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Peto MacCallum Ltd,

CONSULTING ENGINEERS

FOUNDATION INVESTIGATION REPORT
for
South Mary Lake Road Underpass
WP 62-86-02 , Site 42-193
Highway 11
Township of Stephenson
District 52, Huntsville

1. INTRODUCTION

This report summarizes the results of the foundation investigation carried out for the proposed
construction of an underpass at South Mary Lake Road and Highway 11 some 14 km south of
Huntsville, Ontario. The investigation was conducted for McCormick Rankin Corporation (MRC)

on behalf of the Ministry of Transportation of Ontario.

The new South Mary Lake Road alignment passes over Highway 11 at Station 14+079.36,
Highway 11 chainage, in the Township of Stephenson (ref. Drawing 1 “South Mary Lake Road
Underpass Highway 11 — General Arrangement” prepared by MRC in July 2004). Data from the
preliminary foundation investigation carried out by Golder Associates Limited (GAL) reference
No. 011-1104 dated April 2001 is provided in this report.

The report provides subsurface information pertaining to the proposed underpass structure and

approaches within about 20 m of the abutments.

2. SITE DESCRIPTION AND GEOLOGY

The site is located about 200 m south of the existing South Mary Lake Road at-grade crossing of
Highway 11 about 2 km south of the Highway 141 intersection. The structure to be erected will
carry South Mary Lake Road traffic over Highway 11. The westerly structure alignment also
crosses over the Lone Pine Drive, which is a local road with a low embankment constructed over
a typically wet area. The vegetation cover in generally dense with mature trees and brush. A few

commercial and industrial enterprises exist near the existing intersection.

Highway 11 is presently a four-lane divided south-north highway. Therefore, the alignment of the

underpass extends west-east.

165 Cartwright Avenue, Toronto, Ontario M6A 1V5
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The project site physiography comprises mainly sands and silts within a narrow strip of land that
extends from Gravenhurst to North Bay (“The Physiography of Southern Ontario”, Chapman and
Putnam, 1984). Highway 11 roughly follows the alignment of this physiographic unit. The
topography is irregular but typically undulating and dotted with areas of wet ground separated by
steep rock ridges.

The site is located within the Central Gneiss Belt (Geologic Map 2544, Ministry of Northern
Development and Mines) that comprises Precambrian rock formations. The typical rock types in
the project area are migmatites, gneisses and felsic igneous rocks, such as granite. The
soil/bedrock interface is at variable depths ranging from the surface to over 35 m, with the bedrock
levels exhibiting locally sharp changes along the alignment.

3. INVESTIGATION PROCEDURES

The field work for this investigation was carried out during the period of October 18 to 22, 2004
and comprised 16 boreholes designated by the 3-100 series of numbers. A survey of the rock
surface profile under at the west abutment using seismic refraction soundings (SRS) was carried
out on November 4, 2004. The boreholes were drilled to depths of 0.0 to 17.3 m at the locations
shown on Drawing 1, appended. Further details are summarized in the following table:

DEPTH (m)

LOCATION BOREHOLE NO. AUGER ROCK CORE @ TOTAL

West Approach 3-103 6.7 - 6.7
3-101 14.2 3.1 17.3

West Abutment 3-102 11.7 3.2 14.9
3-104 12.5 - 12.5

Centre Pier 3-105 10.9 3.3 14.2
3-106 9.5 3.1 12.6

3-107 0.0 — 0.0

3-108 0.9 — 0.9

3-109 1.2 3.1 4.3

3-110 1.7 3.5 5.2

East Abutment 3111 06 — 06

3-112 0.8 — 0.8

3-113 0.0 — 0.0

3-114 257 4.2 6.7

3-115 1.1 -- 1.1

East Approach 3-116 0.0 - 0.0

(1) NQ diamond rock coring equipment
(2) Washboring required below boulder.
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We also refer to Appendix A for the logs of previous boreholes drilled by GAL and the results of
their laboratory testing, including plasticity charts and grain size distribution charts. The boreholes
drilled by GAL are identified as boreholes 3-1 to 3-5. Borehole 3-3A was advanced at the same

location as borehole 3-3 and therefore is not shown on the drawings.

Tulloch Engineering Ltd. (TEL) staked the alignment of South Mary Lake Road at the structure
location. Peto MacCallum Ltd. (PML) selected the position of the boreholes along the staked
alignment and determined the ground surface elevations at the borehole locations. TEL provided
the following temporary benchmarks (TBM) established on the existing ground surface at the

working points (WP) for each of the foundation units:

TBM DESCRIPTION ELEVATION (*)
TBM1 Existing ground at west abutment WP 310.9
TBM2 Existing ground at centreline pier WP 311.5
TBM3 Existing ground at east abutment WP 314.4

(*) Geodetic, metric

The boreholes were advanced manually or using continuous flight hollow stem augers, powered
by a track-mounted CME-55 drill rig, supplied and operated by a specialist drilling contractor,
working under the full-time supervision of a member of our engineering staff. Two boreholes at
each of the west abutment and centre pier and three boreholes at the east abutment were
extended 3.1 to 4.2 m into the bedrock using NQ diamond rock coring equipment supplemented
by NW casing and wash boring techniques. All boreholes were backfilled in accordance with the
MTO guidelines for borehole abandonment procedures and using a bentonite/cement mixture

grout.

Representative samples of the soils were recovered in the boreholes at frequent depth intervals.
In the boreholes advanced with drill rigs, the samples were obtained using a split spoon sampler
in conjunction with standard penetration tests. Penetrometer tests were carried out on the
cohesive samples; field vane tests were not conducted in view of the layered nature of the
cohesive deposits and the amount of sand and silt contained in the soils. The results of the

compressive strength measured by the penetrometer tests are reported on the attached Record of
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Boreholes sheets. Photographs of the rock cores recovered in boreholes 3-101, 3-105 and 3-114

are enclosed in Appendix B.

The rock surface profile under the west abutment was checked with SRS using the services
provided by Geophysics GPR International Inc. (GI). The report is included in Appendix C. A
description of the SRS survey method is provided in the GI report. The depth to rock determined
with SRS was calibrated to the known depth to rock in one of the cored boreholes drilled at the

abutment.

The groundwater conditions at the borehole locations were assessed during drilling by visual
examination of the soil, the sampler and drill rods as the samples were retrieved and, when
appropriate, by measurement of the water level in the open boreholes. The water levels in the
piezometers installed previously by GAL were measured during the PML investigation and are

summarized on the attached Table 1.

Soils were identified in the field in accordance with the MTO Soil Classification procedures.
Recovered soil samples were returned to our laboratory for detailed visual examination, soil

classification and laboratory testing. The laboratory test program comprised the following tests:

» Natural water content determinations (44)
 Sieve and hydrometer analyses (12)

« Atterberg limits tests (8)

The results of the laboratory natural water content determinations, grain size determinations and
Atterberg limits are shown on the Record of Borehole sheets. Grain size distribution charts are
presented on Figures 3-1 to 3-4. The Atterberg limits are listed on Table 2 and plotted on
Plasticity Charts, Figures PC3-1 and PC3-2.
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4. SUMMARIZED SUBSURFACE CONDITIONS

Reference is made to the appended Record of Borehole sheets for details of the subsurface
conditions including soil classifications, inferred stratigraphy, boundary elevations and

groundwater observations.

The borehole locations and stratigraphic cross-sections prepared from the borehole data are

presented on the appended Drawings 1, 2 and 3.

The thickness of the soil cover revealed in the boreholes varies from deep deposits in excess of
9.5 m at the west abutment and centre pier to shallow soil cover less than 2.5 m thick at the east
abutment. The soil cover at the west and centre foundation units generally comprises localized fill
or peat deposits covering sandy silt/ silty sand interbedded with a clayey silt layer and mantling
bedrock. The soil cover at the east abutment comprises topsoil and sand over bedrock. At the
east abutment, bedrock is exposed at two borehole locations and was contacted or inferred at

shallow depths in the remaining boreholes.

41 Fill

A surficial layer of fill occurs in borehole 3-105, drilled on the Highway 11 centreline median. The
fill comprises loose brown sand trace gravel and was 600 mm thick, extending to elevation 311.1.
Fill comprising 800 mm thick sand and gravel trace silt is also present in borehole 3-4 drilled west

of Highway 11 off the shoulder of Lone Pine Drive. This fill unit extends to elevation 309.4.

4.2 Peat and Topsoil

Surficial deposits of peat and topsoil are present at the west abutment boreholes 3-101 and
3-102, approach borehole 3-103, centre pier boreholes 3-106 and 3-2 and east abutment
boreholes 3-108 to 3-112 and 3-115. The peat and topsoil layers are 100 to 800 mm thick and

extend to elevations 309.6 (west approach) to 314.5 (east abutment).
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4.3 Sand/ Silty Sand/ Sandy Silt/ Sand with Silt

A deposit of cohesionless sand with varying silt content occurs at the surface in boreholes 3-104,
3-1 and 3-5 and below the fill, peat or topsoil units in the remaining boreholes, except boreholes
3-107, 3-113 and 3-116 where bedrock is present at the surface. The sandy soils extend to
depths varying from 0.6 to 5.5 m, elevations 304.9 to 313.8, with the deeper deposits at the west
abutment and centre pier. The relative density of the cohesionless soils typically is in the loose to

compact (N = 5 to 29) range with very loose (N = 1 to 4) and dense zones (N = 31).
The patrticle size distribution of typical samples of these soils is shown of Figure 3-1. The water
content ranges widely from 7 to 33% and is typically in the 18 to 22%, indicating typically wet

conditions.

4.4 Cobbles and Boulders

A 900 mm thick boulder is present at the surface in east abutment borehole 3-114 and boulders
are at the ground surface at borehole 3-107. Cobbles and boulders are also encountered within
the silt and silty sand stratum above the bedrock in boreholes 3-104 (west abutment) and 3-105

(centre pier). Possible boulders could be present at shallow depth at other locations.

4.5 Clayey Silt

Discontinuous layers of cohesive clayey silt underlie the cohesionless sandy deposits at the west
approach and abutment (boreholes 3-101 to 3-104, 3-1 and 3-4) and at the centre pier
(borehole 3-2). (The clayey silt was identified as silty clay in the previous boreholes 3-1 and 3-4
however is described as clayey silt in this report for consistency with MTO classification system).
The soil has a typically stiff consistency with very stiff zones (N = 8 to 20). Penetrometer tests

range from 75 kPa to over 200 kPa.

The clayey silt extends to depths ranging from 4.6 to 9.7 m (elevation 300.7 to 306.8) where the
layer was fully penetrated, and to the 6.7 and 8.2 m termination depths of boreholes 3-103 and

3-4. The thickness of the clayey silt layer ranges from 1.9 to 4.2 m.
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The patrticle size distribution charts of the clayey silt samples obtained in the current boreholes are
shown on Figure 3-2 and the plasticity chart is Figure PC3-1. The plasticity of the soil is low as
indicated by Atterberg liquid limits ranging from 22 to 28, plastic limits from 16 to 21 and plasticity
indexes from 6 to 10. The grain size distribution and plasticity charts of samples from the GAL

boreholes are shown in Appendix A. The water content of the soils ranged from 24 to 32%.

4.6 Silt/ Sandy Silt

Deposits of cohesionless silt trace sand trace to some clay and sandy silt are present below the
clayey silt /silty clay unit. In the west approach borehole 3-103, a 300 mm thick sandy silt layer
occurs between 4.9 and 5.2 m depths above the clayey silt layer. The silty materials extend to
the 12.5 m termination depth of borehole 3-104 at the west abutment and, in boreholes 3-101,
3-102 and 3-1 the materials extend to 11.2 to 13.1 m depths, elevations 297.6 to 299.3. At the
centre pier, silt some clay trace sand and sandy silt units underlie the sand layer in
boreholes 3-105 and 3-106 and extend to 8.2 and 9.3 m depths, elevations 302.4 and 303.2. The

silt soils are typically compact (N = 12 to 29) with localized dense zones (N = 33).

The particle size distribution charts of the silt are presented on Figure 3-3 and the plasticity chart
is Figure PC3-2. The silty soils are non-plastic or have a very low plasticity, indicated by liquid
limits of 26 and 23, plastic limits of 19 and 21 and plasticity indexes of 4 and 5. The water content
determinations in the deposits ranged from 12 to 28%, typically in the 22 to 28% range indicating
wet soil conditions.

4.7 Silty Sand/ Gravelly Sand

Lower level deposits of cohesionless silty sand and gravelly sand occur below the silt/sandy silt
soils at the west abutment boreholes 3-101, 3-102 and 3-1 extending to 11.7 to 14.2 m depths,
elevations 296.2 to 298.8. The materials are present below the silt and clayey silt units in the
centre pier boreholes 3-105, 3-106 and 3-2 extending to depths ranging from 9.5 to 10.9 m

elevation 300.8 to 301.9. The soils exhibit a compact to very dense relative density (N = 19 to 63).
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The patrticle size distribution chart of a gravelly sand sample is shown on Figure 3-4. The soil unit
also contains boulders as described previously in this report. The water content varies from 10 to

20%, indicating wet conditions.

4.8 Bedrock

The bedrock comprises a dark grey biotite gneiss and light grey/grey to pink granitic gneiss. The
rock is typically unweathered and exhibits medium to high strength in boreholes 3-101, 3-102 and
3-105 and high strength in the remaining boreholes. A detailed description of the rock cores
retrieved from boreholes 3-101, 3-102, 3-105, 3-106, 3-109, 3-110 and 3-114 is provided in
Table A and summarized on the record of borehole logs. The rock in boreholes 3-1, 3-2 and
3-3/3-3A is described as biotite granite gneiss, which is considered consistent with the

descriptions on the 3-100 series boreholes.

At the west abutment, the bedrock surface was confirmed by rock coring or inferred by refusal at
depths of 11.7 to 14.2 m depths, elevations 296.5 to 298.8, indicating a surface level difference of
2.3 m, between borehole locations. Photographs of the rock core taken in east abutment

borehole 3-101 are shown on Plates 1 and 2, Appendix B.

The outline of the inferred surface of the bedrock surveyed with SRS is shown in Appendix C.
The survey shows a continuous rock line along the proposed abutment and no sharp level

variations or discontinuities.

In the centre pier boreholes, the soil/bedrock interface is confirmed by a minimum of 3 m of rock
coring at depths varying from 9.5 to 10.9 m elevations 300.8 to 301.9, for an elevation difference
of 1.1 m. Photographs of the rock core taken in the centre pier borehole 3-105 are shown on
Plates 3 and 4, Appendix B.
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Bedrock is exposed at the east abutment in boreholes 3-107, 3-113, and east approach borehole
3-116 and was confirmed by rock coring or inferred by refusal at typically shallow depth from 0.5
to 2.5 m in the remaining east abutment boreholes 3-108 to 3-112, 3-314 and 3-115, 3-3 and 3-5.
The exposed rock and the inferred soil/rock interface are found at levels ranging from
elevations 311.9 to 313.8. The elevation difference is about 1.9 m between boreholes.
Photographs of the rock core taken in east abutment borehole 3-114 are shown on Plates 5 and
6, Appendix B.

In the 3-100 series boreholes, the measured core recovery varies typically between 91 and 100%,
with two isolated values of 67 and 83% in boreholes 3-106 and 3-102, respectively. The RQD
determined from the rock cores is in the range of 31 to 96% at the west abutment boreholes
3-101 and 3-102 indicating poor to excellent quality rock. The RQD for the centre pier boreholes
3-105 and 3-106 ranges between 55 and 100%, indicating a fair to excellent quality rock. At the
east abutment boreholes 3-109, 3-110 and 3-114, the RQD varies from 80 to 100%, indicating

good to excellent quality.

49 Groundwater

Groundwater strikes were observed in the boreholes during or upon completion of drilling and the
groundwater was also measured in the piezometers installed in 2001. The summary of the
piezometer readings is shown on the attached Table 1. The water strikes during the drilling varied
from 0.6 to 11.7 m in the 3-100 series boreholes and indicated the presence of surface water and
pervious zones in the subsoil. The piezometer readings indicate that the depth to the
groundwater varies from 0.8 m to 1.3 and 1.5 m in the boreholes 3-1 and 3-2 drilled at the west
abutment and centre pier, respectively. The variations are considered likely caused by seasonal

fluctuations and precipitation patterns.
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5. CLOSURE

The field work was carried out under the supervision of Mr. F. Portela, Senior Technician, and
direction of Mr. C. M. P. Nascimento, P.Eng., Senior Foundation Engineer. Marathon Drilling Co.
Ltd. supplied the drilling equipment.

The report was prepared by Mr. C. M. P. Nascimento, P.Eng., and reviewed by Mr. D. W. Kerr,
MEng, P.Eng., Chief Foundation Engineer. Mr. B. R. Gray, MEng, P.Eng., MTO Designated

Contact, carried out an independent review of the report.

Yours very truly,

Peto MacCallum Ltd.

