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PRELIMINARY FOUNDATION INVESTIGATION AND DESIGN
REPORT - LYONS CREEK BRIDGES

1.0 INTRODUCTION

Golder Associates Ltd. (Golder) has been retained by URS Canada Inc. (URS) on behalf of the Ministry of
Transportation, Ontario (MTO) to provide preliminary foundation engineering services for the
replacement/rehabilitation of seven existing structures (Seventh Street, Lyons Creek, Tee Creek and Black
Creek) on the Queen Elizabeth Way (QEW) highway in the Regional Municipality of Niagara, Ontario.

The terms of reference and scope of work for the foundation engineering services are outlined in MTO’s Request
for Proposal (RFP) for Assignment No. 2011-E-0045 dated June 2011, and in Section 5.8 of the Technical
Proposal for this assignment.

This report addresses the results of the subsurface investigation carried out for the proposed replacement of the
existing Lyons Creek bridges.

This preliminary Foundation Investigation and Design Report is for planning purposes only and the Design/Build
proponent shall satisfy himself as to the sufficiency of the available information and supplement the information
as needed to meet the requirements for detail design.

2.0 SITE DESCRIPTION

The Lyons Creek bridges carry QEW southbound (Fort Erie bound) and northbound (Toronto bound) traffic over
the Lyons Creek which is located south of the Lyons Creek Road underpass in the City of Niagara Falls, within
the Regional Municipality of Niagara, Ontario.

Lyons Creek is a relatively shallow stream with its width approximately 15 m and it flows from west to east with
the high water level at the existing bridge site at approximately Elevation 171.2 m.

In general, the topography along this section of the QEW is relatively flat. The existing ground surface at the
borehole locations on the QEW ranges between Elevations 174.3 m and 175.0 m, referenced to Geodetic
datum. The existing QEW embankments are up to about 5 m high at the north and south approaches. The
areas adjacent to the bridges are sparsely treed and have been developed as residential and recreational
properties.

Each of the existing bridges consists of a variable depth cast-in-place concrete T-beam structure with a 19.7 m
centre span and two 5.3 m cantilevered end spans, for a total length of 30.3 m and a width of 13 m. Based on
the detail design drawings for the piers of the Lyons Creek Bridges (Drawing No. 191-15-3), the foundations of
the existing piers consist of sheet piles with Cruciform shaped cross sections driven to practical refusal. The soils
inside the piles were then excavated or partially excavated following driving and the resulting void was filled with
concrete. There are no design elevations shown on the design drawings and, therefore, the extent of the sheet
piles (depth and width), the extent of the soil excavation inside of the piles and the thickness of the concrete fill
are unknown at this time.
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3.0 INVESTIGATION PROCEDURES
3.1  Previous Investigations

As part of the QEW and Lyons Creek interchange construction in the late 1960’s, a subsurface investigation was
carried out as listed below:

MTO GEOCRES No. 30M03-111: Report titled “Foundation Investigation Report for Proposed S.-E.W. Ramp
Crossing at Lyons Creek Q.E.W and Lyons Creek Interchange District No. 4 (Hamilton) W. J. 68-P-8 — W.P.
158-64-3", by Department of Highways — Ontario, dated March 20, 1968.

The above referenced previous investigation consisted of drilling five boreholes, designated as Boreholes 1 to 5
near the QEW-Lyons Creek exit ramp, at which 3 boreholes were extended into bedrock (refer to Section 4.2).

3.2  Current Investigation

The field work for this subsurface investigation was carried out between June 18 and 20, 2013 and between July
7 and 11, 2013, at which time four boreholes (Boreholes 13-03 to 13-06) were advanced adjacent to the existing
abutment locations. The boreholes were advanced using a track-mounted CME-55 drill rig supplied and
operated by Geo-Environmental Drilling Inc. of Milton, Ontario. The boreholes were advanced through the
overburden using 108 mm inside diameter (I.D.) hollow stem augers. Soil samples were obtained at 0.75 m and
3.0 m intervals of depth using a 50 mm outside diameter (O.D.) split-spoon sampler driven by an automatic
hammer in accordance with the Standard Penetration Test (SPT) procedure (ASTM D1586, Standard Test
Method for Standard Penetration Test).

The boreholes at the locations of the foundation elements were advanced to practical auger refusal on inferred
bedrock to depths up to 38.1 m below the QEW pavement surface.

The groundwater conditions were observed within the hollow stem augers in selected boreholes during and upon
completion of the drilling operations and the observed water levels are indicated on the Record of Borehole
sheets contained in Appendix A. All boreholes were backfilled with bentonite pellets and capped with asphalt
patches upon completion, in accordance with Ontario Regulation 903 (as amended).

The field work was supervised on a full-time basis by members of Golder’s staff who located the boreholes in the
field, completed utility clearances, directed the drilling, sampling, and in situ testing operations, and logged the
boreholes. The soil samples were identified in the field, placed in labelled containers and transported to Golder’s
laboratory in Mississauga for further visual examination and then to the Cambridge laboratory for testing. Index
and classification tests consisting of water content and organic content determinations, Atterberg limits and grain
size distribution were carried out on selected soil samples. The geotechnical laboratory testing was completed
according to applicable MTO LS standards. The as-drilled borehole locations and ground surface elevations
were determined in the field by Callon Dietz, Ontario Land Surveyors. The borehole locations (referenced to the
MTM NAD83 co-ordinate system), ground surface elevations (referenced to Geodetic datum) and drilled depth
are summarized below and are shown on Drawing 1.
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Location (MTM NADB83) Ground Borehole
. Borehole Surface Depth
Foundation Element Number Elevation (m)
u Northing (m) | Easting (m) m)

Lyons Creek Bridge SBI. — 13-03 4,765,781.6 | 336,487.0 175.0 35.4
Northwest Abutment

Lyons Creek Bridge SBL - 13-04 | 4,765,750.7 | 336,512.4 174.5 38.1
Southwest Abutment

Lyons Creek Bridge NBL —
Southeast Abutment 13-05 4,765,768.8 336,538.3 174.3 36.9

Lyons Creek Bridge NBL — 13-06 4,765,798.4 | 336,509.5 174.9 35.4
Northeast Abutment

4.0 SITE GEOLOGY AND SUBSURFACE CONDITIONS
4.1 Regional Geology

This section of QEW is located in the Haldimand Clay Plain physiographic region as delineated in The
Physiography of Southern Ontario (Chapman and Putnam, 1984)".

The Haldimand Clay Plain physiographic region is a broad undulating plain of glaciolacustrine surface sediments
which covers an area of about 3,500 square km. The region mostly contains lacustrine clay deposits overlying
clay till which is turn underlain by shale and dolostone bedrock of the Salina formation.

4.2 Subsurface Conditions

As part of this subsurface investigation, four boreholes were advanced in the vicinity of the existing Lyons Creek
bridge abutments. The detailed subsurface soil and groundwater conditions as encountered in the boreholes
advanced during the field investigation, together with the results of the in situ and laboratory tests carried out on
selected soil samples are presented on the Record of Borehole sheets contained in Appendix A. The results of
geotechnical laboratory testing are also presented on Figures B1 to B17 contained in Appendix B. The results of
the in situ field tests (i.e. SPT ‘N’-values and field vane results) as presented on the Record of Borehole sheets
and in Section 4.2 are uncorrected. The stratigraphic boundaries shown on the Record of Borehole sheets and on
the interpreted stratigraphic profiles on Drawing 1 are inferred from non-continuous sampling and, therefore, represent
transitions between soil types rather than exact planes of geological change. The subsoil conditions will vary between
and beyond the borehole locations. The interpreted stratigraphy shown on Drawing 1 is a simplification of the
subsurface conditions.

In summary, the subsoil conditions encountered at the site consist of cohesionless fill and organic layers underlain by
a relatively thick deposit of clayey silt which has pockets of cohesive till within its lower portion. The cohesive deposit
is underlain by deposits of silt to silt and sand to sand in places inter-bedded by a layer of or pockets of clayey silt.
These non-cohesive deposits are underlain by a deposit of sand and gravel which is underlain by inferred bedrock, as
evidenced by refusal to auger advancement in two boreholes. All of the boreholes were advanced to practical refusal
either on deposits for which the “N” values are greater than 100 blows per 0.3 m of penetration or inferred bedrock.

: Chapman, L. J. and Putnam, D. F., 1984. The Physiography of Southern Ontario, Ontario Geological Society, Special Volume 2, Third Edition.
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A more detailed description of the subsurface conditions encountered in the boreholes is provided in the
following sections.

4.2.1 Asphalt/Concrete

An approximately 175 mm to 380 mm thick layer of asphalt was encountered immediately below the road level in
Boreholes 13-03, 13-05 and 13-06 that were advanced through the existing pavement structure. The asphalt
layer is underlain by 300 mm of concrete in Borehole 13-06. The surface of the asphalt layer ranges from
Elevations 175.0 m to 174.3 m at the borehole locations.

422 Cohesionless Fill

A 0.9 m to 2.2 m thick layer of cohesionless fill comprised of brown to grey sand and gravel to brown to reddish-
brown sand was encountered below the asphalt/concrete layer(s) in Boreholes 13-03, 13-05 and 13-06 and
below the ground surface in Borehole 13-04 and extends to depths ranging between 1.5 m and 2.2 m
(Elevations 173.5 m and 172.3 m). The deposit generally contains trace to some silt and trace clay.

The SPT ‘N’-values measured within the cohesionless fill deposit range from 7 blows to 55 blows per 0.3 m of
penetration, indicating that the cohesionless fill is loose to very dense.

The natural water content measured on five samples of the fill deposit ranges from about 3 per cent to
26 per cent. The results of grain size distribution tests completed on two samples of the fill are shown on
Figure B1 in Appendix B.

4.2.3 Cohesive Fill

A 0.8 m to 4.0 m thick layer of cohesive fill comprised of silty clay to clay was encountered underlying the
cohesionless fill in all boreholes. The deposit generally contains trace sand and trace organics. The deposit
extends to depths ranging between 3.0 m and 5.5 m (Elevations 171.5 m and 169.4 m).

The SPT ‘N’-values measured within the cohesive fill deposit range from 4 blows to 8 blows per 0.3 m of
penetration. In situ field vane tests carried out within this deposit measured undrained shear strength ranging
from about 86 kPa to greater than 96 kPa, with a sensitivity of 2. The SPT ‘N’-values and field vane tests results
suggest that the cohesive fill has a firm to stiff consistency.

The natural water content measured on samples obtained from the cohesive fill ranges from about 17 per cent to
42 per cent. The results of grain size distribution tests completed on two samples of the cohesive fill are shown
on Figure B2 in Appendix B. Atterberg limits tests were carried out on three samples of the cohesive fill deposit
and measured liquid limits ranging from about 47 per cent to 52 per cent, plastic limits ranging from about
22 per cent to 24 per cent and plasticity indices ranging from about 23 per cent to 30 per cent. The results of the
Atterberg limits tests are shown on the plasticity chart on Figure B3 in Appendix B, and indicate that the material
is classified as silty clay of intermediate plasticity to clay of high plasticity.

4.2.4 Clayey Organic Silt

A 0.9 m to 2.5 m thick deposit of dark grey to black clayey organic silt was encountered underlying the cohesive
fill deposit in Boreholes 13-03, 13-04 and 13-05. The deposit extends to depths of about 5.5 m (Elevations
169.5 m and 168.8 m).
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The SPT ‘N’-values measured within the clayey organic silt deposit range from 1 blow to 4 blows per 0.3 m of
penetration. Two In situ field vane tests carried out within this deposit measured undrained shear strength of
about 81 kPa and greater than 96 kPa, with a sensitivity of 2. The SPT ‘N’-values and field vane tests results
suggest that the clayey organic silt deposit has a very soft to stiff consistency.

