G.1~30 ' SEPT. 1976

CONT. No.

LA A" AR L IV S 1%V I i VY B W W Em Y W Y Y OF P OTERS ¥ o« v e -

GEOCRES No._30Miz-240

DIST.__€R __ REGION

CW.P. No.__ 130-99 -00(A)

W. O. No.

STR. SITE No.

HWY. No._ 410

LOCATION _Sanpalwood  Paekwasy

Unpe peass

o~ ;iR ——

OVERSIZE DRAWINGS TO BE INCLUDED WITH THIS REPORT.

REMARKS :




a
G Iffels Giffels Associates Limited Consulting Engineers and Architects

Date:

Proj. No.:

To:

Attention:

Comments:

From:

Distribution:

30 International Blvd. TEL (416) 675-5950
Toromto, Ontario FAX (416) 798-5536
Canada MSW 5P3 www.giffels.com

Transmittal Record

September 13, 2000

W9921802 WP No. 130-99-00
Ministry of Transportation, Ontario Project
Pavement and Foundations Office Hwy 410 Extension, Bovaird
Room 223 Drive to Sandalwood Parkway
Central Building Location
1201 Wilson Avenue — Bldg. ‘C’ City of Brampton
Downsview, ON M3M 1J8 Owner

MTO

Ms. B. Bennett, P. Eng.

We are sending you by courier the following documents: s

No. of Copies Date of Issue

Highway 410 Extension (Phase 1) 1 N/a
1:1000 Roll Plan

For your use in revising Borehole & Soil Strata drawings.
Please forward revised mylars directly to the undersigned for
incorporation with contract drawing package.

B.R. Loridid.

Brian Bridges, P.E
Manager, Bridge Brgineering

D. Kemper, MTO Highway Engineering
S. Chiu S. Broe
Project File

P:\W99218\Dept_47\BB-bb-tra-mto foundation.doc



FOUNDATION DESIGN REPORT
PROPOSED UNDERPASS STRUCTURE AT SANDALWOOD PARKWAY
HIGHWAY 410 EXTENSION
FROM BOVAIRD DRIVE TO SANDALWOOD PARKWAY
BRAMPTON, ONTARIO
W.P. 130-99-00 (A)

Prepared For:
MINISTRY OF TRANSPORTATION OF ONTARIO
Pavements and Foundations Section

1201 Wilson Avenue
Downsview, Ontario M3M 1J8

Prepared by:

SHAHEEN & PEAKER LIMITED

Project: SP2960A 250 Galaxy Boulevard
February 15, 2000 Etobicoke, Ontario
GEOCRES No. 30M12-240 MO9W 5R8

Tel: (416) 213-1255
Fax: (416) 213-1260

-—



Project: SP2960A

Table of Contents
FOUNDATION INVESTIGATION REPORT
1. INTRODUCTION
2. SITE DESCRIPTION AND PHYSIOGRAPHY
3. INVESTIGATION PROCEDURES

4. SUBSURFACE CONDITIONS
B 1. TOPSOIL.c..uvrrrrereemsersnresrrssnrsssresessssesssarssssessrssssnsssesssnssssrssnssssnessnssssasssasassanesssnsns
4.2 SURFICIAL SILTY CLAY/CLAYEY SILT ..ucveearimerrnerrassvassnrssseessssesssnseessncsessonsrssssnerssns
4.3  CLAYEY SILT TILL cttitircomrrrirrirrssmsersessmseressnmessassae sess st e sesbasmsssasacansnnesssnmenssnsssannnns
4.4 SANDY SILT TILL.trttstiiaieatrressamrrrssamseresssamsesbeb s saabrssbassasresebeaaeaaessesensessrasnsnsnensannans
4.5  SILTY SAND TILL..cirurecrrreeereeareecssesessessasscssmssansssesssersssssssnssssessnssssnesssesssnsensnssssnanss
4.6 GROUNDWATER CONDITIONS.....cccceerreesesacssressserssnsssmnsserssnsessmssssnassnssssssesansssansessnsss

DRAWINGS
Borehole Location Plan & Stratigraphic Sections 1309900A-A

APPENDICES

Borehole Log Sheets Appendix A
Laboratory Test Results Appendix B
Explanation of Terms Used in Report Appendix C

FOUNDATION INVESTIGATION REPORT

MINISTRY OF TRANSPORTATION OF ONTARIO



Project: SP2960A 1

FOUNDATION INVESTIGATION REPORT
PROPOSED UNDERPASS STRUCTURE AT
SANDALWOOD PARKWAY INTERCHANGE

HIGHWAY 410 EXTENSION FROM BOVAIRD DRIVE
TO SANDALWOOD PARKWAY, BRAMPTON
WP 130-99-00 (A)

1. INTRODUCTION

As part of the northerly extension of Highway 410 in Peel Region, a
new interchange is proposed at Sandalwood Parkway, immediately north of the
existing Bovaird Drive interchange. The overall project entails the construction of
an underpass structure at the Sandalwood Parkway interchange, along with various
culverts. The project also includes several culverts at Bovaird Drive interchange
and provision for high mast light poles at and in between the two interchanges. The
overall project limits lie in between approximate Stations 17+350 and 19+450.

Shaheen & Peaker Limited (S&P) was retained by the Ministry of
Transportation of Ontario (MTO) Pavements and Foundations Section to carry out a
foundation investigation for the proposed interchange. This report deals with the
proposed underpass bridge structure site. The centerline of the proposed structure
is located at the approximate Station of 19+032 (at the intersection with the
proposed Sandalwood Parkway extension). The investigation was carried out
between approximate Stations 19+016 and 19+048 and about 28 m right and 28 m
left of Highway 410 alignment centerline for the foundation locations. Two
boreholes were also put down 50 m right and 50 m left of the centerline for the
approach embankments. The work was performed in accordance with Consultant
Assignment Agreement Number 2005-A-000142, Highway 410: Bovaird Drive to

Sandalwood Parkway - Foundation Investigation and Recommendations,
WP130-99-00.

The site is located immediately east of Heart Lake Road between
Bovaird Drive and Sandalwood Parkway in the City of Brampton. The purpose of
the investigation was to obtain information about the subsurface conditions at the
site by means of boreholes.

The findings of the investigation are presented in this report.
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2, SITE DESCRIPTION AND PHYSIOGRAPHY

The site is located immediately north of the existing intersection of
Highway 410 and Bovaird Drive in the City of Brampton, Regional Municipality of
Peel.

The land use in the area has recently changed from predominantly
farming to industrial and suburban residential. The topography in the area is flat
with ground surface sloping gently towards Lake Ontario. The existing ground
surface elevations at the interchange sites generally range from about 247 m at the
most northerly location (i.e about 500 m north of the Highway 410 and Sandalwood
Parkway intersection), falling to about 246 m at the proposed underpass (bridge)
site to generally between 245 and 244 m toward the south end of the project at the
Bovaird Drive interchange (i.e. an elevation difference of about 2 to 3 m over a
distance of about 2.1 km). There are some minor undulations within the site itself
where the grade falls locally towards two small watercourses. One of these
watercourses, located about 500 m north of the Bovaird Drive intersection,
intersects the proposed highway alignment in an east-west direction and here the
grade falls to between Elevations 243 and 240 m. The second creek runs in a
north-south direction at the north end of the overall project site, some 200 m west of
the proposed highway alignment, where it crosses the Sandalwood Parkway
extension, turns east and crosses the highway alignment about 200 m south of the
proposed bridge site. The grade along this creek generally ranges from about
243 m on the north side to about 240 m southeast.

The site is located within the physiographic region known as the “Peel
Plain.” In general, this region is underlain by glacial till deposits containing frequent
shale and limestone fragments. Much of the surface has been modified by post-
glacial, shallow silty clay/clayey silt soils. In the general project area, the significant
deposit underlying shallow recent clayey soils is a ground moraine composed of
glacial till of generally cohesive nature, laid down during the Wisconsinan glacial
age. Silt and sand layers are often found interbedded with the glacial till. The
general area is located at the interface of the red Queenston and grey Georgian
Bay bedrock formations. These formations belong to the Upper Ordovician Period
of the Palezoic Era and are approximately 450 million years old. These shales are
interbedded with some limestone, siltstone, sandstone and dolostone layers and
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seams. These hard layers are usually less than about 150 mm thick but some
layers are much thicker.

3. INVESTIGATION PROCEDURES

The fieldwork for the project was performed during the period of
October 14 and 25, 1999 and consisted of drilling and sampling eight boreholes
(Boreholes 26 through 33). An additional borehole (i.e. Borehole 26A) adjacent to
Borehole 26 was also drilled in order to explore the subsurface conditions to greater
depths.

The depths of the boreholes ranged from 6.6 m to 23.5 m. In addition,
dynamic cone penetration tests were performed from the bottom of some of the
boreholes and this increased the maximum depth of testing to 25.3 m below the
ground surface. The locations of the boreholes are shown in Drawing No.
1309900A-A and also given on the individual Borehole Log sheets.

The boreholes were advanced using a track-mounted drilling rig
owned and operated by Groundworks Inc., under the full time supervision of a
geotechnical engineer from Shaheen & Peaker Limited. In general, solid-stem
augering was utilized to advance the boreholes but where hydrostatic pressures in
cohesionless soil caused excessive cave-ins and/or soil back up, drilling was
switched to hollow stem augering and water was used for counter-balancing
purposes. Sampling in the boreholes was effected at frequent intervals of depth
(i.e. at 0.76 m intervals starting at ground surface to 6 to 9 m depth, and at 1.5 m
intervals, thereafter) by the Standard Penetration test method (SPT) as outlined in
ASTM Method D1586. In essence, this consists of freely dropping a 63.5 kg.
hammer a vertical distance of 760 mm to drive a 51 mm O.D. split-spoon (split-
barrel) sampler into the ground. The number of blows required to drive the sampler
into the relatively undisturbed ground by a vertical distance of 300 mm is recorded
as Standard Penetration Resistance or the N-value of the soil and this gives an
indication of the consistency or the compactness condition of the soil deposit.
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Dynamic cone penetration tests (DCPT) were performed in
Boreholes 26A, 27 and 29. This test consists of driving a 60 degree point, 51 mm
diameter cone attached to the drill rig continuously into the undisturbed ground with
the same driving energy as in SPT. The number of blows for each 300 mm of
penetration is recorded and this provides an indication of the relative changes in the
soil density with depth.

The borehole locations in the field were established by MTO surveyors
and ground surface elevations at the borehole locations were provided to us.
Several of the boreholes had to be somewhat relocated from their original, staked-
out location due to access difficulties. In these instances, allowance was made by
our field staff for location and elevation differences.

Water level observations in the open boreholes were made during the
drilling and at the completion of each borehole and, wherever possible, several
hours thereafter. To enable us to monitor groundwater levels over a prolonged
period of time without interference from surface water, piezometers were installed in
some of the boreholes and the water level in these piezometers were monitored
during subsequent site visits.