%ﬁ/;/ﬂ& -

C. M. P. Nascimento, P.Eng.,
Senior Foundation Engineer

s

Dennis W. Kerr, MEng, P.Eng
Chief Foundation Engineer

Gl

Brian R. Gray, MEng, P.Eng.
MTO Designated Contact

CMNDWE:mi-Ir
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TABLE A

ROCK CORE DESCRIPTION

CORE RECOVERY

CORE DESCRIPTION

HOLE CORE DEPTH RECOVERY | RQD DEPTH
NG. NG, m) (%) (%) m) DESCRIPTION
3-101 12 14.2-154 100 31 | 142-173 | BIOTITE GNEISS: Dark grey, fine to medium crystalline, with slight
13 154 —-17.0 100 57 banding, medlum to high strength,_ unweathered,_very clqse to close
spaced flat partings, rough planar, tight, poor to fair becoming excellent
14 17.0-17.3 100 96 quality.
3-102 9 11.7-12.8 98 56 11.7-14.9 | BIOTITE GNEISS: Dark grey, fine to medium crystalline, slight banding,
B medium to high strength, unweathered, vertical parting from 11.9 to
10 12.8-14.3 91 64 12.2 m, open 1 mm, infilled with silt, very close to close spaced flat to
11 14.3-14.9 83 83 dipping partings, rough planar, tight to oxidized, fair to good quality.
3-105 8 10.9-12.3 91 55 10.9-14.2 | GRANITIC GNEISS: Grey to pink, medium crystalline, slight banding,
9 123-135 100 100 occasional concentrations qf biotite, medlum_ to hlgh_ strength,
unweathered, very close to wide spaced flat to dipping partings, rough
10 135-14.2 97 73 planar, tight, fair to excellent quality.
3-106 8 9.5-111 100 64 9.5-126 GRANITIC GNEISS: Light grey to pink, medium crystalline, slight banding,
9 11.1-124 100 100 garnetiferous, high strength, unweathered, very close to moderate spaced
10 124-126 67 67 flat partings, rough planar, tight, fair to excellent quality.

RQD: Rock Quality Designation
Originated: FP

Compiled: JFW

Checked: CN

Table A, Page 1 of 2
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TABLE A
ROCK CORE DESCRIPTION
CORE RECOVERY CORE DESCRIPTION
HOLE CORE DEPTH RECOVERY | RQD DEPTH
NO. NO. m) (%) (%) m) DESCRIPTION
3-109 1 1.2-27 100 96 1.2-4.3 | GRANITIC GNEISS: Light grey to pink, medium crystalline, slight banding,
high strength, unweathered, close to moderate becoming wide spaced flat
2 27-43 100 100 partings, rough planar, tight, excellent quality.
3-110 1 1.7-3.2 92 92 1.7-5.2 | GRANITIC GNEISS: Light grey to pink, medium crystalline, slight banding,
high strength, unweathered, close to wide spaced flat to dipping partings,
2 3.2-5.2 99 80 rough planar, tight, good to excellent quality.
3-114 1 25-4.1 100 100 25-6.7 | GRANITIC GNEISS: Light grey to pink, medium crystalline, slight to
2 41-438 97 97 moderate banding, high strength, unweathered, moderate to wide spaced
3 48-6.7 100 100 flat to dipping partings, rough planar, excellent quality.

RQD: Rock Quality Designation
Originated: FP

Compiled: JFW

Checked: CN

Table A, Page 2 of 2
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TABLE 1
WATER LEVEL READINGS
BOREHOLE NO. 3-1 BOREHOLE NO. 3-2
DATE Ground Surface Elevation Ground Surface Elevation
310.4 3114
Depth (m) Elevation Depth (m) Elevation
* February 27, 2001 1.0 309.4 1.0 310.4
* April 21, 2001 0.8 309.6 0.8 310.6
** Qctober 25, 2004 1.2 309.2 1.4 310.0
** November 12, 2004 1.3 309.1 1.5 309.9
* From Golder Associates Limited Report.

*x Measured by Peto MacCallum Ltd.
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TABLE 2
ATTERBERG LIMITS SUMMARY

BOREHOLE | SAMPLE | DEPTH LIQUID PLASTIC PLASTICITY NATURAL WATER
SOIL TYPE Q CONTENT
NO. NO. (m) LIMIT LIMIT INDEX
(%)
CLAYEY SILT (¥ 3-101 6 6.4 25 18 7 22
trace to some sand
3-102 5 6.4 26 20 6 26
(CL to CL-ML)
3-103 6 6.4 28 21 7 27
3-1 8 6.4 28 18 10 35
3-2 7 6.4 22 16 6 25
3-4 7 6.2 26 17 9 25
SILT 3-101 8 9.1 26 21 5 27
trace sand ]
trace to some clay 3-101 10 12.3 Non-plastic - 25
(ML to CL-ML) 3-102 6 8.0 Non-plastic - 27
3-106 4 5.0 23 19 4 27
3-106 6 7.9 Non-plastic - 22

NOTES: (*) Soil classified as silty clay in Golder Associates Limited (GAL) boreholes.

Values for GAL boreholes are estimated from record of boreholes.
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EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST {SPT) N VALUE IS THE NUMBER OF BLOWS REGUIRED TO CAUSE A STANDARD Simm O.D. SPLIT BARREL
SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 63.5kg, FALLING
FREELY A DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION

ACHIEVED. AVE

RAGE N VALUE IS DENOTED THUS N.

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

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

DENSENESS:

b ¢y (kpPa) 0-12 12 - 25 25-50 | 50-100 | 100 -200 | >200
VERY SOFT| _SOFT FIRM sriFF__|verr stiFe | maro
$: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED 8Y SPT N VALUES AS FOLLOWS:
[Nielows/0.3m] 0 -5 5-10 10-30 [ 30-50 >50
VERY 1005E| LOOSE | COMPACT | DENSE _|veRr DENSE

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

RECOVER

MODIFIED RECOVERY:

[ RQD (%) 0-25 25- 50 50-75 75 - 90 90 - 100
VERY POOR POOR. FAIR GOOU» EXCELLENT
JOINTING AND BEDDING :
SPACING 50mm 50 - 300mm| 0.3m - Im Im - 3m >3m
JOINTING VERY CLOSE CLOSE MOD. CLOSE] wiDE VERY WIDF
BEDDING VERY THIN THIN MEDIUM THICK VERY THICK]

Y

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

SUM OF THOSE INTACT CORE PIECES, 100mm+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.

THE ROCK QUALITY DESIGNATION (R Q D}, FOR MODIFIED RECOVERY, i5:

ABBREVIATIONS AND SYMBOLS

FIELD SAMPLING

RAULICALLY

$ S SPLIT SPOON T P THINWALL PISTON

WS WASH SAMPLE OS5 OSTERBERG SAMPLE

S T SLOTTED TUBE SAMPLE R C ROCK CORE

8 S BLOCK SAMPLE P H T W ADVANCED HYD

€S CHUNK SAMPLE P M TWwW ADVANCED MANUALLY
T W THINWALL OPEN F S FOIL SAMPLE

v, kro
Ty 1
-4 kpa
o’ " kpa
T kpa
o % .0 kPa
€ %
€ €, €, %
3 kpa
G kPa
In 1
A kg/m’
75 kN/m®
A, kg/m®
Y kN/m®
P kg/m®
Y  kN/ni
3
fé kg /m
% kN /m®
Rar kg /m’
Yat kn/m?
P’ kg/m®
Y kN/m®

STRESS AND STRAIN

PORE WATER PRESSURE

“PORE PRESSURE RATIO

TOTAL NORMAL STRESS

" EFFECTIVE NORMAL STRESS

SHEAR STRESS

PRINCIPAL STRESSES

LINEAR STRAIN

PRINCIPAL STRAINS

MODULUS OF LINEAR DEFORMATION
MODULUS OF SHEAR DEFORMATION
COEFFICIENT OF FRICTION

MECHANICAL PROPERTIES OF SOIL

-1

m, kpa
Cc 1
Cs 1
Ca 1 ,
<y m‘/s
H m
TV 1
1] %

i
o kPa
o’ kpa
T, kea
¢ kpa

s .
< kpa

.

Py =
T kpa
T, kPa
S 1

PHYSICAL PROPERTIES OF SOIL
DENSITY OF SOLID PARTICLES e L% VOID RATIO
UNIT WEIGHT OF SOLID PARTICLES n 1LY POROSITY
DENSITY OF WATER w 1,%  WATER CONTENT
UNIT WEIGHT OF WATER S, %  DEGREE OF SATURATION
DENSITY OF SOIL w % UouID LimT
UNIT WEIGHT OF SOIL W, k PLASTIC LImIT
DENSITY OF DRY SOIL wg % SHRINKAGE LIMIT
UNIT WEIGHT OF DRY SOIL b % PLASTICITY INDEX = W ~ Wp
DENSITY OF SATURATED SO | | LIQUIDITY INDEX = wl' b
UNIT WEIGHT OF SATURATED SOIL P w - w
DENSITY OF SUBMERGED SOIL fe 1 CONSISTENCY INDEX: —
UNIT WEIGHT OF SUBMERGED SOIL 1,%  VOID RATIO IN LOOSEST STATE

COEFFICIENT OF VOLUME CHANGE
COMPRESSION INDEX

SWELLING INDEX

RATE OF SECONDARY CONSOLIDATION
COEFFICIENT OF CONSOLIDATION
DRAINAGE PATH

TIME FACTOR

DEGREE OF CONSOLIDATION

EFFECTIVE OVERBURDEN PRESSURE
PRECONSOLIDATION PRESSURE

SHEAR STRENGTH .
EFFECTIVE COHESION INTERCEPT
EFFECTIVE ANGLE OF INTERNAL FRICTION
APPARENT COHESION INTERCEPT
APPARENT ANGLE OF INTERNAL FRICTION
RESIDUAL SHEAR STRENGTH

REMOULDED SHEAR STRENGTH
<

SENSITIVITY = —
Tr

emin 1:%  VOID RATIO IN oeéusesr seTAre
p ! DENSITY INDEX =?"£-g::—%m
D mm  GRAIN DIAMETER

D, mm  n PERCENT - DIAMETER

¢ ! UNIFORMITY COEFFICIENT

h m HYDRAULIC HEAD OR POTENTIAL
q  m%/s RATE OF DISCHARGE

v m/s  DISCHARGE VELOCITY

i 1 HYDRAULIC GRADIENT

k m/s  HYDRAULIC CONDUCTIVITY

j  kn/m® SEEPAGE FORCE



(Legend Continued)

BH No [ELEVATION | \GO-ORDINATES
3-105 311.7 5 005 931 319 468
3-106 311.4 5 005 954 | 319 466
3-107 313.6 5 005 946 | 319 507
3-108 3141 5 005 969 | 319 505
3-109 313.5 5 005 947 | 319 510
3-110 314.5 5 005 969 | 319 508
3-111 313.6 5 005 948 | 319 512
3-112 314.6 5 005 970 | 319 510
3-113 314.2 5 005 958 | 319 506
3-114 314.4 5 005 959 | 319 509
3-115 314.4 5 005 960 | 319 511
3-116 316.6 5 005 966 | 319 527

310.5
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METRIC

DIMENSIONS ARE IN METRES
ANDéOR MILLIMETRES UNLESS
OTHERWISE SHOWN. _STATIONS
IN KILOMETRES + METRES

q

11+050—|

)
o
w
&
>

a n o o n oW o v o
- = N M Mt < [Te) n o
Lo I 0 B o B 00 ) M MMM M M MnooM
/
V/
o ~ 316.5
2 N
" [
X
"" IS
(%)
g
& /
) /
3-110
3-108 / 317.0

3-116 A

T
7

310.5
0
0

1. BOREHOLES 3-1, 3-2, 3-3, 3—-3A, 3—4 AND 3-5 WERE
DRILLED BY GOLDER ASSOCIATES; REPORT REFERENCE NO.

011-1104 DATED APRIL 2001

2. REFER TO DRAWING NO. 2 AND 3 FOR SECTIONS A—A, B-B

C—C AND D-D.

3. WL OCTOBER 2004 (3—100 SERIES BOREHOLES)
WL JANUARY 2001 (3—1 TO 3-5 BOREHOLES)
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SCALE
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e

312.5

REF No E—S5568-330GA001.dwg; h5568xB1.dwg; h5568xB2.dwg; October, 2004

CONT No
WP No 62-86-02

HIGHWAY 11 SHEET
SOUTH MARY LAKE ROAD UNDERPASS
BOREHOLE LOCATIONS

£ Peto MocCalkm Lot

DISTRICT g

MUN OF %

MUSKOKA 8
1

S
Beatrice 7 JI
~Stephonson

TWP OF
BRACEBRIDGE

KEY PLAN
SCALE
@ 2 2 & Om

X 3 LEGEND
y “' Borehole
317.5
‘$- Dynamic Cone Penetration Test (Cone)
-¢- Borehole & Cone
N Blows/0.3m (Std. Pen Test, 475 J / blow)
CONE  Blows/0.3m (60°Cone, 475 J / blow)
5 o ; W L at time of investigation (See Note 3)
05 =
950 Head
ARTESIAN WATER
= Encountered
CO—ORDINATES
BH No| ELEVATION NORTH EAST
317.5 3-1 310.4 5 005 926 319 428
o n o n O un O n o .
o e s P NG 3-2 311.4 5 005 944 319 466
Lo o T > N0 B > I > B ) ) L) L) 3-3 314.2 5 005 960 319 503
3-3A| 314.2 5 005 960 319 503
3-4 310.2 5 005 917 319 407
3-5 314.5 5 005 960 319 512
3-101| 310.7 5 005 916 319 425
3-102| 310.5 5 005 938 319 423
3-103| 310.4 5 005 919 319 406
3-104| 310.9 5 005 926 319 424

(Legend Continues)

— NOTE —
The boundaries between soil strata have been established
only at Borehole locations. Between Boreholes the
boundaries are assumed from geological evidence.

[ rRewisions

DATE BY DESCRIPTION

Geocres No. 31E—-228

DR /MM

AWN




3-103 ,, 3-4 3-104 31 ME77 EIC
*_ M I B CONT No
ANDY O MILLIMETRES UNLESS
399 = OTH RWISE SHOWN. STA'I1ONS322 WP NO 62_86_02
OMETRES =+ METRES
OUTH MARY LAKE ROAD (NEW) PROPOSED STRUCTURE— . . _ _ -4 ———————— = § ——————————— HIGHWAY 11 SHEET
320 S Tl — r—— - — - - __ - ________ﬁ____---——-—g:—-——------ 320 SOUTH MARY LAKE ROAD UNDERPASS
= L =
—--—-—-------iRQPQSE-D-G‘RAUt---F--------------------- 7 I% SOIL STRATA
Q
| "R EY]
318 N B R ——————E S R se g Peto MacCallum Ltd,
\\ ————————————— - T IS"\] % (_/ CONSULTING ENGINEERS
~ L 1 4
316 =
SAND ~_ % >< O] 5| 7 [osmers 3 _IMARY
SOME SILT \ ~ = + HIGHWAY 11 PAVEMENT N > MUN OF ¥/
34 TRACE CLAY Hn ~ _\ SILTY SAND TO SAND — | = 34 MUSKOKA
T\l}ACE ERAVEL £ ~ o o SOME SILT | I TOPSOIL
] oose [
o rgompact SAND AND GRAVEL &Y ~ o ) Very Loose to Compact | ! /_
312 \ TRACE SILT < \ Lt 312 ‘
PEAT—\ N[N (FILL) — X {\ MWW 7___-’%»:__7%~ !- ' !
310 RN I e SRR 4 - 310 =
.'.'.'."'."'. H 15£' . * * * * '.'.'.' SAND ."'."'."'?.'.'.' et Sttt .""'.'.'.'.'.'.'.' ." ."'.'.'.'.'.'.'.'.'.'."'."'.&"."'.'.'.'.'.'."'.' : )i ‘»__‘ ,,,,,,,,,,,
308 e ee o F17|]4|= . . |SILTY SAND TO SAND ",",", WITH SLT ".",".",".".", ...SlLTYSANDTOSAND.......... S SN 308 =—""fephonson |
R Y 4. ... SOME SILT ... Very Loose to. . . ....[. ... SOME SILT e e e e e e e T B i
e o s o s s o 5 4| « o« Compqct to Loose e o o Compqct ....... « .. Loose to Compqct e e e s e e s o o o . R IR T T Y TWP OF
306 e e o o o o o o o 4 o o o|le o o o o . e o o o o o o o o e o o o o o o oo e o 0o o o o o o . . . e o o o o o o o o o o et | | T TTT ] —»‘-CLAYEY SILT 306 BRACEBRIDGE
1 4 S R R i p— TRACE SAND
/2 P I s e s e e s s gy rantivaiiizan gt T X TTTTIATT T T T of Stiff KEY PLAN
04 ol et T T CLAYEY SILT CLAYEY SILT (%) 208 @
“““‘“”““ T3 CLAYEY SILT (%) SILT LAYERS TRACE SAND EniRssadEnadEnadEnadEna CTHFTT LT T [T T T
TRACE SAND Stiff Stiff to Firm SILTY SAND M Ttela |1 LTI .a. ‘1 ST
302 _ SANDY SILT 12 Stiff LALLLIA. TRACE TO SOME GRAVEL | 1| SAEdEREIERS SRS AR ik 302
Compact CITTITTITTT NN TRACE CLAY OCC. COBBLES | TTI T PLL LD IECH jREERBIEE LEGEND
SILT N LA L e L ) | ] e e Compact RN ,\_',\\—\,\\ NN \\ Y\
200 CLAYEY SILT SOME CLAY SILT (GLACIAL TILL) BIOTITE GRANITE GNEISS BEDROCK 300 -‘- Borehole
TRACE SAND TRACE SAND ™ TRACE SAND
SILT LAYE_RS Compact ;;: BB (B p L L L Compact Dynamic Cone Penetration Test (Cone)
b0 Very stiff _/7;«;-—\/“1/° T L O L R L R L LT P 208 &
COBBLES AND — PROBABLE BEDROCK [’ 1 || 1 [ |11 [ l_ L ‘ T‘ 3k SILTY SAND P Borshle & Cone
BOULDERS LD T LT LT LTS LT TRAcE TO SOME GRAVEL
296 § RN ERRARIERK TRACE CLAY § 296 N Blows/0.3m (Std. Pen Test, 475 J / blow)
+ BIOTITE GRANITE GNEISS BEDROCK Dense +
294 =) (*) SEE NOTE 4 (*) SEE NOTE 4 - 204 CONE  Blows/0.3m (60°Cone, 475 J / blow)
% A— A % W L at time of investigation (See Note 3)
i 3-3, 3-3A 3-113 3-114 3-115 3-5 3-116 i Head
5] T ARTESIAN WATER
";‘ SOUTH MARY LAKE ROAD (NEW) PROPOSED STRUCTURE™N _ _o | ORY L BRY | DRY V. coutersd
322 37— ———— 0 ?ED_G_"?AﬁE ___________ --.-------T-------------W322 i
l---P-,?O-P-----------------------\#-I--I---- e | NOTES.
D
CO—ORDINATES
320 3 320 1. BOREHOLES 3—1, 3—2, 3—3, 3—3A, 3—4 AND 3—5 WERE BH No| ELEVATION | \orTH EAST
I ~ SAND DRILLED BY GOLDER ASSOCIATES; REPORT REFERENCE NO.
2 44— ——————————— = = = 77 - T j E / 1~ TRACE siLT 318 011-1104 DATED APRIL 2001
L7 e /L ORGANICS | — 2. REFER TO DRAWING NO. 1 FOR PLAN AND DRAWING NO. 3 FOR . ‘
16 SILTY SAND —\ // r[ SILTY SAND M/// 16 SECTIONS B—B TO D-D. (Refer to drawing no. 1 for co—ordinates)
& HIGHWAY 11 PAVEMENT  ROOTS/ORGANICS 1\ | - BOULDER - | / \ \ ROOTS/ORGANICS _——" BEDROCK OUTCROP 3. WL OCTOBER 2004 (3-100 SERIES BOREHOLES)
514 2 N AL N T TN T 4 WL JANUARY 2001 (3—1 TO 3—5 BOREHOLES)
==l e/ 80 . d.
-7 ~ K2 — — /\\%\{/?\* 4. SOIL IDENTIFIED AS SILTY CLAY IN BOREHOLES 3—1 AND 3—4
- T -'§ -  PROBABLE BEDROCK CHANGED TO CLAYEY SILT BASED ON REPORTED LIQUID LIMIT
32 e ZX — _\/ < 312 OR FOR CONSISTENCY
L1 / XGRANITIC GNEISS 5. SECTIONS ARE PROVIDED SOLELY FOR ILLUSTRATIVE PURPOSES.
310 BEDROCK 310 REFER TO RECORD OF BOREHOLES FOR DETAILED DESCRIPTION
BIOTITE GRANITE GNEISS BEDROCK|— _/ OF SUBSURFACE CONDITIONS, IN—SITU TEST DATA AND
LABORATORY TEST RESULTS.
<08 BEDROCK |OUTCROP PROBABLE SAND 308
Loose
— NOTE -
N The boundaries bet il strata h b stablished
306 2 306 only at Borehole locations, Between Borsholes the
$ boundaries are assumed from geological evidence.
304 = 304
A—A (Continued) 2
(%]
2
SECTI ON S | [Date BY DESCRIPTION
SCALE Geocres No. 31E-228
2.5 0 2.5 Sm

