of pile in metres
D = pile width in metres

.
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1y, = coefficient of horizontal subgrade reaction {Table 8.3)
Y = unit weight (Table 8.3)
K, = passive earth pressure coefficient (Table 8.3)

The above equations and recommended parameters may be used to analyze the interaction
between a pile and the surrounding soil. The lateral pressures obtained from the analysis must
not exceed the ultimate lateral resistance.

Table 8.3 — Recommended Soil Parameters

Loecation | Elevation | n, K, Unit Soil Conditions
(kN/m” Weight*
(KN/m”
North OGL to 2,000 2.5 20 Clay fill, Silt and
Abutment | 293.5 sand, loose
2935 to 8,000 33 21 Sand, some gravel
283.9 and cobbles, dense to
very dense.
283910 5,000 3.0 11 Hard silty clay till.
275.0 Very dense sand and
gravel
South OGL to 15,000 33 11 Compacted to dense
Abutment | 278.9 sand and gravel,
compact to very dense
sand and silt till
2789 to 15,000 3.3 11 Very dense sand and
270.5 very dense sand and
gravel, hard silty clay

*Buoyant unit weight below the water table.

The spring constant, K;, for analysis may be obtained by the expression, K,=k;x L x D
(kN/m), where k; is the coefficient of horizontal subgrade reaction (kN/m®), D is the pile
width (m) and L is the length (m) of the pile segment or ¢lement used in the analysis. The
ultimate lateral resistance, P,,, may be obtained from the expression, Py, = pue x L x D.
This represents the ultimate load at which the pile fails and will not support any additional
load at greater displacements. I is recommended, however, that the total lateral resistance
assumed in one pile be limited to no more than 150 kN at ULS and 50 kN at SLS.

For lateral soil/pile group interaction analysis, the equation for k, and py, quoted above may
be used in conjunction with appropriate reduction factors,
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Where a pile group is oriented perpendicular to the direction of loading, group action may
be considered by reducing values for k; and py, by a reduction factor R as follows:

Pile Spacing Perpendicular to

Horizental Subgrade Reaction

Direction of Loading Reduction Factor, R
4 D* 1.00
1 D* 0.50

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

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

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

Intermediate values may be obtained by interpolation.

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

8.8 Recommended Foundation

The recommended foundation system for this structure is:

¢ Abutments, Pier 3 and Pier 4 supported on spread footings bearing on
undisturbed, very dense native soil

e Pier I and Pier 2 supported on steel H-piles socketed into bedrock.

3.9 Abutment Considerations

On the basis of the geotechnical conditions on site and the recommended foundation type,
conventional abutment design is recommended. Semi-integral abutments could also be
designed, supported on spread footings.

If an integral abutment design is considered to be appropriate, on the basis of other
considerations, then driven H-pile foundations must be used at the abuiments.

If an integral or semi-integral abutment design is considered, it may require special
consideration of the magnitude of movement to be accommodated and detailed analysis of

A
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the soil-structure interaction. Such analysis can be developed, if necessary, as the design
proceeds.

8.10 Frost Cover

Pile caps and footings on earth must be provided with a minimum of 1.4 m of earth cover
over the footing base (founding elevation).

8.11 Erosion Protection

It is recommended that the foundations of Pier 1 and Pier 2 be protected from erosion and
undercutting by the river. Protection could be provided by permanently installed steel
sheet piling as discussed earlier in this report. Alternatively, a specialist in river hydrology
should be consuited regarding these requirements.

The recommendations provided for the north abutment foundation are based on the present
location and geometry of the north valley slope, which implicitly assumes that there will be
no erosion of the slope in the future. A specialist in river hydrology should be consulted
regarding the potential for erosion and, if necessary, either erosion protection must be
provided at the toe of the slope or the north abutment foundation must be designed to lie
beyond the zone of influence of the erosion predicted in the design life of the structure.

9 EXCAVATION AND BACKFILL

9.1 General

All excavations must be carried out in accordance with the Occupational Health and Safety
Act (OHSA) and in accordance with Special Provision 902S01. For the purposes of the
OHSA, the native soils at this site that will be excavated in open excavations may be
classified as Type 2 soils except for the sand that may be exposed at the north abutment
that should be treated as Type 3 soil. Excavation below the groundwater level is not
recommended without prior dewatering. Provided dewatering is carried out as described
below, temporary excavations may be sloped at 1H:1V.

9.2 Foundations

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

Bidders must be alerted to the fact that excavation must be carried out through very dense,
cohesionless soils extending below the water table and that man-made fill or obstructions,
cobbles or boulders may be encountered.

The presence of cobbles and boulders in very dense soil may present difficulties for
installing steel sheet piling,

)
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Excavations formed to the elevation of the underside of the pile cap, as discussed in
Section 8, will lie at or slightly above the groundwater levels recorded during the
investigation. The sides and base of the excavation must be maintained in a stable
condition and Bidders must be alerted to the fact that groundwater levels and the river level
will vary and may be higher at the time of construction.

10 GROUNDWATER AND FLOOD CONTROL

At the time of investigation, the groundwater level at Piers 3 and 4 and the south abutment lay at
depths of 0.4 to 1.5 m below the ground surface. The groundwater level will vary and may be
higher at the time of construction. At this site, the design of dewatering and protection systems
must also take account of the possibility of the Grand River level rising rapidly due to flood
conditions. The groundwater and surface (flood) water must be controlled during construction to
maintain a stable excavation and to allow concrete to be placed in an unwatered excavation.

The design of the groundwater and surface water control systems is the responsibility of the
Contractor. IHowever, suitable systerns that might be considered include pumping from filtered
sumps for nominal penetration below the groundwater level or the use of a sheeted excavation or
vacuum well-points.

At the north abutment, the groundwater level was measured at Elevation 284.9, 9.9 m below
ground surface. It is not expected that any excavation at the north abutment will penetrate to that
elevation, but the contractor must be prepared to deal with any seepage entering the excavation and
to maintain an unwatered condition.

Any accumulation of water from the base of the excavation should be removed prior to placing
concrete or compacting granular fill. Placement of concrete or compacting engineered fill must be
done in the dry.

It should be noted that dewatering foundation excavations may invoke a requirement to have a
Permit to Take Water (PTTW), as issued by MOE. h is recommended that this permit application
be submitted prior to awarding the contract in order to avoid delay during construction.

11 STRUCTURE APPROACHES

11.1 South Approach

The south approach will lie on an embankment approximately 6.4 m above the Grand
River flood plain. The soils on which the immediate approach embankment will be
constructed consist of compact sand fill and compact to very dense sand and gravel.

It is recommended that the immediate approach embankment be constructed of SSM or
granular fill and that the inclination of the side slopes not exceed 2H:1V. An embankment
built according to this recommendation will possess satisfactory internal and global
stability.

[
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Earth fill embankment slopes must be provided with erosion proteciion in accordance with
OPSS 572,

11.2 North Approach

The north approach to the structure will lie in a cut in the north valley slope that will have a
maximum depth of approximately 13 m. The geotechnical design requirements for the
mainline cut are addressed in a separate report by Thurber Engineering Ltd. entitled
Foundation Investigation and Design Report, Mainline Cut Sta. 13+400 to Sta. 13+650,
Highway 8 Widening, Kitchener, G.W.P. 277-97-00".

At the immediate approaches to the bridge, it can be assumed that a 2H:1V cut slopes will
be stable,

The global stability of the valley slope below the proposed structure was carried out by the
modified Bishop method using GSlope software from Mitre Software. The results of the
analysis indicate that to achieve a minimum factor of safety of 1.3, the forward edge of the
footing must be at least 7 m behind the face of the slope and the founding elevation must
not be above 289.0.

The graphical output of the slope stability analysis is included in Appendix H.

Earth cut slopes must be provided with erosion protection in accordance with QPSS 572.

12 RETAINED SOIL SYSTEMS
Retained soil system (RSS) walls may be used subject to the requirements presented in this section.

RSS walls must be specified to be “High Performance™ and “High Appearance”. The contract
drawings and documents must include information on the longitudinal alignment of the wall in
plan, the top and base elevations of the wall in profile, cross-sectional space constraints and must
included a reference to the most recent version of the Special Provision RSS walls and any related
NSSPs.

2.1 Foundation

The performance of an RSS is dependent, among other factors, on the characteristics of its
foundation. Failure to provide an adequate foundation may lead to settlement and
distortion of the RSS and, in severe cases, to possible failure of the system. The
foundation of the entire RSS mass must be considered, i.e. from the face of the wall to the
furthest extent of the reinforcement.

To provide an acceptable foundation performance, the RSS mass must be founded on soil
that is compact/very stiff or better. The highest elevations for founding the RSS wall are:

e North abutment 293.0

o South abutment 283.0

THURBER
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The subgrade must be competent and free of organics, soft or deleterious soils.

The RSS mass must be constructed in the dry and the excavation must be unwatered as

necessary to achieve the dry conditions.

The following parameters may be used for the design of the RSS foundation on native soil:

North South
Abutment Abutment
Highest founding elevation 293.0 283.0
Factored geofechnical resistance at ULS 450 450
Geotechnical resistance at SLS 300 300
Coefficient of friction for sliding resistance 0.6 1.6

Total settlement under a RSS mass constructed as outlined above is expected to be less
than 25 mm and to occur essentially as the RSS is constructed. Differential settlement is
not expected to exceed 20 mm in a 6 m span.

If necessary, particularly at the south abutment, engineered fill may be placed at the
founding elevations given above and up to the required elevation of the underside of the
RSS wall. If a thin pad of engineered fill pad is required to make up differences in
elevation from the approved native soil to the underside of wall, it is recommended that the
bearing resistances for native soil be used. If the thickness of engineered fill exceeds 2 m,
the following parameters may be used for the design of the RSS mass:

e Factored geotechnical resistance of 900 kPa at Ultimate Limit States (ULS)
e (eotechnical resistance of 350 kPa at Serviceability Limit States (SLS)

e Ultimate coefficient of sliding resistance of cast in-situ concrete levelling pad on
engineered fill = 0.7

e Ultimate coefficient of sliding resistance of RSS mass on Granular A = 0.6

The RSS is a proprietary system and the supplier must design for internal, sliding and
overturning stability and for any other failure modes identified by the supplier.

RSS walls constructed as described above on the very dense native soils at this site will
satisfy global stability requirements.

13 BACKFILL TO ABUTMENTS

In the case of integral or semi-integral abutments, backfill to the abutment must be granular

material. In the case of a conventional abutment, gramular backfill is recommended but rock
backfill can be permitted. A NSSP is required to limit rock fill vsed as abutment backfiil to
fragments no greater than 300 mm and to include adequate spalls to fill voids in the rock fill.

.
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In all cases where the approach embankment consists of rock fill and granular backfill to the
abutment wall is used, the granular backfill must consist of OPSS Granular “B” Type IL.

The backfill to the abutment walis should be in accordance with OPSS 902 as amended by Special
Provision 902501. Granular backfill should be placed to the extents shown in OPSD 3101.150,
and rock backfill should be placed to the extents shown in OPSD 3101.200.

All granular material should meet the specifications of Special Provision 110F13 “Amendment to
OPSS 1010, March 1993”. Compaction equipment to be used adjacent to retaining structures
should be restricted in accordance with SSP 105510.

Some settlement will occur within the mass of the approach fill after the fill has been completed.
For design purposes, the settlement at final grade should be assumed to equal 0.5% of the height of
the fill for rock fill and 1.0% of the height of the fill for earth fill.