The results of drilling, sampling, in-situ testing and water level
measurements are summarized on the Record of Borehole Sheets in Appendix A.

The soil samples were shipped to our geotechnical laboratory for
further examination and classification. A laboratory testing programme consisting of
natural moisture content, bulk unit weight and Atterberg limit tests and grain-size
analyses was performed on selected soil samples. The results of the laboratory

tests are presented on the appropriate Borehole Log Sheets and also in
Appendix B.

4, SUBSURFACE CONDITIONS

The subsurface conditions at the proposed bridge location were
expliored at eight borehole locations (Boreholes 26 through 33). The locations of
the boreholes are shown on the Plan and Profile Drawing No. 1309900A-A and are
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also indicated on the individual Borehole Log sheets (Appendix A). Cross sections
of inferred subsurface stratigraphy are given in the same drawing.

The ground surface at the proposed bridge location is essentially level
and ranges at the boreholes from 246.0 m at the west abutment location to about
245.7 at the east abutment location.

In general, beneath a veneer of topsoil and a surficial layer of clayey
silt/silty clay, the boreholes contacted a major glacial deposit ranging in composition
from cohesive clayey silt till and fine grained granular sandy silt to relatively coarser
grained silty sand till with some sand, silt and silty clay interbeds.

At the time of the investigation, the groundwater table was recorded at
a depth of about 5 m or at about elevation 241 m.

Details of the subsurface conditions encountered in the boreholes are
presented on the Borehole Log Sheets (Appendix A). The individual soil strata are
briefly described below.

41. TOPSOIL

The boreholes contacted 250 to 500 m of topsoil.

4.2 SURFICIAL SILTY CLAY/CLAYEY SILT

Underlying topsoil, the majority of the boreholes drilled at the bridge
site contacted a surficial silty clay/clayey silt deposit with some silt seams. This
deposit generally extended to depths ranging from 0.7 to 1.1 m, except in Borehole
28, where it extended deeper to 2.1 m below the ground surface.

This is a cohesive deposit and based on N-values ranging from 5 to 36
blows/0.3 m its consistency is described as firm to hard.

In some of the boreholes, the upper zones of the deposit immediately
beneath the topsoil was found to be organic stained, probably due to the tilling of
the soil from the farming operations.
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4.3 CLAYEY SILT TILL

Clayey silt till was contacted in Borehole 29 from 1.1 (Elev. 244.8 m)
to 2.9 m (Elev. 243.0 m) below the ground surface.

This unit consists of a heterogeneous unsorted mixture of silt and
sand with some clay and gravel size particles. It is a cohesive deposit with sandy
silt till or basically granular interbeds and occasional silt and sand seams/lenses.

Based on Standard Penetration tests, which yielded N-values ranging
from 24 to 38 blows/0.3 m, the consistency of the material is described as very stiff
to hard.

44 SANDY SILT TILL

The predominant soil stratum at the site within the upper 4to 12 mis a
glacial deposit which consists of heterogeneous unsorted mixture of silt and sand
with some gravel and traces of clay size particles.

The grain size distribution of samples from the deposit is presented in
Figure Nos. B1, B2 and B3, in Appendix B. The curves generally indicate 1-13
gravel, 35-46% sand, 43-61% silt and 0-3% clay size particles. The deposit
contains some clayey silt till zones and the grain size distribution of samples from
these zones show higher percentage of clay size particles (i.e.12% clay size
particles) as shown in Figure B4 in Appendix B. The deposit also contains
occasional sand and silt interbeds.

The colour of the deposit is brown to 2.7 to 3.5 m and grey below.

This is a fine grained granular deposit and from N-values which are
generally in excess of 30 blows/0.3 m, it is considered dense to very dense, with
occasional compact zones.

In Borehole 27 at 5.5 m depth (Elevation 240.5 m), an approximately
0.5 m thick silty clay layer was contacted. This material contains some till lenses
and based on a recorded N-value of 16 blows/0.3 m, along with a visual and tactile
examination of the recovered soil sample, it is considered to be relatively weaker
and more compressible than the sandy silt till. A similar weaker zone (N=19) was
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found in Borehole 32 at about the same elevation. In addition, in Boreholes 30 and
31, drilled at the east abutment location, a slightly weaker zone was noted between
Elevation 239 and 237, with recorded N-values of between 32 and 38 blows/0.3 m.

4.5 SILTY SAND TILL

in Boreholes 26, 27, 29, 30, 32, and 33 the sandy silt till attains at
depths ranging from 3.4 to 8.3 m below the ground surface or at Elevation 242.6 —
237.5 m, a somewhat coarser (i.e. silty sand till) texture. The deposit extends to the
full depth of these boreholes, including Borehole 26A.

The grain size distribution of samples from the deposit is given in
Figures B5 and B6 in Appendix B. The analyses indicate 5-20% gravel, 36-50%
sand, 30-52% silt and 1-4% clay size particles. This is a granular deposit and is
considered somewhat more pervious than the overlying sandy silt till. 1t should be
pointed out that the presence of cobbles and boulders can always be expected in
the glacial till deposits, owing to their mode of deposition. For example, in Borehole
26 refusal to further augering was contacted at 10.6 m or Elevation 235.3 m on a
boulder and the borehole had to be relocated and another borehole (BH26A) had to
be drilled. N-values recorded in this unit are generally in excess of 30 blows/0.3 m
indicating a dense to very dense condition. There are some N-values of between
20 and 30 blows/0.3 m but in most cases, these are believed to be caused by
disturbance due to hydrostatic uplift. One exception to this is a weak zone
encountered in Borehole 32 at a depth of 5.5 m or at about Elevation 240.5 m,
where the soil is somewhat clayey and appeared to relatively be weaker. As was
discussed in the preceding section, a somewhat weaker silty clay zone was
contacted in Borehole 27 at about the same elevation and at a slightly lower
elevation in Boreholes 30 and 31 (i.e. east abutment location).

46 GROUNDWATER CONDITIONS

Groundwater conditions in the open boreholes were observed while
drilling and at the completion of each borehole. To enable us to monitor the
groundwater levels over a prolonged period of time without interference from
surface water, piezometers were installed in Boreholes 26, 29 and 30.
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The observations made in the boreholes indicate that at the time of the
investigation, the groundwater level at the site was at elevations ranging between
241.6 and 240.8 m, or at 4.3 to 5.1 m below the ground surface. The groundwater
table can, however, be expected to be subject to seasonal fluctuations and in
response to major weather events. Judging from the change of colour of the soil
from brown to grey and the moisture contents of the soil samples, it is our opinion
that the water level during wet seasons may rise by about 1 m.

Zuhtu Ozden, P.Eng.

Vou LB

1zip#3 Ivan Lieszkowszky, P.E
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FOUNDATION DESIGN REPORT
PROPOSED UNDERPASS STRUCTURE AT SANDALWOOD PARKWAY
HIGHWAY 410 EXTENSION
FROM BOVAIRD DRIVE TO SANDALWOOD PARKWAY
BRAMPTON, ONTARIO
W.P. 130-99-00 (A)

5. DISCUSSION AND RECOMMENDATIONS

51 THE PROJECT

The details of the proposed bridge structure have not yet been
finalized. It is, however, anticipated that the underpass will be an approximately
30 m wide, two-span structure, each span being approximately 30 m long. The
existing ground elevation at the proposed bridge site generally ranges from 246.0 to
245.7 m and the anticipated finished grade of the highway is approximately 2.5 m
lower than the existing grade or at about elevation 243.5 m. The approach fills for
the Sandalwood Parkway ramps can therefore be expected to be about 6 m high.

52 FOUNDATIONS

The boreholes show that the proposed bridge can be supported on
normal spread footing foundations or if an integral abutment type of structure is to
be considered , it can be supported on driven H-piles.

521 SPREAD FOOTING FOUNDATIONS

As the proposed highway grade is about 2.5 m below the existing
grade or at about 243.5 m, the founding grades for the abutments can be expected
at about Elevation 242 m or higher, and the elevation for the underside of the
central pier foundation between 242.0 and 241.5 m.

Boreholes 26, 26A 27, 28, 29, 30 and 31 drilled at the abutment and
central pier locations show that the structure can be supported on normal spread
footing foundations placed on undisturbed, competent till, as given in Table 5.2.1.1

FOUNDATION DESIGN REPORT
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Table 5.2.1.1
Borehole Existing Recommended | Recommended Factored Bearing Subgrade
Location Ground Footing Base Footing Base Bearing Resistance Material
Surface (bottom) Depth (bottom) Resistance atS.L.S.
Elevation Below Existing Elevation (m) atULS” (kPa)
(m) Ground (kPa)
Surface (m)
BH30 245.7 12-17 244.5-244.0 800 400 Sandy silt till
1.8-37 243.9 — 242.0™ 500 450 Sandy silt till
BH31 245.7 1.1-17 2446 - 244.0 800 400 Sandy silt till
(East 243.9 - 242.0* 200 450 Sandy silt till
Abutment)
BH28 245.7 32-42 2425-241.5 900 450 Sandy silt till
BH29 2459 34-44 2425-2415 900 450 Sandy silt till
(Central
Pier)
BH26 245.9 1.9-39 244.0-242.0 800 400 Sandy silt tilt
BH27 246.0 1.5-27 244.5-2433 800 400 Sandy silt till
(West 28-38 243.2 - 242 2% 550 300 Sandy silt till
Abutment)

*Incorporating a resistance factor of 0.5 as per Ontario Highway Bridge Design Code (OHBDC), 3"
Edition,

**The till becomes less competent below elevation 239.0 m to about elevation 237.5 m and therefore
the recommended resistance values may have to be reduced for footings placed below elevation
2420 m.

**Due to the presence of a weaker zone helow Elevation 240.5 m, extending the footing below this

elevation is not recommended

From the above table, it can be seen that the soil resistance values at
the west abutment locations are lower. This is because an approximately 0.5 m
thick silty clay zone was contacted in Borehole 27 at Elevation 240.5 m, in which an
N-value of 16 blows/0.3 m was recorded. A similar relatively weak zone (N=19
blows/0.3 m) was also contacted at about the same elevation in Borehole 32 which
was drilled about 20 m west, for the west approach. Visual examination of the soil
samples and recorded N-values in several of the other boreholes also indicate the
presence of a somewhat weaker zone at or about 1 to 2 m below this elevation.
Due to this and to avoid extending the footings below the water table, it is
recommended that the footing elevation be kept as high as possible.

The serviceability condition is based on the premise that the maximum
total and differential settlements will not exceed 25 mm and 20 mm, respectively.
This can be achieved provided that the founding subgrade is undisturbed during the
construction.
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- Under inclined loading conditions the Bearing Resistance at U.L.S.
should be reduced in accordance with Clause 6-8.4.2 of O.H.B.D.C.