REF No E—S5568-330GA001.dwg; h5568xB1.dwg; h5568xB2.dwg; October, 2004
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METRIC

3-105

DIMENSIONS ARE IN METRES
3-102  PROPOSED 3-104 , | 3-1 3-101 "'_‘ "' PROPOSED STRUCTURE "' AND/OR MILLIMETRES' UNLESS
"' STRUCTURE -‘- I _ L ". IN KILOMETRES + METRES
I - “' 320 320 - 2 s 320
L N e - \ PROPOSED [ e |
) & ™ EMBANKMENT | o |
— I w I < 318 318 === ===t T 318
~ < | ~ N (Al
______ S —— e e —
- L — — N ~o | & SILTY SAND TO SAND |
& 316 316 I 3 SOVE SILT | 316
= Very Loose to Compact SAND
N [~ SILTY SAND e 314 I SAND £ i pacty Jtrace cRAVEL s1a
S Very Loose to [ WITH SICT S | ORGANICS
3 SILTY SAND TO SAND Loose | TRACE CLAY o | (FILL)
& SOME_SILT 312 32 TOPSOIL—I, N iILoose to Compact ':'-” \ ‘rTOPSOIL i N 312
N| - PEAT N[N \oose to Compact In | [ pEAT e P v 7——_WNQ_ TR VRN ATAT VAN [] 4 LavaAvava
T & R =l BT BT F3/ay AEREa R 310 310 PP -1 2 e —— '10 = \ sl e 310
SAND  F_}..... . SAND 4 :u 4IHM e B K1 I T TRACE ORGANICS
WITH SILT 7 . WITH SILT LU . . 5 308 308 e whl e e e e - . |9]-Loose to Compact 308
Very Loose to sl . Very Loose to 4 ; o o e\e . « v e e e e . . SAND ﬁu- . .H.T._ 'V__.__: .« o e o o . . . 10l 1 A . « e e e . « s e e e s ST
COmeCt . Compclct . . .« o . . 3 TRACE SILT (T et ¢ _-7_-_ A I LI -. :“. . S
omPact T .. seTmRast M 1 E B R ‘Loose to Compact 306 306 SILT 14 F [ ST —— (T LTT M LTTTTLEF— SOME CLAY 4
..... .__19 _.__.’. .'__.,... T e e e s s e e . 10 . T e e e e s s e e s e e e -|'|._ . ‘ I . . ‘ IT.r SOME CLAY CLAYEY SI N ‘ —’,/ TRACE SAND
m ‘W —CIAYEY STt s i T ‘ ‘ PITTITL T TRACE SAND | |14 15 TRACE SAND el | LD avereD
1 SILT_LAYERS 20|  CLAYEY SILT 504 304 Compact il SN — (] THITETT Compoct 54,
T T H 1L | Very Stiff to stiff 15 AT T T T SOME SAND N RSN (T IRREN q 20T v 12 = SANDY SILT
SICT s h“-“ﬂ\ ‘ﬂ#w 9 CLAYEY SILT (*) 13 SILT LAYERS w_ {; }L"ﬁ_ = LTEL TLULTRILT il sttt ;s h
TRACE SAND SHILT 4 4 TRACE SAND Very Stiff to Stiff 302 302 ALLL 3 - H_ VAW ANRARD s A na i e LA
SOME CLAY 17 Stiff to Fi TN A L . AR EE Ay e
CLAYEY SILT| | 24 SOME CLAY 8 ] %' il 'rm{ e ﬂ sur GRANITIC GNEISS T Q;/\\gi A Rl ;i{?; ;;L? gBOU'—DERS
(:Zélr-:nr Masct“__25 T ompact L[ s Jj SIT ToF T[] Trece s 300 300 PEDROSK BIOTITE GRANITE GRANTIC| | TRAce GRAvEL 30
. . 3 LT T e g TRACE SAND SOME CLAY —_ GNEISS BEDROCK GNEISS Compact
VA RS QT 241130700 S| T T Compact a3 Compact to Dense 545 20 SILTY SAND SILTY SAND BEDROCK i 208
AEFNAD (11 [ TRACE GRAVEL _ TRACE TO SOME GRAVEL —— .
DO e DROGK COBBLES ANDJPS@EQ@’E&L : i\'r"“S'LTY SAND [s3f o s~ GRAVELLY SAND Dense  TRACE CLAY OCC. COBBLES
BOULDERS ,.45,.; At -l TRACE TO 7 7" TRACE ST o0 oo Compact 296
L1 BIOTITE GRANITE GNEISS\ KNNANNANYS SOME GRAVEL NSINRIY T Very Dense (GLACIAL TILL)
TRACE CLAY BIOTITE GNEISS
SILTY SAND -1 Dense BEDROCK 294 294 294
Compact -
P (*) SEE NOTE 4
3-110 3-114 3-109
& g" L4 PROPOSED
S| PROPOSED STRUCTURE /_ EMBANKMENT
ul v A | 322
J——————— WP ————— — —— — 1y //
-~ | 3 |_-\ N
> I > < 320
~ x | ~
- I § ____________ ~
- >~ 318
SAND §
WITH SILT 3 — SAND 316
TOPSOIL / ORGANICS [ PROBABLE SAND WITH SILT
-\ N Loose BOULDER,n| [ Loose ORGANICS
=] ./I 57 <t TOPSOIL~, N / Loose 314
e o o o o o N A o o e e e e T A N AT ] — —
Coae] b R I F e LT BREES NOTES:
NN AR — 312
GRANITIC GNEISS : ‘ B\ N 1. BOREHOLES 3-1, 3-2, 3-3, 3—-3A, 3—4 AND 3-5 WERE
BEDROCK > Y GRANITIC  GNEISS DRILLED BY GOLDER ASSOCIATES; REPORT REFERENCE NO.
SES'I?\%T(I:% GNEISS BEDROCK 310 011-1104 DATED APRIL 2001
- —= 2. REFER TO DRAWING NO. 1 FOR PLAN AND DRAWING NO. 2 FOR
SECTION A-A.
= 308
3. WL OCTOBER 2004 (3—100 SERIES BOREHOLES)
306 WL JANUARY 2001 (3—1 TO 3-5 BOREHOLES)
4. SOIL IDENTIFIED AS SILTY CLAY IN BOREHOLE 3—1 CHANGED TO
D-D SECTIONS CLAYEY SILT BASED ON REPORTED LIQUID LIMIT OR FOR
SCALE CONSISTENCY
2.5 0 2.5 5m 5. SECTIONS ARE PROVIDED SOLELY FOR ILLUSTRATIVE PURPOSES.
e m—— REFER TO RECORD OF BOREHOLES FOR DETAILED DESCRIPTION

OF SUBSURFACE CONDITIONS, IN—SITU TEST DATA AND
LABORATORY TEST RESULTS.

REF No E—S5568-330GA001.dwg; h5568xB1.dwg; h5568xB2.dwg; October, 2004

CONT No
WP No  62-86-02

HIGHWAY 11

SOUTH MARY LAKE ROAD UNDERPASS
SOIL STRATA

SHEET

Peto MacCallum Ltd

CONSULTING ENGINEERS

7 P

DISTRICT =
MUN OF
MUSKOKA

r=
1
i
i
i
1

TWP OF
BRACEBRIDGE

KEY PLAN

SCALE
2 9 2 4

B6km

LEGEND

Borehole
Dynamic Cone Penetration Test (Cone)

Borehole & Cone

N Blows/0.3m (Std. Pen Test, 475 J / blow)

Blows/0.3m (60°Cone, 475 J / blow)

W L at time of investigation (See Note 3)

Head
ARTESIAN WATER
Encountered

CO—ORDINATES

ELEVATION | NORTH EAST

BH No

Refer to drawing no. 1 for co—ordinates

= NOTE -
[The boundaries between soil strata have been established
only at Borehole locations. Between Boreholes the
boundaries are assumed from geological evidence.

[ rewisions

DATE BY DESCRIPTION
Geocres No. 31E—228
HWY No 11 DIST 52

FP_]CHECKED CN | DATEMAY 12, 2005 [SITE
ARV  DWK DWG

SUBM'D 42-193
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@ o Peto MacCallum Ltd

Ontario
Foundation Design
RECORD OF BOREHOLE No 3-101 1 of 2 METRIC
W.P. 62-86-00 LOCATION Co-ords. 5 005 916 N; 319 425 E ORIGINATED BY F.P.
DIST 52 HWY 11 BOREHOLE TYPE Hollow Stem Augers, Mud Rotary and NQ Coring COMPILED BY F.P.
DATUM _Geodetic DATE October 18 and 19, 2004 CHECKED BY
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES . y |ResisTANCEPLOT — ere MR oun| e REMARKS
ol I PLASTIC moisTure - HQUPI - T A
= " <5| o 20 40 60 80 100 CONTENT zZ 0
9 i3 w e = 1 L . 1 L We w w | ° g GRAIN SIZE
o | q|H 3 25 O |SHEAR STRENGTH kPa
ELEV DESCRIPTION el s < Z2| E —o—— DISTRIBUTION
DEPTH <03 = > 36| < |© UNCONFINED + FIELD VANE Y %)
51 z E ©| © |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
310.7| Ground Surface . 20 40 60 80 100 20 40 60 kN/m® [GR SA SI CL
0.0] peat, fine fibrous N
~<]1|ss| 2
310.1 Dark brown o~ 7
0.6 silty sand, fine o 310
Very Brown Wet a1 2|ss| 4 o
loose —  ___ ___ ____ -
Loose Grey
Jllalss| s 309 5
L
308.3
2.4] sand, some silt c.C)
Loose Grey Wet o o 308
o o
e 4|Ss| 9 o 0 88 (12
. 307
o o
e o
o o 306
Compact e o 5 |SS 11 )
305.5 M
5.2 C!a¥e¥ silt, trace sand
sil ayers
ver Grey  Wet 305
stiff
6 [ss| 20 . kel 0 5 69 26
304
Stiff 303
! 7 |ss| 13 . °
302
301.6
9.1] silt,
trace sand some clay 8 |ss 16 H 0 6 81 13
Compact Grey Wet 301
!k
300
9 |SS 15 o
299
Dense
10|ss| 33 sos ° Non-pllastid 0 1 87 12
297.6 _
13.1] Gravelly sand, trace silt [P™Y]
Very Grey Wet 5’0
dense o 297
LQJ11|ss| 63 q 32 62 (6)
296.5 A
14.2] Biotite Gneiss
Bedrock
RC| REC 296
Cont*d 12 NG | 100% RQD 31%
ON_MOT VER 3A 04TF006_SMR.GPJ ON_MOT.GDT 12/13/04 8:58:30 AM 7 5 Numb ort 20
+ x> Szr’git?\:ﬁyreero 15_({)_5 (%) STRAIN AT FAILURE

10



@ o Peto MacCallum Ltd

Ontario
Foundation Design
RECORD OF BOREHOLE No 3-102 1 of 2 METRIC
W.P. 62-86-00 LOCATION Co-ords. 5 005 938 N; 319 423 E ORIGINATED BY F.P.
DIST 52 HWY 11 BOREHOLE TYPE Hollow Stem Augers and NQ Coring COMPILED BY F.P.
DATUM _Geodetic DATE October_19 & 20, 2004 CHECKED BY
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x w RESBTANCEPLOT& pLasTic NATURAL 0010 o REMARKS
[} 5 LMt MOISTURE  “ful = T &
= " <5| o 20 40 60 80 100 CONTENT zZ 0
2lg|,| 4 2E| z L L L L ! W w w | 9L | cransize
ELEV DESCRIPTION Elojg| 3 |2g| 2 |SHEARSTRENGTHkPa —_——— DISTRIBUTION
DEPTH < 2|z > 38 < | O UNCONFINED + FIELD VANE Y %)
51 z E ©| © |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
310.5| Ground Surface v 20 40 60 80 100 20 40 60 kN/m* |GR SA sl CL
g-g Peat, fins fibrous ~
7| Sand, _with silt . o 1|ss 1 310 °
topsoil to 0.9 m o o
very Brown Moist o o v*
loose o o
Loose Wet °
e o
.. 309
* | 2(ss 7
Grey . o
o o 308
o o
o o
e o 3|SS 5 307 o)
o o
o o
U il 306
Compact _’.'
305.4 e o 4|SS 19
5.1] Clayey silt, trace sand
Ver: Grey Wet 305
stiff
Stiff
5|ss| 11 304 n H 0 4 78 18
303.5
7.0] silt,
trace sand some clay
clayey silt seams 303 )
Compact Grey Wet on-pllastig 0O 6 80 14
6 | SS 18 o
302
7 |SS 24 301 [
300
299 3 8 | SS 25 o
11.2{ silty sand °
299
298.8| Compact Grey Wet h
11.7] Biotite Gneiss
Bedrock
Medium to high strength 9 ﬁg gg% RQD 56%
Unweathered 298
Fair to good quality
Refer to Table_A for
detailed description
10 (85| 855 297 RQD 64%
11 (RS | BES 296 RQD 83%
295.6] ~onetd

ON_MOT VER 3A 04TF006_SMR.GPJ ON_MOT.GDT 12/13/04 8:58:38 AM

20
7 5. Numbers refer to
+ X7 Sensitivity 15—({)—5 (%) STRAIN AT FAILURE
10



Ministry of
Transportation

Peto MacCallum Ltd.