The natural water content measured on four samples of the clayey organic silt deposit ranges from about
35 per cent to 120 per cent. The organic contents measured for two samples of this deposit are about 9 per cent
and 20 per cent. The result of a grain size distribution completed on a sample of the clayey organic silt deposit
is shown on Figure B4 in Appendix B. An Atterberg limits test was carried out on a sample of the clayey organic
silt deposit and measured a liquid limit of about 52 per cent, a plastic limit of about 24 percent and a
corresponding plasticity index of about 28 per cent. The result of the Atterberg limits test is shown on the
plasticity chart on Figure B5 in Appendix B indicating that the material is classified as clayey organic silt of high
plasticity.

4.2.5 Clayey Silt

A deposit of brown to grey clayey silt was encountered below the cohesive fill deposit in Borehole 13-06 and
underlying the clayey organic silt deposit in Boreholes 13-03 to 13-05. The thickness of the deposit varies
between 12.3 m and 14.6 m, including the thickness of the clayey silt till pocket in Borehole 13-05, and extends
to depths ranging from 17.8 m to 20.1 m below ground surface (Elevations 157.1 m to 154.8 m). The deposit
generally contains trace to some sand, trace to some gravel and silt seams throughout. Within the lower portion
of this deposit, an approximately 1.3 m thick pocket of clayey silt with sand till was encountered in
Borehole 13-05 at about Elevation 157.8 m.

The SPT ‘N’-values measured within this deposit range from 0 blows (weight of hammer) to 9 blows per 0.3 m of
penetration. In situ field vane tests carried out within this deposit measured undrained shear strength ranging
from about 47 kPa to greater than 96 kPa with sensitivity ranging between 1 and 3. The field vane tests results
indicate that the silty clay deposit has a firm to stiff consistency.

The natural water content measured on thirty-three samples of this cohesive deposit ranges from about 22
per cent to 30 per cent. The results of grain size distribution tests completed on three samples of this cohesive
deposit are shown on Figure B6 in Appendix B. Atterberg limits tests were carried out on nine samples of this
cohesive deposit and measured liquid limits ranging from about 24 per cent to 35 per cent, plastic limits ranging
from about 11 per cent to 18 per cent, and plasticity indices ranging from about 13 per cent to 18 per cent. The
results of the Atterberg limits tests are shown on the plasticity chart on Figure B7 in Appendix B, and indicate
that the material is classified as clayey silt of low plasticity.

4.2.6 Cohesive Till

Pockets of cohesive till comprised of sandy clayey silt to clayey silt with sand between approximately 1.3 m and
1.5 m thick were encountered within the lower portion of the clayey silt deposit at Elevation 157.8 m in
Borehole 13-05 and underlying the clayey silt deposit at Elevation 156.2 m in Borehole 13-04. Grinding of the
augers and bouncing of the split-spoon sampler were observed during the drilling operation and may be an
indication of the presence of cobbles or boulders within this deposit.

SPT ‘N'-values of 10 blows per 0.3 m of penetration and 50 blows per 0.1 m of penetration were measured
within the till deposit, suggesting a stiff to hard consistency.
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The natural water content measured on two samples of the till is about 10 per cent and 16 per cent. The results
of grain size distribution test completed on two samples of the till deposit are shown on Figure B8 in Appendix B.
An Atterberg limits test was carried out on a sample of the till deposit and measured a liquid limit of about
17 per cent, a plastic limit of about 12 per cent, corresponding to a plastic index of about 5 per cent. The result
of the Atterberg limits test is shown on the plasticity chart on Figure B9 in Appendix B.

427 Silt to Sand

A deposit of non-cohesive soils comprised of silt to sandy silt to silt and sand to sand was encountered
underlying the clayey silt deposit in all boreholes. The thickness of the deposit varies between 9.8 m and 13.7 m
and the deposit extends to depths ranging from 29.3 m to 33.5 m below ground surface (Elevations 145.6 m to
141.0 m).

The SPT ‘N’-values measured within the silt to sand deposit range from 3 blows to 52 blows per 0.3 m of
penetration, indicating a very loose to very dense relative density.

The natural water content measured on selected samples of the cohesionless deposit ranges from about 19 per
cent to 26 per cent. The results of grain size distribution tests completed on six samples of this deposit are
shown on Figures B10 to B13 in Appendix B.

4.2.8 Sand and Gravel to Sandy Gravel

A deposit of sand and gravel to sandy gravel was encountered underlying the silt and sand deposit in
Boreholes 13-03, 13-04 and 13-06 and below the clayey silt pocket in Borehole 13-04 and extends to borehole
termination to depths of 35.4 m to 38.1 m (Elevations 139.6 m and 136.4 m). The deposit generally contains
trace to some silt and trace to some clay. The split-spoon sampler bouncing was noted during drilling operation
within this deposit which may be an indication of the presence of cobbles and boulders within this deposit.

The SPT ‘N’-values measured within the cohesionless deposit ranges from 8 blows to 90 blows per 0.3 m of
penetration, but generally greater than 23 blows per 0.3 m of penetration, indicating a generally compact to very
dense relative density.

The natural water content measured on six samples of this deposit ranges from about 4 per cent to 9 per cent.
The results of grain size distribution test completed on five samples of this deposit are shown on Figures B14
and B15 in Appendix B.

4.2.9 Clayey Silt to Clayey Silt with Sand Pockets

A pocket of clayey silt about 0.9 m thick and maybe up to about 1.9 m thick was encountered at Elevation 141.0,
underlying the sand deposit in Borehole 13-04.

An approximately 0.3 m thick pocket of clayey silt with sand was encountered at Elevation 140.8 m, within the
sand and gravel to sandy gravel deposit in Borehole 13-05.

A SPT ‘N-value of 41 blows per 0.3 m of penetration was measured within the clayey silt pocket in
Borehole 13-04, suggesting a hard consistency and a SPT ‘N’-value of 50 blows per 0.08 m of penetration was
measured within the clayey silt with sand pocket in Borehole 13-05, suggesting a hard consistency.

The natural water content measured on a sample of the clayey silt pocket is about 19 per cent and on a sample
of clayey silt with sand pocket is about 18 per cent. The result of a grain size distribution test completed on a
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sample of the clayey silt pocket from Borehole 13-04 is shown on Figure B12 and on a sample of the clayey silt
with sand pocket from Borehole 13-05 is shown on Figure B16 in Appendix B. Atterberg limits testing was
carried out on a sample of the clayey silt pocket and measured a liquid limit of about 27 per cent, a plastic limit of
about 14 per cent and a corresponding plastic index of about 13 per cent. The result of the Atterberg limits test is
shown on the plasticity chart on Figure B17 in Appendix B.

4.2.10 Refusal on Inferred Bedrock

The bedrock surface is inferred from refusal to further penetration of hollow stem augers at depths of about
35.4 m and 38.1 m below ground surface, corresponding to Elevations 139.5 m and 136.4 m, at two borehole
locations. The 1968 investigation, from which the borehole records are presented in Appendix C. for the adjacent
ramp site reported that the bedrock surface is between Elevations 136.2 m and 136.6 m, which is consistent with
the results of the current investigation.

4.3 Groundwater Conditions

The soil samples obtained in the boreholes were generally moist to wet. During the drilling operation, sand
heave inside the hollow stem augers to a depth of 12.2 m below ground surface (Elev. 162.7 m) while advancing
the augers to a depth of about 18.9 m (Elev. 156.0 m) in Borehole 13-06. The observed water levels in the open
boreholes during and upon completion of drilling are shown on the Record of Borehole sheets and are
summarized below.

* Ground Surface Elevation | Depth to Water | Groundwater Date
Borehole .
(m) Level (m) Elevation (m)
13-05 174.3 7.3 167.0 July 20, 2013
13-06 174.9 9.1 165.8 June 18, 2013

* The depth to the water level was not recorded in Boreholes 13-03 and 13-04.

The water levels presented above and on the Record of Borehole sheets may not represent stabilized
groundwater conditions at the time of the investigation.

The groundwater level is expected to fluctuate seasonally in response to changes in precipitation and snow melt,
and is expected to be higher during the Spring and periods of precipitation.

5.0 CLOSURE

This Preliminary Foundation Investigation Report was prepared by Mr. Al Varshoi, M.E.Sc., and reviewed by Mr.
Mehdi Mostakhdemi, P.Eng., a geotechnical engineer with Golder. Mr. Ty Garde, P.Eng., and subsequently Mr.
Jorge M. Costa, P.Eng., a Designated MTO Foundations Contact and Principal with Golder, conducted an
independent review of this report.

oy

February 11, 2015 €A Golder
Report No. 12-1111-0088-3 7 L/ Associates



PRELIMINARY FOUNDATION INVESTIGATION AND DESIGN
REPORT - LYONS CREEK BRIDGES

Report Signature Page

GOLDER ASSOCIATES LTD. /
L)

¢ M NUSTARNDENR @ °
H 130105447 ;

) LY
S Ny, ~—
Neg op O8N

Al Varshoi, M.E.Sc. Mehdi Mostakhdemi, M.Sc., P.Eng.
Geotechnical Engineering Group Geotechnical Engineer

L e
N N ;‘\\

W :—.: O g o
Jorge M.A: Costa. P.Eng.
Designated MTO Foundations Contact, Principal
AVIMM/TJG/IMAC)I
y 12 proj 1111 12-1111-0088 - urs - 5 structure replacement - qewA07- report\3 - Iyons creskifinalk12-1111-0088 rpt 2015jand fyons creek bridge.doc
February 11, 2015

Report No. 12-1111-0088-3



PRELIMINARY FOUNDATION INVESTIGATION AND DESIGN
REPORT - LYONS CREEK BRIDGES

PART B

PRELIMINARY FOUNDATION DESIGN REPORT

Lyons CREEK BRIDGES SITE No. 36-66/1 AND 36-66/2

QEW STRUCTURE REPLACEMENTS AT BLACK CREEK, LYONS CREEK,
SEVENTH STREET AND TEE CREEK,

REGIONAL MUNICIPALITY OF NIAGARA

G.W.P 2177-08-00

7=

February 11, 2015 65 Golder

Report No. 12-1111-0088-3 . Associates



PRELIMINARY FOUNDATION INVESTIGATION AND DESIGN
REPORT - LYONS CREEK BRIDGES

6.0 DISCUSSION AND ENGINEERING RECOMMENDATIONS
6.1 General

This section of the report provides preliminary foundation design recommendations for the proposed
replacement of the existing QEW bridges over Lyons Creek. The recommendations are based on interpretation
of the factual data obtained from the boreholes advanced during this preliminary subsurface investigation. The
discussion and recommendations presented are intended to provide the designers with sufficient information to
assess the feasible foundation alternatives and to carry out the preliminary design of the structure foundations.
Further investigation and analysis will be required during detail design.

Where comments are made on construction, they are provided to highlight those aspects that could affect the
detail design of the project, and for which special provisions may be required in the Contract Documents. Those
requiring information on aspects of construction should make their own interpretation of the factual information
provided as such interpretation may affect equipment selection, proposed construction methods, scheduling and
the like.

This preliminary Foundation Design Report is for planning purposes only and the Design/Build proponent shall
satisfy himself as to the sufficiency of the available information and supplement the information as needed to
meet the requirements for detail design. The Design/Build proponent is solely responsible for selecting the
appropriate foundation alternatives for replacement/rehabilitation of the Lyons Creek bridges.