The unfactored horizontal resistance against sliding between concrete
and approved till surface can be calculated using a friction angle of 29 degrees.

For frost protection, the footings should have a permanent earth cover
of at least 1.2 m, or equivalent artificial insulation.

The abutments can also be founded on engineered fill consisting of
Granular A type material compacted in thin iayers to at ieast 100% of the material's
Standard Proctor Maximum Dry Density. Prior to the placement of the engineered
fill, the upper variable, weak and otherwise unsuitable zones of the existing
subgrade should be stripped to the surface of the competent stratum. The
Granular A pad supporting the spread footing foundations should be at least 1.5 m
thick. The suggested highest subgrade elevations at the borehole locations are
given in Table 5.2.1.2.

Table 5.2.1.2
General Area | Borehole | Existing Ground Recommended | Recommended Soll Type
No. Elevation (m) Stripping Depth Stripping
{m) Elevation (m)

East Abutment BH30 245.7 09 2448 Sandy silt till

BH31 245.7 0.9 244.8 Sandy silt till
West Abutment BH26 2459 1.1 244.8 Sandy silt till

BH27 246.0 1.1 244.9 Sandy silt till

The construction of the Granular A pad and of the earth fill should
meet the minimum requirements as per Ontario Ministry of Transportation, as shown
on Figure No. D1 in Appendix B. The Granular A pad supporting the spread footing
foundations should be at least 1.5 m thick.

For footings satisfying these requirements a factored vertical bearing
resistance at U.L..S. equal to 900 kPa and a bearing resistance at S.L.S. of 350 kPa
can be utilized. This should however be reviewed when the embankment and
foundation details are being finalized.
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The unfactored horizontal resistance against sliding between concrete
and properly compacted Granular A fill can be calculated using an angle of friction
of 35 degrees.

For frost protection, the footings should have a permanent earth cover
of at least 1.2 m.

5.2.2 PILE FOUNDATIONS

if an ‘integral abutment” type bridge is to be constructed, the
abutments may need to be supported on driven steel H-piles. In this instance, steel
H-piles with a heavy section such as HP310 x 110 with reinforced tips would be
more suitable in order to achieve penetration into the very dense till and also
because the presence of cobbles and boulders can always be expected in the
glacial till deposits. Oversize materials (e.g. greater than 75 mm nominal diameter)
should not be used in the embankment fills through which piles would be driven.

The following table summarizes the recommended axial pile
resistance and estimated approximate pile tip elevations.

Table 5.2.2.1
Support Reference Estimated Plle Tip Recommended Factored Recommended
Location Borehole Elevation (m) Axlal Resistance at Axial Resistance
U.L.S. (kN) at S.L.S. (kN)

East 30 234.0 1650 1150
Abutment AN 234.0 1650 1150
Central Pier 28 236.0 1200 800
29 233.0 1200 800
West 27 233.0 1200 800
Abutment 26 235.0 1200 800

The minimum pile length beneath the pile cap and/or the highway
grade should be 5.0 m. The minimum permissible pile iength should also be
discussed with the structural engineer.

Higher resistances would be available at greater depths, especially at
the location of the central pier and the west abutment. But in view of the variable N-
values recorded in Boreholes 26, 26A, 27 and 29, it is our opinion, based on
previous experience with similar conditions, that the use of relatively shorter piles
will be more economical despite the Ilower resistance values that were
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recommended. It is also believed that this approach will reduce potential problems
during the driving of the piles, due to differential pile lengths, delays, etc.

The piles should be driven using a suitably heavy hammer capable of
delivering a rated energy of at least 55 kilojoules/blow, but not more than
65 kilojoules/blow. The driving of the piles in the field should be controlled by a
recognized pile driving formula, such as the Hiley Formula. The estimated ultimate
resistance of the piles by the Hiley Formula can be calculated by dividing the
recommended axial resistance at U.L.S. by a resistance factor of 0.5 as per current
MTO practice. With this criterion, the estimated ultimate axial resistance as per
Hiley Formula is approximately 3300 kN for the east abutment (i.e. 1650 0.5
=3300) and 2400 kN for the central pier and the west abutment locations. For this
project, however, because of the short nature of the piles, we recommend to use a
resistance factor of 0.4 which would yield ultimate axial resistance values of
4125 kN for the east abutment and 3000 kN for the central pier and the west
abutment. g Y

_ f<..|./,." PR SRS B TV N

In accordance with the above criterion, we recommend that the piles
be driven to about 1 m above the quoted design elevation and driving should then
be monitored and controlled by employing the Hiley Dynamic Pile Driving Formula
in accordance with MTO Standards SS 103-10 or SS 103-11. If the driven pile
encounters refusal above the recommended elevations, the engineer should be

immediately notified.

During the driving process piles which have already been driven
should be monitored to determine if they are heaving due to the effects of driving

adjacent piles. If this phenomenon occurs, the affected piles should be re-driven.

J\"\ 0 0
At least of the piles (but not less than three piles) driven at

strategic locations at each support element should be re-tapped not iess than 24
hours after the driving of the pile, as per OPS$-903, to check that relaxation has not
occurred. If it has, then all the piles should be re-tapped. It is possible that the
piles may drive several metres below the estimated tip elevations. This aspect
should be taken into consideration when ordering piles.

If difficulties are encountered, due to the very dense nature of the
ground, to penetrate the pile to the required tip elevation then pre-augering may be
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necessary to an elevation sufficiently above the anticipated pile tip elevation (e.qg.
about 1.5 m above the pile tip elevation.) As mentioned before, due to the
anticipated hard driving conditions and the presence of cobbles and boulders, the
piles should be equipped with reinforced tips as per MTO Standards (OPSD
3301.00).

For frost protection, all pile caps should have a permanent earth cover
of at least 1.2 m.

In cohesionless soils the coefficient of horizontal subgrade reaction
can be estimated from:

k5=nhZ/ d

Where ks = coefficient of horizontal subgrade reaction
z = depth
d = pile width
n» = coefficient related to soil density as given in Table 5.2.2.2.

Also, presented in the same table are estimated values for angle of internal friction
and bulk unit weights.

Where the soil is primarily cohesive, the undrained shear strength of the soil
is given.

FOUNDATION DESIGN REPORT
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Table 5.2.2.2
Area Applicable Soil Type Bulk Unit | Angle of | Recommended | Recommended
Reference Elevation Weight Internal Ny, Value Undrained
Borehole (m) (kN/m3) Friction (MN/m?®) Shear Strength
No. (4) (kPa)
Degrees
East
Abutment
BH30 & 31 245.2-244.7 Clayey silt 19.0 80
244.7-241.0 Sandy silt till 22.0 35 18.0
241.0-237.5 Sandy silt till 22.0 35 11.0
237.5-231.9 | Sandy silt/silty 225 36 12.0
sand till
Central Pier
BH28 245.4-245.0 Clayey silt 18.0 40
245.0-243.6 Clayey silt 21.0 120
243,6-243.0 Sandy silt till 21.5 34 18.0
BH29 245.5-244 8 Clayey silt 18.5 50
244.8-243.0 Clayey silt till 21.5 180
BH28826 243.0-241.0 Sandy silt till 22.0 34 18.0
241.0-237-6 Sandy silt till 220 35 11.0
237.6-233.3 | Sandy silt/silty 225 36 12.0
sand till
West
Abutment
BH26 245.6-244.5 Sandy silt till 20.0 31 4.0
BH26 244.5-240.6 Sandy silt till 22.0 35 18.0
BH26 240.6-230.0 Silty sand till 225 36 12.0
BH27 245.6-245.0 Silty clay 18.5 50
BHM27 245.0-244.0 Sandy silt till 21.0 32 5.0
BH27 244.0-240.5 Sandy silt till 22.0 34 18.0
BH27 240.5-240.0 Silty clay 20.5 130
BH27 240.0-236.0 Silty sand till 21.8 33 11.0
BH27 236.0-223.0 Silty sand till 222 35 11.5

FOUNDATION DESIGN REPORT

The recommended horizontal resistances for the HP310x110 steel H-
piles are as follows:

Factored Horizontal Resistance at U.L.S. = 130 kN
Horizontal Resistance at S.L.S.

= 60 kN

At the central pier locations, and also if integral abutments are not
constructed at the abutment locations, the lateral resistances of the piles can be
supplemented, if desired, by horizontal components of battered piles.

MINISTRY OF TRANSPORTATION OF ONTARIO
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In order to minimize the effects of any downdrag, and to minimize
future settlements of the embankment fillL we recommend that the approach
embankments be placed prior to driving the piles.

In accordance with MTO requirements (MTO Structural Office
Standard), piles for integral abutments require a 3 m long flex zone. In essence the
current MTO standard for the flex zone consists of an annular space in between two
concentric corrugated steel pipes (CSP’s). One of the CSP’s surrounds the H-pile
(i.e. has a diameter of about 600 mm surrounding the pile, while the second CSP
has a somewhat larger diameter; typically 800 m for a 310 mm H-pile). The annular
space in between the CSP’s is the 3 m long flex zone. After the pile is driven, the
space between the H-pile and the inner CSP is filled with cement bentonite or
uniform coarse sand. An NSSP should be included in the contract documents
specifying the gradation of the sand as follows:

Sieve Size Percentage Passing
2mm 100%
600 pm 80-100%
425 pm 40-80%
250 pm 4 -25%
150 um 0-6%

5.3 LATERAL EARTH PRESSURES

Backfill behind abutments and retaining walls should consist of non-
frost susceptible, free draining granular materials in accordance with the Ontario
Ministry of Transportation Standards.

Free-draining backfill materials (i.e. Granular A or Granular B) and the
provision of drain pipes and weep holes, etc., should prevent hydrostatic pressure
build-up. Computation of earth pressures should be in accordance with O.H.B.D.C.
For design purposes, the following parameters (unfactored) can be used.

Compacted Granular ‘A’

Unit Weight = 22 kN/m®

Coefficient of Lateral Earth Pressures:
K. =0.27

FOUNDATION DESIGN REPORT
MINISTRY OF TRANSPORTATION OF ONTARIO




Project: SP2960A 17

Ko =043

Compacted Granular ‘B’

Unit Weight = 21 kN/m®

Coefficient of Lateral Earth Pressures:
Ks=0.31
K, =047

These values are based on the assumption that the backfill behind the
retaining structure is free-draining and adequate drainage is provided. As well, it is
assumed that the ground behind the retaining structure is level.

The earth pressure coefficient adopted will depend on whether the
retaining structure is restrained or movements can be allowed such that the active
state of earth pressure can develop. If the abutment is restrained and does not
allow lateral yielding, then at rest pressures should be used as per Clause C6-7.1 of
the O.H.B.D.C., 3" Edition. The effect of compaction should also be taken into
account in the selection of the appropriate earth pressure coefficients in accordance
with Clause 6-7.4.3, 0.H.B.D.C., 3" Edition.