Ontario
Foundation Design
RECORD OF BOREHOLE No 3-102 2 of 2 METRIC
W.P. 62-86-00 LOCATION Co-ords. 5 005 938 N; 319 423 E ORIGINATED BY F.P.
DIST 52 HWY 11 BOREHOLE TYPE Hollow Stem Augers and NQ Coring COMPILED BY F.P.
DATUM _Geodetic DATE October 19 & 20, 2004 CHECKED BY
SOIL PROFILE SAMPLES |, W [PYNAMIC CONE PENETRATION
& 3 pLasTic NATURAL o = REMARKS
= g2 ¢ e moisTure HSURI - E e
1) 5 %) 20 40 60 80 100 CONTENT z =
9| w |22 z : ! ! : ! W, w w | @2 | craNnsizE
O |, | 3 25 O |SHEAR STRENGTH kPa
ELEV DESCRIPTION el s I |28)| E ———— DISTRIBUTION
DEPTH <3| F > |38| £ |o unconFiNeD + FIELD VANE Y %)
51 z E ©| © |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
205.5 u 20 40 60 80 100 20 40 60 wm® |GrR sA s cL
14.9

End of borehole

* 2004 10 19
2004 10 20

Water level observed
during drilling

[ ] Penetrometer test

e charged with

Borehol
drilling water

ON_MOT VER 3A 04TF006_SMR.GPJ ON_MOT.GDT 12/13/04 8:58:39 AM

+7 ,><5 . Numbers refer to

Sensitivity

20
15_({)_5 (%) STRAIN AT FAILURE
10



@) arsiiuon Peto MacCallum Ltd

Ontario
Foundation Design
RECORD OF BOREHOLE No 3-103 1 of 1 METRIC
W.P. 62-86-00 LOCATION Co-ords. 5 005 919 N; 319 406 E ORIGINATED BY F.P.
DIST 52 HWY 11 BOREHOLE TYPE Continuous Flight Hollow Stem Augers COMPILED BY F.P.
DATUM Geodetic DATE October 20, 2004 CHECKED BY
SOIL PROFILE SAMPLES |, W | CONE FENETRATION
& 3 pLasTic NATURAL o = REMARKS
E2| o umt  MOISTURE . vl £ & &
= " <5| o 20 40 60 80 100 CONTENT zZ 0
9| w 22| z : ! ! : ! W, w w | @2 | craNnsizE
ELEV 18 8| 2 |25| 2 [SHEARSTRENGTHkKPa 5 DISTRIBUTION
DEPTH DESCRIPTION S|3|F| 5 |38| £ |0 UNCONFINED  + FIELDVANE Y )
51 z E ©| © |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
310.4| Ground Surface . 20 40 60 80 100 20 40 60 kN/m® [GR SA SI CL
0.0[ Peat, coarse fibrous N <* 272
~<]1|ss| 1 -
Dark brown o~ 310
309.6 -~
0.8 sand, some silt **
traceé cla¥ tracé gravel o o 2 [SS| WH
organics to 1.3 o o
very Brown  Wet . 309
loose
to loose e ¢ 3|SS 7 o 178 19 2
e o *
h A
o o
- | 308
Grey o o
e o
e o
5.1 4 [ss| s 307
Compact o o
e o
o o 306
e o
305.5 e
51|SS 14 o
30@:8 Sandy silt 1
5.2 @?mpagx ﬁ[e¥ Wet
¥e¥ silt race sand 305
sil ay
Ver Grey wet
stiff
6 | SS 19 304 = 0 4 69 27
303.7
6.7] End of borehole

* 2004 10 20

¥ \Water level observed
= during drilling
¥ \Water level measured

after drilling
[ ] Penetrometer test
WH** Refers to penetration

under weight of rods
and hammer

ON_MOT VER 3A 04TF006_SMR.GPJ ON_MOT.GDT 12/13/04 8:58:47 AM
+7 ><5 . Numbers refer to

Sensitivity 15—({)— 5 (%) STRAIN AT FAILURE
10



Ministry of
Transportation

Peto MacCallum Ltd.

Ontario
Foundation Design
RECORD OF BOREHOLE No 3-101 2 of 2 METRIC
W.P. 62-86-00 LOCATION Co-ords. 5 005 916 N; 319 425 E ORIGINATED BY F.P.
DIST 52 HWY 11 BOREHOLE TYPE Hollow Stem Augers, Mud Rotary and NQ Coring COMPILED BY F.P.
DATUM _Geodetic DATE October 18 and 19, 2004 CHECKED BY
SOIL PROFILE SAMPLES |, W | CONE FENETRATION
& 2 pLasTic NATURAL 00 = REMARKS
) MOISTURE = I
= Sz| 3 20 40 60 80 100 LIMIT LMt S O &
%) B ] CONTENT zZQ
9| w 22| z : ! ! : ! W, w w | @2 | craNnsizE
o | q|H r} 25 © [SHEAR STRENGTH kPa
ELEV DESCRIPTION el s < ER E —o— DISTRIBUTION
DEPTH S|S|F > 38 < | O UNCONFINED + FIELD VANE Y %)
51 < z2 |E€°| @ |e QUCKTRIAXAL X LABVANE WATER CONTENT (%)
2057 w 20 40 60 80 100 20 40 60 kN/m® |GR SA SI cL
Cont"d
Biotite Gneiss
Medium to high strength 295
Unweathered
- . 13|RC| REC RQD 57%
Poor to fair, becoming NQ | 100%
excellent quality
Refer to Table_ A for 294
detailed description
RC [ REC
293.4 14 NG | 100% RQD  96%
17.3] End of borehole

* 2004 10 18

¥ \Water level observed
= during drilling
¥ \Water level measured
= after drilling

m  Pocket penetrometer
test

Borehole charged with
drilling water on
October™ 19, 2004

ON_MOT VER 3A 04TF006_SMR.GPJ ON_MOT.GDT 12/13/04 8:58:31 AM

+7 ,><5 . Numbers refer to

Sensitivity

20
15_({)_5 (%) STRAIN AT FAILURE
10



@ o Peto MacCallum Ltd

Ontario
Foundation Design
RECORD OF BOREHOLE No 3-104 1 of 1 METRIC
W.P. 62-86-00 LOCATION Co-ords. 5 005 926 N; 319 424 E ORIGINATED BY _F.P.
DIST 52 HWY 11 BOREHOLE TYPE Continuous Flight Hollow Stem Augers COMPILED BY F.P.
DATUM Geodetic DATE October 19, 2004 CHECKED BY
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x é RESBTANCEPLOT& pLasTic NATURAL 0010 o REMARKS
= EZ2| g umr - MOSTURE Plgr| £ &
1) 5 %) 20 40 60 80 100 CONTENT z =
9 i3 w e = 1 L . 1 L W w w | ° § GRAIN SIZE
o (xp|H 2 25 © [SHEAR STRENGTH kPa
ELEV DESCRIPTION el s < ER E —o— DISTRIBUTION
DEPTH =S > 306 < | O UNCONFINED + FIELD VANE Y %)
51 z E ©| © |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
310.9| Ground Surface . 20 40 60 80 100 20 40 60 kN/m® [GR SA SI CL
0.0[ sand, with silt * *
topsoil to 0.6 m *°l1]ss 2 q
Very Brown Moist . _*
loose
Wet . o 310
o o
o o
L. 2 [ss 4 309 o
e o
e o
e 308
e o
e o| 3 |SS 4 o
c.C. 307
e o
—_ —_ PR —_ e o
Compact  Grey . o
o | 4 [SS| 13 306
305.4 N
5.5 C!?¥e¥ silt
si ayers 305
Stiff Grey Wet
5 [SS 8 >20G o
304
6 [SS 9 303 175
302.1
8.8] silt, some clay 302
trace sand
clayey silt seams
Compact Grey APL Tiss| °
301
no clayey silt seams T
8 |ss| 20 300 3
- v
cobbles and boulders 299
307
298.4 9 |SS| {ocm o
12.5] End of borehole
Refusal on probable bedrock
* 2004 10 19
Y \Water level observed
= during drilling
¥ \Water level measured
= after drilling
[ Pocket penetrometer
tests
** 2.1 m of blow back at
6.1 m depth

ON_MOT VER 3A 04TF006_SMR.GPJ ON_MOT.GDT 12/13/04 8:58:54 AM

20
7 5. Numbers refer to
+ X7 Sensitivity 15—({)—5 (%) STRAIN AT FAILURE
10



Ministry of
Transportation

Peto MacCallum Ltd.

Ontario
Foundation Design
RECORD OF BOREHOLE No 3-105 1 of 2 METRIC
W.P. 62-86-00 LOCATION Co-ords. 5 005 931 N; 319 468 E ORIGINATED BY F.P.
DIST 52 HWY 11 BOREHOLE TYPE Hollow Stem Augers and NQ Coring COMPILED BY F.P.
DATUM Geodetic DATE October 21, 2004 CHECKED BY
SOIL PROFILE SAMPLES |, W |RESSTANGE LT eaTtON CATURAL | rewares
ol I PLASTIC yiyisTupe HQUIDL T
= n |23| 8 20 40 60 8 100 |UMT  content HMIT S O &
9| w 22| z : ! ! : ! W, w w | @2 | craNnsizE
ELEV ]G] 2 |25| & [SHEARSTRENGTHkPa e " BISTRIBUTION
DEPTH DESCRIPTION Z|3|F| 3> |38| £ |0 UNCONFINED  + FIELD VANE Y %)
51 z E ©| © |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
311.7| Ground Surface v 20 40 60 80 100 20 40 60 kN/m* |GR SA sl CL
0.0[ sand, _trace gravel,
organics 1|SS 8 °
311.1 *
o Brown 2 v 311
Sand, _with Silt, trace clay | ¢ ¢
organics o o
Loose Brown wet ¢
e o
e o] 2|ss| s 810 5
e o
Grey o o
o o 309
.
") 3 [ss| o
° 308
o o
Compact Brown R
.
LC. 307
. Ja]ss| 15 °
306.5 o o
5.2[ silt some clay, trace sand
layered
Compact Grey Wet 306
51|SS 14 o
305
304.7
7.0 sandy silt L
Compact  Grey Wet *
] 304
|| 6 |ss| 12 o
" 303
L
302.4 °
9.3| silty sand, trace gravel e 7 [ss| 29 o
Compact  Grey Wet 9 302
L]
Boulders Ikl
300.8 301
10.9] Granitic Gneiss
Bedrock
Medium to high strength rc| RCD
8 RQD 55%
Unweathered NQ [ 91% 300 @
Fair to excellent quality
Refer to Table_A for
detailed description
RC| RCD 299
9 |R6 | To0% RQD 100%
298
RC| RCD
10|85 | o7 RQD 73%
297.5
14.2] End of borehole
Cont"d

ON_MOT VER 3A 04TF006_SMR.GPJ ON_MOT.GDT 12/13/04 8:58:59 AM

+7 ,X5 . Numbers refer to

Sensitivity

20
15_(:)_5 (%) STRAIN AT FAILURE
10



Ministry of
Transportation

Peto MacCallum Ltd.

Ontario
Foundation Design
RECORD OF BOREHOLE No 3-105 2 of 2 METRIC
W.P. 62-86-00 LOCATION Co-ords. 5 005 931 N; 319 468 E ORIGINATED BY F.P.
DIST 52 HWY 11 BOREHOLE TYPE Hollow Stem Augers and NQ Coring COMPILED BY F.P.
DATUM Geodetic DATE October 21, 2004 CHECKED BY
SOIL PROFILE SAMPLES |, W [PYNAMIC CONE PENETRATION
& 3 pLasTic NATURAL o = REMARKS
EZ2| g umr - MOSTURE Plgr| £ &
= » <5| o 20 40 60 80 100 CONTENT z 9
9| w |22 z : ! ! : ! W, w w | @2 | craNnsizE
O |, | 3 25 O |SHEAR STRENGTH kPa
ELEV DESCRIPTION el s < 28| E ———— DISTRIBUTION
DEPTH <(3|F > 38| < |© unconFineD + FIELD VANE Y %)
51 z E ©| © |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
296.7 u 20 40 60 80 100 20 40 60 wm® |GrR sA s cL
(Cont™d)

* 2004 10 21

K

Borehol
drilling wa

Water level observed
during drilling

e charged with
ter

ON_MOT VER 3A 04TF006_SMR.GPJ ON_MOT.GDT 12/13/04 8:59:00 AM

+7 ,><5 . Numbers refer to

Sensitivity

20
15_({)_5 (%) STRAIN AT FAILURE
10



@ o Peto MacCallum Ltd

Ontario
Foundation Design
RECORD OF BOREHOLE No 3-106 1 of 1 METRIC
W.P. 62-86-00 LOCATION Co-ords. 5 005 954 N; 319 466 E ORIGINATED BY _F.P.
DIST 52 HWY 11 BOREHOLE TYPE Hollow Stem Augers and NQ Coring COMPILED BY F.P.
DATUM Geodetic DATE October 21, 2004 CHECKED BY
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x w RES|STANCEPLOT& sLasTic NATURAL o REMARKS
0| % MoISTURE  HIQUID T
. 2zl 9 LImIT amit| £ & &
1) 5 %) 20 40 60 80 100 CONTENT z =
O | w =2 z L L L L L oy GRAIN SIZE
= i 35 = Wp w W, =
ELEV 'E: o | & 2 25 g SHEAR STRENGTH kPa o DISTRIBUTION
DEPTH DESCRIPTION S|3|F| 5 |38| £ |0 UNCONFINED  + FIELDVANE Y )
51 z E ©| © |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
311.4| Ground Surface u 20 40 60 80 100 20 40 60 kN/m* |GR SA SI CL
0.0[ Topsoil ~
03[ Sand. =1 1 |SS 4 311 >
W|th ’silt trace clay e ¢
organics to 0.6 m o o
Loose Brown Moist .'.'
S A | 310
Wet o o
e o| 2 |SS 8 o 0 67 30 3
o o 309
o o
Compact ®
* ¢ 3[Ss| 10 308
- - - - L
Grey o o
o o
307.1 .
4.3] silt 307
some clay, trace sand
Compact Grey Wet 4 |ss 14 Ho 0O 6 76 18
306
sandy silt layers T
5|SS| 14 305
traceTay T T 1
304
6 | SS 18 o = 0 4 9 6
303.2 on-pliastig
8.2 silty sand, trace gravel g 303
Dense Grey Wet 9
L]
117 |ss| =1
301.9 . 302 °
9.5 Granitic Gneiss
Bedrock
High strength rel rec
Unweathered 8 | NG | 100% 301 RQD 64%
Fair to excellent quality
Refer to Table_ A for
detailed description
300
9 | R | focs RQD 100%
298.8 10| X5 | 87% 299 RQD 67%
12.6] End of borehole
* 2004 10 21
Y \Water level observed
= during drilling
Borehole charged with
drilling water

ON_MOT VER 3A 04TF006_SMR.GPJ ON_MOT.GDT 12/13/04 8:59:07 AM
+7 ><5 . Numbers refer to

2
Sensitivity 15_({)_ 5 (%) STRAIN AT FAILURE
10



Ministry of
Transportation

Peto MacCallum Ltd.

Ontario
Foundation Design
RECORD OF BOREHOLE No 3-107 1 of 1 METRIC
W.P. 62-86-00 LOCATION Co-ords. 5 005 946 N; 319 507 E ORIGINATED BY F.P.
DIST 52 HWY 11 BOREHOLE TYPE Manual Hand Sampler COMPILED BY F.P.
DATUM _Geodetic DATE October 22, 2004 CHECKED BY
SOIL PROFILE SAMPLES |, W [PYNAMIC CONE PENETRATION
@ Y pLasTic NATURAL o = REMARKS
[} 5 LMt MOISTURE  “ful = T &
= " <5| o 20 40 60 80 100 CONTENT zZ 0
9| w 22| z : ! ! : ! W, w w | @2 | craNnsizE
O |, | | 25 O |SHEAR STRENGTH kPa
ELEV DESCRIPTION el s I |28)| E ———— DISTRIBUTION
DEPTH |3|F > |38| £ |o unconFiNeD + FIELD VANE Y )
51 z E ©| © |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
313.6| Ground Surface * . 20 40 60 80 100 20 40 60 kN/m® [GR SA SI CL
0.0 Boulders at surface

* Borehole dry

ON_MOT LINES OVER BDRY 2 04TF006_SMR.GPJ ON_MOT.GDT 12/13/04 8:56:17.

+

><5 . Numbers refer to

Sensitivity

20
15_({)_5 (%) STRAIN AT FAILURE
10



Ministry of
Transportation

Ontario

Peto MacCallum Ltd.

