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FOUNDATION INVESTIGATION AND DESIGN REPORT
HIGH EMBANKMENTS AND SWAMPS
STRONG TOWNSHIP, MAINLINE STA 16+450 TO 17+350
HIGHWAY 11 FOUR-LANING
BURKES FALLS TO SOUTH RIVER, ONTARIO
G.W.P. 759-93-00

Geocres Number: 31E-235

PART 1: FACTUAL INFORMATION

1 INTRODUCTION

This report presents the factual information obtained from a foundation investigation at the
proposed locations of high embankments along the proposed Highway 11 mainline alignment
extending from Sta. 16+450 to Sta. 17+350 in Strong Township.

The purpose of the investigation was to explore the subsurface conditions at sites where
embankments higher than 6 m or swamp crossings are proposed, and based on the data obtained, to
provide a borehole location plan, borehole logs, stratigraphic profile and cross-sections and a
written description of the subsurface conditions. ~ Assessment of embankments less than 6 m in
height is not included in this assignment.

Thurber carried out the investigation as a sub-consultant to Marshall Macklin Monaghan (MMM),
under the Ministry of Transportation Ontario (MTO) Agreement Number 5005-A-000188.

2 SITE DESCRIPTION

This report addresses the portion of the proposed Highway 11 Mainline extending from about
200 m south of the existing intersection of Highway 11 and Valley View Drive to about 700 m
north of this intersection for a total distance of approximately 900 m. The proposed mainline
alignment is located in Strong Township and generally runs parallel to the existing Highway 11
alignment. The new alignment will incorporate parts of the existing highway into the NBL. New
embankment will be constructed to support the South Bound Lanes (SBL).

The site is located in the physiographic area known as the Laurentian Highlands of the Canadian
Shield which generally consists of undulating terrain with uplands areas comprised of bedrock
outcrop or overburden soils comprised of granular outwash or basal till of variable thickness.
Swamps or lakes are commonly present in the low-lying areas. The proposed alignment is located
on undulating terrain which rises gently to the north end of the alignment. The vertical relief over
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the assessed portion of the alignment is less than 35 m. The regional terrain morphology generally
slopes gently from the upland areas east of the alignment downwards towards the Stirling Creek
valley located west of the alignment.

Drainage in the surrounding areas is typically moderately well developed and is comprised of small
streams which flow generally westwards into Stirling Creek.

The majority of the land along this section of the proposed alignment is undeveloped forested land
with some localized residential and commercial development near the intersection of Highway 11
and Valley View Drive Road.

3 SITE INVESTIGATION AND FIELD TESTING

The site investigation and field testing for this portion of the project were carried out between
July 26, 2002 and September 30, 2003. The site investigation for this area consisted of drilling and
sampling a total of 16 boreholes and 4 Dynamic Cone Penetration Tests (DCPT) to depths ranging
from 0 to 6.9 m.

The median centreline location and stations were surveyed and staked in the field by Marshall
Macklin Monaghan (MMM) prior to commencing drilling operations. The borehole and DCPT
locations were established in the field by Thurber personnel based on the staked median centreline
or ramp centreline as applicable. The boreholes are labelled based on the individual station and
offset for each alignment. Property access, site preparation and utility clearances were carried out
by Thurber prior to any drilling being carried out. The locations of the boreholes are shown on the
attached “Borehole Locations and Soil Strata Drawings” found in Appendices A through C. The
site plans, topography and proposed height of embankments shown on the drawings were provided
by MMM, dated May 2004.

The drilling, sampling and in-situ testing operations were carried out by All-Terrain Drilling of
Waterloo, Ontario and George Downing Estate Drilling of Port Hawkesbury, Ontario. The
boreholes were advanced by CME 75 drill rigs mounted on Nodwell tracked carriers using hollow
stem and solid stem auger techniques. Disturbed samples were obtained at selected intervals using
a split spoon sampler in conjunction with Standard Penetration Testing (SPT) in most overburden
soils. Where cohesive layers exhibiting lower strength were encountered, in-situ vane shear tests
and thin-walled tube samples were collected.

Dynamic Cone Penetration Tests (DCPT) were carried out at the toe of fill locations (alternating
intermediate stations) to obtain a continuous profile in the upper portion of the deposit. The DCPT
tests were carried out by continuous penetration of a 50 mm diameter steel cone (60 degree) driven
by a standard SPT hammer. The DCPT profiles are shown on the borehole logs in the
Appendices A through C.
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The drilling and sampling operations were supervised on a full time basis by a member of
Thurber’s technical staff. The supervisor logged the boreholes and the recovered disturbed and
undisturbed samples and processed the samples for transport back to Thurber’s Oakville laboratory.

Upon completion of drilling and sampling, standpipe piezometers were installed in select
boreholes. Piezometer construction generally utilized 19 mm diameter Schedule 40 PVC pipe with
1.5 m long slotted tips installed near the bottom of the boreholes. The piezometers installations
were backfilled with a sand filter pack extending from the bottom of the hole to at least 0.3 m
above the top of the screen and bentonite clay seal (holeplug) was placed above the filter sand. A
second bentonite seal was placed just beneath the ground surface. The interval between the
bentonite seals was backfilled with cuttings and bentonite. Boreholes without piezometers were
backfilled using bentonite and drill cuttings.

The Record of Borehole logs, “Borehole Locations and Soil Strata” drawings, and laboratory test
result summaries are included in each of the separate appendices as shown below:

* Appendix A Hwy 11 Mainline, Strong Township, Sta. 16+450 to 16+600
= Appendix B Hwy 11 Mainline, Strong Township, Sta. 16+700 to 16+850
= Appendix C Hwy 11 Mainline, Strong Township, Sta. 17+250 to 17+350

4 LABORATORY TESTING

All recovered soil samples were returned to Thurber’s laboratory where they were subjected to
visual identification and to natural moisture content determination. The results of this testing are
shown on the Record of Borehole sheets in the Appendices as described in the preceding section.

Selected samples were subjected to gradation analysis (sieve tests) and Atterberg Limit testing.
These test results are included on the borehole logs and plots in the Appendices.

5 DESCRIPTION OF SUBSURFACE CONDITIONS

A general description of the stratigraphy for each of the locations where high fills are proposed is
given in the following sections and summarized in Table 8.1. Details of the soil stratigraphy
encountered are included in the Record of Boreholes sheets in Appendices A through D. Where
specific information is required reference should be made to the Record of Borehole sheets in the
Appendices.

5.1 Highway 11 Mainline Embankment, Strong Sta. 16+450 to 16+600

The SBL of Highwayll Mainline in Strong Township between Sta. 16+450 and 16+600
will be supported by an embankment which is generally 5 to 7 m in height, crossing a low-
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lying area. The NBL will be located on a widened embankment placed over the existing
Highway 11 embankment.

The soils encountered in the boreholes drilled along this portion of the alignment generally
consist of a topsoil layer overlying discontinuous sandy silt to sand, which in turn rests on
a extensive deposit of Silty clay to silt which extends to the maximum depth of
investigation.

Topsoil

A layer of topsoil was encountered at the ground surface in most of the boreholes.  The
thickness of topsoil encountered at the boreholes varied from 0 to 200 mm. The average
thickness was 85 mm.

Sand

A 1.4 m thick layer of sand was encountered extending from the ground surface in
Borehole No. 16+575, R5. The sand is described as fine-grained sand, trace to some silt.
The colour is reddish brown with oxide stain becoming brown below 0.6 m depth. The
SPT N-value in this deposit was 19 indicating compact conditions. The moisture content
was 13%.

Sandy Silt

At two borehole locations a local deposit comprised primarily of sandy silt was
encountered. The composition of this unit was variable ranging from sand silt trace clay;
to silt with some sand. The sand fraction was typically fine to medium grained. The
thickness of this deposit, where present, varies from 0.5 to 1.5 m.

The deposit was typically brown to grey in colour.

The SPT N-values in this deposit were 16 indicating a compact condition. The moisture
content of a disturbed sample collected from this unit was 18%.

Silty Clay

An extensive deposit of silty clay was encountered beneath the surficial topsoil, sand and
sandy silt layers described above. The deposit is described as silty clay, trace sand with
occasional sand seams and laminations. The colour is brown to grey with mottling noted at
shallow depths. This deposit extended to 8.8 m to 13.6 m depth at the borehole locations.
The silty clay is underlain by a sand layer, except near Sta. 16+575 R5 where a silt unit
was encountered beneath the clay at 4.6 m depth. The maximum thickness of the silty clay
encountered was 13.5 m.

The SPT N-values ranged from 23 to 2, generally decreasing with depth, and indicate stiff
conditions above 4 to 6 m depth and firm to soft below this depth. Field vane shear tests
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indicate undrained shear strengths varying from 88 kPa to 44 kPa, indicating stiff to firm
consistency, typically decreasing with greater depth.

The particle-size and Atterberg Limit analyses, summarized in Figures Al, A2, A4 and AS
in Appendix A, are summarized below, and indicate low to medium plasticity (CL to CI).

% clay particles 31-46 %
Liquid Limit 28-42 %
Plastic Index 10-18 %
Water Content 23-67%

Sand

A layer of sand was encountered beneath the silty clay unit noted above. The sand is
described as sand, trace gravel trace silt. The SPT N-values varied from 5 to 27. The
moisture content of the recovered samples varied from 12 to 18%. The two deeper
boreholes terminated in this unit indicating a minimum thickness greater than 1.6 m.

