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FOUNDATION INVESTIGATION AND DESIGN REPORT
QUEENSVILLE SIDEROAD UNDERPASS
HIGHWAY 404 EXTENSION
FROM GREEN LANE TO WOODBINE AVENUE/RAVENSHOE ROAD
ONTARIO
G.W.P. 2109-05-00

Geoeres Number: 3110-449

PART I: FACTUAL INFORMATION

1  INTRODUCTION

This report presents the factual findings obtained from a foundation investigation conducted at the
location of a proposed underpass carrying Queensville Sideroad over the proposed Highway 404
extension in the Regional Municipality of York, Ontario.

The purpose of this investigation was to explore the subsurface conditions at the site and, based on
the data obtained, to provide a borehole location plan, records of boreholes, stratigraphic profile
and cross-sections, laboratory test results and a written description of the subsurface conditions. A
model of the subsurface conditions was developed from the data obtained in the course of the
present investigation.

Thurber carried out the investigation as a sub-consultant to Philips Engineering/Hatch Mott
MacDonald Joint Venture under the Ministry of Transportation Ontaric (MTO) Agreement
Number 2007-E-0027.

In the preparation of this report and in addition to the bereholes drilled under the current
assignment, reference has been made to information on subsurface conditions confained in an
earlier preliminary foundation report. The title of this report is listed as follows:

¢ Preliminary Foundation Investigation Report, Queensville Sideroad Underpass, Highway
404 Extension from Green Lane to Highway 12/48, Agreement No. 2005-A-000585, dated
October 2006, prepared by Golder Associates. Report Reference No. 04-1111-016-3
{Reference 1).
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2  SITE DESCRIPTION

The site is located on the existing Queensville Sideroad, approximately 750 m west of the
intersection of Queensville Sideroad and Woodbine Avenue (York Regional Road 8), in the Town
of East Gwillimbury, in the Regional Municipality of York.

Currently, the topography along Queensville Sideroad, cast and west of the proposed site is a
rolling/undulating terrain varying in elevation as follows:

Location Station Elevation
West of site 9+350 to 94625 270102849
9+625 to 10+075 284.9 1o 257.1
Proposed Hwy 404 alignment
& Queensville Sideroad F0+000 2591
intersection

Hast of site 10-++0G735 1o 10+280 257102645

The site location is within a low point/valley and the natural ground surface within the valley has a
relatively flat to gently rolling/undulating topography. The underpass is on the east flank of a
drumlin.

A small tributary of the Maskinonge River flows through a CSP culvert under Queensville
Sideroad, near Station 9+790, The tributary flows south to north.

The lands around the site are generally undeveloped and/or agricultural. Vegetation consists
mainky of tall grass, shrubs and a few mature trees. There are farmsteads to the north and south of
Queensville Sideroad.

The site lies within the physiographic region known as The Peterborough Drumlin Field,
characterized by drumkinized till. The tiil is typically sandy with shallow coverings of silt and fine
sand.

Photographs in Appendix H show:
1. A view looking north of Queensville Sideroad at the proposed Highway 404 location.

2. View of the site looking northwest of Queensville Sideroad over proposed west approach
to the future structure.

3. A view looking south of Queensville Sideroad at the proposed Highway 404 location.

4. A view east along existing Queensville Sideroad over the future east approach and east
abutment location.

3 SITE INVESTIGATION AND FIELD TESTING

The site investigation and field testing for this project were carried out between March 11 and
April 3, 2008 and consisted of drilling and sampling a total of five boreholes (numbered 08-43 io
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08-47). Three boreholes (Boreholes 08-44, 08-45 and 08-46) were drilled at the foundation
elements to depths ranging from 12.3 m to 23.1 m (Elevations 233.6 to 246.8 m). Onec borehole
was drilled at each approach embankment. Termination depths for the west and east approach
embankment boreholes (Boreholes 08-43 and 08-47) were 4.7 m and 27.7 m (Elevations 259.2 and
229.7 m), respectively.

The approximate borehole locations of the current and the previous investigations are shown on the
Borehole Locations and Soil Strata Drawing in Appendix L. The coordinates and elevations of the
current boreholes are given on the drawing and on the individual Record of Borehole Sheets in
Appendix A,

Records of Boreholes 301, 301A, 302 and 303 drilled during the previous investigation
{(Reference 1} and their respective laboratory test results are enclosed in Appendix C.

The borehole locations were marked in the field and utility clearances were obtained prior to

drilling.

Drilling was carried out using track mounted CME 75 and D90 drill rigs. A combination of solid
and hollow stem auger drilling techniques were used to advance the boreholes. Samples were
obtained at selected intervals using a split spoon sampler in conjuaction with Standard Penetration
Testing (SPT) in the overburden soils.

The drilling and sampling operations were supervised on a full time basis by a member of
Thurber’s technical staff. The supervisor logged the boreholes and processed the recovered soil
samples for transport to Thurber’s laboratory for further examination and testing.

Groundwater conditions in the open boreholes were observed throughout the drilling operations.
Standpipe piezometers consisting of 19 mim diameter PVC pipe with slotted screens were installed
and enclosed in filter sand in two boreholes to permit longer term groundwater level monitoring.
The locations and completion details of the piezometers are shown in Table 3.1

Table 3.1 — Borehole Completion Details

- | Piezometer Tip A AT
Borehole Depth/ - Completion Details
Elevation (m) o

West Approach 08-43 Mone installed

Fbinﬁ@aiﬁon _
- Unit

EBorehole backfiiled to surface with
bentonite holeplug,

Sand from 12.3 mto 10.2 m,

West Abutment {8-44 12.3/246.8 Borehole caved in from 10.2 m to 7.0 m,
bentonite holeplug from 7.0 m to surface.
Sand from 21.4 m to 19.6 m, bentonite
Pier 08-45 21.4/236.9 holeplug from 19.6 m to 8.3 m, cold patch
from 0.3 m to surface.

Borehole backfilied to surface with
bentonite holeplug.

Borehole  backfilled with  bentonite
holepiug to 0.2 m and asphalt to surface.

Fast Abutment 08-46 MNone installed

East Approach 08-47 None installed




Queensville Sideroad Underpass
Highway 404 Extension from Green Lane to Woodbine Avenue/Ravenshoe Rd. Page 4

4 LABORATORY TESTING

The recovered soil samples were subjected to Visual Identification (VI) and to natural moisture
content determination. Selected samples were also subjected to grain size disiribution analyses
{sieve and hydromeier) and Atterberg Limits testing where appropriate. The results of this testing
program are shown on the Record of Borehole sheets in Appendix A and on the figures contained
in Appendix B.

5 DESCRIPTION OF SUBSURFACE CONDITIONS

Reference is made to the Record of Borehole sheets in Appendices A and C. Details of the
encountered soil stratigraphy are presented in these sheets and on the “Borehole Locations and Soil
Strata Drawing” and “Stratigraphic Sections” in Appendix .  An overall description of the
stratigraphy is given in the following paragraphs. However, the factual data presented in the
Record of Borehole Sheets governs any interpretation of the site conditions.

In general, the soil stratigraphy encountered across the site consists of fill of variable composition
{sand, sand and gravel, silty sand and clayey silt) overlying native deposits of dense to very dense
sand and silt till and silt till, and stiff to hard clayey silt till. Fill thickness ranged from 1.5 m to 4.4
m. Interbedded layers of sand, silty sand and gravelly sand were observed within the till deposits.
Asphalt was encountered at the surface in boreholes drilled on (Queensville Sideroad. More
detailed descriptions of the individual strata are presented below.

51 Pavement Structure

Pavement siructure consisting of approximately 125 mm to 200 mm of asphalt overlying
granular (sand and gravel fill} road base was encountered in Boreholes 08-43, 08-45 and
08-47 drilied on existing Queensville Sideroad lanes and shoulders.

5.2 Fill

Fill was contacted across the site in all the boreholes. Fill was encountered below the
pavement structure in Boreholes 08-43, 08-45 and 08-47 and surficially in Boreholes
08-44, 08-46 and 301 to 303. The fill generally congsists of various cohesionless soil layers
such as dark brown to brown sand and gravel, sand and silty sand containing some gravel,
trace of silt, trace of clay and occasional wood fibres and rootlets.

Dark brown to brown clayey silt fill was contacted surficially in Borehole 08-44 and at
0.7 m {(Elevation 258.3) depth in Borehole 302.

Thickness of the fill ranged from 1.5 m to 4.2 m. The fill extended to depths ranging from
1.5 mtc 2.9 m (Elevations 253.8 to 261.8) at the locations of proposed west approach, both
abutments and pier. At the east approach (Borehole 08-47), fill extended to depth of 4.4 m
(Eievation 253.0).
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SPT "N’ values recorded in the cohesionless fill (sand and gravel and silty sand) ranged
irom 4 to 41 blows per 0.3 m penetration indicating a loose to dense relative density. In
the clayey silt fill layer, the SPT ‘N’ values were 2 and 6 blows per 0.3 m of penetration,
indicating a soft to firm consistency. The moisture content of the fill ranged from 2% to
21%.

Grain size distribution curves for the cohesionless fill samples of the current investigation
tested are presented on the Record of Borehole sheets and on Figure Bl in Appendix B.
The results of the laboratory tests are summarized as follows:

L Seil | )
Gravel 3012
Sand 55t0 57
Silt 2610 33
Clay 7

5.3 Sand

A 0.8-m thick layer of brown sand with trace silt and trace gravel was contacted at 2.2 m
depth (Elevation 256.9) in Borehole 08-44,

The depth to the base of the sand was 3.0 m {Elevation 256.0).

SPT-N value measured in the sand was 34 blows per 0.3 m of penetration, indicating a
dense relative density. Moisture content was 18%.

54 Clayey Sift

Layers of native brown clayey silt with some sand and trace gravel were encountered
below the fill in Boreholes 301 to 303. The thickness of the clayey silt layer ranged from
0.7mto 1.5m.

The depth to the base of the clayey silt layer ranges from 2.2 m to 3.7 m (Elevations 253.8
t0 258.8).

SPT-N values measured in the clayey sili ranged from 5 to 11 blows per 0.3 m of
penetration, indicating a firm to stiff consistency. Moisture content ranged from 11% to
25%.

Grain size distribution curves and Atterberg Limit tests results for clayey silt samples
conducted during the previous investigation are presented in Appendix C.

The results of the laboratory tests are summarized as follows:
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Soil Particles {%)
Gravel 0t03

Sand 211028

Silt 43 t0 65

Clay 71033
Endex Property (%)

Liguid Limit 2410 28

Plastic Limit 131017

The above results show that the clayey silt is typically of low plasticity with a group
symbel of ML-CL.

5.5 Sand and Silt Till

Layers of native brown sand and silt till containing trace to some clay and trace to some
gravel were observed across the site in Boreholes 08-43 to 08-46, 302 and 303 at depths
and elevations as indicated in Table 5.1,

Table 5.1 — Locations of Mative Sand and Silt Till

Foundation | p_ ehole | DePth below existing | Elevation (m) | Thickness -
e | groundsurface m) | T L (m)
West 2.1 to 4.7 (borehole
Approach 08-43 termination depth) 261.810259.2 | Atleast 2.6
3.0 to 12.3 (borehole
West 08-44 fermination depth) 256.0 to 246.8 At least 6.3
Abutment 303 | HOtoldg(borehole | 00 0 oum 1 | At least 10.9
termination depth)
0845 | ZAto2la(borehole | 500, haco | Atleast 19.0
. termination depth)*
Fier 3.6 to 18.5 (borehole
302 L 256.0tc 240.5 | Atleast 155
termination depth)
East
Abutment 08-406 29t0 7.2 253.8 to 249.5 4.3

* A gravelly sand layer was intersected between 8.7 m to 11.0 m depth

Standard Penetration tests in this deposit gave SPT N’ values ranging from 10 blows per
0.3 m of penetration to greater than 100 blows for 0.10 m of penetration, indicating that the
An SPT ‘N value measured at 3.1 m depth
{Elevation 255.2) in Borshole 08-45 was 9 blows per 0.3 m of penetration, indicating a

soil was in compact to very dense siate,
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loose relative density. The high SPT ‘N’ values measured at the west abutment were
generally encountered below Elevations 250.0 and 253.0 in Boreholes 08-44 and 303,
respectively. At the pier, the high SPT ‘N’ values were measured below Elevations 240.0
and 243.0 in Boreholes 08-45 and 302, respectively, At the east abutment, high SPT *N’
values were encountered below Elevation 234.0. The moisture content of samples from the
sand and silt till deposit varies between 5% and 18%.

Grain size distribution curves for the sand and silt ¢l samples tested for the current
investigation are presented on the Record of Borehole sheet and on Figures B2 and B3.
Atterberg Limit test results are presented on Figure B9 of Appendix B,

Laboratory test results of previous investigation are presented in Appendix C.

The results of the laboratory tests are summarized as follows:

soil Particles (%}
Gravel 01032
Sand 28 to 50
Silt 3510 54
Clay 5t0 17
Index Property = (%)
Liquid Limit 12019
Plastic Limit Sto 1l

The above results show that the clayey zone in the sand and silt till are typically of low
plasticity with group symbols of CL-ML.

Although not encountered in the boreholes, glacial tills inherently contain cobbles and
boulders which may account for some high blow counts and resistance to augering.
5.6 Gravelly Sand

A layer of grey gravelly sand was contacted in Borehole 08-45 at 8.7 m depth (Elevation
249.6), within the sand and silt tili deposit.

The layer was 2.3 m thick. The depth to the base of the gravelly sand was 11.0 m
(Hlevation 247.3).

SPT-N values measured in the gravelly sand layer were 49 blows per 0.3 m of penetration
and 100 blows per 0.1 m of penetration, indicating a dense to very dense relative density.
The motisture content ranged from 9% to 11%.
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Grain size distribution curve for a gravelly sand sample tested is presented on the Record
of Borehole sheets and on Figure B4. The results of the laboratory test are summarized as

follows:
Soil Particles Gravelly Sand
(%)
Gravel 57
Sand 71
Silt & Clay 7
8.7 Clayey Silt Tili

Layers of native brown to grey clayey silt till containing some sand to sandy and trace
gravel were observed in Boreholes 08-46, 08-47, 301 and 301A, drilled at the east
abutment and east approach, at depths and elevations indicated in Table 5.2.

Table 5.2 - Depths and Elevations of Native Clayey Silt Till

Foundation | ., . " | Depth below existing | . - ' Thickness -
- Unit -39?6110& ground surface {mt) _Elgygtmn (m) (m)
7.2 t0 10.3 249.5 t0 246 .4 3.1
08-46 11.8 to 23.1 (borehole | 244910 233.6 | Atleast 11.3
East termination depth
Abutment 101 3.7t 5.6 253.8t0 2479 59
11.610 157 2459 t0 241.8 | Atleast 4.1
301A 122 t0 17.1 2438 to 238.9 4.9
East 08-47 4410218 253.0 to 235.6 17.4
Approach

Standard Penetration tests in these deposits gave SPT ‘N’ values ranging from 11 to 77
blows per 0.3 m of penetration, indicating a stiff to hard consistency. SPT ‘N’ values of
149 and 160 blows per 0.275 m of penetration were measured in Boreholes 08-46 and
08-47 at 23.1 m and 6.1 m depth (Elevations 233.6 and 251.3), The moisture content of
samples from this deposit varies between 10% and 18%.

Grain size disiribution curves for the samples tesied for the current investigation are
presented on the Record of Borehole sheet and on Figures BS and B6. Atterberg Limit test
results are presented on Figure B10 of Appendix B.

Laboratory test resuits of previous investigation are presented in Appendix C.

The results of gradation and Atterberg Limit Tests conducted on samples of clayey silt till
are suminarized below:
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Soil Particles (%)
Gravel Gtod

Sand 11to 36

Silt 47 to 70

Clay 131023
Index Property (%)

Liquid Limit 1210 20

Plastic Limit 10to 19

The above resulis show that the clayey silt till is typically of low plasticity with a group
symbol of ML-CL.

