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PRELIMINARY FOUNDATION REPORT
CEW-BEVENTH STREET UNDERPARS REPLACEMENT

1.0 INTRODUCTION

Golder Associates Ltd. (Golder) has been retalnied by URS Canada Ine. (URS) on behalf of the Ministry ‘of

Transportation, Ontario (MTO) fo provide preliminary foundation engineering services for the
replacement/rehabilitation of seven structures (Seventh Street, Lyon’s Creek, Tee Creek and Black Creek) on
the Queen Elizabeth Way (QEW) highway in the Regional Municipality of Niagara, Ontario.

This report addresses the replacement/rehabilitation of the exisling Seventh Street underpass structure, based
on the resuits from a 2013/2014 foundation investigation as well as the results from an earlier investigation, as
follows:

gz MTO GEOCRES No. 30M03-016: Report titled “Foundation Investigation Report for Proposed Seventh
Street Underpass and Q.E.W., Twp. Of Louth, County of Lincoln, District #4 (Hamiiton), W.J. 68-F-65, W .P.
212-83", prepared by Department of Highways Ontario, dated August 1966.

The terms of reference and scope of work for the foundation engineering services are outlined in MTO's Request
for Proposal (RFP) for Assignment No. 2011-E-0045 dated June 2011, and in Section 5.8 of the Technical
FProposal for this assignment. Additional boreholes with bedrock coring were subseguently undertaken, per the
change request dated February 2014,

2.0 SITE DEZSCRIPTION

The Seventh Street underpass structure is located at the intersection of the QEW and Seventh Street in the City
of 8t. Catharines, within the Regional Municipality of Niagara, Ontario. The existing underpass consisis of a
103.0 m leng {measured along centerling of Seventh Sitreet and between the centerlines of the abutment
bearings) by 22.2 m to 22.6 m wide (measured between outside edges of the deck) four-span structure, with the
existing abutment and piers supporied on vertical and battered piles.

In general, the terrain in this area is relatively flat, with the natural ground surface in the immediate vicinity of the
structure at about Elevation 87.5 m on the south side of the highway and about Elevation 85.5 m on the north
side. The QEW has been constructed on a low embankment relative to the natural ground surface, with the
existing pavement grade at approximately Elevation 89.3 m.

Seventh Street has been constructed on embankment fill, with embankment heights of about 7.5 m and 9.5 m at
the south and north approaches to the underpass structure, respectively. The pavement grade on Seventh
Street is at approximately Elevation 95.2 m at the abutments, and about Elevation 95.5 m at the structure crown.
The abutment foreslopes and embankment side slopes are oriented at approximately 2 horizontal to 1 vertical
(2H:1V).

3.8 INVESTICATION PROUCEDURES

The field work for the current subsurface investigation was carried out from April 22 to 25, 2013 and from July 28
to August 14, 2014, at which time four boreholes {(13-01, 13-02, 14-01 and 14-02} were advanced using a fruck-
mounted CME-75 drill rig supplied and operated by Geo-Environmental Drilling Inc. of Milton, Ontario. The
borehole locations are shown on Drawing 1. Boreholes 13-01 and 13-02 were advanced in the southeast and
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northwest quadrants of the proposed underpass through the Seventh Street embankment. Boreholes 14-01 and

. 14-02 were advanced on ihe existing ramps .in the scuthwest and northeast quadrants of the proposed . . .

underpass. .

Boreholes 13-01 and 13-02 were drilled using 108 mm inner diameter hollow stem augers through the
overburden to depths of 24.5 m and 29.0 m, respectively, where they were terminated after encountering shale
in the boltom sample. Samples were obtained at 0.75 m and 1.5 m intervals of depth, using a 50 mm ouiside
diameter split-spoon sampler driven by an automatic hammer in accordance with the Standard Penetration Test
(SPT} procedure. Boreholes 14-01 and 14-02 were drilled using 108 mm inner diameter holiow stem augers
without sampling through the overburden, to auger or split spoon refusal at depths of 19.4 m and 18.3 m,
respectively. NQ-size coring was completed below this depth and encountered residuat soils, cobbles and
boulders. Shale bedrock was cored below the cobbles and boulders in Borehole 14-02. Both Boreholes 14-(1
and 14-02 encountered difficuities in attempting to penetrate (core) through the cobble and boulder layer, and
the coring operations in these boreholes were terminated after the second or third night shift, respectively.