6.2 Foundation Options

Based on the planning study completed to date for the replacement of the Lyons Creek bridges, it is understood
that the future works will include replacement of the existing three span bridges with single span structures, with
the new abutments to be placed behind the existing piers. It is further understood that a re-alignment and/or
grade change of the QEW at the location of the bridges are not under consideration at this time.

Based on the subsurface conditions at this site, both shallow and deep foundation options have been considered
for support of the abutments for the new Lyons Creek bridges. The as-built information of the existing pier
foundations are unknown at this time. The original design drawings indicate that the existing pier foundations
consist of mass concrete (surrounded by sheetpiles) supported on soils where the sheetpiles were driven to
practical refusal. Based on the results of the current investigation, the subsoils within the upper 18 m to 20 m
depth below road level are considered unsuitable to support shallow or mass concrete raft footings. Therefore,
the validity of the original design drawings compared to the actual subsoil conditions should be verified during
the detail design.

It is also possible that the sheetpiles were driven outside of their design locations. The location of the new
abutment foundations should be selected to avoid interference from the existing foundation elements. For this
reason, further investigation is recommended during the detail design to confirm the as-built configuration and
location of the existing foundations system.

A summary of the advantages and disadvantages associated with each option is provided below, and a
comparison of the alternative foundation options based on advantages, disadvantages, risks and relative costs is
provided in Table 1 following the text of this report.
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m Spread footings: Due to the presence of very soft zones within the clayey silt deposits within the upper 18
m to 20 m of the overburden, the preliminary geotechnical resistances are not sufficient to support the
replacement structures on strip or spread footings constructed at shallow depths. Therefore, spread
footings are not considered as a feasible option and not discussed further in this report.

m Steel H-piles driven to found on the bedrock: Driven steel H-piles are suitable and feasible for support
of new abutments (and would permit integral abutment design) and associated wingwalls/retaining walls at
this site. Itis assumed that the new pile caps would be “perched” within the approach embankments above
the floodplain grade, thus minimizing the depth of excavation and associated requirements for temporary
protection systems and dewatering. There is a relatively minor risk associated with penetrating through or
the piles “hanging up” on cobbles or boulders (although further investigation is recommended in this regard
at the detail design stage).

m Steel pipe piles driven to found on the bedrock: Driven steel pipe piles could also be considered as a
deep foundation option for support of new abutments (would permit semi-integral abutment design but are
not normally accepted by MTO for integral abutment design but are not normally accepted by MTO for
integral abutment design) and associated wingwalls/retaining walls at this site. It is assumed that the
abutment pile caps would be “perched” within the QEW approach embankments, minimizing the depth of
excavation and associated requirements for temporary protection and dewatering. Pipe piles are
considered to have a slightly higher risk than H-piles for “hanging up” or being deflected away from their
vertical or battered orientation due to the presence of cobbles and/or boulders within the sand and gravel
deposit above the bedrock at this site.

m Caissons founded in the bedrock: Caissons founded in the bedrock are feasible for support of the new
abutments (although they would preclude integral abutment design) at this site. Temporary or permanent
liners would be required during caisson construction given the risk of running/flowing soil when excavating
through the water-bearing sand and gravel deposits. In addition, coring and/or churn drilling techniques are
expected to be required to penetrate into the bedrock to the target founding levels.

The following sections provide recommendations for driven steel H-pile or pipe pile foundations, and caisson
foundations to support the proposed bridge replacement. Based on the subsurface conditions at the site and the
above considerations, the preferred option from a geotechnical/foundations perspective is to support the
abutments for the new structure on steel H-piles driven to found on the bedrock, in an integral abutment
configuration. Deep foundations whether H-piles or caissons, should be constructed in accordance with
OPSS.PROV 903 (Deep Foundations).

6.3  Driven Steel H-Pile or Steel Pipe (Tube) Foundations
6.3.1 Founding Elevations

The new abutments and associated wingwalls may be supported on steel H-piles or steel pipe (tube) piles driven
to found on or in the bedrock. The surface elevation of the bedrock, as encountered in the 1968 investigations
and in the current boreholes, although generally consistent does vary between the boreholes. Further, the
strength characteristics of the bedrock as determined by unconfined compressive strength tests of core samples
obtained during the 1968 investigation varies in the boreholes, and further investigation will be required at the
detail design stage to confirm the preliminary founding elevations recommended below. The following pile tip
elevations may be used for preliminary design purposes, assuming termination on or just into the bedrock:

s
February 11, 2015 ,Gglder
Report No. 12-1111-0088-3 9 Associates



PRELIMINARY FOUNDATION INVESTIGATION AND DESIGN
REPORT - LYONS CREEK BRIDGES

Borehole Estimated Design
Structure Foundation Element Pile Tip Elevation
Number
(m)
Lyons Creek Bridge SBL -
Northwest Abutment 13-03 139.5
Fort Erie Bound -
Lyons Creek Bridge SBL -
Southwest Abutment 13-04 136.0
Lyons Creek Bridge NBL -
Southeast Abutment 13-05 137.0
Toronto Bound -
Lyons Creek Bridge NBL -
Northeast Abutment 13-06 139.0

The pile caps should be placed at a minimum depth of 1.2 m below final grade for frost protection purposes as
per OPSD 3.50.101 (Foundations Frost Penetration Depths). The elevations of the underside of the new pile
caps are not known at this time.

For the installation of steel H-piles or steel pipe piles, consideration must be given to the potential presence of
cobbles and boulders within the till layers/pockets and non-cohesive soil deposits. In this regard, steel H-piles
are preferred over steel pipe piles as pipe piles are considered to pose a higher risk of “hanging up” or being
deflected away from their orientation during installation, due to their larger end (tip) area. The piles should be
reinforced at the tip with driving shoes to reduce the potential for damage to the piles during driving.

As discussed further in Section 6.6 (Construction Considerations), vibration monitoring is not anticipated to be
required during deep foundation construction activities, either at the existing bridges or at the nearest buildings.

The long-term settlement associated with the consolidation of the soft to stiff clayey deposits will induce a
downward movement of the soils adjacent to the piles due to creep of the cohesive stratum and due to the new
loading associated with the placement of approach embankment immediately behind the abutments. Hence,
negative skin friction will develop along portions of the pile shafts embedded within or above the soft to stiff
clayey layer. For preliminary design purposes, factored downdrag loads of 600 kN for HP 310x110 piles
(assuming a negative skin friction factor of 0.25) should be considered in the preliminary design of the piles. The
structural capacity of the pile must be sufficient to withstand the combined permanent load plus the downdrag
load (if the downdrag loads are greater than the live loads). The magnitude and duration of the settlement and
the magnitude of the downdrag loads should be reassessed during detail design, following completion of
additional investigation and testing.

Alternatively, the portion of the approach embankment adjacent to the abutments could be constructed to design
grade and preloaded for a period of approximately nine months (with the duration to be confirmed during detail
design). This latter method of settlement mitigation is preferred, as it would address concerns with both
differential settlement in the immediate vicinity of the abutment and potential downdrag loads on the piles. If
there is no preload, the embankment may have to be constructed using lightweight fill to eliminate the differential
settlement.
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6.3.2 Geotechnical Axial Resistance/Reaction

For preliminary design for HP 310x110 piles driven to the estimated tip elevations provided in Section 6.3.1, the
factored geotechnical axial resistance at ULS may be taken as 1,700 kN, and the geotechnical axial reaction at
SLS (for approximately 10 mm of settlement) may be taken as 1,500 kN. Similar axial resistances may be used
in the design of closed-end, concrete-filled, 324 mm (12 % in.) diameter steel pipe piles having a minimum wall
thickness of 9.5 mm (3/8 in.).

The preliminary geotechnical resistances provided above will have to be re-evaluated and modified as necessary
during detail design in consideration of the additional subsurface investigation at the new foundation elements.

6.4 Caissons

As an alternative to steel H-piles or pipe piles, caissons could be considered for support of the new abutments.
Temporary or permanent liners will be required during caisson construction because of the water-bearing non-
cohesive soils that are present at this site. For the installation of caissons, consideration must be given to the
potential presence of cobbles and boulders within the till and non-cohesive soil deposits.

6.4.1 Founding Elevations

As the surface of the bedrock varies, based on the refusal condition encountered in the boreholes of the current
investigation and the borehole results of the DOH 1968 investigation, and to accommodate some weathering in
the upper portion of the bedrock, socketting into the bedrock is recommended. The recommended caisson
founding levels for preliminary design are founded below:

Borehole Design Caisson
Structure Foundation Element Founding Elevation
Number
(m)
Lyons Creek Bridge SBL —
Northwest Abutment 13-03 138.5
Fort Erie Bound .
Lyons Creek Bridge SBL -
Southwest Abutment 13-04 135.0
Lyons Creek Bridge NBL —
Southeast Abutment 13-05 136.0
Toronto Bound .
Lyons Creek Bridge NBL —
Northeast Abutment 13-06 138.0

It is expected that the sockets would have to be advanced into the rock by coring and/or churn drilling.

6.4.2 Axial Geotechnical Resistance/Reaction

For preliminary design, caissons socketted at least 1 m into the bedrock may be designed based on end-bearing
resistance, using a factored geotechnical axial resistance at ULS of 5 MPa; for a 1 m diameter caisson, this
would equate to a factored axial geotechnical resistance at ULS of 4,000 kN. The geotechnical reaction at SLS
(for less than 15 mm of settlement) may be taken as 3,000 kN.
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6.5 Approach Embankments
6.5.1 Subgrade Preparation and Embankment Construction

It is recommended that all topsoil/organic material or existing surficial fill materials be stripped from the footprint
of the sections of the new approach embankments. The depth and extent of stripping should be assessed
during detail design when additional subsurface information will be available for the widened approach
embankment areas.

To reduce erosion of the embankment side slopes due to surface water runoff, placement of topsoil and seeding
or pegged sod, in accordance with OPSS 802, OPSS.PROV 804 and OPSS 803, respectively, is recommended
as soon as practicable after construction of the embankments.

6.5.2 Approach Embankment Stability

Preliminary slope stability analyses have been performed for the proposed new section of approach
embankments adjacent to the abutments using the commercially available program SLIDE, produced by
Rocscience Inc., to check that a minimum factor of safety of 1.3 is achieved for the proposed embankment
heights and geometries under static conditions. This minimum factor of safety is considered appropriate for the
proposed approach embankment of the bridge replacement on this project, considering the design requirements
and the available field and laboratory testing data.

The preliminary stability analyses were completed for a maximum 5 m high approach embankment, based on
the subsurface conditions as encountered in Boreholes 13-03 to 13-06. The following parameters have been
used in the preliminary analyses, based on field and laboratory test data as well as accepted correlations:

Bulk Unit Effective Undrained
Soil Deposit Weight Friction Anale Shear
(kN/m®) 9'€ | strength (kPa)

Embankment fill 21 34° -
Very soft to stiff clayey organic silt 18 26° 25
Firm to stiff clayey silt 20 28° 30
Stiff to hard cohesive till 21 32° -
Very Loose to very dense silt to sand 19 30° -
Compact to very dense sand and R

21 32 -
gravel to sandy gravel

* Lower range of underained shear strength suggested by SPT “N” values.

The preliminary stability analysis results indicate that a 5 m high embankment with side slopes no steeper than
2H:1V will have a factor of safety of at least 1.3 against global instability, assuming appropriate subgrade
preparation and proper placement and compaction of the embankment fill materials. An example of the results
from the static global stability analyses is provided on Figure 1. This preliminary assessment of the stability of
the approach embankments should be reviewed and confirmed based on the additional borehole information
obtained within the proposed footprint for the widened QEW approach embankments during detail design.
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The approach embankments were analyzed for cross sections perpendicular to the QEW alignment. Once the
design configuration of the new bridges is known, global stability of the front slopes of the bridges should be
assessed.