The design of the abutment should incorporate a subdrain as shown in OPSD 3501.000 or
OPSD 3505.000, as applicable.

14 EARTH PRESSURE

For cases where backfill to the abutment is placed in accordance with OPSD 3101.150 or
OPSD 3101.200, as recommended, the lateral earth pressure will be governed by the properties of
the material within the backfill limits shown in the respective OPSD, i.e. a line projected up at
1.5H:1V for granular backfill and 1.25H:1V for rock back{ill,

If the support system allows yielding of the wall (unrestrained system), active horizontal earth
pressure may be used in the geotechnical design of the structure. If the support system does not
allow yielding (restrained system), at-rest horizontal earth pressures should be used.

Earth pressures acting on the structure should be computed in accordance with Clause 6.9 of the
CHBDC but generally are given by the expression:

Phn=K(vh +q)

Py, = horizontal pressure on the wall (kPa)

K = earth pressure coefficient (see table below)

v = unit weight of retained soil (see table below)

h = depth below top of fill where pressure is computed (m)
g = value of any surcharge (kPa)

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

Earth pressure coefficients for backfill to the abutment wall are dependent on the material used as
backfill. Typical values are given in Table 14.1.
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In conventional design, the use of a material with a high friction angle and low active pressure

coefficient (e.g. Granular A, Granular B Type II) would result in lower earth pressures acting on

the wall. In the case of integral or semi-integral abutments, material with a lower passive pressure

coefficient (e.g. Granular B Type I} would result in lower forces acting on the ballast wall as the

wall moves toward the soil mass. However, the use of Granular “B” Type I may be restricted if the

approach embankment consists of rock fill.

The factors in the Table 14.1 are ultimate values and require certain movements for the respective

conditions to be mobilized. The values to use in design can be estimated from Figure C6.9.1 (a) in
the Commentary to the CHBDC, 2006,

Table 14.1 — Earth Pressure Coefficients

Earth Pressure Coefficient (K)

OPSS Granular A or OPSS Granular B Type [ Rock Fill
OPSS Granular B Type I1
— QEO. oy = 3 — 270 ny e 3 — A0 3
Wall Condition $p=35%y=228kN/m’ | ¢$=32°y=212kN/m’ | ¢=42°y=19.0kN/m
; Slopin Sloping
Horizontal giﬁ-?;?;g Horizontal Surlf)'acg Horizontal Surface
Surf_ace Behind Surface Behind Surf:dce Behind
Behind Wall Behind Wall Behind Wall
Wall ) Wali Wall
(QH:V) QH:1V) (2H:1V)
Active (Unrestrained | 5 0.40% 0.31 0.48% 0.20 0.28*
Wall)
At rest (Restrained 0.43 _ 0.47 _ 0.33 _
Wall) ) ' '
Passive (Movement 3.70 . 330 . 5.0 -
Towards Soil Mass) ' ' '
* For wing walls.
15 SEISMIC CONSIDERATIONS
151  Seismic Design Parameters
The following seismic parameters should be used for design:
e Velocity Related Seismic Zone 0
e Zonal Velocity Ratio 0.65
e Acceleration Related Seismic Zone 1
e Zonal Acceleration Ratio 0.05
e Peak Horizontal Acceleration 0.08
L1
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The soil profile type at this site has been classified as Type 1. Therefore, according to
Table 4.4.6.1 of the CHBDC, a Site Coefficient “S” (ground motion amplification factor)
of 1.0 should be used in seismic design.

15.2  Liquefaction Potential

The potential for liquefaction of the foundations soils was assessed using the Seed and
Idriss (1971) method'

Using this method and assuming an earthquake of magnitude 7.5, it is estimated that under
the existing conditions there is negligible potential for liquefaction of the foundation soils
below the abutments. Therefore, the vertical geotechnical resistance of the foundations and
embankments will not be compromised.

The embankments themselves will be constructed above the groundwater level and are not
considered to be in danger of undergoing liquefaction. Some toe failure may occur but it is
expected to be of limited nature and readily repairable.

153  Retaining Wall Dynamic Earth Pressures

In accordance with Clause 4.6.4 of the CHBDC, retaining structures should be designed
using active (Ksg) and passive (Kpg) earth pressure coefficients that incorporate the effects
of earthquake loading.

In calculating the active, passive and at rest earth pressure coefficients the angle of friction
between the wall and backfill material is assumed to be 0.5 ¢. For the design of retaining
walls, the coefficients of horizontal earth pressure in Table 15.1 may be used.

Table 15.1 — Earth Pressure Coefficient for Earthquake Loading

Earth Pressure Coefficient (K} for Earthquake Loading
Granular A or OPSS Granular B Type | Rock Fill
Granular B Type H A by o R
$=35%85=17.5° c|pr~32;8x163 (§;=42;8=213
v =22.8 KN/m’® v=21.2 kN/m v=19.0 kN/m
. Sloping . Sloping . Stoping
Horizontal Horizontal Horizontal
Surface Surface Surface
Wall Surface ) Surface . Surface .
. . Behind . Behind : Behind
Condition Behind Behind Behind 1
Wall Wall Wall Wall Wall Wall
{(ZH:1V) (2H:1V) (ZH:1V)
Active (K p)* 0.3 0.45 0.33 0.54 0.23 0.31
Passive (Kpg) 6.3 6.3 54 5.4 12.0 12.0
At Rest
0.59 0.63 0.33
(Kor)**

' Seed, H.B. and Idriss, LM. 1971, “Simplified Procedure for Evaluating Soil Liguefaction Potential” Journal
of Soil Mechanics and Foundations Division, ASCE, Vol. 101, No, SM9, September, pp. 1249-1273.

L1

L0

THURBER



Grand River Crossing SBIL. 29
Highway 8 Widening, Kitchener

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

16 CONSTRUCTION CONCERNS

Potential construction concerns include, but are not necessarily limited to the issues discussed
below.

Impact on Existing Structure

The recommendations presented in this report have been formulated taking account of the existing
bridge foundations and possible impacts of the new construction. However, it is possible that
unforeseen circumstances may cause impacts on the existing structure and, from a foundations
perspective, the most sertous would be settlement under the existing foundations.

It is recommended that the contract documents include a monitoring program for the existing
structure. As a minimum, this program should require the contractor to establish a reference point
on the west end of each pier cap and abutment of the existing structure and to monitor movement
of these points relative to known fixed reference points on a regular basis. The suggested
frequency is:

e Three readings on separate days prior to construction to establish a baseline
¢ Daily while any foundation construction or other subsurface construction is in progress
e Weekly when daily readings are not required.

Reading should be taken at the same time each day, preferably first thing in the morning before
solar heating affects the structure.

The vertical and horizontal accuracy of readings should be 2 mm. All readings must be reported to
the contract administrator within 24 hours and immediately if any movement exceeds 10 mm,

The contract administrator must be advised of the importance of monitoring and be required to
advise the Ministry immediately if the vertical or horizontal movement exceeds 10 mm. These
values are selected from foundation considerations and more stringent requirements may be
imposed from structural considerations.

Potential Disturbance or Loss of Ground

The construction recommendations provided in this report are aimed at reducing the risk of the
founding surface being disturbed or loss of ground occurring under an existing footing but
unforeseen circumstances may cause one of these conditions to develop. The QVE must be made
aware that it is a contractual requirement that the new foundations be constructed without
disturbance to the base of the excavation or loss of ground under the existing footings. If either of
these conditions is found fo be developing, he must bring it to the atfention of the Contract
Administrator (CA) immediately. The CA must make a decision as to whether the Contractor

L3
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needs to take steps to protect the site and whether the designer must be contacted to review the
situation.

Unwatering

The contract documents should flag unwatering of the foundation excavations, particularly those in
the river, as being potentially difficult and requiring input from dewatering experts.

RSS Walls

The appearance and performance of RSS walls is dependent, in part, on the performance of the
foundation. It is important that the wall be treated as a structural element and be provided with a
foundation as described in this report.

Installation of Sheet Piles

The site investigation and field testing revealed the presence of very dense sand and gravel
containing cobbles and boulders. Installation of sheet piling may be difficult under these
conditions and contractors must allow for the possibility of predrilling in some locations.
Predrilling must be carried out inside the cofferdam.

17 CLOSURE

Engineering analysis and preparation of the report were carried out by Mr. Alastair E. Gorman,
P.Eng.

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

Thurber Engineering Lid.

Alastair E. Gorman, P'.Eng.
Senior Foundations Engineer

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

Record of Borehole Sheets
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Ministry of A
Transporiation D D
Ontario oy
RECORD OF BOREHOLE No 08-2 10F 3 METRIC
G.W.P,__ 277-87-00 LOCATION Grand River Overpass SBL N 4 809 407.87 E 230 460.97 ORIGINATED BY GA
HWY 8 BOREHOLE TYPE _ Hollow Stem Augers COMPILEDBY  wm
DATUM _Geodetic DATE 28.09,06 - 28.08,06 CHECKED BY MEF
SOIL PROFILE SAMPLES |, | w [RENAMIC CONE PENETRATION
] % pasnc  ATURAL LiouiD = REMARKS
- i) T MOISTURE wirl =& i
= wm | % 7] 20 40 80 80 100 Ly CONTENT =0
el L1 g[28] = ) e wp w wy | P | cransiee
ELEV Lla 2|25 @ [SHEARSTRENGTH kPa
et DESCRIPTION == & T |Z i e e DISTRIBUTICN
DEPTH gi15| F =13 3 < |0 UNCONFINED + FIELD VANE ¥ %)
12 ZIEO1 W e QUICKTRIAXAL X LABVANE | WATER CONTENT (%)
2848 u 20 40 80 80 100 26 40 60 km? ler sa 81 cL
00| ToPSOIL (125 mn =
a1 Silty CLAY, trace to some sand, frace
: 1 35 8 g
gravel, cccasional cobbles
Suft
294 4 Brown
oAl “FLL)
SILY and SAND, some clay, trace 294
gravel 2 S5 o
Loose to Very Dense
Brown
(TiLL) 11 3 | ss °
-¥1
: 293 5 38 41 16
4 | s8 o
292
5 S5 o
23
250.3
4.6 SAND, medium to coarse grained
Very Dense 6 &5 o
Brown N 2%
Maist e
288.8 . 289
6.0 Sandy SILT, lrace gravel A7 T ss °
Very dense el
Brown y
Damp to dry 1
(TiLL) fy
; 288
872
7.6 Silty CLAY, some sand to sandy, a !l gg o
trace gravet 87
Hard
Grey
{TILLXCL)
286
9 [ 8§ ol 0 20 40 40
] ¥ o

Conlinued Next Page

, X

3.

