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FOUNDATION INVESTIGATION REPORT
DEER CREEK (FROOD) BRIDGE REPLACEMENT
HIGHWAY 539, TOWNSHIP OF CRERAR
W.P. 5236-05-01, SITE: 43-012

Geocres Number: 411-265

PART 1: FACTUAL INFORMATION

1 INTRODUCTION

This report presents the factual findings obtained from a foundation investigation conducted at the
site of the bridge that carries Highway 539 over Deer Creck (Frood) in the Township of Crerar,
Ontario. It is proposed that this bridge will be replaced on or close to the existing alignment.

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 MMM Group, under the Ministry of
Transportation Ontario (MTO) Agreement Number 5008-E-0013.

2 SITE DESCRIPTION

The site is located approximately 13.6 km north of the intersection of Highway 17 (Trans-Canada
Highway) and Highway 539 in Warren, Ontario. At the site, Deer Creek flows towards the
southwest on a relatively gentle gradient. The channel is approximately 9.5 m wide and the water
level in the creek was recorded as Elevation 235.65 in February 2010. The banks of the creek are
approximately 3.5 m high at the site. The creek banks are heavily vegetated with shrubs and small
trees. Selected photographs of the site are included in Appendix D.

Geologically, the site lies within the Canadian Shield, which is characterized by Pre-Cambrian
bedrock. Locally, however, Deer Creek flows across post-glacial deposits of silt and sand, and
sand and gravel with cobbles and boulders. There is a single private residence/farm located
northeast of the existing bridge. No other buildings or other developments are located within the
immediate vicinity of the site.
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3  SITE INVESTIGATION AND FIELD TESTING

The site investigation and field-testing for this project was carried out from May 17 to 19, 2010 and
consisted of drilling six boreholes identified as DCR10-01 to DCRI10-06. The approximate
locations of the six (6) boreholes are shown on the attached Borehole Locations and Soil Strata
Drawing in Appendix E. Two boreholes (DCR10-04 and DCR10-05) were drilled at the
approximate location of the proposed east abutment and two boreholes (DCR10-02 and DCR10-
03) were drilled at the approximate location of the proposed west abutment. One borehole
(DCR10-01) was drilled along the west approach and one borehole (DRC10-06) was drilled along
the east approach. The depths of the boreholes ranged from 8.2 m to 18.5 m. The Record of
Borehole sheets are included in Appendix A.

Prior to commencing the site investigation, clearance was obtained from utility companies having
buried plant in the area.

A combination of hollow-stem auger drilling and NQ-sized coring techniques was used to advance
the boreholes. Samples were obtained at selected intervals using a split spoon sampler in
conjunction with Standard Penetration Testing (SPT) in the overburden soils.

At least 3 m of bedrock was cored in Boreholes DCR10-02 to DCR10-05 at the proposed abutment
locations. The rock cores were logged and the total core recovery (TCR), solid core recovery
(SCR) and Rock Quality Designation (RQD) were determined for each core.

Groundwater conditions in the open boreholes were observed throughout the drilling operations.
At each abutment one standpipe piezometer consisting of 19 mm PVC pipe with a slotted screen
was installed and enclosed in filter sand to permit groundwater level monitoring. The locations and
completion details of the piezometers and boreholes are shown in Table 3.1.

A member of Thurber’s technical staff supervised the drilling and sampling operations on a full
time basis. The supervisor logged the boreholes and processed the recovered soil and rock samples
for transport to Thurber’s laboratory for further examination and testing,.
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Table 3.1 - Borehole Completion Details

Borehole backfilled with bentonite to 2.6 m, then drill
cuttings to 0.1 m, then asphalt to ground surface.

West

A DCR10-01 | None Installed
ppreach

Piezometer with 1.5 m slotted screen installed with
West DCR10-02 9.1/230.0 sand filter to 6.9 m, bentonite seal from 6.9 m to

Abutment around surface.

Borehole backfilled with bentonite to 1.8 m, then drill
DCR10-03 | None Installed cuttings to 0.1 m, then asphalt to ground surface.

Borehole backfilled with bentonite to 1.8 m, then drill
DCR10-04 | None Installed cuttings to 0.1 m, then asphalt to ground surface.

East Piezometer with 1.5 m slotted screen installed with
Abutment sand filter to 13.0 m, bentonite seal from 13.0 m to
DCR10-05 15.2/224.0 | 12.3 m, then drill cuttings to 11.8 m, then bentonite to
1.6 m, then cuttings to 0.1 m, the asphalt to ground
surface.

East
Approach

Borehole backfilled with bentonite to 2.0 m, then drill

DCR10-06 | None Installed cuttings to ground surface.

4 LABORATORY TESTING

All of the recovered soil samples were subjected to Visual Identification (VI) and to natural
moisture content determination in the laboratory. Seclected samples were also subjected to
gradation analysis (hydrometer and sieve) and Atterberg Limits testing where appropriate, the
results of which are summarized on the Record of Borehole sheets in Appendix A and on the
figures contained in Appendix B.

Point load tests were carried out in the laboratory on selected samples of intact bedrock to assist in
evaluation of the compressive strength of the bedrock. The results of the point load tests are
tabulated in Table 1 in Appendix B and on the Record of Borehole sheets in Appendix A.

5 DESCRIPTION OF SUBSURFACE CONDITIONS

A detailed description of the soil stratigraphy encountered at each borehole location is presented in
Appendix A and on the “Borehole Locations and Soil Strata” drawings in Appendix E. An overall
description of the stratigraphy is given in the following paragraphs. However, the factual data
presented in the Record of Borehole Sheets governs any interpretation of the site conditions.

In general, the site is underlain by sand fill overlying silty clay over cohesionless deposits of silt
and sand with some gravel, cobbles and boulders, overlying granite bedrock.
5.1 Asphalt

Asphalt was encountered at the surface in all of the boreholes and the thickness ranged
from 50 to 100 mm. Borehole DCR10-02 was drilled through the existing bridge deck and
encountered 150 mm of concrete and 150 mm of wood underlying 100 mm of asphalt.
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5.2 Sand Fill (Road Base Material)

Sand fill was encountered below the asphalt pavement in all of the boreholes, with the
exception of Borehole DCR10-02, which was drilled through the existing bridge deck. The
sand fill contained trace to some gravel and trace to some silt. The thickness of the sand
fill ranged from 0.6 to 2.1 m and the elevation of the underside of the sand fill layer ranged
from 236.9 to 239.2 m.

SPT N-values recorded in the sand fill ranged from 5 to 12 blows per 0.3 m of penetration,
indicating a loose to compact relative density. Natural moisture contents of samples from
the sand fill ranged from 3 to 13%.

A prain size distribution curve for a sample of the sand fill is shown on Figure Bl in
Appendix B. The results of this test are summarized on the appropriate Record of
Borehole sheet included in Appendix A and are presented below.

Gravel 4
Sand 83
Silt and Clay 13

53 Silty Clay

A layer of silty clay with trace gravel and sand seams was encountered below the sand fill
in Boreholes DCR10-01 and DCR10-03 to DCR10-06 and at the ground surface under the
bridge at the location of Borehole DCR10-02. The thickness of the silty clay layer ranged
from 0.8 to 3.4 m with underside elevations of 234.8 to 236.2 m.

SPT N-values recorded in the silty clay layer ranged from 1 to 19 blows per 0.3 m of
penetration, indicating a very soft to very stiff condition. Natural moisture contents of
samples collected from the silty clay layer ranged from 13 to 44%.

Selected samples of the silty clay material were subjected to gradation analysis and
Atterberg Limits testing where appropriate. The results are summarized below:

Gravel
Sand 1to6
Silt 47 to 72
Clay 22 to 52
Liquid Limit 42to 44
Plastic Limit 21to22

The grain size distribution curves for these samples are presented in Figure B2 of
Appendix B and the results of the Atterberg Limits tests are plotted on Figure B6 of
Appendix B, The Atterberg Limits tests indicate that the material is classified as a medium
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plasticity clay (CI). The results are also summarized on the appropriate Record of
Borehole sheet in Appendix A.

5.4 Silt

Silt containing trace to some clay and trace to some sand was encountered below the silty
clay layer in Boreholes DCR10-04 to DCR10-06. The thickness of the silt layer ranged
from 3.4 to 5.7 m with an underside elevation of 230.5 to 232.4 m.

SPT N-values recorded in the silt layer ranged from 2 to 8 blows per 0.3 m of penetration,
indicating a very loose to loose relative density. Natural moisture contents of the silt
samples ranged from 21 to 26%.

Selected samples of the silt were subjected to gradation analysis, the results of which are
summarized below. The grain size distribution curves for these samples are presented in
Figure B3 of Appendix B and the results are summarized on the appropriate Record of
Borehole sheets in Appendix A.