The groundwater conditions were observed in the open boreholes during and immediately following the
overburden drilling operations. Upon completion of drilling, the boreholes were backfilled with bentonite grout, in
accordance with Ontario Regulation 803 (as amended).

The field work was supervised full-lime by a member of Golder's staff who located the boreholes in the field,
contacted public utiiity companies to locate the existing underground services and cleared the borehole
locations, directed the drilling, sampling, and in situ testing operations, and logged the boreholes. The samples
were identified in the field, placed in labelled containers and transported to Golder's laboratory in Cambridge for
further examination and iaboratory testing. Index and classification tests consisting of water content
determinations, Alterberg limits testing and grain size disiribution analyses were carried out on selected soil
samples. The gectechnical laboratory testing was completed according to applicable MTO LS standards.

The Iocations and ground surface elevations of the boreholes advanced as part of the 2013/2014 investigaticn
were measured in the field by Callon Dietz, Ontario Land Surveyors. The borehole locations (referenced o the
MTM NADS83 co-ordinate system) and ground surface elevations (referenced to geodetic datum) are
surmmarized in the foliowing table and are shown on Drawing 1.

Borehole MTM NABS3 MTM NADB3 : Ground Surface Borehole

Number Northing {m) Easting (m} Elevation (m) Depth (m}
13-01 47821415 320,340.5 94.7 245
13-02 4,782,263.8 320,321.3 94.8 29.0
14-01 4,782172.5 320,314.8 80.5 22.5
14-02 4,782,250.3 320,3514 89.5 233

4.9  SITE GEOLOGY AND SUBSURFACE CORDITIONS
£1  Regional Geology

This section of the QEW is located in the Iroquois Plain physiegraphic region, as delineated in The Physiography
of Southern Ontario (Chapman and Putnam, 1984).
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The iroguois Plain physicgraphic region covers the area adjacent to Lake Ontario from the Niagara River to the

.Trent River. Bue to.the large area covered by the Iroguois. Plain, it.is divided.into a number.of sub-regions,.one ... ...

of which is the Niagara Fruit Belt that covers the area of the Seventh Street interchange. The Niagara Fruit Belf
lies between Lake Oniario and the Niagara Escarpment and extends eastward from Hamilton {o the Niagara
River. The general topography of this region consists of relatively flat-laying ground sloping graduaily towards
Lake Ontaric. The overburden within the majority of the Niagara Fruit Belt area is underiain by shale bedrock of
the Queenston Formation, which contains stronger limestone interlayers.

£.2 Subsurface Conditions

As part of Golder's 2013/2014 subsurface investigation, four boreholes were advanced in the vicinity of the
existing Seventh Street underpass structure. The borehole locations, ground surface elevations and interpreted
stratigraphic conditions at the site are shown on Drawing 1. This drawing also shows the approximate location
of seven “deep” boreholes, which penetrated through the overburden soils to refusal, advanced as part of the
1966 investigation at this site by the Depariment of Highways Ontario. The locations of the 1966 boreholes are
considered approximate, as they have been plotied based on station and offset measurements given in the 1966
report.

The detailed subsurface soil and groundwater conditions encountered in the boreholes advanced as part of the
current investigation and the resulis of in situ and laboratory testing are given on the borehole records contained
in Appendix A. The results of geotechnical laboratory testing from the current investigation are also presented
on the borehole records and on Figures B1 to B8 contained in Appendix B. The borehocle records from the 1966
investigation are contained in Appendix C. The stratigraphic boundaries shown on the borghole records and
interpreted stratigraphic section on Drawing 1 are inferred from non-continuous sampling and, therefore, represent
transitions between soil types rather than exact planes of geological changes. The subsoill conditions will vary
between and beyond the borehote locations.

In summary, the subsurface conditions encountered at the site consist of embankment fill overlying a deposit of firm to
very stiff clayey silt, which is underiain by very stiff to hard clayey silt till. The clayey silt till was not encountered in one
borehole {Borehele 13-01) near the south abutment; at this location, the clayey siit is underiain by a layer of dense
sandy gravel. Similar layers of dense silt and dense sandy grave! ware encountered below the till in Borehole 13-02
near the north abutment. Based on the coring results from the 2014 boreholes, these scils are underiain by a layer of
very dense gravel, cobbles and boulders, and shale fragments, which is in turn underfain by shale bedrock. A more
detailed description of the subsurface conditions encouniered in the boreholes is provided in Sections 4.2.1 to
427

424  Asphalt

Approximately 308 mm of asphait was encountered at the surface in Boreholes 13-01 and 13-02, which were
advanced through the existing Seventh Sireet pavement in the southeast and northwest quadrants of the
struciure site, respedctively.