Vibratory equipment for use behind abutments and retaining walls
should be restricted in size as per current MTO practice.

As an alternative to conventional retaining walls, MTO's Retained Soil
System may be used. The following should be inciuded in the Contract Documents:

- identify longitudinal extent in plan of the Retained Soil System

- identify in plan transverse space constraints (top of wall and
bottom of wall)

- identify elevation of top of wall and bottom of wall

- include NSSP for Retained Soil Systems in Contract Documents

The Retained Soil System should be of high performance and high
appearance.

FOUNDATION DESIGN REPORT
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54 APPROACH EMBANKMENTS/CUTS

Based on the borehole results, no foundation failures are anticipated
for the proposed 6 m high embankments, provided that all organic soils, weak or
otherwise unsuitable materials are removed as per MTO Standards before placing
the fill.

Assuming properly compacted, acceptable inorganic earth fill material,
2 horizontal in 1 vertical side slopes can be used. Proper erosion control measures
should be implemented both during the construction and permanently. This can be
achieved by immediate seeding or sodding (OPSS 572).

All organic and other unsuitable soils should be removed within an
envelope given by an imaginary slope not steeper than 1:1 from the toe of the
proposed embankment as depicted by the sketch presented in Appendix E. The
average thickness of the unsuitable soils to be stripped can be assumed to be about
0.4 m. After stripping, the exposed subgrade should be inspected, approved and
properly compacted from the surface, using a suitably heavy compactor, under the
supervision of a geotechnical engineer who is familiar with the findings of this report
and appointed by the Contract Administrator.

Provided that all organic and otherwise unsuitable materials are
removed and the subgrade is properly compacted from the surface as detailed
above, the settlement of the foundation materials (i.e. not including the settiement of
the embankment material under its own weight) should not exceed 12 mm and
should be substantially completed during the construction and within three weeks of
placing the embankment fill to its full height. Such settlements are considered
acceptable and will not necessitate preloading or surcharging.

Groundwater level was recorded at about 5 m below existing grade
and, therefore, we do not anticipate problems due to groundwater seepage during
stripping of the subgrade and backfilling for the construction of the embankments.

The materials used for the construction of the embankment fills should
consist of approved, acceptable earth fill (e.g. Select Subgrade Materials — OPSS
1010). As mentioned before, oversize materials should not be used in embankment
fills through which piles would be driven. The fills should be placed in lifts not

FOUNDATION DESIGN REPORT
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exceeding 300 mm before compaction and each lift should be uniformly compacted
to at least 95% of the material’s Standard Proctor Maximum Dry Density. The
degree of compaction within the top 0.6 m of the fill (i.e. the subgrade immediately
beneath the granular subbase) should be increased to 98%. The selection,
placement and compaction of the fill should be carried out under the supervision of
a geotechnical engineer who is familiar with the findings of this report and appointed
by the Contract Administrator. The settlement of the embankment fills prepared as
described above should not exceed 35 mm. The time rate of settlement will depend
on the material used for construction and for granular fills it should be mostly elastic
(i.e. should be substantially completed during the construction and within a few
weeks thereafter) while clayey fills will consolidate over a longer period of time.
These quoted settlements would be in addition to the foundation settlements quoted
earlier in this section. In view of the fact that the anticipated total settlements
should not exceed about 45 mm, surcharging is not considered to be necessary.

55 CONSTRUCTION COMMENTS

Water level measurements made in the piezometers installed indicate
that the groundwater table at the time of the investigation was at about
Elevation 241.0 m or about 5.0 m below the existing grade. Therefore, for spread
footing excavations extending to 3.5 to 4.0 m below the existing grade (or to about
Elevation 242.0 m), no major problems due to groundwater seepage are anticipated.
Any surface water seepage can be handled by gravity drainage or by pumping.

If the water table at the time of the construction rises to excavation
depth or if a perched water table is encountered, it should be possible to dewater
the site by means of gravity drainage and pumping from filtered sumps. Depending
on the conditions, a perimeter drain may also be necessary. It should, however, be
pointed out that such a system can only be expected to lower the water table by
about 0.5 to 0.8 m and if water table is considerably higher or deeper excavations
are necessary, the use of a more elaborate system, such as vacuum well points,
may be required. It should also be pointed out that the silty deposits encountered at
the site are susceptible to disturbance, especially in the presence of water. |If
foundations are placed on improperly dewatered, disturbed founding soils,
excessive settlements could occur after the application of structural loads.

FounDATION DESIGN REPORT
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Allowance should be made to place a 150 mm thick lean concrete
mudmat in all footing excavations to minimize disturbance. Following the
construction of the footings, backfill should be placed to a sufficient height above
the footing (i.e. at least 1.2 m) to prevent disturbance and frost penetration.

Up to 2.5 m deep cuts will be required at and in the vicinity of the
bridge location. Borehole results indicate that, in general, underlying about 1 m of
clayey silt to silty clay soils, the cuts can be expected to be formed through compact
to dense sandy silt tills. The groundwater table, which was encountered at a depth
of 5 m or at about Elevation 241 m at the time of our investigation, is not expected
to rise to the proposed highway elevation (i.e. 243.5 + m). It is, therefore,
anticipated that the cuts will be formed above the permanent groundwater table.
These conditions indicate that 2H:1V side slopes should be stable both during the
construction and permanently.

All cut slope faces should be inspected during the construction for
surficial instabilities. Where necessary, remedial measures, such as gravel
sheeting, may be required.

Vegetation should be established on all slope faces to protect against
surficial erosion as per OPSS 572.

56 FROST PROTECTION

Design frost penetration for the general area is 1.2 m. Therefore, a
permanent soil cover of 1.2 m or its thermal equivalent is required for frost
protection of foundations.

6. CLOSURE

We recommend that once the details of the structure are finalized, our
recommendations be reviewed for their specific applicability.

FOUNDATION DESIGN REPORT
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The Limitations of this Report, as quoted in Appendix F, are an
integral part of this report.

Zuhtu Ozden, P.Eng.

Sty 1

rziph3 Ivan Lieszkowszky, P.