Although not encountered in the boreholes, glacial tills inherently comtain cobbles and
boulders which may account for some high blow counts and resistance to augering,

5.8 Silty Sand

Layers of native brown to grey silty sand were encountered within clayey silt till in
Boreholes 08-46 and 301 (east abutment) and below the clayey silt in Borchole 303.
Thickness of the silty sand layers ranged from 0.8 m to 2.0 m.

The depths to the base of the silty sand were 3.0 m, 11.6 m and 11.8 m (Elevations 258.0,
245.9 and 244.9) in Boreholes 303, 301 and 08-46, respectively.

SPT-N values measured in the silty sand ranged from 10 to 33 blows per 0.3 m of

penetration, indicating a compact to dense relative density. Moisture content ranged from
10% to 18%.

Grain size distribution curve for a silty sand sample tested for the current investigation is
presented on the Record of Borehols sheet and on Figure B7. The results of the laboratory
test are summarized as follows:

Soil Particles {%)
Gravel ]
Sand 64
Silt 31
Clay 5
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5.9 Sikt Till and Silt

Grey silt till containing trace of gravel, sand and clay was encountered in Borehole 08-47
at 21.8 m depth (Elevation 235.6), extending to borehole termination depth, 27.7 m
(Elevation 229.7).

Grey silt layer with interlayered clayey silt was contacted in Borehole 301A at 17.1 m
depth (Elevation 238.9), extending to borehole termination depth.

SPT ‘N’ values ranging from 59 to higher than 100 blows for under 0.1 m penetration were
measured within the silt and silt till ayer, indicating a very dense relative density,

The natural moisture content of samples recovered from the sili till and silt layers were
17% to 21%.

Grain size distribution curve for silt and silty till samples tested for the current
investigation are presented on the Record of Borehole sheets and on Figure BS.

Laboratory test results of previous investigation are presented in Appendix C.

The result of the laboratory tests are surmmarized below:

Soil Particles {%)
Gravel 0
Sand fto2
Silt 891092
Clay 6t 10
oV Index Property (%)
Liquid Limit 19 to 28
Plastic Limit 15

The above results show that the clayey zone in the silt till and silt are typically of low
plasticity with group symbols of CL-ML.

510 Water Levels

Water levels were observed in the boreholes during and upon completion of drilling.
Standpipe piezometers were installed in two boreholes during the current investigation to
monitor water levels after completion of drilling. The water levels measured in the
piezometers are summarized in Table 5.3, along with the measurements in the boreholes
upon compietion of drilling,
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Table 5.3 — Water Level Measurements

i Water Level
Fo?ndasaon Borehole Date arer o2 (].n) Comment
Unit Depth | Elevation
West 0843 | March28,2008 | 4.1 | 2598 | Openborehole
Approach
April 18,2008 14 2577
June 30, 2008 2.1 257.0
July 29, 2008 1.9 257.2
October 24, 2008 1.1 258.0
West (8-44 March 20, 2009 0.5% 259.6% In piezometer
Abutment April 22, 2009 0.5*% 259.6*
May 15, 2009 0.5 258.6
iune 5, 2009 1o 2581
July 10, 2009 2.1 257.0
303 September 29, 20604 9.1 251.9 Open borehole
April 18, 2008 2.4 255.9 .
Pier 08-45 April 21, 2008 24 | 2559 | Inpiezometer
302 September 29, 2004 | 107 2483 In piezometer
08-46 March 18, 2008 0.9 2558 Open borehole
East 301 June 11, 2004 4.9 252.6 Onen borehole
Abutment
September 28, 2004 2.7 2533 .
OIA | October 72004 | 0.7% | 2567+ | [ piezometer
A East 08-47 March 11, 2008 2.6 2548 | Open borehole
pproach

Water level above ground surface {artesian condition)

The piezometric readings of the current investigation indicate that the groundwater level is
high and the water level decreases from west to east from Elevations 257.0 to 255.9.

At the location of Borehole 08-44, during the winter season, a relatively low artesian head
was encountered at 0.5 m (Elevation 259.6) above the ground surface.

Previous geotechnical investigation (Reference 1) indicates that a relatively low artesian
head was encountered in Borehole 3014, where water level was measured at 0.7 m
(Elevation 256.7) above the ground surface,

The above values are short-term readings and seasonal fluctuations of the groundwater
level are to be expected. In particular, the groundwater level may be at a higher Elevation
after the spring snowmelt or after periods of heavy rainfall.

¢ MISCELLANEGUS

Borehole locations were selecied by Thurber Engineering Ltd.  Surveyors from J. D. Bares
obtained the co-ordinates and the ground surface elevations at each borehole.
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Thurber obtained utility clearances for the borehole locations prior to drilling.

DBW Dirilling of Ajax Ontario supplied track mounted CME 75 and D90 drill rigs and conducted
the drilling, sampling and in-situ testing operations.

The field program was supervised on a full time basis by Ms. Eckie Siu of Thurber.

Routine laboratory testing was carried out by Thurber Engineering Ltd.

Overall supervision of the field program was conducted by Mr. Alastair E. Gorman, P.Eng. and
Mr. Weiss Medhawi, P.Eng. Interpretation of the data and preparation of the report were carried
out by Mr. Alastair E. Gorman, P.Eng and Ms. R. Palomeque Reyna, P.Eng.

The report was reviewed by Dr. P.K. Chatterji, P.Eng. a Designated Principal Contact for MTO

Foundations Projects,

Thurber Engineering Ltd

R. Palomeaue Reyn
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Rocio Palomeque Reyna, P.Eng.
Geotechnical Engineer

R e, ~ o8

. GURMAN

Alastair E. Gorman, P.Eng.
Senior Foundations Engineer

P. K. Chatterji, P.Eng.
Eeview Principal
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FOUNDATION INVESTIGATION AND DESIGN REPORT
QUEENSVILLE SIDEROAD UNDERPASS
HIGHWAY 404 EXTENSION
FROM GREEN LAKNE TO WOODBINE AVENUE/RAVENSHOE ROAD
ONTARIO
G.W.P. 210%-95-0¢

Geocres Number: 315-449

PART 1: ENGINEERING DISCUSSION AND RECOMMENDATIONS

7  GENERAL

This report presents interpretation of the geotechnical data in the factual report and presents
geotechnical design recommendations to assist the design team to select and design a suitable

foundation system and approach embankments for the proposed underpass structure.

It is understood that the proposed underpass is to carry Queensville Sideroad over the extension of
Highway 404 located in the Regional Municipality of York, Ontario.

The natural ground surface at the structure site slopes downward from west to east from
approximate Elevations 263.0 m to 257.0 m.

Based on the preliminary General Arrangement (GA) drawing provided by Hatch Mott
MacDonald, a two-span structure supported on two abutments and one pier is proposed. The west
and east spans will be 42.0 m long. The bridge is approximately 26.3 m wide at the west abutment
and 30.1 m wide at the east abutment. It is understood that the finished grade level of Highway
404 will be at about Elevations 264.0 to 265.0 m, and the existing ground surface within the limits
of underpass structure varies from Elevations 259.0 to 256.7. As such, Highway 404 embankment

wiil be about 6.6 m to 8.3 m high relative to the swrrounding grade.

The proposed finished grade of Queensville Sidercad at the structure will be about
Elevation 274.0 m at the west abutment and the original ground surface is near Eievation 259.1 m,
resulting in an approach embankment of 14.9 m high. At the east abutment, the finished grade will
be at Elevation 271.7 m and ihe original ground surface is at about Elevation 256.7 m, resulting in
an approach embankment up to 15.0 m high.

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

L RS



Queensville Sideroad Underpass
Highway 404 Extension from Green Lane to Woodbine Avenue/Ravenshoe Rd. Page 14

8 STRUCTURE FOUNDATIONS

The stratigraphy encountered at the abutments and pier locations consist of pavement structure
and/or fill overlying extensive deposits of native sand and silt till, clayey silt till and silt till.
Interbedded layers of sand, silty sand and gravelly sand were observed within the till deposits.

The piezometric readings indicate that water level is high at this site and the water level varies from
west to east from Elevations 257.0 to 255.9, and as a result most of the overburden sands, silts and
clayey silt tills are below the groundwater level. Artesian conditions were encountered during
previous investigation near the proposed east abutment, with water level measured 0.7 m above
ground surface.

Initial consideration was given to the following foundation types:
s Spread footings on native soils
®  Spread footings on engineered fill
= Augered Caissons (drilled shafts)
& Driven piles

A comparison of the foundation alternatives based on advantages and disadvantages of each is
included in Appendix D.

8.1 Spread Footings on Native Ground

At both abutments and at the pier, thickness of the fill varies from 1.5 mto 2.9 m. The
existing fill is not considered to be suitable for the support of spread footings. Therefore it
is recommended that spread footings be extended below this fill layer and bear on the
underlying competent native soils,

The highest permitted founding Elevations for spread footings are given in Table 8.1,
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Table 8.1 — Highest Permitted Founding Elevations

Footing on Native Undisturbed Soif
Foundation Borehole Depth below Founding
Unit existing ground | Elevation Seil
surface (m) {m)
08-44 2.2 Dense sand
West Abuiment 2369 -
303 41 Dense silty sand
Pier 08-45 5.3 7530 Compact sand
302 6.0 ' and sile till
Compact
08-46 5.2 e
East Abutment 2515 Sand and Sili "E_"ﬂl
101 6.0 Hard ciggrey silt
’ i

Provided a minimum footing width of 2 m is maintained, abutments and pier footings
founded on the competent native undisturbed scils at or below the elevations shown in
Table 8.1, may be designed for the following values:

s  Factored geotechnical resistance of 450 kPa at Ultimate Limit States (ULS)
¢  Geotechnical resistance of 300 kPa at Serviceability Limit States (SL.S)

The geotechnical resistances quoted above are for concentric, vertical loads only. In the
case of eccentric or inclined loading, the geotechnical resistance must be calculated as
illustrated in the CHBDC Clause 6.7.3 and Clause 6.7.4.

Elevations indicated in Table 8.1 will be in cohesionless soils 0.1 m to 4.3 m below the
groundwater table and 6.0 m to 11.0 m below the proposed Highway 404 grade.

The geotechnical SLS resistance values given above are based on an estimated total
settlement not exceeding 25 ram. This settlement is expected to be substantially complete
by the end of construction. Differential seitlements are not expected to exceed 20 mm
across the widih of the structure.

The sliding resistance of mass concrete poured on the native silty sand, sand and silt till
and clayey silt till may be computed on the basis of an ultimate coefficient of friction of
0.55. This is an “ultimate” value and requires a degree of sliding movement to occur to
fully mobilize the resistance.

The bases of the foundation excavations should be inspected by a geotechnical engineer to
confirm that the exposed surface conforms to the design requirements and has been
adequately prepared to receive concrete. Where subexcavation is required to remove
unsuitable material from below the design founding level, the founding surface should be
re-established using engineered fill or mass concrete of the same class as the footing. The
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engineered fill must consist of OPSS Granular “A” placed in 150 mm lifts, compacted to
100% of its SPMDD at £2% of optimum meoisture content.

Dewatering prior to footing excavation will be required to construct the footings in the dry
and to prevent sloughing of the sides or disturbance of the base of the excavation due to the
mflow of groundwater.

All footings should be provided with a minimum of 1.4 m of earth cover over the footing
base (founding elevation) as protection against frost action.

Spread footings are not considered to be a cost-effective and a practical alternative at this
site due to the need for a relatively deep excavation required to reach competent soils.
Additionally, dewatering will be required prior to footing excavation. Accordingly, spread
footings on native soils are not recommended at this site.

8.2 Spread Footings on Engineered Fill

Consideration was also given to placing spread footings on engineered fill pads. The GA
indicates that proposed Highway 404 grade will be at Elevation 262.5 and placement of
approximately 3.5 m to 6.0 m of fill will be required to raise the current ground surface to
the proposed grade.

I an engineered fill pad is used at this site, all fill or other deleterious materials must be
stripped from the footprint of the engineered fill to expose competent native subgrade
material, At this site, the engineered fill will bear on native compact to dense sand, silt till
or stiff clayey silt and clayey silt till. The highest permitted founding elevations at which
engineered fill should be placed, are given in Table 8.2.
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Table 8.2 — Highest Permitted Base Elevations for Engineered Fill

Highest Permitted Engineered Fill Base
Foundation | o . . Depth below Fill Base
Unit existing ground | Elevation Seil
surface (m) {m}
08-44 2.2 256.9 Dense sand
West Abutment
303 2.2 258.8 Prense silty sand
08-45 4.3 2540 | Compactsandand
. sitt till
Pier Compact sand and
302 3.0 256.0 pag. s
silt till
Compact
East Abutment o4 2 22 sand and silt till
301 4.5 253.0 saff clayey silt il

The engineered fill must consist of OPSS Granular “A” placed in 150 mm lifis and
compacted 10 100% of its SPMDD at +£2% of optimum moisture content and generally
conforming to the geometry illustrated in Figure 1 in Appendix E. The thickness of
engineered fill must be a minimum of 2.0 m,

Provided a minimum footing width of 2 m is maintained footings bearing on the well
compacted engineered fill may be designed for the following values:

» Factored geotechnical resistance of 900 kPa at Ultimate Limit States (ULS)
¢  Geotechnical resistance of 350 kPa at Serviceability Limit States (SLS)

These resistance values are for concentric, vertical loads only. In the case of eccentric or
inclined loading, the geotechnical resistance must be calculated as illustrated in the
CHBDC Clause 6.7.3 and Clause 6.7.4.

For footings designed on the basis of the geotechnical resistance values given above, total
settlement under a footing is expected to not exceed 25 mm. Differential settlements are
not expected to exceed 20 mm across the width of the structure.

The lateral resistance of the footings founded on engineered fill may be computed using an
unfactored friction of 0.7. This is an “vltimate” value and requires a degree of sliding
movemert to cccur to fully mobilize the resistance.

The highest permitted engineered fill base elevation given in Table 82is 0.1 mto 3.3 m
below the groundwater table on this site.

Where the temporary excavations required to construct the engineered fill pads extend
below the water table, dewatering prior to excavation must be conducted to construct the
{ill pad and the footing in the dry and to prevent sloughing of the sides or disturbance of
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the base of the excavation due to the inflow of groundwater. The dewatering method
adopted must depress the groundwater level to at least 0.5 m below the base of excavation
and must maintain a stable, unwatered excavation throughout the duration of the fill pad
and footing construction. Dewatering must remain operational and effective until the
footing is constructed and backfilled or until the engineered fill pad is completed to a level
at least 0.5 m above the groundwater level.

Due to the required depth of excavation and associated dewatering requirements, the use of
engineered fill to support footings is not recommended at this site.

8.3 Aungered Caissons (Drilled Shafts)

Augered caisson foundations were also considered for the support of the structure.
However, augered caissons (drilled shafis) are not recommended for use as foundation
support at this site due to artesian and high water level conditions at the site, and potential
caisson installation difficulties through a deep deposit of water bearing largely granular till
deposit.

8.4 Briven Piles

The subsurface conditions at this site are considered suitable for the design of foundations
supported on driven steel H-piles. The results of the investigation indicate that driven
H-piles at the abutments and at the pier will develop geotechnical resistance in the very
dense sand and silt till and in the hard clayey silt till.

The Elevations at which the piles are expected to develop the required resistance are given

in Table 8.3,
Table 8.3 — Estimated Pile Tip Elevation
Anticipated Pile Anticipated o
Tip Elevation To | Pile Length Anticipated
Foundation | Borehole Develop below original ~Founding
Unit Reguired ground Material
Resistance {m)
Abutment 303 251.5 9.5 Yery dense sand
08-45 237.8 20.5 and silt till
Pier
302 242.0 17.0
08-46 232.0 24.7 Hard clayey sil
East ,l -
Abuirent Very dense silt
J01A 2355 20.5 and hard clayey
silt
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The pile tip Elevations shown in Table 8.3 should be used for estimating purposes only,
The actual pile tip Elevations will be controlled as described in Section 8.4.4 Pile Driving.

8.4.1 Axial Resistance

The wvertical, factored geotechnical resistances at Ultimate Limit States (ULS) and
geotechnical resistances at Serviceability Limit States (SLS) for two pile sections when
driven into the very dense/hard glacial till soils are presented in Tabie 8.4.