4.2.2 Fill

Approximately 6.9 m and 9.1 m of fill associated with the Seventh Street embankment was encountered below
the asphalt in Boreholes 13-01 and 13-02, respectively. The fill extends io about 7.2 m and 9.4 m (Elevations
87.5 and 85.4 m) behind the south and north abutments. The upper portion of the fill consists of sand and gravel
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Standard Penetration Test (SPT) ‘N’ values within the sand and gravel fill range from 9 blows to 24 blows per 0.3

... m.of penetration. indicating that the sand and gravel has a loose to compact relative density. The measured SPT... .. ...

‘N’ values within the clayey silt fill range from 5 blows to 14 bows per 0.3 m of penetration, suggesting a firm to
stiff consistency. The measured SPT ‘N’ values within the silt and sand fil} range from 6 blows to 13 blows per
0.3 m of penetration, suggasting that the material has a loose to compact relative density.

The results of grain size distribution tests completed on one sampie of sand and gravel fill, one sample of the
clayey silt fill and one sample of the silt and sand fill are shown on Figures B1, B2 and B4 in Appendix B.
Atterberg Limits testing was completed on a sample of the clayey silt fill, and measured a plastic limit of about 16
per cent, a liquid limit of about 21 per cent, and a plasticity index of 5 per cent; these results are plotied on a
plasticity chart on Figure B3 in Appendix B; this test result confirms that the cohasive portion of the fill consists of
clayey silt of low plasticity. Laboratory testing of selected samples of sand and grave! fill materials measured
natural water contents of approximately 4 per cent to 9 per cent. The natural water content measured on
selected samples of clayey silt fill ranged between 15 per cent and 18 per cent and the natural content of two
selected samples of silt and sand fill were 14 per cent and 22 per cent.

4.2.3 {layey Bilt

A 3.9 mto 15.2 m thick deposit of clayey silt was encountered below the fill materials in Boreholes 13-01 and 13-
02, and in Boreholes 1 {o 7 from the 1966 investigation, extending to a base elevation of approximately 71.0 m to
81.5 m. This deposit consists of clayey silt containing trace quantities of sand and gravel.

The measured SPT ‘N’ values within the clayey silt range from 6 blows to 85 blows per 0.3 m of penetration, but
are typically between 6 and about 30 blows per 0.3 m of penetraticn.  In situ vane testing was conducted in the
clayey silt deposit in the current and 19686 investigations and measured undrained shear strengths that are
generally greater than 100 kPa; undrained shear strength values of approximately 80 kPa to 85 kPa were
measured in the upper portion of the deposit in two of the 1966 boreholes. These test results suggest that the
clayey silt deposit generaily has a stiff to very stiff consistency.

The results of grain size distribution tests completed on two selected samples of the clayey silt from the current
investigation are shown on Figure B5 in Appendix B. Atterberg limits testing was carried out on four selected
samples of the clayey silt from the current investigation, and measured plastic limits of 13 per cent to 18 per
cent, liquid limits of 20 per cent to 27 per cent, and plasticity indices of 8 per cent to 11 per cent. These test
results, which are plotted on a plasticity chart on Figure B8 in Appendix B and which are consistent with the 1966
results, confirm that this deposit consists of low plasticity clayey sill. The natural water contents measured on
selected samples of the clayey silt samples range from about 18 per cent to 26 per cent.

4.2.4 Clayey BHI T

A 1.7 m to 8.8 m thick deposit of clayey silt til was encountered below the clayey silt in Boreholes 13-02 14-02,
and Boreholes 1 to 7 from the 1966 investigation, with the deposit surface between about Elevation 71.0 m and
81.8m, and its base between about Elevation 66.1 m and 71.8 m. This till deposit consists of clayey silt with
sand, containing frace guantities of gravel.

The measured SPT ‘N’ values within the clayey silt til range from 19 blows to greater than 100 blows per 0.3 m
of penetration. stuggesting a very stiff to hard consistency.