FOUNDATION DESIGN REPORT

MINISTRY OF TRANSPORTATION OF ONTARIO



APPENDICES

Project: SP2960A



! e
; z 27 264 26 o
| . g 50 -d} JL W{ MO 4 ." 250 ¥ g CONT NO
' ~ 2 o
; SANGALWAOD PRWY  S7AsiidED 3 C
| : CSATY cuay TRIC |wp Nol30-99-00(A)
: x 248 o - 248 DIMENSIONS ARE IN METRES
H 25010 325mm
TOPSOIL N p, T EHanse SHow syaTioNs
HERWI! .
ol _ T TR YT o 4 VISE SHOWN. STA SANDALWOOD PKWY SHEET
£ 2448 2o . -|Et Rix7URE O SILT & SAND.|"| |4 244
Yery Dense [ 45 -1 ]al -1 | JSOME GRAVEL, TRACE CLAY -la| [ 1- J1Compact to Dense
= Hory Denad ;gh?«w AER R o R A RN AE R pmegere o ¢ BORE HOLE LOCATIONS & SOIL STRATA
2 2828 iy cm‘y'a sol ol L] [o] [ SONE SaND & Sar SEARSITENSES | ~JoT ] [ :
< Tobiolah o] € COBBLES & BOULDERS § - 1af .1 1 12 h k LI d
5| oo tsprizabed st ol st lorary b et Shaheen & Peaker Limite
2 HERGY i |',I‘,.|'|.|[!|"i1 ‘!I,l||.| P_|‘}i'5°. . Aoyt e —>
H 238-"|£J r |'I‘]'J:-"I- R TR |=dl1li1ll ss{_I" . ‘ T | i B
3 zgéLf__-F_-_r_lﬁ: Ll la et warore ony 9 d ot L sl ‘1, 1oy 236
= ‘JO_ B '[_F‘.]S ND & SILT, somecanv51| 1°|1 I!“ e Choftem G
] 2344 4ole JPLde D0 T ) TSUTY SAND TanL} -] 1 °| sobrt 234 =
z I i 9 | ?6] [+, |- SOME SAND, SILT & SILTY CLAY SEAMS/LEMSES |- fldem 1 il
H 23-,,'!".. |li Ton .i'LL‘l.Ll OCC COBBLES & BOULDERS' |, !” |- ]'l.[' 0 d. 232 29 194050 : g
‘]."al_l'| SN 1'|(_;1."|_—['|Dense lo Very Dense| i" T |di' =1, y- -
et e Ly PR L I | I'| ey | llil N |' 290 a«
2305 L NE WELIE L IV v 'i'l" ] 2ol 503 GO N
225'1‘! Ll esal L Ll bt o e e 228 p
.I‘.|‘.'°7‘| BB [
22 ‘12I| I |,,{ 80 JiJI 1.Q|'| 4 226 PKWY )
Jhhn IRERE N
224l.|°| .|'|"-|I 30 | I Rl 274
nfq.aéncgjpus -_E T . ]
o= han i
220 — 220
' SECTION A-A 8
KEY PLAN
o SCALE
STA 19+4032.266 Hwy 410 — @ Wn 05 9 d 2km
427 $28 N 4844 291.908 ; E 262 390.832 < [ etoce———
(—HET MIXTURE OF i SANDALWOOD PEWY wi NOT 250 B
230 CLAYEY SIT ! STABIIZED o [,
IY CLA SOME SAND & GRAVEL LEGEND
248 Ficm to ST/ TCLAYEY SITT THL] 300 16 350mm 248 O
246 N Wery Stiff to Hord TOPSOIL N 246 > _‘ Bare Hols
“ 4{/ o K195 /‘ C YT 11 A1 [CLAYEY SIIT 2 3
{,439 v / AR }J/ < =Y YT AL 4 |
d . = ya & h"lol'lnrd a \
l 244 111)1._ 7 %g % A I Wi i{:[ 4 |4| raw] ¢ .:;i..?'.ll A e 244 T -$— Oynomic Cone Panetration Tesy {Cons]
.59-0- 1T E|! ‘ : SRARENRN, S ENnR
242. ECN LA | ek Bl P A = - 1242 -Q- Bore Hole & Cone
's_'_'c YRR E T RE HETM!XTUREOFSIH&SAND AERARE R HEBRARER
Lol Ll 3 72l L)L) some craveLTRace cuavalI*LIOU LITIESL =4 9L N Blows/0.3m (51d PenTest, 475 J/blow)
: sofSem LT~ T-T -] AsANDY sitT TiL] o1 | [ [T 1 1 feifi- e o :
ST L] 7] .| SOME SAND & SILT SEAMS/LENSES ~ 1ol FEsobhizem o| 1] 1L .
N =ONEREE '] 9<¢, comsces & soutoees | T [ LT T S ANE SRR CONE Blows/0-3m [60° Cons, 475 J/blow)
o o*lr;r]' T?IT. LiVery Dense { T+ =1 50 “_]“llf =234 L WL at time of investigation Cct, 1999
s1 |..'-|.'1.qu[|| i'J YR R EE | it R E N by PLAN i ;
l 54 i I‘i, Tl g1 .[".| | T isghate T T 1234 - GSC-ME“J 20 ' —i— WL in Piezometer
I : =
17 -#9] HET MIXTURE OF - Om_ O |
- 232 d
SAND & SILT, SOME GRAVEL |
ssjs] L7 [SHTY SAND ThL] .
a3 * SOME SAMD & SILT SEAMS/LENSES 230 E Piezometer
UL T3 .) -, occ coBBLES & BOULDERS
~ 228 32 27 29 30 a3 :
l Tr ]Dense to, Very Dense 2 4 4 o A d +>° [rroPosen| crave No |ELEVATION| woRmh o | EAST
1.1 < i1 226 252 R ;
sl o . ILl i —:|JI| 224 s ' 250 26 | 245.9 |as4d263 | 282381
[ps! - |j | I.I Ll a ) - SILTY CLAY Gore St 1o Hard' 7 300 to 350 26412459 | 4844265 | 282379
o} ] titf to Har — ) mm
l SECTION B-B 222 248 Firm fo SHTT / TOPSOIL [ SLAYEY S . 248 27 | 246.0 |4844285 | 282359
N N N N\ Very Sti N ! 246 28 | 245.7 [4844280 | 282402
246 = O E A7 27,9 ) 2 Y% vars 5 :
ARBEARD [ aaNERRE Bt Zolki B St ] sei Ehg WAl ST F Faraen 744 29 |245.9 |4844303 | 28238)
244 PHNER G IR AP A e BA IR B s AN N ' ' ‘AEE 30 {245.7 |a844299 | 282423
_‘31 _*30 242 T -+ I T N;,/‘ 2 E O "L_.-g‘d S T3 242 31 {245.7 4844320 | 282 402
-— - FO4r Y., DR . . - : <m far—
Wit NOT STABILIZED § SANDALWOOD PKWY -4 | L e A W B . P T Gl Yl Bl = . Wikl 240 32 {246.0 |4844256 | 282358
2% ! SY clay 20 240 TR T S T T R T LT 1]
248 (300 to 500m | clavey sut— | N\ Tsnief . 238 19 1--'!°1L RS ORE ;g_t‘._! AL "‘l 218 33 | 245.4 14844327 | 282426
s TOPSOIE Very SHIF T 1 TONRINEN: [ e ceay e
l 246 246 234 HET_MIXTURE OF —] {ill Ly Hlil! |-L.L 3“?.]'5-! r - ‘_1 236
© T ) e e e N g W gy =T, 3 SILT & SAND &) ss Ll ] 51
a4 oL T T2 b T T T 'I'Il:ra J"‘W Slamadraiaalin Fyiseschescl oy 234 SOME_GRAVEL ,TRACE CLAY J. -] s L I?l el L io' ) 234
INAERE E AR R ERG RN, INCRRNEEE EEHRRE (SANDY ST L) REEET o TR ETNEE N o RN AR |
242 w18 Hsobizem® HET MIXTURE OF SII.T & SAND INBHAEDE g; Rl 242 237 SOME SAND & SUT SEAMS/LENSES [-i St PAME ! J] 4, i f I+! . 232
T e 1 [somE oraver TRACE cLaY(- (=1 [T T-[ T =0 E1.T'T.T" L, IBANE IR REBEE N bl B ;
l 240 ol [ezaphstone] | [ -tsanov sir mivay sy [ ][ [ Jo | [ ET-WSIHAL L] 40 e el %.l | |o|l} 1.' ssll o] HET mixTure of 230
R o]~ & - ||| 5ome sanp & st seamssienses [of T-T LT 1T 1133l 1153 .t A0 L SAND & SILT, SOME GRAVEL
238 Ly 38 |°| s oce copstes & souroers . 21" [ ].] 9 381 2 -235 1-1 I.E !-I |?; o332 P (siTy SARD Titt l 221
; 21’ g s Dense to Very Dense 1. ; RRES T o ! ™ 8 ) _['1 .['1,|'| A 11 SOI:JECSCJ\I:!SBS;!ETE: :IL;BStL;;‘iEnMSILENSES [ =NOTE=
236 21 1. ] 50 3cm .| |, -4 14‘1 . T I'§so El‘L“l__|_'236 ] . k-1 PRI P L) P PN ]il — 226 The boundaries between soil strata hove been established
36 ANRERR ™ “Q": RAERE .., g | |1 ;q_ 5 HtT MD(TUI!E OF E 9% 50F13em | ity | ||i|| |011 - Dense to Very Dense J only at Bore Hole locotions. Between Bore Holas the
234 KT zeey 1o} polol.) [-19 SAND & 5 VEL d ‘—l—l—l—'—234 3t onE TRLETM TR P A1 LI '] 1 224 boundaries ore d from geologial evidence.
; ENAR S AREEERE {STLTY SAND TILL}I-' | iPoreen. sy R o 150" S feal |- ' vs 60" sp g 1 fsall"!7 " [ — 3 o
B L. I o SOME_SAND SEAMSILENSES Lsolil ? I i . NOTE: The comph tion investigotion ond nignnpoﬂ r
232 5013 cm OCC COBBLES & BOULDERS e 232 222 S T g [ 222 this project and other refoted doc moy be sxomined ot the
o Very Dense 10 o - 3 . 220 Engineering Motsrials Office, Downsview. Informohon contoined in
23 2 220 Q 1 shu‘;:g:ﬁ oml'l:lci:’ocumcnrs is specificoily excluded in
- occ ncs . itions of Section GC 2.01 of OPS Gen.Cond.
SECTION C-C G PROFILE SANDALWOOD PKWY - :
SCALES ! DaTE | BY DESCRIPTION
am 20 4 Bm 0m 5 0O 10 20m HOR ] Lev i '
™ =, - | Guocres No 30MI12-240
4m 2 0 H 8m VERT WWY e 410 DIST_CENTRAL
— SubmD Z G {CHECKEDZ O[DATE Jan 3,200C |SITE
™ DRAWN J P |CHECKED § B*FHvio DWG 1309900A-A




Project: SP2960A

APPENDIX A

Borehole Log Sheets

FOUNDATION INVESTIGATION REPORT

MINISTRY OF TRANSPORTATION OF ONTARIO



Ministry of

L L Foundation Design
ransportation
Ontario
RECORD OF BOREHOLE No 26 10F 1 METRIC
W.P. __ 1309800 LOCATION 4844263N;262381E ORIGINATED BY MT
DIST Central  HWY 410 BOREHOLE TYPE _ Solid and Hollow Stem Augers COMPILED BY _GT
DATUM _Geodetic DATE 18.10.99 19.10.09 CHECKEDBY_ 20
DYNAMIC CONE PENETRATION
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Ontario
RECORD OF BOREHOLE No 26A 10F2 METRIC
WP. 130-69-00 LOCATION 4B44265N:282370F ORIGINATED BY M.T
DIST Central HWY 410 BOREHOLE TYPE _ Solid and Hollow Stem Augers & D.C.P.T. COMPILEDBY _ GT
DATUM Geodetic DATE 25.10.89 CHECKED BY 70
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES © W |RESISTANCE PLOT HATURAL REMARKS
W, z -Z?"______ PLASIC e el S t
I nl=Z2| & 20 40 60 80 100 LT CONTENT Ll &
|8 wizg) 2z T wp w wi| 5% | cranseze
ELEV & wlw 2 8 g SHEAR STRENGTH kPa — e DISTRIBUTION
DEPTH DESCRIPTION < |2 .% |5 < |0 UNCONFINED  + FIELD VANE
g2 12 WATER CONTENT (%) | 7 %)
|2 2|BC] @ |eo QUCKTRIAXAL x LABVANE \
2458 Ground Surface u 20 40 60 80 00 20 4 60 kwm3 |GR SA 81 CL
00
245
244
243
242
not sampled see log of
Borehole 26
241
240
239.2
67 e | 239
|9 1 55 15013 [=) 222
o
I
ol
i |
Heterogensous mixture of L 238
Sand and Sitt o
some gravel - I-.
(SILTY SAND TILL) “}‘ 2188 | 85 v
with Sandy Silt Till zones, | - 237
occasional Sand and Silt o |-
seams/ienses, occasional cobbles v' 19 Change to
and boulders, gray, very dense to l o Hollow-Steam
13 m, dense below, wet o 238 augenng
i |3 ss |somn3 o
° |
| o
° |
J°] 4| ss |sas 235 15 44 38 3
|-
el
Y
o’ ‘
° 234
ol
I]s | ss [sons ° 227
e |
I o
| 733
I L[]
!
|
116 | 55 | 40 732 8 45 43 3
1, -
of
|
| m
Continued Next Page
n g +Y x 3. Numbers refer to '535

Sensitivity 10

(%) STRAIN AT FAILURE



Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No 26A METRIC
WP, 130-89-00 LOCATION 4844265N, 282379E ORIGINATED BY MT
DIST Central HWY 410 BOREHOLE TYPE _ Solid and Hollow Stem Augers 8 D.CP.T, COMPILEDBY _ 6T
DATUM Geodetic DATE 25.10.09 25.10.99 CHECKEDBY____ 20
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ﬁ g RESISTANCE PLOT 2_“ oo E REMARKS
[2]
= o | % B 20 40 60 80 100 wr| 5 3
Q| x wlz > n L 1 1 . w | = % | GRAINSIZE
ELEV a8l | 2]g5] & [sHEARSTRENGTHKPa . DISTRIBUTION
DEPTH DESCRIPTION E e | 3 25| T |o UNCONFINED  + FIELD VANE y %)
g1z F @O} @& |e QUCKTRIAXIAL x LABVANE | WATER CONTENT (%)
© E" 20 40 60 80 100 60 kN/m 3 GR SA St CL
e |
Heterogeneous mixture of R I 7| 88 | 81 27
Sand and Sit :
with some gravel °] 30
(SILTY SAND TILL) " i
grey, very dense to compact, wet 19
.
i
o 228
87 ull g|ss| 22
17.2 End of borshole at 17.2 m
Dynamic Cone Penetration Test
performed from 17.2 to 22.9m 228 Py
\
7
22 <..-7--'
226
25 >
¢
224 \L
-hq.._‘-
M
2230 203 22
e End of Dynamic Cone Penetration
Test
Water lavel on completion at
88mandholecaved at91m
Water leve! not stabilized