Numbers refer lo
Sensitivity

20

15605
10

(%) STRAIN AT FAILURE
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Ministry of
TFransportation

Co
L1

Onlaﬂo THURBEA
RECORD OF BOREHOLE No 06-2 20F3 METRIC
GWP,_ 277-97-00 LOCATION Grand River Overpass SBL N 4 809 407.87 E 230 460.97 ORIGINATED BY _GA
Hwy 8 BOREHOLE TYPE _ Holiow Stern Augers COMPILED BY WM
DATUM _Geodetic DATE 28.,09.06 - 28.09.08 CHECKED BY MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES _ | % |RESISTANGE pLOT masnc  WMBAgup] ) REMARKS
(2] €T
- wi22| 8 W a0 a0 w0 W e wr] B3 &
Sl wisy| = L wp w w | 5% | cransizE
LELEV. DESCRIFTION Slel | 2{2g]| 2 [SHEARSTRENGTHXPa A S —— DISTRIBUTION
DEPTH 2 A 5188 = | UNCONFINED  + FIELDVANE y %)
I Z{EO| @ |e QUCKTRIAXIAL x LABVANE | WATER CONTENT (%)
w 20 40 80 80 {00 20 40 B0 wm3 |GR SA st oL
A
e 10 | 58 | 100f ©
150 284
283
(111 | ss [ 10v ©
A50 2 26 52 20
7]
it 282
¥112 | 85 | 109 284 o
11 250
]
g
e 260
7
2796 ,
15.2 Sandy SILT, some clay, trace gravel 41113 ] 55 | 100/ o
Very Dense 1 150
Brown 1
(THL) 1
34 279
1A
wE 14 88 | 100/ 278 *]
235 5 35 45 15
) 217
A
i ¥ 3 28 84 15
275
2775
274.8 o mmcs s wtom B o

Continued Next £age

Numbers refer to
Sensitivity
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Ministry of
Transportation

—
10

Onlario THURBER
RECORD OF BOREHOLE No 06-2 30F3 METRIC
GW.P.__277-97-00 LOCATION Grand River Overpass SBL N 4 809 407,87 E 230 460.97 ORIGINATED BY _GA
HWY 8 BOREHOLE TYPE _ Hollow Stern Augers COMPILED BY WM
DATUM _Geodetic DATE 28.08.05 - 28.09.06 CHECKED BY MEF
SOIL. PROFILE SAMPLES |, | w |RESIMIGEONE FENETRATION REMARKS
E oy 2‘ FLASTIC P:‘&STURE Liaun - E
b alZ2Z| B 20 40 B0 80 100 MM eme ]| 58 &
Sig el2E| = T e I wp w w | 24 | cramsIzE
LlE| Y| 2|ga| 2 [SHEARSTRENGTHKPa
ELEV DESCRIFTION - o. 2lz9 b ¢ | CISTRIBUTION
DEFTH 131 F | (28| £ |o unconmmen  + FELDVANE . ¥ %)
|2 z|EC| © [e quickTriaaL x taBvang | WATER CONTENT (%)
© il 20 40 80 80 100 20 40 0 wim? |er sa st oL
198 END OF BOREHOLE AT 16.89 m 05
Piezomeler instaliation consists of
25mm diameter Schedule 40 PVC pipe
with a 1.52m slolted screen.
WATER LEVEL READINGS:
DATE  DEPTH(m) ELEV {m)
04.0107 989 2849
+3 %3 Numbers refer to

Sensilivity

20
‘Sﬁj"s (%) STRAIN AT FAILURE
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_!;_a‘linistryﬁfl o]
ransportation
Ontario . ‘
THLICER
RECORD OF BOREHOL.E No 06-3 10F2 METRIC
G.W.P.__ 277-97-00 LOCATION Grand River Overpass SBL N 4 809 280,57 E 230 500.59 ORIGINATED BY _MEF
Hwy 8 BOREHOLE TYPE  Hollow Stem Augers / NQ Tri-Cone / NQ Core Barel COMPILED BY JHL
DATUM _Geodetic DATE 2006-11-15 - 2008-11-16 CHECKED BY MEF
SYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | W IRESISTANCE PLOT NATURA REMAR]
1J_J 7 = PLASTIC - LIguie o KS
E o |22 3 20 40 80 00 |" Gome w55 &
2% B2z =z Py — wp w w l 33 ] cranseE
ELEV ala| @ 27| 2 |SHEARSTRENGTH kPa DISTRIBUTION
DESCRIPTION elEl 8 2122 & O
DEPTH < |5 128 £ ©  UNCONFINED + FIELD VANE ¥ (%)
E =z Z|E°| @ |e QUICKTRAXIAL X LagvAng | WATER CONTENT (%)
2825 ul 20 40 80 80 100 20 40 60 w3 |GR SA 81 CL
08 warer
282
281.0
15 Gravelly SAND, some cobbles ang 281
rip-rap boulders, trace silt q sg 2 °
Compact
Brown
Wei
280.2
2.3 Sandy SILT, some gravel, trace clay, A s B e 5 50 3 ¢
occasional cabbles and boulders 195 100 280
Very Dense 1.4
Grey 2N
Wet y
(TILL)
358 e s o
L 150
5%
-1 278
Bt
ik
,/
o2 1 55 [ a0 o
/' 100
/ bied
(828
2765 q¥
6.0 Gravelly SAND, some cobbles, trace o
silt, occasional boulders <0 d
Very Dense Tee
Grey o 278
Waet %%
el s | ss | s o
o4 100
b
. 275
8 33 a0/ a
1Ol
274
273
7 83 507 o
40
Rubkle zone from 114510 11.76 m
Continued Next Page 20
+ 3 3 ¥, Mumbers refer lo 15_$_5
' ) 10 (%) STRAIN AT FAILURE
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Ontario
RECORD OF BOREHOLE No 06-3 20F 2 METRIC
GW.P.  277.97-00 LOCATION Grand River Overpass SBL N 4 809 380.57_F 230 500.59 ORIGINATED BY MEF
HWY B BOREHOLE TYPE _ Hallow Stem Augers / NQ Tri-Cone / NQ Core Barel COMPILED BY __JHL
DATUM  Geodetic DATE 2006-11-15 - 2006-11-16 CHECKED BY MEF
SOl PROFILE SAMPLE OYNAMIC CONE PENETRATION
S x W |RESISTANCE PLOT == NATURAL . REMARKS
=9 S FLASTIC o cisTuRe sl IS
5 . & é 5 3 2|0 4‘0 GIO 8'0 190 LT CONTENT LimIt = é GRA&
il I w =]l =z wp w w | O IN SIZE
f o = Q
DEELFE;"H DESCRIFTIGN E % & 3.; % % = SHEAR STRENGTH kPa o DISTRIBUTION
2| & >|358| = |o unconFneD + FIELD VANE ¥ 5
£12 E(2P] @ e quekTRAXAL X LABVANE | WATERCONTENT (%)
Conlinved From Previous Page w 20 40 €0 80 100 20 40 80 km 3 [GR sA 81 CL
o
"
271.9 e o7 Fi
0.5 Highty weathered, thinly bedded, grey, =10 RUN 14
LIMESTONE BEDROCK TCR=86%,
Rubble zore from 10.71 10 11.02 m 1 | RUN SCR=43%,
\& 210 | rap=ow,
271.2 LCS=MPa
1.3 END OF BOREHOLE AT 11.23 m,
BOREHOLE GROUTED WITH
BENTONITE TO RIVERBED
SURFACE AT 1.47 m.
43 X 3., Numbers refer lo

Sensitivily

20
‘5%5 (%) STRAIN AT FAILURE




ONTMT4S 7938.GPJ 61807

Ministry of
Transportation

Onianio THUreER
RECORD OF BOREHOLE No 06-4 10F2 METRIC
GWP. 2775700 LOCATION Grand River Overpass SBL N 4 808 369.73 E 230 496.77 ORIGINATED BY MEF
HWY 8 BOREHOLE TYPE _ Hollow Stem Augers / NQ Tri-Cone / NQ Core Barrel COMPILEDBY ___JHL
DATUM Geodelic DATE 2006-11-20 - 2006-11-21 CHECKED BY MEF
DYNAMIG CONE PENETRATION
SOIl. PROFILE SAMPLES - ; RESISTANCE PLOT e MATURAL Lo - REMARKS
“ MOISTURE X
5 ” E Zl & 0 4 & 80 wo | Game | 5O &
SlEl Ll ¥|2E]| & PSR y— wp w we| 2 | cRANSsIZE
ELEV Ple| g | 3|25 2 |SHEARSIRENGTHKPa —_— DISTRIBUTION
DEPTH DESCRIPTION S|15| = F|5&| 5 |o unconmNED  + FIELDVANE ¥ %)
El= Z|2O| @ |e QUCKTRIAXAL X LABVANE | WATER CONTENT (%)
2825 o 20 40 B0 80 100 20 40 6o m3 {GR SA 81 CL
00 wATER
282
281
280.5
2.0 Gravelly SAND, some cobbles and
rip-rap boulders, lrace silt
Brown
Wet 280
2796
2.9 Sandy SILT. some gravel, trace clay e’
Very Dense D%
Grey 1.1
Wet //
(TiLL) {9 T vt 279 o
HEE 100
d5%
e
278
a8y
S5 | 60 o 16 42 33 9
L ki8]
277
fa o 276
%
050
275.3 5
72| Gravelly SAND, trace sit Lo,
Very Dense LY
Grey Tels 275
Wel .:
e
oend 4 | 85 | Bor o
.:p: TTBF
e 274
°°°Il
“un
ot
o 273
ol 5| 88 | v o
050
LContinued Nex! Page
+ 3_ w 3. Numbers refer lo

Sensitivity
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‘5%5 {%) STRAIN AT FAILURE
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_II\._‘linislry gf . AR
fansporiauon
Ontario . ‘
THUREER
RECORD OF BOREHOLE Nc 06-4 20F 2 METRIC
GW.P.__ 277-97-00 LOCATION Grand River Overpass SBL N 4 508 368.73 E 230 496.77 ORIGINATED BY _MEF
HwWY ] BOREHOLE TYPE _ Hollow Stem Augers / NQ Tri-Cone / NQ Core Barrel COMFILED BY JHL
DATUM _Geodetic DATE 2006-11-20 - 2006-11-21 CHECKED BY MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
;3_3 Wl 3 RESISTANCE PLOT = asne MTEL o = REMARKS
5 - o]z 1 8 040 : 80 190 LT CONTENT Lmir 2 s GRN:SIZE
=
ELEV £{49] w| 3]gE| & [SHEARSTRENGTHKPa L 2 | STRIBUTION
DESCRIPTICN HEEREIEEIR-
DEPTH < |3 >|338| = o unconemed + FIELD VANE ¥ )
E = Z €O @ e QUCKTRIAXAL X LABVANE | WATER CONTENT (%)
Continued From Previous Page u 20 40 50 B0 100 20 4 60 km3 [GR SA S CL
Lo
Lo
2200 DeN
105 Boulder al 10.52 to 10.97 m 272
s
1.0 ‘o
.o 8 | 55 1 507 o
- o
tete 100
oo- 271
270.8 o
7 Highly weathered, thinly bedded, grey,
LIMESTONE BEDROCK, with
frequent rubble zones, occasional
pitted zones <
§ 270
< Fi
RUN 1%
*10 | 1or=04%,
1 | RUN 269 . SCR=67%,
RQD=16%,
UCS=MPa
=10
RUN 2#
10 TCR=£3%,
SCR=62%,
268 10 RQD=7%,
2 | ren UCS=MPa
§ >10
\é >10
267 RUN 3#
TCR=64%,
SCR=80%,
3 | RUN RQD=0%,
< UCS=MPa
265.9 766
16.6 END OF BOREHOLE AT 1661 m.
BOREHOLE GROUTED WITH
BENTONITE TO RIVERBED
SURFACE AT 2.00 m.
4 3 x 3. Numbers refer to