November 10, 2044
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The results of grain size distribution tests completed on two selected samples of the clayey silt till from the

~_current investigation are shown on Figure B7 in Appendix B. Atterberg limits testing was carried out on two

selected samples of the till from the current investigation and measured plastic limits of 13 per cent and 15 per
cent, fiquid limits of 20 per cent and 22 per cent, and plasticity indices of 7 per cent. These test resuits, which
are plotted on a plasticity chart on Figure B8 in Appendix B, confirm that the till consists of low plasticity clayey
sit. The natural water contents measured on selected samples of the clayey silt till samples range from 10 per
cent io 12 per cent, below the plastic limit for the material.

4.2.5 Silt ang Sandy Gravs!

A 3.0 m thick layer of silt containing some sand was encountered below the clayey silt till deposit in Borehole 13-
02 near the north abutment, extending to a depth of about 26.2 m (Elevation 68.6 m). A 1.8 m to 3.1 m thick
layer of sandy gravel was encountered below the clayey silt in Borehole 13-01 near the south abutment, and
below the silt layer in Borehole 13-02 near the north abutment. The surface of these layers was encountered at
about Elevation 74.3 m and 71.6 m at the south and north abutments, respectively, and the base of these layers
was encountered at about Elevation 71.2 m and 66.8 m, again declining from the south to the north.

The measured SPT ‘N’ values within the silt and sandy gravel layers range from 33 blows 1o 49 blows per 0.3 m
of penetration, suggesting that these layers have a dense relative density.

428 Shale BlebeiCobbles and Boulders

Boreholes 13-01 and 13-02 from the current investigation, as well as Boreholes 1 to 7 from the 1966
investigation, encountered refusal within what was described at the time of investigation as shale bedrock, based
on observation of the recovered material in the split-spoon sampler. However, based on the resuils of coring
from Boreholes 14-01 and 14-02 advanced in the second phase of the current investigation, a layer of shale
slabs, cobbles and boulders is present below the clayey silt and the clayey sili till deposits. This cobble and
beulder/shale slab layer was proven only in Boreholes 14-01 and 14-02, where its surface was encountered at
Elevation 70.2 m and 68.3 m, respectively. Borehole 14-01 penetrated the shale slabs/cobbles and boulders for
3.2 m {to Elevation 67.0 m) and was terminated within the layer; in Borehole 14-02, this layer is about 1.1 m
thick, with its base at about Elevation 87.2 m,

Based on the resuits from Boreholes 14-01 and 14-02, observations of shale in the split-spoon sampler andfor
refusal have been re-interpreted to represent a layer of shale slabs, cobbles and boulders. The surface
elevation of this layer is summarized in the following table:

Surface Elevation of
Borehole No. Shale SlabiCobble
and Boulder Layer {m}
13-01 71.2
13-02 66.8
14-01 70.2
14-02 68.3
1 (1866) 70.8
2 (1968) 71.8

Movember 10, 2014
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Surface Elevation of

...BoreholeNo. . Shale SlabiCobble . .
and Boulder Layer {m)
3 {1966) 68.8
4 {1966) 66.3
5 {1966) 66.9
6 (19686) 86.1
7 (1968) 66.8

The SPT ‘N’ values measured in this layer are ail greater than 100 blows per 0.3 m of penetration, indicating a
very dense relative density.

4.2.7 Shale Bedrock

Shale bedrock was encountered below the cobbles and boulders at Elevation 67.2 m in Borehale 14-02 near the
north abutment, where it was cored for 1.0 m. Based on the cored samples, the bedrock generally consists of
red shale of the Queension Formation.

The recovered bedrock core is described as slightly weathered, and weak to medium strong. The Rock Quality
Designation (RQD) measured on the core samples was about 0 per cent, indicating a rock mass of vary poor
quality. The Total Core Recovery (TCR) of the core samples is about 36 per cent.

£.3 Groundwater Conditions

Details of the water conditions observed in the open boreholes at the time of drilling are summarized on the
borehole records following the text of this report.