Gravel 0
Sand l1to 14
Silt 67 1o 90
Clay 6to 19

5.5 Sandy Silt to Silty Sand

A layer of sandy silt to silty sand with varying proportions of silt, sand, and clay was
encountered underlying the silty clay and silt layers in all of the boreholes. Where the
layer was fully penetrated, the thickness of the deposits ranged from 2.1 m to 4.5 m with
underside elevations of 227.2 to 231.9 m.

SPT N-values recorded in the sandy silt to silty sand generally ranged from 0 to 9 blows
per 0.3 m penetration, indicating a very loose to loose condition. Natural moisture contents
of the sandy silt to silty sand samples ranged from 18 to 43%.

Selected samples of the sandy silt to silty sand were subjected to gradation analysis
(hydrometer and sieve), the results of which are summarized below. The grain size
distribution curves for these samples are presented in Figure B4 of Appendix B and the
results are summarized on the appropriate Record of Borehole sheet in Appendix A.

rave to

Sand 27to0 77
Silt and Clay 20

Silt 23 to 69

Clay 205
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5.6 Sand to Sand and Gravel

A deposit of sand to sand and gravel was encountered in Boreholes DCR10-01 to DCR10-
05 below the silty sand to sandy silt layer. The sand to sand and gravel layer also contains
some cobbles and boulders. Where the deposit was fully penetrated, the thickness ranged
from 2.0 to 4.6 m, with an underside elevations of 223.8 to 229.9 m.

SPT N-values recorded in the sand and gravel layer ranged from 11 blows per 0.3 m
penetration to 100 blows for less than 0.3 m of penetration indicating a compact to very
dense relative density. The N-values of 100 blows for less than 0.3 m penetration are
indicative of the presence of cobbles and boulders. Rock coring methods were required in
Boreholes DCR10-03 and DCR10-05 to penetrate this dense layer containing cobbles and
boulders. The natural moisture contents of the sand and gravel samples ranged from 11 to
24%.

One sand and gravel sample was subjected to laboratory gradation analysis, the results of
which are summarized below. The grain size distribution curve for this sample is
presented in Figure B5 of Appendix B and the results are summarized on the appropriate
Record of Borehole sheet in Appendix A.

Gravel 53
Sand 37
Silt and Clay 10

5.7 Bedrock

The overburden soils described above are underlain by granitic bedrock. The bedrock was
generally light grey with occasional pink and white bands visible in most cores.
Occasional mechanical breaks and sub-vertical fractures were observed in the rock cores.

Approximately 3.1 to 4.3 m of bedrock core was collected from Boreholes DCR10-02 to
DCR10-05.

Bedrock was encountered at various depths and it was proved by coring at the abutment
boreholes. Table 5.1 summarizes the depths and elevations to the top of bedrock in the
boreholes.

Table 5.1 - Depths and Elevations of Top of Bedrock

DCR10-02 STA. 11+857.5 28 m LT 9.2 229.9
DCR10-03 STA. 114+856.0 3.0 m RT 10.8 2283
DCR10-04 STA. 11+831.1 23 mRT 14.1 225.0
DCR10-05 STA.11+834.0 32 m LT 15.4 223.8
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Core recovery in the bedrock generally ranged from 96% to 100%. The RQD values
generally ranged from 68% to 100%, indicating fair to excellent rock quality. A RQD
value of 33%, indicating poor rock quality, was noted for Borehole DCR10-05 Run 4. The
Fracture Index (FI) of the rock, expressed as fractures per 0.3 m of core, generally ranged
from 0 to 10.

The estimated unconfined compressive strength of the rock cores generally ranges from
158 MPa to 271 MPa, indicating a very strong to extremely strong rock. These estimated
rock strength values are interpreted from point load tests that were conducted on rock cores
recovered from the boreholes. A summary of the Point Load Test Results is presented in
Table 1 in Appendix B.

58 Groundwater Conditions

Two 19 mm diameter standpipe piezometers were installed in selected boreholes, one at
each abutment. Water levels were measured after completion of drilling and are presented
in Table 5.2.

Table 5.2 — Groundwater Levels and Elevations

DCR10-01 | Open borehole | May 19, 2010 5.6 233.6
DCR10-02 Piezometer May 20, 2010 24 236.7

, May 19, 2010 2.4 236.8
DCRI10-05 Piezometer May 20, 2010 23 236.9
DCR10-06 | Open borehole | Open borehole 4.0 2359

The water table will fluctuate seasonally and will be strongly influenced by the level of the
river.

6 MISCELLANEOUS

George Downing Estate Drilling Ltd. of Hawkesbury, Ontario supplied a truck mounted CME 75
drill rig and conducted the drilling, sampling and in-situ testing operations.

The drilling and sampling operations in the field were supervised on a full time basis by
Mr. Stephane Loranger of Thurber, under the direction of Mr. Tony Harte, M.Sc..

The borehole locations were recorded in the field as Station and Offset and coordinates and
elevations are based on AutoCad drawings provided by MMM Group Ltd.

Ms. Lindsey Blaine, ELT. and Mr. Alastair E. Gorman, P.Eng prepared the Foundation
Investigation Report.

Dr. P.K. Chatterji, P.Eng., a Designated Principal Contact for MTO Foundations projects, reviewed
the report.
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FOUNDATION INVESTIGATION AND DESIGN REPORT
DEER CREEK (FROOD) BRIDGE REPLACEMENT
HIGHWAY 539, TOWNSHIP OF CRERAR
W.P. 5236-05-01, SITE: 43-012

Geocres Number: 411-265

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 new structure proposed for this site.

The GA Drawing provided by MMM Group Limited shows that Highway 539 will cross Deer
Creek on a single span structure that will lie essentially on the same alignment as the existing
structure.,

The highway will cross the new structure at Elevation 240.0 at the west abutment and Elevation
240.4 at the east abutment. These elevations represent a grade raise of less than 1.0 m above the
existing highway profile. The resulting approach embankments will be no more than 2 m above
the original ground level.

The discussion and recommendations presented in this report are based on the information supplied
by MMM and on the factual data obtained in the course of this investigation.

8 STRUCTURE FOUNDATIONS

The stratigraphy identified in the investigation consisted of 9.2 to 15.4 m of overburden overlying
bedrock. The upper strata consist of silty clay and silt, while the lower strata consisted of silty
sand, grading to sand with gravel, cobbles and boulders with increasing depth.

In the preparation of the geotechnical design recommendations, consideration was given to the
following foundation types:

* Spread footings bearing on native soil
= Spread footings on engineered fill

» Steel pipe piles or H-piles

*  Drilled shafts
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A comparison of the foundation alternatives based on advantages and disadvantages of each is
included in Appendix C.

8.1 Spread Footings on Native Soil
Spread footings bearing on native soil generally are the least expensive form of foundation.
However, at this site, spread footings are not recommended for the following reasons:

1. The near surface soils are very soft and very loose. SLS bearing resistances would
be less than 50 kPa and the settlement expected to occur under these footings is
assessed to be greater than 100 mm.

2. Shallow foundations placed near the edge of the creek would be at risk from
erosion during the design life of the structure. Adding scour protection may be
possible but will increase the complexity and cost of construction.

3. Founding spread footings at sufficient depth to resist erosion and develop higher
bearing resistance will require deep excavation in permeable, cohesionless soils
below the water table. Such an excavation would require extensive dewatering and
yet would remain at risk of becoming destabilized due to the inflow of unbalanced
groundwater heads.

Spread footings bearing on native soil are not considered to be a feasible solution at this
site and are not recommended.

8.2 Spread Footings on Engineered Fill

The available geotechnical resistance could be improved, including improvement of the
SLS condition, by founding the footings on a pad of Granular “A” engineered fill.
Typically, spread footings on pads of engineered granular fill may be designed for the
following geotechnical resistances:

e Factored ULS 900 kPa
s SLS 350 kPa

However, the use of spread footings on engineered fill at this site is not recommended for
the following reasons:

1. The engineered fill pad could be subject to erosion during the design life of the
structure.  Adding scour protection may be possible but will increase the
complexity and cost of construction.

2. Founding the engineered fill on suitably dense, uniform subgrade soils will require
deep excavation in permeable, cohesionless soils below the water table. Such an
excavation would require extensive dewatering and yet would remain at risk of
becoming destabilized due to the inflow of unbalanced groundwater heads.
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Spread footings bearing on native soil are not considered to be a feasible solution at this
site and are not recommended.

8.3 Steel Pipe Piles

Based on the stratigraphy encountered at this site, piles must be driven to bedrock or into
the sand and gravel layer containing cobbles and boulders overlying the bedrock. Even
with reinforced tips, pipe piles are considered to be susceptible to damage when driven into
bouldery soil and are not recommended at this site.