Table 8.4 —~ Axial Resistance of Pile Sections Founded on Very Dense/Hard Glacial

Till Seils
Pile Section
Foundation - HP 310 % 110 HP 360 x 174
Unie - | Borebele g SLS ULS oLs
IR ‘.1 (Factored) KN (Factored) &N
West (8-44
Abutment 303
Pier 08-45 1,600 1,400 1,800 1,600
302
East (08-46
Abuiment 301A

8.4.2 Pile Tips

Due to the possible presence of cobbles and boulders in the glacial till layers at the
expected founding levels, the tips of all driven piles should be fitted with steel H-Pile
driving shoes in accordance with OPSI> 3000.100.

8.4.3 Pile Installation
Pile installation must be in accordance with Special Provision No. 903801,
The Contract Documents must contain a NSSP alerting the Bidders to:
¢ The presence of cobbles and boulders in the expected bearing stratum,

o The possibility of piles within a group achieving the specified resistance at
different elevations.

»  The possibility of some piles meeting refusal on a large boulder.

Suggested texts for the NSSP’s are included in Appendix F.
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8.4.4 Pile Driving

Pile driving must be controlled by the Hiley Formula and an ultimate pile resistance to be
specified by the designer in accordance with Clause 3.3.2 (b) Construction Stage of the
Structural Manual. The Hiley formula need not be used until the piles are approaching the
bearing stratum below Elevation 254.0 m at the west abutment and Elevations 244.0 and
238.0 at the pier and at the cast abutment, respectively. The appropriate pile driving note is
“Piles to be driven in accordance with Standard SS 103-11 using an ultimate resistance of
“R” kN per pile”. “R” must have the minimum values shown in Table 8.5.

Table 8.5 — Ultimate Geotechnical Resistance of Piles

Pile Ultimate Resistance (R) (kN)
HP 316110 3,500
TP 360x174 3,600

The NSSP should require the QVE to terminate driving before the pile is damaged by
overdriving. '

To facilitate pile installation, embankment fill through which piles will be driven must not
contain oversize material, i.e. no particles exceeding 75 mm in size.

Borehole 301A drilled during the previous investigation, show water level 0.7 m above
ground surface, elevation 256.7 (artesian condition). Artesian pressure has the potential to
cause flow up the pile shaft, with accompanying loss of fines.

At this site, however, Highway 404 will be constructed on a 6.0 m to 83 m high
embankment and piles will be driven through this embankment and approach fills. Since
these fills will be above the artesian water elevation, no upward flow around the piles due
to artesian pressure is anticipated.

8.4.5  Downdrag

Downdrag on the piles is not considered to be an issue at this site.

8.4.6 Integral Abutment Considerations

The subsurface conditions at this site are considered suitable for an integral abutment
design. The use of H-piles at the abutments allows for the design of an integral abutment
structure,

After each pile is driven, the space between the pile and the CSP should be filled with
sand. An NSSP must be included in the contract drawings specifying the gradation of the
sand according to Table 8.6.
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Table 8.6 — Integral Abutment Sand Grading

MTG Sieve Designation Percentage Passing
2 mm #10 100%
600 pm #30 80%-100%
425 um #40) 40%-80%
250 pm #60 5%-~25%
150 um #1600 0%-6%

8.4.7 Lateral Resistance

For the cohesionless soils encountered, the lateral resistance of the pile may be caleulated

using a value for the coefficient of horizontal subgrade reaction (k,) and ultimate lateral

resistance (p,;,) as follows:

kg =

Pit =

where

&
It

iy 2/ D (kIN/m*)

Joy.z. K, (kPa)

depth of embedment of pile in metres
pile width in metres

value from Table 8.8

unit weight (Table 8.8)

passive earth pressure coefficient {Table 8.8)

The lateral resistance of the piles for cohesive soils may be calculated using a value for the

coefficient of horizontal subgrade reaction (k) and ultimate lateral resistance (p.) as

follows:
k. =
Pt =
where
D =
Sy =

67*S,/D (kN/m®)

9%8, (kPa) at and below a depth of 3*D (m) reduced 1o
zero at  the ground surface

pile width in metres
undrained shear strength (kPa) {Table 8.8)

The above equations and recommended parameters may be used to analyze the interaction

between a pile and the surrounding soil. The lateral pressures obtained from the analysis

should noi exceed the ultimate lateral resistance.

The spring constant, K, for analysis may be obtained by the expression, K = k*L*D

(kN/m), where k; is the coefficient of horizonial subgrade reaction (kN/m”), D is the pile
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width (m) and L is the length (m) of the pile segment or element used in the analysis. The
ultimate iateral resistance on any one segment of pile, P, may be obtained from the
expression, Py, = pu*L*D. This represents the ultimate load at which the pile fails and
will not support any additional lateral load at greater displacements. It is recommended,
however, that the total lateral resistance in one pile be limited to no more than 150 kN at
ULS and 56 kN at SLS. Parameters for lateral pile resistance are shown in Table 8.7.

Table 8.7 — Parameters for Lateral Pile Resistance

n S Unit Soik
Location | Elevation * 5 | kPa | K, | Weight oy
(EN/m (kN /m;g) Conditions
Clayey silt
OGL to 2,200 - 30 21 and compact
257.0
West sand fill
2570+t Sand and silt
- 3 *
Abutment 551.5 8,000 33 i1 11, dense
Below « Sand and silt
251.5 10,000 ) 3.7 1 till, very dense
Sand Fill
OGL to " ’
253.8 1,500 - 3.0 13 loose to
compact
Sand and silt
238 | g0 1 - |32 11* | till, compact
246.5
East to very dense
Abutment Very stiff to
249.5 1o - 150 | 3.0 10* hard clayey
233.6 e
silt tili
Below * Hard clayey
233.5 - 200 133110 sili till

*Buoyant unit weight below the water table,

Pile interaction should be considered with reference to CHRBDC Clause 6.8.9.2.

For lateral soil/pile group interaction analysis, the modulus of subgrade reaction (k) may
have to be reduced based on the pile spacing.

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

Fite Spacing Perpendicular to Horizontal Subgrade Reaction
Direction of Loading Reduction Factor, R

4 D 1.00
1 D* (.50
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* D 18 the width of the pile, and spacing is measured centre to centre

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

Pile Spacing Parallel to Horizontal Subgrade Reaction
Direction of Loading Reduction Factor, R
8D 1.00
6D 0.76
4D 0.40
ip 0.25

Intermediate values may be obtained by interpolation.

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

8.5 Recommended Foundation

From a geotechnical perspective, and based on current information, it is recommended that
foundations for the bridge structure (abutments and pier) be supported on steel H-piles
driven into the very dense/hard glacial ¢ill soil.

8.6 Frost Cover
The design depth of frost penetration at this site is 1.4 m.

Frost protection should be provided for the undersides of all foundation elements and
should consist of a minimum of 1.4 m of soil cover, or an equivalent combination of soil
cover and extruded polystyrene (EPS) insulation. A 25 mm thickness of EPS is equivalent
to 600 mm of soil cover,

9 RETAINED SOIL SYSTEMS

If Retained Soil System (RSS) walls are incorporated in the design, the soil conditions encountered
at the site are considered suitable for the support of RSS walls at the east and west
approaches/abutments. Details of RSS walls were not provided at the time of preparation of this
report,

The borehole information indicates that the foundation conditions at the possible RSS wall
locations comprised approximately 1.5 m to 4.4 m of very loose to dense silty sand, sand and
granular fill and soft clayey silt fill overlying native compact to very dense sand and silt ill and
very stiff to hard siity clay all.
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The RSS walls should be specified to be “High Performance” and “High Appearance”. The
contract drawings should include information on the longitudinal alignment of the wall in plan, the

top and base elevations of the wall in profile, cross-sectional space constraints and an NSSP for the
RSS wall,

The performance of a RSS is dependent on, among other factors, the characteristics of its
foundation. Failure to provide an adequate foundation may lead to settlement and distortion of the
RSS and, in severe cases, to possible failure of the system. It is critical that the RSS walls are not
subject to settlement due to compression of the foundation soils and embankment fill. The
foundation of the entire RSS mass must be considered, i.e. from the face of the wall to the furthest
extent of the reinforcement,

To provide an acceptable foundation performance, the RSS mass must be founded on the native
undisturbed soils. The highest base levels for the underside of the wall and the soil type at the base
levels are indicated in Table 9.1.

Tabie 9.1 — Maximum Elevation at Underside of Wall Base or Granular A Fili

Founda;tiﬁn Boréhole Depth (m} Elevation Seil
Element :
303 2.2 258.8 Dense siity sand
Compact sand
West 08-43 2.1 2618 and silt till
08-44 2.2 256.9 Dense sand
301 3.7 253.8 Stiff clayey silt
till
Compact
East 08-46 37 253.0 sand and silt til]
08-47 4.4 253,07 | Verystiffclayey
silt ull

A RSS wall founded on native compact sand and silt till, dense silty sand/sand or stiff to very stiff
silty clay till at or below elevations shown in Table 9.1 should be designed for a factored bearing
resistance of 300 kPa at ULS and a bearing resistance of 200 kPa at SLS.

Alternatively, the RSS may be founded on engineered fill founded on the native soils contacted at
the above elevaiions. Engineered fill placed under the RSS mass to achieve the design founding
level should consisis of OPSS Granular “A” compacted to 100% of its SPMDD at a moisture
content within 2% of optimum. The engineered pad must exiend at {east 500 mm beyond the limits
of the RSS mass and levelling strip.

The geotechnical resistances provided above are for concentric, vertical loading. The effects of
load inclination and eceentricity need to be taken into account according to the CHBDC 2006
Section 6.7.




Queensviile Sideroad Underpass
Highway 404 Extension from Green Lane to Woodbine Avenue/Ravenshoe Rd. Page 25

The entire block of reinforced earth must be designed against various modes of failure including
sliding and overturning. Sliding resistance along the base of the wall on engineered granular fill
may be estimated using an uitimate friction coefficient of 0.55. For an RSS block founded on
native cohesive or cohesionless soils, coefficient of sliding friction of 0.45 may be used.

Topseil, loose fill, and any soft/wet native material should be stripped from the footprint of the
RSS5.  The native soil under the RSS foundation should be proofrolled to detect and replace any
soft areas.

The supplier of the proprietary RSS system must demonstrate that it will meet the Ministry’s
specifications for performance and appearance. The RSS supplier/designer may specify more
stringent ¢riteria or other requirements related io the particular design. The internal stability of the
RS5 wall should be analyzed by the supplier/designer of the proprietary product selected for this
site.

If a RSS wall system is selected, the global stability must be analyzed afier the location of the wall
is known. The global stability of the RSS wall is dependent on the characteristics of the
embankment fill and the foundation soils, the geometry of the embankment and location of the RSS
within the embankment. Global stability should not be a concern for a RSS wall founded on the
native soils at this site.

10 EXCAVATION

All excavation must be carried out in accordance with the Occupational Health and Safety Act
(OHSA). For the purposes of the OHSA, the fill is classed as Type 3 above the water table and
Type 4 below the water table. The native soils within the probable depth of excavation at this site
may be classed as Type 2 soils above the water table,

However, excavation of the cohesionless native foundation soils below the groundwater level
without prior dewatering is not recommended since the inflow of groundwater will cause boiling
and sloughing of the soil below the water table making it difficult to maintain 2 dry, sound base on
whiich to work,

Prior to excavation below the natural groundwater level, the groundwater must be depressed to a
level below the deepest excavation level sufficient to maintain a stable base and prevent soil
disturbance by construction traffic.

The excavation of the cohesionless foundation soils and backfilling for foundations must be carried
cut in accordance with SP 902801,

Bidders must be alerted to the fact that excavation must be carried out through till soils, which may
include cobbles and boulders.
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11 UNWATERING

Piezometers installed in boreholes revealed that the groundwater level is near elevations ranging
from 255.9 to 257.0. However, seepage may be experienced from perched zones in the granular
fill, or from sand and silt pockets/lenses in the underlying heterogeneous till deposits.

If spread footings are the selected design for foundations, it is anticipated that excavation will
extend below groundwater table and dewatering to lower the groundwater level below the footing
excavation base will be required prior to start of footing excavation. The Contractor should also be
prepared to pump from sumps to remove any remaining seepage water or surface water collecting
in an excavation. Placement of concrete or compacting granular engineered fill must be done in the
dry. Unwatering must remain operational and effective until the footing is constructed and
backfilled.

The design of the dewatering system that may be required is the responsibility of the Contractor
and the Contract Documents must alert him to this responsibility and the need to engage a
dewatering specialist. While the responsibility for dewatering remains with the Contractor,
suitable systems that might be employed for shallow excavations below water table, include
pumping from filtered sumps. Possible use of vacuum wellpoints will be required for deeper
excavations penetrating more than 0.5 m below the groundwater level.

12 APPROACH EMBANKMENTS

Approach embankment construction using either earth fill or SSM is feasible on the foundation
soils encountered at this site. At the west abutment, settlement in the order of 60 mm is estimated
in the foundation soils under the loading imposed by approximately 15.0 m of the approach fiil.
Due to the non cohesive nature of the foundation soils, these settlements will be immediate and
essentially completed when consiruction of the fill is completed. However, it is recommended that
the approach embankments be constructed at least one month in advance of pile driving in order to
reduce the possible horizontal displacement of piles.

Post construction settlement of the fill mass is estimated to be as high ag 0.5% of the embankment
height, approximately 70 mim. Based on the above settlement estimates, it is considered prudent to
overbuild the approach embankment to account for a total settlement of 150 mm.

The global, internal and surficial stability of the approach embankmeni fills will depend on the
slope geometry and also to a large degree on the material used to construct the embankments.
Embankments constructed using granular material, select subgrade material or non-cohesive earth
filf will have stable side slopes at inclinations of up to 2H: 1V,
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For the purpose of embankment stability analyses, the commercially available slope stability
program GSLOPE developed by Mitre Software Inc. was used. The Bishop’s simplified method
for stability analysis was employed.

Global stability analyses were conducted for 2H:1V S8M or earth fill embankments. The stability
of the embankments was also checked under seismic loading assuming an acceleration of 0.08g.
The computed factors of safety are as shown in Table 12.1. Slope stability computation outputs are
included in Appendix G.

Table 12.1 Computed Factors of Safety

5 11@:22?:&! j - w Cond,itig_lin_.: e Factor of Saf’ety ( Apf;;gin‘il:i G)
West and East Approaches — 15 m high embankment
Earth Fill Normal 1.5 i
Earth Fill Seismic = 0.08g ].2 2

In the case of normal loading, the factor of safety against global failure was 1.5. Under the
assumed seismic loading, the minimum factor of safety calculated was 1.2. These factors of safety
are considered to be acceptable for the proposed embankment bearing on non-cohesive soil.

It is recornmended that all topsoil or deleterious material be stripped prior to constructing the
approach fills. Embankment construction should be in accordance with OPSS 206, as amended by
Special Provision “Amendment to OPSS 206, December 19937, dated November 2002.

Where earth fill embankments are higher than 8 m, mid-height berms should be incorporated in
each 8 m vertical interval. The berms should:

® extend for the length through which the embankment height exceeds 8 m

e  Dbe at least 2 m wide

e have 2% positive grade to shed run-off water.
Earth fill embankment slopes must be provided with erosion protection in accordance with
OPSS 572,
13 BACKFILL TO ABUTMENTS

In the case of integral or semi-integral abutments, backfill to the abutment must be granular
material.

In the case of a conventional abutment, granular backfil] is recommended.
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The backfill to the abutment walis must be in accordance with OPSS 902 as amended by Special
Provision 902501, Granular backfill must be placed to the extents shown in OPSD 3101.150. All
granular material should meet the requirements of SP 110F13 Amendment to OPSS 1010, March
1993.

Compaction equipment to be used adjacent o retaining structures must be restricted in accordance
with SSP 105510.

The design of the abutment must incorporate a subdrain as shown in OPSD 3101.150 or
OPSD 3101.200, as applicable.