The results of the gradation analyses for this deposit are summarized in Figure A3 in
Appendix A.

Silt

At Borehole No. 16+575 RS a layer of silt was encountered beneath the silty clay. The silt
extended to the maximum depth of the investigation. This unit is described as silt, some
clay, trace sand. The deposit is grey in colour. SPT N-values of 6 to 7 were encountered
indicating a firm consistency. The moisture content of disturbed samples varied from 31 to
32%.

The results of the gradation analyses for this deposit are summarized in Figure A2 in
Appendix A.

Groundwater

Observations of groundwater conditions during drilling and measurements of water levels
in the standpipe piezometer indicate that at the time of investigation, the depth to the
groundwater table was at Elev 320.1 m or about 2.6 m below the ground surface. The
groundwater levels are expected to vary seasonally and with heavy precipitation events.

5.2 Hwy 11 Mainline Embankment, Strong Township, Sta. 16+700 to 16+850

The SBL of the proposed Highway 11 alignment will be supported by new embankment of
5to 10 m in height. The NBL will be founded over the existing Highway 11 embankment.

The soils encountered in the boreholes drilled in this area generally consist of topsoil
overlying a thin layer of sand. In the low-lying areas, peat was encountered overlying silty
sand fill or silty clay. The various soil units are described below:
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Topsoil and Peat

A layer of topsoil or peat was encountered at most boreholes. The topsoil is described as
sandy topsoil and the peat is described as fibrous peat. Occasional rootlets were also
noted. The colour varies from reddish brown to dark brown to black. The thickness of
topsoil encountered in the boreholes varied from 0 to 300 mm, and averaged 225 mm.

Fill

A layer of silty sand fill was encountered beneath the peat at Borehole No. 16+769 L17.
The deposit is described as silty sand, trace gravel, trace organics. The sand is fine-grained.
SPT N-values in this deposit varied from 3 to 10 indicating loose to compact conditions.
The moisture content of the recovered samples varied from 24 to 35 %. The thickness of
the deposit was 2.1 m, and was underlain by auger refusal conditions indicating an
underlying boulder layer or bedrock.

Silty Clay

A deposit of silty clay was encountered beneath the peat at Borehole No. 16+725 L18.75.
This unit is described as silty clay, trace sand, trace gravel. The soil is grey in colour.
SPT N-values decrease with increasing depth, varying from 36 to 4, indicating a hard to
firm consistency. The moisture content of samples recovered in this unit varied from 40 to
43%. The thickness of the deposit was 2.5 m, beneath which auger refusal conditions were
encountered indicating an underlying boulder layer or bedrock.

The particle-size and Atterberg Limit analyses, summarized below and shown in Figures
B1 and B2 in Appendix B, indicate intermediate plasticity (CI).

% clay particles 32%
Liquid Limit 34%
Plastic Index 12%

Sand

A sand layer was encountered beneath the topsoil in the upland areas. The sand is
described in the borehole logs as fine to medium grained sand, trace gravel. Occasional
gravel layers, cobbles and boulders were also noted. The deposit is reddish brown to
brown in colour. An SPT N-value of > 100 was encountered indicating very dense
conditions or the presence of cobbles and boulders. The moisture content of disturbed
samples recovered from this ‘unit varied from 7% to 27%. Auger refusal conditions,
indicating the presence of boulders or bedrock, were encountered at the lower boundary of
the sand. The thickness of the sand layer encountered in the boreholes varied from 0.3 to
1.2m.

Groundwater
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Groundwater conditions noted during drilling and in the open boreholes following
completion of drilling indicate a depth to water-table of 2.1 m (Elev 324 m). The
groundwater levels are expected to vary seasonally and with heavy precipitation events.

53 Hwy 11 Mainline Embankment, Strong Township, Sta. 17+250 to 17+350

The Highwayll Mainline in Strong Township between Sta. 174250 and 17+350 will
consist of new embankment supporting the proposed SBL. The NBL will be supported by
widening the existing Highway 11 embankment. The proposed height of fill at the SBL
varies from 3 to 4.5 m in height.

The soils encountered in the boreholes drilled along this portion of the alignment generally
consist of a surficial topsoil or peat layer overlying a discontinuous layer of sand to silty
sand. Beneath the sand in the low-lying area, a layer of silty clay to silt was present. At
one location, Borehole No. 17+298.5 L18.75, a layer of gravelly sand was encountered
underlying the sequence described above. All boreholes encountered auger refusal
conditions suggesting the presence of boulders or bedrock. The maximum depth of
investigation was 5.5 m.

Topsoil and Peat

A layer of topsoil or peat was encountered at all boreholes. The topsoil was present in the
upland areas and the peat was encountered at lower elevations. The peat was fibrous and
the colour was black. The thickness of topsoil encountered in the boreholes varied from
100 to 300 mm.

Sand to Silty Sand

A layer of sand to silty sand was encountered beneath the topsoil and peat at the boreholes
located near the SBL centreline. The deposit is described as fine-grained sand, some silt to
silty, with trace to some gravel. The colour is brown. An SPT-N-value in this deposit of
61 was obtained indicating very dense conditions. The sample water content was 18%.
The thickness of the deposit measured in the boreholes varied from 0.6 to 1.1 m.

Silty Clay to Silt

A silty clay to silt deposit was encountered underlying the deposits described above within
two boreholes advanced in the low-lying area. This composition of the deposit is variable
and is described as silty clay to silt, some sand to sandy. Occasional sand pockets and
sandy silt layers were also noted. The unit is grey in colour. The SPT N-values varied
from 6 to 30 indicating stiff to very stiff consistency. The moisture content of disturbed
samples from this unit is 25 to 32 %. Particle size analysis and Atterberg limit tests
indicate the following properties indicating low plasticity (CL).

1
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% clay-sized particles 11-23
Liquid Limit 25 %.
Plastic Limit 8%

The thickness measured in the boreholes varied from 2.2 m to 2.8 m.

The results of the laboratory testing for the units above are summarized in Figures C1 to
C2, in Appendix C.

Gravelly Sand

At one location (Borehole 17+298.5 L18.75) a deposit of gravelly sand was encountered
beneath the soil strata described above. This unit is described as well graded, gravelly
sand, some silt. The soil is brown in colour. The SPT N-value of 17 indicates a compact
condition, and the sample moisture content was 12%. The thickness of this deposit was
1.8 m.

Groundwater

Observations of groundwater and soil moisture conditions during drilling indicate that the
groundwater table in this area is generally 1.2 m to 1.5 m below the ground surface.,
indicating that the water-table surface varies at the borehole locations from Elev 346.2 m to
Elev 346.9 m. The groundwater levels are expected to vary seasonally and with heavy
precipitation events.

Direction of fieldwork and report preparation by:

S.M. Sather, P.Eng.,
Senior Geotechnical Engineer

Report reviewed by:
P.J. Branco, P.Eng.,
Review Engineer

THURBER
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FOUNDATION INVESTIGATION AND DESIGN REPORT
HIGH EMBANKMENTS AND SWAMPS
MAINLINE, STRONG TOWNSHIP STA 16+450 TO STA 17+350
HIGHWAY 11 FOUR LANING
BURKES FALLS TO SOUTH RIVER, ONTARIO
G.W.P. 759-93-00

Geocres Number: 31E-235

PART 2: ENGINEERING DISCUSSION AND RECOMMENDATIONS

6 INTRODUCTION

This report presents interpretation of the geotechnical data in the factual report and presents
preliminary foundation design recommendations where embankment heights exceed 6 m or swamp
crossings have been proposed.

The discussion and preliminary recommendations presented in this report are based on our
understanding of the project and on the factual data obtained in the course of the investigation.

7  ENGINEERING ANALYSIS METHODOLOGY

7.1 General

The project information, including plan and profile of the proposed alignments dated
May 2004, utilized in the engineering analysis was provided by MMM. For the purpose of
analysis and reporting the proposed embankments and swamp crossings along the proposed
Highway 11 alignment, interchange ramps and other highway alignments have been treated
separately. A summary of the various segments is provided below:

=  Hwy 11 Mainline, Strong Township, Sta. 16+450 to 16+600
= Hwy 11 Mainline, Strong Township, Sta. 16+700 to 16+850
* Hwy 11 Mainline, Strong Township, Sta. 17+250 to 17+350

The major factors governing foundation design of the proposed embankments include:

®  Proposed embankment geometry (height, slope angle, footprint, etc)
* Embankment material type (earthfill, Select Subgrade Material -SSM or rockfill)
= Extent and thickness of surficial organic soils

= Thickness and engineering properties of underlying mineral soils

3
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= Depth to competent layer (bedrock or dense sand or gravel)

=  Groundwater conditions

The geotechnical analysis summarized in this report includes assessment of the global
stability of different embankment geometries and material types for both short and long
term conditions. Assessment of immediate elastic and long term foundation settlement
was also carried out.

7.2 Design Options

Several design options are available for reducing settlement and improving stability during
embankment construction on soft soils including peat removal, staged construction,
surcharging, wick drains and lightweight fill. Soft cohesive soils were encountered in the
lower portion of the boreholes between Sta. 16+450 and 16+600. The relatively good
subsurface conditions encountered during the site investigation along the assessed portion
of Highway 11 mainline from Sta.16+450 to 17+350 allows conventional embankment
design methods to be utilized where embankments greater than 6 m in height are proposed.
The estimated stability and settlements associated with conventional embankment
construction are presented in the following section.