The water levels measured in the open boreholes during driling operations are summarized in the foliowing
table:

Borchole | Ground Surtace | otV over | evation Date
{m) {m)

13-01 94.7 126 82.1 April 25, 2013
1(1966) 88.7 2.4 86.3 June 1966
2 (1966) 89.3 2.1 87.2 June 1966
3 (1966) 89.9 2.1 87.8 June 1966
4 (1966) 87.8 1.7 86.1 June 1966
5 (1966) 87.6 1.7 86.0 June 1966
6 (1966) 87.3 1.8 855 June 1966
7 (19686) 88.1 5.0 83.1 July 1968

The groundwater level should be expected to fluctuate seasonally and should be expected to rise during wet
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PRELIMINARY FOUNDATION REPORT
GEW-BEVENTH STHREEY UNDERPASS REPLACEMENT

5.0 CLOSURE

~This Prefiminary Foundation investigation-Report was prepared by Mr. Mehdi Mostakhdemi, M.Sc.; P.Eng.;and

reviewed by Ms. Lisa Coyne, P.Eng., & senior geotechnical engineer and Principal with Golder. Mr. Ty Garde,
P.Eng., a Designated MTO Foundations, act for Golder, conducted an independent review of this report.

Mehdl Mostakhdemi, M.Sc_, P. Eng"‘“\a S OE LY Lisa Coynie, PEng
Geotechnical Engineer Geotechnlcgr Ergifaes ﬁrmmpal

Ty Garde, M.Eng., P.Eng.
Principal, Designated MTO Foundations Contact

MMACC/TIGIsm

Wgalder gdstgatcanmbridgeiactivel2012 peojecis\i 111 geptechnical12-1111-0088 - urs - b siructure replacement - gewidT- repory]- seventh strostfingl rpt12-1111.0088 rpt 2044-11-08
seventh st underpass docx
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6.0 DISCUSSION AND ENGINEERING RECOMMERNDATIONSE

This section of the report provides preliminary foundation design recommendations for the proposed
replacement/realignment of the existing QEW-Seventh Street underpass. The recommendations are based on
interpretation of the factual data obtained from the boreholes advanced during the current subsurface
investigation, supplemented with data from a 1966 investigation at this site by Department of Highways Cntario.
The discussion and recommendations presented are intended to provide the designers with sufficient information
to assess the feasible foundation alternatives and to carry out the preliminary design of the structure
foundations. Further investigation and analysis will be required during detait design.

Where comments are made on construction, they are provided to highlight those aspects that could affect the
future detail design of the project, and for which special provisions may be required in the construction contract.
These requiring information on construction aspects should make their own interpretation of the factual
information provided as such interpretation may affect equipment selection, proposed construction methods,
scheduling and the like.

The existing structure consists of a four-span underpass, with the existing abutments and piers supported on
batiered piles. Based on the General Plan and Footing Layout drawings for the existing struciure, dated April
1968, the existing foundation details are summarized as follows:

Foundation Element Pile Cap Width Founding Elevation
Pite cap: 90.8 m {208.0 fi.)
Piletip: 70.5 m (231.2 1t.)

Pite cap: 88.8 m {(291.2 &)
South Pier 46m Pilg tip: 69.7 m (228.8 ft.} at east
10 68.2 m (223.8 #.) at west

Pile cap: 88.4 m (290.0ft)

South abutment 28m

Centre Pier 46m Pile tip: 66.2 m (217.2 ft)

i Pile cap: 88.8 m (201.5#.)

North Pier 46m Pile tip: 66.7 m (218.8 i)
North abutment 29m Pile cap: 90.8 m (298.0 f1.)

Pite tip: 65.9 m (216.2 ft.)

€2 ‘Foungation Oplions

Based on the planning study completed 1o date, i is understood that the future widening could consist of three
additional lanes on the QEW, and that the existing four-span underpass structure will require replacement. The
location of the new south abutment is proposed to be west of the existing abutment and the new north abutment
is proposed to be immediately east of the existing abutment.

The pavement grade at QEW is proposed to be at about Elevation 88.4 m at the structure site, similar to the
existing grade. The finished grade for the realigned Seventh Street will be approximately Elevation 96.0 m and
95.8 m at north and south abutments, respectively. Based on the current natural ground surface in the vicinity of

November 10, 2014
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the approach embankments, the south approach embankment will be up to approximately 8.5 m in height, and

_the north appreach embankment witl be up te approximately 10.3. minheight.

Based on the subsurface conditions at this site, both shallow and deep foundation options have been considered
for support of the abutments and piers for the new Seventh Street underpass. A summary of the advantages
and disadvantages associated with each option is provided below, and a comparison of the alternative
foundation options based on advantages, disadvantages, risks and relative costs is provided in Table 1 following
the text of this report.