+

» Y. Humbers refer o

155
Sensitivity %

(%) STRAIN AT FAILURE



Ministry of
Yraneporation

Foundation Design
Ontario
RECORD OF BOREHOLE No 27 10F2 METRIC
W.P. 130-98-00 LOCATION 4844285N, 287350E ORIGINATED BY MY
DIST Cantral HWY 410 BOREHOLE TYPE _Solid Stemn Augers & D.C.P.T, COMPILED BY GY
DATUM _Geodetic DATE 19.10.89 20.10.99 CHECKED BY 20
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x H RESISTANGCE PLOT HATURAL REMARKS
Byl = magnc P uo:: - £ .
= ol|l<Z2| 8 20 40 60 80 100 (™  comm M| D
O e R AR A ° 1 wp - wy Dg GRAIN SZE
ey Zld | 3126 § SHEAR STRENGTH kPa A S——— DISTRIBUTION
BesTr DESCRIPTION =z 2| 3 § § X |© UNCONFINED  + FIELD VANE Y ™)
El= Z[BO] @ |o QUCKTRIAKIAL x LABVANE | WATER CONTENT (%)
) [ 40 60 3
246,0| Ground surface 246 20 40 60 80 100 20 w/m?3 |GR SA S CL
2429 325 mm TOPSOIL = NI
0.3 SILTY CLAY
with Clayey Silt and Silt seams,
2450 brown. firm to sttt 142 | ss | 245 03
10
3| 88 2
244
Heterogeneous mixture of
Silt and Sand 4 | 88 46 =} 216
sotme gravel, trace clay
(SANDY SILT TILL) ¢ 5T Tooms 243
with Clayey Sitt Tit! zones, some
Sand and Silt seams, occasional
cobbles and boulders, brown to
. 5 39 44 12
3.3 m, grey below, compact to very 6|85 | % 242 © 28
dense
7 = 30
241
2405 wet sand and silt seams F_-l
55 SILTY CLAY 885|116 06
240.0 with titt seams, grey, very stiff // 240
6.0 e | Y
1498 |ss| =
o
I
ol . 0
Heterogeneous mixture of 11| ss | 3 o
Sand and it : i.,
some gravel 2
(SILTY SAND TILL) 0 1] ss | 40 238
" 38
some Sandy Sitt Till and Clayey IR
Silt Til zones, some Sand seams, - |
accasional Sit and Sitty Clay |1 4
seams/lenses, occasional cobbles 1, 237
and boulders, grey, dense to very °i {12185 | °
dense, wet , I
‘ o
Wil 236
efralss |
s
|
- | o
A |o114 | 88 | 55 235
l L]
‘] )
MR
le I
| 9 34
i lc 15| 85 | o8 10 36 52 2
ll
|
| 233
o
i |
' L]
ol o
A : 6] 85 | 86 — Oct 19/0ct20
1 -
il | .
ol )
Continued Next Page e 2
FENVE N Numbers refer to 1583

Sensitivity 10

(%) STRAIN AT FAILURE



Ministry of
Tr:‘rmmtion

Foundation Design
Ontario
RECORD OF BOREHOLE No 27 20F2 METRIC
W.P. 130-99-00 LOCATION 4BA4285N:282360F ORIGINATED BY M.T
DIST Central HWY 410 BOREHOLE TYPE _5olid and Hollow Stem Augers 8 DCP.T. COMPILEDBY _ G.Y
DATUM _Geodeti DATE 19.10.90 20.10.09 CHECKED BY___ 2.0
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES T I-_U' RESISTANCE PLOT - NATRAL o E REMARKS
Eal & A waenee ML o a
= nl|= @ 20 40 60 80 100 l COMTENT b zQ
Sle w|z z e wh w w | 54 | cransee
ool Y zle Q |SHEAR STRENGTH kPa
ELEV DESCRIPTION |8 2129 & _ DISTRIBUTION
DEPTH é = % > 8 o < O UNCONFINED + FIELD VANE Y (%)
£12 Z{8°| @ |o QUCKTRIAXAL x LABVANE | WATERCONTENT (%)
o 2 @ e e 1w 20 4 60 wwm3 |GrR sA 81 CL
| i
l o
o 17} 88 ps?]
| Change to
|
“l 230 Hollow-Steam
o | augering
19
° 1,
ol 18| 85 | 68 229 o
|
e |-
Heterogenaous mixture of 1
" P .
Sand and Sitt _ } . 28
some gravel -_‘I
(SILTY SAND TiLL) b1 ]1e ] ss | e2
with Sandy Silt Till zonas, g
occasional Sand seams, 9_'.| p 7
oceasional cobbles and boulders, of _°-
grey, dense to very dense, wet o
o ! .
Bk 28
*yl20{ss | e °
T
.‘}_.:
e
e |
' 19 225
N
4 21| ss | 50
|
ol 224
19
".'-_l-;-
a'
|
. 23 9 42 45 4
bf{22| 55 | 63 o
225 1
235  End of borehole ‘“‘*'m______“
Dynamic Cone Penstration Test 22 —
extended from Z3.5 to 25.3 m \
>
21
2207
253 End of Dynamic Cone Penetration
Test
Water level in open hole at
8.1 m and hole caved at
0.1 m on completion
Water'level in opan hole at
6.2 m and hole caved at 6.2 m four
hours after completion
3 3. Numbers refer to 3
+7 k7 15 s

Sansitivity 10

(%) STRAIN AT FAILURE



Ministry of
Teansportation

Foundation Design
Ontario
RECORD OF BOREHOLE No 28 10F 1 METRIC
WP, _ 1309900 LOCATION 4844260N:282402E ORIGINATED BY MT
DIST __ Centml  HWY 410 BOREHOLE TYPE _ Solid Stem Augers COMPILED BY Q.T
DATUM _Geodeti DATE 18.10.00 CHECKEDBY___2.0
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ﬁ ;‘ RESISTANCE PLOT agne MR E REMARKS
7] MOSTURE
B n|=% 3 20 40 6 80 10 Bl CONTENT T E Q &
S|e wlz z P Y W R wp w w| 3% | cransize
ELEV ag|lY¥) w 3 25| & {SHEARSTRENGTH kPa —_— g DISTRIBUTION
DESCRIPTION 12| F ) £13Z| § |o unconeneD  + FELDVANE
DEPTH 2 23 WATER CONTENT y %)
E1Z z|g® @ |e QUICKTRIAXIAL x LABVANE %)
w 40 60 3
245.7| Ground surfage 20 40 60 80 00 20 kN/m= |GR SA S| CL
X 300 mm TOPSOIL —~ —]
249‘9 - —1 1| 88 10 4
0.3 CLAYEY SILT
with Ciayey Silt Tilt, Silt and Silty 245
clay seams, brown, stiff to hard, 2 &5 26 o
moist
Al s % 244 5 236
1
243.6 iy
21 i
9 42 48
4| ss| s o H
243
5| 85 [s50n13 o 216 6 44 50 0
242
2 40 58 0
Heterogeneous mixture of 6| ss| 70 ©
Silt and Sand
with some gravel 4’ 241
{SANDY SILT TL) 718 |70 © 215
some Clayey Silt Till zones to
6.0 m, frequent Sandy Sitt Till
Zones and some Sikt and Sand 8| Ss 52 240 o
seamsfenses beiow, occasional
cobbles and boulders, brown to
9|55 | &1 Q 226
3.0 m, grey below, very dense,
damp to 5.0 m, moist to wet below h 4 230
10| S8 [S13 o
11| ss |[son3 238 o) 25 (1 42 5 1
237
12 | 85 |50M1
(=]
236
13| ss |s0n1s 25 24 |13 42 43 2
)
234
<]
2333 14| ss [son13
124 End of borehole
Hole caved in and water level at
7.0 m upon completion
Woater level at 8.6 m and hole
caved st 7.0 m two hours after
completion
Water level not stabilized -
Sand and clay lenzes at 5.5 m
3 3. Numbers refer to N
T e ansitivity 1595 () STRAIN AT FAILURE



Ministry of : ;
Tml&hﬁm Foundation Design
Onitario

RECORD OF BOREHOLE No 29 10F2 METRIC
W.P. 130-99-00 LOCATION 4844303N,287381E QRIGINATED BY MT
DIST Central HWY 410 BOREHOLE TYPE _Solid and Hollow Stemn Augers & D.C.P.T. COMPILEDBY _ G.Y
DATUM _Geodetic DATE 20.10.99 21,10.89 CHECKED BY Z.0
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ﬁ W |RESISTANCE PLOT ane MR o & REMARKS
) = MOSTURE
b nlxz| 8 0 4 60 80 100 | tema | EB &
°g ulzgl z L wp w w|S5Y | oransze
L la 2125 © [|SHEAR STRENGTH kPa
ELEV DESCRIPTION b 21 g b Ot DISTRIBUTION
DEPTH < |3 513 § L | O UNCONFINED  + FIELD VANE ¥ %)
£z Z[E°| @ |e QUCKTRIAXAL x LABVANE | WATER CONTENT ()
245.9| Ground surface i 20 40 60 80 100 0 40 60 kNm3 {GR SA 51 CL
00 T —
2455 350 mm TOPSOIL = ss 6 ) 189
0.4 SILTY CLAY
brown, firm to stiff s
244.8 288 | 24 25
i Haterogeneous mixture of
Claywy Silt
ayey S 3| ss| 38 o 207
with some sand and gravel A 244
(CLAYEY SILT TILL)
with i
s s [
243.0 very s .6 m, hal Ow / e
- 243
28
5| 88 59 o 23
q
242
6| 58 33
Haterogenecus mixture of 7 | 85 | 5o e 4
Sift and Sand 241
with some gravel, trace clay
SANDY
¢ ' SILT TILL) s | ss 7
occasional cobbles and houlders,
grey, dense {0 vety dense, damp e 240 o
with occasional wet zones below i e
7.0m
239
10 88 49
T 111 ss | 78 28 o 25
737.6
83 i "1
Heterogeneous mixure of 1
Sand and Sit oy 237
with some gravel RE
(SILTY SAND TILL) | {12 ]| ss | 24
some Sand and Sitt seamsfienses, I} d
occasional cobbles and boulders, o I 38
grey, dense to very dense, wet X ; 8
L)
|
o_l
|4 13| S8 235 o
" | Change to
.o
nE Holiow Stem
T , X .
e § 234
I &4
© |
ol14| s8
ﬂ! -
. : 233
l of
n] )
b 1] ss 232 o 231
j» l
] &
o 231
Continued Next Page 20
+ 3. x 3. Numbers refer to 15405