7.3 Stability and Settlement Analyses

The stability analyses were carried out using limit equilibrium methods by the
commercially available slope stability program “GSLOPE” developed by Mitre Software
Inc. Bishop’s modified method of slices was used in the analyses. Based on consideration
of the risk involved and past experience with highway embankment design and monitoring
of embankment performance, a Factor of Safety (FS) of 1.3 is considered appropriate to
maintain embankment stability and control deformations during construction. A FS of 1.3
is considered acceptable for assessment of global embankment stability on granular soils
for long and short term conditions. For embankments founded on cohesive soils, in
additional to a minimum FS of 1.3 for short term conditions, a FS of 1.5 for long term
conditions is recommended in order to reduce the potential for creep-induced settlements
of the fill. The results of the stability analysis are included in Appendix D.

Immediate foundation settlements due to compression of the non-cohesive soils have been
estimated based on the methods described in the CHBDC, 2000 Commentary Section
C6.6.3.6. Long term settlements were estimated for cohesive soils based on methods
described by Mesri (1973). The use of surcharge to increase the rate of primary
settlements was also assessed.

[
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7.4 Seismic Considerations

The following seismic parameters have been used in design

= Velocity Related Seismic Zone 1

= Zonal Velocity Ratio 0.05
* Acceleration Related Seismic Zone 2

= Zonal Acceleration Ratio 0.1

In accordance with the CHBDC, the soil profile type at this site is classified as Type I (less
than 60 m of stable sand, gravel or stiff clay), which according to Table 4.4.6.1 of the
CHBDC is associated with a Site Coefficient of 1.0. A peak horizontal ground
acceleration (PHA) of 0.11g, where g is the acceleration due to gravity, has therefore been
used in this analysis. This PHA value corresponds to a probability of exceedance of 10%
in 50 years.

74.1  Stability

Stability of the embankments under seismic loading was assessed by carrying out a
pseudo-static analysis using the parameters above. The pseudo-static analysis considers
the application of the PHA to the soil mass on a non-softening foundation to assess the
embankment stability. Where the results of the analysis indicate a FS greater than 1.0
under seismic loading, large scale movements of the embankment are not considered likely
to occur. Small movements or local toe failure may be associated with these conditions,
but are expected to be easily repairable.

7.4.2 Liquefaction Potential

Several of the proposed embankments will be constructed on loose to compact
cohesionless soils overlying bedrock. A review of the subsurface conditions at each site,
including presence of cohesionless deposits, the depth to water-table, SPT values and fines
content at each site was carried out to provide a cursory assessment of the likelihood of
liquefaction. Soils that are not subject to liquefaction during seismic events include: dense
granular deposits (N>30), stiff cohesive soils, unsaturated deposits, or soft cohesive
deposits that do not meet the ‘Chinese Criteria’, presented by Seed et al (1983) as shown

below:
-Percent finer than 0.005 mm size <15%
-Liquid Limit <35%
-water content >09LL

THURBER
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Where the data collected in the boreholes did not meet the criteria above, the foundation
area was assigned low liquefaction potential, indicating that a significant volume of the
foundation soils would not be not subject to liquefaction during a seismic event.

8 EMBANKMENT DESIGN

8.1 General

Representative sections were selected for stability and settlement analysis based on the soil
information with preference given to areas exhibiting low shear strength and high
compressibility.

Assessment of stability and settlement for embankments lower than 6 m height is beyond
the scope of this report and is therefore not included in this assessment.

The subsurface conditions encountered at the various embankment locations generally
consist of loose to compact, cohesionless deposits or deposits of stiff to firm silty clay. A
summary of general soil and groundwater conditions is included in Table 8.1.

8.2 Peat and Topsoil Removal

Within the project limits addressed in this report, the depth of peat and organic soils
encountered at the boreholes is generally less than 300 mm thick. It is recommended that
all peat and topsoil be subexcavated from within the proposed fill footprint. The
foundation area should be backfilled with rock or granular backfill as described in the
following section. Placement of coarse rockfill material is recommended where surface
water is encountered.

It is anticipated that standing water or swamp may be encountered in low-lying areas. For
the shallow depth of peat encountered in the boreholes, special measures to dewater the site
will not be necessary. Embankment construction using s

Table 8.2 provides a summary of the anticipated average depth of stripping for peat and
topsoil removal along the proposed alignments. The depth of stripping is based on the
average thickness of organics noted at the borehole locations. Stripping depths may vary
from that noted in the table at locations between the boreholes.

In the stability and settlement analyses summarized below it has been assumed that the
organic and peat layers have been removed and replaced with granular backfill as
appropriate.

8.3 Stability Analysis

Separate analyses were carried out for both short term (undrained) and long term (effective
stress) and seismic conditions using the following variables:

[
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= Earth fill embankment slopes 2H:1V
= Rock fill embankment slopes 1.25H:1V

The stability analyses indicate that short and long term stability will be adequate for all
sites where high fills are proposed. The analyses indicate a FS greater than 1.3 for short
term conditions. For long term conditions, a FS greater than 1.5 was obtained where
cohesive soils are present and greater than 1.3 where cohesion-less soils are present.

8.4 Settlement Analysis

8.4.1 Foundation Settlements

A settlement analysis was carried out using stresses calculated for two-dimensional
embankment loading configurations on an elastic foundation. Input parameters were
developed based on correlations between SPT N-values measured at the site.
Consolidation settlement analysis was also carried out using Terzaghi’s one-dimensional
method where soft, cohesive deposits were encountered at Mainline, Sta. 16+450 to
16+600 and near Sta. 16+725.

The result of the settlement analyses are summarized in Table 8.3 following the text of the
report.

Hwy 11 Mainline, Strong Sta. 16+450 to 16+600

The portion of the Hwy 11 mainline from Sta. 16+450 to 16+600 is located on cohesive
deposits which are stiff to very stiff within about 5 m of the surface, but become softer
with increasing depth. The maximum settlement beneath the Hwy 11 SBL in this area is
estimated as about 330 mm, with the majority of this occurring within 1 year of
embankment construction. Design options for reducing the short term and long term
settlements are summarized in Table 8.4 following the text of the report. A discussion of
theses options is given below. '

Design Options

Several options for reducing the post-construction settlements and increasing the rate of
consolidation are presented in Table 8.4. The preferred option will depend on the selected
design constraints relating to schedule, cost and risk.

The cost estimates included in the table are based on assumed design parameters (wick
drain spacing, surcharge height and volume of lightweight fill), and are for initial
comparison of design options only. Detailed design will be required to determine the final
values for these parameters.

The use of surcharge, wick drains or other measures to reduce the time for primary
consolidation will typically increase the post-construction settlements by 20 to 40%. The

post-construction settlement can be reduced by leaving the surcharge in place for longer
[
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period of time or using higher surcharge level. Higher surcharge levels will decrease the
factor of safety for instability and may require the use of berms or staged construction to
complete the embankment.

If detailed design of wick drains or surcharge measures is required to meet the project
schedule or control post construction settlement, we recommend that additional
investigation and detailed analysis for these options be carried out.

842 Embankment Compression

The estimated foundation settlements provided in the preceding section do not include
compression of fill material itself. Embankment compression of the embankment material
is expected to occur because of rearrangement of particles associated with traffic loading
and changes in moisture conditions. The magnitude and rate of fill compression are
dependant on numerous factors and are difficult to predict. For design purposes, fill
compression values of 0.2% for rock fill and 0.5% for SSM fill should be used.

85 Liquefaction Analysis

The results of the assessment of embankment foundations liquefaction are summarized in
Table 8.3. Significant movements or deformation of the high embankments during seismic
events are not likely to occur in these areas.

8.6 Embankment Construction

8.6.1 Embankment Construction Over Swamps

Where appropriate, construction of new embankments over swamp or standing water
should be carried out in accordance with OPSS 209, “Construction Specification for
Embankments Over Swamps”, dated March 1998, and with specific reference to OPSD
203.010, “Embankments Over Swamps, New Construction”.

For backfilling of subexcavation below the water-table or in swamps where surface water
may be seasonally present above the ground surface, it is recommended that rock fill or
coarse granular materials (OPSS Granular B Type II), be used as backfill. Where rockfill
is placed in these areas, the embankment should be completed up to subgrade level using
rockfill. Voids on top of the embankment shall be chinked with rock fragments and spalls
prior to placing granular materials.

THURBER
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8.6.2 Embankments

Embankment construction should be carried out in accordance with OPSS 206, as amended
by Special Provision “Amendment to OPSS 206, December 1993”, dated November 2002.
Earth fill may consist of granular materials and Select Subgrade Material (SSM) in
compliance with Special Provision 110F13, “Amendment to OPSS 1010, March 1993”.

Earth fill used for construction of embankments should be placed in regular lifts and
compacted in accordance with Special Provision NO. 105S10. Benches, 2 m minimum in
width, are required along embankment slopes at 8 m maximum vertical intervals in earth
and 10 m maximum vertical intervals in rock.

Earth fill embankments slopes must be provided with erosion protection in accordance
with Special Provision SP572S01.

8.63 Tie-in to Existing Embankments

The proposed embankments will incorporate the existing 2-lane Highway 11 embankment
at some locations. The depth of stripping and subexcavation based on information
encountered in the boreholes is generally expected to be less than 300 mm. However,
deeper deposits of organic or loose fill may be encountered in the region between
boreholes.