Foundation Design

Moist

RECORD OF BOREHOLE No 3-108 1 of 1 METRIC
W.P. 62-86-00 LOCATION Co-ords. 5 005 969 N; 319 505 E ORIGINATED BY F.P.
DIST 52 HWY 11 BOREHOLE TYPE Manual Hand Sampler COMPILED BY F.P.
DATUM Geodetic DATE October 22, 2004 CHECKED BY
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | . W [RESISTANCE PLOT NATURAL REMARKS
wi P4 PLASTIC LIQUID =
E2| o umt  MOISTURE . vl £ & &
= " <5| o 20 40 60 80 100 CONTENT zZ 0
9| w 22| z : ! ! : ! W, w w | @2 | craNnsizE
O |, | | 25 O |SHEAR STRENGTH kPa
ELEV DESCRIPTION el s < 28| E ———i DISTRIBUTION
DEPTH 2|3 r > 36| < |© UNCONFINED + FIELD VANE Y %)
51 z E ©| © |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
314.1| Ground Surface * . 20 40 60 80 100 20 40 60 kN/m® [GR SA SI CL
0.0] peat, coarse fibrous ~ 314
0.2 Dark brown **
Sand, ~ o o
trace silt, organics o o
31 o o

3.2| |oose Brown
0.9] End of borehole

Refusal on probable bedrock

* Borehole dry on _
completion of drilling

ON_MOT VER 3A 04TF006_SMR.GPJ ON_MOT.GDT 12/13/04 8:59:11 AM

7 5. Numbers refer to
X
+ Sensitivity

20
15_(:)_5 (%) STRAIN AT FAILURE
10



@i Peto MacCallum Ltd

Foundation Design

RECORD OF BOREHOLE No 3-109 1 of 1 METRIC
W.P. 62-86-00 LOCATION Co-ords. 5 005 947 N; 319 510 E ORIGINATED BY F.P.
DIST 52 HWY 11 BOREHOLE TYPE Hollow Stem Augers and NQ Coring COMPILED BY F.P.
DATUM Geodetic DATE October 22, 2004 CHECKED BY
SOIL PROFILE SAMPLES |, W | CONE FENETRATION
& 3 pLasTic NATURAL o = REMARKS
E2| o umt  MOISTURE . vl £ & &
= " <5| o 20 40 60 80 100 CONTENT zZ 0
9| w 22| z : ! ! : ! W, w w | @2 | craNnsizE
O |, | | 25 O |SHEAR STRENGTH kPa
ELEV DESCRIPTION el s < 28| E ———i DISTRIBUTION
DEPTH 2|3 b > 38| < |© unconFineD + FIELD VANE Y )
51 z E ©| © |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
313.5| Ground Surface * . 20 40 60 80 100 20 40 60 kN/m® [GR SA SI CL
0.0[ Topsoil ~
313.1 [~
0.4] sand with silt, organics '.'. 313
Loose Brown Moist o o
312.3 N
1.2] Granitic Gneiss
Bedrock 312
High strength 1 |re| Rec RQD 06%
Unweathered NQ | 100%
Excellent qualit
d Y 311
Refer to Table_ A for
detailed description
2 | RS | focs 310 RQD  100%
309.2
4.3| End of borehole

Borehole charged with
drilling water

ON_MOT VER 3A 04TF006_SMR.GPJ ON_MOT.GDT 12/13/04 8:59:15 AM

20
7 5. Numbers refer to
+ X7 Sensitivity 15—({)—5 (%) STRAIN AT FAILURE
10



@i Peto MacCallum Ltd

Foundation Design

RECORD OF BOREHOLE No 3-110 1 of 1 METRIC
W.P. 62-86-00 LOCATION Co-ords. 5 005 969 N; 319 508 E ORIGINATED BY F.P.
DIST 52 HWY 11 BOREHOLE TYPE Hollow Stem Augers and NQ Coring COMPILED BY F.P.
DATUM Geodetic DATE October 22, 2004 CHECKED BY
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | . W [RESISTANCE PLOT NATURAL | rewarcs
ol I PLASTIC yiyisTupe HQUIDL T
= n |23| 8 20 40 60 8 100 |UMT  content HMIT S O &
O | w =2 z L L L L L oy GRAIN SIZE
e =) = Wp w W, 2
ELEV ala|d = 25 g SHEAR STRENGTH kPa S — DISTRIBUTION
DEPTH DESCRIPTION Z|3|F| 3> |38| £ |0 UNCONFINED  + FIELD VANE Y %)
51 z E ©| © |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
314.5| Ground Surface * . 20 40 60 80 100 20 40 60 kN/m® [GR SA SI CL
0.0[ Topsoil ~
314.1 [~
0.4] sand with silt, organic '.'. 314
Loose Brown Moist o o
o o
] 313
312.8 i
1.7] Granitic Gneiss
Bedrock
High strength
RC| REC 0
Unweathered 1InNg| 92% 312 RQD - 92%
Good to excellent quality
Refer to table_ A for
detailed description
311
RC| REC
2 |%6| So% RQD  80%
310
30

9.3
5.2| End of borehole

Borehole charged with
dri ng water

ho
1

ON_MOT VER 3A 04TF006_SMR.GPJ ON_MOT.GDT 12/13/04 8:59:21 AM

20
7 5. Numbers refer to
+ X7 Sensitivity 15—({)—5 (%) STRAIN AT FAILURE
10



@ o Peto MacCallum Ltd

Ontario
Foundation Design
RECORD OF BOREHOLE No 3-111 1 of 1 METRIC
W.P. 62-86-00 LOCATION Co-ords. 5 005 948 N; 319 512 E ORIGINATED BY F.P.
DIST 52 HWY 11 BOREHOLE TYPE Manual Hand Sampler COMPILED BY F.P.
DATUM Geodetic DATE October 22, 2004 CHECKED BY
SOIL PROFILE SAMPLES |, W | CONE FENETRATION
& 3 pLasTic NATURAL o = REMARKS
) MOISTURE = I
= 2z 9 LiMIT umt| £ & &
1) 5 %) 20 40 60 80 100 CONTENT z =
=Rl w |22 z . . . . L e w w | 9L | cransize
O |, | | 25 O |SHEAR STRENGTH kPa
ELEV DESCRIPTION el s < 28| E ———— DISTRIBUTION
DEPTH |3|F s 38| < |© unconFineD + FIELD VANE Y )
51 z E ©| © |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
313.6| Ground Surface * . 20 40 60 80 100 20 40 60 kN/m® [GR SA SI CL
§-8\Peat, coarse fibrous O3
Sand, *
318-2 tracé silt, organics o o 313

End o orehole
Refusal on probable bedrock

* Borehole dry on _
completion of drilling

ON_MOT VER 3A 04TF006_SMR.GPJ ON_MOT.GDT 12/13/04 8:59:24 AM

20
7 5. Numbers refer to
+ X7 Sensitivity 15—({)—5 (%) STRAIN AT FAILURE
10



Ministry of
Transportation

Ontario

Peto MacCallum Ltd.

Foundation Design

\ngse B[ﬁmi Moist
End o orehole

Refusal on probable bedrock

RECORD OF BOREHOLE No 3-112 1 of 1 METRIC
W.P. 62-86-00 LOCATION Co-ords. 5 005 970 N; 319 510 E ORIGINATED BY F.P.
DIST 52 HwWY 11 BOREHOLE TYPE Manual Hand Sampler COMPILED BY F.P.
DATUM Geodetic DATE October 22, 2004 CHECKED BY
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES |, W |RESISTANCE PLOT CATURAL REMARKS
W, P4 PLASTIC SR LIQUID £
= Sz| 3 20 40 60 80 100 LiMIT umrl £ &
[} o n CONTENT z =
9| w 22| z : ! ! : ! W, w w | @2 | craNnsizE
O |, | | 25 O |SHEAR STRENGTH kPa
ELEV DESCRIPTION s & 2 |Z28]| E ———— DISTRIBUTION
DEPTH I|3|F > |38| £ |o unconFiNeD + FIELD VANE Y )
51 z E ©| © |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
314.6| Ground Surface * . 20 40 60 80 100 20 40 60 kN/m® [GR SA SI CL
§-8\Peat, coarse fibrous O3
racé silt, organics o .
313.8 g . 314
0.8

ON_MOT VER 3A 04TF006_SMR.GPJ ON_MOT.GDT 12/13/04 8:59:28 AM

+7 ,X5 . Numbers refer to

Sensitivity

20
15_(:)_5 (%) STRAIN AT FAILURE
10



Ministry of
Transportation

Peto MacCallum Ltd.

Ontario
Foundation Design
RECORD OF BOREHOLE No 3-113 1 of 1 METRIC
W.P. 62-86-00 LOCATION Co-ords. 5 005 958 N; 319 506 E ORIGINATED BY F.P.
DIST 52 HWY 11 BOREHOLE TYPE Manual Hand Sa_mpler COMPILED BY F.P.
DATUM _Geodetic DATE October 22, 2004 CHECKED BY
SOIL PROFILE SAMPLES |, W [PYNAMIC CONE PENETRATION
Y pLasTic NATURAL o e REMARKS
B2l 3 umir - MOISTURE . “jrvrl £ & &
= " <5| o 20 40 60 80 100 CONTENT zZ 0
9| w |22 z : ! ! : ! W, w w | @2 | craNnsizE
O |, | 3 25 O |SHEAR STRENGTH kPa
ELEV DESCRIPTION el s 2 |Z28]| E ———— DISTRIBUTION
DEPTH <3| F > |38| £ |o unconFiNeD + FIELD VANE Y %)
51 z E ©| © |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
314.2| Ground Surface * . 20 40 60 80 100 20 40 60 kN/m® [GR SA SI CL
0.0 Bedrock at surface

* Borehole dry

ON_MOT LINES OVER BDRY 2 04TF006_SMR.GPJ ON_MOT.GDT 12/13/04 8:57:0.

-'J:7AM

><5 . Numbers refer to

Sensitivity

20
15_({)_5 (%) STRAIN AT FAILURE
10



Ministry of
Transportation

Peto MacCallum Ltd.

Ontario
Foundation Design
RECORD OF BOREHOLE No 3-114 1 of 1 METRIC
W.P. 62-86-00 LOCATION Co-ords. 5 005 959 N; 319 509 E ORIGINATED BY F.P.
DIST 52 HWY 11 BOREHOLE TYPE Washboring and NQ Coring COMPILED BY F.P.
DATUM Geodetic DATE October 22, 2004 CHECKED BY
SOIL PROFILE SAMPLES |, W | CONE FENETRATION
& 3 pLasTic NATURAL o = REMARKS
E2| o umt  MOISTURE . vl £ & &
= " <5| o 20 40 60 80 100 CONTENT zZ 0
9| w 22| z : ! ! : ! W, w w | @2 | craNnsizE
O |, | | 25 O |SHEAR STRENGTH kPa
ELEV DESCRIPTION el s < 28| E ———i DISTRIBUTION
DEPTH <(3 = > 38| < |© unconFineD + FIELD VANE Y %)
51 z E ©| © |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
314.4| Ground Surface * . 20 40 60 80 100 20 40 60 kN/m® [GR SA SI CL
0.0[ Boulder (0.9 m thick)
314
313.5
0.9 Probable sand CC
Brown -.0 313
.
.
311.9 o o 312
2.5| Granitic Gneiss
Bedrock
High strength
RC| REC 0
Unweathered 1 ING| 100% 311 RQD  100%
Excellent quality
Refer to Table_ A for
detailed description
2 |R6| 5% 310 RQD  97%
309
3R | foc RQD  100%
308
307.7
6.7] End of borehole

* Borehole
drilling water

charged with
te

ON_MOT VER 3A 04TF006_SMR.GPJ ON_MOT.GDT 12/13/04 8:59:32 AM

+7 ,X5 . Numbers refer to

Sensitivity

20
15_(:)_5 (%) STRAIN AT FAILURE
10



@t Peto MacCallum Ltd
Foundation Design

RECORD OF BOREHOLE No 3-115 1 of 1 METRIC
W.P. 62-86-00 LOCATION Co-ords. 5 005 960 N; 319 511 E ORIGINATED BY _F.P.
DIST 52 HWY 11 BOREHOLE TYPE Manual Hand Sampler COMPILED BY F.P.
DATUM Geodetic DATE October 22, 2004 CHECKED BY

SOIL PROFILE DYNAMIC CONE PENETRATION

[
>
<
T
=
m
wn

w  |RESISTANCE PLOT
.ﬁ'jm z pLASTIC NATURAL  LiquiD L REMARKS
= n |23| 8 20 40 60 80 100 LMIT  “content  UMIT[ 3 © &
2lg|,| 4 EE 2 . L L L L We w w | 22 GRAIN SIZE
ELEV ESCRIPTION 5l || 2 |25 2 [SHEARSTRENGTHKPa . DISTRIBUTION
DEPTH <3| F > |38| £ |o unconFiNeD + FIELD VANE Y )
51 z E ©| © |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
w
314.4| Ground Surface * 20 40 60 80 100 20 40 60 kN/m® [GR SA SI CL
§-%\Peat, coarse fibrous O3
Sand, . _ c 314
trace silt, organics .
o o
Loose Brown Moist o o
313.3 .
1.1] End of borehole

Refusal on probable bedrock

* Borehole dry on _
completion of drilling

ON_MOT VER 3A 04TF006_SMR.GPJ ON_MOT.GDT 12/13/04 8:59:36 AM

20
7 5. Numbers refer to
+ X7 Sensitivity 15—({)—5 (%) STRAIN AT FAILURE
10



Ministry of
Transportation

Peto MacCallum Ltd.

Ontario
Foundation Design
RECORD OF BOREHOLE No 3-116 1 of 1 METRIC
W.P. 62-86-00 LOCATION Co-ords. 5 005 966 N; 319 527 E ORIGINATED BY F.P.
DIST 52 HWY 11 BOREHOLE TYPE Manual Hand Sa_mpler COMPILED BY F.P.
DATUM _Geodetic DATE October 22, 2004 CHECKED BY
SOIL PROFILE SAMPLES |, W [PYNAMIC CONE PENETRATION
Y pLasTic NATURAL o e REMARKS
B2l 3 umir - MOISTURE . “jrvrl £ & &
= " <5| o 20 40 60 80 100 CONTENT zZ 0
9| w |22 z : ! ! : ! W, w w | @2 | craNnsizE
O |, | 3 25 O |SHEAR STRENGTH kPa
ELEV DESCRIPTION el s 2 |Z28]| E ———— DISTRIBUTION
DEPTH <3| F > |38| £ |o unconFiNeD + FIELD VANE Y %)
51 z E ©| © |e QUICKTRIAXIAL X LABVANE WATER CONTENT (%)
316.6| Ground Surface * . 20 40 60 80 100 20 40 60 kN/m® [GR SA SI CL
0.0 Bedrock at surface

* Borehole dry

ON_MOT LINES OVER BDRY 2 04TF006_SMR.GPJ ON_MOT.GDT 12/13/04 8:57:24.

¥

><5 . Numbers refer to

Sensitivity

20
15_({)_5 (%) STRAIN AT FAILURE
10



South Mary Lake Road Underpass
Highway 11, Site 42-193, WP 62-86-02, Index No.: 072FIR
PML Ref.: 04TF006-SMLR, May 17, 2005

APPENDIX A

Previous Record of Boreholes and Laboratory Test Results



OW MOT QLD 911-1104.GPJ OH MOT.GOT 5314

Mirigdry af
@ Tm:gnaum Foundalicn Dasign
Oniario
A R RECORD OF BOREHOLE No 3-1 tor2  METRIC
WP, 52-B6-00 LOCATION N s0asegs; E 313538 ORIGINATED BY S8
DIST 57 HWY 11 BOREHOLE TYPE_10Bmm Hallow Stam A COMPILED BY DHE
DATUM _Geodetic DATE JEn. 3 CHECKED BY ASF
OWNAMIC CONE PENETRATION
S0IL PROFILE SAMPLES | o | 4 [REsiSTance FLoT G TR
=8 PLAIIE pelorne. HO00| =
= e ED " 1 40 &0 80 100 coneny WM = O &
= i = | 2 e we w w | 58 | cransize
- LIz B 4125 SHEAR STREMGTH kPa
ELEW ECCRIET] = o = E E ——l————i DISTRIBUTICMN
BEFTH CESCRIPTION 5 £l | & 9 I |o unNcONEINED  + FIELD vaNE : ¥ o
= - % L |® cucxTRAXAL x REMOULDED] VYATER CONTENT [%)
310.4) GROUND SUREACE = 20 40 8 80 10 0. 20 30 kpiim® |GR S4 81 CL
0.0 Silty Sand ta Sand, some aill, oo 1
orpanics ta 3.0m depth I
Loosa to compact : 310
Brown ;
Rhaisd ko wed H]
H1|8| s
H =08 l
{3 | |
Tl 2| =8 [ n o
] 308
L] 3 58 E
A q 55 5 307 1
I
5 55 -] =] 9 82 M1\ 0
30
Ml e | & | 10
4.9 305
EE Sizy Clay, race sand, ooz, 1hin
sard intarayers
ST 1o firm
Girey
Maitst b wes 2o e 304 o
303
55 4 | | H—| o a 7 72 &3
ap2
25 a 301
0.7 |
a7 SiK, brace sand
‘Compacl
Greny
e 200
gz | 18 o a2 = 9
299
ZHET
1.7 Sty Gand. frace io same gravel, I
trace ciay, o6s. cobbkas (Glacial 5
Tilly b
Darsa 3
Gray 1] 11 | 58 298]
Vet 1k
1
: 287
a2 | == | o
B2 i
142 fri= ]
Cantinued Mext Pags =
3 +3 w3 MNumbemreferis o 3% crpun a7 FAILURE

Sensitivity



?Jla-lspaﬁ,;llm

Foundation Dasign

4

B

On_MOT OLD 011-1104.GPJ ON MOT.G0T

Crrlaria
FROJEET  tiiibe RECORD OF BOREHOLE No 341 sor2  METRIC
WP B2-BE-00 LOCATION H 5005539, E 318528 ORIGINATED BY 58
DIST 52 HWY _11 BOREHOLE TYPE__108mm Helow Slem bugers COMPILED BY ___DKE
DATUM _Gesdetic DATE Jan.31/01 CHECKED BY AR
DY HARIL: CLME PENETRATION
S0IL PROFILE SAMPLES & "a," RESISTAMCE PLDTE_-_' METLRA REMARKS
= % FLASTIC Grpempe bOUD] =
E - w f = B 20 40 6D HID 1?.-_-' LT et uwr| £ ,;E, A
= =z = X = ERAIM SIZE
ELEY DESCRIFTION A F1R |2 E @ [|SHEAR STRENGTH ks o P " i = DISTRIELTION
DEFTH = é % - = 5 8 § & UNCOMFINED + FIELD WANE T 1)
7] e = % G |e cuckTramaL x mEmouLDer| WATER CONTENT (%) )
— CONTINUED FROM PREVIOLES PAGE — o 20 40 &0 BD 100 0 = 3 s loR =4 31 oL
Biotne granite GHNEISS
Dark grey-nlack with white =
spackles and stresks, foliated 285
Slightly wealharad fo frash |
Medium jainked, caarse 1o vary
2045 Coars grainacd vary 1o axiramaly |
ig.af | drem -
Occasional pink, very coans |
prained rorms. |
|
Badrock cared Trom 14.2m 1o
18.1m depih
Far badreck caring details rafar o | 1
EMD QF HOLE
Mt
1, Water level measurad in
plezomatar at 6.5m {E1 303.9m)
upan completion of installation
2. WBtar leval massuran in
piezameaber al 1.0m depth {EI
A5 . 4rm) on February 27,2001
3. Wabar Ievel maaswnad in
piezomater al 0.8m dapih (Bl
309, 6m) on Apell 21,2001
|
|
|
|
3 .3, Numibers refir b