Sensitivity

20
1545 o) STRAIN AT FAILURE




ONTMT4S 783B.GPJ  6/8/07

Miristry of .“
Transportation . l

Ontaric THURD ER
RECORD OF BOREHOLE No 06-5 10F2 METRIC
GWP.__ 2r-a700 LOCATION Grand River Overpass SBL N 4 808 356.26 £ 230 533.45 ORIGINATED BY _MEF
HWY 8 BOREHCLE TYPE _ Hollow Stem Augers / NQ Tr-Cone / NQ Core Barrel COMPILED BY JHL
DATUM _Gendelic DATE 2006-11-10 - 2006-11-10 CHECKED BY MEF
ETRATION
SOIL PROFILE SAMPLES w o |PTRAMIL CONE PEN
ﬁ o 4 RESISTANCE PLOT{‘L pagme  MATURAL Laun - REMARKS
E AR 20 40 80 80 400 |UT  oeme v E3 &
Bl f21z8| 2 T h \ A : 5@ GRAIN SIZE
ELEV g%l w | S|aE| & [SHEARSTRENGTHHPa we v m| 7% DRTRIBUTION
DESCRIFTION ElS1 8] £(28| E
DEFTH <= | & >|38| £ |© UNCONFINED + FIELD VANE ¥ %)
ElZ Z|2O| I |e QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
2825 © w 20 40 80 80 100 20 40 &0 wim 2 [GR SA 51 oL
0.0/ watER
282
281
280.2
2.3 Gravelly SAND, some cobbles, trace
i 280
gelﬂse 58 32 o 57 35 8
Brown {SI+CL)
Wet
279.2
3.2 Sandy SILT, some gravel, trace clay,
occasional cobbles and boulders 1A 279
Very Dense / 2| 85 | 50/ o B 39 45 10
Grey 150
Wel 5
{TILL)
/ 278
277 .4 &
54 Gravelly SAND, trace sill, cocasional X 3| ss | sor
cobbles ey 100
Very Dense :
Grey 277
Wet
278
ss | s0i o
B
275
ss | sof o
050
274
273
a5 | eof
150
Caonlinued Nexi Page 20
+ 3 5 3. Numbers refer to 154h5

Sensitivity 7o %) STRAIN AT FAILURE



ONTMTAS 7938.GPJ  6NnEBI0T

Ministry of
Transporation

Ontario T
RECORD OF BOREHOLE No 06-5 20F2 METRIC
GW.P.  277-97-00 LOCATION Grang River Qverpass SBL N 4 809 359.26 E 230 533.45 ORIGINATED BY MEZF
HWY B BOREHOLE TYPE _ Hollow Stem Augers ! NQ Tri-Cone / NQ Core Barrel COMPILED BY JHL
DATUM _Geodetic DATE 2006-11-10 - 2006-11-10 CHECKED BY MEF
DVYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o g RESISTANCE PLCT e MR - RE MARKS
- @ E_Jc 2 3 0 40 80 100 wr e TS & &
3lg AEIR e we w wo| B8 | cramsize
ELEV L)zl g 2128| @ {SHEARSTRENGTHKPa A S DISTRIBUTION
SeeTh DESCRIPTION g2 % =2 3 < | © UNCONFINED + FIELD VANE Y )
E z Z|ZO] @ |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
Contirued From Previous Fage e 20 40 60 8O 100 20 40 80 kum > 1GR 8A 51 CL
Lo
oo
2718 o _-_ .
10.5 Highty weathered, (hinly bedded, grey,
medium strong to strong, 10 RUN 1#
LIMESTONE BEDRQCK, with TCR=100%,
frequent rubble zones, occasional 5 SCR=78%,
pilted zones RAD=0%,
UCS=70MPa
1 >10
§ RUN 271
é >10
>10
RUN 2%
=10
TCR=84%,
270 8 SCR=63%,
2 | run RQD=0%,
10 UCS=86MPa
§ >10
269.0
13.4 END OF BOREHOLE AT 13.41 m.
BOREHOLE GROUTED WITH
BENTCNITE TO RIVERBED
SURFACE AT 231 m.
+3 3, Numbers refer 1o

Sensitivity

20
55 o) STRAIN AT FAILURE




6/ 887

ONTMT4S 7938.GPJ

%ﬁnistrygf i “
ransportation
Ontario 5“5‘
RECORD OF BOREHOLE No 06-6 10F2 METRIC
GW.P._ 2778700 LOCATION Grand River Overpass SBL N 4 809 346,51 E 230 527.36 ORIGINATED BY _MEF
HWY g BOREHOLE TYPE _ Hollow Stem Augers / NQ Tri-Cone / NQ Core Barrel COMPILED BY JHL
DATUM _Geodetic DATE 2006-11-13 - 2006-11-14 CHECKED BY MEF
DYNAMIC CONE PENETRATION
w MOISTURE g T
Sle| ¢ g|SE| 8L ® @ mow |v Gmr o gE) e
4 = GRAIN SIZ&
ELEV gldl w | 2|gk| & [SHEARSTRENGTHKkPa we o mf7% ol
DESCRIPTION Elg2|l &1 2|28 B
DEPTH SR 3|24} £ |o UNCONFINED  + FIELDVANE ¥ %)
ElZ g O] 4 |e QUCKTRAXAL X LABVANE | WATER CONTENT (%)
2825 w 20 40 B0 80 100 20 40 80 krm 3 {GR SA 81 CL
00 waTtEr
282
281
2807
1.8 Gravelly SAND, some cobbles, trace 1) 88 | 5v o
silt 150
Very Dense
Brown
Wet
280
279.8
27 Sandy SILT, some gravel, trace clay, Al
occasional cobbles and boulders 131
Very Dense 1
Grey By
Wet b
(TIL} i1 2| 8s | su 279 o
] 100
277.8 278
47 Gravelly SAND, some cobbles, irace
silt, occasional boulders
Very Dense 3 S5 | B o
Grey 180
Wet
277
278
4 558 50/ [}
175
275
5 85 50/ ¢ 93 7
075 {S1+C1)
274
273
[} 58 50/ [}
L1000
Continued Next Pa
o8 +3 %3 Numbers refer to 15_$5

Sensitivity 10

(%) STRAIN AT FAILURE



ONTMT43 7938.GPJ 61807

%ﬂinislry ?lf i o
ranspontation
Onlario . l
THLINE N
RECORD OF BOREHOLE No 06-6 20F2 METRIC
GW.P, 277-97-00 LOCATION Grand River Cverpass SBL N 4 809 349.51 E 230 527,36 ORIGINATED BY MEF
BWY 8 BOREHCOLE TYPE __Hollow Stem Augers / NG Tr-Cone / NQ Core Batvel COMPILED 8Y JHL
DATUM Geodetic DATE 2008-11-13 - 2006-11-14 CHECKED BY MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES " W |RESISTANGE PLOT —— REMARKS
g @ e PASTIC e e ;
5 @ g % % 2,0 4'0 GP BP 1?0 LT ConeTENT LIMIT % ] &
Sle w gl = 5 GRAIN SIZE
ELEy ElW| w | 2l1g5| & [SHEARSTRENGTH kPa e it £
DESCRIFTION [ B & 3|z z = DISTRIBUTICN
DEPTH <121 £ | 3|25 = |O UNCONFINED  + FIELDVANE ¥ %)
Ei= 22O § |e QUCKTRIAGAL x LABVANE | WATER CONTENT (%)
Continued From Previous Page u 20 40 &0 80 100 20 40 BO kim? fGR SA St CL
: 272
2714 *

11 Highly to moderately weathered, thinly RUN 1#
hedded, grey, medum strong 1o = TCR=75%,
strang, LIMESTONE BEDROCK, wilh 271 SCR=69%,
frequent rubble zones, occasional 9 RQD=10%,
pitted zones T | RUN UCS=47MPa

>10
3]
RUN 2#
z | RUN 270 >10 | TCR=77%,
Vertical joinl from 12.55 o 12.656m SCR=B4%,
>10 ROD=0%,
LUCS=41MPa
=10 RUN 3#
Vertical joints from 13.31 to 12.41, ang TCR=100%,
1372t 13.87 =10 =
o rasTm 3 1 RUN 269 SCR=76%.
RAD=7%,
>0 | ucs=rampa
Q :
§ 210 RUN 4%
258 TCR=77%,
sig | SCR=T1%,
RQD=0%,
\Q 4 ! RUN 8 UCS=MPa
Verlical joints from 15.08 to 15.21, and >10
1555101560 m
267 =10
RUN 5%
>10 TCR=82%,
Vertisat jainl from 45.90 o 16.00 SoRE,
ertical joinl from 15.90 to 16.00 m =10 ROD=25%,
i 5 | rUN UCS=44MPa
164 Becaming moderately weathered 286 >10
§ 2
265.4 ‘é
171 END OF BOREHOLE AT 17.15 m.
BOREHOLE GROUTED WiTH
BENTONITE TO RIVERBED
SURFACE AT 1.85m.
43 % 3; Numbers refer to

Sensitivity

20
!5{1%5 {%} STRAIN AT FAILURE




ONTMT4S 7838.GPJ 050107

Ministry of E:::]
Transporiation D D

Onlario THURBERM
RECORD OF BOREHOLE No 06-7 10F2 METRIC
GW.P,__ 2779700 LOCATION Grand River Overpass SBL N 4 809 337.06 E 230 568.26 ORIGINATED BY _SLt
HWY 8 BOREHOLE TYPE _ Hollow Ster Augers COMPILED BY _ JHb
DATUM  Geodetic DATE 33.07.06 - 31.07.06 CHECKED BY MEF
DYNAMIC CONE PENETRATION
SOl PROFILE SAMPLES % E RESISTANCE PLOT 2‘1 . - Laus . REMARKS
K g 6 LAS MOISTURE wr| B L &
[~ wla5| @ 20 40 8O0 B0 100 T cowrsy M 50
Slgl w ! YlZE| = L ‘ ‘ L wp w w | 38 | oramsize
ELEY DESCRIPTION El2) gl Z|Eg| 2 [SHEARSTRENGTHKPa e S—— DISTRIBUTION
BEPTH 315| £ 12 5 < | © UNCONFINED + FiELD VANE ¥ %)
= 2lEQ[ @ |e ouckTRIAXAL x LaBvANg | WATER CONTENT (%)
283.4 w 20 40 60 g0 100 20 40 €0 kNm3 |GR A 81 CL
0.0] _ TOPSOIL: (125 mm) =]
0.1 : ‘ p : ‘
SAND, mixed with topscil, some silt 1 ss 4 A4 o
Loose to Compact = oan
Dark brown
Moist
2| 8§ o
2819 282
14 SAND, some silt, trace gravel, trace
mats R
Loose 3 55 q
Dark brown i
281.1 Maist 1o wet o
2588 SAND and GRAVEL 8 281 o
rown T I
24 \Wet 11 4 | ss 5
SILT and SAND, some clay, trace I
gravel
Dense o very dense
Brown 1.4
Moist 1A
A1l s
(i) 1) ss 280 © 5 39 44 12
e
Occasional cobbles .
278
6 | 85
ig7e
v 278
Occasional cobbles and boufders
277.3
6.1 SAND and GRAVEL, frace 10 some 7 | ss o 42 43 15
silt, occasional cobbles
Very dense Fi {SHCL)
Grey
Wet
276
8 | 88 &
274
97188 3| 58 3
274 (SI+CLY

Conlinued Next Page 20
+3 3. Numbers referto 1545
' " Sensitivily e (%} STRAIN AT FAILURE