For excavations at the base of the existing embankment deeper than 1 m, shoring may be
required. Shoring will be required for any excavation encroaching towards the existing
embankment and within a 2H:1V imaginary line extending down from the crest of an
existing embankment to the base of the excavation. A schematic of this requirement is
included in Figure 1.

9 CONSTRUCTION CONCERNS

During construction, a qualified Geotechnical staff should be retained to observe activities related
to embankment construction and advise the Contract Administrator on construction concerns or
issues related to embankment stability or settlement.

Potential construction concerns to be highlighted are shown below, but the concerns are not
necessarily limited to this list:

» Inspection and confirmation that all organics and peat materials within the proposed embankment
footprints are sub-excavated and replaced with approved backfill.

= Inspection where subexcavation deeper than 1 m is carried out at the toe of existing highway
embankments.
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* Monitoring of embankment settlement during construction is recommended in areas where
preload has been recommended at Hwy 11 Mainline Sta. 16+450 to 16+600 and from Sta.
16+700 to 16+800.

10 CLOSURE

Depending on the design requirements, specialized geotechnical design of surcharge, wick drains,
or monitoring programs may be required. While these items are not part of the current scope of
work, we would be pleased to assist in preparation of these design options if required.

Engineering analysis and report preparation by:

S.M. Sather, P.Eng.,
Senior Geotechnical Engineer

Report reviewed by:
P.J. Branco, P.Eng.,
Review Engineer
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19-1423-12

HWY 11 - Four Laning
Embankments and Swamps
Strong Tp, Mainline, Sta. 16+450 to 17+350

ESTIMATED STRIPPING DEPTH

HWY “Tp‘ STONE| 164450 t0 16+600 | SBL 7~10 225

HWY I;r; SHONE\ 61725 t016+875 SBL 6.0-7.0 100

HWY lTlp‘ SUOMBL 1725010174350 | SBL | 3.0~45 300
TABLE 8.2

P. 20f4
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Appendix A
Hwy 11 Mainline, Strong Township, Sta. 16+450 to 16+600
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RECORD OF BOREHOLE No S 164450 L18.75 10F1 METRIC
wW.P. 742-93-00 LOCATION Strong Township, ST. 16+450, OfS 18.75L ORIGINATED BY _DP
HWY 11 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY MF/SS
DATUM _Geodetic DATE 30.07.02 - 30.07.02 CHECKEDBY __JL
DYNAMIC CONE PENETRATION -
Bal & PUSTIC  oisTuRE uol::: - X &
o a|<2| 8 20 40 6 8 100 |"™  cowewr M| SO
9 o wilz 'C:) ht 1 ! 1 f ! wp w 'n =] lé-' GRAIN SIZE
ELEV Elg| & | 2]25]| @ [sHEARSTRENGTHKPa ——— DISTRIBUTION
DEPTH DESCRIPTION 13| £ 5|33]| = |o unconemer  + FiELDVANE . Y )
El= z|[2°| @ |e quckTRAXAL x LABVANE | WATERCONTENT (%)
© o 20 40 60 80 100 20 40 60 wm3 JGR sA 81 cL
-0 TOPSOIL |
0.1 Silty CLAY, trace sand
Very Stiff to Stiff
Brown
Dry to Moist
1141 1] sS| 24 o 0 3 6 31
//
A
j ’
2| ss| 10 o
]
"
3| ss| 14 o
1
] a1 ss| 18 o
] A
1%
Increasing clay content
Becoming firm 5|ss| 5 1 o 0 0 54 46
Becoming soft
6| SS 3 b
67|  ENDOF BOREHOLE AT 6.71m.
BOREHOLE OPEN TO 6.71 m AND
DRY UPON COMPLETION.
BOREHOLE BACKFILLED WITH
DRILL CUTTINGS TO SURFACE.
- + 3, x 3. Numbers refer to

Sensitivity

20
’5‘110’5 (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No $16+450 L18.75 10F2 METRIC

W.P. 742-93-00 LOCATION Strong Township, ST. 16+450, O/S 18.75L ORIGINATED BY _SL
HWY 11 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 24.03.05 - 24.03.05 CHECKEDBY ___ S8
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES g, Y [ResisTANCEPLOT — e M| e | REMARKS
MOISTURE
= o|28]| 8 20 40 60 80 100 | omw | EB &
2| Wizg| 2 P T — wp w w | 58 | cransize
ELEV DESCRIPTION &l a o 3 |25| 2 [SHEARSTRENGTHkPa o DISTRIBUTION
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Firm to Soft 118 | 8 o
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5
+
11 TW | PH
33
+
2| ss| 3 — o 0 0 5 50
3| 8s| 2 9
33
+

136 SAND, trace silt, occasional cobbles

Compact
B S8 | 27 o 9 86 5
Wet (SIH+CL)
Continued Next Page 3 U3, Nurbers referto 20
+%,x%: 1545

Sensitivity o (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No S16+450 L18.75 20F2 METRIC
W.P. 742-93-00 LOCATION Strong Township, ST. 16+450, O/S 18.75L ORIGINATED BY _SL
HWY _ 11 BOREHOLE TYPE _ Holiow Stem Augers COMPILEDBY __WM
DATUM _Geodetic DATE 24.03.05 - 24.03.05 CHECKEDBY ____ss
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES [od H RESISTANCE PLOT NATURAL . REMARKS
E » s & PLASTIC | TURE Liquio -
5 nl|l23]| @ 20 40 60 80 100 ™ comr M| ZO &
2|8l W] 4|ZE] 3 \ : . ! : wp w we| 5% | cramsize
ELEV DESCRIPTION = = 2]|25]| & [SHEARSTRENGTHKPa o \ DISTRIBUTION
DEPTH <|3 % >138| < |© UNCONFINED  + FIELDVANE Y )
£l= Z|ZO| L |e QUCKTRIAXIAL x LABVANE | WATER CONTENT (%)
o 20 40 60 80 100 20 40 60 Wm3 [GR SA Sl CL
152]  END OF BOREHOLE AT 15.24 m.
BOREHOLE OPEN TO 13.72 m.
WATER LEVEL AT 2.59 m UPON
COMPLETION OF DRILLING.
BOREHOLE BACKFILLED WITH
BENTONITE BENSEAL TO
SURFACE.
+3 x 3. Numbers refer to 15_‘%’_5
AN 15> (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No S 16+475 L42 10F1 METRIC
W.P. 742-93-00 LOCATION Strong Township, ST. 16+475, OfS 42L ORIGINATED BY DP
HWY 11 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY __ MF/SS

DATUM _Geodetic

30.07.02 - 30.07.02

CHECKED BY Ju

BOREHOLE OPEN TO 6.71 mand
DRY UPON COMPLETION.
BOREHOLE BACKFILLED WITH
DRILL CUTTINGS TO SURFACE.

DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | | w |RESIARCE PLoT — | remargs
I-E %) < PLASTIC o RE LQUID .
E o |Z % 3 20 40 60 80 100 L CONTENT Ty 5 0 &
215 wizgl z L L wp w w| 58 | cransizE
ELEV DESCRIPTION >la| €| J|8g| 2 [SHEARSTRENGTHKPa —_———— DISTRIBUTION
DEPTH <|{= & S|13 3| < |o unconFinep  + FIELDVANE y %)
Elz 2|20 @ |e quckTRIAAL x LaBvANE | WATERCONTENT (%)
° m 20 40 60 8 100 20 40 60 wm3 lGrR sA s1 CL
00
- TOPSOIL T
0.1 Sandy SILT, trace clay
Compact
Grey
Dry to Moist
88 16 o
15|  SityClay, trace sand
Very Stiff to Stiff
Grey Ss | 24 [
Moist to Wet
ss | 13 °
ss | 10 —4 0 1 63 37
™ | PH
3
+
Becoming Firm
8s 7 o
67| ENDOF BOREHOLE AT6.71 m.

Numbers refer to
Sensitivity

20
’5%5 (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No S 16+476 R2 10F 1 METRIC
W.P. 7429300 LOCATION Strong Township, ST. 16+476, O/S 2R ORIGINATED BY DP___
HWY _ 11 BOREHOLE TYPE __ Dynamic Cone Penetration Test (DCPT) COMPILED BY __MF/SS
DATUM _Geodetic DATE 29.07.02 - 29.07.02 CHECKEDBY __ JL
DYNAMIC, CONE PENETRATION
SOIL PROFILE SAMPLES o ;’ RESISTANCE PLOT s MATURAL Lauo ,3_: REMARKS
= ” E % & 20 40 6 8o w0 | w1 ED &
9| x wl=2l > 1 L ! 1 I wp w w | 2 g GRAIN SIZE
ELEV Ela| €| 3|25| & |SHEARSTRENGTHKPa —— o——— DISTRIBUTION
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6.9 END OF DCPT AT 6.86 m.
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RECORD OF BOREHOLE No S 16+502.5L16.75 10F1 METRIC
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w.pP. 742-93-00 LOCATION Strong Township, ST. 164551, OfS 18.75L ORIGINATEDBY DP
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DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES & Y |ResiSTANCE pLOT e o | Remarks
%) ISTURE - I
= wl{<Z| 8 2 4 6 8 100 | Come | 5O &
9| n ulz2| > : ) 7 1 1 wp w wo| 54 | cransizE
ELEV a Wi ow ;’ 25| 2 [SHEAR STRENGTHKPa —_———1 DISTRIBUTION
DEPTH DESCRIPTION El1Z| & | 8 S 2Z| = |o unconrneD  + FIELDVANE . Y %)
El= Z{2O| @ e quckTRAXAL x LABVANE | WATER CONTENT (%)
° i 20 40 60 8 100 20 40 60 wwm3 lGR sA s1 oL
00|  TopsoIL =
02|  Sity GLAY, trace sand
Very Stiff to Firm %
Mottled Brown / Grey
1]ss| 18 b
A
f
fine grained sand laminations from 1.5
mto3.0m I J 2| ss 15 0 5 67 29
(
"M 3| ss| 15 o
b
%
|
u 4 Ss 17 <)
%
%
4
b
1
g
5| ss | 12 b 0 2 69 29
V1
A
-
1
f E/ 6| ss| 6 o
1%
67|  END OF BOREHOLE AT 6.71m,
BOREHOLE OPEN TO 6.71 m AND
DRY UPON COMPLETION.
BOREHOLE BACKFILLED WiTH
DRILL CUTTINGS TO SURFACE.
3 3, Numbers refer fo