Sensitivity

10

(%) STRAIN AT FAILURE




Ministry of ) .
T"":’!""‘W Foundation Design
Ontario

RECORD OF BOREHOLE No 29 20F2 METRIC
WP, 1309900 LOCATION ABA43OIN: 2823816 ORIGINATED BY M.T .
DIST__ Cantmal HWY 410 BOREHOLE TYPE _Solid and Hollow Stem Augers & D.C.P.T. COMPILED BY _ 6T
DATUM Geodati DATE 20.10.09 21.10.99 CHECKEDBY___20
BYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | W |RESISTANGE PLOT — | remarke
E'] w 6 FLASTIC e LoD - 4
5 21% é z N B D B I GRAD:SIZE
> ! A ) v
. 7 B w 3|25| & [sHEARSTRENGTHKPa W o N ® | osmeumon
DEPTH DESCRIPTION sl & | 3 28| £ |o unconFned  + FELDVANE y %)
E z (O] @ [ quekTrRiaXAL x LABVANE | WATER CONTENT (%)
© [n] 20 4 60 80 100 20 40 60 kNim3 |GR SA S CL
e |
I o
° | 16| 88 55
a
a] 30
|
o |
l of
o
3 L)
o |17 85 | 43 = [ 230
Haterogenaous mixture of |
Sand and Sitt e |-
with some gravel 19
= . 8
(SILTY SAND TiL.L) Iy
some sand and silt seamsNenses, °}- .
grey, dense to very dense, wet " -l'; 18| 88 44
]
b. 1. H 27
e =
.gl.. .‘:
) =)
| -
19 H1] =z
o]l ss | |5 °
W M
L -
a H.| =
5K M.
BB
shl20f ss | 38 |5
o } 0| =
BE =
RE 1=
ok =t
g = | 2
26 b | 121 | 85 | 88 | ' ) 2214
233 End of borehole _--“"""---.__
2221 Dynamic Cone P ion Test =
AN e Vi : 22
A0 Y 44101 i B 1] 000 S -
End of Dynamic Cone Penetration
Test
Standpipe piezometer installed.
Water leve! in plezomater at
4.8 mon Oct 22 and Oct 25 and at
5.0 m on Oct 2789
wet sand layer at 183 m
+ 3 x 3 Numbers refer 1o 1535

Sensitivity b4 %) STRAIN AT FAILURE



Ministry of
Tmns%mm’on

Ontario

Foundation Design

W.P. 130-99-00

DIST Cantrat HWY 410

RECORD OF BOREHOLE No 30

LOCATION AB44299N. 2824236

10F 2

BOREHOLE TYPE _ Solid Stem Augers

METRIC

ORIGINATEDBY MT
COMPILEDBY _ GT

DATUM _Geodetic DATE 14.10.99 CHECKED 8Y 2.0
DYNAMIC CONE PENETRATION
SOl PROFILE SAMPLES E] ;,‘ RESISTANCE PLOT E—__ HATURAL o = REMARKS
[} WMOSTURE [
= REE ] 20 40 6 8 CONTENT Wz 0 &
9lE wl= P— L . w wi| 2 ¥ | GRAaNsEE
ELEV. DESCRIPTION vl g 2|8 & é SHEAR STRENGTH kPa ————— DISTRIBUTION
DEFTH < |2 2 13 § < | © UNCONFINED TER CONTENT ¥ (%)
£z zlgc| E ® QUICKTRIAXIAL x LABVANE | WA (%)
- 3
245.7| Ground surface 40 €0 kN/m?2 |GR SA SI CL
- 300 mm TOPSOIL =
2483 =7= [ [ 195
03 SILTY CLAY 1]
245:01~.organic stained. brown, stitf 245
07 CLAYEY SILT 2 88 29
2646 \with Sitt seams, brown, very stitt
11
3| ss ! 244 5 45 47 3
4 88 39 221 6 41 51 2
243
5 55 81 10 41 47 2
Heteropeneous mixture of 242
lSiIt and Sand q 6! ss ss 5
with some gravel, trace clay -
(SANDY BILT TILL) 4? N
some Clayey Silt Till zones, A7 as | s 241
occasional cobbles and boulders,
brown to 3.5 m, grey below, dense
to very dense, damp 8l gs | a4 9 44 45 2
240
wet sand layer at 6.0 m op
6| 85 | 52
739
10{ 85 | 38 222
1| ss | 32 28 10 40 47 3
237.5]  clavey A et
82 v Ay
wet sand layer at B.6 m =N
H | 2
Heterogeneous mixture of -
Sand and Sitt -
with some grave| —
(SIL.TY SAND TW.L) - 75
with Sandy Silt Till and some sand E 5 49 45 1
seams/lenses, occasional cobbles _.:..
and boulders, grey, very dense, wet -
‘ = 4
= 20 42 37 4
- 233
0 =
1 [} -
2319 B o 9 B Y z2 28
138 End of borehole
Hole ¢aved-in and water level at
8.9 m on upon completion
Standpipe piezometar installed,
Continued Next Page
+ 3 3. Numbers refer to
Sensitivity (%) STRAIN AT FAILURE




Ministry of ) .
Tmns‘gwuﬁon ) Foundation Design
Ontario

RECORD OF BOREHOLE No 30 20F2 METRIC
WP, 1308500 LOCATION 4BAADOON, 262423E ORIGINATED BY M.7T
DIBT __ Cental HWY _ 410 = BOREHOLE TYPE_ Solid Stem Augers COMPILEDBY _ GT
DATUM _Geodetic DATE 14.10.99 CHECKED BY 20
BYNAMIC GONE PENETRATION
SOIL PROFILE SAMPLES tﬂl_': y  |RESISTARCE PLOT e A ol o | Revarcs
WMOISTURE.
= o | £ % 8 20 40 60 B8O 100 Loall CONTENT Lt % o &
S1E wlsBl 2z T wp w w | 54 | cranseze
ELEV Elal ¥ | 2]96]| 2 [SHEARSTRENGTHKPa A OISTRIBUTION
BERTH DESCRIPTION 5|3 % 5|38 £ |o UNCONFINED  + FIELD VANE y %)
12 2|80 & |o QUCKTRIAXAL x LABVANE | WATER CONTENT (%)
© o 20 4 6 80 100 20 40 60 kwm3 |GR sA &1 cL

Water leve! in piezometer at
46mon et 2089 and 43 mon
Oct 25 and 27/99

0
3 3, HNumbers refer to
T Senwitivity L5 (%) STRAIN AT FAILURE



Ministry of , .
an‘\s:p!»ruﬁon Foundation Design

Ontario
RECORD OF BOREHOLE No 31 10F 1 METRIC
W.P, 130-99-00 LOCATION 4B44320N, 282402E ORIGINATEDBY MT
DIST __ Central  HWY 410 BOREHOLE TYPE _Solid Stem Augers COMPILED BY __ 6.1
DATUM Geodati DATE 21.10.89 CHECKEDBY 70
DYNAMIC CONE PENETRATION
= mg‘i’a 0 4 60 80 100 “"muﬂgg &
2|8 Wizg) 2 T wp w w, 2 | cransze
ELEV & Ul ow 2 % = g SHEAR STRENGTH kPa [ A — DISTRIBUTION
DERTY DESCRIPTION <|2 ;&_ > |3 § < | © UNCONFINED + FIELD VANE Y %)
gz z[8C] G |o quckTRIAXAL x LABVANE | WATER CONTENT (%)
245.7| Ground Surface u 20 40 60 80 100 20 40 60 kwm> |GR SA S CL
00 ToPSOL =
245.2 1] ss| 8 o
0.5 clayey 245
2|88 | 32
3| 88 | 43 244 3]
4| 88 | 43
Hetarogeneous mixture of 9 243
Silt and Sand
some gravel 5 | 85 |s013 °
(SANDY $ILT TILL)
some Clayey Sitt Till zones to 8.5 . 242
m, frequent Sitty Sand Till zones 6 | 55 [soM3
below, some sand and silt
seams/ienses, 1
and boulders, brown to 3.5 m, gray 7188 | 82 ol o
below, dense to very dense to 8.5 ’
m, very dense below, damp to
moist to 8.5 m, moist 1o wet below ] 8] ss [son3
240
9| 55| 60 °
g 239
10| ss! 3
1] ss | a3 ¥ 28 3 6 44 38 12
q
237
1z iKY
236
g
13| s |sons 55 o 7 % 5 2
234
T -
233
£ TS =T 282
R Eng oTBoTehalE
Watar level at 7.7 m and hole
caved at 8.0 m on completion
Water level not stabilized

il
3 3 Nurmbers refer to
TR gensitivity 593 (%) STRAN AT FAILURE



Ministry of Foundation Design
Transportation
Ovtario

RECORD OF BOREHOLE No 32 10F 1 METRIC
W.P. 130-59-00 LOCATION 4844256, 287356E ORIGINATEDBY MT
DIST Central HWY 410 BOREHOLE TYPE _ Solid Stem Augers COMPILEDBY _ GT
DATUM _Geodetic DATE 19.10.89 CHECKEDBY__ 20 =
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o W |RESISTANCE PLOT NATURAL REMARKS
g = «2_____ PLASTE e LoD . T
& n|2E| B 20 4 60 8 100 | comn M| O &
Ol wl2z 1 L L h I S W | GRAINSIZE
) w =] S w P w W g
ELEV olg| W JS1o SHEAR STRENGTH kPa S DISTRIBUTION
P DESCRIPTION e - |ZZ| E
DEPTH iS5~ | = é §| < |o UNCONFINED  + FIELDVANE Y %)
= z|E9] @ |e QUCKTRIAXAL x LABVANE | WATER CONTENT (%)
246.0| Ground surtace @ o 20 40 60 80 100 20 40 60 wwm3 [GR 8A s CL
- 300 mm TOPSOIL =
289 %0mm =3 s | ]
03 SILTY CLAY
with Clayey Silt and Sitt seams, A
2450 . ak
~.brown, stiff 2|85 | 2 248
1.0
Heterogeneous mixture of 3 | ss 2
" o
Silt and Sand 244
some gravel trace clay
(SANDY SILT TILL)
4 | 58 | 54
with Clayey Silt Till zones,
some Sand and Sitt 243
2428 seams/ienses, brown, compact to 9 5| ss | s o 7 42 39 12
2.6 m, very dense below, o 1.
34 / ]
! L 19
Heterogeneous mixture of 1]l e | ss | es 242
Sand and Sitt y
some gravel
(SILTY SAND TILL) 7] 88 | 84 [
trequent Sand, Silt, and Clayey Silt 241
lenses, occasionl cobbles and { !
boulders, grey, compact to very . 8| &8 19
dense, wet ke |
19 240
"1l el ss| s o
239.4 al
66 End of borehole
Water lovel at 5.5 m four hours
after completion
0.3 m thick wet silty sand layer at
14m
Silty ¢lay seam at 5.5 m
Wet sand seam at 6.0 m
+ 3 x 3. Numbers refer to |535

