Coffey geotechnics

SPECIALISTS MANAGING THE EARTH

PRELIMINARY FOUNDATION
INVESTIGATION AND DESIGN REPORTS,
HIGHWAY 417 / ST. LAURENT BLVD.
BRIDGE, CITY OF OTTAWA, ONTARIO,
G.W.P. 4011-06-00,

GEOCRES NO. 31G5-239

AECOM

Project: TRANETOB01226AB
March 24, 2011

Coffey Geotechnics Inc.
20 Meteor Drive Etobicoke Ontario MOW 1A4 Canada



Coffey geotechnics

SPECIALISTS MANAGING THE EARTH

March 24, 2011

AECOM

5080 Commerce Boulevard
Mississauga, Ontario

L4W 4P2

Attention: Ms. Peggy Baleka

Dear Madam:

RE: Preliminary Foundation Investigation and Design Reports, Highway 417/St. Laurent Blvd.
Bridge, City of Ottawa, Ontario, G.W.P. 4011-06-00

Please find attached the Preliminary Foundation Investigation and Design Reports relating to the above
noted site.

For and on behalf of Coffey Geotechnics Inc.

Ramon Miranda, P.Eng.

Manager, Transportation division

Coffey Geotechnics Inc. Project: TRANETOB01226AB
20 Meteor Drive Etobicoke Ontario MOW 1A4 Canada
T (+1) (416) 213 1255 F (+1) (416) 213 1260 coffey.com



Coffey geotechnics

SPECIALISTS MANAGING THE EARTH

PRELIMINARY FOUNDATION
INVESTIGATION REPORT

HIGHWAY 417 / ST. LAURENT BLVD.
BRIDGE, CITY OF OTTAWA, ONTARIO
G.W.P. 4011-06-00,

GEOCRES NO. 31G5-239

AECOM
Project. TRANETOBO1226AB
March 24, 2011

Coffey Geotechnics Inc.
20 Meteor Drive Etobicoke Ontario MOW 1A4 Canada



CONTENTS

1 INTRODUCTION

2 SITE DESCRIPTION AND GEOLOGY

3 AVAILABLE SITE INVESTIGATION INFORMATION

3.1 Compiled Subsurface Information from 1957 Investigation

3.1.1 Subsurface Conditions

3.1.1.1  Topsoil
3.1.1.2 Organic Soil
3.1.1.3 Sand

3.1.14 Till

3.1.1.5 Bedrock

3.1.2 Groundwater Conditions

3.2 Compiled Subsurface Information from 1984 Investigation
3.2.1 Subsurface Conditions

3.21.1 Topsoil

3.2.1.2 Pavement

3.2.1.3 Peat

3.2.1.4 Silty Clay

3.2.1.5 Embankment Fill
3.2.1.6 Organic Soils
3.2.1.6.1 Organic Clay, Organic Silty Clay
3.2.1.6.2 Organic Silt
3.2.1.7 Glacial Till
3.2.1.7.1 Cohesive Till
3.2.1.7.2 Non-cohesive Till
3.2.1.8 Silty Sand
3.2.1.9 Bedrock

3.2.2 Groundwater Conditions

Coffey Geotechnics
Project: TRANETOB01226AB
March 24, 2011

H A W W W W NN N

© © ®m W W WO W ~N O O O O ¢

- =
- O



CONTENTS

Appendices

Appendix A: Foundation Investigation Report (By McRostie & Associates)

Appendix B: Foundation Investigation Report (By Engineering Materials Office-Foundation Design Section)
Appendix C: Site Photographs

Appendix D: Explanation of Terms Used in Report

Coffey Geotechnics i
Project: TRANETOB01226AB
March 24, 2011



Preliminary Foundation Investigation Report, Highway 417 / St. Laurent Blvd. Bridge, City of Ottawa, Ontario

PRELIMINARY
FOUNDATION INVESTIGATION REPORT
HIGHWAY 417/ST. LAURENT BLVD. BRIDGE
CITY OF OTTAWA, ONTARIO
G.W.P. 4011-06-00

1 INTRODUCTION

The existing Highway 417 overpass at St. Laurent Boulevard in the City of Ottawa is to be widened to
support future widening of Highway 417. Coffey Geotechnics Inc. (Coffey) was retained by AECOM to
prepare a preliminary foundation investigation and design report for the proposed bridge widening based on
available information. No field work was required as a part of this project.

To obtain avaitable subsurface information at the proposed overpass widening site, MTO GEOCRES
information system was searched. Two previous foundation investigations in 1957 and 1984 were found in
MTO GEOCRES information system, at the intersection of current Highway 417 (formerly Queensway) and
St. Laurent Blvd, as follows:

e ‘Foundation Investigation — St. Laurent Blvd. at Queensway’ - MTO GEOCRES No. 31G05-015,
prepared by McRostie & Associates, Ottawa, 1957

® ‘Foundation Investigation Report for St. Laurent Blvd. Overpass’- MTO GEOCRES No. 31G5-137,
prepared by Engineering Materials Office, Foundation Design Section, 1984

These foundation reports are included in this report as Appendices A and B.

The existing structure is a two-span bridge with a total length of about 38 m. A widening of approximately
2.5 m is anticipated to the north and 1.25 m to the south. A new retaining wall is proposed at each
quadrant of the proposed bridge.

This preliminary foundation investigation and design report is prepared based only on the above mentioned
available information.

2 SITE DESCRIPTION AND GEOLOGY
The project Site is located at the intersection of St. Laurent Blvd. with Highway 417, about 0.8 km west of

Cyrville Reoad, in the City of Ottawa, Ontario.

According to the Physiography of Southern Ontario by L.J. Chapman and D.F. Putnam, 1984, the project
site is located within the Physiographic Region known as the Russell and Prescott Sand Plains.

The Site lies on a glacial till plain characterized by glacial tills and silt/sand deposits. In addition, silty clay
layers are not uncommon at the Site. Topography across the site is generally flat.
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Preliminary Foundation Investigation Report, Highway 417 / St. Laurent Blvd. Bridge, City of Ottawa, Ontario

According to the Southern Ontario Geological Highway Map (Map 2418), the bedrock underlying this area
consists of a dark grey to black shale of the Billings Formation and is found to be considerably weathered
and fractured. The geological explanation for rock in this condition is that at the time glaciation, frost
penetrated to great depths and the softer shale layers were disturbed by frost action. This explanation is
also advanced for the presence of shale fragments in the overburden above the parent rock.

The existing approach embankments are approximately 6 m high close to the bridge abutments.
3 AVAILABLE SITE INVESTIGATION INFORMATION
3.1 Compiled Subsurface Information from 1957 Investigation

It is our understanding that foundation investigation which was carried out in 1957 was performed to
supplement a previous investigation (not available in MTO GEOCRES information system). It appears that
this previous investigation consisted of a single borehole and was put down for the then proposed
construction of the single span Queensway (now Highway 417) overpass at St. Laurent Blvd., in the City of
Ottawa. The details of that borehole (prior to 1957 investigation) data and details of the bridge foundation
were not available to us. The details of the three boreholes drilled in 1957 by McRostie and Associates,
Consulting Engineers, are given in Appendix A.

The following table summarizes the borehole locations and drilling depths. The borehole locations are
shown on Plate No. 1 in Appendix A.

Table 3.1.1: Borehole Locations and Drilling Depths

Depth of Borehole Below
Borehole No. Location the Ground Surface Piezometer
Existing at that time (m)
1 North-West quadrant area 6.5m No
2 North-East quadrant area 4.8m No
3 South-West quadrant area 51m No

Based on the foundation investigation report, diamond drilling was performed into the shale until about 3 m
of core was recovered with a percentage of recovery above 75 %, since the proposed structure would be
founded on shale.

Standard Penetration Tests (SPT) was also carried out above the coring depths.

Groundwater conditions in the boreholes were observed in the open boreholes between one hour and a few
hours (overnight) after completion, as presented on the individual borehole logs in Appendix A.

3.1.1 Subsurface Conditions

The subsurface conditions were explored at three (3) boreholes (see Table 3.1.1 above) for the Queensway
(currently Highway 417) overpass at St. Laurent Blvd. The plan location of the boreholes is shown on Plate
No. 1 in Appendix A. The Record of Borehole Sheets of this foundation investigation is also included in
Appendix A.
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Preliminary Foundation Investigation Report, Highway 417 / St. Laurent Blvd. Bridge, City of Ottawa, Ontario

Boreholes 1, 2 and 3 were put down in the vicinity of the intersection area of St. Laurent Blvd. and
Queensway (currently Highway 417) between EIl. 65.9 and 66.0 m.

Beneath a 0.3 m thick topsoil, all boreholes contacted an about 0.5 m to 0.9 m thick organic soil layer.
Below the organic soil, Borehole 3 encountered about 0.5 m thick well-graded sand. Underneath the
organic soil in Boreholes 1 and 2, and the sand in Borehole 3, an about 0.3 m to 0.6 m thick till deposit was
contacted and this till deposit was in turn underfain by a shale in all boreholes at depths of about 1.5 m to
1.9 m or at El. 64.4 to 64.0 m.

Details of the subsurface conditions encountered in the boreholes are presented on the Record of Borehole
Sheets in Appendix A. The following paragraphs are only meant to amplify and complement these data.

3.1.1.1 Topsoil

A 0.3 m thick topsoil was encountered at the original grade at all borehole locations.

3.1.1.2 Organic Soil

A 0.5 m to 0.9 m thick organic soil was contacted below the topsoil at all borehole locations. This basically
granular soil was found to extend to depths ranging between 0.8 m and 1.2 m below the ground surface or
to El. 65.2 to 64.6 m.

Standard Penetration tests performed in Boreholes 1 and 2 in this layer yielded N-values of 5 and 11
blows/0.3 m. Based on the borehole information (see Appendix A), the relative density of this organic soil
in Boreholes 1 and 2 was described as loose.

3.1.1.3 Sand

Borehole 3 contacted a 0.5 m thick well graded sand layer/lense below the organic soil at a depth of 0.8 m
or at El. 65.1 m. Based on the borehole information (see Appendix A), the relative density of this sand was
found to be loose to medium dense (i.e. compact). This deposit is considered to be a granular
(non-cohesive) soil type.

3.1.1.4 Till

Below the sand layer in Borehole 3 and the organic soil deposit in Boreholes 1 and 2, a 0.3 m to 0.6 m thick
glacial till deposit was encountered, at a depth of 1.2 m below the grades that existed at the time of the
investigation in 1957 or at El. 64.6 to 64.8 m.

Standard Penetration tests performed in this glacial till deposit yielded N-values ranging from
14 blows/0.15 m to 75 blows/0.28 m. On the Record of Borehole sheets (see Appendix A), the till in
Boreholes 1 and 2 is described to have a medium dense (i.e. compact) to very dense relative density. From
this description the deposit is considered to be a granular soil type.

Due to their mode of their deposition, the presence of cobbles and boulders should be always anticipated in
the glacial till deposits.
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Preliminary Foundation Investigation Report, Highway 417 / St. Laurent Blvd. Bridge, City of Ottawa, Ontario

3.1.1.5 Bedrock

The boreholes were advanced into the bedrock by diamond drilling. Bedrock condition and elevations are
summarized in the table below.

Table 3.1.1.5.1: Bedrock Elevation and Conditions

Borehole Giand imemee Hop (?f Rock Core Elevation Core
No Surface Bedrock Elevation (Depth), m Recovery Remark
: Elevation (m) (m) ' (%)
64.0-62.8 (1.9-3.1) 69 Broken Shale
1 65.9 64.0 62.8-61.7 (3.1-4.2) 90 Shale
61.7-59.4 (4.2-6.5) 100 Shale
64.2-63.4 (1.8-2.6) 83 Shale
2 66.0 64.2 63.4-61.8 (2.6-4.2) 97 Shale
61.8-61.2 (4.2-4.8) 91 Shale
64.4-63.8 (1.5-2.1) 75 Shale
3 65.9 64.4 63.8-62.3 (2.1-3.6) 88 Shale
62.3-60.8 (3.6-5.1) 100 Shale

As shown in the above table and on the individual record of borehole sheets, the percentage of rock core
recovery was 69 to 100%.

3.1.2

Groundwater Conditions

Groundwater conditions were observed in the open boreholes after the completion of the boreholes. The
observations made in the boreholes are shown on the individual Record of Borehole Sheets in Appendix A
and are summarized in the following table.

Table 3.1.2.1: Groundwater conditions

Ground Depth/Elevation Water Level
Borehole No Surface of the Tip of Measurement Time Elapsed | Piezometer
Elevation (m) | Piezometer (m) Depth/Elevation (m)
1 65.9 - 0.5/65.4 Overnight No
2 66.0 - 0.3/65.7 One hour No
3 65.9 - 0.5/65.4 Overnight No

It should be pointed out that the observed water levels represent the conditions at the time of investigation
and that they would be subject to fluctuations, both seasonally and in response to major weather events.