14 EARTH PRESSURE

Earth pressures acting on the structure may be assumed to be triangular and to be governed by the
characteristics of the abutment backfill. For a fully drained condition, the pressures should be
computed in accordance with the CHBIXC but generally are given by the expression:

Pp=K*(vh+q)

Where:

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

K = ¢arth pressure coefficient (see table below)

v = unit weight of retained soil (see table below)

h = depth below top of fill where pressure is computed (m)
q = value of any surcharge (kPa)

In accordance with Clause 6.9.3 of the CHBDC, a compaction surcharge should be added. The
magnitude should be 12 kPa at the top of fill and decreasing to 0 kPa at a depth of 2.0 m for
Granular B Type Lor 1.7 m for Granular A or Granular B Type 1L

Earth pressure coefficients for backfill to the abutment wall are dependent on the material used as
backfill. Typical values are shown in Table 14.1.

In conventional design, the use of a material with a high friction angle and low active pressure
coefficient (e.g. Granular A, Granular B Type II) might be preferred as it results in lower earth
pressures acting on the wall. In the case of integral abutments, material with a lower passive
pressure coefficient (e.g. Granular B Type [) might be preferred as it resulis in Jower forces acting
on the ballast wall as the wall moves toward the soil mass.

The factors in Table 14.1 are “ultimate” values and require certain movements for the respective
coaditions to be mobilized. The values to use in design can be estimated from F igure C6.9.1 {a) in
the Commentary to the Canadian Highway Bridge Design Code.
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Table 14.1 — Earth Pressure Coefficient (K}

Earth Pressure Coefficient (K)
OPSS Granular A or
OPSS Granular B OPSS Granular B
Type H Typel 3
Condition é, - 3503 ¥ = 12.8 kN/mS ¢ = 3203 Y= 21.2 kN/m
Horizontal g:;glt% Horizontal Sloping Surface
Surface Behind | TS0 Surface Behind Wall
Wall QH:1V) Behind Wall QH:1V}
Active (Unrestrained 097 0.40* 0.31 0.48%
Wall)
At rest (Restrained
Wall) .43 - 0.47 w
Passive (Movement
Towards Soil Mass) 3.7 ) 3.3 -

e  For wing walls.

15 SEISMIC CONSIDERATIONS

15.1 Seismic Degign Parameters

The site is treated as lying in Seismic Zone 1. The following seismic parameters should be
used for design:

e Velocity Related Seismic Zone I
e« Zonal Velocity Ratio 0.05
e Acceleration Related Seismic Zone i
e Zonal Acceleration Ratio 6.05
s  Peak Horizontal Acceleration (.08

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

15.2 Liguefaction Potential

The potential for liquefaction of the foundations soils was assessed using the Seed and
Idriss {(1971) method'.

Using this method, it is estimated that the foundation soils at both abutments and pier are
10t prone to liquefaction.

' Seed, H.B. and Idriss, LM. 1971, “Simplified Procedure for Evaluating Soi! Liquefaction Potential” Jowrnal
aof Soil Mechanics and Foundations Division, ASCE, Vol. 101, No. 8M9, September, pp. 1249-1273,

TR
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it the structure is supported on steel piles, the foundation loads will be transferred by the
steel piles to very dense sand and silt till or hard clayey silt till. It is not considered likely
that the vertical geotechnical resistance of the piles will be compromised.

The embankments themselves will be constructed above the groundwater level and are not
considered to be in danger of undergoing liquefaction.
1583 Retaining Wall Dyuamic Earth Pressures

In accordance with Clause 4.6.4 of the CHBDC, retaining structures should be designed

using active (Kg) and passive (Kpg) earth pressure coefficients that incorporate the effects
of earthquake loading,

For the design of retaining walls, the coefficients of horizontal earth pressure in Table 15.1
may be used.

Table 15.1 — Earth Pressure Coefficient (K) for Earthquake Loading

- Granular A or . OPSS Granular B
.. Granufar B Type II S Typel -
=38 e b=320
v =228 kN/m® v =212 kN/m’®
T Herizonial Sloping Surface Horizontal Sloping Surface

Wall Condition Surface Behind Behind Wall Surface Behind Behind Watl

ERAT Cwallk (QH:AV) - Wall (2H:1V)

Active (Kap)* 0.3 .47 0.34 0.58

Passive (Kpg) 3.6 - 3.2 -
At Rest (Kog)** (.53 - 0.58 -

¥ After Mononobe and Okabe, passive case assumes a horizontal surface in front of the wall.

** - After Woods
16 CONSTRUCTION CONCERNS

Potential construction concerns include, but are not necessarily limited to:

i. Pile refusal at higher clevation.

Although there was litile direct evidence of their presence during drilling, glacial til]
deposits inherently contain boulders. It is possible that a pile will achieve refusal at a
higher elevation than anticipated due to encountering a boulder. If it is suspected that this
is happening, the QVE must immediately bring it to the attention of the CA. If the CA
cannot resolve the issue, it must be referred to the design team for resolution.
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2.

Pile fails to develop specified resistance,

If a pile has not developed the specified resistance after being driven 2 m beyond the
anticipated pile tip elevation, stop driving and check the Hiley calculation and all input
values. If the calculation still shows that the pile has not reached the specified resistance,
the following procedure should be implemented:;

a) Stop driving in that pile group for 48 hours (minimum)

b) After 48 hours, warm up the hammer on another pile then retap the subject pile and
measure the resistance.

c} If the pile still does not reach the specified resistance, the QVE must immediately
advise the CA whe, in turn, should refer the issue to the design team.

Artesian water flow during pile driving,

Although groundwater levels were encountered that were above the existing ground level,
they are below the design highway grade. Thus it is not anticipated that artesian
groundwater flow will oceur.

However, if artesian groundwater flow is observed during pile driving, or amy other
construction activities, the contractor or QVE must immediately advise the CA. If the CA
agrees there are concerns regarding the artesian flow, the issue should be referred to the
design team.

Destabilization of excavations

If excavation is carried out without prior implementation of adequate measures to control
groundwater and surface water, there is a risk that the sides and or base of the excavation
will be destabilized. This could lead to a risk to personnel working on site, or to a loss of
bearing resistance in the soil.

Accordingly, it must be emphasized to the contractor that proper groundwater and surface
water control measures must be in place prior fo commencing excavation.

TR
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17 CLOSURE

Engineering analysis and preparation of the report were carried out by Ms. R. Palomegue Reyna,
P.Eng.

The repori was reviewed by Mr. Alastair E. Gorman, P.Eng and Dr. P.K. Chatterji, P.Eng., a
Designated Principal Contact for MTO Foundations Projects.

Thurber Engineering Ltd.

| & que Reya
i~ 100083209

"

Rocio Palomeque Reyna, P.Eng., M.Eng.
Geotechnical Engineer

Alastair E. Gorman, P.Eng., M.Sc.
Senior Foundations Engineer

Report reviewed by:
P K. Chatterji, P.Eng., Ph.D.
Review Principal
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Record of Borehole Sheets
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SYMBOLS, ABBREVIATIONS AND TERMS USED ON RECORDS OF BOREHOLES

I. TEXTURAL CLASSIFICATION OF SOILS

CLASSIFICATION PARTICLE SIZE VISUAL IDENTIFICATION
Boulders Greater than 200mm same
Cobbles T3 to 200mm same
Gravel 4.75 to 75mm 5 to 75mm
Sand 0.075 t0 4.75mm Not visible particles to Smm
Silt 0.002 to 0.075mm Non-plastic particles, not visible to
the naked eve
Clay Less than 0.002mm Plastic particles, not visibie to
the naked eye
2z COARSE GRAIN SOIL DESCRIPTION (30% greater than 0.075mm)
TERMINOLOGY PROPORTION
Trace or Occasional Less than 10%
Some 10 to 20%
Adjective (¢.g. silty or sandy) 2010 35%
And (e.g. sand and gravel) 35t0 50%
3. TERMS DESCRIBING CONSISTENCY (COHESIVE SOILS ONLY)
DESCRIPTIVE TERM UNDRAINED SHEAR APPROXIMATE SPTO '
STRENGTH (kPa) VALUE
Yery Soft 12 or less Less than 2
Soft 12 to 25 2to4
Firm 25 to 50 4108
Stiff 50 to 100 8t 15
Very Stiff 100 0 200 i15t0 30
Hard Greater than 200 Greater than 30
NOTE: Hierarchy of Soil Strengih Prediction 1} Laboratory Triaxial Testing

2} Field Insitu Vane Testing
3} Laboratory Vane Testing
4} SPT value

5) Pocket Penetrometer

4, TERMS DESCRIBING DENSITY (COHESIONLESS SOILS ONLY)
DESCRIPTIVE TERM SPT “N” VALUE
Very Loose Less than 4
[.oose 41010
Compact 10 to 30
Dense 30 t0 30
Very Dense Creater than 30
3. LEGEND FOR RECORDS OF BOREHOLES
SYMBOLS AND 5SS Split Spoon Sample WS Wash Sample AS Auger (Grab) Sample
ABBREVIATIONS TW Thin Wali Shelby Tube Sample TP Thin Wall Piston Sample
FOR PH Sampler Advanced by Hydraulic Pressure  PM Sampler Advanced by Manual Pressure
SAMPLE TYPE WH Sampler Advanced by Self Static Weight RC Rock Core SC Soil Core
Undisturbed Shear Strength
Sensitivity =
Remoulded Shear Strength
. Water Level
Coon Shear Strength Determination by Pocket Penetrometer
(1} SPT “N° Value Standard Penetration Test ‘N’ Value — refers to the number of blows from 2 63.5kg hammer free falling a
height of 0.76m to advance a standard 50 mm outside diameter split spoon sampler for 0.3 m depih inio undisturbed ground.
(2} DCPT Dynamic Cone Penetration Test — Continuous peneiration of a 50 mm outside diameter, 50° conical

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



UNIFIED SOILS CLASSIFICATION

GROUP
MAIOR DIVISIONS SYMBOL TYPICAL DESCRIPTION
GwW Well-graded gravels or gravel-sand mixtures, little or
GRAVEL no fines.
AND GP Poorly-graded gravels or gravel-sand mixtures, little
GRAVELLY or no fines.
COARSE SOILS GM Sitty gravels, gravel-sand-silt mixtures.
GRAINED GC Clayey gravels, gravel-sand-clay mixtures.
SOILS SW Well-graded sands or gravelly sands, little or no
SAND AND fines.
SANDY sSP Poorly-graded sands or gravelly sands, little or no
SOILS fines.
SM Silty sands, sand-silt mixtures.
SC Clayey sands, sand-clay mixiures.
ML Inorganic silts and very fine sands, rock flour, siliy or
clayey fine sands or clayey silts with slight plasticity,
CL Inorganic clays of low to medium plasticity, gravelly
SILTS AND clays, sandy clays, siity clays, lean clays.
FINE CLAYS (W, <30%).
GRAINED Wy, < 50% T Inorganie clays of medium plasticity, silty clays.
SOILS (30% < W < 50%:;.
OL Crganic silts and organic sitty-clays of low plasticity.
MH Inorganic silts, micaceous or diatomaceous fine
SILTS AND sandy or silty soils, elastic silts,
CLAYS CH Inorganic clays of high plasticity, fat clays.
W > 50% OH COrganie clays of medium to high plasticity, organic
silgs.
HIGHLY Pt Peat and other highly organic soils.
ORGANIC
SOILS

CLAY SHALE

SANDETONE

SILTSTONE

CLAYSTONE

COAL




EXPLANATION OF ROCK LOGGING TERMS

ROCK WEATHERING CLASSIFICATION

SYMBOLS

Fresh (FR) No visible signs of weathering.
Fresh Jeinted (F.J) Weathering limited to the surface of major o
discontinuities. m CLAYSTONE
Slightly Weathered Penetrative weathering developed on open discontinuity | pem———e—u
(5W) surfaces, but only slight weathering of rock material, - ~—4 SILTSTONE
Moderately Weathered Weathering extends throughout the rock mass, but the
(VEW) rock material is not friable. SANDSTONE
Highly Weathered Weathering extends throughout the rock mass and the
{(HW) rock is partly friable. COAL
Completely Weathered Rock is wholly decomposed and in a friable condition, M Bedrock (general)
{CW) but the rock texture and structure are preserved. &
DISCONTINUITY SPACING STRENGTH CLASSIFICATION
Rock Approximate Uniaxial Field Estimation
Bedding Bedding Plane Spacing Strength Compressive Strength of Hardness*
(MPa) (psi)
Very thickly bedded Greater than 2m Extremely Greater than  Greater than  Specimen can only
Strong 250 36,000 be chipped with a
Thickly bedded 0.61c2m geological hammer
Medium bedded 06.2t00.6m Yery Strong  100-250 15,000 to Requires many
36,000 blows of geological
Thinly bedded 60mm to 0.2m hammer to break
Very thinly bedded 20 to 60mm Strong 50-100 7,500 to Requires more than
15,000 one blow of
Laminated 6 to 20mm geological hammer
to break
Thinly Laminated Less than 6mm Medium 25010500 3,500 Breaks under
Strong 7,500 single blow of
TERMS geological
hammer,
Total Core Recovery: Core recovered as a percentage | Weak 5.0t 250 750103500 Canbepeeledbya
{TCR} of total core run length, pocket knife with
difficulty
Solid Core Recovery: Percent Ratio of solid core of Very Weak  1.0t0 5.0 150 t0 750 Can be peeled by a
{(SCR} full cylindrical shape pocket knife,
recovered. Expressed with crumbles under
respect to the {otal length of firm blows of
COre rn. - B
geological pick.
Rock Quality Total length of sound core Extremely 82510 1.0 3510 150 Indented by
Designation: recovered in pieces 0.1m in Weak thumbnail
(RQD) tength or larger as a percentage (Rock)
of total core run length.
Uniaxial Compressive  Axial stress required to break
Strength (UCS) the specimen
Fraciure Index: Frequency of natural fractures
(Fh per 0.3m of core run.