Wirfstry of |
Transportation D D
Ontario

ONTMT4S 7S3B.GPJ 0B/AO1/0T7

TrURBER
RECORD OF BOREHOLE No 06-7 20F2 METRIC
WP, 277-97-00 LOCATION Grand River Gverpass SBL N 4 809 337.06 E 230 569.26 ORIGINATED BY _st1L
HwY 8 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY _ JHL
DATUM _Geodetic DATE 31.07.06 - 31.07.06 CHECKEDBY ___ MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES @ ; RESISTANCE PLOT I Loun " REMARKS
a MOISTURE o L
5 o|22| 3 20 40 s0 B0 o0 W TSRE wer] £ &
Sle 0 22| = ; L . ! i wp w wy | 2 g GRAIN SIZE
ELEV e sla| £ F|25| 2 |SHEARSTRENGTH kPa ——o——— [4STRIBUTION
DERTH DESCRIPTION 213 7| 5123 £ |o uvconwrmeD  + FIELDVANE ) ¥ %}
ElZ ZIECI O |e QUICKTRIANAL x LABYANE | WATERCONTENT (%)
[} 20 40 B0 80 100 20 40 60 k3 |GrR sa s1 oL
)
e
273
-7 H
:;):: 1071788 | &o/ =)
L 275 ] o
e R 22
O L
DO R
2743 CH
2339 Probable BEDROCK or BOULDERS " o T
122 END OF BOREHOLE IN PROBABLE 050
BEDROCK OR BOULDERS AT 12.24 ’
m.
Piezometer installation consists of
19mm diarmeter Schedule 40 PVC pipe
wilh a 1.52m slotted screen.
WATER LEVEL READINGS:
DATE DEPTH(m) ELEV.(m}
0108.08 150  284.90
0906.06 031  283.09
10.08.06 0.36 28304
10806 036  283.04
140606 041 28289
15.08.06 0.41  282.99
16.08.06 0.43 28297
29.09.06 035  283.05
20
PRV D Numbers refer lo 15{_1,5

Sensitivity 10 (%) STRAIN AT FAILURE




ONTMT45 7838.GPJ 05/01/07

Ministry of [
Transporiation D D

Ontano THURBER
RECORD OF BOREHOLE No 06-8 10F2 METRIC
GW.P,_ 277-97-00 LOCATION Grand River Overpass SBL N 4 809 325,66 E 230 552.08 ORIGINATED BY _MEF/SLL
HWY 8 BOREHOLE TYPE _ Hollow Stem Augers / NQ Core Banel COMPILED BY _ JHL
DATUM _Geodetic DATE 27.07.06 - 28.07.06 CHECKED BY MEF
DYNAMIC CONE PENETRATION
SOl PROFILE SAMPLES x ﬂ RESISTANCE PLOT " REMARKS
el s} Y PLASTIG quuw“" vauo i E|
5 al23] 8 20 40 60 B0 100 "M Ccome T 5O &
2|18l ! Y12E] 3 T e— wp w wo | S8 | cramsze
ELEYV DESCRIPTION - 2| & Z 25| 2 [SHEARSTRENGTHKPa R DISTRIBUTION
DEPTH 23] £ 5138 = |o UNCONFINED  + FIELD VANE y %)
B1< ZIEC] @ le QUCKTRINGAL X LABVANE | WATER CONTENT (%)
2837 m 20 40 &0 B0 100 0 40 60 &Nm3 jGR SA S| oL
90]  TOPSOIL: {150 mm) [~ =
¢.2 SAND, mrixed with tapsail, some silt 1118 | & °
Loose
Brown
Dry
283
282.7 2l ss | a o
1.1 SAND, soma silt, trace clay
Leose 1o Compact
Brown
Moist -
281.9 SR S P R 282 I5
1.8 Sandy GRAVEL, some cobbles, trace .0,
sil Y.
Dense to Very Dense : . : .
Brown a:@‘:
Wet *e%e
coru] 4| ss | a8 o
R 281
F
wls | ss | o o 5834 8
280.2 (S1CLy
35 Sandy SILT, some clay, irace gravel AT
Very dense 280
Grey
Dry
(TILL)
& | 58 | 108 a7 ©
278
/ 71 8% | 104 o 7 28 55 10
1 75
P
ird 277
Becoming brown
276
8| 55 | 5 o
2756
81 SAND and GRAVEL, some cobbies, o
trace sit N ' N :f
Very dense
Brown ,.0'
wel e 275
CQH-
o
] 8] ss | oo o
otel 228
&
Teld 274
ovﬂ'

Continued Nexl Page 20
+3 w3 Numbers refer lo 15005
. Sensilivily 1o (%) STRAIN AT FAILURE



ONTMT4S 7938.GPJ 05/01/07

Ministry of C]
Transporiation D D
Onitario oREER
RECORD OF BOREHOLE No 06-8 20F2 METRIC
G.W.P__ 2i7-87-00 LLOCATION Grand River Overpass SBi, N 4 80932566 E 230 562.08 ORIGINATED BY _MEF/SLL
HWY 8 BOREHOLE TYPE _ Hollow Stem Augers f NQ Core Barel COMPILED BY __ JHL
DATUM _Geodetic DATE 27.07.06 - 28.07.06 CHECKED BY MEF
SOIL PROFILE SWRLES o | u |t b oo
T &1 Hasme  MATURAL Lous 5 REMARKS
& NETIR 0 40 60 80 100 ™ omme o] EE &
=N 41ZEl 2 T wp w w | 5% | cramsize
[ J|12a51 © [SHEARSTRENGTH kPa
ELEV DESCRIPTION F18l & | 2|28 & ———— DISTRIBUTION
BEPTH =13 & 5133 < | O UNCONFINED — + FIELD VANE y " %)
El# ZEC] © [o quokTRiaxa x taBvang | WATER CONTENT (%)
[ 20 40 80 80 100 20 40 80 kNm3 {GR SA SI CL
o
"
e
"o 273
b0 ss | o8 o 5233 9
e (SI+CL),
272
58 | 100/ o
125
271
2703
134 Highly {0 maderately weathered, thinty Fl
Bedded, grey, medium strong to RUN 1#
strong, LIMESTONE BEDROCK, with 1 | RUN 270 >0 N yer=7sm,
o:;:adsimal rubble zones, oceasional SCR=58%,
piled zones * | rao=sax,
5 UCS=49MPa
» | Run RUN 2#
v TCR=100%,
8
269 SCR=84%,
o ROD=21%
=10 RUN 32
TCR=96%,
10 SCR=85%,
\Q 268 ROD=30%,
§ 3 P RUN 4 UCS=105MPs
< ’
7
267.0
187 END OF BOREHCLE AT 16.71 m.
BOREHOLE GROUTED WITH
BENTONITE UPON COMPLETION.
20
+3 w3 Numbers refer 1o 15 @'5

Sensilivity

ic

(%) STRAIN AT FALURE




ONTMT4S 7938.GPJ) 05/01/07

Ministry of
Transporiation

—
0

Onlario
THURARER
RECORD OF BOREHOLE No 06-9 10F 2 METRIC
GW.P.  277-97-00 LOCATICON Grand River Overpass SBL N 4 808 316.39 E 230 607.0% ORIGINATED BY SLL
HWY 8 BOREHOLE TYPE _ Hollow Stem Augers / NG Core Barrel COMPILED BY _ JHL
DATUM _Geodetic DATE 01.08,06 - 02.08.06 CHECKED BY MEF
SOIL PROFILE SAMPLES | w o [GENAMIC SONE PENETRATION
TR =z asne  ATRA Liouo = REMARKS
= wl2Z| 8 % 40 e 8 10 ™ wmr  w| 5O &
215 Wiz2| z oo wp w wo| 28 | cramsize
ELEV Ty 2184 £ 18SHEAR STRENGTH kPa
DESCRIFTION =iE] & 2{1z8| £ ——— DISTRIBUTION
DEPTH é 5 ﬁ = 8 a ;: O UNCONFINED + FIELD VANE Y (%)
21z Z[EC| @ |e QuokTRAGAL x Lagvang | WATERCONTENT (%)
2834 i 20 40 60 80 100 20 40 60 wm? [GR SA SI CL
g—? TOPSOIL; (125 rrm) =
- SAND, some silt, same topsoil, trace i 55 4 o
gravel
Loose to Dense 283
Dark brown
Muaist <]
2 58 33
281.9 - 282
15 Sandy GRAVEL, trace silt, occasional -
cobbles B0
Very Dense to Compact Tele 388 53 ° 85 28 U
Brown o (SI+CLY
Wet
K
-l 281
S 88 20
Rl
i
e:o:ﬁ
vl s ss | oss °
279.9 280
36 Sandy SILT, trace gravel ¢
Very dense
Brown
2793 Moist
4.2 {1l
SAND, some gravel, trace silt,
occasional cobbles 279
Very dense
Brown B 38 50f =
Wel U5
278
2777
57 Sandy SILY, trace gravel, occasional
cobbles
Very dense
Brown 7 35 50/ o
Moist 00
(TILL) 217
276,14 A-
73] SAND and GRAVEL, trace sit o -
Very dense °:°’
Brown :a:a
Moist Ll 8| 85 | TE © 50 40 10
" 225 (SHCL)
o
o 275
s
<0
g
V:..': 9 55 Tt =]
. 275 274
. 0,

Continued Mext Page

Numbers refer to
Sensilivily

20
‘5%5 (%) STRAIN AT FAILURE



ONTMT4S8 7938.GPJ  05/01/07

Ministry of
Transportation

—
00

Oniariu T™URARR
RECORD OF BOREHOLE No 06-9 20F2 METRIC
GW.P. 2717-97-00 LOCATION Grand River Overpass SBL N 4 808 316.39 E 230 607.09 ORIGINATED BY _sIL
HwWY 8 BOREHOLE TYPE _ Hellow Stem Augers / NQ Core Barrel COMPILED BY _ JHIL.
DATUM _Geodetic DATE 01.08.06 - 02.08.08 CHECKED BY MEF
SOIL PROFILE SAMPLES | » w [DYNAMIC CONE PENETRATION
B g 2 pasng  PATURAL LauD rI~ REMARKS
luchy
- n 22| 8 20 a0 e 80 0 (W Gmr  w| EG &
215w | 2|2E] & A wp w wo ] 5@ | orANSZE
ELEV & | & 3|lek| & [sHEARSTRENGTHKPa
S DESCRIPTION =l=1 & =28 & I — ] DISTRIBUTION
DEPTH A E b >[Z2&] £ |° UNCONFINED + FIELD VANE ¥ %)
= FlEC] G |o QUCKTRIAMAL x LABVANE | WATER CONTENT (%)
w 20 40 80 B0 100 20 40 60 km3 1GR SA St CL
273
ss | asf )
275
272
271.6
1.8 Highly to moderately weathered, thinty 1T RUN F RUN 13
pedded, grey, medium strong to TCR=100%,
slrong, LIMESTONE BEDROGK, with 8 SCR=38%
occasional ubble zanes, occasionat RQD=0% '
pilted zones 271 >10 T
2 | RUN 5 RUN 2#
TCR=85%,
7 SCR=78%,
RQAD=27%,
10 UCS=TaMPa
270 RUN 3#
2 TCR=66%,
SCR=21%,
10| Rop=sa%,
3 | ruUN o UCS=46MPa
269
RUN 4#
10 TCR=73%,
é SCR=63%,
268 ® | rop=azx,
UCS=47MP2
4 | RUN 5
266.9 §
16.5 END OF BOREHOLE AT 16.48 rn.
BGREHOLE GROUTED WITH
BENTONITE UPON COMPLETION.
43 % 3, Numbers refer to