The pipe pile, having a larger soil displacement, is considered to have a higher
susceptibility to damage than an H-pile.

8.4 Steel H-Piles

The soil stratigraphy encountered at this site is considered to be suitable for the support of
foundations on driven steel H-piles.

At the west abutment, the driven H-piles are expected to develop resistance on the bedrock.
At the east abutment, based on the greater frequency of cobbles and boulders in the sand
and gravel layer just above the bedrock, the piles may achieve refusal in this layer a short
distance above bedrock. Accordingly, design recommendations have been developed on
the assumption that the piles will develop resistance in the overburden. This is a
conservative assumption and if the piles do reach bedrock the resistance recommendations
will remain valid.

841 Axial Resistance

The following geotechnical resistances can be used for piles founded in the very dense
native soils, a short distance above bedrock.

. . (Geotechnical Resistance (kN)
Pile Section Factored ULS SLS (25 mm)
HP 310X 110 1 600 1 400
HP 360 X 132 1 800 1 600

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

The highest recommended tip elevations for the H-piles are as follows:

Location Elevation
BH DCR10-02 229.9
West Abutment BH DCR10-03 230.0
BH DCR10-04 226.5
East Abutment BHDCR10-05 227.0
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The above elevations are for use in design and for estimating purposes. The actual pile tip
will be controlled as described elsewhere in this report.

8.4.2 Pile Installation
Pile installation must be in accordance with OPSS 903.

Care must be taken to avoid overdriving and damaging the pile tips, a condition that could
develop if a pile develops refusal on bedrock or a boulder. The contract documents must
include an NSSP requiring the QVE to observe the pile driving operations and to ensure
that the piles are not damaged by overdriving.

There is evidence of sloping bedrock at the site. The tips of the piles should be fitted with
cast-steel H-section rock points from an approved manufacturer such as Titus Steel
(Standard H-points) or approved equivalent to provide protection while driving into
bouldery soil or to bedrock.

Suggested text requiring the use of rock points is included in Appendix F.

8.43 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 pile tips are within 1 m
of the bearing stratum,

The appropriate pile driving note is “Piles to be driven in accordance with Standard SS
103-11 using an ultimate resistance of 3,200 kN for HP 310 X 110 piles and 3600 kN for
HP 360 X 132 piles.

8.5 Drilled Shafts
Initial consideration was given to the use of drilled shafts to support the structure.

Drilled shafts at this site must be founded on the bedrock. Based on the stratigraphy and
groundwater conditions, the caissons must be constructed using permanent stee! liners,
which would have to be advanced to a seal in the bedrock to exclude soil and groundwater.
The drilled shafts are also likely to encounter obstructions in the bouldery granular layer
just above the bedrock.

In view of the anticipated difficulties related to installation of the liners, removing
obstructions such as boulders, and the typically higher costs of drilled shafis for a small
bridge, the use of drilled shafts is not recommended.

8.6 Downdrag

Consolidation of the silty clay layer encountered at this site could induce some downdrag
forces in the piles. Based on the 2.9 m maximum thickness of silty clay at the east
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abutment, a maximum, unfactored downdrag force of 110 kKN must be applied to the pile
design.

8.7 Frost Depth
The design depth of frost penetration at this site is 2.0 m.

The pile caps at the abutments must be provided with 2.0 m of earth cover as frost
protection.

8.8 Abutment Design Considerations

From a geotechnical perspective, the conditions at this site are considered to be suitable for
the design of conventional or semi-integral abutments with horizontal loads taken by
battered piles.

The site is also suitable for the design of integral abutments provided a sufficiently long
pile can be developed. The recommended minimum pile length at this site, from a
geotechnical perspective, is 6 m for a pile driven to refusal. Based on the GA provided by
MMM, this minimum pile length will be achieved

The integral abutment design requires that the piles possess flexibility in the upper 3 m of
the pile length. Accordingly, to provide the required flexibility in the piles, the upper 3 m
of the piles must be surrounded by a 600 mm diameter CSP as specified by the integral
abutment design procedures.

After the pile is driven, the space between the pile and the CSP must be filled with sand.
An NSSP should be inciuded in the contract drawings specifying the gradation of the sand
according to Table 8.1.

.Table 8.1 — Integral Abutment Sand Backfill Grading

2 mm #10 100%
600 pm #30 80% - 100%
425 pm #40 40% - 80%
250 pm #60 5% -25%
150 um #100 0% - 6%

Design of the abutment must take account of the CHBDC requirements for scour and
erosion protection.
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8.9 Pile Lateral Resistance

The lateral resistance of the piles may be calculated using a value for the coefficient of
horizontal subgrade reaction (k) and ultimate lateral resistance (p,y) as follows:

Non-cohesive

ke = nyz/D (KN/m®)
Pult = IvzK, (kPa)
Cohesive
ke = 67*S,/D (kN/m™)
Putt = 9% S, (kPa) at a depth of 3*D (m) reduce to zero at the
ground surface
where zZ = depth of embedment of pile in metres
D = pile width in metres
ny = value from Table 8.2
Sy = undrained soil shear strength (kPa)
¥y = unit weight (Table 8.2)
K, = passive earth pressure coefficient (Table 8.2)

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

The spring constant, K, for analysis may be obtained by the expression, K = k*L*D
(kN/m), where k, is the coefficient of horizontal subgrade reaction (kN/m®), D is the pile
width (m) and L is the length (m) of the pile segment or element used in the analysis. The
ultimate lateral resistance on any one segment of pile, Py, may be obtained from the
expression, Py = py*L*¥D. This represents the ultimate load at which that particular
element of the pile fails and will not support any additional load at greater displacements.
It is recommended, however, that the total lateral resistance assumed in one pile be limited
to no more than 120 kN at ULS and 50 kN as SLS.
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Table 8.2 — Parameters for Lateral Pile Resistance

West | OGLt0237 | 2000 [3.0] - 21 Sand fill, loose
237 to 235 - 27 30 10 Silty clay
Abutment | e % | 1300 |30 - 11| Silty sand
23210228 | 8,000 |33 - 12 Sand and gravel with
cobbles and boulders
OGLt0238 | 2,000 | 3.0 - 21 Sand fill, loose to
compact
East 3387235 - 27| 45 10 | Silty clay
Abutment 733515228 | 1,300 | 3.0 - 11 Silt and sand
22810224 | 10,000 |33 | - 12 | Sand and gravel with
cobbles and boulders

For lateral soil/pile group interaction analysis, the equation for k, and p,, quoted above
may be used in conjunction with appropriate reduction factors,

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 2 reduction factor R as follows:

4 D* 1.00
1 D* 0.50
* D is the width of the pile, and spacing is measured centre to centre

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

8§D
6D
4D 0.40
iD 0.25

Intermediate values may be obtained by interpolation.

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

From a geotechnical and foundation cost perspective, the recommended foundation
consists of steel H-piles driven to the specified resistance for a conventional or semi-
integral abutment.

However, if other considerations favour integral abutments, a design based on H-piles in
rock sockets could be developed. If this approach is adopted, it will be necessary for the
structural and geotechnical engineers to work together to develop a solution.

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 OPSS 902, November 2009. For the purposes of the
OHSA, the native soils and the fill in the existing approach embankments at this site may
be classified as Type 3 soils. 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
OPSS 902, November 2009.

9.3 Abutments

Backfill to the abutment must be granular material placed to the extents shown in
OPSD 3101.150.

In the case of a conventional abutment, granular backfill is recommended but rock backfill
can be permitted. An NSSP is required to limit rock fill used as abutment backfill to
fragments no greater than 300 mm.

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 II.

The backfill to the abutment walls must be in accordance with QPSS 902, November 20009.
All granular material should meet the requirements of SP 110S13 Amendment to OPSS
1010, April 2004.

Compaction equipment to be used adjacent to the abutment walls must be restricted in
accordance with SSP 105810,

The design of the abutment must incorporate a subdrain as shown in OPSD 3101.150 or
OPSD 3101.200, as applicable.
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10 GROUNDWATER AND SURFACE WATER CONTROL

Based on the GA, the abutment bases will be slightly above to slightly below the 2 year flood stage
of the creek. Depending on the creek level and groundwater level at the time of construction, there
may be a need for dewatering which may also include a need for protection from inundation by the
creek. The pervious nature of the soils below the surficial silty clay and the proximity of the creek
will make unwatering of excavations difficult if construction is carried out at a time when the water
level is above the base of the excavation.

Since it will not be possible to control the time of construction or the weather at that time, it is
recommended that the contract require that the abutment excavation be protected from inundation
by creek water. Typically a combination of a sheet pile cut-off and vacuum well points may be
required. The contract documents should provide a high water level in the creek against which the
contractor is required to provide protection.

Steps should be taken to divert surface run off away from the excavation.

Suggested wording for an NSSP on unwatering is included in Appendix F.