3.2

Compiled Subsurface Information from 1984 Investigation

It is our understanding that foundation investigation was performed in 1984 (with 10 boreholes plus three
DCPT) to replace the then existing single span reinforced concrete rigid frame overpass bridge with an
about 40+ m, two span precast concrete box girder structure with retaining walls at each quadrant. The
following table summarizes the borehole locations and drilling depths. The borehole locations are shown
on Drawing No. 628201-A in Appendix B.
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Preliminary Foundation Investigation Report, Highway 417 / St. Laurent Blvd. Bridge, City of Ottawa, Ontario

Table 3.2.1: Borehole Locations and Drilling Depths

Depth of Borehole Below
Borehole No. Location Existing Ground Surface Piezometer
in 1984(m)
1 Central Pier 4.7 No
2 Central Pier 2.6 No
3" West Abutment 10.1 No
4 East Abutment 4.4 No
) East Retaining Wall 3.0 No
6 West Abutment 4.8 No
7 East Abutment 5.0 No
8 East Retaining Wall 7.2 No
9 West Retaining Walll 6.2 No
10 West Retaining Wall 7.3 No
11 West Abutment 4.6 No
12** West Abutment 2.5 No
13** East Abutment 9.1 No

*Boreholes 3 and 13 augering and DCPT without sampling
**Borehole 12 (DCPT only), supplementary to Borehole 11
*** Borehole 13 no overburden sampling

The bedrock was proven in 5 of 13 boreholes by obtaining up to 2 m of BX rock core.

Standard Penetration Tests (SPT) were performed in all of the boreholes except for Boreholes 3, 12 and
13. Dynamic Cone Penetration Tests (DCPT) were advanced in or adjacent to Boreholes 3, 4, 5, 7, 8, 9,
10, 11 and 13.

Overnight water level readings in open boreholes were recorded as presented in the individual Record of
Borehole Sheet in Appendix B.

3.2.1 Subsurface Conditions

The subsurface conditions were explored at ten (10) boreholes and three (3) DCPT (see Table 3.2.1 above)
for the Highway 417 overpass at St. Laurent Bivd. The plan location of the boreholes is shown on Drawing
No. 628201-A in Appendix B. The Record of Borehole Sheets of this foundation investigation are included
in Appendix B.

The subsurface conditions are considered variable at the site. In general, from the o.g. level, under the
topsoil, non-cohesive or cohesive organic soils were contacted. Below the organic soils, native granular
soils (sand and silt) and cohesive soils (silty clay) were encountered. A heterogeneous mixture of cohesive
and non-cohesive glacial till was found below the native non-cohesive and cohesive soils. The till deposit
was in turn underlain by a shale bedrock in all boreholes at El. 63.9 to 65.7 m (including inferred bedrock
depths for Boreholes 8 and 9 based on refusals on probable bedrock). About 5 m to 6 m fill used for the
existing structure approach was found to be consisting of clay to silty clay.

Details of the subsurface conditions encountered in the boreholes are presented on the Record of Borehole
Sheets in Appendix B. The following paragraphs are only meant to amplify and complement these data.
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Preliminary Foundation Investigation Report, Highway 417 / St. Laurent Blvd. Bridge, City of Ottawa, Ontario

3.21.1 Topsaoil

Boreholes 9, 10 and 11 and 12 contacted topsoil at the existing grade.

3.2.1.2 Pavement
Boreholes 1, 2, 3 and 13 were drilled on the existing pavement and contacted an asphalt pavement.

Below the asphalt pavement, Boreholes 1 and 2 contacted sand and gravel (pavement fill) materials which
were found to extend to a depth of 0.8 m.

3.2.1.3 Peat

A dark brown to black peat was found in Boreholes 4, 5 and 6 at the existing grade. In Boreholes 4 and 5,
the thickness of the peat layer was recorded to be 1.4 m and 1.1 m, respectively. In Borehole 6, the peat
deposit was found to be about 3 m thick (including about 0.4 m thick silty clay layer within the peat) and
was found to extend to a depth of 3.0 m or to El. 63.9 m.

The report prepared by MTO personnel indicate that the peat found at the site appeared to be “at an
intermediate stage of decomposition, as it did not have a totally fibrous texture”. Root fibres and pieces of
decomposed wood were however, still evident. The organic deposit had a spongy consistency and was
described as “quite compressible”.

Natural moisture contents of 98% and 120% were measured in the laboratory on two samples from this
predominantly cohesive organic soil.

Based on Standard Penetration test results, which yielded N-values ranging from 4 to 16 blows/0.3 m, the
consistency of this peat is described as soft to very stiff.

3.2.1.4 Silty Clay

A 0.3 m to 0.7 m thick silty clay layer was contacted below the peat in Boreholes 4 and 5 and was found to
extend to depths of 1.7 m to 1.8 m or El. 65.2 to 65.0 m. In Borehole 6, a 0.4 m thick silty clay layer was
found interbeded within the peat at a depth of 1.0 m. Borehole 8 also contacted 0.6 m thick silty clay below
the organic silty clay at a depth of 5.8 m or EL. 66.1 m. This silty clay contains traces of gravel and sand.
Testing for organic content indicated 1.8% to 6.1% organics in this silty clay (i.e. organic intrusions).

The grain-size distribution of a sample from the silty clay indicates the following grain-size distribution.

Gravel: 0%
Sand: 5%.
Silt: 55%
Clay: 40%
Coffey Geotechnics 6
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Preliminary Foundation Investigation Report, Highway 417 / St. Laurent Blvd. Bridge, City of Ottawa, Ontario

The Atterberg limits tests performed on four samples from the silty clay is given in Figure 1 in Appendix B.
The tests yielded the following index values:

Liquid Limit; 19-48%
Plastic Limit: 12-21%
Plasticity Index: 7-27

The results are representative of cohesive soils of typically low to medium plasticity.

Standard penetration test N-values ranging from 10 blows/0.3 m to in excess of 77 blows/0.2 m were
recorded. Higher N value was recorded due to the very dense glacial till deposit immediately below the silty
clay. Based on these field test results, the silty clay can typically be described of stiff to very stift
consistency.

3.2.1.5 Embankment Fill

Below the topsoil in Boreholes 9 and 10 and from the existing grade at Borehole 8, an about 5.3 mto 5.9 m
thick embankment fill material (mainly clay to silty clay) was encountered. This embankment fill was found
to extend to depths of 5.3 to 6.1 m or El. 65.2 to 66.6 m.

The grain-size distribution of five samples from the fill indicates the following grain-size distribution.

Gravel: 0%

Sand: 2-24%.
Silt: 18-32%
Clay: 56-70%

The results of Atterberg limits tests performed on five samples from the cohesive fill are given in Figure 4
(only 4 test results are shown) in Appendix B. The tests yielded the following index values:

Liquid Limit: 47-72%
Plastic Limit: 20-29%
Plasticity Index: 25-45

These results are representative of cohesive soils of medium to high plasticity.

Field vane tests indicate that the undrained shear strength of the fill ranges from 44 to in excess of
100 kPa. Sensitivity of the fill varies from 5 to 12. Standard penetration test N-values ranging from 3 to 13
blows/0.3 m were recorded. Based on these field test results, the fill can be described as firm to very stiff in
consistency and does not appear to have received a high degree of compaction when it was first placed.

An isolated pocket of organic silty clay was encountered in Borehole 8 in the upper 1.0 m of the fill.
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Preliminary Foundation Investigation Report, Highway 417 / St. Laurent Blvd. Bridge, City of Ottawa, Ontario

3.2.1.6 Organic Soils

3.2.1.6.1 Organic Clay, Organic Silty Clay

About 2.3 m thick organic clay to silty clay deposit was contacted at the existing grade at Borehole 7.
Below the fill materials, Boreholes 8, 9 and 10 contacted about 0.3 m to 0.5 m thick organic silty clay at
depths of 5.3 m to 6.1 m or El. 65.2 to 66.6 m. Borehole 9 was terminated at the interface of this deposit to
the probable bedrock at a depth of 6.2 m or El. 64.9 m, due to the auger refusal.

The results of Atterberg limits tests performed on two samples from the organic clay are given in Figure 2 in
Appendix B. The tests yielded the following index values:

Liquid Limit: 42-105%
Plastic Limit: 30-97%
Plasticity Index: 8-12

These results are representative of organic cohesive soils of intermediate (Ol) to high (OH) plasticity.

Standard Penetration test N-values ranging from 9 blows/0.3 m to in excess of 30 blows/0.1 m were
recorded. Higher blow counts were recorded due to the bedrock immediately below this organic soil layer.
Based on these field test results together with the interpretation of results of the tests, these cohesive
organic soils can typically be described as having soft to stiff consistency.

3.2.1.6.2 Organic Silt

Borehole 11 contacted about 1.7 m thick organic silt at a depth of 0.9 m or El. 65.7 m. This deposit
contains some sand and traces of gravel.

Standard Penetration test N-values ranging from 3 blows/0.3 m to in excess of 100 blows/0.15 m were
recorded in this deposit. Higher N-values were recorded due to the bedrock immediately below this organic
soil layer. Based on these field test results, this organic soil (basically a granular material) can typically be
described to have a very loose to loose compactness condition.

3.2.1.7 Glacial Till

3.2.1.7.1 Cohesive Till

A glacial deposit, consisting of heterogeneous mixture of silty clay, sand and gravel, was encountered
below the organic clay in Borehole 7 at a depth of 2.3 m or El. 65.0 m and below the silty clay in Borehole 8
at a depth of 6.4 m or El. 65.5 m. This till is further underlain by a bedrock at a depth of 3.0 m or El. 64.3 in
Borehole 7 while Borehole 8 was terminated at the interface of this till deposit and the probable bedrock at
a depth of 7.2 m or El. 64.7 m, due to the auger refusal.
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Preliminary Foundation Investigation Report, Highway 417 / St. Laurent Blvd. Bridge, City of Ottawa, Ontario

The results of Atterberg limits tests performed on two samples from the cohesive till are given in Figure 3 in
Appendix B. The tests yielded the following index values:

Liquid Limit: 17-22%
Plastic Limit: 10-13%
Plasticity Index: 7-9

The results are representative of cohesive soils of low plasticity and the fact that the measured natural
moisture contents are generally below the measured plastic limit values indicates that this deposit is
somewhat over-consolidated. Due to the mode of their deposition, the presence of cobbles and boulders
should always be anticipated in glacial till deposits.

Based on Standard Penetration test results, which yielded N-values ranging from 21 to 29 blows/ 0.3 m, the
consistency of this till can be described as very stiff.

3.2.1.7.2 Non-cohesive Till

Boreholes 4 and 5 contacted a 0.5 m to 1.0 m thick silty sand till deposit at depths of 1.7 m and 1.8 m or at
El. 65.2 to 65.0 m, below the siity clay.

The grain-size distribution of two samples from this non-cohesive (i.e. granular) till indicates the following
grain-size distribution.

Gravel: 18-22%
Sand: 40-48%.
Silt: 29-33%
Clay: 5%

Due to the mode of their deposition, the presence of cobbles and boulders should always be anticipated in
these non-cohesive till deposits.

Based on Standard Penetration test results, which yielded N-values ranging from 10 blows/0.3 m to
70 blows/about 0.15 m, the relative density of this till can be described as compact to very dense, but
typically very dense.

3.2.1.8 Silty Sand

Below the pavement structure in Boreholes 1 and 2 and below a shallow veneer of topsoil in Borehole 11,
about 0.7 m to 1.8 m thick layer of silty sand was encountered at depths of 0.2 to 0.8 m or at El. 66.4 to
65.9 m.
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Preliminary Foundation Investigation Report, Highway 417 / St. Laurent Blvd. Bridge, City of Ottawa, Ontario

The grain-size distribution of four samples from this non-cohesive deposit indicates the following grain-size
distribution.

Gravel: 6-10%
Sand: 56-74%.
Silt: 13-30%
Clay: 4-6%

Based on Standard Penetration test results, which yielded N-values ranging from 14 blows/0.3 m to
95 blows/about 0.25 m, the relative density of this basically granular deposit can be described as compact
to very dense. Some higher blow counts were recorded at the interface with bedrock but these high values
are believed to reflect the influence of the bedrock.

3.2.1.9 Bedrock

Bedrock at the Site was proven in 5 boreholes by obtaining up to 2 m of rock cores. In the remaining
boreholes, split spoon samples of the weathered bedrock were recovered or augering was advanced to
refusal.

The bedrock underlying this area of Ottawa is known to consist of grey and black shales of the Billings
Formation. The formation belongs to the Upper Ordovician Period and is approximately 460 million years
old.

Table 3.2.1.9.1: Inferred Bedrock Elevation and Conditions

Ground Penetration Length
Bedrock surface )
Surface . into Bedrock of Recovery R.Q.D.
Borehole No. ) depth/ elevation . .
Elevation by augering coring (%) (%)**
(m) (m) Depth (m) (m)

1 66.8 2.6/64.2 > 1.5 90 50

2 66.7 2.3/64.4 2.3-2.6 E = =

3 72.8 8.4/64.4 8.4-10.1 - B B

- 1.3 38 0

4 66.9 2.7/64.2 - 57 5 38

5 66.8 2.3/64.5 2.3-3.0 E - a

6 66.9 3.0/63.9 3.0-4.4 0.4 68 68
- 1.3 90 57
7 67.3 3.0/64.3 = 0.7 100 80

8 71.9 7.2/64.7 - - - -

9 71.1 6.2/64.9" - - - -
10 72.2 6.5/65.7 6.5-7.3 : = -
11812 66.6 2.6/64.0 2.6-3.0 1.6 83 70
13 72.9 8.2/64.7 8.2-9.1 - - -

*inferred bedrock surface (borehole was terminated within the overburden due to the auger refusal)
**R.Q.D. = Rock Quality Designation
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Preliminary Foundation Investigation Report, Highway 417 / St. Laurent Blvd. Bridge, City of Ottawa, Ontario

As shown in the above table and on the individual record of borehole sheets, the percentage of rock core
recovery was 38% to 100% while the RQD values vary from 0% to 88%. These results indicate a range
rock quality values from very poor to good.

Based on Standard Penetration test results, which yielded N-values ranging from 21 blows/0.3 m to
in excess of 100 blows/0.3 m, and recorded auger refusal depths, it is our opinion that the upper 0.3 m to
1.7 m of the bedrock at the Site is extremely to highly weathered.