Sensitivity

20
1S5 ) STRAIN AT FAILURE




ONTMT45 7938.GPJ 05/01/07

Ministry of
Transportation

£
Al

Onlan'() ™URBER
RECORD OF BOREHOLE No 06-10 10F 2 METRIC
GW.P.  277-97-00 LOCATION Grand River Overpass SBL N 4 809 302,31 E 230 595.22 ORIGINATED BY _sLt
HWY g BOREHOLE TYPE _ Holiow Stem Augers COMPILED BY  JHL
DATUM _Geodetic DATE 02.08.06 - 03.08.06 CHECKED BY MEF
DYNAMIC CONE PENETRATION
SOl PROFILE SAMPLES x W RESISTANCE PLOT - REMARKS
oo < ALASTIC Moesumhnsi uoup | =
E wl|E5| @ 20 40 80 8 100 ("M comr M| SO &
215, %|2E| = N wp w we| S8 | orawsize
LELEV. DESCRIPTION cjg2i e Z|2g| 2 [SHEARSTRENGTHKPa P — DISTRIBUTION
DEPTH SIS 1 >|38] T |o UNcoNFRED  + FIELDVANE . ¥ %)
el = Z[Z°| @ le qUCKTRIAXAL x LABVANE | WATER CONTENT (%)
2838 o 20 40 80 80 100 0 40 80 km3 lGR sa 81 ct
00!  ToPsOIL: (150 mmy e
0.2 SAND, mixed with topsoil, some sil, h . S5 6 4
trace rools
Loose
Dark brown
Moist
bz | oss o
2821 213 | S8 °
LN Sandy GRAVEL, trace sit, occasional  [,%,°
cobales oo
Very dense °:Q:
Brown Tele
wel &4 | ss o
°.°°ﬂ
b
Sand seam at 3.00 to 3.13 m . o
Becoming grey :o‘:o 5 ss
ot b
4
R
N
-
279,1 et o
4.6 Sandy SILT, trace gravel Pl o
Very dense 8 ss
Grey
Muoist
(TLL)
278
7 178§
277.4 125
6.4 Silly CLAY, trace sand
Hard
Grey
(TILLYCL) ar
8| ss| e 2re BH— 9 3 61 3
275.4
8.4 Sandy SILT, trace clay, irace geavel,
occasional cobbles
Very dense e
Grey 275
Moist 10 wet: {TILL)
S | 55 [ s0¢ ©
125
273.9 ) 274
99

Continued Nexl Page

+

3

i

3.

Numbers refer lo
Sensitivity

20
SRS o) STRAIN AT FAILURE



ONTMT4S 783B.GPJ  08/01/07

p{dinistry ﬁf i Dmm
ransponaiion
Oﬂlal’io THURBERM
RECORD OF BOREHOL.E No 06-10 20F2 METRIC
WP 277-97-00 LOCATION Grand River Overpass SBL N 4 808 302,31 E 230 599.22 ORIGINATED BY _SLL
HWY 8 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY JHL
DATUM  Geodetic DATE 08.02.06 - 08.03.06 CHECKED B8Y MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES 4 - é RESISTANCE PLOT sm MR = REMARKS
MOISTURE [
- alz2| 8 20 40 60 8 w00 ™7 Cheew M| 58 &
9g gl = b Ll wp w wel 28 | oransize
e ales Q  {SHEAR STRENGTH kPa
ELEV DESCRIPTION 121 e 2z # —_—— DISTRIBUTION
DEFTH 513 s =13 3 < {0 UNCONFINED + FIELD VANE ! v %)
ElF FIEC| @ |® QUICKTRIAWAL x LABVANE | WATER CONTENT (%)
[ 20 40 &0 80 100 20 40 60 wm? ler sa 81 oL
2736 BOULDER: (300 rmm)
102]  Gravelly SAND, trace sil o,
Very dense o
Grey o H
Wet B0 L H
Tele 075 H 23
‘ﬂ‘v i1
e u
b 1
n: 1oz
TeTe = 7
2 | s | ey = 27 69 o
212.28] “\Probable BEDROCK or BOULDERS e EE
12.2 END OF BOREHOLE N PROBABLE
BEDROCK OR BOULDERS AT 1221
m.
Piezomeler inslallation consists of
19mm diameter Schedule 40 PVC pipe
with & 1.52m slotted screen.
WATER LEVEL READINGS:
DATE DEPTH(m} ELEV.{m)
09.0806 075 2830
100806 080 2830
11.0806 080 2830
14.0806 085 2829
150806 085 2829
160806 088 2829
290906 065 2831
26
43 % 3. MNumbers refer to |5~E‘p5

Sensilivity 10

{%) STRAIN AT FAILURE




0BG 1/07

QONTMT4S 7938.GPJ

Ministry of
Transportation

[
LI7A

Ortario THURBER
RECCRD OF BOREHOLE No 06-11 10F2 METRIC
GW.P.__ 2779700 LOCATION Grand River Overpass SBL N 4 809 300.78 E 230 631,30 ORIGINATED BY _SLL
HWY 8 BOREHOLE TYPE _Hollow Slem Augers COMPILED BY JHL
DATUM _Geodetic DATE 08.08.06 - 09.06.06 CHECKED BY __ MEF
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES r ﬁ RESISTANCE PLOT - - REMARKS
PU_-‘ ) < PLASTIC MOISJYU‘EL vauo | &
= wlsd| & 20 40 6 8 100 | ma W 58 &
=R i Wizgl 2 P wp w w | 52 | cransize
ELEV DESCRIPTIO Bilm| & 2|25 & [SHEARSTRENGTHkPa A BISTRIBUTION
DEPTH N g 2| 18 5 < | O UNCONFINED + FIELD VANE . ¥ %)
E]= FIEC] U |o QUCKTRIAXAL X LABVANE | WATER CONTENT (%)
284.5 w 200 40 (] 80 100 20 40 80 wim3 [GR SA 81 CL
901 _ TOPSOIL: (125 mm) = o
0.1 SAND, same gravel, trace sitt
Locsa 1] 88 9
2840 Dark brown = 284 °
7385 \Moist / "o
0.8 (FILL} :':°d
TOPSOIL: (75 mim) ote”
SAND and GRAVEL, lrace sift, :'Eﬁ 2 58 14
occasional cobbles o
Compact 1o Dense 0N
Brown S T 283
Moist .:
vlaiss | = o
R
e d
o
4| 85| 45 282 o
9
.
R -1 55 39 e 49 42 g
280.9 i’
RS (S1+CL)
36 SILTand SAND, some clay, trace A = “
gravel o
Very Dense
Brown
Moist 1
(Tit) i
A 230
118 ss | 7 =] 1 37 48 13
:'/
2789 279
55 SAND, irace to some sill, some
gravel
Very dense
Grey
Mcaist to wel
7188 | oo o
275
278
07
2 55 88/ o
775
275.8 - 276
8.8 Silly CLAY, trace sand
Hard
Gray
(TIL} sar )
275.1 050
94| Gravelly SAND, trace sl . 275
Very Dense "ot o
Grey Tele
2
Continued Next Page 20
+3 ) MNumbers refer to 15¢_5

Sensitivily 10

(%) STRAIN AT FAILURE



ONTMT45 7938.GPJ 08/01/07

_Ih._'linistry ﬁr . E__\Q
ransportation

Qntario THUARER
RECORD OF BOREHOLE No 06-11 20F2 METRIC
W.P. 277-97-00 LOCATION Grand River Overpass SBL N 4 809 300.78 £ 230 631.30 ORIGINATEDBY sLL
HWY 8 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY __JHL
DATUM _Geodetic DATE 08.08.06 - 08.09.06 CHECKED BY MEF
CYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x 'U-'J RESISTANCE PLOT ATURAL - REMARKS
E ] 6: PLASTIC MOISTURE uauio - L
6 @ g ‘5 %) 2|O 4]0 6]0 BI{) 190 LT CONTENT et =z % &
28|l w| 8]12E]| 2 wp W wo | 54 | cramsize
ELEV OESCRIPTION sl2| e | 2|Eg| 2 [SHEARSTRENGTHKPa PR S DISTRIBUTION
DEPTH s{3| £ > |3 8| < [0 UNCONFINED  + FIELD VANE y %)
=l E z(g€°| @ |o cuckTRIvGAL x LABVANE | WATER CONTENT (%)
it 20 40 80 80 00 20 40 80 xh/m2 |GR SA SI CL
Wet e
Lo
::‘?: 274
LTSS S
o
075
i
o
273
o4
D
o
R RTINS =
..o 275 |- 272
o
-t
-5,
3§§: 271
eoocc T LV
] a 93 2
270.5 :";f 050 (Sl+0ty
A3 7
140 END OF BOREHOLE AT 14.02 m,

AUGER REFUSAL ON PROBABLE
BEDROCK OR BOULDERS,
Piezometer installation consists of
19mm diameter Schedule 40 PVC pipe
with a 1.52m siolled screen.

WATER LEVEL READINGS:
DATE  DEPTH(m} ELEV.{m)
10,0806 1.27 283.2
11.0806 1.21 283.3
14.0806 123 283.3
150806 1.20 2833
16.0806 1.24 283.3
20.09.06 150 283.0

3 w3, Numbers refer to

20
' Sensitivity 15%5 {%} STRAIN AT FAILURE



O5/01/07

CNTMTAS 7O38.GPJ

Minisiry of E
Transportation [:I D
Ontario froumpiismnt
RECORD OF BOREHOLE No 06-12 10F2 METRIC
GW.P___277-97-00 LOCATION Grand River Overpass SBL N 4 809 286.20 E 230 626.37 ORIGINATED BY SLL
HWY 8 BOREHOLE TYPE _ Hollow Stern Augers / NQ Core Barrel COMPILED BY  JHL
DATUM _Gecdstic DATE 08.08.06 - 08.08.06 CHECKED BY MEF
DYNAMIC CONE PEMETRATION
S0IL PROFILE SAMPLES g ; RESISTANCE PLOT pasme | WRRL [ REMARKS
5
= wl=2| 3 20 40 60 8 100 |7 comen ™| 50 &
Rl L1ZE]| z e wp w w | SE | cranseze
ELEV Algf # 2125 © |SHEAR STRENGTH xPa
DESCRIPTION clgl e Zizgl 2 e DISTRIBUTION
DEPTH § = ﬁ > 8 Fol <>t G UNCONFINED + FIELD VANE o ¥ (%)
el = Z1Z°| @ |e QUICKTRIAXAL x Lavane | WATER CONTENT (%)
284.2 u 20 40 60 80 100 20 40 60 wim 2 [GR sA S8 CL
g '13 TOPSODIL; (100 mm} =
. SAND,some silt, trace clay, trace 284
PR 1 sS i3 =3
gravel, topsoil stained, trace rools
Compact
263.5 Dark brown A
0.7 \Moisl ,f’,:
{FILLY o el
SAND AND GRAVEL, some silt el 2] 85| 2 o
Compact to Very Dense e 283
Brown :a:o
Moist A
°:':d
. ;] 31 88| 81 a
Occasional cobbles, wet .5,
:.::{ 282
” 4 S8 50/ o
Soln ]
:a: 47 4 12
s 281
.01 5 | 8ss | 40 o (SHCL)
2806
36 Sandy SILT, some clay, trace gravel, ©
occasional cobbles
Very Dense
Grey
Moist 280
(TILL)
& [ 88 T4 =
279
A1 7 | ss | su 278 Q 332 54 1
‘. 100
¢
277
8 ! 88 | 50/ °
125
276
275
a 8S 50/ @
.100
Continued Nexl Page
4+ 3 3. Nummbers refer lo