[—
[

THURBER
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RECORD OF BOREHOLE No 08-42 t0OF 14 METRIC
G.W.P, _ 2108-05-00 LOCATION N 4 888 051.2 £ 308 710.3, Stalion $+020. Leit Shoulder ORIGINATED 2Y £85
HWY 404 BOREHOLE TYPE __Solid Stem Augers COMPILED BY i
DATUM _Geodetic DATE 2008.03.28 - 2008.03.28 CHECKED BY AEG
SOIL PROF DYNAMIG CONE PENETRATION
CGFILE SAMPLES 3 W |zesigTANCE PLOT = — v | REMARKS
By (-_t) PLASTIC o RE voue § &
BiL @l g F a 0 40 B0 B0 900 Lt COMTENT LR z g GRAI: sze
-t
eLey il e} 25| & [SHEARSTRENGTHKP: e by o H
P DESCRIPTICH =1= -l - = e Gt DISTRIBUTION
GEPTH 5i3 [ =138] £ |0 UNCONFINED + FIELD VANE ¥ %)
Bz FlEC] @ Je quick TRWNAL X LABVANE | WATER CONTENT (%}
263.9 e 40 40 120 180 200 20 4% 80 Wim?3 ler sA &1 CL
0.0 ASPHALT: (200mm)
0.2 SAND, some gravel, trace to some
silt ’ b
Dark Brown
263.1 Moist
08 N\eFiy S
1488 & 3 B 12 i
Sikty SANLD, some gravel, ace clay %6 %%
Dense to Compact
Brown
Moist
(FILL)
2l ss i 18 o
262
2618
2.1 SANE and SILT, lrace gravel, trace ': :
clay 114
Compact to Very Dense 44t 3 88 24 a
Brown Bk
Maist -
(TILLY @) 261
0 4] 88 [ 37 o 140 57 8
¥
B
AN 260
R
¢
.jﬂ
259.2 LIt 5 | S5 | 100/ o
47 END OF BOREHOLE AT 4.7m. 125
BOREHOLE OPEN AND WATER
LEVEL AT 4.1m ON COMPLETION
OF DRILLING.
BOREKOLE BACKFILLED WITH
HOLE PLUG,
20
23 3. Numbers refer lo Y
PR Senstiviiy 15%5 %) STRAIN AT FALURE
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0} Minis
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TLHRDETS
RECCORD OF BOREHOLE No 08-44 10F 2 METRIC
G.W.P. 21080500 LOCATION N 4 BBY 053.5 E 309 751.4, Slalion 2+860, 10m Rt CRIGINATED BY ES
HWY 404 BOREHOLE TYPE _ Holiow Stem Augers COMPILED BY Wi
DATUM _Geodetic DATE 2008.03.28 - 2008.04.02 CHECKED BY AEG
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES » ﬂ RESISTANCE PLOT ATURAL
g z PLASTIC :OISTURE uawo | = REMARKS
5 n|EE5i @ 2 40 80 & 100 "™ omnr W] 50 &
Al WIZE] 2 v . . : L w w w, | 3 W | crANSIZE
it Wl Jj95] @ |SHEARSTRENGTHkPa P - =
ELEY DESCRIPTION L2 R 2128 E ] DISTRIBUTION
DEPTH é 5 F\: > g o ;: O UNCONFINED + FIELD VANE ¥ %)
ElZ ZIEC] O le quckTRIAXAL X LABvANg | WATER CONTENT (%)
250.1 ul 40 B0 120 160 200 40 B0 m 2 IGR SA 8! CL
00! Ciayey BILT, mixed with topsoll, trace 250
sand, frace rootlets 1 ss 2 )
288.5 Soft
n.5 Dark Brown ¢
(FILL)
Sitty SAMD, trace clay, trace gravel,
occasional oxides staining 24 88 15 o
Compact 258
Brown
Moist
(FILL)
3 S8 13 43
256.8 o
22 SAND, trace silt, trace grave!
Dense
Brown 55 | ° 20 62 18
doist {Si+CL)
255.0
3.0 SAND and SILT, trace olay, trace 256
gravel S8 33 o
Dense
Brown
Maist
(TILL)
285
83 41 © 1 44 47 8
254
253
35 3 a
g 262
Very Dense A
Grey T ]
41 8 85 57 o 3 B0 42 5
251
1
e
gt 250
111 6 | s5 | 104 o
Continued Next Page P
+3 53, Numbers refer o 15¢5
T Sensttivity T (%) STRAI AT FAILURE
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) Ministry of

Sensitivity 1

(%) STRAIN AT FAILURE

W} Transportation s&
Ontario TREETR
RECORD OF BOREHOLE No 08-44 20F2 METRIC
GW.P.__ 2168-05-00 LOCATION N 4 889 053.5 E 309 751.4, Slation 9+360, 10m Ri ORIGINATED BY ES
HWY 404 BOREHCOLE TYPE _ Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 20608.03.26 - 2008.04.07 CHECKED BY AEG
DYNAMIC GONE PENE TRATION
SOIL PROFILE SAMPLES & ; RESISTANCE PLOT masne | METURAL — - REMARKS
2} MOISTURE o
= w T 2] 8 20 40 s0 8 w0 | Qeen ) 50 &
91 wiEgEl o e PO . we w wol 28| cransize
ELEV Slo| & | 2|88] 2 [SHEARSTRENGTHKPa B — DISTRIBUTION
BEPTH BESCRIPTION i3\ | 3|23 S |o UNCONFINED  + FIELDVANE ¥ )
= ZI1EY] @ |e ouckTRiaXAL X LABVANE | WATER GONTENT (%)
Continusd From Previous Page w i 80 120 180 200 20 40 60 kN3 JOR SA 81 oL
SAND and SILT, trace clay 15 - 249
Very Dense |
Grey . -1
(TILL) A A
AR T T T o D 42 49 9
:‘_’z 526 §
1878
4
Fia
B
L s 247
246.8 Al 2 T SO N T A =
12.3 END OF BOREHOLE AT 12.3m, 100
Piezometer instalfation consisis of
18mim diamgier Schedule 40 PVC pipe
with a 1.52m slofted screen.
WATER LEVEL READINGS:
DATE DEPTH (M) ELEV. (m)
2008.0418 1.4 257.7
2008.06.30 241 257.0
2008.07.29 1.9 257.2
2008.10.24 1.1 258.0
2009.03.20 05 250.86
2000.04.22 05" 2598
2009.0615 05 258.6
20090605 1.0 258.1
2000.07.16 2.4 257.0
2009.07,16  at ground fevel
* {above ground surface)
20
+ 3: 5 3, Mumbers refer to 15@_5
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) Ministry of

Transportation ﬁ s
Qntario

RECORD OF BOREHOLE No 08-45 10F 3 METRIC
GW.P,__ 2109-05-00 LOCATION N 4 889 G70.2 E 309 782. 1, Station 10+60%, S5m R ORIGINATED BY _E5
HWY 404 SOREMOLE TYPE _ Hollow Stem Augers COMPILED 8Y __ wM
DATUM _Geodetic DATE 2008.04,03 - 2008.04.03 CHECKED BY AEG
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES I Y IRESISTANCE PLOT . REMARKS
et = -a_“ PLASTIC msm“ - uauo -k
= w|23] & 20 40 60 80 100 "™ e ™| 53 &
218 LIZEl 2 YT T — wp w wo | 58 | oramsize
Limp W i858 2 [ISHEAR STRENGTHKPa
ELEY DESCRIPTION =31 = = =]z = [ | DISTRIBUTION
DEPTH é 5 p->: > 8 o g O UNCONFINED + FIELD VANE ¥ (%]
ElE Z]EO! @ |e QUCKTRIANIAL X Lagvane | WATER CONTENT (%)
258.3 at 40 80 120 160 200 20 40 80 wim S JGR SA St CL
0.0, ASPHALT: (125mm)
0.1
SAND, soma gravel, lrace to some 268
silt b
Dark Brown to Brown
Compact
fuloist
(FILL) 1 1 25 o
257
fine grained
Loose 2 53 g o
25568 1255
24 SAMD and SILT, some clay, 88 8
occasional oxide staining
Loose .
Brown 3
(ThL})
&8 9 255 =] 0 41 46 13
.
Compact 4
Grey Nt 254
1id 5 | s5 | 15 o
]
L 253
-t
1)) s | 21 252 &
g1
A5 251
4
Very Dense Hy7 | s e © 0 33 52 15
| 250
2496 i}
8.7 Gravelly $AND, medium o coarse o
grained, lrace sill and clay el
Very Dense s
Grey N
el 8 100/ & 16 83 2
et %ot 58 248 # ¢
N e {SHCL)
Sala
Sy
N
P
Continued Naxt P
ontinued Hext Fage 43 3. Mumbers refer to 15%}-5
T ensitivity 0 (%) STRAIN AT FALURE
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Onlaﬁﬂ TR BT
RECORD OF BOREHOLE No 08-45 20F3 METRIC
G.W.P___2109.65-00 LOCATION 4 888 070.2 £ 308 788.1, Station 10+008, 5m Rt . ORIGINATED BY ES
HWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY W4
DATUM _Geodalic DATE 2008.04.03 - 2008.04.93 CHECKED BY AEG
DYNABIC CONE PENETRATION
SOIL PROFILE SAMPLES & g RESISTANCE PLOT &‘% e - - REMARKS
o LEOISTURE = X
& =z} 8 40 60 B0 460 ™ e W] 53 &
[v] fa z e i § : L : © =
Sle W £f z : we w w, | =¥ | GRAINSIZE
E @] %] 2|25 & |SHEARSTRENGTHKPa t S
ELEV DESCRIPTION cl8le | 2|28) € (R S—— DISTRIBUTION
DEPTH =51 F & £ |© UNCONFINED — + FIELD VANE ¥ )
el Z1EC] @ le QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
Cantinued From Previous Page W 40 B0 120 160 200 20 4 60 wm ® 1GR 8A 81 oL
Gravelly SAND, medium o coarse )
grained, race sift and clay e':‘g';
Dense Tove 248
Grey e
Wet %ot
:&ig Q 22 71 7
2473 i 0 | 55 1 48
urs o (S1+CL)
1.0 SANE and SILT, frace gravei, lrace o LEk
same clay [ 114
Compact to Very Dense E1d 247
Grey !
Moist
{TILL)
B
1 246
P 10 885 {30 o
80
24t
245
1
85 41 o
A 244
{71
i 243
42| 88 | = i a 20 84 17
i
41
/ 242
S8 t4 a
241 B
accasionat cobbles
Very Denseg
240
33 34 o
K 238
( ] 4
BEk
TR EE TG L, o z 47 39 12
Conlinuad Next Page 2u
13 53 Mumbers refer to 15$5 -
' Sensitivity Yo (%) STRAIN AT FAILURE
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¥ Ministry of
§ Transporiation S &
Ontario
RECORD OF BOREHOLE No 08-45 30F3 METRIC
G.W.RP.__ 2108-0500 LOCATION N 4 88% 070.2 E 309 788.1, Station 10+000, 5m Rt ORIGINATED BY _ES
HW'Y 404 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY __wi
DATUM _Geodetic DATE 2008.04.03 - 2008.04.03 CHECKED 8Y AEG
SOIL PROFILE SAMPLES | o w [BENAMIC SONE FENETRATION .
i = PLASTIC ATURAL LIGUIT = REMARKS
= g 18] R4 HOISTURE wr| £ 5 &
E w i< o) ] 20 40 80 8o 100 CONTENT z 0
2181w YI3E| 2 ' : ! : : W w we] S8 | cRANSIZE
ELEV [ ] o 2ig 0 9] SHEAR STRENGTH kPa
DESCRIPTION =l = 2|23 = ™ DISTRIBUTION
DEPTH HEIR: 2|38 = |0 UNCONFINED  + FIELD vANE v (%)}
)= FIEOL O le QUICKTRIAXIAL X LagVANE | WATER CONTENT (%)
Centinued From Pravious Page u 40 8 120 160 200 20 40 80 ki3 JGR SA S CL
SAND and SILT, some clay, race 125
gravel, occasional cobbles e
Very Dense A5 238
Grey T4
Moist T E
(FILL)
236.8 FTW T T 237 G
214 ENTY OF BOREHOLE AT 21.4m. P
Plezometer installation consists of ’
19mm diameter Schedule 40 PVC pipe
with & 1.52m slotied screen,
WATER LEVEL READINGS:
DATE ~ OEPTH(m) ELEV.{m)
2008.04.18 2.4 2558
2008.04.21 2.4 2559
¥
H
33 53, Wumbers referto ,sfgs
T Sensitivily TET (%) STRAIN AT FAILURE




ONTMT48 0596.GPJ4  B8/26/02

e} Ministry of B
Transpartation SR
Ontario
RECORD OF BOREHOLE No 08-46 10F 3 METRIC
GW.P__ 2109-05-00 LOCATION N 4 889 096.4 E 309 821.8, Stalion 10+060, 10m Rt QORIGINATED BY _ES
HWY 404 BOREHOLE TYPE _ Solig Stem Augers / Hollow Stem Augers COMPILED BY __ WM
DATUM _Gecdstic DATE 2008.03.17 - 2008.03,18 CHECKED BY AEG
DYRAMIC CONE PENETRATION
SOIL PRCOFILE SAMPLES o U IRESISTANCE PLOT AT
_a_- AL = REMARKS
ga S PASTIC oisTuRe vawag T
5 P - 20 40 60 8G 100 W commeer  UMTE S O &
2iE] W WiEEL z L : ! : 1 “p w we i DB 1 omramsize
ELEV DESCRIPTION it N - 2|88] 2 [SHEARSTRENGTHWPa A, DISTRIBUTION
DEPTH 3 - 12 5 S [0 UNCONFINED + FIELD VANE v )
EiE Z1ZC] B le QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
256.7 L 40 80 20 160 200 20 40 80 kNim 2 |lGr sA 81 oL
0.c SAND, medium to coarse grained,
some gravel, some sill, lrace rootiels p 58 5 o
Loose fo Compacl
Dark Brown
Moist
(FILLy v 258
2 S8 19 o
ajss| s 288 5
254.7
20 ity SAND, some gravel, occasional
wood fibres
Leose
Brown
Moist 4 538 7 @
253.8)  (FILL) 254
29 SAND and SILT, some clay, trace
gravel, occasional oxide staining
Compact
Brown lo Grey 5 88 1 9
Moist
(TiLL) 253
252
6§ 88 § 2 Q 2 45 41 M
c:_' 251
._: b
Dense to Very Dense
7| ss | 120 °
3 250
N3
249.5 "
7z Clayay SILT, sandy “Ef'—.' ]
Harg /ﬁ |
Grey Ay
(FHLL) 6 249
8 58 77 ° 0 13 63 17
248
) 58 45 o
247
Continuad Next Page 20
+ 3 33 Bumbers referlo 15_¢,5

Sensitivity 16

{%) STRAIN AT FAILURE




¥ Ministry of

.- Transportation & ﬂ
Onitaria

ONTMTAS 0588.GPL  B/26/09

RECORD OF BOREHOLE No 08-48 20F3 METRIC
GW.P._ 21080500 LOCATION ™ 4 889 086.4 E 309 821.8, Station 30+060, 10m Ry CRIGINATED BY ES
HWY 404 BOREHOLE TYPE _ Solid Stem Augers / Hollow Stem Augers COMPILED BY __wm
DATUM _Geodelic DATE 2008.03.17 + 2008.03,18 CHECKED Y AEG
DYNAMIG GONE PENERATION
SCIL PROFILE SAMPLES o E RESISTANCE PLOT HATURAL AEMARKS
W g g —:«?\_ LS =
by miZ3l @ 20 46 60 80 6 W eommen WMTL 5 D &
Sk Wiz =4 bt we w w i 34} cransiE
ELEV Lig| ¥ 21851 © |SHEARSTRENGTHFa OISTRIBLTION
DESCRIFTION =15 z of £ A —
DEPTH SIS| E | 51381 S |0 UNCONFINED  + FIELDVANE ¥ )
B Z = O 0 & e CUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continued From Pravious Page w 4t B0 120 160 200 2 40 €0 w3 IGR sA 81 QL
Clayey SILT, sandy ]
246.4 Hard 2
10.3 Grey .
(TIL)
Sily SAND, trace clay 246
Compact
Brown 88 | 1@ 0 ¢ 83 31 5
Moist
244.9 ] -] 245
1.8 Ciayey SILT, sandy, trace gravel ray
Very SHiff to Hard 7
Grey LT
(TiLL) b4
X1 11| ss | 48 o
-
e 244
L]
it
A
1
L[
5 243
14
4121 53 | 20 o 135 48 13
ge:
457
1.3
5 ( ]
;’f;i 242
LA
44
15
LA
142 13 | s3 | 20 o
HA
'*’fg' 241
28
7]
P
L)
e 240
112
|24 RER TN b 4 31 81 18
45 238
i
b
T L
114
‘/é 15 88 | a6 o 335 47 15
i 238
AL
/{.
237

Continved Next Page 20
+3 %3 BMumbers refer {o 15_‘:5_5
’ Sensitivity Y {%} STRAIN AT FAILURE



ONTMT4S 0596.GPJS  B8/28/09

Feay Ministry of
? Transportation

Onltario
RECORD OF BOREHOLE No 08-45 30F3 METRIC
GW.P,_ 2109-05-00 LOCATION N 4 889 096.4 E 309 821.8, Station 104060, 10m Rl ORIGINATED BY Es
HWY 404 BOREHOLE TYPE __Solid Stem Augers f Hollow Stem Augers COMPILED BY WM
DATUM _Geodetic DATE 2008.03,17 - 2008.03.18 CHECKED BY ____AEG
SON. PROFILE SAMPLES |, w  DYNAMIC CONE PENETRATION N
Wl FASTIG m%‘:; LoD = REMARKS
5 wlz3] 8 2 a6 0 ™ Gaee T E B i
9 E WiE2) > T ey H we w w | 38 | cransize
ELEV tlxml JI2 a1 © JSHEAR STRENGTH kPa
DESCRIPTION 1 E TIEZ] E A DISTRIBLTION
DEPTH 13|~ 5128 £ [0 UNCONFINED  + FIELD VANE ¥ %)
21 ZIE01 @ Jeo QUIcKTRIAXIAL X LABvANE | WATER GONTENT (%)
Conlinugd From Previcus Page . 40 80 320 160 200 20 A 60 wim? JeR sA 81 CL
Clayey SILT, sandy, lrace gravel ;i:) 6! 8sg 35 o) 1 36 4B 15
Hard | 11
Grey ar
{TILL) ;’:é;‘
| |
’_;{_' 236
1 1
L
! |4
Lil
T, 235
Ly
1
ZAY
Py
24 234
i
2335 Jid 17| ss | 1w o
231]  END OF BOREHOLE AT 23.1m. 275
BOREHOLE OPEN TO 5.2m AND
WATER LEVEL AT 0.9 UPON
COMPLETION.
BOREHOLE BACKEILLED WITH
HOLEPLUG TO SURFACE.
4+ 3 w3 MNumbers refer lo