+

]
o TRAIN AT FAILLIRE
Sansithty 5



PROJECT: 011-1104 RECORD OF DRILLHOLE: 3-1 SHEET 3 OF 5

MISS ROCE 1104ROCK.GPJ GLDR CAR.GOT 5504 MMZ

LOCATICN; N 5005825, E 315428 DRILLING DATE. Jauary 31, 2001 DATUM:  Gandalie
e B R T DRILL RIG. CME 55 BOMBARDIER
DRILLING CONTRACTOR: Marathon Driling
g - W e FAGMOOTH | FLFLERLRED  BG.BRORENCORE
EJ a a = 2 CLCLESVASE  LIoiNT RADUEH LE-LRMITEN MELWECH BREAK
a8 B =¥ g z . | SHEHEAR: PPOLEHED ST-5TEFFED WY B-EEDDAMG E'g? MNOTES
- E OESCRIPTION § ELEV. = I El | e 251 i KEKSIDED FL-PLANAR CEURMED 2 ..E WATER LEVELS
k| 2 g |oermh) S [SE mecovery [ Teasct DVSCONTINATY DATA rrorsc [ ZEH| INSTRUMENTATION
] = = | 2 | E | tow | san P NLETER e TR R
=1 = - £ 3 comen | conex PEADY benew wor| TYREAMD SURFACE | | K omiles 5
] * |=lzzza)sasa]|eavnfo.ees].ges| RPN | s ebB |
]
- m—'-ml |
B Biohta granite GHEISS LLF
L Dtark grey-black with occasional whils 1
- speckles and streaks, foliahed b LPH i
r Slightly weatfered o fresh ]
a ,5 Macium |oinfed, coarse ko very coarse ]
z g| | grained, very to eutremnety sirceiy i ]
e Oceasiona pnk, very coarss graned r e =
e 2 zoras ]
B - 7|
B 3| :
E 3| ]
g z ]
[ 18
B EMD QOF HOLE 1
s =
: | -
[ | | ]
B | ]
L @ | -
. B
e -
[ A
; l 1
[ = =
g | ]
- | | _
k. =
[ | ]
DEFTH SCALE G(]l LOGGED: 58
1:50 CHECKED: PG




O MOT CLD 01-1104.GF) O MOT.GOT S3MmE

i af
[ f e I

Foundatan Design

Crraria
PROJECT  ai1.41ps RECORD OF BOREHOLE No 3-2 10F 2 METR‘C
WP, B2.B8-00 LOCATION M 5005844 E 515466 ORIGINATED BY _58
DIsT 82 HWY 11 BOREHOLE TYPE__106mm Halkw Stem Augers COMPILED BY __okgp
CATUM _Geodetic DATE Fab. 20001 CHECKED BY ASF
SOIL PROFILE SAMPLES | W LI SORE FERE TRATION
& {'_j. RESISTAMCE PLOT PATLFAL L = REMARES
= MIOISTURE = I
5 S Z2l = 2 40 EBQ BD 100 LIWIT ueTl 5 5 3
e i i e i w0 w wo| S& | cramsee
ELEW CESCRIPTION = g & 2 == E SHEAR STREMGTH kPa E it DISTRISUTION
CEFTH LR £|S|E| > |Z5| = |° NCONFINED  + FIELDWANE ¥ P
El= = |go G |® auckTRamAL x REMOULDED WATER CONTENT (%) 53
311.4] GROUND SURFACE . 2 40 &0 B 1M o 2 0 kb’ |GR S S L
a.0 Topsoil ==
A = el
0.6 Silty Sand %o Sand, some st ooc ).
organics 1o 2,1m depth I) B
ey looss Lo compact H] 1 | 58 1 :
Brown, bacoming prey befaw 2.0m :
depth § 310
Muais bo wel Al
fliz|ss |
[5q |
;i |
-+ a0g
3| 58 a o 0 ™ X
y i
a 1
Halss | o apa
18| ss| 1o | @
058 13 307
4 B Clayey Sill, rsca sand I
Seif 4 L] 55 18
Gray 414
Keaist Il
’f/- 308
L1
’f
? |
il 7| 58 [ 5 305 = D & 84 D
"’f |
H
f’,
M
38 M| 04 1
7.5 Sity Sand. trace 1o sama graval,
trace clay, ooo, cobblas (Glacisl o
T 11 B | 55 20
Compact )
ey 1T
Wiat | 03
|
|
Tl & | == 302 =}
301.3 =
161 Siatite grane GMEISS
Dk Qray-black with whits a
speckles and sireaks fokaied
Slightly weathersd to frash
Mediumm jointed, coarss ho vary
caarse grained, very bo extremely
strang
Deeasional pEnk, Yary Coarse 300
grained zanss
Bedrack carad fram 10.7m
13.7m dapth
Far bedrock canng detais refer o 268
Racord of Drilhale 3-2
298}
2877
1.7
ConnuRd haxt Fage e %
42,3 Mambesmfarie 538 orp oy AT FAILLIRE

Sansitivity



ON MOT LD 01-1104.GP) ON_MOT GOT 6304

Miris of
@Trma?mmn Faundatian Desgn
Criaria
ot mpar b e RECORD OF BOREHOLE No 3.2 oor2  METRIC
WP, _ &zBe00 LOCATION N SDO558d, E 318458 ORIGINATED BY 58
DT 52 HWY 11 BOREHOLE TYPE__108mm Holitw Stem Augars COMPILED BY __DEB
DATUM _Gaodesc DATE Fab. 2001 CHECKED BY ASP
S0IL PROFILE SAMPLES | . e e T
Py 5 AT e e |©, L (RN
= i - moisTRE SRR i
ol a |25 20 4 B Bl 0D ECHTENT il AR
2 Tlw| w 3 lak Wa w Wy,
e CESCRIPTION clel=| 2|28 § SHEAR STRENGTH kPa T Z DISTRIBLTION
== S0 (5| F |2 |38| = [o weonemeD  + mEDvane L ¥ e
& £ |5°]| @ | QUCKTRANAL x REMOULDED] WWATER CONTENT (%) :
— CONTILAED FROM PREVIOLIS PAGE — m 0 40 M M A0 1 20 wm? |em sa 51 oL
END OF HOLE | T
Mo | |
1. Wiater baved measwred in | | |
piezomeler at 10.0m {El. 201 4mj)
wpan completan of nstalation
2, Watar lavel measwad in
plazometer g 1.0m oapeh (). |
F10.4rn} an February 27 2001,
A, Water lavel measured in
piazometer @ 0LEm dapeh ().
310.6m) on Agril 21,2001
|
|
|
|
|
43, Mumhemrelortd o3 aypay AT FAILLRE

Sensitity



RECORD OF DRILLHOLE:

3-2

MISS ROCK 11M4ROCK.GPJ GLDR_CAM.GOT S04 MMZ

PROUECT. O11-1104 SHEET 2 OF 2
LOCATION: M 5005544, E 319456 DRILLING DATE, Febnary 1, 2001 DATUME  Geodens
INCLINATION 500 ATMUTH — DRILL RIE CME 55 BOMBARDER
DRILLING CONTRACTOR Marsthon Driling
[=1 L= z FRIFE FRACTIIRE F-FAULT BN RROTH FLFLEZLRED  RC-RROCENCORE
o & B T [f{o| CLOLEAVAGE  LACINT LELMEVEN  ME-NECH REAK =
jm ﬂj = = i ] ET-BTEPPED WY B-BEOIC b E'g{ KROTES
h =
o f} LR Q :’ I E I S SLICKENEIDED PL-PLANAR E-Cuivalin :‘-::-‘T WATER LEVELS
Ey | = § 2 3 E CASCONTINUITY DATA ol Egg INSTRUMENTATION
et = = ¥ g = a
8 i & < E leone | TYPLanD supracy | K oowise S &
[ g DEBCRFTICN ===} :
E Bictia granite GNEISS i r
E Dark grey-black with white speckies and f
€ sireaks, faliabed | ]
[ Slighlly wealrared o frash | 3
- Madum jointed, CORSR 12 Wary CORMGR | A
B graned, very 1o exiremaly sirang 1
[ Orasioral pink, vary coanse grained LR ]
it zones, [™2FR i
L 5 ]
E w
E g PR (Fad) |
- F [ X P iFan) E
[ wa|E i
i -
E |
= T -
e 3
5 END OF HOLE | ]
14 | =]
| ]
| e
B -
E | ]
| 4
B 5
e =
L = i
[ = =
DEFTH SCALE LOGGED: 58
1:50 CHECKED: FDG




Mirvsiry af
Tl!mnmum

Cniaria

Faundatian Design

WP.
DIST

PROJECT _0ii-1104

52-B6-00

52 HWY 11

DATUM _Geodatic

RECORD OF BOREHOLE No 3-3

LOCATION

BOREHOLE TYPE__108mm Hollow Stem Augers

DATE

N SO0SEED; E 318503

1.0F 1

Feb. 101

S0IL PROFILE

:

ELEV
H

314.2

DESCRIPTICN

GROUND SURFACE

STRAT PLOT

MUMBER

TYPE

N VALUES

GROUND WATER

COMDITIONS

CYHAMSC CONE PEMETRATION
RESISTANCE PLOT

2 40 &0

METRIC

ORIGINATED BY _sB
COMPILED BY __DKB
CHECKED BY ASPE

PLAETIC

ELEVATION SCALE

i i 1
SHEAR STREMGTH kPa
O UNCOMFINED
® OUICK TRIAMIAL X REMOULDED

Wp

+ FIELDVANE

20 40 80 B0 100 10

MATURAL
MOESTURE
8o 104 LT conTENT

W

A e,
WWATER CONTENT (%) ¥ ()
o 0 em® JGR SA 51 CL

REMARKS
&
GRAIM SIZE
DISTRIBUTICHN

LICHLi
LIdIT]

L

UNIT
WEIGHT

0.0
3137

Silty Sand with roots/organics
Biackish brown

0.5

327

el
Bict#a granite GMWEISS
Dark grey-black with white
speckias and streaks, foliated
Slightly waathered &0 frech
Madium joried, coarse fa vty
coarse grained, vary fo exd

1.5

O MOT _OLD 011-1104.GP) OH_MOT GOT S04

SIrong
Decasional pink, wary Goarse
grained zaones

Bedrock conad from 0.5m 1o 1.5m
depth

For bedrock conng detais refer to

END OF HOLE

Haole:
Cora bared bumi oul &t 1.5m depthy

+3 x?

Humbers refer io
Sensitivily

g STRAIM AT FAILURE



PROJECT: 011-1104 RECORD OF DRILLHOLE: 3-3 SHEET 2 OF 2
LOCATION: N 5005560 E 315503 DRILLING DATE:  February 1, 2001 DATUM  Gaodatic
INCLINATION: -50° AZIMUTH: — DRILL RiG. CME 55 BOMBARDIER
DRILLING CONTRACTOR: Marathon Driling
o w [og] FRFEFRACTURE AT SMEMOOTH | FLPLENORED  BC-BAOKEN CORE
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Sand to Silty Sand FIGURE 1
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GRAIN SIZE DISTRIBUTION FIGURE 6
Silty Clay to Clayey Silt
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South Mary Lake Road Underpass
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South Mary Lake Road Underpass

Highway 11, Site 42-193, WP 62-86-02, Index No.: 072FIR LP/ﬁB

PML Ref.: 04TF006-SMLR, May 17, 2005

Plate 2. Biotite Gneiss Borehole 3-101, Rock Cores 13 and 14 at west abutment
(South Mary Lake Road)

Appendix B, Page 1 of 3



South Mary Lake Road Underpass

Highway 11, Site 42-193, WP 62-86-02, Index No.: 072FIR Lp/ﬁp

PML Ref.: 04TF006-SMLR, May 17, 2005

OCT 2)-

Plate 4. Granitic Gneiss Borehole 3-105, Rock Core 10 at Centre pier (South Mary Lake Road)

Appendix B, Page 2 of 3



South Mary Lake Road Underpass
Highway 11, Site 42-193, WP 62-86-02, Index No.: 072FIR
PML Ref.: 04TF006-SMLR, May 17, 2005
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Plate 6. Granitic Gneiss Borehole 3-114, Rock Cores 2 and 3, at east abutment
(South Mary Lake Road)
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APPENDIX C

SRS Rock Survey Report

(Geophysics GPR International Inc.)



GEQOPHYSICS GPR INTERNATIONAL INC. 6741 Columbus Road Tel.: (905} 696-0656

Unit 103 Fax: (905) 696-0570

Mississauga. Ontario gprior@on.aibn.com

Canada L5T 2G9 www.gaaphysicsgpr.com
December 15, 2004 our file: TO4670

Carlos Nascimento, P.Eng
Peto MacCallum Limited
165 Cartwright Avenue,
Toronto, Ontario,

M6A 1V5

RE: South Mary Lake Road Seismic Refraction Soundings

Geophysics GPR International Inc. was requested by Peto MacCallum Limited to
perform seismic refraction soundings at South Mary Lake Road west abutment in the
District of Muskoka, Ontario.

The surveys were performed November 4, 2004.

The primary aim of the investigation was to produce depth profiles to overburden layers
and bedrock

logy:

Basic Theory

The seismic refraction method relies on measuring the transit time of the wave that takes
the shortest time to travel from the shot-point to each geophone. The fastest seismic
waves are the compressional (P) or acoustic waves, where displaced particles oscillate in
the direction of wave propagation. The energy that follows this first arrival, such as
reflected waves and transverse (S) waves, is not considered under routine seismic
refraction interpretation. Figure 2 illustrates the basic operating principle for refraction
surveys.

Survey Design

A seismic spread typically consists of 24 vibration monitoring devices (geophones)
connected in line (spread) to a seismograph (ABEM Terraloc Mark 6) by two 12
connector cables. Seismic pulses (shots) are then generated at various locations with
respect to the spread. This seismic investigation used spacing between geophones of 3m.
Typically seven shots were executed: five shots within the profile to obtain the lateral
velocity variation in the overburden and two shots on either side of the spread to provide
the true velocity of the bedrock surface.



Fracture Zone:
(Low WAooy

Figure 1: Seismic Method Operating Principle

A “buffalo gun” (a muzzle loaded instrument used to detonate blank 12-gauge shells
approximately 30 to 80cm below surface) was used as an energy source for this
investigation. This energy source is typically sufficient for shallow to intermediate
depths of investigation (0 to 20m).

Interpretation Method and Accuracy of Results

Interpretation of the seismic data was done using Hawkins’ method and double checked
by the critical distance method. This method provides information on the thicknesses of
the various overburden layers, depth to bedrock and rock quality. It is based on the
closure times of the inner shots. It calculates the true velocities of the rock using the
apparent velocities, with the information provided by the outer shots.

The seismic refraction method allows the determination of the bedrock profile with a
precision of 10% or better for depths greater than 10 m and a precision of 1 m for depths
less than 10 m. The precision in the determination of rock velocities is plus or minus 3%.
The wvertical contacts (lateral velocity change), usually associated with faults and deep
valleys, are generally accurate to within 5 m in width; although, this is somewhat site
specific.

Results:

One seismic profile was collected and there is enclosed one drawing that identifies the
centre of the abutment as 0.0. The profile is orientated from south to north.

Ideally it is possible to determine the depth to bedrock beneath each of the 24 geophones;
however, at this site this was not possible due to a combination of the strength of the
energy source, the seismic noise from the highway and the depth of the rock.



A borehole was available at 0.0 where a depth to bedrock of 12.5 meters was measured.

The original interpretation identified two layers above the bedrock. There was a
suspected third layer with a very high velocity directly over the bedrock. The estimated
velocity of the hidden layer could be as high as 2,500 m/s, which is typical of basil till.
The hidden layer is not indicated because the exact thickness is not known. As a result
the velocity of the second layer was increased from the measured value of 1525 m/s to
2000 m/s in order to adjust the bedrock depth to match the borehole.

If you have any questions or comments, do not hesitate to contact me.

Sincerely,

A, s 1
U \_\/6«4
Milan Situm, P.Geo.
Manager
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Peto MacCallum Ltd,

CONSULTING ENGINEERS

FOUNDATION DESIGN REPORT
for
South Mary Lake Road Underpass
WP 62-86-02, Site 42-193
Highway 11
Township of Stephenson
District 52, Huntsville

1. INTRODUCTION

This report provides foundation engineering comments and recommendations regarding design
and construction of the foundations, abutments and approach embankments for the proposed
construction of an underpass at South Mary Lake Road and Highway 11 located some 14 km
south of Huntsville, Ontario. The investigation was conducted for McCormick Rankin Corporation

(MRC) on behalf of the Ministry of Transportation of Ontario.

The South Mary Lake Road alignment passes over Highway 11 at Station 14+079.36, Highway 11
Chainage, in the Township of Stephenson (ref. Drawing 1 “South Mary Lake Road Underpass
Highway 11 — General Arrangement” prepared by MRC in July 2004). Data from the preliminary
foundation investigation carried out by Golder Associates Limited (GAL) reference No. 011-1104

dated April 2001 was used during preparation of this report.

The new South Mary Lake Road/Highway 11 underpass comprises a two-span structure with two
equal spans of 45 m for a total length of 90 m. The road grade at the west abutment of the new
underpass is planned at elevation 319.5 and at elevation 321.5 the east abutment. Based on the
existing ground levels, there will be about 9 m and 7 m of embankment fill placed at the west and
east abutments, respectively. No fill or cut is anticipated at the centre pier foundation that is

planned on the existing Highway 11 median centreline.

The subsurface stratigraphy varies from deep soil cover in excess of 9.5 m at the west approach
embankment, west abutment and centre pier to shallow 0.0 to 2.5 m deep soil cover (typically less
than 1.0 m deep), with bedrock outcrops exposures and boulders at the east abutment and

approach embankment.