Sensitivity

20
‘5‘%5 (%) STRAIN AT FAILURE



ONTMT4S 7938.GPJ  05/01/07

Ministry of [
\'Z Transportation DD
Ontario UREER

RECORD OF BOREHOLE No 06-12 20F2 METRIC
GW.P.__ 2779700 LOCATION Grand River Overpass SBL N 4 809 286.20 E 230 626.37 ORIGINATED BY _§LL
HWY 8 BOREHOLE TYPE __ Holiow Stem Augers / NQ Core Barrel COMPILED BY JHL
DATUM _Geodetic DATE 08.08.06 - 08.08.08 CHECKED BY MEF
DYNAMIC CONE PENETRATION
S0, PROFILE SAMPLES 5 ﬂ RESISTANCE PLOT s - . - REMARKS
= ® 8 MOISTURE el = E &
= n|lL8]| & 20 40 80 80 100 HMF conent z9
28|l w| Y4|2E)| = ’ : : ! : wp w wel B4 | GRANSEZE
Il =] =125 O |SHEAR STRENGTH kPa
ELEY DESCRIPTION {8, g|22| 2 — o DISTRIBLTION
DEPTH 3151~ =25 L |© UNCONFINED — + FIELDVANE ¥ %)
=12 22| @ Jeo cuckTRIAMAL x LABVANE | WATER CONTENT (%)
w 20 40 B0 BD 00 20 40 60 kN/m 3 fGR SA SI CL
TIAT 1T
101 Silly CLAY, trace sand, trace gravel
Very stif{ 274
Grey
(TILLYCL)
o
0! 88 | 24 HAH 14 62 33
[e)
213
2726
146 Gravelly SAND, silty, trace clay, X
occasional cobbles o
Very dense o
Grey e
Wet
el ss | s a2 )
Ry i3
o
.
s 271
g
]2 | ss | s o
el s
ole 270
2696 F" Fi
8 Highly to moderately weathered, thinly T T RUN 1p |RUNI#
bedded, grey, strong to very strong, TCR=100%,
LIMESTONE BEDROCK, with 2 | RUN 5 SCR=43%,
occasional rubble zanes, accasionat ROD=0%
pitted zones 269 10
RUN 2#
L
\é ; SCR=75%,
3 | RUN RQD=50%,
UCS=73MPa
268 RUN 3%
TCR=60%,
SCR=44%,
210 RQD=12%,
UCS=BEMPa
3 RUN 4#
267 TCR=55%,
4 | RUN 6 SCR=42%,
RQD=23%,
UCS=155MPa
266.7
18,1 END OF BOREHOLE AT 18.92 m.
BOREHOLE GROUTED WITH
BENTONITE UPON COMPLETION.
+ 3' w 3, Mumbers refer to

Sensitivily

20
15%5 (%) STRAIN AT FAILURE




ONTMT45 7838.GPJ 05/01/07

D{A[nislry ﬁf . E}%l
ransporlation

Cntario R
RECORD OF BOREHOLE No 06-13 10F 1 METRIC
GW.P,__ 2778700 LOCATION Grand River Overpass SBL N 4 809 280.86 E 230 £45.36 ORIGINATED BY _SLL
HWY 8 BOREHOLE TYPE _ Holiow Stem Augers COMPILED BY JHL
DATUM _Geodetic DATE 11.08.,06 - 11.08.06 CHECKED BY MEF
DYNAMIC CONE PENETRATION
S0l PROFILE SAMPLES g ﬂ RESISTANCE PLOT MATURAL . REMARKS
E 0 < PLASTIC | TURE LIQuiD - L
— o< % g 20 40 &0 80 100 LMIT CONTENT warl = 8 &
=R YiZEl = el L L wh w s | 28 | cransize
ELEV & |l g | ¥ i Q  |SHEAR STRENGTH kPa
DESCRIPTION e|E & =fz8| e — CISTRIBUTION
DEPTH FIS| 7| 5|38] £ |o uncoNFmED  + FIELDVANE ¥ %)
El= Z[E0| @ |e QUcKTRIGAL x LABVANE | WATER CONTENT (%)
2843 i 26 40 €0 80 100 20 40 6D km? [6rR sA 81 L
BB\ I0PSOIL: (50 mm) RS 2
GRAVEL: (FILL) e
0.1 .
FOPSGIL; (75 mm} e s 284 5
021 SAND and GRAVEL, race sit
Compact to Very Dense Tele
Brown IDC
Maist e;o:
%1 2 S5 k) o
°o‘cd
RN 283
°e
eoed 3| ss 100 ©
275
o
e 282
944 ss! s s ¥ 57
SI+CL)
ol ( }
o
W o
281.0 .
3 5 8s 30 281
34 SILT and SAND, some clay, irace - o
gravel, oceasional cobbles ¥,
Dense to Very Dense
Grey
Moist X
(TILL) i
280
%
) 61 85 | 36 o 5 40 44 11
279
2768.0 Ll 71 oss | osw a
63/ ENDOF BOREHOLE AT 6.33 m. 075
BOREHOLE GROUTED WITH
BENTONITE TO SURFACE.

3 3 Numbers refer ta

20
’ Sensiivity DS (%) STRAINAT FALURE



Grand River Crossing SBL
Highway 8§ Widening, Kitchener

Appendix B

Laboratory Test Results



THURBGSD 7838,GP.J 05/04/07

Highway 8 Widening Over Grand River

FIGURE B1
GRAIN SIZE DISTRIBUTION
SILTY CLAY TO CLAYEY SILT TILL
Size of openings, inches 1J.5.5, Sleve size, meshesinch
e 4".'4- 3 1‘1:2- 1'~ 3:'4- '?-3!- 3 4 810 18 30 49 Soe0 100 200
100 ] qai: g
[~ %:
x\;ifl;:b_\ 'y
90 \.‘.\\
ha
" S ON .
NN \
_ 70 2]
$ X
~ &0 \: Y
i R
=z -
i 50
jo-
e \i\
i
g 40 3
iy
N . %
k|
N =
20
10
¢
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE| COARSE FINE COARSE | MEDIUM l FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BH DEPTH (m) ELEV. (m)
@ 06-10 7.92 27586
bl 06-12 10.97 273.22
& 06-2 9.30 285.53
* 06-2 12.50 282.33
Date .January 2007 D D Prepd . JHL
Project . 277-87-00 Chkd MEF

THURBER




THURBGSD 7938.GPJ 05/01/07

Highway 8 Widening Over Grand River

FIGURE B2
GRAIN SIZE DISTRIBUTION
SANDY SILT TO SILT AND SAND TILL
Size of openings, nches U.58.5. Sieve size, meshesinch
00 R GRS :_it % §1io 16 30 40 50E0 1m0 200
g REE Ty
N
a0
Sh
80 N
™
% %
70 \"-\ 1<
Z \ \
E &
¥
T 50
-
- A
{5:) 40
it
i
30
20 ‘ =
Pk
19 ;
L
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
coeaLe| CoarsE FINE CoARSE | meDM | Fme SILT and GLAY
SIZE GRAVEL SAN[ FINE GRAINED
SYMBOL BH DEPTH (m) ELEV. {m)
) 06-11 4.88 27963
o 06-12 6.22 277.97
A 06-13 4.88 279.43
* 06-2 1.83 293.00
@ 06-2 17.07 277.76
Lo 06-2 18.34 276.49
Date . January 2007 D D Prep'd .....JHL .
Project 277-87-00 Chkd MEF

THURBER




Highway 8 Widening Over Grand River

THURBGSD 7938.GPJ 05/01/7

FIGURE B3
GRAIN SIZE DISTRIBUTION
SANDY SILT TO SILT AND SAND TILL
Size of spenings, inches U.5.5. Sieve size, meshesfinch
. 4l 3 o 1 By T G
100 & 4&:"3:‘ Vi T % iﬁ\ii 810 16 0 40 5060 100 200
TTES
90 \
80 ™ im\
y o X\
z ks
|:E 80
i I
Z . \E:
- o
=
O : %\
& 40
: |
30
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 BH DEPTH (m) ELEV. (m)
[ ) 06-7 3.35 280.00
P 06-8 G.25 27747
pate _January 2007 D D Prepd ...JHL .
Project 217-97-00 Chkd MEF

THURBER




Highway 8 Widening Over Grand River

THURBGSD 7838.GPJ 0804107

FIGURE B4
GRAIN SIZE DISTRIBUTION
SANDY GRAVEL TO GRAVELLY SAND
Size of openings, inches U.5.5. Sieve size, meshesinch
6 A Tt " Y T
100 Ay 3 P 1" g Yo 34 810 16 30 40 5060 100 200
a0 \ .b\\
an
N
zZ N
<
o AN \r
2
C 50 N
E X %\\
d NN
30 =N ™
20 \*2 N \'\
\% \.\-.
10 § =3
>
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
CORELE| COARSE FINE COARSE |MED1UM| FINE SILT and CLAY
SiZE GRAVEL SAND FINE GRAINED
SYMBOL BH DEPTH {m) ELEV. (m)
@ 06-7 6.22 27713
4] 06-7 a.19 274.16
A 06-8 3.28 280.45
* 06-8 10.90 272.83
© 06-9 1.83 281.59
o 06-9 7.81 275.61
Date . January 2007 D D Prepd ... JHL
Project . 217-97-00 Chkd MEF

THURBER
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Highway 8 Widening Over Grand River

FIGURE B5
GRAIN SIZE DISTRIBUTION
SANDY GRAVEL TO GRAVELLY SAND
Size of openings, nches U.S.5. Sieve size, meshesfinch
& 4!1:4- 3 e 1" 3:4- 1?- 31!8- 3 4 80 15 30 40 5080 100 200
100
, Wi |
BO
70 §E \
z A\
p:l—: 80 Q‘
5 N
: LN
w 50 N
N
Y
g X
o hadk
30 : \§
2 W
Y
10 \ :
. pas S
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
copRLE| coarse FiNE COARSE [ MEDIUM [ FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BH DEPTH (m) ELEV. (m)
@ 06-10 12.04 27175
-4 06-11 3.35 281.15
& 06-11 13.82 270.69
* 06-12 3.18 281.02
© 06-13 2.5 281.80
Date _January 2007 D D Prepd ... . JHL
Project . 277-97-00 Chkd MEF

THURBER
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ATTERBERG LIMITS TEST RESULTS

Highway 8 Widening Over Grand River

FIGURE B6

PLASTICITY INDEX

SILTY CLAY TILL

60
CH
a0
40 //
ci &
S
KNy~
30 g
cL
20 /
A /
e /
10
L.
CL-ML e MI-O1 MH-OH
ML oL
4]
3] 10 20 20 40 50 60 70
LIQUID LIMIT
SYMBOL BH DEPTH (m) ELEV. (m)
@ 06-10 7.92 275.86
X 06-12 10.97 273.22
A 06-2 9.30 28553

THURBER

80




TABLE B1 - Point Load Test Results
Highway 8 Widening over Grand River

Depth Uucs

inches m Is50 (MPa)

Total Rock Core
Average Minimum Maximum

75 10 119 MPa
Run#  Average
41 o 12.50 4.97 119.23 1 £69.82
42 11 13.08 2.18 51.84 2 85.53
Depth Ucs
feet Inches m Is50 {MPa)

Total Rock Core
Average Minimum Maximum

50 23 78 MPa
Run#  Average

. 1 46.66

1.94 2 41.47
3 77.76

5 43.54

Depth ucs
feet Inches m 150 (MPa)

06-8
Total Rock Core
Average Minimum Maximum

80 5 179 MPa
2 Run#  Average
50 6 15.39 1.74 41.75 > 1 48.73
50 11 15.52 1.52 36.53 3 104.82
50 11 16.52 4.61 110.68
51 9 15.77 6.52 156.55
52 10 16.10 7.44 178.58 )
Depth Ucs
feet inches m Is50 {MPa)

Total Rock Core
Average Minimum Maximum

60 26 146 MPa
Run#  Average
2 70.20
45 1 13.74 272 65.23 3 45.66

46 9 14.25 1.09 ‘ 4 46.97




Depth - ucCs

feet Inches m is50 {MPa)

Total Rock Core

15.47 1.300 31.20 Average Minimum Maximum
16.08 5136 123.26 114 31 169 MPa
Run#  Average
2 72.80
3 86.16
4 154.59




Grand River Crossing SBL
Highway 8 Widening, Kitchener

Appendix C

Factual Information from Previous Investigation for Existing Structure

THURBER



€. M. peto associate
SOIL ENGINEERING SERVECE -~ TORONTQ, ONTARIO
BOREHOLE £.0G

Itd.