6.5.3 Approach Embankment Settlement

The new Lyons Creek bridges are proposed to be constructed at the location of the existing structures.
Preliminary settlement analyses for the anticipated soil conditions below the new/widened sections of the
approach embankments adjacent to the new abutments were carried out using the commercially available
computer program Settle-3D from Rocscience, using estimated elastic deformation moduli as given in the table
below, based on correlations with the SPT “N” values, undrained shear strengths and Atterberg limits testing
(Bowels, 1984; Kulhawy and Mayne, 1990; Peck et al., 1974) and engineering judgement from experience with
similar soils in this region of Ontario.

Bulk Unit Elastic Preconsolidation
Soil Deposit Weight Modulus Pressure C. C,
(kN/m?) (MPa) (kPa)
Embankment fill 21 - - - -
Very soft to stiff clayey organic silt 18 5 150 0.36 0.07
Firm to stiff clayey silt 20 10 150" 0.24* 0.05*
Stiff to hard cohesive till 21 50 - - -
Very Loose to very dense silt to 19 20 ) ) )
sand
Compact to very dense sand and
21 75 - - -

gravel to sandy gravel

* Based on the results of two consolidation tests from previous investigation

Based on this preliminary assessment, the settlement of the foundation soils under new 5 m high section of the
approach embankments adjacent to the abutments is estimated to be up to about 350 mm. Approximately
150 mm of this settlement is expected to occur relatively quickly during and immediately following construction of
the approach embankments. However, approximately 200 mm of this settlement is associated with longer-term
consolidation of the soft to firm portion of the clayey deposits under the new/widened approach embankment
loading; it is anticipated that the majority of this settlement would be completed within approximately nine
months. This estimated magnitude and duration of settlement should be reassessed following additional
investigation (including consolidation testing) during detail design.

The above preliminary settlement estimates do not include compression of the fill itself, which would occur
during and after the construction of the embankment depending on the type of materials used. The magnitude of
fill compression may range from 0.5 per cent to 1 per cent of the height of the embankment, assuming
approximately 98 per cent compaction of the embankment fill is achieved, relative to the material’s standard
Proctor maximum dry density. In the case where granular fill is used for embankment construction, settlement of
the fill itself is expected to occur essentially during embankment construction, whereas non-granular earth fill
materials are expected to exhibit some additional settlement over time.
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6.6 Construction Considerations

The following subsections identify future construction considerations that should be considered at this stage as
they may impact the planning and preliminary design. Where applicable, Non-Standard Special Provisions
(NSSP) should be developed during the detail design stage of the project for incorporation into the Contract
Documents.

6.6.1 Excavation and Temporary Protection Systems

The foundation excavations for pile caps would extend through the existing fill and into the very soft to stiff
clayey deposit. If space permits, open-cut excavations into these materials should be carried out in accordance
with the guidelines outlined in the Occupational Health and Safety Act (OHSA) for Construction Activities. The
existing fill and soft/stiff soils are classified as Type 4 soil, according to the OHSA. Temporary excavations (i.e.
those that are open for a relatively short time period) through these materials should be made with side slopes
no steeper than 3H:1V, assuming that appropriate groundwater control is in place.

The selection and design of the protection system will be the responsibility of the Contractor. However, for
conceptual/planning purposes, the temporary protection systems should be designed and constructed in
accordance with OPSS.PROV 539 (Temporary Protection Systems). The lateral movement of the temporary
shoring system should meet Performance Level 2 as specified in OPSS.PROV 539. It is considered that either a
driven, interlocking sheetpile system or a soldier pile and timber lagging system would be suitable for the
temporary excavation support at the abutments.

6.6.2 Groundwater Control

While new abutment pile caps would be maintained above the groundwater level at the site, excavations for new
pile caps would extend below the groundwater level.

Due to the proximity of the abutments to the edge of the Lyons Creek, a groundwater cut-off system (cofferdam
or similar measure) is recommended to minimize dewatering requirements and potential environmental impacts.
The selection and design of the groundwater control system is the responsibility of the contractor.

6.6.3 Bedrock Excavation and/or Socket Formation

If caissons are the selected foundation option and rock sockets are required to provide the necessary foundation
capacity, it is recommended that an NSSP be included in the Contract Documents to warn the Contractor of the
bedrock quality and strength. Further, it is expected that socket formation would require coring or churn drilling
to advance the hole.

It is recommended that an NSSP be developed at the detail design stage and included in the Contract
Documents to warn the contractor that excavation into the bedrock will require appropriate equipment and
construction procedures, and that the bedrock excavation must not disturb the existing bridge foundations.

6.6.4 Obstructions

The soils at this site are glacially or glacio-fluvially derived and as such should be expected to contain cobbles
and boulders, which could affect the installation of deep foundations. Further observation is recommended in
the next stage of investigation in support of the detail design. If conditions warrant, an NSSP should be included
in the Contract Documents developed during the detail design stage to identify to the contractor the possible
presence of cobbles and/or boulders within the overburden soils.
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6.6.5 Vibration Monitoring During Construction

A maximum peak particle velocity (PPV) of 100 mm/s is generally considered applicable for bridge structures in
good condition. Based on vibration monitoring experience, it is considered unlikely that vibrations induced by
conventional construction activities such as pile driving or coring/churn drilling, however, given that one of the
existing bridges is likely to continue in operation during construction of the adjacent bridge and given the
closeness of the newly constructed bridge to the adjacent bridge under construction it is recommended that
vibration monitoring be required during construction of the adjacent structure.

Existing residential buildings are located to the northeast and southwest of the structure site, approximately
200 m from the Lyons Creek bridges. Although a lower PPV threshold of 50 mm/s is generally considered
applicable for vibration impacts on buildings, the construction zone of influence would likely be less than 100 m.
Therefore, vibration monitoring is not expected to be required at the existing buildings adjacent to the bridge site.

6.7 Recommendations for Further Work During Detail Design

Additional boreholes will be required at each of the foundation elements and within the approach embankment
areas during the detail design stage of the project, to further assess and/or confirm the subsurface conditions
and the preliminary recommendations provided herein, as follows:

m Abutments:

= Assessment of the presence of any cohesionless soil lenses or interlayers within the cohesive deposits
at the site, which could impact groundwater control requirements for foundation excavations.

= Observation of the presence and frequency of cobbles and/or boulders within the soil deposits, to
assess the need for an NSSP to warn the contractor of the presence of such obstructions as they may
affect excavations and the installation of driven steel H-pile foundations.

= Assessment of vibration thresholds for the nearby residential buildings, and if warranted development of
an NSSP for a vibration monitoring plan.

= Further assessment of the depth and strength of the bedrock at the location of the new abutments.

= Further assessment of the groundwater conditions at the location of each foundation element where
excavation would be required.

= Further assess the as built configuration of the foundations of the existing bridges, determine the as-
built location and configuration of the sheetpile foundations (Cored boreholes through the mass
concrete foundations within the sheetpiled area; file search at MTO structural office for available
information on design and construction details of the foundation elements; down-hole magnetometer
survey adjacent to existing foundations).

m Approach embankments:

= Assessment of the depth and extent of stripping of topsoil/organics, fill materials and loosened or
softened native soils within the footprint of the new approach embankments.

= Further assessment of the thickness and consolidation/elastic compression properties of the soils within
the footprint of the new sections of the approach embankments, to confirm the settlement estimates.
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= Further assessment of the engineering parameters and global slope stability of the new sections of the
approach embankments.

7.0 CLOSURE

This Preliminary Foundation Design Report was prepared by Mr. Mehdi Mostakhdemi, M.Sc., P.Eng. Mr. Ty
Garde, P.Eng., carried out a technical review of the report and Mr. Jorge Costa, P.Eng., a Designated MTO
Foundations Contact for Golder, conducted an independent quality review of this report.
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TABLE 1 - COMPARISON OF FOUNDATION OPTIONS
LYONS CREEK BRIDGES

Foundation Option Advantages

Disadvantages

Constructability

Estimated
Costs

Spread/strip footings ¢ Not feasible due to low
geotechnical resistances
associated with the very
soft zones of the clayey silt

deposit

N/A

N/A

o N/A

Steel H-piles driven to .
found on bedrock

Pile caps can be
constructed above the
ground surface (i.e., within
the approach embankment
fill on a granular pad),
reducing depth of
excavation and temporary
protection system
requirements adjacent to
QEW

o Allows for integral
abutment construction

Requires excavation through fill
materials and likely to below the
creek water level for adequate cover
from frost penetration, groundwater
control maybe required

Conventional construction methods
Risk of encountering obstructions
(cobbles, boulders and/or existing
sheetpile foundations) during pile
driving; this could result in piles
“hanging up” and lower geotechnical
resistances

o Lower relative cost
compared with caisson
option

Estimated cost is
approximately $250/m
length for pile installation
and $600/m® for pile cap
construction, plus cost of
any temporary protection
systems

Steel pipe (tube) piles, .
driven to found on

Pile caps can be
constructed above the

Not normally accepted to MTO for
integral abutment design

e Conventional construction methods
o Greater risk than for steel H-pile

Costs for steel pipe
(tube) piles similar to but

bedrock ground surface (i.e., within | e More difficult to install given the foundations of encountering slightly higher than those
the approach embankment required displacement of soil obstructions (cobbles, boulders for H-piles
fill on a granular pad), and/or existing sheetpile foundations)
reducing depth of during driving; this could result in
excavation and temporary piles “hanging up” and lower
protection system geotechnical resistances
requirements adjacent to
QEW
Caissons founded in o Abutment pile caps could e Temporary or permanent liners would | e Conventional construction methods ¢ Higher cost compared
bedrock be constructed at the level be required due to risk of with temporary liners required with shallow foundations

of the underside of the
bridge, reducing depth of
excavation and temporary
excavation support
requirements adjacent to
QEW embankment

o Higher capacity than piles
will require fewer
foundation elements

running/flowing soils in water-bearing
sand and gravel deposits

Coring and/or churn drilling
techniques required to penetrate into
the bedrock

Precludes use of integral abutments

Greater risk than steel piles of
encountering obstructions (cobbles,
boulders and/or existing sheetpile
foundations) during installation; this
could result in caissons not achieving
desired elevations and/or lower
geotechnical resistances

or steel H-piles
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Static Global Stability — Lyons Creek Bridges

Figure 1
Effective Stress Analysis J

r Safety Factor
] 0.0
i 2 0.5
Embankment Fill
w w 1.0
0 h 4 ¥ 4
0 — = p 5
; R 2.0
Very soft to stiff clayey organic silt [
sk S 2-S
: 3.0
i 3.5
-10F
s 4.0
- [
E S 4-S
s Firm to stiff clayey silt &1
% 5 5.5
< . - -
s b Stifftohard cohesive fill ik
g.
g L . Unit Weight |Cohesion A
3 Material Name Color (KN/m3) | (kN/m2) Phi
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=30k Stiff to hard cohesive till D 21 0 32
[ Very loose to very dense silt to sand |:] 19 0 30
sk Firm to stiff clayey silt Embankment Fill O 21 0 34
-20 -10 0 10
Distance (m)
Date: October 2013 Analysis By: MM Reviewed By: TJG
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Static Global Stability — Lyons Creek Bridge