Sensitivity

20
‘5%’5 (%) STRAIN AT FAILURE




ONTMT4AS 0596,GPJ 826408

fewyy Ministey of B
_- Transportation s n

Ontario
RECORD OF BOREHOLE No 0847 10F3 METRIC
G.W.P.__ 2109-05-00 LOCATION N 4 889 092.9 £ 304 843.9. Station 10+040, Right Shoulder CGRIGINATED BY _ES
HwWY 404 BOREHOLE TYPE _ Hollow Stem Augers COMPRED BY __wm
DATUM Geodelic DATE 2008.03.11 - 2008.03.12 CHECKED BY AEG
DYNAMIC CONE PENETRATION
SOl PROFILE SAMPLES © Y |RERISTANCE PLOT HATURAL REMARKS
P - -2___ AT T R
- aizsl 8 20 40 e B0 100 | cowewr M) 50 &
Sig wl=z) =z W e — wp w w o} SH | GRANSIZE
ELEV Tl Wy Jio5F G IsHEARSTRENGTH kPa =
DESCRIPTION =8 & [z = o DISTRIBUTION
DEFTH FE c i3 H < |0 UNCONFINED + FIELD VANE ¥ (%}
51° ZIEC1 G le QUICKTRIAXIAL X LABVANE | WATER CONTENT (%}
257.4 w 40 80 420 180 206 20 a0 &b wimd [GR SA St CL
08 ASPHALT: (150mm)
o2 SAND and GRAVEL, some sitt
Compact to Dense 1 55 41 257 &
Dark brown
Moist
(FILL}
Z 55 18 [~}
256
3 88 10 o
255.2
24 Sitty SAND, trace gravel, trace clay
Compaet
255
Brown hva o
Noist 4 85 19 et
(FiLL) ] 3 57 33 7
254.1 +] .
33 SAND and GRAVEL, trace clay, s|ss A 254
acecasional cobbles
Compact
Brown
Moist
{FILL}
253.6 :
frs 253
4.4 Claysy SILY, sandy, trace gravel, 58
oxide staining ;_}4
Very SUiif 1
Browr /ﬁ}, 8 88 1 °
(TILL) i
E
[T 1 252
/'9
3%
Lt
2h
Hard 1A
Grey ({ﬂ 7| 58 |60 o 130 52 47
5% 575 251
1%E
1a:
bl
4
171
#:94
11
T
L 250
b A
LT
2fii8 | 58 | 55 -4 4 25 53 18
qr
'jf- i
i 249
11
I
414
Pa
A
419 | 8s | 59 248
4
Continued Next Page . 5
+3 %3 Mumbers refer o 15chs

20
Sensitivity T (%) STRAIN AT FAILURE



ONTMT43 0586.GPJ  B/26/09

b Ministry
Transpertanon

Onlario
ThR AR
RECORD OF BOREHOLE No 0847 2OF 3 METRIC
GW.P.___2109-05-00 LOCATION N 4 889 092.8 E 309 843.9, Sialion 10+040, Right Shoulder ORIGINATED BY _ES
HWY 464 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY Wik
DATUM _Geodelic DATE 2008.03,11 - P006.03.12 CHECKED BY AEG
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES © W IRESISTANCE PLOT
E @ £ PLASTIC m’:’:gﬁ Lioun e E REMARKS
51 s8] 3 40 6 & 10 M cwmw T 2D &
=iz = GRAIN §lZE
ELev ai{d| w| 2|o5] & ISHEAR STRENGTHKPa P . "t =
DESCRIPTION R ziz8: E . DISTRIBUTION
DEBTH A E s >1881 £ §O UNCONFINED + FIELD VANE ¥ %)
Bl 2{EO] @ |e QUICKTRIAXAL X LABVANE | WATER CONTENT (%)
Contined From Pravious Page W 40 80 120 180 200 20 40 €0 iim 3 Jor sA S cu
Clayey SILT, sandy, trace gravei j{. ]
Hard [+44
Grey Ak
(TILL) /_ﬁ § 7
.//‘
g
74P
Al 0| 88 | 50 o
i
i ﬁ,:_f- 246
1.b
Auger grinding at 11.61to 11.9m _/./Z
'+ 1 -F5
eff,
(62
_,_agf 1] ss | oag 245 5 113 84 23
2
i
43
_};;“ 244
4
a’r' i
|
REE
1] 2} as | a5 =3
T
1 243
fzg,.:
4yl
242
: 231 &4 [+]
BFa
|4,
194 241
114
Be
B
%85
aTi1e ) 88 1 73 o 134 48 17
(et
/ﬁ 240 —
gry
o'
i
238
15| 88 | ar o
i
238
Continued Mext Page 20
RNV Nurnbers refer o 15,¢5
10

Sensitiviy

(%} STRAIN AT FAILURE




ONTMT4S 0588.GPJ  B/26/09

(st Ministry of
_' Transgortation

a
TSIFER AT

Ontarie
RECORD OF BOREHOLE No 08-47 30F3 METRIC
G.W.P.__ 2108-05-00 LOCATION i 4 888 092.8 E 309 843.9. Siation 10+040, Right Shoulder ORIGINATED BY S
HWY 404 BOREHOLE TYFE _ Hollow Stem Augers COMPILER BY Wi
DATUM _Geedetic DATE 2008.03.11 - 2008.03,12 CHECKED BY AEG
DYNAMIC CONE PENETRATION
S0IL PROFILE SAMPLES © W IRESISTANCE PLOT NATURAL REMARKS
W < RASTC o RE uoum § Pf
5 nlZg| & 20 40 60 8 100 ™ comer M} 58 &
218t wl B8IZE]l 2 v ! s we w wei SE | cransze
ELEY iy Si25] & [SHEARSTRENGTH kPa
DESCRIPTION =121 & 2122 2 Ot DISTRIBUTION
DEPTH HEIR: 1251 < |0 UNCONFINED  + FIELD VANE ¥ %)
E1< ZIEO! @ le QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
Continyed From Previous Page u 46 80 1200 180 200 20 40 8o m3 |GR SA St oL
Clayey SILT, trace to some sand fﬂ-.{ 16 | 88 35 o B 0 11 0 18
Hard yor
Grey /f 237
(TILL) ]
236
2356 ]
218 SILT, trace sand, trace gravel, trace gl
clay g
Very Dense Ay
Gray g4
Moist | 235
(Tieey 3
1[4
1T 88 o o
"
.100
3
gl 234
1.
1§
1
78
{418 85 | 100 23 o 002 92 &
4. 10
14
%A
9% 232
41
it
I8 | 88 | 1007 5
g1 140
|l
1% 231
1
¥
) 41 230
2507 20 | 85 | o
27.7|  END OF BOREHMOLE AT 27.7m. 160
BOREHOLE OPEN AND WATER
LEVEL AT 2.6m LPON
COMPLETION.
BOREHOLE BACKFILLED WITH
HOLEPLUG TO C.2m THEN
ASPHALT TO SURFACE.
3 3. Numbers refer to Y
T “”'?3‘5 %) STRAIN AT FAILURE

Sensitivily




Queensville Sideroad Underpass
Highway 404 Extension from Green Lane to Woodbine Avenue/Ravenshoe Rd.

Appendix B

Eaboratory Test Results

“CRLER RS



GRAIN SIZE DISTRIBUTION - THURBER 0598.GPJ 8/26/058

Hwy 404 Extension

GRAIN SIZE DISTRIBUTION

FIGURE B1

SILTY SAND (FILL)

.58, Sieve size, meshesiinch

Size of openings, inches

200 TEIIU EFEU 4‘0 30 1I6 10? 4 :;\ 3!‘8"1f2" 3f|4“ 1!“ 11‘1‘2" 3"4‘1!/4“ Ei
100 [T
/J: i
20
/
80 ﬂ 3/
70
=
<
= &0 f
o
1]
=
i 50
[,._
=z
8 f
g < E
1
o
30
20
10
m_——
o
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE ‘ MEDIUM ’ COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (M)
@ 08-43 0.99 262.87
4 08-47 2.82 254.56

W.RH
Prepared By MFA. .. .. ..
CheckedBy RPR. ... . .

TrLImBER




GRAIN SIZE DISTRIBUTION - THURBER 0BSB.GP.J 8/26/08

Hwy 404 Extension
GRAIN SIZE DISTRIBUTION

FIGURE B2

U.B.8. Sieve size, meshes/inch

SAND AND SILT TILL

Size of openings, inches

200 1?0 GiUSG 4‘0 30 1P 108 4 i %& 3,“4" 1‘" 11‘12" 3"41|14"6;"
100 e
g =
T
90 L
80 %{/_/
70
- / /
= /
T o
4
[1A]
zZ ﬂ’rﬁ
= ¥
)
Q 4o
Ll
0.
30
20
10 "
¢
0.0001 0.001 0.1 i 10 100
GRAIN SIZE, mm
SiLT and CLAY FINE l MEDIUM; COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL. BOREHOLE DEPTH (m) ELEV. (m)
] (08-43 3.28 260.58
& 08-44 4 80 25429
A 18-44 7.85 251.24
* 08-44 10.73 248,36
® (08-45 3.28 254,99
o 08-45 7.85 250.42
W.P#H

Prepared By MEA .
Checked By RPR............. ...

THURBER




GRAIN §IZE DISTRIBUTION - THURBER 05%6.GPJ 8/26/08

Hwy 404 Extension
GRAIN SIZE DISTRIBUTION

FIGURE B3

SAND AND SILT TILL

U.8.5. Sieve sze, meshesfinch

Size of openings, inches

200 100 6050 40 30 16 108 4 Jcfi i T P A R i T 3" 414" 8"
100 L 1 k] 1 Il : j= I} I3 1. L 1 1
JF /ﬁﬁ?ﬁ
% a b
0
80 j;(
70 £h
z
2 7
= 60 2
o / /
L
®
T 50
-
: »é
e %
a
30 b A
20 p{ fd
o ux
10 L]
a
0.0001 0.001 0.01 a1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE J MEDIUM | GOARSE FINE COARSE | oo o
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (M)
@ 08-45 15.47 242.80
4 08-45 18.87 23840
A 08-46 4.88 251.82
WLRPE .. b
Prepared By MFA TRHURSER

Checked By RPR..... ... .




Hwy 404 Extension

GRAIMN SIZE DISTRIBUTION - THURBER 0536 .GPJ B8/26/08

GRAIN SIZE DISTRIBUTION FIGURE B4
GRAVELLY SAND
1.8 8. Sieve size, meshesfinch Size of openings, inches
200 1l|]0 EPED dlﬂ an 1:6 10? 4 ? SﬂIB"wfg“ 3!‘4” 1‘ 11|!2" ‘"41‘1‘4"6‘"
100
90
a0
@/ﬁ
70 ﬁ/
=
<
E 80
o
1]
=
L 50
I—- f
=
3
Q9 4
LU
0.
30
20 /é
10
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE } MEDHIM l COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL SiZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
& 08-45 10.79 247 48
WLRE
Prepared By MFA. .. ... THLUREER

Chaecked By RPRE.... ... ..




Hwy 404 Extension

GRAIN 51ZE DISTRIBUTION - THURBER 0896.GPJ B/Z6/08

FIGURE B5
GRAIN SIZE DISTRIBUTION
CLAYEY SILT TILL
1.5.5. Sieve size, meshesAnch Size of epenings, inches
200 100 6050 40 30 16 08 4 3 3EMEm 3kt o1 "4 tM4TE"
100 L 1 L ] f ’l‘ 3, L i, L 1
=
80 f%
80 A
70
Z
= s
2.
|
z
f. 50
b
=
i
&J 40
L
o
30
20
10
0 ]
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and GLAY FINE } MEDIUM ‘ COARSE FINE COARSE | one o
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEY. (im)
@ (8-46 7.92 24878
%] (8-46 14.02 242 68
4 (8-48 17.07 23863
+* 08-46 18.52 238.18
© 08-48 2012 236.58
£ 08-47 85.32 251.08
WLRHE | :
Prepared By MFA .. . Tl L B EEER

Checked By RFPR . ...




Hwy 404 Extension

GRAIN SI1ZE DISTRIBUTION - THURBER 0596.GPJ 8/26/08

FIGURE B6
GRAIN SIZE DISTRIBUTION
CLAYEY SILT TILL
U S5 Sieve size, meshesfinch Eize of openings, inches
200 1?0 GIOSO 4‘0 n TF 1]0? 4 i g"\f?“ 3!‘4” 1|" ‘Hlﬂ" 3"41‘1‘4“6:
100 T e T
& d:ﬁ;ﬁ’
oL Y
80 /
7 ﬁ
: /
<
E 80
= £
2 50 g £
L
JllF
O 40 9 &.
g Wiila
g b3
30 s
10
i}
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE |N‘EED!UM| COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
B 08-47 7.92 245 .46
B 08-47 12.50 244 88
A 08-47 17.07 240,31
* 08-47 20.12 237.26
Prepared By MEA .. ... . THURBER




GRAIN SIZE DISTRIBUTION - THURBER 0586.GPJ 8/28/08

Hwy 404 Extension
GRAIN SIZE DISTRIBUTION

FIGURE B7

W.P#

PERCENT FINER THAN

SILTY SAND

J.8.8. Sieve size, meshessinch

Size of ppenings, inches

200 1(‘30 5950 4ID 30 1‘6 1}02[! 4 j 318“11'2" 3,“4" 1|“ 11#2" 3"411!4“ EI
100 } Hl—&—T 7711
90 7
80
70 ;
50 /
50
a0
30 i
20 5'“
10 ﬁ/a/
o
0 3
0.0001 0.001 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE ’ MEDIUM ‘ COARSE FiNE COARSE COBBLE
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREMOLE DEPTH () ELEV. (im)
@ 08-46 10.97 24573

Prepared By MFA . .
Checked By RBPR.........

THURBER

Iy




Hwy 404 Extension

GRAIN SIZE DISTRIBUTICN - THURBER 0596.GPJ 8/26/08

GRAIN SIZE DISTRIBUTION FIGURE B8
SILT TILL
Ui.5.8. Sieve size, meshesiinch Size of epenings, inches
200 100 8050 40 3¢ 18 108 4 3 g s At 11 3" 414" 8"
100 é-‘/a__e__*w“we i B P Lol ! Lot
90
80 ¢
70
il
<L
;:E 60
v
il
=
T 50
}_ /
=
8
S 0 &
1]
o
30
20
£
10
o re
0
0.0001 0.001 0.01 0.1 1 10 100
GRAIN SIZE, mm
SILT and CLAY FINE \ MEDIUM | COARSE FINE COARSE COBBLE
FINE GRAINED SAND GRAVEL SIZE
LEGEND
SYMBOL BOREHOLE DEPTH (m) ELEV. (m)
& 08-47 24 .52 232.86
WPHE
Prepared By ME:A Tt B E RS

Chacked By RPR




THURBALT 0696.(:P) 8/26/08

ATTERBERG LIMITS TEST RESULTS

Hwy 404 Extension

FIGURE B9

PLASTICITY INDEX

Date . August2008

Broject ...