+

X

Sensitivity

20
‘5%5 (%) STRAIN AT FAILURE



ONTMT4S 2312STRONG(52).GPJ 04/07/05

Ministry of —
Transportation D D
onlaﬁo THURABER
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W.P. 742-93-00 LOCATION Strong Township, ST. 16+551, O/S 18.75L ORIGINATEDBY SL
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DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ﬁ lé.l RESISTANCE PLOT e MATURAL oun — REMARKS
(2] ISTURE - I
= onl<Z] 8 20 40 60 80 100 | ovme wT| 58 &
Slx a{zg| 2 1 ! . " 1 wp w w| 5Z | GraNsizE
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o o 20 40 60 80 100 20 40 60 wm3 |erR sA 81 L
00 Augeredto7.62 m.
76|  SitycLAY
Soft 1 ss 2 o
Gre;
y z
%
8.8 SAND, trace gravel, trace silt
Loose to Compact
Brown ss| 5 o 138 7
Wet (SCL)
ss | 24
11.3|  END OF BOREHOLE AT 11.28 m.
BOREHOLE OPEN TO 9.60 m.
WATER LEVEL AT 3.43 m UPON
COMPLETION OF DRILLING.
BOREHOLE BACKFILLED WITH
BENTONITE BENSEAL TO
SURFACE.
+3 x3. Numbers refer to 1535 .
X &% (%) STRAIN AT FAILURE

Sensitivity



Ministry of
Transportation

)
[0

Ontaric mUReER
RECORD OF BOREHOLE No S 16+572 L43 10F1 METRIC
W.P. 742-93-00 LOCATION Strong Township, ST. 16+572, O/S 43L ORIGINATED BY DP
HWY __ 1 BOREHOLE TYPE __Dynamic Cone Penetration Test (DCPT) COMPILED BY _ MFiSS
DATUM _Geodelic DATE 26.07.02 - 26.07.02 CHECKEDBY ___ JL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | W |RESISTANGE PLOT = _— - REMARKS
P—J @« 6 PLASTIC i oisTuRE tiaum +~ I
= nl=3| 8 20 40 60 80 100 |™M  comwr W} SO &
9l wlzRl 2 ! 1 L ! i wp w w | 52 | craNsze
ELEV DESCRIPTION fle| g F185] 2 [SHEARSTRENGTHkPa o DISTRIBUTION
DEPTH <|=z E >138]| £ |0 UNCONFINED  + FIELDVANE ., Y %)
£l= Z|ZC| @ | QUOCKTRAXAL X LABVANE [ WATERCONTENT (%)
w 20 40 60 B2 100 20 40 60 wum3 IGR SA sI L
0.0 DCPT from surface.
6.1  ENDOF DCPT AT6.10m.

ONTMT4 2312STRONG(52).GPJ 11/09/04

+

3

3,

Numbers refer to
Sensitivity

20
1595 (%) STRAIN AT FAILURE




- A
¥||-2|!\sst{>yorc1,faﬁon D D

Ontario THURBER
RECORD OF BOREHOLE No S 16+575 R5 10F1 METRIC
W.P. 742-93-00 LOCATION Strong Township, ST. 16+575, O/$ 5R ORIGINATED BY _DP
HWY 11 BOREHOLE TYPE __ Hollow Stem Augers COMPILED BY MF/SS
DATUM _Geodetic DATE 26.07.02 - 26.07.02 CHECKEDBY __JL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o ‘é’ RESISTANGE PLOT e MR - REMARKS
E " 2 2 20 40 60 80 100 [HT  Ceww @l ES &
Ol ulzR] 2 L 1 f ) 1 wp w we| 58 | cransizE
ELEV & Wl w ; 95| 2 |SHEARSTRENGTHKPa AN DISTRIBUTION
DEPTH DESCRIPTION cls| £ | & 52| S |o UNCONFINED  + FIELDVANE Y %)
El= Z2|2°| @ |o quckTrRAxAL x LaBVANE | WATER CONTENT (%)
w 20 40 6 80 100 20 40 €0 kNm3 |GR sA sl CL
0.0 sAND, fine grained, trace si,
occasional iron oxide staining
Reddish Brown
0.6 —SAND. ﬁ_ne gra;ed_.s;n;sa T
Compact o
Brown 1l ss | 19 o
Dry to Moist o
14 Silty CLAY, some sand
Stiff
Mottled Brown / Grey 218! 12 b
Y
thin sand laminations at 2.29m
3(ss| 1 ° 0 17 59 24
U
1| TW | PH
!
a
46 SILT, some clay, trace sand
Firm 485 | 8 o
Grey
Wet
5|ss| 7 ) 0 2 8 16
67|  ENDOF BOREHOLE AT 6.71m.
BOREHOLE OPEN TO 6.71 m AND
DRY UPON COMPLETION.
BOREHOLE BACKFILLED WITH
DRILL CUTTINGS TO SURFACE.

ONTMT4 2312STRONG(52).GPJ 140904

20
3 3. Numbers refer to I
X sensitivity 155 (%) STRAIN AT FAILURE



18/02/05

ONTMT4 2312STRONG(52).GPJ

Ministry of
Transportation

—
L1

Ontario URBER
RECORD OF BOREHOLE No S 16+600 L18.75 10F1 METRIC
G.W.P.  742-93-00 LOCATION Strong Township, ST. 16+600, OfS 18.75L ORIGINATED BY DP
HWY 11 BOREHOLE TYPE _ Hollow Stem Augers COMPILEDBY __ MF/SS
DATUM _Geodelic DATE 30,07.02 - 30.07.02 CHECKEDBY ___JL
DYNAMIC GONE PENETRATION
SOIL PROFILE SAMPLES IL}:_J W IRESISTANCE PLOT e W ~ REMARKS
(23 MOISTURE - X
= <zZ| & 20 40 60 80 100 LI NTENT wry = 0 &
9|« gl{z29] 2 L N wp e w| 55 | cramsize
ELEV oy w 32{25| S |SHEARSTRENGTH kPa ——o———1 DISTRIBUTION
DEPTH DESCRIPTION gi= R 23 E O UNCONFINED  + FIELD VANE y )
f,—j z Z[2O| i |e QUICKTRIAXAL x LABVANE | WATERCONTENT (%)
o o 20 40 60 80 100 20 40 60 wm3 ler sa s oL
00 TopsoiL 71
01 Silty CLAY, trace sand laminations
Very Stiff to Soft
Mottled Brown / Grey N
Dry to Wet i
i
1| ss | 19 ( o 0 5 66 29
-
g
i
{
Becoming Grey '.i
2)ss | 1 = 0
i
,‘.v_.
Y
i
3
3] Ss 18 2! o
g
i
4
o
i
4|ss| 8 "}
o
,'-.t
i
'|.':
i
Becoming Wet, Soft
5|8 | 3 i o 0 0 47 52
6| ss| 2 °
67|  END OF BOREHOLE AT 6.71 m.

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

WATER LEVEL READINGS
DATE DEPTH (m)
30/07/02 Dry

+

3

X

3.

Numbers refer to
Sensitivity

20
15%5 (%) STRAIN AT FAILURE




Hwy 11 Four Laning

THURBGSD 2312STRONG(52).GPJ 04/07/05

FIGURE A1
GRAIN SIZE DISTRIBUTION
Silty Clay
Size of openings, inches U.S.S. Sieve size, meshes/inch
6 4y 3 1:/2- 1 314- 1/;-313- 3 4 810 16 30 40 5060 100 200
100 1 1 1 1 l. L ’-- ﬁ:
90 I :k\
0 m \ ﬁ\
70
z
£ 60
4
w
Z
T 50
*_
z
. \i
Q40 x
w
o
30
W
20 )
10
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
comBLE| COARSE | FINE COARSE |MEDIUM|  FINE SILT and CLAY
SIzE GRAVEL SAND FINE GRAINED
SYMBOL BH DEPTH (m) ELEV. (m)
] S 16+450 L18.75 1.07
x S 16+450 L18.75 4.87
A S 16+475 L42 3.35
* S$16+502.5L16.75 1.07
® S§16+502.5L16.75 4.87
< S 16+551 L18.75 1.82
Date July2005. ... . . D D Prep'd ..... WM. .
Project 742-93-00 Chkd. ....... SS....