In general, the bedrock appears to be extremely to highly weathered in this area due to the frost penetration
into the bedrock during the glacial period.

3.2.2 Groundwater Conditions

Groundwater conditions were observed in the open boreholes. The observations made in the boreholes
are shown on the individual Record of Borehole Sheets in Appendix B and are summarized in the following
table.

Table 3.1.2.1: Groundwater Conditions

Ground Depth/Elevation Water Level
Borehole No Surface of the Tip of Measurement Time Piezometer
Elevation (m) | Piezometer (m) Depth/Elevation (m)
1 66.8 - 1.3/65.5 Overnight No
2 66.7 g 1.0/65.7 Overnight No
3 72.8 . 5.6/67.2 Overnight No
4 66.9 - 0.7/66.3 Overnight No
5 66.8 - 0.5/66.3 Overnight No
6 66.9 z 0.9/66.0 Overnight No
7 67.3 - 1.0/66.3 Overnight No
8 71.9 - 5.6/66.3 Overnight No
9 71.1 - Water level not established Overnight No
10 72.2 - 5.5/66.7 Overnight No
11&12 66.6 - 0.5/66.1 Overnight No
13 72.9 - 6.7/66.2 Overnight No

It should be pointed out that the observed water levels represent the conditions at the time of investigation
and that they would be subject to fluctuations, both seasonally and in response to major weather events. A
perched water condition can be encountered within the approach fills or surficial deposits.
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MCROSTIE & ASSOCIATES

CONSULTING ENGINEERS

OTTAWA 1 303 BELL STREET
CANADA TELEPHONE CE, 2-5334

(CJ2PY)

Foundation Investiga: icn - 8t.laurent Blvd, ai WYueensway

FIBELD WORK

Three boreholes were made to supplement the information
obtzined in the one previous borehole. Since the shale will
be the supoorting stratu for the structure, holes were carried
dowr into the shale until about ten feet of core was recovered
having percentage recoveries above 75%.

SAMPLE TESTIHEG

Standard penetration tests were made in the boreholes
3.Nn¢ samocles visuwally classified.,

Cores recovered from diamond drilling were examined
in detail for %the slope and thickness of the bedding planes
since a non-uniform slope of the planes indicates a broken
condition.

OBSERVATIONS

A few feet of loose or organic soils are found beneath
the surface, under these is a thin layer of glacial till which
is in taras underlain by shale at 5 to 6 feet.

The upper few feet of the shale is broken and indicates
veathering or ancient ice action during the gzlacial pariocd.
The soundness of the shale increases in general with depth
and at about tan feet is not weathered or broken. The shale
is, however, basically a soft laminated deposit with bedding
planes only a few iacles thick and hence cannot be loaded
to high rock bearing values.

Growndwater levels were within a foot or two of the
surface and can be considered as nearly at the seasonal low.
During wet weather the site is subject to flooding

a5 .
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FOUNDATION INVESTIGATION REPORT
For
St. Laurent Blvd. Overpass
W.P. 62-82-01, Site 3-72
Hwy. 417, District 9, Ottawas

INTRODUCTION:

This report summarizes the factual information obtained from a founda-
tion investigation carried out at the above-mentioned site between 84 04 17
and B4 04 19. The Fieldwork consisted of L1l sampled boreholes of which 6
were accompanied by cone penetration tests. In addition, 2 boreholes also
accompanied by cone tests, were advanced by only augering to locate bedrock.

In total, the 13 boreholes ranged in depth from 2.4 to 10.1 m.

Bedrock was proven in 5 of the 13 boreholes by obtaining up to 3.4 m of

BXL rock core,

SITE DESCRIPTION AND GEOLOGY

The site ie located at the existing Hwy,417 - St. Laurent Blvd. Overpass
in the eastern end of Ottawa in the Regional Municipality of Ottawa-Carleton
(RMOC). Land use in the vicinity of the site is predominantly developed as
urban commercial. Topography across the site is generally flat.

The site lies on a glacial till plain characterized by glacial till and
silty sand deposits. In addition, however, silty clay and organic deposits
were also identified. The underlying bedrock in the area consists of black
shale of the Billings formation and is found some 3 m below the existing St.

Laurent Blvd. grade.

SUBSURFACE CONDITIONS
Geaneral

The subsurface conditioms are quite variable at this site. The boundar-
ies between the soil types, insitu and laboratory test results, and ground-
water levels, are shown on the attached Record of Borehole Sheets. The loca-
tions and elevations of the borings, along with profiles ghowing estimated
stratigraphical sections based on borehole data, are shown on Drawings

628201~A and 628201-8.



The various soil typesuencounCered are briefly deacribed in the follow-

ing paragraphs.
Peat

Dark brown to black peat was found in BH #4, 5 and 6 as the surficial
deposit, 1In BH #4 and 5, the peat deposit is 1.4 and l.1 m thick respective-
ly. In BH #6 the peat deposit is 3 m thick and extends down to the layer of
silty clay at elevation 65.9.

The peat found at this site appears to be at an intermediate stage of
decomposition as it does not have a totally fibrous texture. Root fibres and
pieces of decomposed wood are however, still evident. This organic deposit

has a spongy consistency and is quite compressible.

Results of moisture comtent testing on two samples of the material indi-

cate 98% and 119.5% natural moisturas contents.

Silty Clay

Silty clay was found in BH #4, 5, 6 -and 8. This stratum varies in thick=

ness from 0.3 to 0.7 m and is found at an elevation of 65.5 to 66.1.

The results of Atterberg Limits testing carried out on 4 samples of this
cohesive material are plotted on Fig.l in the Appendix and indicate cthat
stratum is generally composed of a silty clay of low plasticity (CL group).

The result of a grain size distribution test carried out on one sample

of this material can be summarized as follows:

Clay 392
Silt 552
Sand 5%
Gravel 12

Based on this information, this stratum can be described as a ailty
clay, trace sand, gravel. Testing for orgenic content indicates 1.8 to 6.1%
organics in this silty clay. However, the organic material was usually

encountered as intrusions in the matrix.



Based on the interpretation of Standard Penetration test ‘N’ values,

this material is considered to have a consistency of stiff to very stiff.

Organic Clay, Organic Silty Clay

Organic clay or organic silty clay was encountered in B4 #7, 8, 9, 10
and 11. The stratum varied from 0.3 to 2.3 m in thickness, and was found
between elevations of 65.2 and 67.3. In BH #8, 9, and 10, the material was

found immediately beneath the existing etructure approach fills.

Results of Atterberg Limits testing conducted in two samples of this

material are shown on Fig.2 in the Appendix.

Based on the interpretation of Standard Penetration Test 'N' values, the

consistency of this material is described as soft to stiff.
Glacial Till

Glacial till was found only at the east side of the project site in 4
boreholes. At all locations, the till was immediately overlying the shale

bedrock.

In BH #7 and 8, the glacial till is of a cchesive type and has a thick-
ness of 0.7 m. This till was found at elevations 65.0 and 65,5 in BH #7 and

8 respectively.

This till is described as a heterogeneous wixture of silty clay, sand
and gravel. Testing for organic content indicates 1.4 to 2.1% organics in the
till, However, the organic material was usually encountered in the upper
zones. The tesults of Atterberg Limits testing carried out on samples from
this deposit are plotted on Fig.3 and indicate that the till matrix is a
silty clay of low plasticity (CL group).

Based on Standard Penetration test 'N' values of 19-29 blows/0.3 m, the

conaistency of the till is interpreted as being very stiff,

In BH #4 and 5, the glacial till is non-cohesive and has a thickness of
1.0 mw in BH #4 and 0.5 m in BH #5. Thie till was found at an elevation of

approximately 65.
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This till is described as a silty seand, trace clay, some gravel. The
regults of grain size distribution testing conducted on 2 samples from this

stratum indicate 4 reasonably uniform distribution as described below:

Gravel 18-22%
Sand 40~49%
sile 28-33%
Clay 52

Based on the interpretation of Standard Penetration test 'N’ values,
this stratum is considered to be very dense.

Fill

Fill used for the existing structure approaches was encountered in BEH
#8, 9 and 10. The height of the fill ranged from 5.3 m in BH #3 to 6.1 m in
BH #10, In all cases the fill overlies the organic silty clay stratum,

The results of Atterberg Limits testing carried out on 5 samples of this
cohegive material are plotted on Fig.4 and indicate that the fill is composed
of a silty clay of intermediate plasticity (CI group) to a clay of high plae-
ticity (CH group).

Field vane tests indicate that. the shear strength of the fill rﬁnges
from 44 kPa to over 100 kPa. Sensitivity of the fill varies from 5 to 1l2.
Based on Standard Penetration test 'N' values of 3-13 blows/0.3 m, the fill
is considered to have a low to high degree of compaction. Natural moisture

content of the fill ranges from 39-46,5%.

The results of grain size distribution tests carrvied out on 5 samples of
the Fill material indicate the following results:

Clay 55=69%
8ilt 18-32%
Sand 3242
Gravel 0%

An isolated pocket of organic silty clay was encountered in BH #8 in the
upper 1.0 m of the fill.



Silty Sand

Silty sand was found in BH #1, 2 and 11, The stratum varied in thickness
from 1.0 m in BH #11 to 1.8 m in BH #1. In BH #1 and 2, the silty sand depo-
¢it immediately overlies the shale bedrock. In BH #11, the silty sand deposit
overlies an orgaenic silty clay deposit.

Results of grain size distribution tests conducted on 4 samples are
shown in envelope form in Fig.5 and indicate variance in the sand and silt
contents and reasonably uniform gravel and clay contents. The digtribution

can be summarized .as follows:

Gravel 6-10%
Sand 56=75%
sile 12-30%
Clay 4-62

Based on the above cbservations, this material can be described as silty

sand, trace sand, gravel.

Interpretation of the Standard Penetration test 'N' values indicate that

this non~cohesive material is in a compact to very dense scate.

Shale Bedrock

Bedrock at the site was proven in 5 of the 13 boreholes by obtaining up
to 3.4 m of BXL rock core. In the remaining boreholes, split-spooun samples

of the weathered bedrock were recovered or augering was advanced to refusal,

Bedrock at the site was found some 3 m below the native oyerburden or up
to B.4 m below the exigting structure approach fills. These depths correspond
to a bedrock elevation ranging from 63.9 to 63.7.

Bedrock at this location consists of black fissile shale of the Billings
Formation of the Ordovician Period. The upper 0.3 to 1.7 m zone is in a
highly weatheraed state. In most boreholes, it was possible to drive a split-

spoon through the weathered zone or auger through it.
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The thinly and horizontally bedded shale of the Billings Formation may,
in some instances, be susceptible to slaking and degradation when exposed to
the atmosphere. Consequently, the bottom of an excavation in this type of
shale may experience heaving if the excavation is kept open for a consider-
able length of time, '

The core recovery attained in the cored boreholes (BH #1, 4, 6, 7, 12)
ranged from 68 to 100%., Borehole 4, sample RC-4 yielded a recovery of 38%.
This unrealistic value can be attributed to mechanical problems experienced

during the coring process.
Rock Quality Designation (RQD) values for the weathered bedrock is as
low as 0%, and from 50-89% for the unweathered shale. Based on the RQD, the

unweathered shale is considered to be of fair to good quality.

Groundwater Conditions

Overnight stabilized water level readings taken in open boresholes indi-
cated the general groundwater table to vary between elevation 66.1 and 66.7

during the period of the investigation.
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EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST (SPT) N VALUE IS THE NUMBER OF BLOWS REGUIRED TO CAUSE A STANDARD Simm O.0. SPUT BARREL
SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND_IN A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 62.5kg, FALLING
FREELY A DISTANCE OP 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE NUMEER OF BLOWS POR THE PENETRATION
ACHIEVED. AVERAGE N VALUE IS DENOTED THUS R.

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT { Simen O.D. 60° CONE ANGLE } DRIVEN BY 475 J
JMPACT ENERGY ON ‘A’ SIZE DRILL AODS. THE RESISTANCE TO CONE PENETRATION (5 MEASURED AS THE NUMBER OF BLOWS FOR EACH 0.3m
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

SOILS ARE DESCRISED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

COMSISTENGY: COHESIVE SOILS AAE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTHIc,) AS FOLLOWS:
| ¢y tkPa) 0-12 12-15 28-50 | s0-100 | 100 -200 | >200
veRy sorr| Sofr I srirk__|vear stirs | waro

>30
VERY DENSE

5-10
LODSE

30- 30
DENSE

10- 30
COMPACT

[Nistows/0.3ml| o0 -5

VERY LOOSE

ROCKS ARE DESCAIRED &Y THEIR COMPOSITION AND STRUCTURAL FEATURES AND/OR STRENGTH.
ECOVERY! SUM OF ALL AECOVERED 1OCK CORE PECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE COAING RUN.