60

50

40

30

20

SAND AND SILT TiLL

CH
Cl <
S
Ry
[
cL
//
//
cL e
®
CL-ML / Mi-Ol MH-OH
ML oL
10 20 30 40 50 40 70 80
LIQUID LIMIT
SYMBOL BH DEPTH (m) ELEV. (m)
& 08-45 15.47 242 80

THLIRSERS




THURBALT 0598.GPJ 8/26/08

Hwy 404 Extension

PLASTICITY INDEX

Date

Project

FIGURE B10
ATTERBERG LIMITS TEST RESULTS
CLAYEY SILT TILL
&0
CH
50
40 //
cl .
o
W
30 r
cL
20 //
10 ’/
cL
CL-ML 2 & / MI-O1 MK-OH
ML oL
0
4] 10 20 30 40 50 GO 70 80
LIQUID LIMIT
SYMBOL BH DEPTH (m) ELEV. (m)
& 08-48 17.07 23963
© 08-47 7.82 249,46
& 08-47 2012 23726
August 2008 Prepd . MFA
.......................... TR ER Chkd RPR




Queensville Sideroad Underpass
Highway 404 Extension from Green Lane to Woodbine Avenue/Ravenshoe Rd.

Appendix C

Record of Borehole Sheets and Laboratory Results

(previous investigation)

Rl Bt



Foungation Design

MIS-MTO 00 041111016AAMTO.GPS GAL-MISS.GOT 26/4/08

PROJECT 041111016 RECORD OF BOREHOLE No BH 301 i OF 2 METRIC
W.P. LOCATION N 4889092.6 ;E 309821.8 CRIGINATED BY PKS
DIST Central HWY  4n4 BOREHOLE TYPE_ 108 mm Diameter Solig Slem Augers COMPILED BY __ DD
DATUM _Ceodetic DATE JUNE 11, 2004 CHECKED BY. LCC
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLE ul
° A RESISTANGE PLOT-E‘_ pLasTic NATURAL 4oy £ REMARKS
2EZEF O L MOSTURE Mgl B X &
B w 125] & 20 40 £0 BD 00 CONTENT z o
Jlel L] 22l = : L ! : . W, w wf 58 | cramsize
ELEV “imi & 2 {2857 © [SHEARSTRENGTH kPa
eroe DESCRIPTION = | = 3 pid £ 35 = b i DISTRIBUTION
DEPTH é 5 . = 8 e} g © UNCONFINED -+ FELD VANE ’}{ %)
=i 2 [£9] & |e QUICKTRIAXIAL X REMOULDEQ WATER CONTENT (%}
257,50  SHOUND SUREAGE * 26 40 60 80 100 1020 30 k' JGR SA B! CL
0.0 Sand and grave! {FILL)
gfgﬂpad 1] 8s ] 14
TOWN
253.2 Mot 257
: Sfity sand, sore graved, trace clay
(FILL) 2 55 i4
Compact 1o loose
Brown
Moist 256
3 ss 7
2553
2.2 Clayey Silt with sand, trace gravel LA
Firm to stif] 1 4 55 5 255
Browrt
Wel
5| 88 8 e 0 28 65 7
2538 254
37 Ciayey Silt, some sand, trace gravel 12 K
{TiL) 331
Stiff 1o hard Wy 8 ) S8 1
Brown 4
Wet e
"%‘ 253
?;{p 7188|158 & [«
b
it
o]
14 252
ghgd
cals
141
L4144
Al 6 | ss | 40
itgs 251
'?:u‘
1
f}p
el 250
ghd
Becorning grey below 7.6 m depth 7_*‘«
AAR 9 | s8] 6 5] 115 68 16
iy :
7;fb
s
;-r,? 249
113
4
¥
'a'.‘i- -
H4
2479 —,-,I»‘) i | 55 45 Dag
X Silty Sand, trace gravel
Compact |
Grey ¥
Wet X
' 247
apl 1] 85 ) e o
24549 046
11.6 Clayey Silt, some sand, trace gravel L B
TILL) ;‘jd
Hard LT
Grey ?‘,‘
Moist §kad
;:;A iz S5 33 245,
e b
H
?f,?“
ot
il 244
L
4713 ] 85 | 29
[l
,p:k
14 243
ghals
e

Conlinued Mext Page

+ 3' % 3: Numbers refer o

Sensitivity

o
o 3% STHAIN AT FAILURE




MIS-MTO 001 G411 11016AAMTO.GRY GAL-MISS.GDT 28/4/08

Golder

: FASsSOCiates

Foundation Design

PROJECT _ 04-1111-018

RECORD OF BOREHOLE No BH 301

2 0F 2 METRIC

Sensitivity

WP, LOCATION N 4888092.6 ;E 308821.8 ORIGINATED BY PKS
DIST Central HWY 404 BOREHOLE TYPE__108 mm Diameter Solig Stem Augers COMPILED BY _ DD
DATUM _Geodeiic DATE JUNE 11, 2004 CHECKED BY Lee
SOIL PROFILE SAMPLES |o | & |PremcONe pERETRATION
& P pLasTic NATURAL e [ REMARKS
£ 8 MOISTURE = I
— T 2 o 1M LITE = {5 &
Gl 2 {§5] @ 20 410 80 8 100 CONTENT Ze a s
ol 3 w RAIN SIZE
Ei8i w | 3 {55! & [SHEARSTRENGTH kPa e . " z
ELEY DESCRIPTION =S & < Z5 = DISTRIBUTION
DEBTH SISt F | 2 [28] = {© UNCONFINED  + FIELD VANE ¥ %)
e1e £ 1291 B le ouokTRIAXIAL X REMOULDED WATER CONTENT (%)
-- CONTINUED FROM PREVIOUS PAGE --- w 20 40 80 g0 100 10 20 30 kWfn® 1GT 8A S CL
pzgs
7’;,«,
=i ] 14 ] 88 32
241.8 4 242
157 End of Borehale
Note:
Water level at 4.9 m depth
{Elevation 252.6 m) upon
completion of drilling
+3 3, Mumbersreferio 3% cop s can URe



Foundation Design

MIS-MTO 001 041111016AAMTOQ.GPJ GAL-MISS.GDT 26/4/06

PROJECT 061111016 RECORD OF BOREHOLE No BH 301A 1 oF 2 METRIC
W.P. LOCATION N 4885107.0 ;E 309821.9 ORIGINATED BY PKS
DIST Central HWY 404 BOREROLE TYPE_ 108 mm .0, Hollow Stem Augers COMPILED BY DD
DATUM _Geodetic DATE SEPTEMBER 27, 28, 2004 CHECKED BY LCC
DYNAMIC CONE PENETRATION
S0IL PROFILE SAMPLES o Eif RESISTANCE PLOT NATURAL REMARKS
[T - PLASTIC oo ar  LIQUID &
= £z| 8 20 40 60 80 100 LT arenr U] Z &
Sie i|ze| F : : 1 L : w w | 58 | cransize
ELEY Eld) w3 |ok| & [sHEARSTRENGTH kPa ’ . s
DESCRIPTION =5 & z |28 E st G DISTRIBUTION
IDEFTH i3 & = |g&| £ |o unconneD + FIELD VANE v %)
2 2 JEC| @ |e QUCKTRAXIAL X REMOULDER WATER CONTENT (%)
256.0] __GROUND SURFAGE o H 40 & & e o= % My’ JOR SA S) G
0.0 Augered from 6.0 mic 12.2m
depth without sampling.
Refer ia Record of Borehole 301 for
subsurface conditions over this
interval.
2585
254
253
252
251
250
249
248
247
246
245
2438 244
122 Clayey Silt, some sand, irace gravel 3
(TiLL) O 1 | ss | @
Siiff to harg kg
Grey 449
Moist to wet ,;‘:,f 243
i
£
T’“;f
A5t ;
il 201 85 | 1 242 129 57 13
B
gy
o
?y’
Comiinued Next Page .
+3,)<3: Mumibers refer to Oale STRAIN AT FAILURE
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Foundation Design

MIS-MTO 001 D41111016AAMTO.GPY GAL-MISS.GDT 26/4/06

Frolder
bt A SSOCIRTCS
PROJECT 041111016 RECORD OF BOREHOLE No BH 3014 2 oF 2 METRIC
WP, LOCATION N 4889107.0 :F 309821.9 ORIGINATED BY _PKS
BIST Central HWY 404 BOREHOLE TYPE_ 108 mm LD, Holiow Stem Augers COMPILED BY __ Db
DATUM _Geodetic DATE SEPTEMBER 27, 28, 2004 CHECKED BY LCC
1 SOIL PROFILE SAMPLES | W |RLEAMIC CONT DENETRATION war
URAL = REMARKS
Gl = PLASTIC L oierome Mooy | &
= Fzl g 20 40 &0 5 LIMIT it E 5 a
o 57 @ B 100 CONTENT z =
SlE w=El 2z e e w, w wo| 38 | cransze
Sl m o 318581 € |SHEAR STRENGTH kPa
ELEV DESCHIETION -lela | 2128 £ — DISTRIBUTION
DEFPTH 213 E = 28] £ [o unconFiNeD + FIELD VANE . ¥ %)
£l < F |£C] & |e QUICKTRIAXIAL X REMOULDED WATER CONTENT (%)
~- CONTINUED FROM PREVIOUS PAGE --- w 20 40 860 80 100 10 E_O 30 khim® {GH S8 S CL
Clayey Silt, some sand, trace graval B
(THL} Een
Stiff to hard i b
Grey ;é‘j 3 35 12
Moist to wel _;‘F_.a
;_.;‘;'r' 240
L
]
.:HEJ
2389 e 239
17.1 interayerad Clayey Silt, trace sand, L I 88 58
and Silt, trace clay and sand,
containing clay seams
Hard/Very dense
Grey
toist 10 wet 238
7] 5 | 88 { 100 ber—r
|
237
& 58 igi 236
Jf
I i I
k s
J k] ess
1
//
7 88 108 4 0 t 88 10
MU 234
1
i
1H
iH 8 | 85 hoorid 233
Fl & B
p
’
-
232 .
9| 88 76
231.0 |
250 End of Borehole
Notes:
1. Water level in piezometer
measured at 2.7 m depth (Elevation
253.3 m ) on September 28, 2004
and at 0.7m above ground surface.
{Elevation 256.7m) on October 7,
2004.
+ 3‘ w 3. Numbers refer to o 3% STRAIN AT FAILURE
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Foundation Design

PROJECT _04-1111-015

RECORD OF BOREHOLE No BH 302

1CF 2

METRIC

MIS-MTC 001 0411 11016AAMTO.GPJ GAL-MISS.GDT 26/4/08

WP, LOCATION N 4889084.1 ;E 3097815 CRIGINATED BY _PKS
DIST Centra HWY 404 BOREROLE TYPE 108 mm 1.0. Hollow Stem Aucers COMPILED BY DD
DATUM _Geodelic DATE SEPTEMBER 28, 2004 CHECKED BY LCC
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES s W I RESISTANGE PLOT NATURAL - HEMARKS
G w |$3] @ 20 40 80 80 100 CONTENT Z 2 AN 51
v = 4 W, w W GR 1ZE
ELEY Tig| w1 3|25 8 [SHEARSTRENGTH kPa i ‘ =
DESCRIPTION el S T |55| E e DISTRIBUTION
BEPTH =13 i - 26| £ |0 UNCONFINED  + FIELD VANE ¥ )
2z ZIEC| @ je QUICKTRIAXIAL x Remouipgr WATER CONTENT (%)
259.0 GRQUND SURFACE ¥ 20 40 80 B0 100 L kvm® |GR SA SI CL
b.{r‘ Topsoil
: Silty sand (FILL) 1 58 )
X
2663]  srown
0.7 Moist
Clayey silt, some sand, trace 2| 88l & 258
gravel, irace asphalt [ragmenis
257.5 (FILLY
8 E:karo i
wn
Moist alss | 0 p—p—i 3 21 43 33
Clayey Silt, some sand, trace gravel 8 257
Sl
Maottled brown 3
Moist 4 4 | 88 g
o]
258.0
a0 Sand and Siit, trace gravel, trace 1, o 256
clay, containing lensesfintedayers SRS
of sand and gravel (TILL) d1gy 5 | S5 | 14 D
Compact to very dense B
Brown to grey AT
Moist e
G+l eiss| 2 285
4
EA
4 i
L
N~k i 85 23
A5 254 H
Bai
8
44
14
T .
‘9123
¥yl 253
1"2\
Il 8 | 55 | 32
W
i 94
Esp
RRE 252
bt
Ni2
£ i
I
Eul
-4,—,; 9 35 38 551 2 38 53 7
,“ D;:,
!’6‘
‘n‘lE
Rk 250 .
2 i
|4
frif 10| ss | a9
4
4 .
BES
1y
?4;‘ 249
a4
‘Qq L
pie, ¥
qq ]
"ﬂ_‘:_ 1] 8s{ 39 248
M
FEYL
T
ML
FF LY
Kl 247
iﬂ: B
Ttz ss | s
SR
AN 246
L
g1,
b
SHR
d44d.
L
Afi 12| 88 | 81 245 =
HE:
A,
I
504
Continued Next Page
. 5
+3,><‘5: MNumbers refer o o % STRHAIN AT FAILURE
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Foundation Design

PROJECT  04.1111-016 RECORD OF BCREHOLE No BH 302 2 OF 2 MIETRIC
W.P. LOCATION N 4889084,1 :F 309781.5 ORIGINATED BY PKS
DIST Central HWY 404 BOREHOLE TYPE_ 108 rm 1.D. Hollow Stem Augers COMPILED BY DD
DATUM _Geodetic DATE SEPTEMBER 28, 2004 CHECKED BY _ LcC
SOIL PROFILE SAMPLES | | W |Recmrancs i CENETRATION
o, | # pLastic MAUHEA. - oup & | REMARKS
MOISTU =
51 o 'é £ g 20 40 60 80 300 . [UMT O oune A &
of 2 5 GRAIN SIZE
v Bl 2| 2125| © [SHEARSTRENGTHPa b v NG S
ELE DESCRIPTION =18 & 2 |22 E by DISTRIBUTION
BERTH S1Z| F | 5 |B&| £ |© UNCONFINED  + FIELD VANE . ¥ 10}
= F|EP| L e QUCKTRAKIAL X REMOULDED WATER CONTENT (%)
- CONTINUED FROM PREVIOUS PAGE L 20 40 60 80 100 10 20 30 N/m° IGR SA S CL
Sand ang Silt, trace gravel, trace -2 o
clay, containing lansesfinlariayers 12
af sand ana gravet (TILL) L] 14 | S5 | 102 dM 134 54 11
Compact to very dense e
Brown to grey BYE
hioist B2 243
B
te
4L
& |
£ S5 [00/.23
Ta]] 15 hoo/23
':,é' 242
T
1P
e
'J:‘i L
o 241
1)
2405 1M 7861 88 hooraa 3

18.5 End of Borehole
MNote:

Water level in piezometer
measured at 10.7 m depth
(Elevation 248.3 m) on September
29, 2004,

MIS-MTO 001 041111016AAMTO.GPJ GAL-MISS.GDT 26/4/06

43 o 3. Numbers refer to o %
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Foundation Design