-

Strip or spread footings founded on the stiff to very stiff clayey silt deposit: Strip or spread footings
are constructable for support of the new abutmants and piers at this site, and would permit semi-integral
abutment design; however, the preliminary geotechnical resistances asscciated with the stiff portion of the
depesit are likely not sufficiently high to permit design of the reptacement structure on strip or spread
footings. Further, significant excavation depths {(up o 4m at the piers, and more than 8 m at the
abutments) would be required, and temporary protection systems would be required to permit excavation
through the existing Seventh Street embankment at the abutment locations, as well as paraliel to the QEW
lanes for the pier excavations.

Footings “perched” on a compacted granular pad in the approach embankment: Up to about 70 mm
to 90 mm of settlement is predicted under the new 8.5 m to 10.3 m high approach embankments; while the
majority of this settlement is expected to be completed during and immediately following construction, there
is stifl potential for more than 25 mm of time-dependent seltlement of the firm portion{s} of the clayey silt
deposit. Because of this, depending on the foundation option for the piers, there is a potential for differential
settlement between the foundation elements with this option. Therefore, perched abutment footings are not
recommended for support of the replacement structure at this site.

Driven steel H-piles: Driven steel H-piles are suitable and feasible for support of new abutments (and
would permit integral abutment design), wing walls/retaining walls and piers at this site. There is a risk
associated with damaging the piles during driving to or into the layer of shale slabs/cobblas and/or boulders
above the shale bedrock. However, the pile driving can he controiied to avoid over-driving the piles once
this layer is reached, and a reasonabie bearing resistance can be achieved on this layer.

Driven stee] pipe (tube) piles: Steel tube {pipe) piles could also be considered as a deep foundation
option for support of new abutments, associated wing walls/retaining walls, and the piers at this site.
However, pipe piles are considered fo have a slightly higher risk than H-piles for hanging up, being
damaged or deflected away from their vertical or battered orientation due {o the presence of cobbles and/or
boulders at this site.

Caissons: Caissons are feasible for this site but would require the use of temporary or permanent liners
given the potential risks and difficuities associated with the water-bearing silt and sandy grave! deposits
through which caissons would be constructed. Due to these risks and potential construction difficuities,
caissons are not considered o be a preferred foundation system compared to driven pile foundations for
this structure site and therefore are not discussed in detail in subsequent sections of this report. However,
the relative advantages and disadvantages of caisson foundations are summarized in Table 1.

Movember 10, 2014
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Based on the above considerations, the preferred option from a geotechnicalffoundations perspective is fo

_.support the abuiments, associated wingwalls/retaining walls and piers for the replacement structure on steet H-

pite foundations supported on the very dense layer of shale siabs/cobbles and boulders, immediately above the
bedrock surface. Consideration will have {0 be given to potential conflicts between the new and existing
foundation elements, particularty at the cenire pier and north abutment based on the currenily proposed
alignment and layout for the replacement structure. In general, the existing pile caps may be left in place if
permitted or removed where necessary to avoid conflicts with new foundation elements. Where existing piles
are present within or near the footprint of new pile caps, the existing piles should be cut off below the level of the
new pile cap; the existing piles should not be extracted.

£.3  Bhallow Foundations

£.2.1 Founding Elevations

For support of the new abuiments, associated wing wallsfretaining walls, and new piers, strip or spread footings
should be founded below any fill and below any potentially soft near-surface soils, on the stiff to very stiff clayey
sit. The foilowing founding elevations are recommended for preliminary design of shallow foundations, as

shown in the table below, significant excavation would be required at the abutments and piers to reach these
founding levels.

Maximum
Foundation Borehole {Highest) . Approximate
Element No. Founding Founding Stratum Excavation Depth
Elevation
South abutment )
i , . 2.5 m (Piers)
south a_nd centre 13-01 87.0m Stiff clayey silt 8 m (Abutment)
piers
North abutmeant . . 4 m (Pier
and north pier 13-02 85.0m Siff clayey silt 10 m (Abutment)

The footing subgrade should be inspected by a Quality Verification Engineer following excavation, in accordance
with provincial standards to confirm that all existing fill, softened clayey silt soils or other unsuitable material have
been removed. The founding soils will be susceptible to disturbance. If the concrete for the footings cannot be
poured immediately after excavation and inspection, it is recommended that a concrete working siab be placed
on the prepared subgrade within four hours of its inspection and approval, as discussed further in Section 6.6.3.