THURBER




Hwy 11 Four Laning

THURBGSD 2312STRONG(52).GPJ 04/07/05

FIGURE A2
GRAIN SIZE DISTRIBUTION
Silty Clay to Silt
Size of openings, inches U.S.S. Sieve size, meshesfinch
6 4y 3 1l 1° e 1’?'3’3' 3 4 810 16 30 40 5060 100 200
L L | 1 il L L L 4I. 1 =: —
et
q
A
20 \\ﬁ ~
80 &‘KH \ *
70 N 1
: k&
60
o A Q A
L
z 50
2 R
L A
8 10 \
i N b
o
30 \ 4
)\Km
\
20
X\
10 \A
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
copBLE| COARSE FINE COARSE I MEDIUM| FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BH DEPTH (m) ELEV. (m)
® S 16+551 L18.75 487
= S 16+575 R5 2.59
A S 16+575 R5 6.40
* S 16+600 L18.75 1.07
® S$16+600L18.75 4.87
<& S16+450L18.75 10.98
Date .July2005 . . D D Prepd ..... WM. ..
Project .742-93-00 Chkd. ... SS...

THURBER




Hwy 11 Four Laning

GRAIN SIZE DISTRIBUTION FIGURE A3

THURBGSD 2312STRONG(52).GPJ 04/07/05

100

90

80

70

60

50

40

PERCENT FINER THAN

30

20

10

Sand

Size of openings, inches U.S.S. Sieve size, meshes/inch
& AT e e e 34 810 16 30 40 5060 100 200
'~
N @
\
‘&\g
N\
\
\:ﬁ
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
coBBLE| COARSE FINE COARSE |MEDIUM|  FINE $ILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BH DEPTH (m) ELEV. (m)

® S16+450L18.75 14.02
X  S16+551 L18.75 9.45

THURBER




Hwy 11 Four Laning

ATTERBERG LIMITS TEST RESULTS

FIGURE A4

THURBALT 2312STRONG(52).GPJ 04/07/05

PLASTICITY INDEX

Date

Project

60

50

40

30

20

10

Silty Clay

CH

Cl

\@@

CL

P

@

CL

CL-ML

MI-Ol

ML

oL

MH-OH

742-93-00

10 20 30 40 50 60
LIQUID LIMIT

SYMBOL BH DEPTH (m)

ELEV. (m)

S 16+450 L18.75  4.87
S 16+475 L42 3.35
S16+502.5L16.75 1.07
S 16+502.5L16.76 4.87
S 16+5511L18.75  4.87
S 16+600L18.75  4.87

SOXx P MHO

[

L1

THURBER

70 80




Hwy 11 Four Laning

THURBALT 2312STRONG(52).GPJ 04/07/05

PLASTICITY INDEX

FIGURE A5
ATTERBERG LIMITS TEST RESULTS
Silty Clay
60
CH
50
40 //
Cl \‘\?z
W
30 "
cL
20 /
>

10 //

cL

CL-ML yd MI-O! MH-OH

ML oL
00 10 20 30 40 50 60 70 80

LIQUID LIMIT
SYMBOL BH DEPTH (m) ELEV. (m)
[ ] S16+450 L18.75 10.98
WM
July 2005 ... Prepd ... VVM |
742-93-00 D D Chkd. ....... SS....

THURBER




Appendix B
Hwy 11 Mainline, Strong Township, Sta. 16+700 to 16+850

L

THURBER



18/02/05

ONTMT4 2312STRONG(52).GPJ

Ministry of
Transportation

o=
[0

Ontario URBER
RECORD OF BOREHOLE No S 16+725L.18.75 10OF 1 METRIC
G.W.P.  742-93-00 LOCATION Strong Township, ST. 16+725, O/S 18.75L ORIGINATEDBY DP
HWY 11 BOREHOLE TYPE _ Hollow Stem Augers COMPILEDBY __ss
DATUM _Geodetic DATE 30.09.03 - 30.09.03 . CHECKEDBY 4.
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x W |RESISTANCE PLOT & NATURAL = REMARKS
E [2) 8 PLASTIC  oisTURE L'E:I:: = L &
= nl|<3] & 20 40 60 80 100 um CONTENT 50
Sy wl=Bl 2 T ey et B wp w we| 5Z | cramsize
ELEV Slal 8| J[2a| & [SHEARSTRENGTHkPa D S DISTRIBUTION
DEPTH DESCRIPTION 2151 £ 8 22| = |o UNCONFINED  + FIELDVANE ] y %)
El=z Z2]ag©O| @ [e auickTRIAXAL x LABVANE | WATERCONTENT (%)
@ © m 20 40 60 8 100 20 40 60 kwm? |er sa st L
0.0 PEAT, fibrous, some rootlets AA]
Dark Brown to Black %
03 Wet
Silty CLAY, trace sand, trace gravel
Hard to Firm
Grey
Wet 1| ss | 36
1] Gs j
2| ss | 10
3| ss| 4
e 1 4 63 32
28|  ENDOF BOREHOLE AT 2.84 m.

AUGER REFUSAL AT 2.84 m ON
PROBABLE BEDROCK OR
BOULDER..

BOREHOLE OPEN TO 2.84 m AND
DRY UPON COMPLETION.
BOREHOLE BACKFILLED WITH
DRILL CUTTINGS TO SURFACE.

WX

Numbers refer to
Sensitivity

20
’5‘335 (%) STRAIN AT FAILURE




18/02/05

ONTMT4 2312STRONG(52).GPJ

Ministry of D
Transportation D D
Ontario uREER
RECORD OF BOREHOLE No S 16+769 L17 10F 1 METRIC
G.W.P._ 742-93-00 LOCATION Strong Township, ST. 16+768, O/S 17L ORIGINATED BY _DP
HWY 11 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY SS
DATUM _Geodetic DATE 30.08.03 - 30.08.03 CHECKED BY JL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES E ; RES'STANCE PLOT pLASTIC NATURAL Liaup i REMARKS
2] MOISTURE - I
5 n|<2| 8 20 40 60 80 100 |M™T  comenr ™| 5O &
) I alzg| 2 L L L L L wp w w | 3% | GRANsIZE
ELEV DESCRIPTION L la g 3|25 | & [SHEARSTRENGTH kPa A DISTRIBUTION
DEPTH <|3| £ | 5|38 £ |© UNCONFINED  + FIELDVANE ¥ %)
E = 2l O| @ |e QUICKTRIAXIAL X LABVANE | WATERCONTENT (%)
© o 20 40 60 80 100 20 40 60 wwm3 [er sA s1 oL
0.0 PEAT, fibrous, some rootlets Al
Dark Brown to Black
02 L /
Wet
Silty SAND, fine grained, trace gravel,
trace organics
Very Loose to Loose
Dark Brown 1 ss 3 o
Wet
(FILL)
2 Ss 10 o
23 END OF BOREHOLE AT 2.29 m.
AUGER REFUSAL AT 2.29 m ON
PROBABLE BEDROCK OR
BOULDER.
BOREHOLE OPEN TO 2.28 m AND
WATER LEVEL AT 2.13 m UPON
COMPLETION.
BOREHOLE BACKFILLED WITH
DRILL CUTTINGS TO SURFACE.
+3 3. Numbers refer to 15$5
' . p4 (%) STRAIN AT FAILURE

Sensitivity




ONTMT4 2312STRONG(52).GPJ 11/09/04

Ministry of
Transportation

—
[0

Ontario THURBER
RECORD OF BOREHOLE No S 16+800 R4 10F 1 METRIC
WP. 742-93-00 Strong Township, ST. 16+800, O/S 4R ORIGINATEDBY DP
HWY _ 11 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY _ MF/Ss
DATUM _Geodetic 31.07.02 - 31.07.02 CHECKEDBY ___ 4
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o g RESISTANCE PLOT pasmc | MATURAL Lo - REMARKS
b= @ E 2l 3 20 40 e 80 100 |M  wme i 53 &
S| e wizoy 2 . P wp w wo| 54 | GRaNsIzE
ELEV LB & | 2|25| & [SHEARSTRENGTHKPa — o DISTRIBUTION
BEPTH DESCRIPTION clZ1 | 3|3 Z| 5 |o unconFNeD  + FIELDVANE y %)
El= 2|20C| G |e QUCKTRAXAL x LABVANE | WATER CONTENT (%)
© w 20 40 60 80 100 20 40 60 wm3 lGrR SA sI cL
0.0 Sandy TOPSOIL, some rootlets E E
03 SAND, fine to medium grained, trace S
gravel GS [°]
Reddish brown
0.8 Moist
END OF BOREHOLE AT 0.76 m.
AUGER REFUSAL AT 0.76 m ON

PROBABLE BEDROCK OR
BOULDER.

BOREHOLE BACKFILLED WITH
DRILL CUTTINGS TO SURFACE.