Total Stress Analysis Figure 2

Safety Factor
0.0
l 0 ' 5
L 1 1.0
7 ’,,-o-/‘ !
5 . 1.5
Embankment Fill 2.0
w w
0 . < X A 2.5
) i . 3.0
Very soft to stiff clayey orgaaic silt
sF 3.5
4.0
m —1 4.5
<‘<D -10F
?_{ 5.0
o ; ; ) 5.5
> b Firmto stiff clayey silt
3 6.0+
Stiff to hard cohesive fill : Unit Weight | Cohesion | _ .
-20F Material Name Color (kN/m3) | (kN/m2) Phi
- Very soft to stiff clayey organic siit D 18 25
25k Very loose to very dense silt to sand Firm to stiff clayey silt D 20 30
L Stiff to hard cohesive till D 21 0 32
a20F Very loose to very dense silt to sand I:l 19 0 30
E Embankment Fill D 21 0 34
ask Firm to stiff clayey silt Compact to very dense sand and gravel - 21 0 32
Distance (m)
Date: October 2013 Analysis By: MM Reviewed By: TJG

Project No: 12-1111-0088-3 i
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LIST OF SYMBOLS

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

In x,
|Oglo

FoS

™ > =<

m
<

g g acs

Vo
GO1, G2, G3

GENERAL

3.1416

natural logarithm of x

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

time

factor of safety

STRESS AND STRAIN

shear strain

change in, e.g. in stress: Ac
linear strain

volumetric strain

coefficient of viscosity

Poisson’s ratio

total stress

effective stress (¢’ = 6 — u)

initial effective overburden stress
principal stress (major, intermediate,
minor)

mean stress or octahedral stress
= (o1 + o2 + 03)/3

shear stress

porewater pressure

modulus of deformation

shear modulus of deformation
bulk modulus of compressibility

SOIL PROPERTIES

Index Properties

bulk density (bulk unit weight)*

dry density (dry unit weight)

density (unit weight) of water

density (unit weight) of solid particles
unit weight of submerged soil

0 =v-vw)

relative density (specific gravity) of solid
particles (Dr = ps / pw) (formerly Gs)
void ratio

porosity

degree of saturation

* Density symbol is p. Unit weight symbol is y
where y=pg (i.e. mass density multiplied by
acceleration due to gravity)

()

w

w; or LL
W, or PL
I, or Pl
Ws

I

Ic

€max
€min

Ip

~

b)

X T < Qoo

()

Notes: 1

Index Properties (continued)
water content

liquid limit

plastic limit

plasticity index = (W — wp)
shrinkage limit

liquidity index = (w —wp) / I,
consistency index = (w,—w) / I,
void ratio in loosest state

void ratio in densest state
density index = (Emax — €) / (Emax — €min)
(formerly relative density)

Hydraulic Properties
hydraulic head or potential
rate of flow

velocity of flow

hydraulic gradient

hydraulic conductivity
(coefficient of permeability)
seepage force per unit volume

Consolidation (one-dimensional)
compression index

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

swelling index

secondary compression index
coefficient of volume change

coefficient of consolidation (vertical direction)
coefficient of consolidation (horizontal direction)

time factor (vertical direction)
degree of consolidation
pre-consolidation stress

over-consolidation ratio = ¢'p / 6'vo

Shear Strength

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

undrained shear strength (¢ = 0 analysis)
mean total stress (o1 + 63)/2
mean effective stress (c¢'1 + 0'3)/2
(01— 03)/2 or (6’1 — ©'3)/2
compressive strength (o1 — o3)
sensitivity

t=c'+ o' tan ¢’
shear strength = (compressive strength)/2



LIST OF ABBREVIATIONS

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

AS  Auger sample (@& Non-Cohesive (Cohesionless) Soils
BS  Block sample Density Index N
CS  Chunk sample Relative Density Blows/300 mm or Blowsl/ft
DS Denison type sample Very loose Oto 4
FS  Foil sample Loose 4 to 10
RC  Rock core Compact 10 to 30
SC  Saoil core Dense 30 to 50
SS  Split-spoon Very dense over 50
ST  Slotted tube
TO  Thin-walled, open
TP  Thin-walled, piston
WS  Wash sample
(b) Cohesive Soils
Il PENETRATION RESISTANCE Consistency
Cu, Su
Standard Penetration Resistance (SPT), N: kPa psf
The number of blows by a 63.5kg. (140 Ib.) Very soft 0to 12 0to 250
hammer dropped 760 mm (30 in.) required to Soft 12 to 25 250 to 500
drive a 50 mm (2 in.) drive open sampler for a Firm 25 to 50 500 to 1,000
distance of 300 mm (12 in.) Stiff 50 to 100 1,000 to 2,000
Very stiff 100 to 200 2,000 to 4,000
Hard over 200 over 4,000
Dynamic Cone Penetration Resistance; Ng: V. SOIL TESTS
The number of blows by a 63.5 kg (140 Ib.) w water content
hammer dropped 760 mm (30 in.) to drive Wp plastic limit
uncased a 50 mm (2 in.) diameter, 60° cone Wi liquid limit
attached to “A” size drill rods for a distance of C consolidation (oedometer) test
300 mm (12 in.). CHEM  chemical analysis (refer to text)
CID consolidated isotropically drained triaxial test"
PH: Sampler advanced by hydraulic pressure Clu consolidated isotropically undrained triaxial test
PM: Sampler advanced by manual pressure with porewater pressure measurement*
WH: Sampler advanced by static weight of hammer  Dg relative density (specific gravity, Gs)
WR: Sampler advanced by weight of sampler and DS direct shear test
rod M sieve analysis for patrticle size
MH combined sieve and hydrometer (H) analysis
Piezo-Cone Penetration Test (CPT) MPC Modified Proctor compaction test
A electronic cone penetrometer with a 60° SPC Standard Proctor compaction test
conical tip and a project end area of 10 cm” oC organic content test
pushed through ground at a penetration rate of SOg4 concentration of water-soluble sulphates
2 cm/s. Measurements of tip resistance (Q), ucC unconfined compression test
porewater pressure (PWP) and friction alonga  UU unconsolidated undrained triaxial test
sleeve are recorded electronically at 25 mm \% field vane (LV-laboratory vane test)
penetration intervals. Y unit weight
Note:1 Tests which are anisotropically consolidated prior
to shear are shown as CAD, CAU.
V. MINOR SOIL CONSTITUENTS
Per cent by Weight Modifier Example
Oto 5 Trace Trace sand
5t 12 Trace to Some (or Little) Trace to some sand
12 to 20 Some Some sand
20 to 30 (ey) or (y) Sandy
over 30 And (non-cohesive (cohesionless)) or  Sand and Gravel

SAMPLE TYPE

With (cohesive)

SOIL DESCRIPTION

Silty Clay with sand / Clayey Silt with sand
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GTA-MTO 001 T:\PROJECTS\2012\12-1111-0088 (URS, VARIOUS STRUCTURE REPLACEMENT, QEW)\LOG\12-1111-0088.GPJ GAL-GTA.GDT 1/8/15

PROJECT  12-1111-0088 RECORD OF BOREHOLE No 13-03  SHEET 1 OF 3 METRIC
W.P. 2177-08-00 LOCATION N 4765781.6 ;E 336487.0 ORIGINATED BY sB
DIST Central HWY QEwW BOREHOLE TYPE__108 mm 1.D. Continuous Flight Hollow Stem Augers COMPILED BY AV
DATUM Geodetic DATE July 7 to 9, 2013 CHECKED BY MM
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o w o | R T OF CATURAL REMARKS
e { PLASTIC i lierome  Llaup|
= w |22 3 20 40 60 80 100 |UMT  contenr UMT| S O &
215 wlzg| z ! . . : . We w w | 55 [ cransizE
ELEV afg| g 2 [25| @ [SHEARSTRENGTH kPa N 2 | bISTRBUTION
DEPTH DESCRIPTION s|3| 2 |>(33 < | © UNCONFINED -+ FIELD VANE Y %)
sz Z [£°]| & |® QUCKTRIAXAL X REMOULDED WATER CONTENT (%)
175.0]  GROUND SURFACE - 20 40 60 8 100 20 40 & kN/m® |GR SA Sl CL
0.0 ASPHALT (380 mm)
174.6
0.4 Sand and gravel, trace fines
1741 (FILL) 1] 8S | 22
| 17411 Compact
0.9 \ Brown / 174
\Moist / 2| ss | 12
173.5 Sand (FILL)
15 Compact
Reddish brown 3 ss 8 °
Moist 173
Silty clay to clay, trace sand
(FILL)
Stiff
Mottled brown and grey 4 | 8S 5 fo—— 0 2 34 64
Wet
172
5| SS 5 o
171 2
+
>96,
170.4 +
46 Clayey ORGANIC SILT £% s
Very soft to soft 2 6 | ss 1 170 -
Dark grey to black B%%%
Wet z 22
169.5 g722 3
55 CLAYEY SILT, trace to some +
sand >96,
Stiff 169 +
Grey
Wet
© 7| ss| 4 kel
168
| >96+
4
+
8 Ss 2 167 o
2
5
166 +
9 | SS 2 o
165 P
.'.
4
+
10| SS 2 164 -
2
+ 2
163 =+
11 Ss 3 | amca | 0 7 52 #
162
2
+
4
+
12| ss 9 161 -
2
+

Continued Next Page
+ 3 3. Numbers refer to

0,
e o3 v STRAIN AT FAILURE
Sensitivity
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GTA-MTO 001 T:\PROJECTS\2012\12-1111-0088 (URS, VARIOUS STRUCTURE REPLACEMENT, QEW)\LOG\12-1111-0088.GPJ GAL-GTA.GDT 1/8/15

PROJECT  12-1111-0088 RECORD OF BOREHOLE No 13-03 SHEET 2 OF 3 METRIC
W.P. 2177-08-00 LOCATION N 4765781.6 ;E 336487.0 ORIGINATED BY _SB
DIST Central HWY QEwW BOREHOLE TYPE__108 mm 1.D. Continuous Flight Hollow Stem Augers COMPILED BY AV
DATUM Geodetic DATE July 7 to 9, 2013 CHECKED BY MM
SOIL PROFILE SAMPLES | o w [BYRAMIC SONE PENETRATION
NATURAL [ REMARKS
Wy| 5 { PLASTIC \oicrore HQUD| &
= w |22 3 20 40 60 80 100 [“MT  contentr UMT[ SO &
215 wlzg| z ! . . : . We w w | 55 [ cransizE
ELEV afg| g 2 [25| @ [SHEARSTRENGTH kPa N 2 | bISTRBUTION
DEPTH DESCRIPTION s|3| 2 |>(33 < | © UNCONFINED -+ FIELD VANE Y %)
sz Z [£°]| & |® QUCKTRIAXAL X REMOULDED WATER CONTENT (%)
- CONTINUED FROM PREVIOUS PAGE — w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
CLAYEY SILT, trace to some +
sa_nd
Stiff 13| ss | 3 o
Grey
Wet
159
>96
158
14| ss | 5 o
157
15| ss | 5 e
156
3
+
2
+
154.9 155
201 SILT, trace to some clay, trace
sand
Loose
Brown
Wet 154
16| ss | 7 0 5 87 8
153
152
151.8
23.2 SILT and SAND, trace clay
Compact to very dense bl
Brown %
Wet It
It 151
e
T 17| ss | 13 o
150
e
i
149
™ o
e
1 148
e
TH 18 | ss | s2 3 0 52 43 5
147
e
i
146
™ o
e
e

Continued Next Page
+ 3 3. Numbers refer to

0,
e o3 v STRAIN AT FAILURE
Sensitivity
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PROJECT _ 12-1111-0088