MQOLFIED RECOVERY: SUM OF THOSE INTACT CORE MIECES, 100mme )N LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.
THE AOCK GUALITY DESIGNATION {A G D), FOR MODIFIED MECOVERY, I3:

| ®op(%}) 0 +35 25+ 50 50 - 75 75 - 90 90 - 100
vaRy FOOR| POOX FAIR 6000 | EACEUENT
IDINTING AND_SEODING
SPACING 50mm 50 - 30 0.3m=-Im| Im-m >»3Im
JOINTING  |VEAY CLOSE| CLOSE | MOD.CI05E|  WIOE | VERY WiDE
SEDDING VERY THIN HIN MEDIUM THICK | VERY TRICK

ABBREVIATIONS AND S5YMBOLS
MECHANICAL PROPERTIES OF son

FIELD SAMPLING

5§ SPIT EPOON TP THINWALL PISTON m,  kea'! COEPFICIENT OF VOLUME CHANGE
WS WASH SameLe 05 OSTERBERG SAMPLE Cc ! COMPRESSION INDEX
$ T SLOTYIED TURE SAMPLE R C ROCK CORE € 1 SWELLING INDEX
BS BLOCK SAMRE P H TW ADVANCED HYDRAULICALLY Ca (! RATE Of SECONDARY CONSOLIDATION
€5 CHUNK SAMPLE P M TW ADVANCED MANUALLY ty mi/s  COEFFICIENT OF CONSOLIDATION
T W THINWALL OPEN F 5 FOIL SAMPLE H m DRAINAGE PATH
T, 1 TIME PACTOR
STRESS AND STRAIN v %  DEGREE OF CONSOLIDATION

Uy kb PORE WATER PRESSURE olo kPa  EFFECTIVE OVERDURDEN PRESSURE
1 1 PORE PRESSURE RATIO o kPa  FRECONSOLIDATION PRESSURE
o kto  TOTAL NORMAL STRESS % kPa  SHEAR STRENGTH
o kra  EFPECTIVE NORMAL STRESS ¢ kra  EPFECTIVE COMESION INTERCEPT
T kta  SHEAR STRESS @ % GRFECTIVE ANGLE OF INTERNAL FRICTION
o.%.% ki PRINCIPAL STRESSES ¢, ko APPARENT COMESION INTERCEPT
« % LINEAR STRAIN Py -'  APPARENT ANGLE OF INTERNAL FRICTION
.54 % PRINCIPAL STRAINS R kPo  RESIDUAL SHEAR STAENGTH

hba  MODULUS OF LINEAR DEFORMATION ™ kPa  REMOULDED SHEAR STRENGTH
6 kPg  MODULUS OF SHEAR DEPORMATION 5 ) SENSITIVITY 3 e
A ) COEFPICIENT OF FRICTION f

PHYSICAL PROPERTIES OF SOIL

A kg/m’ DENSITY OF SOLID PARTICLES . 1,%  YOID RATIO 8nin 1% VOID BATIO IN DENSEST STATE
A KN/m® UNIT WEIGHT OF SOLID PARTICLES n 1,%  rorosITY g ! DENSITY INDEX t%
P, ka/m® DENSITY OF waTEN w 1,% WATER CONTENT O mm  GRAIN DIAMETER
%,  kN/ml UNIT WEIGHT OF WATER s, % DEGREE OF SATURATION D, mm  n PERCENT - DIAMETER
P ka/m’ DENSITY OF sOIL w % LIGUID LIMIT <y ! UNIFORMITY GQEFKICIENT
Y LN/l UNIT WEIGHT OF SOIL w, &  PLastic umit h m HYDRAULIC HEAD OR POTENTIAL
A hg/m’ DENSITY OF ORY 5OIL ws % SHAINKAGE LIMIT a  m'/s RATE OF DISCHARGE
Vd KN/ UNIT WEIGHT OF DRY $OIL e % PLASTICITY INDEX =W ~ % v m/s  OISCHARGE VELOCITY
B¢ kg/m DENSITY OF SATURATED soIL |, 1 MGUIDITY INDEX> "‘_|_"1 i HYDRAULIC: GRADIENT
Yiot KN/m UNIT WEIGHT OF SATURATED SOIL . Kk mfs HYDRAULIC CONDUCTIVITY
P kq/m' DENSITY OF SUBMERGED SOIL lg | CONSISTENCY INDEX: ‘LT' j  lw/m' SEEPAQGE FORCE
Y' kN/m® UNIT WEIGKT OF SUBMERGED OIL @ 1% VOID RATIO IN LOOSEST STATE



OFF{CE RERORT ON 50IL EXPLORATION

Mitwstry ot

@ Fiaragonarsn eng
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Cnlarg

RECORD OF BOREHOLE No 1

METRIC

Noter Water Tadle
Not Stabilized

L

w P __62-82-01 " LOCATION Ste. 33 + 437,0; 0/S 16.7 w LT § Auy. 417 ORIGINATED BY _ DT
DIST .2 HwWY 417 BOREHOLE TYPE _Hollow Etem Auger & BXL Rock Core COMPILED BY
DATUM Geodecic DATE 86 04 17 CHECKED BY -
- w DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | £, § eSS TANEE RELOT s 0L uom =§ T
5| e - | $8 20 40 80 80 WO :N' e "w Zg &
W - ]
r ppe—— I R oo gl -0
DEPTH = I g % [0 unconenen  + PIELO vANE y
2z " g g ® QUICK TRIAXIAL  x tap vang |"ATER CONTENT (%) ors. 1%}
66,8 | Asphalt Surface & F @ 20 A0 80  |..oco.lGR 8A 81 CL
u.v Asphalt Pevement
basa ﬁ 5% | 507|15 e
i 66
0.8
88 | 95/ 231
trace graval S8 | 74 65 o 76918 ¢
Very Detine
66,2 855 | 15/|10em o 6 6622 6
<52 Black Shala 64
Bedrock
Menthated
Upweathersd
XL | KEQ 63
ac | 9oz| b = 50%
o
'i%.r End of Barshole

fart) o
Swnaitivity

3. 45, Numbars reter to

20
15 <45 (%) STRAIN AT FAILURE
0
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OFFICE REPORY ON SOIL EXPLORATION

Magiryof
franeparangs arg
Commun catgdy

WP 62-82-01 LOCATION
st 9 HWY 417

Sta. 33 4 447.3;

RECORD OF BOREHOLE No 2
0/5 18.8 w RT & Huy. 417

METRIC

BOREHOLE TYPE _Solid Stam Auger

ORIGINATED 8¢ _DT
COMPILED BY o

DATUM Ceodecic DATE % 04 17 CHECKED BY 1
ODYNARIC CONE PENETRATION
SOIL PROFILE SAMPLES évm ; RESISTANCE  PLOT e VW0 _;
;6 % it ST i | 56 REMARKS
= Q 20 40 60 60 100 2z s
O e g = e i i ) i w‘ W wl. 3;
v SEIIEL L & [snear strencTH S GRAIN SIZE
asFta|  pescaieTion HE 2[38| 5 [owmconmmeo »rmovamel o L]y [pTRBUTION
; s v § ® QUICK TRIAXIAL X LAB VANE “hrgenic (%)
§6.7| _agohale Surface 5 £ = 20 4 & Marrar|GR SA 51 CL
0.0 Asphalt Pavemant
Sand and Cravel
3.9 Subtbase 66
= 85 | 60 '!l‘
811ty Send
tzace gravel
Vary Dinsa ta Compact 8BS | 18 63 = 97613 &
64.4 ;
éad Black Shals Eedrock
eatt A 3| 58 | 83/R0 cm

2.6 End of Borehola
Refussl to Auger

Note: Wetsr Table
Yot Scabilized

|

+3, x5 Numbers refer to
Sensibwity

1)
15 0-5 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON SO EXPLORATION
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Vool
@ “re’ 800 A1on 303
Oniane

Cgrmus 230ans

RECORD OF BOREHOLE No 3 METRIC
w P §2-82-01 LOCATION Bta. 33 + 426,11 0/S 1.4 m KT § Hvy. 417 omGATED BY T
DIST___ 9 wwy__ 417 BOREHOLE TYPE _Solld Stem Auger & Come Test comeiLep oy __ T
DATUM _Gaodetie DATE 1986 04 19 CHECKED av@:
DYNAMIC CSN! FENETRATION
SQIL PROFILE SAMPLES | 8 | 3 |Fessrance Plor waTysL £
;% § e e oBrug  ioUD =T | REMARKS
5. o |28 30 40 o0 s w0 I Y w | 5 4
&lﬁv'__‘ DESCRIPTION T8 g 3 gg & [swear steencTH g 3 o‘."s“é'.?uﬁéi
> % | unconmneD » FIELD VANE y
3 § - y | & g ® QUICK TRIARIAL % La8 yane |"WATER CONTENT (%) (%)
72.8 | Asphalt Surfaca & f @ 20 40 & GR SA SI CL
0.0 | Asphalt Paveamt ‘F 3
2 ) Auger
71\\ !
7 j
69t <
\
56f 5
( ? Cone
67 )
64,0 >
8,4 | Black Shale Badrock | ~]
Augar
[
| 62,7 |  Heathered
10.1 End of Borebole
Rafuysal to Auger
Fates:
1. Vactar Table
Hot Stabilizaed
2. Wo Samples Taken
from thim
Barahola
|
1
|
|
| 1
! | |
1 i 1

20
o3, %5 Numbers rafur to 1543 (%) STRAIN AT FAILURE
Sanxitivity 10




OFFICE REPORT ON SOIL EXPLORATION
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Orteng

RECORD OF BOREHOLE No 4

METRIC

I
| -

wWh §2-82-01 LOCATION Sta. 33 + 461,65 0/5 25.8 m LT § Mwy. 417 ORIGINATED 8v __ LP
Dist 9 Hwy__ 417 BOREHOLE TYpg _ Solid Stem Auger, BXL Rock (ore 6 Cone Test COMPILED BY oT
DATUM Geodacic DATE 84 04 18 CHECKED BY E
w |OYNAMIC CONE PENETRATION
SOIL PROFILE sampLes |, DIRANE SONE naarc 508 ool =5 | aemancs
g Limy cowteny LT =0
5] a B g 10 40 &0 80 100 We ¥ W, E4+) &
fley HEIRE 95 | & [swear stRencrw s | 3 | GRAIN $1ZE
DEPTH BESCRIFTION 2|3 E| S |88| & [ovnconrmm v mmovanel o oo | 7 [DISTRIBUTION
32 y |EY [ g e aucx TmakaL  x ian vANE 1% |ocganid (%)
66,9 | _ crownd Surface a : @ 20 40 60 |yerrer|GR SA 51 CL
0.0 v
Psac, with Layar 23
of O;ntu.c Cley - +
Stiff b 66
a1 | S8 9 Walo8Y,
6? $ TITty Clay g
. ay
£5.2 2 |ss| 10 S~ 2.9%
1.7 63 s
Silty Sand, Trdce G
some gravel bl 2 | g8 | 72 22 4033 5
(Clacisl Ti11) 4 .| °
64,2 Very Daime ME P—
2.7 64
Black Ghale Bedrack »
BXL| BEC
4| e |a8% Bap = 03
Henchered _ _ _
Unwestherad 63
BXL|REC
62,3 5 | Re msz RQD = 89%
b4 End of Berabole

*

3 45 Numbers refer to
Sensitivity

20
1545 (%) STRAIN AT FAILURE
1]
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QFFICE REPORT ON SOIL EXPLORATION

Onfanc
RECORD OF BOREHOLE No 5 METRIC
wP___62-82-01 LOCATION Rra, 13 4+ 473,6; 0/ 28.7 o LT € Hwy, 417 ORIGINATED 8y _L2 ___
=
oIST_ 9 Wwy___ 417 BOREHOLE Typg Solid Stem Auger & Cone Test compiep ay 0T
DATUM Caodetic DATE 84 04 18 CHECKED BY _z
el ROFI AMP 3 '] OYNAMIC CONE PENETRATION
L PROFILE SAMPLES Wy | 2 [nesisTANcE pior raine S ove| =T | pemans
= ~ |28 | 8 20 40 40 ap oo [V cONrwmr umw g8
O|x w = f ( - A Wp w w | SE 3
BeTH DESCRIPTION €|8| ¢ | 2|85 & [wear steenom e o | ~ 3 | cRaN sizE
H % £ x|s g g [ouwconemen b reouanel 0 conrr il Y DiSTRIBUTION
2|2 2 |EC| & |oaucx rmana o« uap vane (W NTENT (%) ganse] (%!
56.8 Crowd Surfscs [ s i 20 4D &0 MaccadGR SA 51 CL
0.0 ——
Peat '{ -+
£5.1 o “
1| 88 15 N 0 555 40|,
1.1 | 511ty Clay, Tracs St
Sand >
65.0 | Seiff to Hard 2|83 | 77/p0em | Ve 1.82
1.8 |Silty Send, Traca CIily </
54,3 -l 358 [ 70715 ca o 184829 5
£=5 Black Shals Bedrock |
£1.8 Heathered 55 L 60Micm
3.0 End of Borehola

Rafumal co Augec

20
+3, x5 s Numbere reler 10 5 5 (y,) STRAIN AT FAILURE
Sensibivity 10
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OFFICE REPORT ON 50IL EXPLORATION
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Tamcenp on ard

Lomma23iaes
Otwo

WP 52-82-01

LOCATION

Sta, 33 + 435.0;

RECORD OF BOREHOLE No 6

0/ 19.0 m BT € Hwy. 417

METRIC

ORIGNATED &Y 1P

Note: Watar Tabls
Not Stabilizad

|
|

|
[

DIST 9 mwy__ 517 BOREHOLE TYPE _80lid Btes Auger & BXL Rock Cors COMPILED 8y __PT
DATUM Ceodotic DATE 84 04 18 CHECKED &Y EI
W |OYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES Eg N [ rayre MATIAA e
smoinar WD | REMARKS
= $5 3 0 & 90 1o [T comrmer umf) 3O
Q= "g‘ = 0 h P Wp w w, | 5@ &
v ——— e w E 28 & [snear strenoh gy 3 | cran sIZE
£PTH =[5l =| % 3§ % |ounconmneo v peo vane| )| ¥ [PSTRBUTION
glz 2 &Y 5 ® CUICK TIAXIAL  x (a8 vang | WATER CONTENT| '":nmle %)
£6.3 g § Surface w [} 20 40 &0 GR 54 51 CL
0.0 = -~
Peat ::..
5. '.-: "*’ 117
5 TSTITY UIEy, CrErE EEI|
65,5 |rememl Th] 2] [20 6.1%
1.4 E%
[~ | 2|88 |16
Past, traces of Py 65
fibras, roots =
Yery BEiff to Soft |- = T
63,9 S 64 weli9.5%
3.0
Black 5hale Bedrock
63}
JHaathagsd _
62,1 Uavestharsd 5 BQD = 6B%
4,8 End of Boranole