11 BRIDGE APPROACHS AND EMBANKMENTS

The existing approach fills are generally less than 2 m high above the original ground and the grade
raise shown on the GA is in the order of 1 m,

The approach embankments will be stable if constructed with side slopes not exceeding 2H:1V.

The grade raise may induce settlements in the very soft to very stiff foundation clay that may be in
the order of 30 to 40 mm and that will be time dependent.

These settlements could be avoided by excavating the silty clay and backfilling with granular fill,
Excavation to Elevation 235 would be required at the west abutment and Elevation 235 at the east
abutment. However, the costs of this work, especially within a staged construction environment,
are expected to outweigh the benefits.

It is recommended that the replacement structure and the associated 1 m+ grade raise be
constructed and the performance of the pavement in the approaches be monitored for a period of
years, perhaps 5 years. It is recommended that, in conjunction with this approach, the Ministry
make allowance to carry out partial depth milling and repaving if the magnitude of settlement is
found to exceed acceptable limits.

12 ROADWAY PROTECTION

Roadway protection will be required to facilitate staging of removals and new construction at this
site. Sheet-piles or soldier pile & lagging walls are considered appropriate for roadway protection
at this site. The contractor should select the wall type and undertake design taking into account the
earth pressure parameters given in Section 13 of this report.
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The temporary excavation support system should be designed and constructed in accordance with
OPSS 539, November 2009. In general, the lateral movement of the temporary shoring system
should meet Performance Level 2 as specified in OPSS 539, November 2009.

13 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 backfill.

If the support system allows lateral 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 lateral yielding (restrained system), at-rest horizontal earth pressures should be used.

Earth pressure acting on the structure may be assumed to be triangular and to be governed by the
characteristics of the abutment backfill.

For fully drained conditions, 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:

Py =K(yh +q)

Py, = horizontal pressure on the wall at depth h (kPa)

K = earth pressure coefficient (see Table13.1)

¥ = unit weight of retained soil (see Table 13.1)

h = depth below top of fill where pressure is computed (m)
q = 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 I or at a depth of 1.7 m for Granular A or Granular B Type II.

Earth pressure coefficients for backfill to the abutment wall are dependent on the material used as
backfill. Typical values are given in Table 13.1.

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
coeflicient (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.
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The coefficients in the Table 13.1 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 13.1 — Earth Pressure Coefficients

Earth Pressure Coefficient (K)
OPSS Granular A or OPSS Granular B Type 1 Rock Fill
OPSS Granular B Type II (Max. size: 300 mm)
=42% v=190
=135% ~ =22.8 kN/m’ =32% v =212 kN/m* ¢ » ¥
Wall Condition | ° Y m) K m KN/m?
. Sloping : Sloping . Sloping
Horizontal Surface Horizontal Surface Horizontal |  qrface
Surf?.ce Behind Surf:dce Behind Surfgce Behind
Behind Wall Behind wall Behind Wall
Wall . Wall Wall
(ZH:1V) (2H:1V) (2H:1V)
Active
(Unrestrained 0.27 0.38% 031 0.46%* 0.20 0.26*
Wall)
At rest 0.43 ] 0.47 . 0.33 :
(Restrained Wall)
Passive
(Movement 3.70 - 3.30 - 5.0 -
Towards Soil
Mass)

* For wing walls

14 SEISMIC CONSIDERATIONS

14.1 Seismic Design Parameters

The bridge is located in an area where the overburden is underlain by Pre-Cambrian rocks
of very low activity.

The following seismic parameters apply to this site:

¢ Velocity Related Seismic Zone 1.0
e Zonal Velocity Ratio 0.05
o  Acceleration Related Seismic Zone 1.0
e Zonal Acceleration Ratio 0.05
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14.2 Liquefaction Potential

The soil profile type at this site has been classified as Type I. Therefore, according to Table
4.4 of the CHBDC, a Site Coefficient “S” (ground motion amplification factor) of 1.0
should be used in seismic design.

As the structure is supported on steel piles, the foundation loads will be transferred by the
steel piles to dense soils or bedrock. It is not considered likely that the vertical geotechnical
resistance of the piles will be compromised due to seismic loading.

The embankments themselves will be constructed above the groundwater level and are not
considered to be in danger of undergoing liquefaction.

14.3 Retaining Wall Dynamic Earth Pressures

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

For the design of retaining walls, the coefficient of horizontal earth pressure in Table 14.1
may be used.

Table 14.1 — Earth Pressure Coefficient (K) for the Earthquake Loading

Earth Pressure Coefficient (K)
OPSS Granular A or OPSS Granular B Type 1 Rock Fill
OPSS Granular B Type 11 (Max. size: 300 mm)
=42°v=19.0
=35% y =228 kN/m' | ¢=32%y=212k/m" | ¢T3V
Wall Condition ¢ Y w0 K - kN/m®
i Slopin Slopin
Horizontal 2{:;?;25 Horizontal SurIf)‘acs Horizontal Surl;aci
Surface Behind Surface Behind Surface Behind
Behind Wall Behind Wall Behind Wall
Wall . Wall Wall
(ZH:1V) (2H:1V) (CH:1V)
Active
(Unrestrained 0.30 0.47*% 0.34 0.58* 0.22 0.31%
Wall)
AF rest 0.53 - 0.58 - 0.44 ,
(Restrained Wall)
Passive
(Movement 3.58 - 3.15 - 4.92 -
Towards Soil
Mass)

*For wing walls




Deer Creek (Frood) Bridge Replacement 21
Highway 539, Township of Crerar

15 CONSTRUCTION CONCERNS
Potential construction concerns include, but are not necessarily limited to:
1. Pile Installation

The presence of cobbles and boulders in a very dense matrix of sand and gravel just above the
bedrock may present difficulties in installing the piles to the specified depth and to the specified
tolerances for location and verticality.

2. Excavation

Hydraulic equipment is expected to be capable of excavating to the depths required for abutments
on piles. If excavations advance below the existing groundwater level, groundwater control
measures may have to be implemented in order to maintain stables sides and base in the
excavation.

3. Unwatering

The pervious nature of the soils encountered at this site and the proximity to the creek will make
unwatering of excavations difficult if the creek level is high at the time of construction. Depending
on the locations of the abutments, steps may have to be taken to control the river and exclude it
from the excavations. Typically, a combination of a sheet pile cutoff and vacuum well-points may
be required.

16 CLOSURE

Engineering analysis and preparation of the Foundation Design 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 Ltd.

Alastair E. Gorman, P.Eng., P. K. Chatterji, P.Eng.,
Senior Foundations Engineer Review Principal
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Appendix A

Record of Borehole Sheets



SYMBOLS, ABBREVIATIONS AND TERMS USED ON RECORDS OF BOREHOLES

TEXTURAL CLASSIFICATION OF SOILS

CLASSIFICATION PARTICLE SIZE
Boulders Greater than 200mm
Cobbles 75 to 200mm
Gravel 4,75 to 75mm

Sand 0.075 to 4.75mm
Silt 0.002 to 0.075mm
Clay Less than 0.002mm

VISUAL IDENTIFICATION
same

same

5to 75mm

Not visible particles to Smm
Non-plastic particles, not visible to
the naked eye

Plastic particles, not visible to

the naked eye

2. COARSE GRAIN SOIL DESCRIPTION (50% greater than 0.075mm)
TERMINOLOGY PROPORTION
Trace or Occasional Less than 10%
Some 10 to 20%
Adjective (e.g. silty or sandy) 20 to 35%
And (e.g. sand and gravel) 35 to 50%
3 TERMS DESCRIBING CONSISTENCY {COHESIVE SOILS ONLY)
DESCRIPTIVE TERM UNDRAINED SHEAR APPROXIMATE SPT®'N?
STRENGTH (kPa) VALUE
Very Soft 12 or less Less than 2
Soft 12t0 25 2t04
Firm 25 to 50 4t08
Stiff 50 to 100 81015
Very Stiff 100 to 200 15t0 30
Hard Greater than 200 Greater than 30
NOTE: Hierarchy of Soil Strength Prediction 1) Laboratory Triaxial Testing
2) Field Insitu Vane Testing
3) Laboratory Vane Testing
4) SPT value
5} Pocket Penetrometer
4, TERMS DESCRIBING DENSITY (COHESIONLESS SOILS ONLY)
DESCRIPTIVE TERM SPT “N” VALUE
Very Loose Less than 4
Loose 41010
Compact 10 to 30
Dense 3010 50
Very Dense Greater than 50
3. LEGEND FOR RECORDS OF BOREHOLES
SYMBOLS AND 5SS Split Spoon Sample =~ WS Wash Sample AS Auger (Grab) Sample
ABBREVIATIONS TW Thin Wall Shelby Tube Sample TP Thin Wall Piston Sample
FOR PH Sampler Advanced by Hydraulic Pressure PM Sampler Advanced by Manual Pressure
SAMPLE TYPE WH Sampler Advanced by Self Static Weight RC Rock Core SC Soii Core
Undisturbed Shear Strength
Sensitivity =
Remoulded Shear Strength
. Water Level
Chen Shear Strength Determination by Pocket Penetrometer
4] SPT *N’ Value Standard Penetration Test ‘N’ Value — refers to the number of blows from a 63,5kg hammer free falling a
height of 0.76m to advance a standard 50 mm outside diameter split spoon sampler for 0.3 m depth inte undisturbed ground.
(2) DCPT Dynamic Cone Penetration Test — Continuous penetration of a 50 mm outside diameter, 60° conical

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



UNIFIED SOILS CLASSIFICATION

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

COAL




EXPLANATION OF ROCK LLOGGING TERMS

ROCK WEATHERING CLASSIFICATION
No visible signs of weathering.