£.3.7 Goolochnical Besistance/Regction

Strip or spread footings placed on the properly prepared subgrade, at or below the preliminary design elevations
given in the preceding section, should be designed based on the factored geotechnical resistances at Ultimate
Limit States (UL8) and geotechnical reaction at Serviceability Limit States (SLS) given below.

November 16, 2014
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Geotechnical

: Footing Factored Geotechnical ;
i Founding Stratum 1 Width - Resistance at ULS .....Rea.sciagp__at............. e,
South abutment, south pier am 275 kP 200 kPa

and centre pier
North abutment and north pier 3m 350 kPa 300 kPa

* For 25 mm of ssitlement

The preliminary gectechnical resistances/reactions should be reviewed if the selected footing width or founding
elevation differs from those given above. In addition, these preliminary geotechnical resistances are provided for
loads applied perpendicular to the surface of the footings; where applicable, inclination of the load should be
taken into account in accordance with Section 6. 7.4 of the Canadian Highway Bridge Design Code (CHBDC
2006) and its Commentary.

The preliminary geotechnical resistance values provided above will have to be re-evaluated and modified as
necessary during detall design, based on future additional subsurface investigation at the proposed abutment
and pier locations.

2.4  Driven Stes! H-Pille or Bisel Fipe [Tube} Foundations
£.4.1 Founding Elgvalions

The new abutments, associated wing walls/retaining walls and piers may be supported on stee! H-piles or steel
pipe (tube) piles driven o found on the very dense layer of shale stabs, cobbles and boulders that was
encountered above the shale bedrock. This layeris 1.1 m to more than 3.2 m thick as encountered in Boreholes
14-01 and 14-02, and it is not feasible to attempt to drive the piles through this very dense layer to reach the
shale bedrock. The following pile tip elevations may be used for preliminary design purposes, based on
interpolation (where maore than one reference borehole is considered) of the surface of the end-bearing layer and
assuming nominal penetration of approximately 0.5 m to 1 m into the very dense layer of shale slabs, cobbles
and boulders:

. . Reference CobbtefBoui_der. Estimated Design
oundation Element | Borehole No(s). Suréa:ﬁzf;f:sa’gﬁ;t N pile Tip Etevation (m)
Soutnabument | 5 1ce oy &6 (Wea)
South pier 11(‘;‘“90616) gg:g 70
Centre pier 7 {1968) 66.8 86
North pier 51(‘:;30626) 269 &7
North abutment 41(?;30826} ggg 87

November 10, 2014
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As can be seen in the table above, the surface of the very dense ("100-blow") layer varies in the boreholes, and

_ provisions. should be made in the Contract Bocuments to deal with varying pile lengths at the location of the .

abutments and piers. The pile caps should be consiructed at a minimum depth of 1.2 m for frost protection
purposes per Provincial Standards.

For the installation of steel H-piles or stee! pipe piles, consideration must be given to the presence of cobbles
and boulders within the clayey silt and till deposits, and to the very dense layer of shale slabs, cobbles and
boulders into which the piles will be driven. In this regard, sieel MH-piles are preferred over steetl pipe piles as
pipe piles are considered to pose a higher risk of hanging up, being damaged or being deflecied away from their
vertical or battered orientation during instaliation, due to their larger end area. The piles should be reinferced at
the tip with driving shoes or flange plates to reduce the potential for damage to the piles during driving in
accordance with Provincial Standards. For the very dense layer of shale slabs, cobbles and boulders into which
piles will be driven at this site, driving shoes are preferred over flange plates.

- Axial Contsohnics! Resizfance/Haaction

For prefiminary design for HP 310x110 piles driven tofinto refusal in the very dense layer of shale slabs, cobbles
and boulders at the estimated tip elevations provided in Seclion 6.4.1, the factored axial geotechnical resistance
at ULS may be taken as 1,400 kN, and the axial gectechnical reaction at SLS (for approximately 10 mm of
settlement) may be taken as 1,200 kN. The same axial resistances may be used in the design of closed-end,
concrete-filed, 324 mm {12 % in.) diameter stee! pipe piles having a minimum wall thickness of 9.5 mm (3/8 in.).
These preliminary gectechnical resistances should be re-evaluated and modified as necessary during detail
design in consideration of any additional subsurface investigation in the vicinity of the foundation elerments for
the replacement structure.