RECORD OF BOREHOLE No 13-03  SHEET 3 OF 3

METRIC

W.P. 2177-08-00 LOCATION N 4765781.6 ;E 336487.0 ORIGINATED BY sB
DIST Central HWY QEwW BOREHOLE TYPE__108 mm 1.D. Continuous Flight Hollow Stem Augers COMPILED BY AV
DATUM Geodetic DATE July 7 to 9, 2013 CHECKED BY MM
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x W |RESISTANCE PLOT< NATURAL - REMARKS
» < PLASTIC LIQuID
£z| 9 umr  MOISTURE - “hyrl £ 5 &
= o |<E| @ 20 40 60 80 100 CONTENT z9
215 wlzg| z ! . . : . We w w | 55 [ cransizE
ELEV LlB| & | 3 [258]| 2 [SHEARSTRENGTHkPa e
DESCRIPTION ol - I O = = —o——— DISTRIBUTION
DEPTH é S i > 8 e} ; O UNCONFINED + FIELD VANE 'Y (%)
sz z |£°| @ |® QUCKTRIAXAL X REMOULDED WATER CONTENT (%)
- CONTINUED FROM PREVIOUS PAGE — w 20 40 60 80 100 20 40 60 kN/m* |GR SA SI CL
SILT and SAND, trace clay -
Compact to very dense JSaA
Brown X
Wet g
1[4 19| ss | 35 o
pNs 144
s
U5
y 143
142.7
323 SAND and GRAVEL, trace to
some silt, trace clay
Very dense
Brown 142
Moist
Ss 58 o 47 37 12 4
141
140
139.6
354 END OF BOREHOLE
AUGER REFUSAL
NOTE:

1. Depth to groundwater level
was not measured upon
completion of drilling.

+ 3’ % 3. Numbers refer to

0,
e o3 v STRAIN AT FAILURE
Sensitivity
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PROUECT 1211110088 RECORD OF BOREHOLE No 13-04  SHEET 1 OF 3 METRIC
W.P. 2177-08-00 LOCATION N 4765750.7 ;E 336512.4 ORIGINATED BY sB
DIST Central HWY QEwW BOREHOLE TYPE__108 mm 1.D. Continuous Flight Hollow Stem Augers COMPILED BY AV
DATUM Geodetic DATE July 9to 11, 2013 CHECKED BY MM
SOIL PROFILE SAMPLES | o w [BYRAMIC SONE PENETRATION
NATURAL = REMARKS
e { PLASTIC i ierme  Haup| i
= w |22 3 20 40 60 80 100 |UMT  contenr UMT| S O &
Sy w =gl z L L L L L We w w | SY | craNsizE
ELEV 28| 4 |2 |25]| & [SHEARSTRENGTHKPa 5 2 | pSTRBUTION
DEPTH DESCRIPTION s|3| 2 |>(33 < | © UNCONFINED -+ FIELD VANE Y %)
sz Z [£°]| & |® QUCKTRIAXAL X REMOULDED WATER CONTENT (%)
174.5]  GROUND SURFACE - 20 40 60 8 100 20 40 & kN/m® |GR SA Sl CL
0.0 Sand and gravel, some silt, trace
clay (FILL) 1 Ss 7
Loose to compact 174
Brown
Moist
2 Ss 14 40 44 13 3
| 73
14 Sand (FILL) 173
Compact
Brown 3 SS 10 °
172.3 Wet
2.2 Silty clay, trace organics (FILL)
Firm 172
Grey 4 | SS 5 o
1715 Wet
3.0 Clayey ORGANIC SILT, trace
sand, trace rootlets _
Soft to stiff 5SS 4 171 F—e+— 8.20/: 0 4 41 55
Dark grey to black
Wet
2
+
>96,
170 +
6 SS 2 116.5
169.0 169 2
55 CLAYEY SILT, trace sand, trace +
gravel 2
Soft to stiff -
Grey
Wet
© 7| ss | 1 168 °
2
+
3
167 +
8 Ss WH o
166 i
+
1
+
9| ss | wH 165 e
R
+
164 +
10| SS 1 o
163 i
+
2
+
11| SS 1 162 ©
2
+ 2
161 o
12| SS 1 e 3 4 56 37
160
2
+

Continued Next Page

+ 3’ x 3. Numl_)_er_s refer to
Sensitivity

0,
o3 v STRAIN AT FAILURE
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PROJECT _ 12-1111-0088

RECORD OF BOREHOLE No 13-04

SHEET 2 OF 3

METRIC

GTA-MTO 001 T:\PROJECTS\2012\12-1111-0088 (URS, VARIOUS STRUCTURE REPLACEMENT, QEW)\LOG\12-1111-0088.GPJ GAL-GTA.GDT 1/8/15

W.P. 2177-08-00 LOCATION N 4765750.7 ;E 336512.4 ORIGINATED BY sB
DIST Central HWY QEwW BOREHOLE TYPE__108 mm 1.D. Continuous Flight Hollow Stem Augers COMPILED BY AV
DATUM Geodetic DATE July 9to 11, 2013 CHECKED BY MM
SOIL PROFILE SAMPLES | o w [BYRAMIC SONE PENETRATION s
Wel| < = PLASTIC T REMARK
= o |22 8 20 40 60 80 100 |WMT 0 &
2g L 2E]| z ! ! L . We 54 | GRANSIZE
ELEV LlB| & | 3 [258]| 2 [SHEARSTRENGTHkPa e
DESCRIPTION =l = e < zZz = 00— DISTRIBUTION
DEPTH é S .>_' > 8 e} ; O UNCONFINED + FIELD VANE 'Y (%)
sz Z [£°]| & |® QUCKTRIAXAL X REMOULDED WATER CONTENT (%)
— CONTINUED FROM PREVIOUS PAGE — w 20 40 6 80 100 20 GR SA SI CL
CLAYEY SILT, trace sand, trace +
gravel )
Soft to stiff 13| ss 5 159
Grey
Wet
158
Trace silt seams below a depth of
16.8 m. 14 | ss 3
157
156.2
18.3 Sandy CLAYEY SILT, some o -T2 —SS R 156 e 1921 41 25
gravel (TILL) ;)*j
Hard ,' 9
Grey g 9
Wet e
4
4 155
154.7
19.8 SILT and SAND, trace clay
Very loose to loose
Brown
Wet 154
16 | SS 3 153 Q 0 45 52 3
152
151
150
17 | SS 5 o]
149
148.3
26.2 Silt, some clay, trace sand
Very loose 148
Brown
Wet
147
18 | SS 3 o] 0 3 79 18
146
145.2
29.3 SAND, some gravel 145
Compact 9
Grey
Wet

Continued Next Page

+ 3’ % 3. Numbers refer to

Sensitivity

0,
o3 v STRAIN AT FAILURE
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Foundation Design

PROJEGT  12.1111-0088 RECORD OF BOREHOLE No 13-04  SHEET 3 OF 3 METRIC
W.P. 2177-08-00 LOCATION N 4765750.7 ;E 336512.4 ORIGINATED BY _sB
DIST Central HWY QEwW BOREHOLE TYPE__108 mm 1.D. Continuous Flight Hollow Stem Augers COMPILED BY AV
DATUM Geodetic DATE July 9to 11, 2013 CHECKED BY MM
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o W |RESISTANGE PLOT = rene NATRAL | . | Remarks
Hol § MOISTURE ~ MQUDf ¢
= w |22 3 20 40 60 80 100 [“MT  contentr UMT[ SO &
Sy w =gl z L L L L L We w w | SY | craNsizE
ELEV afg| g 2 [25| @ [SHEARSTRENGTH kPa N 2 | bISTRBUTION
DEPTH DESCRIPTION s|3| 2 |>(33 < | © UNCONFINED -+ FIELD VANE Y %)
sz Z [£°]| & |® QUCKTRIAXAL X REMOULDED WATER CONTENT (%)
- CONTINUED FROM PREVIOUS PAGE — w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
SAND, some gravel
Compact
Grey
Wei 144
ss | 21
143
142
141.0 141
33.5 CLAYEY SILT, trace to some
sand 20| SS | 41 o 0 8 53 39
Hard
Grey
Wet
140
139.1
35.4 SAND and GRAVEL, trace to 139
some silt, trace clay
Loose
Brown
Wet
138
ss 8 o 34 57 6 3
137
136.4
38.1 END OF BOREHOLE
AUGER REFUSAL
NOTE:

1. Depth to groundwater level
was not measured upon
completion of drilling.

+ 3’ x 3. Numl_)_er_s refer to
Sensitivity

0,
o3 v STRAIN AT FAILURE
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Associates

GTA-MTO 001 T:\PROJECTS\2012\12-1111-0088 (URS, VARIOUS STRUCTURE REPLACEMENT, QEW)\LOG\12-1111-0088.GPJ GAL-GTA.GDT 1/8/15

PROUECT 1211110088 RECORD OF BOREHOLE No 13-05  SHEET 1 OF 3 METRIC
W.P. 2177-08-00 LOCATION N 4765768.8 ;E 336538.3 ORIGINATED BY sB
DIST Central HWY QEwW BOREHOLE TYPE__108 mm 1.D. Continuous Flight Hollow Stem Augers COMPILED BY AV
DATUM Geodetic DATE June 19 and 20, 2013 CHECKED BY MM
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | 4 [RESRTANGERLOT oo ML s | REMamcs
Hol § moisTRe  HQ £ L
= w |22 3 20 40 60 80 100 |UMT  contenr UMT| S O &
215 wlzg| z ! . . : . We w w | 55 [ cransizE
ELEV afg| g 2 [25| @ [SHEARSTRENGTH kPa N 2 | bISTRBUTION
DEPTH DESCRIPTION s(s| 2| 5(33 < [o UNCONFINED  + FIELD VANE Y )
sz Z [£°]| & |® QUCKTRIAXAL X REMOULDED WATER CONTENT (%)
174.3|  GROUND SURFACE - 20 40 60 8 100 20 40 &0 kN/m® |GR SA SI CL
0.0 ASPHALT (175 mm)
0.2 Sand and gravel, trace to some 174
fines (FILL) 1 SS 55 ©
Compact to very dense
Brown
Moist 2| ss | 21 ° 51 38 (11)
| 1728 173
Sand, trace silt (FILL) b
172.5 Loose 3A ss | a
1.8 Brown 3B P
Wet
Silty clay, trace sand, trace 172
organics (FILL)
Firm to stiff 4 Ss 5 L —
Grey
Wet
5| ss 4 171 -
2
+
170 96
169.7 +
4.6 Clayey ORGANIC SILT, trace 257 o7
sand e 6 | SS | 2 ‘¢ oc=
Very soft to soft %22 20.5%
Dark brown to black H2 1
168.8 Wet it 69 3
55 CLAYEY SILT, trace sand t+
Stiff 2
Grey +
Wet
7] ss | 1 168 5
2
v 167 P
+
8 Ss 2 i |
166
R
+
2
+
165
9 | SS 1 o
K
164 2
+
10| SS 1 [¢]
163
2
+
>96+
162
11 Ss 3 [¢]
1
161 } ;
+
12| SS 3 o
160

Continued Next Page
+ 3 3. Numbers refer to

0,
e o3 v STRAIN AT FAILURE
Sensitivity
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Foundation Design