Fresh (FR)
Fresh Jointed (EJ)

Weathering limited to the surface of major

SYMBOLS

Vi

discontinuities, CLAYSTONE
Slightly Weathered Penetrative weathering developed on open discontinuity | m————————
(SW) surfaces, but only slight weathering of rock material. -+ SILTSTONE
Moderately Weathered Weathering extends throughout the rock mass, but the -
{MW) rock material is not friable. SANDSTONE
Highly Weathered Weathering extends throughout the rock mass and the
(HW) rock is partly friable. - COAL
Completely Weathered Rock is wholly decomposed and in a friable condition,
(CW? but the rock texture and structure are preserved. W Bedrock (general)
DISCONTINUITY SPACING STRENGTH CLASSIFICATION
Rock Approximate Uniaxial Field Estimation
Bedding Bedding Plane Spacing Strength Compressive Strength of Hardness*
(MPa) (psi)
Very thickly bedded Greater than 2m Extremely Greater than  Greater than  Specimen can only
Strong 250 36,000 be chipped with a
Thickly bedded 0.6 to 2m geological hammer
Medium bedded 0.2 to 0.6m Very Strong ~ 100-250 15,000 to Requires many
36,000 blows of geological
Thinly bedded 60mm to 0.2m hammer to break
Very thinly bedded 20 to 60mm Strong 50-100 7,500 to Requires more than
15,000 one blow of
Laminated 6 to 20mm geological hammer
to break
Thinly Laminated Less than 6mm Medium 250t050.0 3,500to Breaks under
Strong 7,500 single blow of
TERMS geological
hammer,
Total Core Recovery;:  Core recovered as a percentage | Weak 5.0t025.0 750 t0 3,500 Can be peeled by a
(TCR) of total core run length. pocket knife with
difficulty
Solid Core Recovery:  Percent Ratio of solid core of | Very Weak  1.0t0 5.0 150 to 750 Can be peeled by a
(SCR) full cylindrical shape pocket knife,
recovered. Expressed with crumbles under
respect to the total length of firm blows of
COI¢ run. . .
geological pick.
Rock Quality Total length of sound core Extremely 025t0 1.0 3510 150 Indented by
Designation; recovered in pieces 0.Im in Weak thumbnail
(RQD) length or larger as a percentage (Rock)
of total core run length.
Uniaxial Compressive  Axial stress required to break
Strength (UCS) the specimen
Fracture Index: Frequency of natural fractures
(FI) per 0.3m of core run.
[
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RECORD OF BOREHOLE No DCR10-01 10F1 METRIC
WP, _ 80360501 LOCATION STA 11+815.4, 2.0m LT ORIGINATED BY _sLL
HWY ___ 539 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY __MFA
DATUM _Geodatic 2010.05.19 - 2010.05.18 CHECKED BY LRB
DYNAMIC GONE PENETRATION
SOIL PROFILE SAMPLES RESISTANGE PLOT _25— NATURAL REMARKS
0 MogruRe  LAUO £
5 g |58 2 4 € & R 10 I,
‘ z 5 GRAIN $IZE
ELEV 5 1w 3|25| & [srearsTRENGTHIPa we v w| %) chanszE
DEFTH DESCRIPTION g 2| 5 S|3%1 £ |o UNCONFINED  + FIELDVANE v )
El= z % Sl & |e QUCKTRIAXIAL X LABVANE | YWATER CONTENT (%)
235.2 w 20 40 80 a0 20 40 60 kNim3 ler SA 81 CL
3‘1‘ ~_ASPHALT: {100mm}
SAND, trace to some gravel, traca to G8 239 hd
some sitt
Compact
Brown
Moist
(FiLL) ss | 10 °
238
2378
14 Sitty CLAY, traca sand 9‘?
Firm lo Very Stiff ;;,
Brown 2| ss | 1 °
©n g
%%
1%
W 237
12?
%
% ss| 5 i 0 1 88 4
%%
oy 7
%%
Soma sand seams ’2 j )
A 4| ss | 7 = °
%%
2%
¢/
zy
w7
%%
235.1 %7
4.1 Sandy SILT, trace clay K 235
Very Loose to Loose
Grey
Wet to Saturated
ss | 2 o
234
233
§8 5 P 0 31 64 5
231.9 232
7.3 SAND, some sit, some cobbles and
boulders
Dense
VGJ;" ss | 45 o
231
230.7
85|  END OF BOREHOLE AT 8.5m UPON
AUGER REFUSAL ON PROBABLE
BEDROCK.
BOREHOLE OPEN TO 6.2m AND
WATER LEVEL AT 6.61 UPON
COMPLETION,
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO 2.6m,
THEN CUTTINGS TO 0.1m, THEN
ASPHALT TO SURFACE.

3 3, Numbers referto
R Sensitivity

20
185 (50) STRAIN AT FAILURE
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1]
RECORD OF BOREHOLE No DCR10-02 10F 2 METRIC
W.P. 5236-05-01 LOCATION STA 114834.0, 3.2m LT ORIGINATED BY _SLL
HWY 539 BOREHOLE TYPE _ Hollow Stem Augers/NQ Coring COMPILED BY _ MFA
DATUM _Geodetio DATE * 2010.05.18 - 2010.05.18 CHECKED BY LRB
BYNANIC CONE PENETRATION
SOIL PROFILE SAMPLES | o [RYRAMIC CONE PE .
= % T MOISTURE | E &
& kK 20 4 60 8 100 EO
z |6 S1zE] B T T we w wy| 58 | cransee
ELEV Blal & | 2|28 B [SHEARSTRENGTHKPa oo et DISTRIBUTION
DEPTH DESCRIFTION =[ £ | & 23%| £ {o uncoNFINED  + FIELDVANE Y P
g 2 zlge E ® QUICKTRIANAL X LABVANE | WATER CONTENT (%)
235.1 20 40 &0 80 10 20 40 60 kw3 |er 8A 81 oL

op .

Z B ASPHALT: (100rm) - 239
CONCRETE: (150mm}) V4 ]

04 :moo: {150mm) /1

QOpen space under bridge deck.
235t
237.3

18] Sity CLAY, mixed with sand, race 125
roots and rootlets 27
Very Soft to Soft %% 2
Brown 2/ -!-

%7 ‘
] 1| ss | 1 b
7%
7%
77
177
Y 2%
%%
:24 2|88 | 3 °
%%
7
%%
236.2 07
39)  sity SAND, traca gravel H-1-
Very Loose 1o Loosa ] 21881 8 235
Grey
{514 s8] 2 o -
2a4| {S1+CL}
Timber &t 5.2m.
233.0 _ﬁ': §
61  Sandy SILT, trace clay id 23
Loose
61 88 7 o
Grey 0 27 68 4
Moist to Wt
i
231.8 1 .