Sengitivity 0 (%) STRAIN AT FAILURE



a yg‘mm Foundation Design
Ontario
RECORD OF BOREHOLE No 33 10F 1 METRIC
WP, 130.99.00 LOCATION 4844327N. 282426E ORIGINATEDBY MT
DIST Central HWY 410 BOREHOLE TYPE _ Solid Stem Augers COMPILEDBY _ G.T
DATUM _Geodetic DATE 14.10.99 CHECKEDBY___ 20
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o« w | RESISTANCE PLOT WATURAL REMARKS
B 7 -E_____ PUASTC wwo | &
51 . mgg% 0 0 e 8 10 | Came | 5T &
L L - 1 1 GRAIN SIZE
ELEV g8 w| 3le & [SHEAR STRENGTH kPa “e . “t s
DESCRIETION -8 & =|z8] € e DISTRIBUTION
DEPTH =[5 £ 13 8 < | © UNCONFINED + FIELD VANE ¥ )
£z Z2[Z°] @ o QUCKTRIAXAL x LABVANE | WATER CONTENT (%)
245.4| Ground surface u 20 40 680 80 100 20 40 60 kim3 |GR sA sI CL
24&?_ 300 mm TOPSOIL =3
== o .
03 SILTY CLAY 7 S5 06 245 o1
Fai N trace gravel and organics, brown,
07 \hlm:n‘/ 2|85 | 28 o
244
2l ss ! 3 o H 2 48 50 2
Heterogeneous mixture of
Sitt and Sand g s
some gravel, trace clay 4 | 55 | 80 e 221
(SANDY SILT TILL)
some Clayey Sitt Till zones, brown
to 3.5 m, grey below, compact to 5§88 | & 242 ° 4 &5t
very dense, damp
] 6| &8s 42 o
241.0 .
4
e o 241
(1 7] 88 | a2 ° 25
Heterogeneous mixture of Ml .
Sand and Sitt ab: Y
: 240
soma gravel > 8| 8S 42 o
(SILTY SAND TILL) )
occasional Sand and Sift
seamsflenses, grey, dense 55 48 © 272
2388 29
€6 End of borehole
Borehole ¢ry on completion. Water
level in open borshole at 5.2 m one
hour after complation
20
PSR Numbers refer to 15455

Sensitivity 10

(%) STRAIN AT FAILURE



Project: SP2960A

APPENDIX B

Laboratory Test Results

FOUNDATION INVESTIGATION REPORT

MINISTRY OF TRANSPORTATION OF ONTARIO



7812 M

UNIFIED SOIL CLASSIFICATION SYSTEM

T - SAND GRAVEL
CLAY & SIL Fine ] Medium | Coarse Fine |  Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION [ Metric}
| 2 3 4 5 10 20 30 4050 75um 150 um I00um 600um 1.5 mm 2.36mm 9.5mm 19:0 mm 17.5mm  63.0mm
o TTHHIHI S3um 106 4m 250m 425um 850 um 2.00mm 4.75mm 13.2mm | 265mm [ 530mm 75.0mm
0 o
30 1o
80 20
70 30
.60 40 O
3 2
g &
50 50
5 LEGEND 2
= BH [SAMPLE sYMBOL =
o 40 60 &
26 2 &
26 | 4 |V
30 <<\ 70
26 5 (O
26 6 ’OA\
20 ¢ 20
26 7
10 %0
o ot 1 100
I 2 3 45 to 20 30 40 270 200 140 100 s0%0 40 30 20 Is 108 4 Ve V2 Y opm 1% pv2kan
MINISTRY SIEVE DESIGNATION (imperial}
Transporaton GRAIN SIZE DISTRIBUTION FIG No BI
WP 130-99-00(A)
Ontario SANDY SILT TILL
Sandalwood Pkwy




7812 M

UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
CLAY & SIT Fine ] Medium [ Coarse Fine I Coorse
GRAIN SiZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric]
t 2 3 4 5 10 20 30 40 50 75um 150um JI0ODum &004um 1. 18 mm 2.36mm 2.5mm 19.0mm 37.5mm  H)0mm
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EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST (SPT) N VALUE 1S THE NUMBER OF BIOWS REQUIRED TO CAUSE A STANDARD Simm O.0. 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. AVERAGE N VALUE IS DENOTED THUS N.

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT { Simm O.D. 60° CONE ANGLE ) DRIVEN BY 475 J
IMPACT ENERGY ON ‘A’ SIZE DRILL RODS. THE RESISTANCE TO CONE PENETRATION 1S 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.

CONSISTENCY: COHESIVE SOILS ARE DESCRIBED ON THE BASI5S OF THEIR UNDRAINED SHEAR STRENGTH(CJ) A5 FOLLOWS:

L cy (kpa)

0-12

12 -25 25 - 50 50 - 100

100 - 200 =200

DENSENESS:

VERY SOFT

SOFT FIRM STIFF

VERY STIFF HARD

COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS:

llmowsm.am)

0-35

5-10 10- 30 30 - 50

> 50

VERY LOOSE

LOOSE COMPACT DENSE

VERY DENSE

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

RECOVERY: 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 (RQ D), FOR MODIFIED RECOVERY, I5:

TTEY 0 - 25 25-50 | 50-75 | 75-90 | 90-100
VERY POOR| POOR. FAIR GOOD | EXCELLENT
JOINTING AND BEDDING ;
SPACING S0mm 50 - 300mm| 0.3m - 1m { Im - 3m =3m
JOINTING vear ciose|  ciose |moo. ciose] wioe | verr wine
BEDDING  [vewrTan | rwin | meoiom | THICK  |veRy THICK

FIELD SAMPLING

ABBREVIATIONS AND SYMBOLS

MECHANICAL PROPERTIES OF SOIL

5§ SPUT SPOON T P THINWALL PISTON m, kpg™!
W35  WASH SAMPLE OS5 OSTERBERG SAMPLE <, 1
S T SIOTTED TUBE SAMPLE R C  ROCK CORE Cg 1
85 BLOCK SAMPLE P H TW ADVANCED HYDRAULICALLY Cq 1
€S CHUNK SAMPLE P M TW ADVANCED MANUALLY v m?/y
T W THINWALL OPEN F 5 FOIL SAMPLE H m
T, !
STRESS AND STRAIN u %
uy, kPa  PORE WATER PRESSURE o, kPo
T ) PORE PRESSURE RATIO a kra
o kpa TOTAL NORMAL STRESS T, kpa
a! kpa EFFECTIVE NORMAL STRESS ¢ kfa
T kPa  SHEAR STRESS ¢ -*
o .4 .0 kko PRINCIPAL STRESSES <, kPa
€ % LINEAR STRAIN by -°
€ .6 5 % PRINCIPAL STRAINS T kPa
E kPa  MODULUS OF LINEAR DEFORMATION T, kPa
G kPa MODULUS OF SHEAR DEFORMATION 5, i
m 1 COEFFICIENT OF FRICTION
PHYSICAL PROPERTIES OF SOQIL
A kg/m® DENSITY OF SOLID PARTICLES e 1L,% VOID RATIO
Y, kN/m® UNIT WEIGHT OF SOLID PARTICLES n 1,%  POROSITY
B, ka/m’ DENSITY OF waTER w  1.%  WATER CONTENT
%,  kN/m’ UNIT WEIGHT OF WATER S, % DEGREE OF SATURATION
P kg/m® pENsITY OF sOIL w % uauip umit
Y KN/m’ UNIT WEIGHT OF sOIL we % PLASTIC LtMIT
A kg/m’ DENSITY OF DRY sOIL wg % SHRINKAGE LIMIT
7& kn/n® UNIT WEIGHT OF DRY SOIL b % PLASTICITY INDEX = W - Wp
Lat kg/m® DENSITY OF SATURATED SOIL I \ LIGUIDITY INDEX = )
Yoot kN/m' UNIT WEIGHT OF SATURATED $OIL 'e w - w
P kg/m’ DENSITY OF SUBMERGED SOIL e | CONSISTENCY INDEX: — P
Y kN/m® UNIT WEIGHT OF SUBMERGED SOIL mox 1% VOID RATIO IN LOOSEST STATE

COEFFICIENT OF VOLUME CHANGE
COMPRESSION INDEX

SWELLING NDEX

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 = =
Tf

VOID RATIO IN DENSEST STATE

€ ax= ®
DENSITY INDEX =g0X= _
D € €max - €min

D mm  GRAIN DIAMETER

D, MM  n PERCENT - DIAMETER

¢, ! UNIFORMITY COEFFICIENT

h m HYDRAULIC HEAD OR POTENTIAL
a  m/s RATE OF DISCHARGE

v m/s  DISCHARGE VELOCITY

i i HYDRAULIC GRADIENT

k m/5  HYDRAULIC CONDUCTIVITY

j  kn/m® SEEPAGE FORCE
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X SECTION

NOT TO SCALE

BUILD UP TO THIS LEVEL THEN
CONSTRUCT FOOTING

EARTH FILL

REMOVE TOPSOIL & SOFT MATERIAL
NOTES: LONGITUDINAL SECTION
* | -REMOVE TOPSOIL &/DR SOFT SUBSOIL UNDER AREA OF COMPACTED GRANULAR 'A' & EARTH FILL.

2-PLACE GRANULAR ‘A' & EARTH FILL TO BOTTOM OF FOOTING LEVEL COMPACTED ACCORDING TO
CURRENT M TO STANDARDS.
- 3- CONSTRUCT CONCRETE FOOTING.

4 - PLACE REMAINDER OF GRANULAR ‘A" & EARTH FILL AS REQUIRED.
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LIMITATIONS OF REPORT

The conclusions and recommendations given in this report are
based on information determined at the testhole locations. The information
contained herein in no way reflects on the environment aspects of the project,
unless otherwise stated. Subsurface and groundwater conditions between and
beyond the testholes may differ from those encountered at the testhole locations,
and conditions may become apparent during construction, which could not be
detected or anticipated at the time of the site investigation. The benchmark and
elevations used in this report are primarily to establish relative elevation
differences between the testhole locations and should not be used for other
purposes, such as grading, excavating, planning, development, etc.

The design recommendations given in this report are applicable
only to the project described in the text and then only if constructed substantially
in accordance with the details stated in this report.

The comments made in this report on potential construction
problems and possible methods are intended only for the guidance of the
designer. The number of testholes may not be sufficient to determine all the
factors that may affect construction methods and costs. For example, the
thickness of surficial topsoil or fill layers may vary markedly and unpredictably.
The contractors bidding on this project or undertaking the construction should,
therefore, make their own interpretation of the factual information presented and
draw their own conclusions as to how the subsurface conditions may affect their
work. This work has been undertaken in accordance with normally accepted
geotechnical engineering practices.

Any use which a third party makes of this report, or any reliance on
or decisions to be made based on it, are the responsibility of such third parties.
Shaheen & Peaker Limited accepts no responsibility for damages, if any,
suffered by any third party as a result of decisions made or actions based on this
report.
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