’JI 55 ; Numbats refer to
Sensitivity

20
1545 {%] STRAIN AT FAILURE
10




OFFICE REPORY ON 501t EXPLORATION

61

Wby ol
Tearsooneuzn ane
Communedtany

Greao
RECORD OF BOREHOLE No 7 METRIC
WP 62-82-01 LOCATION Sra. 33 + 468.6; 0/S 22.5 w RY @ Hwy. 417 ORIGINATED BY
olIsT 9 HWY 417 BOREHOLE TYPE _Selid Stem Auger, BX1, Rock Cora & Cone Tast COMPILEC BY DT
DATUM _____ Oeodetic DATE 8 o4 17 CHECKED BY
CYMNAMC COMNE !!-N!TIUHON
SOIL PROFILE SAMPLES | ., | Z |Resisrance plor o (-3 (S
- g |38 ¥ | 30 s op ep o [on o W) 28|
[ 3
& E|8| w|3|95| & |swear strencm o | T2 | cram size
éff*i DESCRIGTION = § :| g §g g |ounconnner o meovaNel o coprenring| Y DISTRIBUTION
g » | &Y 2 o ouck ruazi  x (a8 vane g anid (%)
6.1 £ | T 20 40 60 yscear |GR SA 51 CL
Graund-Suciacs .
Q. &
2 ] 67
Organic Clay to |
Silcy Clay +
v
traca sand, fibres - 1| 88 11 AN ¢
stite 2 > Wo = 97 %
2|85 | 9 Wi =15 %
85,0 E
2.1 | Retarogmacus Mixture
of Silty Clay, Send, [1] 3|58 | 2} \ o 2,12
Graval, tracea organics Mt 50/14
64,3
3.0 _suw!.ryr.:d 64}
Unwast he . sx.| mEc D = 571
RC | 90%
Black Shale Bedrock 6
BIL| BRC
5| e [1008 RD = 80T
pi.a
.0 | End of Sorehole

i l
] ‘ e

20
+3, o3 Numbers refer fo g s (v)STRAIN AT FAILURE
Sangitivity 10
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RECORD OF BOREHOLE No 8

METRIC

Rafusal ty Auger
Probable Bedrock

i ]

WP 62-82-01 LOCATION gea. 33 + 482.3; 0/5 20.8 m RT & Hwy, 417 ORIGINATED &Y _ %
oist 2 Hwy___ 417 BOREHOLE TYPE _Solid Stem Augew & Cous Teat compiLeo ey %
DATUM Geodatie DATE 84 05 18 CHECKED uvﬁ
o w DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o | g [mssmance rior e e | % pandis
= Qa 35| » 20 40 ea 80 g0 |'T conrenr uMw z¥ L
Ol = A L W w w | 58
v El4| w| 3 (25| & [snearn sTReNGTH kpq | T3 | cram size
| Sy DESCRIFTION |3 £ DISTAIBUTION
- x| s < © UNCONFINED + PIED VANE[ o content ()| 7
8 5 [EY| & |oauck TranaL o« Las vane W gmnie, 1%
3 | cromd surfece 3 ¢ @ 20 4p 60 Q0 100 20 40 60  hevear IGR SA SICL
09 g1
Organic Silty Clay
I = nf
1| sg| 5 |
Clay of High 2| 88| 5 4 b 2 el
Plaeticity b 6
Tyace to some sand A
with adlt
Pirm to Seiff %9
3| 55| 6 N P 0 212870
o
68
6|88 |13
67—
666 T Madrs cd
5.3 |Ovganic Gilty CLAy,tram 2 o °
66,1 |of Pibtous Miterial, Wood
5.8 [5ilcy Clay, treca sand, 66
ravel 6 18
g5, |® -
6.4 |Heterogemeous Mixoure of|
§ilty Clay, Sond, Grawv 7|88 |29 i Py 1.42%
race organica 6
1.2 End of Borshole

+

3, 8 ; Numbers refer to
Sensitivity

20
1§ -5 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON 501l EXPLORATION

Moy cf
Tearsoonaton and
Lonmurigelrang

;o a
Refueal to Auger
Probabla Bedrock

% Note:
Vater Level
Not Established

|

I

mgno
RECORD Of BOREHOLE No ¢ METRIC
w P 62-82-01 LOCATION Sta. 33 + 418.4; 0/s 23.5 m BT  Bwy, 417 ORIGINATED 8Y 0T
DisT_ 9 mwy__517 BOREHOLE Typg _Bollow Stam Auger & Cone Tust compiep ey __ Ot
CATUM Geodatic DATE 84 04 19 CHECKED 8Y
SOIL PROPILE SAMPLES | = W |OYNAMIC CONE FENETRATION
Ly § RESISTANCE PLOT asne Jane ool REMARKS
= $5 20 40 80 80 ! twir " conrent mir | 3 9
[+ = g E 2 i f f ) 20 Wp w w, Sw &
v — HEIRAE 25| & [sHear strEnGTH kP Y 3 | caain SIZE
BEFTH 31 2|8 Sg § [ounconrme v rED VANl w| 7 [PRTESUTIGH
g z 3 [EY ]| & |eouck rmaxac o« ian vane CONTENT (%) 1%}
71,1 und Surface » - o 20 40 60 80 100 20 40 B0 GR SA 51 CL
0.0 T‘Eganﬂ - = 7
*
?f‘
1 [ss |3
Rl ¢
6 o
Siley Clay
some sand
Stiff to 6
Vary Seiff 2 |83 | & a— 024 18 58
q’
6
3 | ss |12 0 14 30 36
9
\ ]
| 65,2 - 7575 |
’_ﬂ_.j_ ic ty Cla 88 |30/ |8 o» [ —
6.2

+*

3,45 Numbars refer to
Sansitivity

20
15 45 (%) STRAIN AT FAILURE
10 :
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Mipestey gt
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Commun carom
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RECORD OF BOREHOLE No 10

METRIC

WP 62-82-01 LOCATION Sta. 33 + 402.2: 0/5 1B.9 m LT 4Wwy, 417 ORIGINATED BY __DT
oISt 9 wwy____317 BOREHOLE Typg Bollov Stem Augor & Cona Tast compiLen By %
DATUM Geodetie DATE b4 % 17 CHECKED BYI
a w DINAMIC CONE PENETRATION
SOIL PROFILE SAMPLES Eg g [esnrance “rior g - "'E -
L) iy -
sl [g|32| 7 | oo 0 o @ fo 0" "w|ZE|_ &
LT e o T ELE 1B R Manandl W
> -
> 0 UNCONFINED + FIELD VANE Y
E§ = g0 2 o OUICK TRARIAL % LAB vane |WATER CONTENT (%)l 0 o {%)
12.2 # @ 20 40 60 80 100 20 L0 60 lmm GR Sa 51 CL
0.0 Tapsoil [ 72
Pl
Clay of High n
Plasticity
sotta send 1| 88| 5
t
$1l 7l .
Vary Stiff
2| ss| 3 ) 0 14 20 66
\ >y
y
3| s8] &
+ T\
66.1 ~
6.1 [ Orgeanic 521ty Clay
65.7 | tvace sand  SLLEE 4| s8| 25 | -s\
5.5 100/ 3 cal
Black Shale Bedrock
Waathaved
64,9 6
7ed Bd of Borehale

Rafusal to Auger

Q L

-

3 48 . Numbers refer to
Sensitivity

20
1545 (%) STRAIN AT FAILURE
10
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OFFICE REPORT ON SOIL EXPLORATION

Druem
RECORD OF BOREHOLE No 11 & 12 METRIC
we 62-82-01 LOCATION Sta. 33 + 422.7; 0/8 28.7 m LT §Huy. 417 ORIGINATED n__lg___
DIST___ 9 Wwy__417 BOREHOLE TP, Ballowites ARis NHL 0o e ¢ So0n Toes compien By__OF
DATUM Caodatic DATE 84 06 18 CHECKED BY
$OIL PROPILE SAMPLES o w  [DYNAMIC CONE PENETRATION -
gg § AESISTANCE PLOT nasric o oml o | cemans
= 3 20 4p 60 a0 1go VM7 courmr LT S8
ola g = A ; ) 1 Wp w w, gw 8
ELEV T ¥ w|3(2 & |[swear strencTH i i 3 | craN SIZE
E!};?ﬁﬂ DESCRIPTION | Z| Z [ 5|38 5 [ovconnne o+ newo vane ‘ wi| v [CSTHEUTION
HE y |FY | & |®cuck Tmamal  x L4s VANE WATER CONTENT (%] %)
66.6 | Grovad Serface & Ed 1 0 4 60 GR SA Si CL
0.0 Topuoil |
st
Bilty Send 6
so-nylr-vcl LI'l + ~= .
5.7 _Campact. el 10 56 30
= F L] ss| e s °
organic Sile 1 |
some sand UH 2| ss| » 63
trace gravel - h
-
Laoae o, 58 &
64.0 Mo s en | gallos0!3 ot
25| Black Shsle Bedrock
_Heathered
Toweathered
o
BXL|BEEC D = 70K
5 | xe |e3x -
62.0
H.5 Thd Oof Borenoke

|
l

| | i | 1

20
43, x5 ; Numbers rsfer to 15 4 5 (%) STRAIN AT FAILURE
Sensitivity 10




OFFICE REPORT ON SOIL EXPLORATION

Wy ol

Frandporiatas gra

fomaur zahgrs
Ondarny

RECORD OF BOREHOLE No 13

METRIC

ORIGINATED BY e

wWP____ 62-82-01 LOCATION Sta. 33 + 466.4; O0/5 1.2 @ RT ¢ Awy. 417
oist 9 Mgy 417 BOREHOLE TYPE Solid Stem Auger & Cone Test
DATUM Gaodatic DATE B4 04 19

COMPILED BY __°

T

ar w |OINAMIC CONE FENETRATION
SOIL PROFILE SAMPLES W § RESISTANCE PLOT nasric mn:m oo :'g' _—
5 e ® gé 20 40 &0 80 100 We co;vcm o ga A‘\IIItS
Prag DESCRIPTION £lg| g 22 § [snear staencry SR — . [ovmisuTion
x| > £ |0 UNCONFINED ¢ FigLD vANE y
-
E 2| " » g"’ £ |e quce ThanAL  x (a8 vane |WATER CONTENT (%) %)
72.9 | Asphale Burface = o GR $A S1 CL |
0.0 Asphalt Pavement
Auger
72
\ 6y
n J
70 k
6% (
" ) Come
68 [
67 \
L ™~
i 66 &
65 \
6h.7 h"‘“\ NES
8.2 )
Bleck Shale Badrock Mugar
Weathazisd 64
63,8 i
[~ 9.1 Ead of Roranola
Rafugal to Auger
Notam:
1. Water Table
Not Stabilized
2. No Sawmplyg talwn
from this Borshole
]
| l

20
#3, x5 Numbers refae 10|53 (9,) STRAIN AT FAILURE
10

' Sensitivity
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Appendix C

Site Photographs
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Photograph 2. Highway 417 Overpass at St. Laurent Blvd., Looking South



Appendix D

Explanation of Terms Used in Report



N-VALUE: THE STANDARD PENETRATION TEST (SPT) N-VALUE IS THE NUMB!