PROJECT 1211110088 RECORD OF BOREHOLE No 13-05  SHEET 2 OF 3 METRIC
W.P. 2177-08-00 LOCATION N 4765768.8 ;E 336538.3 ORIGINATED BY _SB
DIST Central HWY QEwW BOREHOLE TYPE__108 mm 1.D. Continuous Flight Hollow Stem Augers COMPILED BY AV
DATUM Geodetic DATE June 19 and 20, 2013 CHECKED BY MM
SOIL PROFILE SAMPLES | o w [BYRAMIC SONE PENETRATION
NATURAL [ REMARKS
Wy| 5 < PLASTIC \oicrore HQUD| &
5 w |22 3 20 40 60 80 100 [“MT  contentr UMT[ SO &
2| & wlzg| z ! . . : . We w w | 55 [ cransizE
ELEV o lm| H 3 |25| © |SHEARSTRENGTH kPa 2
DESCRIPTION |2l & <2|z8| E —o—— DISTRIBUTION
DEPTH S|3| F | > |38 = |o UNCONFINED  + FIELD VANE Y %)
sz Z [£°]| & |® QUCKTRIAXAL X REMOULDED WATER CONTENT (%)
- CONTINUED FROM PREVIOUS PAGE — w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
CLAYEY SILT, trace sand
Stiff 159
Grey
oo 13| ss | 4 o
2
157.8 158 '
16.5 CLAYEY SILT with SAND, some Brgs >9%
gravel (TILL) d j
Stiff g
Grey 3] 14| ss | 10 H 18 32 33 17
Wet 7 157
¥
156.5 7
17.8 CLAYEY SILT, trace sand, trace
gravel
Stiff
Grey 156
Wet 15| ss | 1 o
155 2
154.8 29 +
19.5 Sandy SILT, trace to some clay AYAY >96
Loose to compact 8 +
Brown
Wet
154
153
16| ss | 20 o
152
151
e 150
2
17| ss | 8 o 0 27 65 8
149
148
! 147
2%
18| ss | 6 q
146
145.0
29.3 145

Continued Next Page

+ 3’ x 3. Numl_)_er_s refer to
Sensitivity

0,
o3 v STRAIN AT FAILURE
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A = G’Old_er Foundation Design
Associates

GTA-MTO 001 T:\PROJECTS\2012\12-1111-0088 (URS, VARIOUS STRUCTURE REPLACEMENT, QEW)\LOG\12-1111-0088.GPJ GAL-GTA.GDT 1/8/15

PROJECT  12-1111-0088 RECORD OF BOREHOLE No 13-05  SHEET 3 OF 3 METRIC
W.P. 2177-08-00 LOCATION N 4765768.8 ;E 336538.3 ORIGINATED BY sB
DIST Central HWY QEwW BOREHOLE TYPE__108 mm 1.D. Continuous Flight Hollow Stem Augers COMPILED BY AV
DATUM Geodetic DATE June 19 and 20, 2013 CHECKED BY MM
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o w o | R T OF =" CATURAL | rewarcs
we, | < PLASTIC LiQuiD
£z| 9 umr  MOISTURE - “hyrl £ 5 &
5 o |<E| @ 20 40 60 80 100 CONTENT z9
2E w |8 [2E P ' ' ——— . W w w | 5L | GRANSIZE
ELEV Slo o 212¢g| 8 SHEAR STRENGTH kPa . . DISTRIBUTION
DEPTH DESCRIPTION S|3| % | S |[38]| £ |o UNCONFINED  + FIELD VANE Y %)
sz z €C| L [® QUICKTRIAXIAL X REMOULDED WATER CONTENT (%)
— CONTINUED FROM PREVIOUS PAGE — w 20 40 60 80 100 20 40 60 kN/m* |GR SA SI CL
SAND and GRAVEL, trace to
some fines 144
Compact
Brown
Wet 19| SsS | 23 ) 48 44 (8)
143
142
140.8 : 141
CLAYEY SILT with SAND, trace 20A| ss bo/o.od o 2 55 31 12
140.5 gravel 71208
33.8 Hard
Brown
Wet 140
Sandy GRAVEL, trace to some
fines
Dense
Brown
Wet
139
138
1374 SS 50/0.15 o 59 28 (13)
36.9 END OF BOREHOLE
NOTE:

1. Water level inside auger at a
depth of 7.3 m below ground
surface (Elev. 167.0 m) upon
completion of drilling.

+ 3’ % 3. Numbers refer to

0,
e o3 v STRAIN AT FAILURE
Sensitivity
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PROUECT 1211110088 RECORD OF BOREHOLE No 13-06  SHEET 1 OF 3 METRIC
W.P. 2177-08-00 LOCATION N 4765798.4 ;E 336509.5 ORIGINATED BY sB
DIST Central HWY QEwW BOREHOLE TYPE__108 mm 1.D. Continuous Flight Hollow Stem Augers COMPILED BY AV
DATUM Geodetic DATE June 18 and 19, 2013 CHECKED BY MM
SOIL PROFILE SAMPLES | o w [BYRAMIC SONE PENETRATION
NATURAL = REMARKS
e { PLASTIC i lierome  Llaup|
= w |22 3 20 40 60 80 100 |UMT  contenr UMT| S O &
215 wlzg| z ! . . : . We w w | 55 [ cransizE
ELEV afg| g 2 [25| @ [SHEARSTRENGTH kPa N 2 | bISTRBUTION
DEPTH DESCRIPTION s|3| 2 |>(33 < | © UNCONFINED -+ FIELD VANE Y %)
sz Z [£°]| & |® QUCKTRIAXAL X REMOULDED WATER CONTENT (%)
174.9]  GROUND SURFACE - 20 40 60 8 100 20 40 &0 kN/m® |GR SA SI CL
0.0 ASPHALT (200 mm) |
1744 CONCRETE (300 mm) &
0.5 Sand and gravel (FILL)
Dense
Brown 174
Moist 1 SS 30 5}
173.4
1.5 Silty clay, trace sand, trace
organics (FILL) 2| ss 5 °
Firm 173
Mottled grey and brown
Wet
3| SS 6 o]
172
4 Ss 4 o
Black staining below a depth of 171
3.8m. 5 Ss 4 e— 0 2 33 65
6 | ss 7 170 ©
169.4
55 CLAYEY SILT, trace to some >9%6.
sand, trace to some gravel
Stiff 169
Brown becoming grey below a
depth of 10.7
o orerm 7|ss| 6 o
168
>96+
8 | ss 6 167 o
>96+
166
9 | SS 4 Ie
165
2
+
2
+
10| SS 2 164 o
v 2
+ 2
163 "
11 Ss 3 [¢]
162
2
+
>96+
Silt seams at a depth of 13.7 m. 161
12| SS 8 o
3
160 +

Continued Next Page

+ 3’ % 3. Numbers refer to

Sensitivity

0,
o3 v STRAIN AT FAILURE
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PROJECT  12.1111:0088 RECORD OF BOREHOLE No 13-06  SHEET 2 OF 3 METRIC
W.P. 2177-08-00 LOCATION N 4765798.4 ;E 336509.5 ORIGINATED BY sB
DIST Central HWY QEwW BOREHOLE TYPE__108 mm 1.D. Continuous Flight Hollow Stem Augers COMPILED BY AV
DATUM Geodetic DATE June 18 and 19, 2013 CHECKED BY MM
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES v W |RESISTANCE PLOT NATURAL REMARKS
Wy| 5 { PLASTIC \oicrore HQUD| &
= w |22 3 20 40 60 80 100 |UMT  contenr UMT| S O &
215 wlzg| z ! . . : . We w w | 55 [ cransizE
ELEV afg| g 2 [25| @ [SHEARSTRENGTH kPa N 2 | bISTRBUTION
DEPTH DESCRIPTION s(s| 2| 5(33 < [o UNCONFINED  + FIELD VANE Y )
sz Z [£°]| & |® QUCKTRIAXAL X REMOULDED WATER CONTENT (%)
— CONTINUED FROM PREVIOUS PAGE — w 20 40 60 89 100 20 40 60 kN/m* |GR SA SI CL
CLAYEY SILT, trace to some +
sand, trace to some gravel
Stiff
Brown becoming grey below a 13 ss 3 e 9 6 4540
depth of 10.7 m
Wet 159
R
+
2
+
158
14 | SS 3 o
157.1 >96+
17.8 SILT, some sand, trace to some 157
clay
Very loose
Brown
Wet 15| SS WH e} 0 13 80 7
156
|~ ~
154.8 155
20.1 SAND, some silt, trace to some
clay
Compact
Brown
Wet 154
SS 17 o
153
152
151
Ss 18 o] 0 78 14 8
150
149
148
SS 15 o
147
146
145.6
29.3
145

Continued Next Page
+ 3 3. Numbers refer to

0,
e o3 v STRAIN AT FAILURE
Sensitivity



GTA-MTO 001 T:\PROJECTS\2012\12-1111-0088 (URS, VARIOUS STRUCTURE REPLACEMENT, QEW)\LOG\12-1111-0088.GPJ GAL-GTA.GDT 1/8/15

.@1

A

E Gols

@ souer

Foundation Design

PROJECT  12-1111-0088 RECORD OF BOREHOLE No 13-06 SHEET 3 OF 3 METRIC
W.P. 2177-08-00 LOCATION N 4765798.4 :E 336509.5 ORIGINATED BY _SB
DIST Central HWY QEwW BOREHOLE TYPE__108 mm 1.D. Continuous Flight Hollow Stem Augers COMPILED BY AV
DATUM Geodetic DATE June 18 and 19, 2013 CHECKED BY MM
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o w |RESISTANGE PLOT NATURAL REMARKS
Wy| 5 { PLASTIC \oicrore HQUD| &
= w |22 3 20 40 60 80 100 [“MT  contentr UMT[ SO &
Sy w =gl z L L L L L We w w | SY | craNsizE
ELEV afg| g 2 [25| @ [SHEARSTRENGTH kPa N 2 | bISTRBUTION
DEPTH DESCRIPTION s(s| 2| 5(33 < [o UNCONFINED  + FIELD VANE Y )
sz Z [£°]| & |® QUCKTRIAXAL X REMOULDED WATER CONTENT (%)
- CONTINUED FROM PREVIOUS PAGE — w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI CL
SAND and GRAVEL, some silt,
trace to some clay
Very dense
Brown
Wet ss | 66 144 o
143
142
SS_90/0.15 ° 42 37 15 6
Split-spoon sampler bouncing. 141
140
139.5
354 AUGER REFUSAL

END OF BOREHOLE
NOTES:

1. Sand blown up inside auger to
a depth of 12.2 m (Elev. 162.7 m)
during drilling at a depth of

18.9 m (Elev. 156.0 m).