Numbers refer to

20
Sensitivity ‘5*1%5 (%) STRAIN AT FAILURE




Ministry of
Transportation

-
[0

Ontario TuReeR
RECORD OF BOREHOLE No S 16+802L41.8  10F1 METRIC
W.P. 742-93-00 LOCATION Strong Township, ST. 16+802, O/S 41.8L ORIGINATED BY DP
HWY 11 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY MF/SS
DATUM _Geodetic 31.07.02 - 31.07.02 CHECKED BY JL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o W |RESISTANCE PLOT NATURAL - REMARKS
E 7] é PLASTIC MOISTURE LiQuip - T
= mn g g 8 20 40 60 80 100 tiMir CONTENT Tl 5 O &
9|z . Wizl 2 L ! f | I wp w w | S | cransize
ELEV DESCRIPTION & @ 2 % =] 8 SHEAR STRENGTH kPa . o ; DISTRIBUTION
DEPTH <|2 E S133| £ [o unconriNeD  + FIELD VANE y %)
El= 2|ZO| @ |e QUCKTRAXAL x LABVANE [ WATER CONTENT (%)
w 20 40 60 80 100 20 40 60 kNIm3 GR SA SI CL
0.0 Sandy TOPSOIL
Reddish Brown
03 SAND, fine grained, trace gravel,
occasional boulders Gs o
Reddish Brown
Dry to Moist
1.5 END OF BOREHOLE AT 1.52 m.

ONTMT4 2312STRONG(52).GPJ 11/09/04

AUGER REFUSAL AT 1.52 m ON
PROBABLE BEDROCK OR
BOULDER.

BOREHOLE BACKFILLED WITH
DRILL CUTTINGS TO SURFACE.

Numbers refer to
Sensitivity

20
1595 (o) STRAIN AT FAILURE




ONTMT4 2312STRONG(52).GPJ 11/09/04

Ministry of
Transportation

—
0N

Ontario THURBER
RECORD OF BOREHOLE No S 16+823 L18.75 10F1 METRIC
W.P. 742-93-00 LOCATION Strong Township, ST. 16+823, O/S 18.75L ORIGINATED BY DP
HWY 11 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY MF/SS
DATUM _Geodetic DATE 31.07.02 - 31.07.02 CHECKED BY JL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o w  [RESISTARCE PLOT e o | | Remarks
P @ k2 ) 20 40 60 8 00 | e W] 53 &
SlElw| 513 E Z |SHEAR STRENGTH P wp w we| 53 | craNsiZE
7 E
ELEV DESCRIPTION gl e| 228 E HEAR STRENGTH kPa ————— DISTRIBUTION
DEPTH |3 538] £ |o unconFiNeD  + FIELDVANE y %)
£z Z|2O]| i |e QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
o o 20 40 60 80 100 20 40 60 kem3 |erR sa st oL
0.0 Sandy TOPSOIL
0.2 Reddish Brown
SAND, fine grained, occasional 1 GS o
boulders
Brown
Dry to Maist
09  ENDOF BOREHOLE AT 0.91 m.

AUGER REFUSAL AT 0.91 mON
PROBABLE BEDROCK OR
BOULDER.

BOREHOLE OPEN TO 0.46 m AND
DRY UPON COMPLETION.
BOREHOLE BACKFILLED WITH
DRILL CUTTINGS TO SURFACE.

3

+3 %3, Numbers refer to

Sensitivity

20
‘5*1%5 (%) STRAIN AT FAILURE




18/02/05

ONTMT4 2312STRONG(52).GPJ

Ministry of
Transportation

—
0

Ontario oRBER
RECORD OF BOREHOLE No S 16+850 R2 1 OF1 METRIC
G.W.P.__ 7429300 LOCATION Strong Township, ST. 16+850, O/S 2R ORIGINATED BY _DP
HWY 11 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY MF/SS
DATUM _Geodetic 31.07.02 - 31.07.02 CHECKEDBY ___ JL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES g Y RESISTANCE PLOT e MW o f b | REMARKS
2] =
= wn|<3| 8 20 4 60 8 100 W G | 20 &
S« w|z2] z 1 L 1 1 ! wp w w | 3 g GRAIN SIZE
ELEV sl ¥ | 2|ga O ISHEAR STRENGTH kPa o : DISTRIBUTION
DEPTH DESCRIPTION g2 F | E 22| & [o unconemeo  + FELDVANE ] y %)
E 2 z2|2O| o |e quoKTRIAXAL x LABVANE | WATER CONTENT (%)
© | 20 40 60 80 100 20 40 60 kNm3 |GR SA SI CL
00/ sandy TOPSOIL
03 SAND, some gravel and boulders
Brown
06 Dry to Moist

END OF BOREHOLE AT 0.61 m.
AUGER REFUSAL AT 0.61 mON
PROBABLE BEDROCK OR
BOULDER.

BOREHOLE OPEN TO 0.30 m AND
DRY UPON COMPLETION.
BOREHOLE BACKFILLED WITH
DRILL CUTTINGS TO SURFACE.

Numbers refer to
Sensitivity

20
‘5‘170’5 (%) STRAIN AT FAILURE




ONTMT4 2312STRONG(52).GPJ 11/09/04

_II\_Ainistryg i E]DD
ransportation
Ontario THURBER
RECORD OF BOREHOLE No S 16+850 L47 10F 1 METRIC
W.P. 742-93-00 LOCATION Strong Township, ST. 16+850, O/S 47L ORIGINATEDBY DP
HWY 11 BOREHOLE TYPE _ Dynamic Cone Penetration Test (DCPT)/Hollow Stem Augers COMPILED BY _ MF/SS
DATUM _Geodetic DATE 31.07.02-31.07.02 CHECKEDBY ___ JL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES E % |RESISTANCE PLOT e MAURAL o - | REMARKS
7] TURE - I
5 nl|<3]| 3 0 40 60 8 100 W Gaes WM 50 &
Ol w|ze| 2 L L I ' ' wp w w | 54 | eransize
ELEV Sla| & | 3|28 & |SHEARSTRENGTHKPa LY N— DISTRIBUTION
DEPTH DESCRIPTION IR 23| s [0 unconemep 4 FELDVANE . . )
El= 2|2O| @ |e QUICKTRIAXAL x LABVANE | WATER CONTENT (%)
© m 20 40 60 80 100 20 40 60 wim3 ler sa s aL
0.0
DCPT from surface. ~
\
~—
06|  ENDOF DCPT AT 0.61m.
CONE REFUSAL AT 0.61 m ON
0s| \ PROBABLE BEDROCK OR /
BOULDER.
AT S 16+850 L44, AUGER REFUSAL
AT 0.91 m ON PROBABLE BEDROCK
OR BOULDER.
BOREHOLE OPEN TO 0.61 m AND
DRY UPON COMPLETION.
BOREHOLE BACKFILLED WITH
DRILL CUTTINGS TO SURFACE.
+3 % 3. Numbers referto 15%‘;5
X D (%) STRAIN AT FAILURE

Sensitivity




Ministry of
Transportation

—
[0

ONTMT4 2312STRONG(52).GPJ 11/09/04

Ontario TRRER
RECORD OF BOREHOLE No S 16+874L23.75 10OF1 METRIC
W.P. 742-93-00 LOCATION Strong Township, ST. 16+874, O/S 23.75L ORIGINATED BY _DP
HWY 11 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY __MFISS
DATUM _Geodetic DATE 30.07.02 - 30.07.02 CHECKED BY JL
DYNAMIC CONE PENETRATION
w I
5 nl|<3| 8 20 40 6 8 00 | wew | 5O &
9 wlZE| = 1 1 1 1 ! wp w wL :g GRAIN SIZE
ELEV g b ow ; 25| 2 [SHEARSTRENGTHKPa — o DISTRIBUTION
DEPTH DESCRIPTION Zlz R 22| T |o UNCONFINED  + FIELDVANE y %)
E z Z|x©O| @ |e QUICKTRIAXAL x LABVANE | WATER CONTENT (%)
© m 20 40 60 80 100 20 40 60 wWm3 |ler sA s1 oL
0.0 SAND, some grave!, some rootlets
Reddish Brown
Dry to Moist
1185 | sor o
0.9 END OF BOREHOLE AT 0.91 m. 025
AUGER REFUSAL AT 0.91 mON
PROBABLE BEDROCK OR
BOULDER.
+3 x3. Numbers refer to 1535
A T~ (%) STRAIN AT FAILURE

Sensitivity




Hwy 11 Four Laning

THURBGSD 2312STRONG(52).GPJ 18/02/05

FIGURE B1
GRAIN SIZE DISTRIBUTION
Silty Clay
Size of openings, inches U.S.S. Sieve size, meshes/inch
6 4l 3 A e 1{2'3/".1 4 810 16 30 40 5060 100 200
100 aE -
e le] o] w_
90
70
z
& 60
4
L
z
T 50
'...
z
3]
S 40
[41]
0.
30
20
10
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
coBpLE| COARSE FINE COARSE !MEDIUM, FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BH DEPTH (m) ELEV. (m)
® S16+725L18.75 2.59
pate .February 2005 . D D Prepd ... WM _
Project .[42-93-00 . Chkd. ....... SS....

THURBER




Hwy 11 Four Laning

ATTERBERG LIMITS TEST RESULTS

FIGURE B2

TTCALTR 2312STRONG{52).GPJ 18/02/05

PLASTICITY INDEX

60

50

40

CH

Cl @Q/
N
30 ” g
20 /
e
10
CcL Vd
CL-ML / MI-Ol MH-OH
ML oL
0
0 10 20 30 40 50 60 70 80
LIQUID LIMIT
SYMBOL BH DEPTH (m) ELEV. (m)
® S16+725 1L.18.75 2.59
February 2005 .. D D Prep'd ..... WM. .
.742-93-00 Chkd. ....... SS. ..