The stratigraphy at the west approach embankment, west abutment and centre pier foundations

generally comprises localized fill or peat deposits covering typically loose to compact sandy silt/

165 Cartwright Avenue, Toronto, Ontario M6A 1V5
Tel: (416) 785-5110 Fax: (416) 785-5120
E-mail: toronto@petomaccallum.com

BARRIE, BRAMPTON, HAMILTON, KITCHENER, TORONTO



South Mary Lake Road Underpass

Highway 11, Site 42-193, WP 62-86-02, Index No.: 073FDR @B

PML Ref.: 04TF006-SMLR, May 17, 2005, Page 2

silty sand interbedded with stiff to very stiff clayey silt layers and compact to dense silt/sandy silt
mantling bedrock. The clayey silt layers are 1.9 to 4.2 m thick at the west abutment and 2.9 m
thick at the centre pier. (The clayey silt was classified as silty clay in the previous GAL

boreholes.)

The stratigraphy at the east approach abutment boreholes comprises topsoil and loose sand with
varying amounts of silt over bedrock and exposed bedrock outcrops. The soil cover contains an

isolated large 900 mm thick boulder at the surface near the centre of the abutment area.

The depth below grade and surface elevation of the bedrock identified in the boreholes drilled at

this site are summarized in the following table:

BOREHOLE DEPTH TO ROCK BEDROCK
LOCATION No. (m) ELEVATION
3-103 > 6.7 < 303.7
West Approach
3-4 > 8.2 <302.0
3-101 14.2* 296.5
3-102 11.7* 298.8
West Abutment
3-104 12.5 298.4
3-1 14.2* 296.2
3-105 10.9* 300.8
Centre Pier 3-106 9.5* 301.9
3-2 10.1* 301.3
3-107 0.0** 313.6
3-108 0.9 313.2
3-109 1.2* 312.3
3-110 1.7* 312.8
3-111 0.6 313.0
East Abutment 3-112 0.8 313.8
3-113 0.0 314.2
3-114 2.5% 311.9
3-115 1.1 313.3
3-3 0.5* 313.7
3-5 0.9 313.6
East Approach 3-116 0.0 316.6

* - Confirmed by rock core ** - Boulders at surface
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2. EOUNDATIONS

2.1 General

2.1.1 West Abutment and Centre Pier

The soil/bedrock interface at the boreholes drilled for the west abutment is 11.7 to 14.2 m below
grade and 9.5 to 10.9 m at the centre pier of the proposed bridge structure. The relative
density/consistency of the soils at the west abutment and centre pier is typically loose to
compact/stiff to very stiff therefore the soils are not considered suitable to support these structure
foundations on spread footings. It is recommended to support the west abutment and centre pier
on piles driven to bedrock. The presence of boulders within the soil immediately above the
bedrock should be noted since the boulders may damage the piles and/or cause the piles to reach
false refusal. Drilled caissons designed to support the foundations on rock is not considered a
feasible alternative, due to the presence of boulders immediately above the bedrock and the wet

condition of the native soils that would cause difficulties during construction.

2.1.2 East Abutment

The soil/bedrock interface at the boreholes drilled for the east abutment of the proposed bridge
structure is 0.0 to 2.5 m below existing grade. Foundation alternatives for the abutment consist of
spread footings constructed on bedrock or engineered fill. All boulders such as the 900 mm thick
boulder that was encountered at the centre of the east abutment should be removed from the

footing location.

Use of steel H-piles to support the east abutment foundation loads will be dictated by structural
design considerations. The feasibility of employing integral abutments supported on steel H-piles
will also be subject to structural design considerations and require excavation of a trench in the
bedrock to accommodate the minimum pile length required for integral abutments as indicated in
the MTO Report Ref. No. SO-96-01.
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2.1.3 Comparison of Foundation Alternatives

Footings bearing on bedrock or structural fill and piles driven to bedrock were considered to be
feasible for this project. Caisson foundations were not considered feasible or practical. A
comparison of the relative advantages and disadvantages related to each of the feasible
foundation alternatives is summarized on the following table:

APPLICABLE
FOU?\%A;ION ADVANTAGES DISADVANTAGES FOUNDATION
ELEMENT
Spread  Ease of construction « Need to remove rock to East Abutment
Footings on  Lower cost than deep foundation elevation
Rock foundations » Needs mass concrete to
» High bearing resistance achieve a level bearing
surface
Spread » Ease of construction * Requires the construction of East Abutment *
Footings on  Lower cost than pile a structure fill pad
Structural Fill foundation * Low bearing resistances
* Level bearing surface * Needs erosion protection
* No need for rock
excavation
Piles on » Technique and » Requires construction of a fill West Abutment *
Bedrock specialized construction pad ahead of the approach And Centre Pier *
equipment to drive piles embankment construction East abutment (in
is available in the « Higher installation cost than rock trench)
industry spread footings
* High bearing resistance

Note: * Preferred foundation type for structure foundation element.

Conventional, semi-integral and integral abutments are considered feasible at this site, based on
the foregoing considerations. The type of foundation employed to support the foundation loads of
the proposed structure and the system of bridge design will be dictated by structural
considerations, economic considerations and construction constraints. From a foundation
engineering perspective, use of piles driven to bedrock is the preferred type of foundation for the
west abutment and center pier; spread footings constructed on a pad of structural fill is the

preferred foundation type for the east abutment.

2.1.4 Common Recommendations

The seismic site coefficient for the stratigraphic conditions at this site is 1.0 [soil profile Type I,
Canadian Highway Bridge Design Code (CHBDC), CAN/CSA-S6-00, clause 4.4.6].
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Based on the grain size and relative density/consistency of the soil cover at the site, it is

considered that liquefaction of the soil is unlikely to occur (refer to clause 4.6.2 of the CHBDC).

All footings or pile caps subject to frost action should be provided with 1.8 m of earth cover or
equivalent thermal insulation. A 25 mm thick layer of polystyrene insulation is thermally
equivalent to 0.6 m of soil cover. Footings bearing directly on bedrock do not require protection
from frost.

A list of the standard specifications referenced in this report is provided in Table 1.

2.2 Spread Footings

2.2.1 General

Supporting the east abutment of the underpass structure on conventional spread footings founded

on either bedrock or structural fill placed directly on bedrock is considered to be feasible.

Construction of the footings should be performed and monitored in accordance with SP 902S01 to
verify the competency of the founding surface. All loose fractured rock should be removed from
the rock surface. In addition, a rock engineering specialist should be retained to examine the
integrity and/or impact on bedrock below the footings should rock excavation by blasting be

required near the structure foundations.

2.2.2 Footings Constructed on Bedrock

Footings construction on the existing bedrock surface at the east abutment should be designed
using a factored bearing resistance at ULS of 8,000 kPa. Considering the bedrock to be
non-yielding, the design will not be governed by settlement criteria since the loading required to
produce 25 mm deformation is much larger than the factored capacity at ULS. It is considered that
a reduction of the bearing resistance for inclined loads in accordance with the requirements of
clause 6.7.4 of the CHBDC is not required in view of the tight partings of the rock encountered in

the boreholes.
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The anticipated depths/elevations to bedrock at the east abutment are indicated in the table
provided in a previous section of this report. The bedrock surface ranges from elevations 311.9 to
314.2 at the east abutment. Mass concrete could be placed to provide a level founding surface
for the footings. Alternatively, or the rock surface could be “stepped” in the bedrock surface
thereby creating a level founding subgrade by a combination of rock excavation and placement of
mass concrete. The width of the "steps" should be greater than or equal to the height of the

"steps".

Mass concrete could also be employed to raise the subgrade to the design level of the footings.
The need to expand the plan area at the base of the mass concrete to provide for stress
distribution (2V:1H), place reinforcing steel in the mass concrete and/or use of high strength
concrete to prevent overstressing will be dictated by the actual thickness of the mass concrete

and structural design considerations.

Subject to these comments, the bearing resistance provided for footings bearing on bedrock is
considered to be appropriate for mass concrete with an unconfined compressive strength of at
least 35 MPa.

Comments concerning excavation of bedrock to enable construction of the footings are provided

in subsequent sections of the report.

The horizontal force imposed on the foundations will be resisted in part by the friction force
developed between the underside of the footing and the bedrock. If the footings are cast directly
on the surface of the bedrock (bedrock surface not roughened by excavation/construction
activities), an unfactored friction factor of 0.6 should be employed since this bedrock surface is
expected to be relatively smooth, as a result of weathering and/or glaciation. If excavation of the

bedrock is required, an unfactored friction factor of 0.7 could be used.

The lateral resistance of footings founded on bedrock could be increased by means of a shear
key, sockets and/or by installing dowels/anchors into the bedrock (SP 999S26). The increased
lateral resistance will be provided by the shear strength of steel dowels if used, the horizontal

resistance of the bedrock, the horizontal component of tensile forces developed in any inclined
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anchors and/or a greater frictional resistance between the footing and rock if the anchors are
prestressed to increase the vertical pressure. The factored horizontal resistance at ULS of the
bedrock is considered to be 5,000 kPa.

If dowels are used, a NSSP (Dowels Into Concrete) should be added in the tender documents to
provide specific direction for the contractor during installation and testing of the dowels. A NSSP

should be prepared for the shear key. Fractured rock should be removed from these areas.

Design, installation and testing of the anchors should be conducted in accordance with
SP 999S26 and clause 6.10.4 of the CHBDC. If anchors are installed, a factored bond stress at
the rod/grout interface of 1.4 MPa at ULS (a resistance factor of 0.4 is applied for a minimum
35 MPa grout) is recommended for design. The minimum recommended bond length is 3.0 m
according to clause 6.10.2.3 of the CHBDC. A factored rock/grout bond stress of 400 kPa should
be employed for the first metre of embedment since poor to fair quality of rock was identified in

this zone and 800 kPa for the remaining embedment length.

2.2.3 Footings Constructed on Structural Fill

Footings constructed on structural fill placed on the west approach embankment are not
recommended due to the underlying loose to compact and stiff to very stiff native soils. Footings
constructed on structural fill could be employed to support the east abutment loads provided that
all loose soil and boulders are removed and the structural fill pad is constructed on the exposed
bedrock (elevation 311.9 to 313.8).

The structural fill should comprise OPSS Granular A material placed in maximum 200 mm thick
lifts, compacted to 100% maximum dry density determined by the MTO test method LS-706
(standard Proctor) and extended laterally to a line inclined downwards at 45° to the horizontal
originating at least 1 m from the top of the footing. This scheme is illustrated in Figure 1,
appended. The limits of the required fill pad should be clearly marked and surveyed in the field

accounting for the undulations on the bedrock surface.
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Footings should not be constructed on rock fill. However, rock fill may be placed adjacent to the

Granular 'A' core noted in Figure 1.

The recommended bearing resistance for minimum 2.5 m wide footings constructed on structural
fill (bearing resistance independent of fill thickness due to shallow bedrock at this site) is as

follows:

900 kPa
350 kPa

Factored Bearing Resistance at ULS
Bearing Resistance at SLS

The resistance at SLS normally allows for 25 mm of compression of the founding medium.
Differential settlement is expected to be less than 75% of this value. A footing embedment depth
of 1.8 m and groundwater level below the founding depth was assumed for computation of the

ULS resistance.

The bearing resistance for inclined loads should be reduced in accordance with the requirements
of clause 6.7.4 of the CHBDC.

The horizontal force imposed on the foundations will be resisted in part by the friction force
developed between the underside of the footing and the structural fill. An unfactored friction factor

of 0.7 is recommended for footings on the structural fill.

2.3 Pile Foundations

The centre pier and west abutment should be supported on piles. Conventional or semi-integral

abutment design is anticipated if the east abutment is founded on spread footings.

To allow an alternative integral abutment design for the bridge structure, the east abutment should

also be supported on piles installed in a trench excavated/blasted into the existing rock outcrop.

The general pile foundation design recommendations are provided on the following paragraphs

followed by additional recommendations for integral abutment foundations.
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Piles for the centre pier and west abutment should be driven to refusal on bedrock at the

estimated range of reference founding levels that are provided on the following table:

DEPTH TO ROCK

PILE FOUNDING

LOCATION m) ELEVATION RELEVANT BOREHOLES
West Abutment 11.71t014.2 296.210 298.8 3-101, 3-102, 3-104, 3-1
Centre Pier 9.5t0 10.9 300.8 to 301.9 3-105, 3-106, 3-2

The recommended factored axial resistance at ultimate limit states (ULS) for the four pile sections
noted is considered to be appropriate if the installation proceeds after the full consolidation of the

native soils has occurred.

FACTORED AXIAL RESISTANCE AT ULS, kN

HP 310 x 110 2000
HP 310 x 152 2800
HP 360 x 108 2000
HP 360 x 152 2800

The resistance at SLS normally allows for 25 mm of compression of the pile and founding
medium. Considering the bedrock to be non-yielding and the pile length required, the design is
not expected to be governed by settlement since the required loads causing appreciable

deformation of the pile and/or bedrock are much larger than the ULS factored capacity.

The stress imposed on the sand, clayey silt and underlying silt with clayey layers by the
approximate 9 m high embankment near the east abutment will result in some "consolidation" of
the soils that surrounds the piles since the sand is loose, the liquidity index of the clayey silt is 0.8
and clayey layer exist in the underlying silt. While consolidation of the sand will occur rapidly as
the fill is placed, it is anticipated that primary consolidation of the clayey silt will be completed in
5 months. Since it is likely that some fill will be placed after the piles are driven and the
magnitude of movement required to mobilize the negative skin friction is in the order of 5 mm, the

axial resistance of the piles used for design should be reduced to account for the downdrag force.
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The downdrag force developed on the piles due to negative skin friction from consolidation of the
native clayey silt and overlying cohesionless soils under the embankment loading at the west

abutment is computed as follows:

DOWNDRAG FORCE, kN

HP 310 x 110 260
HP 310 x 152 270
HP 360 x 108 300
HP 360 x 152 310

Refer to Section 4.3 for a discussion and recommendations on the treatment of approach

embankment settlements.

The presence of cobbles/boulders was identified above bedrock at depth in boreholes 3-104 and
3-105. Since these deposits appear to be typically compact, the risk of damage during driving is
considered to be low and, as a consequence, application of a reduction factor is not employed.
Nevertheless, a NSSP should be prepared to advise the contractor of the presence of boulders at
this site. The NSSP is required to ensure that more comprehensive engineering supervision is
required than is called for in SP 903S01.

The NSSP should include specific direction for the contractor to provide experienced full time
foundation engineering supervision to monitor the driving operations over the complete length of
the pile during driving below elevation 300 (west abutment) and elevation 303 (central pier). This
should involve assessment of the performance of the hammer, recording of the number of blows
required to advance the pile during each 25 mm of penetration over the total length of the pile
below elevation 300 or 303 as applicable interpretation of the penetration data as the pile is driven
for evidence of unusual conditions that could be indicative of damage, ensuring the piles have
been driven to refusal on bedrock and the need to drive replacement piles if evidence of damage

is detected.

The compacted granular fill pad placed as a working platform for construction equipment during

installation of the abutment piles should comprise OPSS Granular A material to allow installation
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of the piles without damage. Alternative granular materials could be employed provided the

maximum particle size does not exceed 75 mm.

The piles will be driven through 4 to 6 m of compacted granular fill and the underlying native soils
that typically comprise very loose to compact cohesionless silty/sandy strata in which cobbles
and/or boulders were identified. It is considered, based on our extensive experience with pile
driving under similar conditions, that a hammer transferring at least 40 kJ of energy to the pile
should be employed to drive the piles. The rated energy of the hammer should therefore be 50 to
55 kJ depending on the type of equipment employed. Since the piles will be driven to bedrock, a

specific set is not provided.

The piles will set on or into bedrock and should be equipped with "Rock Points". Clause 3.1.2 and
3.3.1-6 of the Structural Manual (Division 1 - Exceptions to the Canadian Highway Bridge Design
Code) and SP 903S01 call for the use of Oslo Point (OPSD 3304) or Titus H Bearing Pile Points
Rock Injector Model (Titus Point) on piles driven to bedrock. The Titus Point should be used at
this site since the slope of the bedrock revealed at the borehole locations is about 14° and to
minimize the potential for damage to the pile toe when driving through cobbles/boulders overlying

bedrock at the site.

2.3.1 Integral Abutments on Piles

The bedrock surface level at the east abutment ranges from elevations 311.9 to 314.2, that is 7.4

to 9.7 m below the proposed top of pavement elevation 321.6.

The depth of excavation of a trench into rock to accommodate the use of integral abutments will
be dictated by structural design details. The excavation width should be at least 1 m wider than
the plan area of the piles; side slopes in the rock could be excavated near vertical. The excavation
should be backfilled with Granular A, following the procedures outlined in the section titled
"Approach Embankments". Further comments concerning bedrock excavation are provided in the

section titled "Excavation and Groundwater Control".
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Placement of concrete in the trench could also be employed to provide temporary support to the
piles during construction in the alternative pile installation scheme shown on the attached
Figure 2. The piles must however bear on the bedrock surface directly or as designed by the

structural engineer.

To accommodate movement of the integral abutment system, two concentric CSPs that extend at
least 3 m below the bottom of the abutment should be placed around the pile to create an annular
space. The inner CSP should be filled with sand meeting the gradation requirements of
Granular B Type I. Alternatively, a single CSP or auger hole filled with loose uniform sand
meeting the requirements shown in the attached Table 2 may be used. Refer to MTO
Report SO-96-01 for further details.

2.3.2 Lateral Resistance

The soil adjacent to the upper section of the piles is expected to comprise the compacted
approach fill placed on typically cohesionless very loose/compact sands and silts. These soils are

interbedded with stiff/very stiff clayey silt layers at the west abutment.