72 SAND, some slit, trace cobbles
Compact
Grey
wet

6| ss | 1t o
231
2209 Sy -

92 GRAMITE BEDROGK, with I |RUN#
micaceous seams, very strong to 1 ERUN o TCR=100%,
axtremely strong SCR=100%,

o RQO=100%
N UCS=257MPa
Continied Nex Pags
. Numbers refer t
+3.x%: Sensiviy orto "%" {%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No DCR10-02 20F2 METRIC

WP 5236-05-01 LOCATION STA 11+834.0, 3.2m LT ORIGINATED BY _SLL
HWY _ s3g BOREHOLE TYPE _ Holow Stem Augers/NQ Coring COMPILED BY __ MFA
DATUM _Geodstic DATE 2010.05.19 - 2010.05.19 CHECKEDBY ___LRB
GYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ﬁ RESISTANCE PLOT —on NATURAL REMARKS
@ MO e boWOL E
5 g|58 P o ® o M S 25 | crameee
- 4
28| w| S|2E| & [sEarsTrRencTHRPa we “ w| =g
ELEV DESCRIFTION - 2{z8| E e Qe DISTRIBUTION
DEPTH £ F_‘ S1238| S |0 UNCONFINED  + FIELDVANE y o
E z zlg° E ® QUICKTRIAXAL X LABVANE | WATER CONTENT (%)
Cottirued From Previous Pace 20 40 60 60 100 20 4 o km? J6R 5A 81 CL
Sub-vertical jownts at 9.96 and 10.06m, 920 2
RUN 2#
0 | TCR=100%,
Sub-vertical joints at 10.42, 10.57, SCR=56%
10.62, 10.72, and 10.87m. : 4 '
D 2 | RUN RQOD=86%
. . UCS=271MPa
228,
3 RUN 3%
Vertical joint &t 11.38 to 11.58m. TCR=100%,
Sub-vertical jois at 11.58, 11.66, T | scRr=95%,
11,73, 11.91, and 12,04m, 3 | RUN » ROD=78%
UCS=172MPa
26,8 "/ = 2
123 END OF BOREHOLE AT 12.3m.
Plezometer instaliation consists of
15mm diameter Schedule 40 PVC pipe
with a 1.52m slotted screen.
WATER LEVEL READINGS:
DATE  DEPTH(m}) ELEV.(w)
20100520 24 2387

3 3. Numbers refer to
X Sensitiviy ’5;3;5 {%) STRAIN AT FAILURE




ONTMT4$ 6158 (DC FRCOD).GPJ 1111910

N
. Minlalry of
) Transportation
| AR

RECORD OF BOREHOLE No DCR10-03 10F2 METRIC

WP, _ 52360801 LOCATION STA 11+831.4, 23m RT ORIGINATED BY _sLL
HWY 539 BOREHOLE TYPE _ Hollow Stem AugersiNQG Coring COMPILED BY __ MFA
DATUM _Geodetic DATE 2010,05.17 - 2010.05.17 CHECKEDBY ___ILRB
YNAMIC CONE IE PENETRATION
SOIL PROFILE SAMPLES [RAERER L —_ s | rewars
Iﬁw wosTRE  UMR) o,y
EE 3%5 294080801?0W"¢mm§§6m:
-] EY 5 wp w wp IN SiZE
ELEV. DESCRIPTION E g| 8| 2|25 B [SHEARSTRENGTHKPa —— DISTRIBUTION
DEPTH 2l E| 512 § < | O UNCONFINED  + FIELDVANE Y (%)
E z z % El ® QUICKTRIAXIAL X LABVANE | WATERCONTENT (%)
538 1 20 40 680 80 100 20 40 €0 wm3 ler 84 &1 CL
3.’1’ _ASPHALT: (100mm) 239
SAND, trace to some gravel, trace silt '
Loose 1 GS . ]
Brown .
Molst
{FILL)
1|ss | @ o
238)—
2|8 | 5 |e 4 82 13
: ' (SHCL)
236.9 237
22[ ity CLAY, trace gravel, with sand %%
- geams ;f;
Soft ] s|ss| s o
Brown Eé?
236.1 7z
30|  sity'SAND, trace gravel, trace clay, Ny 256
mixed with organics and wood fibers .
Very Loose lo Loose f] 4|88 )| 0 . . d
Brown
Molst to Wet
5 88 1 235r Q
6|ss| 2 o
234
Bacoming grey, saturated
233
ss | 5 ° 1742 2
232
2316
75 SAND, some graval, some cobbles
and bouklers
Very Dense
Grey RUN
Moist 21
RUN
230
RUN
Continued Next Page +3, %3, HNumbers refer to 1535

Senshivity ©% (%) STRAIN AT FAILURE
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Ministry of
Transporiation
Ornte

fh AL
RECORD OF B0OREHOLE No DCR10-03 20F2 METRIC
W.P. 5236-05-M LOCATION STA, 11+831,1, 2.3m RT ORIGINATED BY SLL
HWY £38 BOREHOLE TYPE _ Hollow Stem Augers/iNG Coring COMPILED BY MFA,
DATUM _Geodatic DATE 2010.05.17 - 20100517 CHECKEDBY ___ LR
SOIL PROFILE SRS |y 4 A o | & | REMARKS
w MOISTURE
E w|S5| B 20 4 8 8 100 o w| E@ &
=R S1ZE| 3 Lo w w w | 5¥ | cramsee
aldliwe| 3le & [SHEAR STRENGTH kPa F L
LELEV DESCRIPTION l21e] 2128 E B DISTRIBUTION
DEFTH Zlr| 5{28| £ |o unconrmeD  + FIELDVANE ¥ (%)
= z2|5° B |® QUICKTRIAXAL X LABVANE | WATER CONTENT (%)
Contirwed From Previous Page u 20 40 80 B0 100 20 40 60 mim3 |GR A 81 CL
SAND, some gravel, some cobbles 229
and boulders RUN
Very Dense
Gray :
Moist
2283 88 | 100/
10.8]  GRANITE BEDROCK, fresh, strong 050 Fl RUN 5#
10 very sirong 1 TCR=96%,
2284 SCR=62%,
Sub~vertioal jolnt at 11.34 to 11.42m. ] RQD=68%
5 | RUN UCS=240MPa
2
Rubbie zone at 11.73 to 12.17m, §
& .
27
Sub-vertical joind at 12,17 to 12.24, and s RUN_“
13.49 to 13.64m. TOR=100%,
SCR=100%,
1 ROD=78%
6 | RUN 4 UCS=227TMPa
22
0
§ 4
Sub-vertical joint at 13.64 10 13.72, and Q RUN_7#
14.20 1o 14.35m. 4 TCR=100%,
SCR=100%,
225 3 |rop-sew
7 | run ) UCE=158MPa
% 1
2040} Mechanical break at 15.44m. N 0
151]  END OF BOREHOLE AT 15.1m.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO 1.8m,
THEN CUTTINGS TO 0,1m, THEN
ASPHALT TO SURFACE,
3 ., 3, Numbers refer to .
X Senstiivity "%5 (%) STRAIN AT FAILURE




Ministry of
Transpontation

Orkario

111910

ONTMT4S 6158 (DC FROOD).GPJ

THRER
RECORD OF BOREHOLE No DCR10-04 10F2 METRIC
W.P. 5236-05-01 LOCATION 6TA 11+858.0, 3.0m RT ORIGINATED BY _SLL
HWY _ 530 BOREHOLE TYPE _Holiow Stem Augers/NW Casing/NQ Coring COMPILED BY __ MFA
DATUM _Geodetic 2010.05.18 - 2010,05.19 CHECKEDBY __LRB
DYNAMIG GONE PENE TRATION
SOIL PROFILE SAMPLES
ﬁ " ?s RESISTANCE PLOT = o | REMARKS
| alS5[ 8] 2 © ® ® w0 |% s NN ZQ ) o NezE
=
eLEy =l8) e | 3[e5| & [srEARsTRENGTH P M S B ool
DEFTH DESCRIPTION 5 | 5128( & [o uconrmer  + rELDVANE . )
é 7z18°| § |o quekTRaxaL x taBvANE | WATER CONTENT (%)
239.1 w 20 40 8 80 100 20 40 &) im? JGR SA SI CL
BT~ ASPHALT: (88min) 250
SAND, some grave, trace sit Gs e
Loose
Brown
Molst
{FILL}
88 o
238
287.7
1.4] Sty CLAY, trace sand, trace roots 1%
and rootlets 7%
Y
Fim %% 88 o
Brown (é?
%% 237
Wiz
J% ]
,44
,42 88 ° o & 722
g;,
%
%% 236 -
7
f; 88. o
27
7
7
:27
gé
%5
2348 %% 26
4.3 SILT, Irace to some clay, trace
roctiets
Very Loose o Loose o
Grey
Wt S8 o
234
Some sand seams 233
s J 01 9 9
232!
S8 +]
231
230.5
8.6 Sandy SILT, trace clay, some cobbles
Leosa
" Gray fo Brown
Malst to Wat 230
88 g 0 27 8 5
Continued Naxt Page Numbers fefer to “ 05
Sensitivity 4 (%) STRAIN AT FAILURE