EXPLANATION OF TERMS USED IN REPORT

£R OF BLOWS REQUIRED TO CAUSE A STANDARD 51mm 0.0 SPLIT BARREL SAMPLER

TO PENETRATE 0 3m INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 63 Skg, FALLING FREELY A DISTANCE OF 0.76m

FOR PENETRATIONS OF LESS THAN 0.3m N-VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION ACHIEVED

DENOTED THUS N

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PE|
‘A' SIZE DRILL RODS THE RESISTANCE TO CONE PENETRATION IS MEASURED AS

INTO THE UNDISTURBED GROUND

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

AVERAGE NVALUE 15

NETRATION OF A CONICAL STEEL POINT (51mm O.D. 60 CONE ANGLE) DRIVEN BY 475J IMPACT ENERGY ON
THE NUMBER OF BLOWS FOR EACH 0.3m ADVANCE OF THE CONICAL POINT

CONSISTENCY: COHESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH (c,) AS FOLLOWS:

C, [WPa 0-12 1 12 -25 | 25 - 50 | 50— 100 1 100 - 200 | 2200 ]
| VERY SOFT__| SOFT 1 FIRM | STiFF | VERYSTFF | HARD 1
DENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS:
N (BLOWEN. 3m) | [ | 5-10 | 10 - 30 1 30 - 50 [ >50 1
| VERYLOOSE | LOOSE |___comeAcT | DENSE | VERYDENSE |

ROCKS ARE DESCRIBED BY THEIR COMPOSION AND STRUCUTRAL FEATURES AND/OR STRENGTH

RECOVERY: SUM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE
CORING RUN
MODIFIED RECOVERY: SUM OF THOSE INTACT CORE PIECES, 100mm+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE GORING RUN
THE ROCK QUALITY DESIGNATION (RQD), FOR MODIFIED RECOVERY IS:
ROD (% 0-75 | 25-50 | 5 - 75 | 75- 50 | 90 - 100
VERY FOOR | POCH | FAT [ GOOD | EXCELLENT
JOINT AND BEDDING:
SPACING Smm 50 - 300em 0.3m—im fm - Im >
JOINTING VERY CLOSE CLOSE MOD_CLOSE WIDE VERY WIDE
BEDDING VERY THIN _ THIN MEDIUM THICK VERY I
ABBREVIATIONS AND SYMBOLS
EIELD SAMPLING ECH. L P F SOIL
SS  SPLIT SPOON TP THINWALL PISTON m,  kPa'  COEFFICIENT OF VOLUME CHANGE
WS WASH SAMPLE 0S  OSTERBERG SAMPLE e 4 COMPRESSION INDEX
ST  SLOTTED TUBE SAMPLE RC  ROCK CORE 6 1 SWELLING INDEX
BS  BLOCK SAMPLE PH  TW ADVANCED HYDRAULICALLY e 1 RATE OF SECONDAHY GONSOLIDATION
CS  CHUNK SAMPLE PM  TW ADVANCED MANUALLY 6, ms  COEFFIGIENT OF CONSOLIDATION
™ THINWALL OPEN FS FOIL SAMPLE H m DRAINAGE PATH
T, A TIME FACTOR
STRESS AND STRAIN u % DEGREE OF CONSOLIDATION
U, kPa PORE WATER PRESSURE o kPa  EFFECTIVE OVERBURDEN PRESSURE
o 1 PORE PRESSURE RATIO s, kPa  PRECONSOLIDATION PRESSURE
o kPa TOTAL NORMAL STRESS W kPa  SHEAR STRENGTH
o' kPa EFFECTIVE NORMAL STRESS ¢  kPa  EFFECTIVE COHESION INTERCEPT
T kPa SHEAR STRESS " EFFECTIVE ANGLE OF INTERNAL FRICTION
onaz2 05 KkPa PRINCIPAL STRESSES ¢,  kPa  APPARENT COHESION INTERCEPT
¢ % LINEAR STRAIN 6 APPARENT ANGLE OF INTERNAL FRICTION
€1, B2, 62 % PRINCIPAL STRAINS tr  kPa  RESIDUAL SHEAR STRENGTH
kPa MODULUS OF LINEAR DEFORMATION 7 kPa REMOULDED SHEAR STRENGTH
G KPa MODULUS OF SHEAR DEFORMATION s SENSITIVITY = ¢, / ¢
W 1 COEFFICIENT OF FRICTION
PHYSICAL PROPERTIES OF SOIL
P,  kgim®  DENSITY OF SOLID PARTICLES o 1%  VOID RATIO 6mn 1%  VOID RATIO IN DENSEST STATE
¥, kN/m®  UNIT WEIGHT OF SOLID PARTICLES  n 1%  POROSITY o 1 DENSITY INDEX = S22
J——
P,  kgim’  DENSITY OF WATER w 1,%  WATER CONTENT D mm  GRAIN DIAMETER
¥, kNim’  UNIT WEIGHT OF WATER s %  DEGREE OF SATURATION D mm  NPERCENT - DIAMETER
P kgim®  DENSITY OF SOIL w. % LlQuiDLMIT C, 1 UNIFORMITY COEFFICIENT
1 kNim®  UNIT WEIGHT OF SOIL we %  PLASTIC LIMIT n m HYDRAULIC HEAD OR POTENTIAL
Py kgm®  DENSITY OF DRY SOIL w, %  SHRINKAGE LIMIT q m¥%s  RATE OF DISCHARGE
Yy kN/m’  UNIT WEIGHT OF DRY SOIL o %  PLASTICITY INDEX = (W, - W) v mis  DISCHARGE VELOCGITY
P.. kgim'  DENSITY OF SATURATED SOIL I 1 LIQUIDITY INDEX = (W - W5 I ' 1 HYDAULIC GRADIENT
Yoo KN/m®  UNIT WEIGHT OF SATURATED SOIL 1o 1 CONSISTENGY INDEX = (Wi— W) / 1 k mis _ HYDRAULIG GCONDUGTIVITY
P’ kgm®  DENSITY OF SUBMERED SOIL 6mx 1%  VOID RATIO IN LOOSEST STATE | KN/’ SEEPAGE FORCE

UNIT WEIGHT OF SUBMERGED SOIL
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Foundation Design Report, Highway 417 / St. Laurent Blvd, City of Ottawa, Ontario

PRELIMINARY
FOUNDATION DESIGN REPORT
HIGHWAY 417/ST. LAURENT BLVD. BRIDGE
CITY OF OTTAWA, ONTARIO
G.W.P. 4011-06-00

5 DISCUSSION AND RECOMMENDATIONS

The existing Highway 417 overpass structure at St. Laurent Blvd. is to be widened. The existing structure
is a two-span bridge with a total length of about 38 m. It is proposed to widen both the west and east
abutments and also the central pier on both the north and south sides. A widening of approximately 2.5 m
is anticipated to the north and 1.25 m to the south. New retaining walls are also proposed at each
approach quadrant and as such temporary roadway protection will be required to facilitate the removal of
the existing retaining walls and for new retaining wall construction, as well as for the construction of the
foundations of the widened sections of the bridge.

The sub-surface conditions were previously explored in 1957 at three (3) borehole locations (see Table
3.1.1 in Section 3 of the foundation investigation section of this report) and in 1984 at ten (10) boreholes
and three (3) DCPT’s (see Table 3.2.1 in Section 3 of the foundation investigation section of this report).
This preliminary foundation design report is prepared based on the available subsurface information only.
No additional borehole was drilled for this preliminary foundation design report, and thus the existing
subsurface conditions at the Site may vary from the previously obtained information. The overburden
subsurface conditions at the Site are considered variable, even though the native overburden is relatively
shallow (about 3 m below 0.g.) overlying the bedrock. In general, from the o.g. level, under the topsoil, the
boreholes contacted non-cohesive or cohesive organic soils. Below the organic soils, the boreholes show
the presence of native granular soils (sand and silt) and cohesive soils (silty clay). Cohesive and
non-cohesive glacial till deposits were found below the natural non-cohesive and cohesive soils and these
till deposits were in turn underlain by a shale bedrock in all boreholes at El. 65.7 to 63.9 m. The fill used for
the existing structure approach was found to be mainly consisting of clay to silty clay (i.e. cohesive
materials).

The water level at the time of investigation (1957 and 1984) was contacted between Elevations 67.2 m and
65.4 m. It should be noted that the groundwater table can expected to be subject to seasonal fluctuations
and in response to major weather events. It is also pointed out that a perched water condition can be
encountered within the approach fills and in the surficial native soils.

5.1 Foundations

We understand that the existing approximately 38 m long bridge is supported on spread footings based on
the drawing (see Appendix E) provided to us by AECOM. Details of the existing retaining wall foundation
and the proposed construction method (i.e. full road closure, lane closure or staged construction) and the
construction sequence were not available at the time of preparing this report.

Coffey Geotechnics 13
Project: TRANETOB01226AB
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Foundation Design Report, Highway 417 / St. Laurent Blvd, City of Ottawa, Ontario

Based on the available subsurface information, we have considered a number of foundation options varying
from normal spread footings to deep foundations which include drilled caissons, micropiles and driven steel
piles.

5.1.1 Abutments and Central Pier

We understand that the existing abutments are supported on spread footings founded on unweathered
shale bedrock at about El. 62.5 to 63.0 m (west abutment) and at about 63.5 m (east abutment) based on
the General Arrangement (GA) drawing (see Appendix E) provided to us by AECOM, as well as an old GA
drawing (given in Appendix E and which is also available in MTO GEOCRES information system, along
with several other drawings).

It is our understanding that the existing overpass structure central pier is supported by spread footings
placed on bedrock at about El. 62.8 m, based on the general arrangement drawing provided to us by
AECOM (see Appendix E).

The use of same foundation type is generally recommended for most bridge structure widening for better
performance of the structure. If proper dewatering and inspection of footing excavation can be provided,
the use of spread footing foundation can be a feasible option for this project. It should be pointed out that
care should be taken for the anticipated deep excavation adjacent to or near the existing structure with the
observed high groundwater table (excavation will extend to considerable depths below the groundwater
table) and the nature of underlying bedrock (susceptible to slaking and degradation when exposed to
atmosphere and possible heaving with time, especially in the presence of water at the excavation bottom).
As well, considerable shoring effort may be required to retain the existing embankment (if the existing
retaining walls need to be demolished prior to excavation) and the native soils and the highly weathered
shale, overlying the unweathered bedrock, in order to effect the excavation for the abutment foundation.
The new retaining wall construction can be carried out with the abutment foundation construction, if spread
footing can be used. For the central pier, temporary shoring will be also required to effect the excavation
for the spread footing foundation widening along the centreline of St. Laurent Blvd.

The use of augered and cast-in-place concrete foundations (drilled caissons) can also be considered as a
feasible foundation option for this project. If drilled caisson foundation is selected, the new proposed
retaining walls can also be founded on drilled caisson foundations.

The use of driven piles is considered impractical due to the anticipated short pile lengths, especially at the
central pier location.

The use of micropiles is also considered and discussed in Section 5.1.1.4.

When designing foundations it must be remembered that total settlements experienced by the new
foundations will translate into differential settlements between the existing bridge structure and the widened
section.

Coffey Geotechnics 14
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Foundation Design Report, Highway 417 / St. Laurent Blvd, City of Ottawa, Ontario

The advantages and disadvantages of various foundation types at the support locations are summarized in
Appendix F.

The following paragraphs present a further discussion on these options.

5.1.1.1

Spread Footing Foundations

The abutments and central pier can be supported on spread footing foundations similar to the existing
bridge foundation typically placed on the shale bedrock. If higher bearing resistances are required, spread
footing foundations at greater depths can also be considered. Placing footings of widening deeper than the
existing foundations, however, is not recommended, as this approach may lead to disturbing the existing
footings. It should therefore only be considered if higher resistances are necessary. The following table
summarizes the recommended resistances and highest footing elevations at the borehole locations:

Table 5.1.1.1.1 Spread Footing Foundations for Abutments

Applicable Recommended
BF;Fr)eholes Highest Footing Recommended Recommended
Location Elevation (Bottom of N Factored ULS Subgrade Material
(year of g SLS *(kPa)
; N Footing) (kPa)
investigation)
(m)
> (1957)" 64.4/64.2 400 700 Very Dense Till / Weathered Shale
63.4" Will not govern 1500 Shale**
64.0 400 700 Weathered Shale
faaFhi) 63.0 Will not govern 1500 Shale**
5 (1984)** 64.0 400 700 Weathered Shale
East 63.0"** Will not govern 1500 Shale**
Abutment 7 (1984) 64.0 400 700 Weathered Shale
63.0 Will not govern 1500 Shale™*
xr 64.5*** 400 700 Very Dense Till or Weathered Shale
8 (1984) L .
Insufficient information - - -
64.0 400 700 Weathered Shale
ISIISES) 63.0%** Will not govern 1500 Shale**
1(1957)" 64.2/63.9 400 700 Very Dense Till / Weathered Shale
62.5" Will not govern 1500 Shale**
= 64.2 400 700 Weathered Shale
S{iSsT) 62.5" Will not govern 1500 Shale**
64.0 400 700 Weathered Shale
L i 62.5** Will not govern 1500 Shale*”
West 6 (1984) 62.8 400 700 Weathered Shale
Abutment 62.2 Will not govern 1500 Shale**
9 (1984)*+* . .64.7. . 400 700 Weathered Shale
Insufficient information - - -
10 (1984)+ N 65..4 . 400 700 Weathered Shale
Insufficient information - - -
64.0 400 700 Weathered Shale
HEIEAq2oE) 63.0 Will not govern 1500 Shale**

Coffey Geotechnics
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Foundation Design Report, Highway 417 / St. Laurent Blvd, City of Ottawa, Ontario

* Founding elevation need to be confirmed at the site during the construction because R.Q.D was not recorded in 1957 investigation
** Relatively sound shale

*** Presumed elevation (borehole terminated in weathered shale or overlying glacial till)

**** Retaining wall footing

* SLS for 25 mm in total settlement, 19 mm in differential settlement

The retaining walls can be designed using the resistances given in the above table.

Table 5.1.1.1.2 Spread Footing Foundations for Central Pier

Recommended
Applicable Boreholes Highest Footing Recommended | Recommended
Location ( zpa)r oliingestigation) Elevation (Bottom of SLS*™ Factored ULS Subgrade Material
y 9 Footing) (kPa) (kPa)
(m)
64.0 400 700 Weathered Shale
Central | §1859) 63.0 N/A 1500 Shale™
Pier 64.0 400 700 Weathered Shale
2i(2ed) 63.0"** N/A 1500 Shale*

* Relatively sound shale
** SLS for 25 mm in total settlement, 19 mm in differential settlement
*** Presumed elevation (borehole terminated in weathered shale)

In any event, allowance should be made to place a 150 mm thick concrete mud mat (i.e. skim coat) in the
footing excavation as soon as possible (not more than four hours) after excavating to the bearing grade.
The footing excavation must be inspected, evaluated and approved by the Geotechnical Engineer prior to
pouring the concrete mud mat.

It should be noted that in between and beyond borehole locations, the bedrock surface and the depth to the
suitable founding surface may vary.