Resistance to lateral loads may be provided in part by mobilization of passive resistance along the
pile below the annular space referred to previously. The assessed lateral resistance for the pile

sections noted previously is as follows:

NATIVE SILT/SAND GRANULAR BACKFILL

Pile Section HP310 HP360 HP310 HP360
Factored Lateral Resistance at ULS, kN 105 140 120 170
Lateral Resistance at SLS, kN 35 45 50 70

The assessed values of lateral resistance assume that the piles are driven through the native
undisturbed soils or through compacted granular materials placed as recommended in the

Section 4. If greater resistance is required, batter piles should be installed.
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To evaluate the point of contraflexture, the coefficient of horizontal subgrade reaction, ks (MN/m®)
should be computed using the following equations (Canadian Foundation Engineering Manual,
3" Edition):

a) Cohesionless Soils

ks = Ny z/b
where n, = coefficient related to soil density
= 10.0 MN/m?for granular backfill

= 2.0 MN/m? for native silty/sandy soils above groundwater table
(elevation 310.0)

= 1.3 MN/m?for native silty/sandy soils below elevation 310.0
= depth, m
b = pile width, m

b) Cohesive Soils (between elevations 301.5 and 305.5)

ks = 67 t,/d
where 1, = Undrained shear strength of clayey silt, use 0.15 MPa
d = Pile diameter or width, m

For design purposes, the groundwater should be considered at 1.0 m depth below existing grade

at both east and west abutments.

Group action for lateral loading should be considered when the pile spacing in the direction of the
loading is less than eight pile diameters/widths. Group action can be evaluated by reducing the
coefficient of horizontal subgrade reaction in the direction of loading by a reduction factor, R, as

follows:
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PILE SPACING IN DIRECTION OF LOADING

SUBGRADE REACTION REDUCTION

d = PILE DIAMETER OR WIDTH FACTOR, R
8d 1.00
6d 0.70
4d 0.40
3d 0.25

3. ABUTMENT WALLS

3.1 General

The abutment walls should be designed to resist the unbalanced lateral earth pressure imposed

by the backfill adjacent to the wall. The lateral earth pressure, p (kPa) may be computed using

the equivalent fluid pressure diagrams presented in Section 6.9 of the CHBDC or employing the

following equation.

p = K{@h+g)+Cp+Cs
where K = coefficient of lateral earth pressure (dimensionless)
y = unit weight of free-draining granular material, kN/m*
h = depth below final grade, m
g = surcharge load, kPa, if present.
Cp = compaction pressure, kPa (refer to clause 6.9.3 of CHBDC)
Cs = earth pressure induced by seismic events, kPa (refer to clause 4.6.4 of CHBDC)
where @ = angle of internal friction of retained soil (35° for Granular A or Granular B
Type II)
8 = angle of friction between the soil and wall (23.5° for Granular A or

Granular B Type II)

The seismic site coefficient for the conditions at this site was provided in Section 2.1.

Free-draining granular material or rock fill should be used as backfill behind the wall.

following parameters are recommended for design:

The
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PARAMETERS GRANULARA | GRANULARB | pock FILL
TYPE Il
Internal Friction Angle, @ (degrees) 35 35 42
Unit weight, y (kN/m®) 22.8 22.8 18.0
Coefficient of Active Earth Pressure, K, 0.27 0.27 0.20
Coefficient of Earth Pressure At Rest, K, 0.43 0.43 0.33
Coefficient of Passive Earth Pressure, K, 3.69 3.69 5.04

Refer to MTO Report SO-96-01 for procedures to determine the earth pressure coefficient to be
employed in design of integral abutments. The coefficient of earth pressure at-rest should be
used for design of rigid and unyielding walls, the active earth pressure coefficient for unrestrained
structures. The earth pressure coefficients should be reviewed if the slope of the backfill exceeds
10° to the horizontal. Alternatively, the material above the top of the wall could be treated as a

surcharge load (q in the preceding equation).

The magnitude of the passive resistance and active pressure is dependent on the actual lateral
movement of the structure toward and away from the adjacent soil, respectively. We refer to
Figure C6.9.1(a) of the CHBDC for these computations. The backfill should be considered as

medium dense sand for this project.

A weeping tile system (SP 405F03) and/or weep holes should be installed to minimize the build-
up of hydrostatic pressure behind the wall. The weeping tiles should be surrounded by a properly
designed granular filter or geotextile to prevent migration of fines into the system. The drainage

pipe should be installed on a positive grade and lead to a frost-free outlet.

Backfilling adjacent to retaining structures should be carried out in conformance with Ontario
Provincial Standard specifications for granular or rock backfill at abutments (OPSD 3501 and
3505).
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Operation of compaction equipment adjacent to retaining structures should be restricted to limit
the compaction pressure noted in clause 6.9.3 of the CHBDC. Refer to SP 105S10 for additional

information in this regard.

3.2 Retained Soil System Wall

A retained soil system (RSS) could also be employed at the abutments provided the estimated
settlements noted in Section 4.3 Approach Embankments Settlements are accommodated. A high
performance, high appearance rated RSS wall should be employed. The design, supply and
construction of the RSS wall should conform to SP 599S22.

The topsoil and peat encountered at both abutments are highly compressible and not considered
adequate to support the RSS wall footings and should be removed from the RSS wall footprint

together with all soil containing organic materials.

The bearing resistances recommended previously for footings founded on bedrock (at levels
ranging from elevations 311.9 to 314.2) or structural fill constructed on bedrock at the east
abutment are considered to be suitable for the RSS wall footings. The anticipated width of the
RSS footing is 600 mm.

The RSS wall footings for the west abutment should be placed on a minimum 1.0 m thick
engineered fill pad founded below the organic and very loose upper zones of the subgrade. Based
on the borehole data, the engineered fill pad should be founded at elevations 309.6. The
recommended bearing resistance for the west abutment RSS wall footings (maximum 0.6 m wide)

constructed on a minimum 1 m thick engineered fill placed on the native soil is as follows:

Factored Bearing Resistance at ULS =150 kPa
Bearing Resistance at SLS =100 kPa

The earth pressure coefficients provided previously are considered to be appropriate for the RSS

wall.
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The horizontal force at the base of the RSS will be resisted in part by the friction force developed
through the granular backfill or along the interface between the granular backfill and the founding
soil, subject to site specific design details. An unfactored friction factor of 0.7 is considered to be

appropriate for both situations at this site.

The RSS supplier should be responsible for specifying the type of backfill material employed,
taking into consideration the engineering properties of the proprietary product, the design life of
the structure, the pullout resistance required, drainage requirements. The RSS wall designer
should note that the MTO Northeastern Region requires that all fill to the structures comprises
OPSS Granular B Type |l for rockfil embankments. Transition treatments may be required
between the RSS wall fill and the rockfill and/or OPSS Granular B Type Il material. The RSS wall
should be designed to withstand the estimated settlements of the native soils under the

embankment loads indicated in the Approach Embankments section.
The supplier of the RSS should also be responsible for the design of the structure (reinforcement,
internal and external stability) and provide drawings to show pertinent information such as

location, length, height, elevations, performance level, appearance, etc.

4. APPROACH EMBANKMENTS

4.1 General

It is anticipated that the approach embankments will be constructed with earth borrow/granular
materials or rockfill. Rockfill is recommended at the west abutment in view of the embankment fill
requirements for the road and intersection ramp construction through the adjacent swamp. The
east and west approach fill embankments will be about 7 and 9 m high, respectively near the

structure and taper down away from the structure.
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The 200 to 800 mm thick layer of peat identified in boreholes 3-101, 3-102, 3-103 (west approach)
and the 100 to 400 mm layer of peat and topsoil in boreholes 3-108 to 3-112 and 3-115 (east
approach) should be stripped prior to placement of the embankment fill. Construction of the fill on
the native sandy soils and/or bedrock that underlie surficial deposits of peat or topsoil is

considered feasible.
It is considered that the approach embankments constructed in accordance with the
recommendations in this report will be stable with minimum factors of safety against overall global

stability of 1.4 during construction and 1.5 post construction.

4.2 Embankment Design and Construction Considerations

The width of the embankment platforms should be widened by a minimum of 1 m in accordance
with the Northeastern Region Engineering Directive (NRE 98-200). The widening is required to
allow for foundation and geotechnical considerations, such as settlements of the embankment and

native soils and for future pavement overlays.

The embankments should be constructed in accordance with OPSD 201.010, 201.020, 202.010
and SP 206S03. The side slopes of the approach embankments should be inclined no steeper
than 2H:1V for earth fill and 1.25H:1V for rock fill. The 2 m wide mid-height berm called for in the
OPSD 202.010 should be incorporated for earth embankments higher than 8 m and rockfill
embankments higher than 10 m. Where the embankment is constructed with earth fill placed over

a rock fill base, the 8 m height limit should govern.

The earth fill slopes, if employed, should be protected against surface erosion by sodding and
suitable vegetation. Refer to OPSS 571 or 572 for time constraints and the type of seed and

mulch required.



South Mary Lake Road Underpass

Highway 11, Site 42-193, WP 62-86-02, Index No.: 073FDR @B

PML Ref.: 04TF006-SMLR, May 17, 2005, Page 19

Where slope flattening is proposed, a drainage gap should be provided in accordance with
OPSD 202.020. Where slopes are flattened with earth fill to eliminate the need for a guide rail, a
granular infilled drainage gap should be provided in accordance with Northeastern Region
Pavement Design Practices and Guidelines as shown in Figure 3, appended. OPSS Granular B

Type Il should be used for the drainage gaps.

4.3 Approach Embankment Settlements

Settlement of the embankment platform are expected as a result of two mechanisms,
consolidation of the native soil below the embankment fill and self weight consolidation of the new
fill.

Settlement under the east embankment fill due to consolidation of the underlying native relatively
thin sandy soil is computed to be less than 10 mm and should occur within one month following

placement of the fill.

The maximum computed settlement under the 9 m high west embankment fill due to
"consolidation” of the underlying native sandy/silty soil and clayey silt deposits is 100 to 150 mm.
Consolidation of the cohesionless soils (75 to 100 mm) should be completed within one month of
the placement of the fill and the remaining 25 to 50 mm due to consolidation of the clayey silt

completed within five months following placement of the fill.

Where the embankments are constructed with rockfill, some settlement of the embankment fill
surface, both during and following completion of construction, due to “consolidation” of the rockfill
is likely to occur. The magnitude of total settlement is estimated to be 0.5% of the rockfill height
(maximum of 40 and 30 mm at the west and east approaches, respectively). About 50% of these
settlements should occur during the initial 12 months following construction and 50% during the

ten year period following completion of construction.
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If the approach embankments are constructed with granular materials, some settlement of the
road surface adjacent to the abutments should also be expected due to "consolidation" of the
backfill. The granular backfill placed adjacent to the abutments will be about 9 and 7 m high at the
west and east abutments, respectively. The magnitude of the "consolidation" of these fills
depends on the workmanship employed by the contractor and, if placed in 200 mm thick lifts
compacted to 100% of the maximum dry density determined by the MTO test method LS-706
(standard Proctor) in accordance with the requirements of SP 206S03 and OPSS 501 (Method A)
should be less than 20 mm. These estimated total settlements of the approach fill surface near the

abutments should be complete within 2 to 4 months after placement of the fill.

The time schedule for completion of the approach embankment settlements may be accelerated

with surcharge pre-loading of the fully constructed embankments.

It is estimated that preloading will not alter significantly the settlement completion time at the east
abutment where a shallow soil cover was encountered. At the west abutment, where a layer of
clayey silt up to 4 m thick was interbedded with cohesionless soils, placing a 2 m high surcharge
of granular soils for a period of 3 months or a 3 m high surcharge for a period of 2 months would
accelerate the rate of consolidation so the predicted settlements noted previously are essentially
complete at the end of the preload period. The long term consolidation of rockfill cannot be

accelerated and should be incorporated in the design of the structure.

5. EXCAVATION AND GROUNDWATER CONTROL

Excavation for construction of the east abutment foundations if supported on spread footings
founded on bedrock or engineered fill will extend through peat/topsoil, boulders and sandy soils to
depths of up to 2.5 m. Excavation of the peat/topsoil and native soils is expected to be relatively

straightforward. Large boulders should be expected at the site as encountered in borehole 3-114.

The soil at the abutment sites is classified as Type 3 soil above the water table according to
Occupational Health and Safety Act (Ontario Regulation 213/91) criteria. Therefore, temporary

cut slopes over the full depth of the excavation should be inclined at 45° to the horizontal.



South Mary Lake Road Underpass

Highway 11, Site 42-193, WP 62-86-02, Index No.: 073FDR @B

PML Ref.: 04TF006-SMLR, May 17, 2005, Page 21

Excavation of flatter side slopes mat be required if soft/wet materials or concentrated seepage

zones are encountered locally.

At the west abutment and central pier, the soil below the water table (about 1.0 m) is classified as
Type 4 soil. Side slopes should be cut at 3H:1V or suitable shoring used if space restrictions
exist. If required, a suitable shoring protection scheme following SP 539S01 should be
implemented. Since the anticipated maximum excavation depth will be 1.8 m (for frost protection
of foundations) several protection scheme alternatives such as sheet piling, sheeting supported
on rakers or bracing, cantilever soldier piles and lagging may be considered. The schemes
should be designed for performance level 2 where the toe of slope of the Highway 11
embankment is more than 1.8 m away from the excavation. For smaller separation distances, a
performance level 1 system such as soldier piles and lagging with anchored tie-backs is

recommended to prevent movements of the existing embankments.

Alternatively, the groundwater level could be lowered in the surficial sand deposits locally for
structure foundations using sump pumping or well pointing dependent on the geometry and depth
of excavation below the water table. To minimize the extent and sophistication of groundwater
control measures, consideration should be given to founding the pile caps at an elevation as high

as possible with provision of insulation or fill to provide adequate frost protection.

Excavation of a bedrock trench at the east abutment will necessitate conventional rock excavation
technigues such as blasting (OPSS 120) and jack-hammering. The actual equipment required
and method of excavation within the bedrock will be dependent upon the geometry of cut and
relative depth of excavation into the bedrock. Preshearing and presplitting to control the overbreak

should be used to excavate bedrock at the structure foundation.

Mechanical means should be employed to excavate the loosened rock at the footing. Mass
concrete could be employed to level minor variations in the bedrock surface as indicated

previously.
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If blasting is required, a NSSP should be prepared to provide specific direction to the contractor to
control the blasting/rock excavation activities to prevent fracturing and/or disturbance of the
bedrock surface on which footings will be founded, require that a blasting specialist be
retained to establish the charge to minimize overbreak, advise the contractor that any
overblasting/overexcavation will be the sole responsibility of the contractor and require that

loosened rock resulting from blasting operations be removed by mechanical means.

Near vertical sidewalls may be utilized for excavations in bedrock. Examination of the sidewalls
and removal of any loosened rock fragments should be carried out continually for the safety of

workmen.

Groundwater was not observed in the east abutment boreholes during or upon completion of
drilling and the existing piezometer was dry. However, minor seepage should be anticipated
locally at the soil/bedrock interface and within depressions in the bedrock surface. Groundwater
levels are subject to seasonal fluctuations and rainfall patterns. It is anticipated therefore that
conventional sump pumping techniques will be sufficient to control seepage of groundwater into

the excavations.

All work should be carried out in accordance with the Occupational Health and Safety Act (Ontario

Regulation 213/91) and with local/MTO regulations.
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6. CLOSURE

The report was prepared by Mr.C. M. P. Nascimento, P.Eng., Senior Project Engineer and
reviewed by Mr. D. W. Kerr, MEng, P.Eng., Chief Foundation Engineer. Mr. B. R. Gray, MEng,
P.Eng., MTO Designated Contact, carried out an independent review of the report.

'P“QFESS"U-',-

Yours very truly,

Peto MacCallum Ltd.

%’MM‘W“

C. M. P. Nascimento, P.Eng.,
Senior Foundation Engineer

y 3

Dennis W. Kerr, MEng, P.Eng
Chief Foundation Engineer

Brian R. Gray, MEng, P.Eng.
MTO Designated Contact

CHN/DWHE:mi-Ir
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TABLE 1
LIST OF STANDARD SPECIFICATIONS REFERENCED IN REPORT
TITLE NO. DATE
General Specification for the Use of Explosives OPSS 120 November 2003
Construction Specification for Compacting OPSS 501 February 1996
Construction Specification for Sodding OPSS 571 November 2001
Construction Specification for Seed and Cover OPSS 572 November 2003
Rock Grading-Undivided Highway OPSD-201.010 April 1999
Rock Grading-Divided Highway OPSD-201.020 April 1999

Embankment Construction Using Excess Material Outside
of Earthfill or Rockfill

OPSD-202.010

March 1, 1998

Drainage Gap for Slope Flattening on Rock or Granular
Embankment

OPSD-202.020

March 1, 1998

Minimum Granular Backfill Requirements - Abutments

OPSD-3501.000

April 1999

Rock Backfill Requirements - Abutments

OPSD-3505.000

November 2001

Construction Specification for Compaction SP 105S10 November 2004
Construction Specification for Grading SP 206S03 January 2004
Construction Specification for Pipe Subdrains SP 405F03 May 2004
Egtqglnriirgesn;ﬁ fSO;s-'I[-:r?]sD(el‘jlsgg) Supply and Construction of SP 599522 March 2001
Construction Specification for Piling SP 903S01 September 2004
Requirements for Design, Installation and Testing of

Temporary and Permanent Pre-Stressed Anchors in Soll SP 999S26 July 2004
and Rock

Northeastern Region Directive - Platform Widening NRE 98-200 October 28, 1998

Dowels Into Concrete

NSSP

December 2002
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TABLE 2

Gradation Specification for Sand Fill in
Pre-Augered Holes at Integral Abutments

MTO SIEVE DESIGNATION PERCENTAGE PASSING BY MASS
2 mm #10 100
600 um #30 80 — 100
425 pm #40 40 - 80
250 pm #60 5-25
150 pum #100 0-6
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