2. Water level inside auger at a
depth of 9.1 m below ground
surface (Elev. 165.8 m) during
drilling.

+ 3’ % 3. Numbers refer to

Sensitivity

0,
o3 v STRAIN AT FAILURE
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GRAIN SIZE DISTRIBUTION
Sand and Gravel Fill

FIGURE B1

U.S.S Sieve size, meshes/inch

Size of openings, inches

PERCENT FINER THAN

200 100 6050 40 30 20 16 108 4 3 38R W 1m 1w ol S
| | ) | 1 | ] || é i) 100
/
5 90
7 /" 80
J 70
60
50
N
; 40
» /./ 30
L&
/\'/ J‘ 20
=]
d 10
o B KFT 0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
N SILT AND CLAY SIZES FINE MEDIUM COARSE FINE COARSE COBBLE
FINE GRAINED SAND SIZE GRAVEL SIZE SIZE
LEGEND
SYMBOL BOREHOLE SAMPLE ELEVATION(m)
° 13-04 2 173.4
u 13-05 2 173.2
Project Number: 12-1111-0088
Golder Associates Date: 22-Oct-13

Checked By: i




GRAIN SIZE DISTRIBUTION
Silty Clay to Clay Fill

FIGURE B2

U.S.S Sieve size, meshesfinch

Size of openings, inches

PERCENT FINER THAN

200 100 6050 40 30 2; 16 10‘8 : KRKY: 7S A L b5 3" 4% 6"
. L ) ) L 100
e el Il
7‘ 90
y 80
% 70
A 60
50
40
30
20
10
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT AND CLAY SIZES FINE MEDIUM COARSE FINE COARSE COBBLE
FINE GRAINED SAND SIZE GRAVEL SIZE SIZE
LEGEND
SYMBOL BOREHOLE SAMPLE ELEVATION(m)
e 13-03 4 172.4
u 13-06 5 170.8
Project Number: 12:1111-0088
Checked By: O’ - Golder Associates Date: 22-Oct-13




Oct 75, FF-S-21

60
50 /
CH
LEGEND
40 BH | SAMPLE | SYMBOL
/ 13-03 4 .
® cl 13-05 4 .
< 13-06 5 a
u .
Z B i o
E30 ° "4 o
% A
3 cL . .
S - u -
20 /) . -
A
(<}
/ MH OH °
10 S/ x
/ - =
= = == <&
CL -ML /
A
—— —— g M ol
ML /7 ML oL | °
0 [ ]
0 10 20 30 40 50 60 70 80 90 100
LIQUID LIMIT %
Figure No. B3
PLASTICITY CHART

Ministry of
Transportation

Ontario

Silty Clay to Clay Fill

Project No. 12-1111-0088

Checked By: qL\




GRAIN SIZE DISTRIBUTION
Clayey Organic Silt

FIGURE B4

U.S.S Sieve size, meshesinch

Size of openings, inches

200 100 6050 40 30 20 16 108 4 3 3E%" W 1"1%" 34w e
/*(»’b/’l’—* | | 1 | . 4 L 100
90
Af/‘ 80
70
2
3
/ﬁ 80
[+
[}
50 =
ic
J e
i
40 g
i
o
30
20
10
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT AND CLAY SIZES FINE MEDIUM COARSE FINE COARSE COBBLE
FINE GRAINED SAND SEZE GRAVEL SIZE SEE
LEGEND
SYMBOL BOREHOLE SAMPLE ELEVATION(m)
b 5 171.1
Project Number: 12-1111-0088
Checked By: Q’L Golder Assaciates Date: 22-Oct-13




Oct 75, FF-S-21

60
50 pd
CH
LEGEND
40 BH | SAMPLE | SYMBOL
/ 13-04 5 .
- cl :
>< A
w
D |}
4 - L
[+
ESO Y S
] °
'cB R
é cL o
=5 E— n —
20 = R / N R N4
A
o
/ MH OH °
10 / a
CL-ML / ¢
— — — > MI ol £
ML 7 ML oL ~ &
0 [ |
0 10 20 30 40 50 60 70 80 o0 100
LIQUID LIMIT %
Figure No. B5
PLASTICITY CHART J

Ministry of
Transportation

Ontario

Clayey Organic Silt

Project No. 12-/1‘ 111-0088

Checked By: (L/\ N
[ 4




GRAIN SIZE DISTRIBUTION

CLAYEY SILT FIGURE B6
U.S.S Sieve size, meshes/inch Size of openings, inches
200 100 6050 40 30 20 16 108 4 3 aEw TR 4%
L i Ll L | L L 1L Ll ] | 100
I Rl
g 4__’1'__ — 90
Val™ 1]
80
}‘/ 70
=
| 2
60 =
A g
; 4
+ 50
' =
]
/ 40 §
w
/ g
¢ 30
20
—110
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT AND CLAY SIZES FINE MEDIUM COARSE FINE COARSE COBBLE
FINE GRAINED SAND SIZE GRAVEL SIZE SIZE
LEGEND
SYMBOL BOREHOLE SAMPLE ELEVATION(m)
4 13-04 12 160.5
= 13-06 13 159.4
Project Number: 12-1111-0088
Golder Associates Date: 22-Oct-13

Checked By: 7 .

g




Oct 75, FF-8-21

60
50 /
CH
LEGEND
40 BH SAMPLE | SYMBOL
/ 13-03 7 .
© - 13-03 11 .
" 13-03 15 s
g 13-04 | 9 | =
a0 13-04 12 o
5 g 13-05 8 .
= 13-06 9 a
S CcL 13-06 13 o
a
o ) a
/ s
2y S - — e
A
| ]
b o
% x
/ MH OH hd
10 A X
/ I
. — — : >
CL-ML / .
. - - 4 MI Ol o
ML Ve ML oL € -
0 [ |
0 10 20 30 40 50 60 70 80 90 100
LIQUID LIMIT %
Figure No. B7
Misiyot PLASTICITY CHART :
T 1 - -
CLAYEY SILT Project No. 12-1111-0088

Ontario

Checked By:

N
A




GRAIN SIZE DISTRIBUTION
CLAYEY SILT TILL

FIGURE B8

U.5.S Sieve size, meshes/inch

Size of openings, inches

Project Number: 12-1111-0088
Golder Associates

Date: 22-Oct-13

200 100 6050 40 30 20 16 108 4 AR L b 3" 414" 6"
] ]| | 1 1 Ll Mi /é ] | 100
pg J‘r‘ a0
’4 1
80
P
L d
] - 70
Vil vl
j ’ﬁ v
40
o] 30
// /ﬁ
20
rd

10

0

0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT AND CLAY SIZES FINE MEDIUM COARSE FINE COARSE COBBLE
FINE GRAINED SAND SIZE GRAVEL SIZE SIZE
SYMBOL BOREHOLE SAMPLE ELEVATION(m)
L4 13-05 14 157.2
L] 13-04 15 155.9

PERCENT FINER THAN




Qct 75, FF-S-21
60
50 /
CH
LEGEND
40 BH | SAMPLE | SYMBOL
/ 13-04 15 .
2 cl 13-05 14 .
A
n .
2 . .
=]
E3O y o
[&]
a .
S cL o
o.
[ ——— — - n u_
0 / B
A
[+
x
/ MH OH °
10 : /| x
| +
—_ == = (o]
CL-M, / .
= = = — M ol
ML 7 ML oL o
0 ]
0 10 20 30 40 50 60 70 80 90 100
LIQUID LIMIT %
Figure No. B9
PLASTICITY CHART

Ministry of
Transportation

Ontario

CLAYEY SILT TILL

Project No. 12-1111-0088

Checked By:

A




GRAIN SIZE DISTRIBUTION
SILT

FIGURE B10

U.8.S Sieve size, meshes/inch

Size of openings, inches

PERCENT FINER THAN

200 100 6050 40 30 20 16 108 4 3 2@ = 1" 1%" ST 4K 8"
l%/l .'J-*-'T‘ ) T I ] ) el 100
i 920
K"
/ f 80
" 70
//* 60
/7 50
,'? “ 40
s
/ L/ N
//'V
o= J‘ 20
e 10
P n/
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT AND CLAY SIZES FINE MEDIUM COARSE FINE COARSE COBBLE
FINE GRAINED SAND SIZE GRAVEL SIZE SIZE
LEGEND
SYMBOL BOREHOLE SAMPLE ELEVATION(m)
® 13-06 15 156.3
u 13-03 16 153.4
L 4 13-04 18 146.8
Project Num beﬁ-1 111-0088
Golder Associates Date: 22-Oct-13

Checked By:

LY AN
/




GRAIN SIZE DISTRIBUTION

Sandy SILT

FIGURE B11

U.S.S Sieve size, meshes/inch

Size of openings, inches

PERCENT FINER THAN

200 100 605040 30 20 16 108 4 3 uEn WA 3 aue
) At . I Ll 100
. 90
1
80
70
60
50
40
y; 30
/ 20
# L&
L1
[ 10
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT AND CLAY SIZES FINE MEDIUM COARSE FINE COARSE COBBLE
FINE GRAINED SAND SIZE GRAVEL SIZE SIZE
LEGEND
SYMBOL BOREHOLE SAMPLE ELEVATION(m)
b 13-05 17 149.6
Project Number: 12-1111-0088
Checked By: Yl ; L Golder Associates Date: 22-Oct-13

7/




GRAIN SIZE DISTRIBUTION
SILT and SAND

FIGURE B12

U.S.S Sieve size, meshes/inch

Size of openings, inches

PERCENT FINER THAN

200 100 6050 40 30 20 16 108 4 3amu I AW e
| E}I ’_L(r L i | L | ] | 100
90
/
/” 80
{i 70
60
50
f 40
[ 30
20
10
il
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT #ND CLAY SIZES FINE MEDIUM COARSE FINE COARSE COBBLE
FINE GRAINED SAND SIZE GRAVEL SIZE SIZE
LEGEND
SYMBOL BOREHOLE SAMPLE ELEVATION(m)
® 13-04 16 1562.9
L 13-03 18 147.3

Project Numbery12-1111-0088
Checked By: L~

Golder Associates

Date: 22-Oct-13




GRAIN SIZE DISTRIBUTION
SAND FIGURE B13

U.S.S Sieve size, meshes/inch Size of openings, inches
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SILT AND CLAY SIZES FINE MEDIUM COARSE FINE COARSE COBBLE
FINE GRAINED SAND SIZE GRAVEL SIZE SIZE
LEGEND
SYMBOL BOREHOLE SAMPLE ELEVATION(m)
e 13-06 17 150.2
Project Number: 12-1111-0088
Checked By: QAV - Golder Associates Date: 22-Oct-13
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GRAIN SIZE DISTRIBUTION
SAND and GRAVEL

FIGURE B14
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L4 13-05 19 143.5
un 13-03 20 141.2
4 13-06 20 141.3
A 13-04 21 137.6
Project Number: 12-1111-0088
Golder Associates Date: 22-Oct-13
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GRAIN SIZE DISTRIBUTION

Sandy GRAVEL FIGURE B15
U.8.8 Sieve size, meshes/inch Size of openings, inches
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FINE GRAINED SAND SIZE GRAVEL SIZE SIZE
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SYMBOL BOREHOLE SAMPLE ELEVATION(m)
® 13-05 21 137.6
Project Number: 1 11-0088
Golder Associates Date: 22-Oct-13
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GRAIN SIZE DISTRIBUTION
CLAYEY SILT to CLAYEY SILT with SAND FIGURE B16
U.S.S Sieve size, meshes/inch Size of openings, inches
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LEGEND
SYMBOL BOREHOLE SAMPLE ELEVATION(m)
o 13-04 20 140.7
u 13-05 20B 140.6
Project Numberﬁ1 111-0088
Checked By: A Golder Associates Date: 22-Oct-13
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PRELIMINARY FOUNDATION INVESTIGATION AND DESIGN
REPORT - LYONS CREEK BRIDGES

APPENDIX C

Record of Borehole sheets from Previous Investigation
(GEOCRES NO. 30M03-111)

February 11, 2015
Report No. 12-1111-0088-3
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At Golder Associates we strive to be the most respected global group of
companies specializing in ground engineering and environmental services.
Employee owned since our formation in 1960, we have created a unique
culture with pride in ownership, resulting in long-term organizational stability.
Golder professionals take the time to build an understanding of client needs

and of the specific environments in which they operate. We continue to expand
our technical capabilities and have experienced steady growth with employees
now operating from offices located throughout Africa, Asia, Australasia,
Europe, North America and South America.

Africa + 27 11 254 4800
Asia + 852 2562 3658
Australasia + 61 3 8862 3500
Europe + 356 21 42 30 20
North America +1 800 275 3281
South America + 55 21 3095 9500

solutions@golder.com
www.golder.com

Golder Associates Ltd.

6925 Century Avenue, Suite #100
Mississauga, Ontario, L5N 7K2
Canada

T: +1 (905) 567 4444

= Golder
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