D H. 0,

Grand River
wnt .Dept... oi’ Highways.of. Ontario

Compiled By.....

Job No. ....58119........

Cosing.......B

Borehofe Now e B v,
Boring Date ...0Gh... 1Ath. = lﬁth, 1958A
Checked By ,..CoF4F,

SAMPLE CONODITION
UNDISTURBED-

5

SAMPLE TYPE

5.

2" STANDARD SPLIT.TUBE SAMPLE

ABBREYVIATIONS

¥.T. M SITU YANE SHEAR TEST .
EAIR cL S.L. SPLIT BARREL WITH LINERS Q%  UNCONFINED COMPRESSIVE STRENGTH
o 5.T. THIN-WALLED SHELBY TUBE SAMPLE W.L. WATER LEVEL IN CASING
. DISTURBED ¥.5. WASH SAMPLE ¥.T. GROUND WATER TABLE IN SOIL
LOST R.C. ROCK CORE '
SOlL DESCRIPTION COLOUR &::":":y ] Lagend s:;'}:.‘_'a: ) 5;';:“ E?:,-E WATER LEVELS, 3OIL. MOISTURE & REMARKS. .

14 t”_c: LiMESToNE AMD ]

| vERY DEHSE [E

bPUE Ta $Tane |Nrr.Rl—EEf.-Nc.t‘=

VE:L SHAATRIX OF SAMDY

_MoisT NA.T M. 23 (a

_ WL AT -7 anm \50&*5&5

- -‘6\211_!..'41'5

— RTINS SR
. S -0
T WiITHLIME STowE  arey NMERY DErMSE: |

| MOIST NAT.IMC. @0 e

ISRNLY TILL GRITS AND GeEy R I MersT AT e 87 %
DEBSLES SRS S R
E;- - l-.'.‘.-'_ . .
: ,Asovz: WITH GRAVEL Geey | YERY DENLE MolsT MAT ML 2596
: —_— ; ST E WS RV A
. e I o e ST DR AU o] RRILLE Qqu 14-5 Te2T
, S | HaRD ciome Feom 14T
c_o,masc«, s:mud,amwey. oLIivVE 3| WRT o
TRAROE SANDY CLAY YelLLow

X ST GRY 5 P&‘E:BU’:‘:
c-::eAvt.L :

Eir:w\ii\l VE

kY |

= .

Y

A iBavE WITH Boul mi

€ TOMED SAND T BRavi. | VERY DENSE 25~ 0T 2oo/a’]
WI.__ FINE GRAVEL I — .
1 DIA ORILLED RE ot 27 Te 3
e | FRSY Ruvi 27 Vo 32'REcevERY

10, THIS Bus f"f_»-\:Q-;;&irt:-.n’i'-
i Be DERS,

Re=¥A

LG 2 ol 25 I

T 'M'_H;!:ATLD| WA BE L@ S avend AT 2+ (Wit Y

;z» ch_a 22T E g (ow




e. m. peto associates Itd.

S0IL ENGINEERING SERVICE - TORONTO, ONTARID

BOREHOLE LOG

Job No. SBL1G. ...

Borahale No. .o,

Casing.cooon BX . .. Boring Date .0Gt.,..18th20th, 1958 °
C.J.W L
Compiled By ..orvvrv et e ttraress Checked By ......CaFoFmooesan
. SAMPLE CONDITION SAMPLE TYPE ABAREYIATIONS
UNDISTURBED 5.5, 2" STANDARD SPLIT TUBE SAMPLE Y.T. IN SITU VANE SHEAR TEST :
:FAlJR S.L. SPLIT BARREL WITH LINERS G/v  UNCONFINED COMPRESSIVE smeucm
A 5.T. THIN-WALLED SHELBY TUBE SAMPLE W.L. WATER LEVEL IN CASING
DISTURBED W.5. WASH SAMPLE W.T. GROUND WATER TABLE IN 50IL
“LosT R.C. ROCK CORE ) x
T , s ‘Dansity or Dupthy JSemple Mol sumply [ Mo of amn
A _.'l.O[L DEACRIPTION COLOUR C_"“'.“::M’ Tiovalion Legend Cvmh“ Tyne :l'u;: WATER LEVELS, S0IL. M-DIST!-"RE & REMARK
C - Ta-o e WATEE LOVEL 1800 T 1008
CYER-VNE ‘ "
Ny TILL ArID GRAVEL EREY Do 56
DY TILL GRITS B PERRLES | GREY VERY DEMOE
_ . . YERY DENSE

: ‘\Hsr: SAME AMD | GREY

P ro !"z D1k,

VERY DEH SE

GR&Y veRY BEMSE
P )
Lt o VERY DENSE Iy B8 1125 | VERY wWeT L
= Du!\ DC'LLCD A= 24,-2-1'
- —— . Z27'- o Do BER Y To kg
PR e = DRILLED THE G CLATEY GOA
BANEED LirAe ST o s G EY MED To 5.0-0 al:l.' b T o ‘ :
. - Qe ] = A + .
HAVTI IR LS o1 BLX. A nedLEn B < CorE Fee,ur_
. e IAPPRK. 4. — 1 Cofits 28~ To 33 -27 Recsvaly 54
RIS R S Legd | ) Anit _;mv A3-4 To 53 4
= Eecovizfy 83/, '
- ) LlAarTesag EREERCT NoTEL As ,
. N S — Folow s FRokd 26 - FoEPTH < °
o R S WATES Rowc_rfgmfazsda_\ygﬂ—!
| Aol AT 28 4" wwate @ taase.
. Ao NS To DT A%




50IL ENGIMEERING SERVICE

€. m. peto associates Itd.

'BOREHOLE LCG

- TORONTO, ONTARIO

Job Nome Eraposded. Hwy.. 48, Crossing  Job Mo, ... 58119 Borehale No, ......J.....
Grand Hiver . )
..... Depk..of. Highways.of. . OutarddCasing.....BX Boring Daie 80Pk, 308h = Oct, lat, 195
R 73 < F 5. Compiled By .Gy Jou Wan... Checked By .C.oFPoFa...
, SAMPLE CONDITION SAMPLE TYPE. ABRBREVIATIONS
UNDISTURBED 5.5, 2" STANDARD SPLIT TUBE SAMPLE V.. N SITU VANE SHEAR TEST s
Y FAR S.L. SPLIT BARREL WITH LINERS Q/e  UNCONFINED COMPRESSIVE STRENGTH .
. 5. T. THIN-WALLED SHELBY TUBE SAMPLE ¥.L. WATER LEVEL IN CASING
: @ PISTURBER W.5. WASH SAMPLE _W.T. GROUND WATER TABLE IN 0L
i - LOST R.C. ROCK CORE
| SOt BESCRIPTION roLauR t!‘)m"-y " ‘s!lL"“‘“’ '“;'“d SMT'L“N“ S;-m"". hfi";-:‘_-' WATER LEVELS, 5GIL MCISTURE & REMMK!.-‘;*.:
" ¥ Condition ypr per 1 s
SP Soll N O~ O T B
1Y & » - . -
ANDY LOAM WITH GRiTS DK BRavwib] Loose (934 551 e | SUGHTILY MOIST UPTo 27¢ -/
"J’oM!‘"s AND ORGAKNIC MATTER, : & i o
(LT, Wi H DECOMPeSEE | YELLowWitht Lo o S 85 | & | SLIGHTY Mo!ST NAT MC. 96 /s
AKID B Toar G AND FUAGMENES BEow i T L : .
P OCATTERED GRAVEL . & _
WOSILT, SomME GRITS Yeriowisd| ltoost o °5 | & MOIST. MAT MC 22:4 7/
' B ' B aaad - . i CUANGE OCeURSAY 7-8
CHAMGING To MELSMDBLT.YELLOWISH Loosk wi a1 Elnhlg 55 | 3 TWET. WAT MC. 224 =,
KD GRITS HERowWMN Yo} - ',_92’?.' LR StoNE ConT 1 REASES AT S
. : I |V PALEBERowW]l - = ‘ : | STeNE INTERFEREMCE.
TYCOARSE SARD, ciiTS nr.uss: 193 |42 | SATURATED M. 889/,
ERBLES. N | WATCR I CASING AT1E o
v TILL WITH GRIits LT \’eLLawitﬂ VL.FLY br-_-n-sr 55, [103 ,"'ff?”"f “,"' MG 8 2 »fo
b PERBLES 11 ——
By Tk, wrrH GEITS VELY DENGE 85 |3 ] Ma1sT MAT Mo 7'5-

r:: P\*E&E\

iTH GRITS L PEERLES

T - T wAs\-TwATE:E USED 3] zo-
! . o= o | By B S |
A 5‘;..'1 C_QAE.SF sAmb T Y\,memn _[PH-a4 TeR Za's/ﬁ SATOCATED
& GRAVEL GRITS AND] Bwrawi T ' ' oL 1SRG F Rt B T 22%
B, S —
. 25- o [ T
ARSE SAND, EINE GRAVEL | YELLowaH VERY BErse Pl e > 58 TH | BATUKATLD
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Grand River Crossing SBL
Highway 8 Widening, Kitchener

The following Special Provisions are referenced in this report:

1055810
Amendment to OPSS 206, December 1993
902501
603501

Suggested text for a NSSP on Pile Installation should contain the following;

“The soil overlying the bedrock contains cobbles and boulders. The presence of cobbles and boulders
will potentially have an impact on the installation of driven piles at the site. Some possible impacts
that must be taken into consideration include, but are not necessarily limited to:

e The pile tips must be protected through the use of rock poinis
The cobbles and boulders may impede the driving of the piles resulting in more arduous driving
fo reach bedrock

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

e As aresult of the presence of boulders, piles may meet refusal at varying depths”
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Grand River Crossing SBL
Highway 8 Widening, Kitchener

A

Photo 1, July 2006 — Looking from :d in on south side of Grand River towards North
Abutment and Piers 1 and 2. Existing bridge on right side of photo.

Photo 2, July 2006 — Looking from flood la on south side of and River towards South
Abutment. Existing bridge on left side of photo.
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