For the use of spread footing foundations on the bedrock, all loose or weathered rock under the footprint of
the footing should be removed and replaced with mass concrete. All footing excavations and bearing
surfaces must be inspected, evaluated and approved by a Geologist or Geotechnical Engineer who is
familiar with the findings of this investigation. This is important for this site, since the bedrock appears to be
extremely to highly weathered to variable depths. Mass concrete may be placed to raise the grade to the
founding level, where necessary. Probing may be necessary to ensure that a highly weathered soft rock
layer(s) does (do) not underlie the sufficiently sound rock layer beneath the footing. Probing or star drilling
may be considered for this purpose.

Under the inclined loading conditions the Bearing Resistance at U.L.S. should be reduced in accordance
with Clause 6.7.4 of C.H.B.D.C.

Coffey Geotechnics 16
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Foundation Design Report, Highway 417 / St. Laurent Blvd, City of Ottawa, Ontario

Sliding resistance can be provided by utilizing the sliding resistance between concrete and clean bedrock
surface. For the evaluation of the sliding resistance of the foundation (C.H.B.D.C. 6.7.5) the ultimate angle
of friction between the underside of the foundations and the clean bedrock surface (or between concrete
surfaces) can be taken as 28°, while the ultimate angle of friction (unfactored) between the underside of the
foundations and the glacial till can be taken as 26°. If additional horizontal resistance is required or if the
rock surface is not sufficiently level, dowelling or keying-in into the bedrock can be considered. Such
measures would be required if the rock surface is smooth and/or inclined.

If there are net uplift forces which are to be resisted by rock anchors, the factored rock/grout bond
resistance at U.L.S. can be taken as 600 kPa and at the S.L.S. it can be taken as 300 kPa. The upper
1.0 m of the rock should, however, not be included in calculating the resistance and the minimum
embedment depth should be 2.0 m into the sound rock (embedded length in the sufficiently sound rock).
The anchors should also be checked for rock wedge pull-out assuming a 60 degree apex cone/wedge and
the anchor group resistance should also be checked.

For frost protection the footing should have a permanent earth cover of at least 1.8 m.

As can be seen from above table, deep excavations will be required, which extend below the water table.
These will necessitate shoring and dewatering. In addition, the excavations can be expected to extend to
variable depths.

5.1.1.2 Drilled Caisson Foundations

The use of augered and cast-in-place concrete foundations (drilled caissons) can be considered as a
feasible foundation option for the abutments and the central pier. From the reliability viewpoint, drilled
caisson foundation is a favourable option for this project. As it will require little or no shoring for the central
pier this may be an attractive alternative, provided that sufficient overhead space is available to install the
caisson under the existing bridge.

Caissons extended at least 1.5 m into the relatively sound shale bedrock can be designed for a vertical
geotechnical resistance of 2000 kPa at ULS and SLS need not be considered. This resistance value can
be increased to 2500 kPa at ULS with 2.0 m socketing into the sound rock. Higher resistance of caisson is
not recommended at this site due to the presence of soft zones in the shale bedrock. The following table
summarizes the anticipated caisson bottom elevations at the borehole locations.

Coffey Geotechnics 17
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Foundation Design Report, Highway 417 / St. Laurent Blvd, City of Ottawa, Ontario

Table 5.1.1.2.1: Caisson Foundations for Abutments

Recommended
. ) Recommended | Recommended
Location Appllcab_le B°Teh9'es bottom of Pl SLS Factored ULS Subgrade material
(year of investigation) elevation
(m) (kPa) (kPa)

East 4 (21 é;i?z)an d 61.7 N/A 2000 Sound Shale

Abutment 7 (1984)* 61.2 N/A 2500 Sound Shale
1 (1957),

West 3 (1957)7, 61.0 N/A 2000 Sound Shale

Abutment 6 (1984)* and 60.5 N/A 2500 Sound Shale
11&12 (1984)*

* Presumed elevation-borehole not deep enough

The retaining wall foundations can be designed using the resistance given in Table 5.1.1.2.1.

Table 5.1.1.2.2: Caisson Foundations for Central Pier

. Applicable Boreholes b?t?gg%rps:ig:gn Recemmendsd § {bcommepaed .
Location pplicab S N SLS Factored ULS Subgrade material
(year of investigation) elevation (kPa) (kPa)
(m)
Central 1 (1984)* and 61.7 N/A 2000 Sound Shale
Pier 2 (1984)* 61.2 N/A 2500 Sound Shale

* Presumed elevation-borehole not deep enough

These design values are applicable to commonly used caisson sizes in Ontario (i.e. between 0.76 m and
1.8 m diameter) provided the minimum caisson length is 4.0 m below the bottom of the pile cap. However,
the use of relatively smaller caisson sizes (i.e. between 0.76 m and 1.35 m) would be preferable as these
are relatively easier and more efficient to install. For example, a 0.9 m diameter caisson will have a base
area of r’1=(0.9/2)°x3.1416=0.64 m>. When designed for a ULS value of 2000 kPa, the caisson would be
capable of carrying an axial load of 0.64 m? x 2000 kN/m? = 1280 kN/caisson at ULS. Similarly, if a 1.2 m
diameter caisson is used, then the caisson resistance at ULS would be (1.2/2)° x3.1416 x2000 kN/m?
=2260 kN/caisson.

As was mentioned before, these resistance values assume a minimum of 1.5 m to 2.0 m socket into the
sound shale bedrock, depending on the design value used. Proper penetration into the sound shale
bedrock must be verified during the installation of the caissons by the Geotechnical Engineer appointed by
the QVE, who would also inspect the base of the caissons and approve them. We recommend that an
NSSP be issued to cover this requirement.

The minimum caisson diameter is 0.76 m to enable the cleaning and inspection of the base of the caisson.
The clear distance between any two adjacent caissons should be at least two diameters (edge to edge).

Coffey Geotechnics 18
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Foundation Design Report, Highway 417 / St. Laurent Blvd, City of Ottawa, Ontario

Difficulties may arise during the installation of the caissons due to the presence of granular (non-cohesive)
soil types below the groundwater table, as well as the possible presence of cobbles, boulders and shale
fragments in the till along with possible hard layers in the shale bedrock. Some dewatering is expected to
be necessary to intercept and remove surface water and to pump out any perched water. Dewatering of
the glacial till deposit may also be necessary. Temporary steel casing will be required during the
construction of the caisson holes to prevent caving. The casing/liner would be withdrawn as the concrete is
poured, ensuring a sufficient head of concrete in the casing to prevent ‘necking’. Concrete must be poured
expeditiously after the preparation and approval of the base of the caisson to prevent the deterioration of
the shale bedrock. Even though these are standard aspects of caisson installation operations, we
recommend that they be ‘red-flagged’ in the contract documents to reduce the possibility of claims for
‘extras’ by the contractor, including the possible presence of cobbles, boulders and shale fragments in the
glacial till deposit. An NSSP should be issued to alert the contractor of cobbles, boulders, shale fragments
in the overburden and the possible hard zones in the shale bedrock, as well as possible dewateting
requirements.

The tremie concrete method can be used, if desired or required to reduce the degree of dewatering during
the installation of the caisson foundations. Based on the borehole data, however, the use of the tremie
concereting method is unlikely to be necessary.

The anticipated caisson elevations at the borehole locations, as given in the tables above, can be used for
preliminary design purposes, with interpolation in between and beyond the borehole locations. Actual
caisson depths in the field would be decided during their installation, ensuring at least 1.5 m to 2.0 m socket
into the relatively sound shale bedrock. This is important for this project since the bedrock appears to be
extremely to highly weathered to variable depths below the rock/overburden interface. The sockets may
have to be advanced by rock coring or churn drilling since the shale bedrock at the site may contain
medium strong layers.

As shown in Tables 5.1.1.2.1 and 5.1.1.2.2, most of the boreholes were not deep enough for estimating
caisson depths and as such, presumed caisson elevations were used. This aspect will need to be verified
for detail design purposes by drilling deeper boreholes (i.e. rock coring). At that time the recommended
resistance values will need to be revisited and may need to be reused (possibly increased).

5.1.1.3 Driven Pile Foundations

Driven pile foundations, including steel-H-piles is not recommended due to the anticipated short lengths of
the piles, as well as vibrations induced by pile driving close to the existing structure. The short pile lengths
are expected to be an especially significant factor at the proposed central pier location. It may be possible
to utilize driven H-piles at the abutment locations, where the pile caps can be set at higher elevations in
comparison with the central pier location. Nevertheless, unless there is a compelling use for their use, it is
our opinion that the use of driven piles, including steel H-piles, is not a good choice from reliability point of
view.
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5.1.1.4 Micropile Foundations

An alternative which may be considered is the use of micropiles to support the abutments, central pier and
retaining walls. Under normal circumstances, micropiles are less cost effective than caissons or spread
footings, but this case it may be an attractive solution if overhead restriction under the existing bridge
present problems for the construction of the caissons and due to shoring requirements for spread footings.

A micropile is constructed by drilling a borehole, placing reinforcement, and grouting the hole. Micropiles
can withstand axial and/or lateral loads, and may be considered a substitute for conventional piles or as
one component in a composite soil/pile mass, depending upon the design concept employed. Micropiles
are installed by methods that cause minimal disturbance to adjacent structures, soil, and the environment.
They can be installed in access-restrictive environments and in most soil and rock types and ground
conditions. Due to the small pile diameter (typically 160 mm to 260 mm), the end-bearing contribution in
micropiles is generally neglected. The grout/ground bond strength achieved is influenced primarily by the
surrounding soil or rock and grouting method used, i.e., pressure grouting or gravity feed. The role of the
drilling method is also influential, although less well quantified.

The axial resistance of micropile for this project would depend on the diameter, penetration length into the
sound bedrock at this site and the type of reinforcement. The lateral resistances would also depend on the
diameter, as well as, to a lesser extent, on the socket length into the bedrock.

The use of micropiles is generally less economical than spread footing foundations and caissons due to the
required numbers of micropile to achieve similar geotechnical resistance to conventional foundations.
However, it is advantageous if low overhead is necessity and/or interference of new foundation support with
the existing pile foundations is a concern. As was mentioned before, geotechnical resistances will also
depend on such factors as diameter, method of installation, socket lengths, etc. Typically, the geotechnical
resistance is calculated by multiplying the circumferential area (i.e. circumference x length) by bond
strength. For preliminary estimating purposes, the bond strength between the micropile and the sound
shale bedrock can be taken as 300 kPa at SLS and 600 kPa at ULS, but the contribution from the relatively
fractured upper 1.5 m of the bedrock should be disregarded. A special provision will need to be developed
for this project.

The axial and horizontal resistances of micropiles and other details regarding the design of micropiles can
be discussed with specialist contractor and we will be pleased to expand on this further should you wish to
pursue this option.
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5.2 Retaining Walls

It is our understanding that retaining walls at each quadrant of the existing overpass need to be replaced,
as a part of the proposed widening. As well, all side slopes outside of new retaining walls are required to
be maintained similar to the existing slope configuration (2H:1V). Details of the existing and proposed
retaining wall and side slopes are not available at the time of preparing this report. We assume that the
existing retaining walls are supported on strip footings placed on the bedrock, similar to the bridge
foundations. It is our opinion that if desired the retaining wall foundations can be placed on the bedrock to
match the foundations of the widened portion of the bridge. Alternatively, if the widening is to be supported
on deep foundations, then consideration can be given to deep foundation options to support the retaining
walls, matching the foundations for the widening. It should be pointed out that the existing retaining wall
foundations may found within the excavation limit of the proposed widening. It may be prudent to point this
possibility to the Contractor. The recommended geotechnical resistances were given in Section 5.1.

For the strip footing foundation construction at the site, relatively deep excavations will be required, which
will extend below the water table. These will necessitate dewatering and considerable shoring, to retain the
existing approach embankment (if the existing walls need to be demolished prior to construction) and native
overburden for proposed foundation excavation and the possibly the extremely weathered upper zone of
the shale bedrock. For the construction of retaining wall foundations placed on the bedrock, allowance
should be made to place a 150 mm thick concrete mud mat (i.e. skim coat) in the footing excavation as
soon as possible (not more than four hours) after excavating to the bearing grade. The foundation
excavation should be inspected and approved by the Geotechnical Engineer prior to pouring the concrete
mud mat. Al loose or weathered rock under the footprint of the foundation should be removed and
replaced with concrete. This is important for this Site, since the bedrock appears to be extremely to highly
weathered to variable depths. Mass concrete may be placed to raise the grade to the founding level, where
necessary. If spread footing foundations are to be used for the abutment supports, the proposed retaining
wall foundations can be preferably installed at the same time and at about similar elevations as the
proposed spread footing founding elevations.

For frost protection, the footing should have a permanent earth cover of at least 1.8 m (or equivalent
artificial insulation), including pile caps.

5.3 Lateral Earth Pressures

Backfill behind abutments should consist of non-frost susceptible, free-draining granular materials in
accordance with the Ontario Ministry of Transportation Standards and the requirements of OPSD 3101.150,
as given in Appendix G.

Free-draining backfill materials (i.e. Granular ‘A’ or Granular ‘B’, OPSS 1010) and the provision of drain
pipes and weep holes, etc., should prevent hydrostatic pressure build-up. Computation of earth pressures
should be in accordance with CHBDC S6-06. For design purposes, the following parameters (unfactored)
can be used.
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Compacted Granular ‘A’ and Granular ‘B’ Type |
Angle of Internal Friction, ¢ = 35° (unfactored)
Unit Weight = 22 kN/m®
Coefficient of Lateral Earth Pressure:
K, =0.27 K, = 0.43
Compacted Granular ‘B’ Type |
Angle of Internal Friction, ¢ = 32° (unfactored)
Unit Weight = 21 kN/m®
Coefficient of Lateral Earth Pressure:
Ka=0.31 Ko, =0.47
These values are based on the assumption that the backfill behind the retaining structure is free-draining

and adequate drainage is provided. As well, it is assumed that the ground behind the retaining structure is
level.