ONTMT4S 6158 (DC FROOD).GPJ 1114810

(@) Y 1

Ontario
RECORD OF BOREHOLE No DCR10-04 20F2 METRIC
WP, 5236-05-01 LOCATION STA 11+856.0, 3.0m RT ORIGINATED BY _SLL
HWY __ 539 BOREHOLE TYPE _ Hallow Stem Augers/NW Casing/NG Coring COMPILED BY __ MFA
DATUM _Geodatic DATE 2010,05,18 - 2010.05.18 CHECKED BY ___LRB
DYNAMIE EONE PENETRATION
SOIL PROFILE SAMPLES | o RESISTANCE PLOT WATURAL REMARKS
W -2___ pusiic B Lo L
slel [ aleé p o @ @ | WRE W el s
. i 2l z 5 GRAIN SIZE
ELEV al8| 4| 3(25| & [sHEARSTRENGTHKPa i o “|>% DISTRIBUTION
DESCRIPTION =2 22| E
DEPTH SI5| & | 3|23]| £ |o UNCONFINED  + FIELDVANE Y (%)
=12 glg®° ?j ® QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Provicus Page 20 . 40 60 80 10 20 40 & kNm 2 JGR 5A 81 CL
Sandy SILT, trace clay, some cobbles  [1°[ 220
Loose to Very Dense RS =
Grey {o Brown
‘aj Moist to Wet
" o|ss| e 3
228
227.2
1.8 SAND, some silt, some cobbles
Very Dense 227
oo ss | tow g
T
228
225.0) .05 205
41|  GRANITE BEDROCK, very strong to N FI RUN 1#
extremely strong TCR=100%,
5 SCR=100%,
1 [RUN RQD=74%
5 UCS=264MPa
224 0
0 RUN 24
TCR=100%,
0 SCR=100%,
2 | RUN ROD=94%
2 UCS=218MPa
Sub-vertical joint at 16.13 to 18.21m. S 28 o
RUN 3#
Sub-vertical joints at 16.54, 16,71, 1 TCR=100%,
16,79, and 17.12t0 17.21m, SCR=100%,
4 RQD=85%
3 [ RUN 222 UCS=209MPa
1
2215 % °
176  END OF BOREHOLE AT 17.6m.
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO 1.8m,
THEN SAND CUTTINGS TO 0.1m,
THEN ASPHALT TO SURFACE.

3 43, Numbers refer to
X genaitvity ‘5§5 (%) STRAIN AT FAILURE
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Ministry of |
Transportation
Ontario

THURBER
RECORD OF BOREHOLE No DCR10-05 10F 2 METRIC
W.P. 5236-05-01 LOCATION STA 1148575, 2.8m LT ORIGINATED BY _SLL
HWY 538 BOREHOLE TYPE __ Hollow Stem Augers/NG Coring COMPILED BY __ MFA
DATUM _Geodetic DATE 2010,05.18 - 2010,05.18 CHECKED BY ___LRB
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES @ RESISTANCE PLOT HATURAL REMARKS
Eg moguRe LMY &
5|« 8|28 P 40 @ W w0 [ comr M ZDB e
gl Z .
ELEV E gl g | 3|28 & [sHerRsTRENGTRKPa e e 2 DISTRIBUTION
DEFTH DESCRIPTION <13 Fl g 35| & |o unconFmen  + FELDVANE y %)
£1= Z{EC| @ |o QUOKTRIAXIAL X LABVANE | WATER CONTENT (%)
2992 m 20 40 € 80 100 0 4 e wm3 §GR 8A 81 CL
3‘1’ ~ASPHALT; {100mm)
’ _SAND, some gravel, trace silt 1] 68 239 hd
Compact
Brown
Moist
(FILL)
1]s8s| 12 °
238
237.8
1.4 Silty CLAY, some sand seams
Firm to Very Stiff ’
Brown to Gray ’ 21 88 4 [
5
H 2
35|ss| 18 3
N
236.2
3.0 SILT, some clay, soms sand, trace
rootiets 238
Very Loosa {o Loose 418 1] 6 o 0 14 67 18
Dark Brown i
Moist
235
5|ss| 2 ©
Becoming grey, wet
234
233
6lss| s o
232
7 ss| s °
231
230.5
87 Sitty SAND, trace clay
Vary Loose
Brown
Saturated 230
8 S8 | WH ] 0D 65 33 3
L
Continuied Nexi Page 5. Numbers refor 0 15$5
" Senshivty P (%) STRAIN AT FAILURE




ONTMT4§ 6158 (DC FROOD).GPJ 11118MD

Ministry of

Transportation
Ontario

THURBER
RECORD OF BOREHOLE No DCR10-05 20F2 METRIC
W.P. 5236-06-01 LOCATION STA 11+857.5, 2.6m LT ORIGINATED BY _SLL
HWY 539 BOREHOLE TYPE __Hollow Stem Augers/NG Coring COMPILED BY . __MFA
DATUM _Geodetic DATE 2010.05.18 - 2010.06.18 CHECKED BY __ LRB
T
SOIL PROFILE SAMPLES DYNANMIC CONE PENETRATION L REMARKS
PLABTIC Liciio
E] S it MOSTURE - D] B 5 &
5|« plsg| e[ 2 » o = w G 0 | sndion
&y 3 |g5| 8 [SHEAR STRENGTH kPa i b ol ok
ELEV ESCRIPTION - 228 | & —— DISTRIBUTION
BEFTH DESCRIPTION £ S15Z| £ |o UNCONFINED  + FIELDVANE
DEPTH 28 Y (%)
z ziE° § |® QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continuad From Previous Page m 20 4 60 80 100 20 40 60 iwm® l6r sa s1 oL
Silty SAND, trace clay '
Very Loose 1} 229
Brown T
Saturated i}
2284 il |
108]  SAND and GRAVEL, some sit, win |6 -1 1 1 RUN
cobbiles and bouklers P
Very Danse o 228l
9
Grey T
Wet 6
. s
1.2 m diameter boulder at 11 m @+ 7] 2 | Run
e
% -]
i 3
o
.0,
% 227
e
0.4 m dismeter boulder ot 12.5 m %
9.
o
8.
ol 3 | RUN
o
K] ° s
.'.’°
e
P o
's%1 9 | ss
A
o
8 25
)
9]
o 53 37 10
ey {SHCL)
s
X8
2 o
o
2238 . 0 224
164]  GRANITE BEDROCK, very strong to Fl RUN 4#
extremely strong 4 | RUN TCR=100%,
Rubble zone at 15.37 to 15.57m. 4 SCR=100%,
Rubble zone at 15,83 10 16.00m. N v
UCS=225MPa
‘ a8 RUN 5¢
Sub-vertical joints &t 16.23, 16.36, * 3 TCR=100%,
16,38, 16.41, and 16.84m. SCR=100%,
5 RN 2 1roD=80%
) UCS=220MPa
222 0
RUN 6#
0 TCR=100%,
SCR=100%,
6 | RUN 0 RQD=93%
0 UCS=264MPa
221
2207 N o
18.5 END OF BOREHOLE AT 18.5m,
Plazometer installation consists of
19mm diameter Schedule 40 PVC pipe
with & 1,52m slotted screen,
WATER LEVEL READINGS:
DATE  DEPTH(m) ELEV.(m)
20100599 24 2368
20100520 23 236.9
+3 %8 Numbers refer to 15$5
"7 Senstivity ¥ (%) STRAIN AT FAILURE




ONTMT4S 6158 (DC FROOD).GPJ  11/1910

a Ministry of
Trensportation

RECORD OF BOREHCLE Ne DCR10-06 10F1 METRIC
WP. 52300501 _ LOGATION STA 11+876.0, 26m RT ORIGINATED BY _SLL
HWY 539 BOREHOLE TYPE __ Hollow Stem Augers COMPILED BY MEA
DATUM _Geodetlc DATE 2010.05,19 - 2010.05.19 CHECKED BY LRB
DYNAMIC CONE FENETRATION
SOIL PROFILE SAMPLES % RESISTANCE PLOT NATURAL REMARKS
= £2 2 4 e B wo [wr om Y &
Slg 2 ég z U Sy W G e 54 | oransee
ELEV " & el W 2 25 8 SHEAR STRENGTH kPa o S—— DISTRIBUTION
DEPTH DESCRIPTIO! gl £ | 3|5%] §E |o uvconemen  + FiELDVANE Y o
g 2 z1g° G |® QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
239.9 u 20 40 80 8 100 20 40 60 wim3 |GR BA S CL
7T\ ASPHALT: (50mm)
T | G o
SAND, some gravel, trace siit
Brown
2302 M‘t’f“ 5
0.7 JFILLY A H % 7z
: Sity CLAY, trace sand 177 239
Soft to Firm ﬁ;/',f? 1|sst s 4
Brown 7%
) %7
177
77
. |
421 ss | e 0 1 47 5
//f 238
LY )
77
L
%2
%%
]2 |ss| o o
4/'4
%%
%% 237
75
'?2 3 o
7% 4| ss
77
zZ
7
%%
w -
235.8 %% =
4.1 SILT, frace sand, trace clay
Loosa
Grey to Brown
Moist to Wet
5| 85| 4 sl o
234
6|ss! 7 o 0 5 8 &
233
232.4
7.5 Sity SAND
Loose
Brown 7185 | 9 5
Moiat to Wet 232
2317
82| END OF BOREHOLE AT 8.2m.
BOREHOLE OPEN TO 8.2m AND
WATER LEVEL AT 4.0m UPON
COMPLETION,
BOREHOLE BACKFILLED WITH
BENTONITE HOLEPLUG TO 2.0m,
THEN CUTTINGS TO SURFACE.
+3 3,  Numbers refer to 153’_5
R sansitviy %5 (%) STRAIN AT FAILURE