THURBER




Appendix C
Hwy 11 Mainline, Strong Township, Sta. 17+250 to 17+350

[

THURBER



ONTMT4 2312STRONG(52).GPJ 11/09/04

Ministry of
Transportation

—
11

ontaﬁo THURBER
RECORD OF BOREHOLE No S 17+298.51.18.75 10F1 METRIC
W.P. 742-93-00 Strong Township, ST. 17+298.5, O/S 18.75L ORIGINATEDBY DP___
HWY _ 11 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY _ MF/SS
DATUM _Geodetic 01.08.02 - 01.08.02 CHECKEDBY &
DYNAMIC CONE PENETRATION
SOIL PROFILE w
ch._J: o 3 RESISTANCE PLOT = e VAo REMARKS
= nl<g] 8 20 40 60 80 100 | conenr M| Z O &
Sl wlzg| = 1 ] 1 1 L wp w wi :g GRAIN SIZE
ELEV = @ w 2iga 2 |SHEAR STRENGTH kPa ———— DISTRIBUTION
DEPTH DESCRIPTION gz S 33| = [0 unconemeD  + FELDVANE ] y %)
El= 2|2 O| © |e QuickTRIAXAL x LABVANE | WATER CONTENT (%)
o w 20 40 60 80 100 20 40 60 km3 [GR sA sI CL
0.0 PEAT, fibrous A
Black e
0.3 Wet R
SAND, fine grained, some silt
Brown
Wet 9
0.9 Silty CLAY, some sand
Stiff to Firm °
Grey
Wet
Ho 0 18 59 23
Occasional sand pockets
o
31 SILT, some clay, some sand
Compact o 0 12 77 11
Grey
Wet
3.7 Gravelly SAND, well graded, some silt °
Compact o4
Brown o°
Wet 0'
o
55 END OF BOREHOLE AT 5.49 m,
AUGER REFUSAL AT 5.49 m ON
PROBABLE BEDROCK OR
BOULDER.

BOREHOLE OPEN TO 3.51 m AND
WATER LEVEL AT 1.52 m UPON
COMPLETION.

BOREHOLE BACKFILLED WITH
DRILL CUTTINGS TO SURFACE.

Numbers refer to
Sensilivity

20
‘5‘1%5 (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No S 17+3245R1.5 10OF1 METRIC

W.P. __ 742-93-00 LOCATION Strong Township, ST. 17+324.5, OfS 1.5R ORIGINATED BY _DP
HWY 1 BOREHOLE TYPE _ Dynamic Cone Penelration Test (DCPT) COMPILED BY MF/SS
DATUM _Geodelic DATE 31.07.02 - 31.07.02 CHECKEDBY ___JL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | 4 [RESISTANCE PLOT = e MR e o | remarks
E € S LAST! MOISTURE wrl| B T &
I al23| @ 20 40 e 8 100 ™ cowr M| F O
218l w| 812E]| 2 ] wp w w| S5Z | cramsize
ELEV DESCRIPTION 2la 3|25 | & [SHEARSTRENGTHkPa - DISTRIBUTION
DEPTH <|3 el g 38| < |o UNCONFINED  + FIELDVANE y %)
El= 2|20 @ |eo quickTRIAXAL x LABVANE | WATER CONTENT (%)
© o 20 40 60 80 100 20 40 60 kwm3 |eR sAa s oL

0.0 DCPT from surface.

/~

N
6.9 END OF DCPT AT 6.91m.
CONE REFUSAL AT 6.91 mON
PROBABLE BEDROCK OR
BOULDER.
+3 %3, Numbers referto 1535
7T Sensitivity o~ (%) STRAINAT FAILURE
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Ministry of A
Transportation D D

Onlar‘io THURBER
RECORD OF BOREHOLE No S 17+327 L42.3 10F1 METRIC
W.P. 742-93-00 LOCATION Strong Township, ST. 17+327, O/S 42.3L ORIGINATED BY _DP
HWY 11 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY _ MF/SS
DATUM _Geodetic DATE 01.08.02 - 01.08.02 CHECKED BY JL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
IDJ_-': ” 2 RESISTANCE PLOT{ elasmc | NATURAL Lau ':E REMARKS
= <Z| 20 40 6 8 100 |™  owms 7| 58 &
9|k G152 2 R S wp w w [ 5T | cramsize
ELEV DESCRIPTION "‘_— o | & 2 g B 'g SHEAR STRENGTH kPa . o DISTRIBUTION
DEPTH <|2 & >13 F= < | O UNCONFINED + FIELD VANE Y )
El= Z|xO| @ |e QUICKTRIAXAL X LABVANE | WATERCONTENT (%)
© ] 20 40 60 80 100 20 40 60 wim3 |er sa s cL
0.0 PEAT, fibrous oAZA]
Black M
03 Wet
SILT, some clay, trace sand, trace
gravel
Hard
Mottled Brown / Grey 1| ss | 30 0
Wet Z
1.5 SILT, ha_cega;l_ _______
Compact
Grey 2| ss| 12 o
Wet
22 Sandy SILT
Compact 11
Grey ||| 3] ss | 15 o
Wet :

3.1 END OF BOREHOLE AT 3.05m.
AUGER REFUSAL AT 3.05m ON
PROBABLE BEDROCK OR
BOULDER.

BOREHOLE OPEN TO 3.05 mAND
WATER LEVEL AT 1.22 m UPON
COMPLETION.

BOREHOLE BACKFILLED WITH
DRILL CUTTINGS TO SURFACE.

3 3. Numbers refer to

20
* Sensilivity 1595 (%) STRAIN AT FAILURE
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Ministry of
Transportation

—
[

on'ano THURBER
RECORD OF BOREHOLE No S 17+350 L7 10F1 METRIC
G.W.P._ 742.93-00 LOCATION Strong Township, ST. 17+350, O/S 7L ORIGINATED BY DP
HWY 11 BOREHOLE TYPE _ Hollow Stem Augers COMPILEDBY __SS
DATUM _Geodelic DATE 30.09.03 - 30.09.03 CHECKED BY ___JL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o w |RrNAMIC CoNE FE _— o | remarcs
E ) Z & PUSTIC e vaut B
= <z| & 20 40 6 80 100 |™T  covr MY SO &
Sle gl1zel 2 Y Y M wp w we| 5T | cransize
ELEV DESCRIPTIO Ela| g | 3|2g]| 2 [SHEARSTRENGTHKPa i DISTRIBUTION
DEPTH SCRIPTION Zl=z S 33| = [o unconrmep  + FELDVANE . y %)
E; z Z]eO| U |e QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
© m 20 40 € 80 100 20 40 60 wm3 ler sa s cL
00 TOPSOIL ey
01| \og
Silty SAND, fine grained, trace to
some gravel
Very Dense
Brown 1| ss | e
Moist to Wet °
254
12|  END OF BOREHOLE AT 1.22m.
AUGER REFUSAL AT 1.22 m ON
PROBABLE BEDROCK OR
BOULDER..
20
3 3. Numbers refer to
TUXT Sensiivity S¥5 (%) STRAIN AT FAILURE
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Hwy 11 Four Laning

FIGURE C1
GRAIN SIZE DISTRIBUTION
Silty Clay
Size of openings, inches U.S.S. Sieve size, meshes/inch
6 4lye 3" Mom 1" Yo % 3 4 810 16 30 40 5060 100 200
100 Il L 1 1L ?i_ -'e ! !::\il‘ Il L
MY w
) AN
hi
80
70
: |l 1
= 60
E % N
Z
T 50
- \
Z
6 40
i .
o.
30
N
X \\-
20 | \%L \\
=
10
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE| COARSE FINE COARSE IMEDIUM| FINE SILT and CLAY
SIZE GRAVEL SAND EINE GRAINED
SYMBOL BH DEPTH (m) ELEV. (m)
® S17+2985L18.75 1.82
X S17+298.51L18.75 3.35
pate .February 2005 . D D Prepd ... WM .
Project ..742-93-00 . Chkd. ....... SS....

THURBER




Hwy 11 Four Laning

FIGURE C2

THURBALT 2312STRONG(52).GPJ 18/02/05

PLASTICITY INDEX

60

50

40

30

20

10

ATTERBERG LIMITS TEST RESULTS
Silty Clay
CH
Cl ‘v:\>$<'/
"
cL /
/ -
//
cL °
CL-ML / MI-Ol MH-OH
ML oL
1] 10 20 30 40 50 60 70 80
LIQUID LIMIT
SYMBOL BH DEPTH (m) ELEV. (m)
® S17+2985118.75 1.82
Feb 200 WM
ebruary 2005 . Prepd .... WM _ .
742-93-00 D D Chkd. ....... SS....

THURBER




Appendix D
Stability Analysis Results
Settlement Analysis Results

THURBER
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Sta. 16+450

HWY 11 - FOUR LANING
MAINLINE Sta. 16+450 to 16+600
SETTLEMENT ANALYSIS

Sta. 16+550

Strain Strain
0.000  0.020 0.040 0.060 0.080 0.100 0.000 0020 0040 0060 0.080  0.100
0 ' L n L 0 L ' ' L
[ 4 f [ 4 j
2 2
¢ ¢
L i 4 &
o ['_\
& {3 6 Fau}
. E
E
‘5; m g._ 11}
8 a
8 8+ /
1] \\ L
10 - 10
]
12lh . 12
—&—— Primary strain —-&— Primary strain
—fF— Recompression strain =g~ Recompression strain
14
14
Primary settlement 318 mm Primary settlement 160 mm
Recompression settlement 63 mm Recompression settlement 52 mm
19-1423-12

FIGURE D3