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

5.3.1 Seismic Design Data

5.3.1.1 Site Coefficient

The subsurface conditions encountered at the site are represented by Soil Profile Type | (see
Clause 4.4.6.2 of CHBDC CAN/CSA-S6-06). For seismic design, therefore, in accordance with
Clause 4.4.6.1 site coefficient, S, for the site is 1.0.

5.3.1.2 Seismic Zone and Zonal Acceleration Ratio (A)

Table A3.1.1 of the CHBDC provides a zonal Acceleration Ratio (A) of 0.20 and Velocity Related Seismic
Zone (Z,) of 2 for Ottawa. As site coefficient (S) is 1.0, and the zonal acceleration is 0.20, the design zonal
acceleration ratio for the site can be taken as A=0.20.

5.3.1.3 Seismic Earth Pressures

Seismic (earthquake) loading should be taken into account in the design in accordance with Section 4.6 of
the CHBDC.
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In accordance with Sections 4.6.4 and C.4.6.4 of the CHBDC and its Commentary, the horizontal seismic
coefficient, ks, used in the calculation of the seismic active pressure coefficient, is taken as k,=0.30. The
seismic active earth pressure coefficient is also dependent on the vertical component of the earthquake
acceleration coefficient, k,. Three discrete values of vertical acceleration coefficient are typically selected
analysis, corresponding to k, = +2/3 k;, ky= 0, and k, = -2/3 k.

The following seismic active pressure coefficients (Kag) may be used in design; these coefficients reflect the
maximum Kag obtained using the ky, and three values of k, as described above. It should be noted that
these seismic earth pressure coefficients assume that the back of the wall is vertical and the ground
surface behind the wall is flat.

Seismic Active Pressure Coefficients

Active Earth Pressure Coefficient Granular ‘A’ Granular ‘B’ Type Il
(6 = 35° - unfactored) (¢ = 32° - unfactored)
Non-Seismic, Ka 0.27 0.31
Seismic, Kae 0.55 0.61

In the calculation of Kag, the effect of the friction between the wall and the soil is not considered (i.e.5=0).

5.3.1.4 Liquefaction Potential

If the proposed structure is supported by deep foundations (caissons) or spread footings founded in/on the
shale bedrock, the bedrock is considered not liquefiable.

The stiff cohesive fill material within the approach fill is unlikely to liquefy under earthquake loading.
However, soft portions of the cohesive fill may settle under earthquake loading. These aspects need to be
confirmed in the detail design stage. As well, different materials may have been used for the construction
of the approach fills for the existing bridge.

5.4 Construction Comments

All excavations, shoring and backfilling should be carried out in conformance with the Occupational Health
and Safety Act (OHSA), Regulation 213/91, as well as the following specifications.

OPSS539 - Protection Systems

SP902S01 — Excavation and Backfilling to Structures.

The boreholes show that the excavations can be expected to extend through some fill materials topsoil,
non-cohesive and cohesive organic soils, native granular soils (sand and silt) and cohesive soils (silty clay).
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These are generally underlain by cohesive and non-cohesive glacial tills and/or shale bedrock. The
overburden materials can be classified as follows:

Granular Embankment (Pavement) Fill Type 1 soil
Embankment Fill Type 3 soil (stiff to very stiff)
Type 4 soil (soft to firm)

Topsoil & Peat Type 4 soil

Organic Soils Type 4 soil

Silty Clay Type 3 soil

Sand/ Silty Sand Type 3 soil above water level
Type 4 soil below water level, if the soil was not
dewatered

Glacial Till (granular) Type 2 soil above water table

Type 4 soil below water table, if the soil was not
dewatered

Glacial Till (cohesive) Type 2 soil above water table

Type 3 soil below water table, if the soil was not
dewatered

Dewatering will be required during the construction since the groundwater table at the time of MTO
investigation was typically about 1 m below the then existing grade of St. Laurent Blvd. (about El. 65.5 to
66 m). It should be noted that the groundwater table can expected to be subject to seasonal fluctuations
and in response to major weather events). Based on the available data, as excavations must be carried out
in the dry, dewatering will be required. This may consist of deep wells/deep filtered sumps along with
perimeter ditches (to intercept and dispose of surface/perched water). Due to the extent of excavation,
shoring will be required for the spread footing and retaining wall construction. The shoring system should
be designed by a Professional Engineer, experienced in this type of Work. All shoring should be in
accordance with OPSS539.

In Ontario, shoring typically consists of soldier pile and timber lagging or sheet piling (with or without
bracing / rakers). In this instance, tiebacks will also likely be required. The soldier piles can be expected to
extend into the shale bedrock. Tiebacks would also extend into the shale bedrock, depending on the depth
of shoring / height of the soils to be retained. We will be pleased to discuss such a system, if you wish us
to do so.
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The shoring system should be designed so that the lateral movement of any portion of the roadway
protection system will not exceed the established criterion for the structural performance level. In this case,
the required performance level is considered 2. The shoring system should be designed by a Professional
Engineer, experienced in this type of work. As mentioned before, all shoring should be in accordance with
OPSS539.

Table 5.4.1: Recommended Unfactored Parameters for Temporary Shoring Design

Soil Type Ka Ko Ko (kN)‘ms)
Topsoil 0.55 0.72 1.8 14.0
Peat 0.61 0.78 1.4 12.0
Granular Pavement Fill 0.32 0.49 3.1 21.0
Approach Embankment Fill 0.41 0.60 2.2 17.0
Silty Clay 0.38 0.55 2.7 18.0
Sand / Silty Sand 0.30 0.50 3.0 21.0
Cohesive Till 0.33 0.50 3.0 20.0
Granular Till 0.29 0.45 3.4 21.5
Weathered Shale 0.26 0.42 3.6 22.0

It should be pointed out that the presence of cobbles, boulders and shale fragments can be expected within
the overburden, as well possibly in the embankment and other fill layers. These can be expected to cause
problems during the installation of shoring units. This aspect should be ‘red-flagged’ in the contract
documents.

It should also be pointed out that monitoring of the existing bridge including retaining walls and side slopes
need to be considered due to the expected dewatering requirement immediately beside the existing
structures.

As well, the presence of the existing sanitary sewer adjacent to the existing east abutment of Highway 417
overpass at St. Laurent Blvd. may need to be considered. This aspect will need to be confirmed at the
detail design stage.

5.5 Embankment Widening

Based on the available data, foundation failures are not anticipated for widened approach embankments
with side slopes of 2H:1V or flatter, provided that all unsuitable soils are removed as per MTO standards,
including all topsoil and other unsuitable, weak or very loose soils. These include the existing organic
deposits discussed in Section 3.2.1.3 Peat and Section 3.2.1.6 Organics Soils, where applicable. This
aspect should be looked into in greater detail during the detailed investigation phase.

Settlement analyses and precautions are required to minimize differential settlements which may lead to
cracking of the pavement (asphaltic concrete), especially since the previous embankment fill (i.e. Circa
1950’s) appears to consist of rather erratically compacted and/or inadequately compacted clayey soils,
which were typically described as being of “high plasticity”.
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The widening can be expected to cause some settlement of the existing embankment fills, depending on
the details of widening, as well as the nature of the existing embankment materials and whether all the
unsuitable soils (including naturally occurring organic, rather deep organic deposits) were stripped under
the full footprint of the existing embankment. These aspects should be looked into, including the
geotechnical investigation that may be necessary.

The existing embankment side slopes will need to be properly benched as per MTO standards (OPSD
208.010) where the embankment is to be widened. The materials used for the construction of the
embankment fills should consist of approved, acceptable earth fill (e.g. select subgrade materials-OPSS
1010). Fill used for construction of the widening should be in accordance with OPSS 212 and fill placement
should meet or exceed the requirements of OPSS 501 and OPSS 206. Construction should be in
accordance with OPSS 206. Quality assurance should be provided as per MTO Standard 501.08 (OPSS
501).

5.6 Frost Protection

Design frost protection depth for the general area is 1.8 m. Therefore, a permanent soil cover of 1.8 m or
its thermal equivalent of artificial insulation is required for frost protection of foundations, including pile caps.
In case of rip-rap (rock fill), only one-half of the rock fill thickness should be assumed to be effective in
providing frost protection.

5.7 Further Geotechnical Investigation

An additional investigation may be required once the details of the widening are better known. The
investigation will also need to consider deeper penetration into the bedrock to further check rock quality,
especially if deep foundations are to be used. As well, the embankment fill widening used for the present
bridge may be different than the fill used for the original bridge. This aspect may need to be verified.
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6. CLOSURE

The Limitations of Report, as quoted in Appendix H, are an integral part of this report.

For and on behalf of Coffey Geotechnics Inc.

Gwangha Roh, Ph.D.

(Y

Ramon Miranda, P.Eng.

Zuhtu Ozden, P.Eng.
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General Arrangement Drawings
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Summary of Foundation Alternatives for Abutment Widening

Foundation
Type

Advantage/ Disadvantage

Risks/Consequences

Relative Costs

Recommendations

Normal Spread

Cost effective
Moderate cost

May require extensive
excavations.

Some risk due to
extensive excavation
and dewatering which
will be required.

Moderate cost

Can be a preferred
option, if proper
dewatering and

Footings ] ) ] Monitoring during the : 4 .
Will require shoring and construction may be inspection of excavation
dewatering. required due to the can be provided.
Retaining wall construction closeness to the
can be done at the same time | ©Xsting structure.

Cobbles, boulders and
shale fragments may be :
Low displacement piles. encountegred during ¥he May not be feasible due
. inStallati Pl to the anticipated short
R Short pile length. instaliation, which may pile length
Steel H-piles present problems. Moderate cost :

Vibration monitoring is
essential.

Care must be taken to
drive the piles into the
bedrock

Not recommended
based on reliability.

Drilled and cast
in-place
Concrete piles
(drilled
caissons)

Less vibration created than
driven piles.

The presence of
cobbles, boulders and
shale fragments may
present problems during
the installation of drilled
caisson foundations.

Low overhead under the
existing bridge as well
as existing embankment
fills (requiring shoring)
may present problems
for caisson installation.
Should be discussed
with a specialist
contractor once the
details of the widening
are known.

Moderate cost

A feasible option for
both bridge widening
and retaining walls.

Preferred option for the
bridge widening from
reliability point of view,
provided possible low
overhead conditions will
not create problems
during the construction.

Micropile
Foundations

Minimizes vibrations and
dewatering.

Can be installed in low
overhead conditions

Cost effectiveness is a
main concern

Expensive due
to special
equipment /
material and
specialist
contractor

A feasible option but
more expensive than
drilled caissons.




Summary of Foundation Alternatives for Central Pier Widening

Foundation
Type

Advantage/ Disadvantage

Risks/Consequences

Relative Costs

Recommendations

Normal Spread

Cost effective
Moderate cost

Will require extensive

Relatively high risk due
to extensive excavation
and dewatering.

Monitoring during the

Moderate cost

Can be a preferred
option, if proper
dewatering and

Footings excavations. cons.trugt(ijon rtnayhbe inspection of excavation
; ; ; required due to the can be provided.
\éVlII rttqulre shoring and closeness to the
ewatering. existing structures.
Cobbles, boulders and
) . shale fragments may be
Low displacement piles. encountered during the Not feasible due to the
i installation, which may anticipated short pile
Steel H-piles Shepiig iongfh present problems. Moderate cost | |ength.

Vibration monitoring is
essential.

Care must be taken to
drive the piles into the
bedrock

Not recommended.

Drilled and cast-

The presence of
cobbles, boulders and
shale fragments may
present problems during
the installation of drilled
caisson foundations.

A feasible option.

Preferred option for the
bridge widening from

in-place ibrati Low overhead oo WIS '
Concrete piles Le_ss wb_ratlon created than O\ Moderate cost | reliability point of view,
5 driven piles conditions under the : g
(drilled pries. o . provided possible low
- existing bridge may . il
caissons) present some problems overhead conditions wil
for caisson installation. got_create problems_
This aspect should be uring the construction.
discussed once the
details of the widening
are known.
s - Expensive due
Minimizes vibrations and to special ] .
Micropile dewatering. Cost effectiveness is a equipment / g;?:iifeﬁgit%ntg:;
Foundations Can be installed in low main concern material and driled caissons.
overhead conditions. specialist

contractor
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List of Standard Specifications

OPSD
e 3101.150 WALLS, ABUTMENT, BACKFILL MINIMUM GRANULAR REQUIREMENT
e 208.010 BENCHING OF EARTH SLOPES
OPSS
e 539 TEMPORARY PROTECTION
o 1010 MATERIAL SPECIFICATION FOR AGGREGATES - BASE, SUBBASE,
SELECT SUBGRADE, AND BACKFILL MATERIAL
e 206 CONSTRUCTION SPECIFICATION FOR GRADING
o 212 CONSTRUCTION SPECIFICATION FOR. BORROW
o 501 CONSTRUCTION SPECIFICATION FOR COMPACTING
SP

e 902S01 EXCAVATION AND BACKFILLING TO STRUCTURES



Appendix H

Limitations of Report



LIMITATIONS OF REPORT

This report is intended solely for the Client named. The material in it reflects our best
judgment in light of the information available to Coffey Geotechnics Inc. (Coffey) at the
time of preparation. Unless otherwise agreed in writing by Coffey, it shall not be used to
express or imply warranty as to the fitness of the property for a particular purpose. No
portion of this report may be used as a separate entity, it is written to be read in its
entirety.

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

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

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

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