MIS-MTO 001 D41TT101BAAMTO.GPS GAL-MISS.GDT 26/4/06

Sensitivity

PROJECT  ot1111016 RECORD OF BOREHOLE No BH 303 1 OF 1 METRIC
W.P. LOCATION N 4889071.0 ;€ 309743.7 CRIGINATED BY _PKS
DIST Ceniral HWY 404 BOREHOLE TYPE__108 mm 1.D. Hollow Stem Augers COMPILED BY _ DD
DATUM _Geodetic DATE SEPTEMBER 29, 2004 CHECKED BY LCC
' DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o« o RESISTANCE PLOT NATURAL - REMARKS
Yl = PLASTIC jcicrime  Houin] b
51 I 51 & 20 40 50 @0 00 [WMIT oonrenr  MMITE 3 g &
9 21 = w w w | 3 GRAIN SIZE
ELEV R g S 5| S [SHEARSTRENGTHKPa A # | pisTRiBUTION
DEPTH DESCRIPTION S8 215 |28| S |o UNCONPINED  + FIELD VANE ¥ )
I Z JZ91 @ |e QUICKTRIAXIAL X REMOULDER] WATER CONTENT (%)
2610 GROUND SURFACE " 20 4 80 80 100 2 w0 kim' |GR SA 51 CL
0.0 Silty Sand, some organics (FILLY
Very loose to loose 1 58 4
Brown
Moist
2]ss i 6 260
2595
1.5 Clayey Silt, some sand, trace H
gﬁgeL frace organics 1 a 53 11
258 8 Brown 258
22 Moist 3
Silty Band, trace clay, lrace gravel, 1
trace organics Iy 4] 88 | 33
258.0 Dense kiR
30 \Brown My 258
! A L
Maist LF) 4
Sand and Silt, trace clay, some FNT 5] 88 38
gravef {TiLL) [5% 5
Dense to very dense N
Brown, becoming grey below 9.1 m at o567
depth Tri] 6 { ss ¢ 33
Moist to wet below 3.7 m depth s
J4E
Nn
LY
Tl 7 88 40 32 28 35 &
145 2586
BA
AT
35
CALS
L
AT 255
'ar'q~
it e | ss | er
{4
4
i 4
4% 254
1+
#ig
ki
M
1H
|kl 9 | 55 Jrooied
':q 4 253
54
T
4.4
»uY
) 282
i ¥
[2b1 10| 8S foorag
RES
& 1
4
) 251
1 [
o
SN
(TR TR
ﬁ—n-
1 1 250
.I" 3
1 Ll
e
9
44
RS 249
. :“ [E IS AE
piny
L
L 248
SR
EELC
A
i1 k3
2473 oY IR I AT
138 End of Borehole
Note:
Water level at 8.1 m depth
{Elevation 250.9 m) upon
compietion of drilling.
+3, %3, Numbersteferto 3% cop AT FAILURE



GRAIN SIZE DISTRIBUTION TEST RESULTS
Surficial Clayey Silt

FIGURE 1

U.5.5. Sieve size, meshes/inch

Size of openings, inches

200 100 5050 40 IO 20 16 10 & @3 BB 1R 4N 6
| i ! [ 1] P T { H 3
100 ] _,.&jﬂ_#—z—f“ﬁ
P
50 /ar
20 i
70 @/
z
<
L . ¥
o
l"""l H
Z [ |
T8
. "l ’
& ;
& a0l
[ f
i}
n.
30— J
20 -
’b’
10 V/g
O‘%OCH 0.001 0.01 0.1 i 10 100
GRAIN Si1ZE, mm
B SILT AND CLAY SIZES FiNE MEDIUM COARSE FiME coanse  [CORRBLE
FINE GRAINED SAND SIZE GRAVEL SIZE SIZE
LEGEND
SYMBOL BOREHOLE SAMPLE  ELEVATION (m)
5 254.3
3 257.2

Date 11/2/2004
Project 04-1111-018

Golder Associates

Prepared by LG

Checked by “? & -~
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GRAIN SIZE DISTRIBUTION TEST RESULTS FIGURE 3
Clayey Silt Till / Sand and Silt Till

U.5.8. Sieve size, meshes/inch Size of openings, inches
200 100 6050 40 30 20 16 10 & 43 BUTIANT %S 3T aA%C @
100 : T i e S 0 G o
ﬁ%ﬁ T /
80— /‘" ~
| I /fl ¥
80 1 {7
i %/ /J
70 : - i pi=s = !
Z (]
< {f/ £</3/ ]
= 60 / 3 -
i ! )/g
[ !
= i
I 50
i__
= f
5 o f A
i / | |
a b i
30
| /| //
- LA /E’l
% | &7 5
;,’,u)/a// # | =4
i3, {13
g———ﬂa’/’m i
O.%OCH 0.001 0.01 0.1 i 10 100
GRAIN SIZE, mm
SILT AND CLAY SIZES FINE MEDIUM COARSE FINE COARSE  [COBBLE
- FINE GRAINED SAND SIZE GRAVEL SI1Z2E SIZE
LEGEND
SYMBOL BOREHOLE SAMPLE  ELEVATION {m)
% 301 a 2498
E 3014 2 242.0
¥ 302 9 2571
o 302 14 243.5
0 303 7 256.2
Date 11/2/2004 Prepared by LG

Project 04-1111-016 Golder Associates Checked by_m@ N
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GRAIN SIZE DISTRIBUTION TEST RESULT FIGURE 5
interlayered Clayey Silt and Silt

U.5.5. Sieve size, meshesfinch Size of openings, inches
200 100 6050 40 30 20 16 10 8 43 BETUZTRMTT 1T 3" A% 6"
100 F T yr— -4 S A M [
P i
90
80 1 : /
70 :
= ‘ f
<1 i ] ; ;
T e : | '
EZ ;
Lt}
Z . |
o 50
b
& /
) 4}
T /
jun)
.
kiel P
| I
20 L
e
10 P
E
Lol t
Q.%OG‘L .001 0.01 Q.1 1 10 100
GRAIN SIZE, mm
SILT AND CLAY SI2ES FINE MEBIUM |CDARSE FINE CoARSE  |[COBBLE
FIME GRAINED SAND SIZE GRAVEL SIZE SIZE
LEGEND
SYMBGL BOREHOLE SAMPLE  ELEVATION (m)
® 301A 7 2345
Date 11/2/2004 Prepared by LG

Project 04-1111-016 ' Golder Associates Checked by MIQ& N
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Queensville Sidercad Underpass
Highway 404 Extension from Green Lane 1o Woodbine Avenue/Ravenshoe Rd.

Appendix D

Foundation Comparison

PSR
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Queensville Sideroad Underpass
Highway 404 Extension from Green Lane to Woodhine Avenue/Ravenshoe Rd.

Appendix E

Figure



2004

Mareh

GRANULAR 'A

EMGRELR

CROSS-SECTION

—— BUILD UPF TG THIS
LEVEL THEN CONSTRUCT
FOOTING

ORIGIMAL GROUND
r SURFACE

LONGITUDINAL SECTION
NOT TG SCALE

NOTES:

1. REMOVE TOPSOIL AND OR SOFT SUBSOIL UNDER AREA OF COMPACTED

GRANULAR A’ AND EARTH FiLL.

- PLACE GRANULAR W' AND EARTH FILL TO BOTTOM OF FOOTING LEVEL,
COMPACTED ACCORDING TO O.P.8.S. 501.
3. CONSTRUCT CONCRETE FOOTING.

4. PLACE REMAINDER OF GRANULAR ‘A* AND EARTH FILL AS REQUIRED.
2. SOURCE M.T.C. 1882,

TERIS148 DWG

= [}
- ABUTMENT ON COMPAGTED FILL SHOWING D B
_ . ?KC, GEMNULAR A CORE _ ;‘HURBER

NTS o FIGURE 1




Queensville Sideroad Underpass
Highway 404 Extension from Green Lane to Woodbine Avenue/Ravenshoe Rd.

Appendix F

List of SPs and OPSS, and Suggested
Text for Selected NSSP



Queensville Sideroad Underpass
Highway 404 Extension from Green Lane to Woodbine Avenue/Ravenshoe Rd.

1.

@

@

List of Special Provisions and OPSS Documents Referenced in this Report

OPSS 572

OPSS 902 as amended by Special Provision 902801,
SP 110F13 Amendment to OPSS 1010, March 1993
SSP 105810

OPSD 3501.000

OPSD 3505.000

OPSD 3501.0600

OPSI» 3505.000

OPSS 206, as amended by Special Provision “Amendment to OPSS 206, December 19937, dated
November 20062.

Z.

Suggested text for a NSSP on Pile Installation

The till may contain cobbles and boulders, particularty below Elevation 250.0 at the west abutment

and elevation 240.0 m at the pier and east abutment. The presence of cobbles and boulders will

potentially have an impact on the installation of piles at the site. Some possible impacts that must be

taken into consideration include, but are not necessarily limited to:

The cobbles and boulders may impede the driving of the piles resulting in more arduous
driving in the very dense soils.

Some piles may meet refusal on boulders that are large enough not to be dislodged or broken
by the pile driving.

As a result of the presence of boulders, piles may meet refusal at varying depths.

Pile driving must be controlied according to the criteria specified for the site.



Queensville Sideroad Underpass
Highway 404 Extension from Green Lane to Woodbine Avenue/Ravenshoe Rd.

CSPFOR INTEGRAE ABUTMENT - [tem Mo.

Special Provision

Scope

This specification covers the requirements for the instailation of the CSP’s, including sand fill and polystyrene
sheets, at the integral abutmenis,

References
This specification refers to the following standards, specifications or publications:
Ontario Provineial Standard Specifications, Coustruction:

OPSS 906 Structural Steel
OPSS 909 Prestressed Concrete - Precast Membears

Ontario Provincial Standard Specifications, General:
QPSS 1380 Management and Disposal of Excess Materials
Ontario Provincial Standard Specifications, Material:

OPSS 1605 Expanded Extruded Polystyrene
OPSS 1861 Corrugated Steel Pipe Products

Canadian Standards Association Standards:
CSA GI64-M  Galvanizing of Irregularly-Shaped Articles
Minisiry of Transportation Publications

MTO Manual of Designated Sources of Materials

Definitions
For the purposes of this specification, the following definitions apply:

Abutment Stem: means the cast-in-place concrete component of the abutment placed over the top of the piles
and forming the bearing seat for the girders.

CSP: means helical corrugated steel pipe.

Design Engimeer: means the Engineer who produces the design and/or working drawings, and who has a
minimum of five {3} years in the design and/or construction of bridges.



Queensville Sideroad Underpass
Highway 404 Extension from Green Lane to Woodbine Avenue/Ravenshoe Rd.

Submission and Desion Reguirements

Submissions
All submissions shall bear the seal and signature of the Design Engineer.

At least two weeks prior to commencement of installation of the abutment, the Contractor shall submit to the
Contract Administrator, for information purposes only, three (3) sets of the working drawings.

The Contractor shall have a copy of the submitted working drawings on site at all times.
Working Drawing Requirements
Working drawings shall include at least the following:

Layout and Elevations of the CSP’s;

i

2. Source of the sand fill, and description of placing method and equipmeni;

3. Location and details of all temporary bracing, including permanent and temporary spacers, for the
piles, CSP’s and abutiment stems;

4. Detailed construction sequence for the work, including instaliation and removal of the temporary

bracing.

Design Requirements

The Contractor shall be responsible for the complete detailed design of the construction sequence for the work,
including the installation and removal of all temporary bracing. The general sequence of construction shall be
as shown on the Contract drawings.

The Contractor shall be responsible for the complete detailed design of all temporary bracing, including
temporary and permanent spacers, required to maintain the piles, CSP’s, abutment stems and girders in their
specified positions through all stages of construction untii concrete in deck has reached a compressive strength

of 25 MPa. All temporary bracing, except spacers identified as permanent cn the Contract drawings, shall be
removed.

Temporary bracing for prestressed, precast girders shall meet the requirements of OPSS 909. Temporary
bracing for structural steel girders shall meet the requirements of OPSS 906,

Maierial

Corrugated Steel Pipe

C5P shall be in accordance with OPSS 1801, and shall be from a supplier listed under DSM # 4,60.80, The CSP
shall be of the diameter and wall thickness specified on the Contract drawings, and shalt be galvanized in
accordance with CSA Gl64-M.

Permanent Spacers and Associated Hardware

Permanent spacers and assoctaled hardware left in place shall not consist of wood and corrodible material.

Sand Filf

The sand fill for backfilling the inner CSP shall meet the gradation requirements of Table 1 below:



Queensville Sideroad Underpass
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Table I - Sand Fill Gradaticn Reguirements

MTO Sieve Designation Percentage Passing by Mass
2 mun #10 100 %
600 pm #30 80 % to 100 %
425 ym #40 40 %10 80 %
250 um #60 5%i025%
150 wm # 100 0%toH%

Expanded Extruded Polystyrene

Expanded extruded polystyrene shall be in accordance with OPSS 1605, and shall be from a supplier listed
under DSM # 3.30.30.

Consiruction
General

The sequence of consiruction for installing the concrete pads, C8P’s, sand fill and abutment stems, including
the installation and removal of the temporary bracing, shall be in accordance with the working drawings,

The Contractor shall not proceed with the abutment backfill above the level of the bottom of the CSP’s without
written permission from the Contract Adminisirator.

Corrugated Steel Pipe

CSP’s shall be supplied in the lengths and with the end treatments, either sguare or skew, as specified on the
Contract drawings; field cutting and splicing of CSP’s will not be permitted. Cut ends shall be neat and free of
burrs. The planes defined by the end treatments of each CSP shall be parallel to each other.

Handling and storage of CSP’s shall be in accordance with the manufacturer’s recommendations. Damaged
CSP’s shall be rejected. Localized areas of damaged galvanizing on otherwise acceptable CSP’s shall be
repaired by two ¢oats of zine-rich paint.

The Contractor shall set the inner and outer CSP over each pile in the abutment into the concrete pad, following
the batter of the pile, while the concrete in the concrete pad is still plastic. The CSP’s shall extend at least 130
mim into the concrete pad.

The Contractor shall ensure the full perimeter of the tops of ali CSP’s at each abutment are at the Elevation
shown on the working drawings.

After the CSP’s have been set, the Contractor shall take all measures necessary to prevent the ingress of water,
backfill and debris into the CSP’s.
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Sand Fill

The sand fill shall be placed dry of optimum and free-flowing, completely filling the volume between the inner
CSP and pile. No additional compaction effori other than the action of placing the sand fill itself shall be
applied to the sand fili.

The placing of the sand {ill shall be carried out in a manner such as fo not damage and displace the C5P’s.

After the sand fill has been placed to the top of each inner CSP, the Contractor shall take all measures necessary
to prevent the ingress of water and other liquids info the sand fill until after the concrete in the abutment stem
has been placed and cured.

Expanded Extruded Polystyrene

The expanded extruded polystyrene sheets shall completely cover the area under the abutment stem as shown on
the Contract drawings. The sheets shall be placed in one piece for the width of the abutment stem, with butt
Joints perpendicular to the centre-Tine of abutment bearings., The minimum length of sheet shall be 560 mm.
Joinis between sheets within 500 mm of a pile cenire-line will not be permiited. At each pile location, a
minimuwm 1000 mm long sheet shall be centred on the pile and a 500 mum diameter hole neatly cut in the sheet

so as to fit over the pile in one piece, fully spanning the annular space between the double CSP’s.

The Contractor shall adjust the backfill to ensure full and uniform contact of the sheets with the backfill and the
full perimeter of the tops of the CSP’s. The veriical step at joinis between sheets shall not exceed 5 mm.

The Contractor shall protect the sheets from damage during installation of the reinforcing for the abutment
stem, and shall secure the sheets from “floating” during placing of the concrete in the abutment stem. Only
hardware approved by the Owner shall be used to secure the sheets. All hardware used to secure the sheets
shall be installed so as not to project above the top surface of the sheets into the abutment stem.

Temporary Bracing

Temporary bracing shall be installed and removed in accordance with the working drawings.

The temporary bracing shall not disiort, nor pierce the walls of, the CSP’s. Welding to the CSP’s will not be
permitted.

Conerete anchors shall be removed and the holes filled with non-shrink grout.
Tolerances

The CSP’s at each pile shall be constructed to the following tolerances:

Criteria Tolerance
Maximum deviation of inner and outer CSP from +25 mm
pile centroid.
Maximum deviation from specified spacing + 25 mm
between inner and outer CSP's.
Maximum deviation of any point on the top 4 10 mm

perimeter of the CBP’s from the specified
Elevation.
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Duality Assurance

Prior to placing the CSP’s, the Contractor shall establish reference points at each abutment and determine the
location of the centroid of each pile in the abutment with respect to these reference points. The Coniractor shall
maintain the reference points until written permission to proceed with the backfill above the level of the bottom
of the CSP’s has been given by the Contract Adminisirator.

Measurement for Payvment

There will be no measurement for this item.

Basis of Payvimnent

Payment at the contract price for the above items shall be full compensation for all labour, equipment and
material required to do the work.
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Appendix G

Stope Stability OQuiput
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Appendix H

Site Photographs
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Photograph 1 - View of the site looking north of Queensville Sideroad

Photograph 2 — View of the site looking northwest of Queensville Sideroad
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Photograph 3 —Looking south of Queensville Sideroad

Photograph 4 — Looking west along Queensville Sideroad
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Appendix §

Drawing
Borehole Locations and Soil Strata
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