Deer Creek (Frood) Bridge Replacement
Highway 539, Township of Crerar

Appendix B

Laboratory Test Results



GRAIN SIZE DISTRIBUTION - THURBER 6158.GPJ 11/19/10

DEER CREEK (FROOD) BRIDGE

FIGURE B1
GRAIN SIZE DISTRIBUTION
SAND FILL
U.8.8, Sove size, mashes/inch Size of openings, inches
20 1?O 6'!!50 4ID 30 1IB 10? 4' 3[ % 31:!" 1"' 11I.12" 3"41{4"8:
100
."’L
90 v
. 80 /
70 / :
Z / III
<
E a0
4
1T]
£ % /
= /
= .
S 4w /
S 40 ,
1T}
n
30
20
10
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE lMEDIUMl COARSE FINE COARSE COBBLE
FINE GRAINED ' SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH {m) ELEV. (m)
® DCR10-03 1.83 237.27
W.P# .5236-05-01........ . l
Prepared By .AN.................... THURBER
CheckedBy .LRB...................




GRAIN SIZE DISTRIBUTION - THURBER 6158.GPJ 1119110

DEER CREEK (FROOD) BRIDGE
GRAIN SIZE DISTRIBUTION

FIGURE B2

SILTY CLAY

U.8.5. Sleve size, meshesinch

Size of openings, inches.

200 100 6050 49 30 16 10? 4 3 3.'55"11?“ 3:‘;'." 1I" ‘i‘llrz‘ 3”41'14'6"
100 » =
) /
. et
70 'Z
z ks
E w il
s e
w
E 50 K
z / V '
g ./ j
w
a.
. j{
20 . I!T/
10 m
0
0.0001 0.001 0.01 o1 1 10 100
GRAIN SIZE, mm
SILT and GLAY FINE |MEDIUM| COARSE FINE COARSE COBBLE
FINE GRAINED ‘ SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHQLE DEPTH {m) ELEV. {m}
® DCR10-01 2.59 236.61
b4 DCR10-04 2.59 236.51
A DCR10-06 1.83 238.07

Prepared By . AN..
Checked By .L.LRB

THURBER




GRAIN SIZE DISTRIBUTION - THURBER 8158.GPJ 1111910

DEER CREEK (FROOD) BRIDGE
GRAIN SIZE DISTRIBUTION

FIGU

RE B3

SILT

U.8.8. Sleve size, meshesinch

Size of openings, nchas

200 100 6050 40 30 16 408 4 3 3B a1t 1 448
100 : * K3 I L 1 1 L L 1 [l 1
B
80 {/ :711?’
80
70
= j
<
E &0
&
z /# A
[T
il
9 40 ! /
b (r
" Al
D
20 ]
m/ y
10
) e m
02:001 0.001 001 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE  |MEDIUM | COARSE FINE COARSE | ooe e
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE  DEPTH (m) ELEV. (m)
® DCR10-04 6.40 232.70
X DCR10-05 3.35 235.85
A DCR10-06 6.40 233.50

Prepared By .AN..
Checked By .1L.LRB

THURBER




GRAIN SIZE DISTRIBUTION - THURBER 6158.GPJ 11119110

DEER CREEK (FROOD) BRIDGE
GRAIN SIZE DISTRIBUTION

FIGU

RE B4

SANDY SILT to SILTY SAND

U.5.5. Sleve size, meshas/inch

200
H

100 8080
[l L

Size of openings, lhches

40 30 16 108 4 3 g a1t 1
i ) . il :

41
L 1 L

100 g%f ﬂ;}
il
80 7 /
70
= / / /'
é 60
« j }' /
uz. 50 I
= i
Ll
S 40 - M
i
£ S
20 ? f
I
10 ’
R il
0%001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE | mEDM | coarse FINE COARSE | one
FINE GRAINED SAND GRAVEL SizE
LEGEND
SYMBOL BOREHOLE DEPTH {m} ELEV. (m)
® DCR10-01 6.40 232.80
[ 4} DCR10-02 4 88 234,22
A DCR10-02 6.40 232.70
* DCR10-03 6.40 232,70
® DCR10-04 9.45 229.65
it DCR10-05 9.45 229.75

W.P# .5236-06-01.........
PreparedBy .AN.....................

Checked By .LRB............

THURBER




DEER CREEK (FROOD) BRIDGE

GRAIN SIZE DISTRIBUTION - THURBER 6158.GPJ 11/19/10

FIGURE B5
GRAIN SIZE DISTRIBUTION
SAND & GRAVEL

4 1If4" ﬂl'

100

90

70 l
= .
Z e
o V
(]
4 A
o 50
.
% 40 // ‘
i I
i . o]
30 ’
L
20 //./ _
10 f ' :
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE | MEDIUM I COARSE FINE COARSE COBBLE
FINE GRAINED . SAND GRAVEL SIZE
LEGEND ,
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
L DCR10-05 14,55 224.65

W.P.# .5236-05-01........ . .

Prepared By AN..................... THURBER
CheckedBy LRB...................




DEER CREEK (FROOD) BRIDGE

ATTERBERG LIMITS TEST RESULTS | ¢URE B®

PLASTICITY INDEX

SILTY CLAY

60

CH

50

o | e

Cl &
5
30 L
o ] /
20 ./ pd
10 //
CL
CL-ML / Mi-OI MH-OH
. ML oL ’
o 10 20 30 40 50 60 70 80
LIQUID LIMIT
SYMBOL BH DEPTH {m) ELEV. {m)
e DCR10-01 259 236.61
[+ 4 DCR10-06 1.83 238.07

Project .5236-05-01_ . . THURBER chkd. .....LRB...

THURBALT 6158.GPJ 11/19M0
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Deer Creek (Frood) Bridge Replacement
Highway 539, Township of Crerar

Appendix C

Foundation Comparison
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Deer Creek (Frood) Bridge Replacement
Highway 539, Township of Crerar

Appendix D

Site Photographs



Deer Creek (Frood) Bridge Replacement
Highway 539, Township of Crerar

"Photo 1. Looking west across Deer Creek (Frood) Bridge

Photo 2. East approach to the Deer Creek (Frood) Bridge (looking west)




Deer Creek (Frood) Bridge Replacement
Highway 539, Township of Crerar

Photo 3. West approach to the Deer Creek (Frood) Bridge (looking west)
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Appendix E

Drawings
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Deer Creek (Frood) Bridge Replacement
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Appendix F

Technical References and Suggested
Text for Selected NSSP



Deer Creek (Frood) Bridge Replacement
Highway 539, Township of Crerar

1.

ii.

iii.

iv.

List of Special Provisions and OPSS Documents Referenced in this Report

OPSS 902

OPSS 903

OPSS 572

OPSD 3101.150

OPSD 3101.200

SP 110F13 Amendment to OPSS 1010, March 1993
SP 105510

List of Canadian Highway Building Design Code References in this Report

Clause 6.7.3

Clause 6.7.4

Clause 6.8.9.2

Clause 6.9.3

Clause 4.6.4

Figure C6.9.1(a) - CHBDC Commentary
Table 4.4.6.1

Suggested text for a NSSP on Unwatering

It must be assumed that excavations at this site may penetrate below the groundwater

level.

The soils overlying the bedrock at this site are predominantly cohesionless and will be

readily disturbed by unbalanced water heads or by flow of water.

The Contractor shall design, install and operate systems that shall:

Unwater the excavations

Control the flow of groundwater, surface water and river water into the excavations

Prevent the disturbance of the base of the excavation

Prevent the sloughing of soil into the excavations.



Deer Creek (Frood) Bridge Replacement
Highway 539, Township of Crerar

Particular attention must be paid to the design of unwatering systems and shoring systems
at the pier locations due to the proximity of the river and the cohesionless nature of the
overburden.

The selection and design of suitable unwatering and shoring systems shall remain the
responsibility of the Contractor. However, factors that might influence the selection and
design of the unwatering system and the shoring system include, but are by no means
limited to the probable level of the river during construction. The selected systems must
prevent flooding of the work area due to rising river levels, It is recommended that the
designs allow for a river level that will rise to Elevation xxx.xx.

4, Suggested text for a NSSP on Pile Driving

Steel H-piles driven at this site will meet refusal on bedrock or in soil containing cobbles
and boulders. All driven piles shall be fitted with cast steel, H-section rock points from
an approved manufacturer such as Titus Steel (Standard H-point) or approved equivalent.