Pile installation should be in accordance with QPSS 803 (Deep Foundations). The pile termination or set criteria
will he dependent on the pile driving hammer type, helmet, selected pile and length of pile; the criteria must
therefore be established at the time of construction after the piling equipment is known to ensure that the piles
are not overdriven and to avoid possible damage to the piles. As the upper portion of the tayer of shale slabs,
cobbles and boulders demonstrates some weathering (based on ability to penetrate this layer by augering and/or
split-spoon sampling), it is anticipated that the piles will penetrate nominally into the fayer (as noted in the
preceding section). The piles should be driven {o an appropriate set criterion {o be established at the time of
construction, once the piling equipment is known. However, if "abrupl peaking” i5 met on stronger materials
within the cobble/boulder layer, it is recommended that the hammer energy be immediately reduced, and then
gradually increased over a series of blows 1o set the piles while minimizing damage to the piles.

8.5 Approach Embankmenis
551 Subgrade Frenarstion and Embankment Construatios

Based on the proposed alignment for the replacement structure, the existing Seventh Street embankments will
require widening fo the west at the south approach, and to the east at the north approach. It is recommended
that any topsoilforganic material be stripped from the footprint of the proposed approach embankment widening.
The depth and extent of stripping should be re-assessed during detail design if additional subsurface information
is available for the approach embankment widening areas.

Additional #il for construction of the embankment widening could consist of clean earth fill or granular fill. The
embankment fill for the realigned Seventh Sireet should be placed and compacted in accordance with OPSsS

Navember 10, 2014
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206 {Grading) and OPSS 501 {Compacting). Benching of the west and east sides of the existing Seventh Street

...embankment should be carried cut to *key in” the new fill materials for the realignment/widening, in accordance. .. .. ...

with OPSD 208.010 (Benching of Earth Slopes).

In accordance with MTCO's standard practice, a minimum 2 m wide bench should be provided where the fill
embankment side slopes are equal to or greater than 8 m in height such that the uninterrupted slope height does
not exceed 8 m. To reduce erosion of the embankment side slopes due to surface water runoff, placement of
topsoit and seeding or pegged sod is recommended as soon as practicable after construction of the
embankments.

8,52 Approach Embankment Siabilily

Pretiminary slope stabilily analyses have been performed for the proposed widened approach embankments
using the commercially available program SLIDE, produced by Rocscience Inc., 1o check that a minimum factor
of safety of 1.3 is achieved for the proposed embankment heights and geometries under static conditions. This
minimum factor of safety is considered appropriate for the proposed realignment/eastward widening on this
underpass, considering the design requirements and the available field and laboratory testing data.

Preliminary stability analyses were completed for a 8.5 m high south approach embankment and a 10.3 m high
north approach embankment, based on the subsurface conditions as encountered in Boreholes 13-01 and 13-
02, respectively, and also supported by the geotechnical data for the clayey silt deposit from the 1966
investigation. No mid-height bench was assumed in the preliminary stability analyses for these slopes, but the
mid-height bench would serve to improve the factor of safety further. The following parameters have been used
in the analyses, based on field and laboratory test data as well as accepted correlations:

Soil Deposit B&I:i;jl'ﬁlt .Ef_femive Ungi:?ar:'ed
(kNim%) | Friction Angle | oo oth (kPa)
Embankment fil} 21 32° -
Stiff to very stiff clayey silt 20 30° 100
Very stiff to hard clayey silt til} 21 32° -
Dense silt 20 32° -
Dense sandy gravel 21 32° -

The analysis results indicate that the 8.5 m and 10.3 m high south and north approach embankments will have a
factor of safety of at least 1.3 against global instability, provided that the side slopes are oriented no steeper than
2 horizontal to 1 vertical (2H:1V), and assuming appropriate subgrade preparation and proper placement and
compaction of the embankment fill materials. Example static global stability results are provided on Figures 1
and 2 for the south and north embankments, respectively. This preliminary assessment of the stability of the
approach embankments should be reviewed and confirmed based on any additional borghole data obtained for
the near-surface soils within the footprint of the widened approaches during detail design.

November 10, 2014
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5.8 Apnproach Embankment Sstlement

- Preliminary analysis of the seftlement-below the widened approach embankments-was carried out using the - -

commercially available computer program Seffle-3D from Roescience, using estimated elastic deformation
maoduli as given in the table below, based on correlations with the SPT "N” values, undrained shear strengths,
Atterberg limits testing and engineering judgement from experience with similar soils in this region of Ontario
(Bowles, 1984; Kuthawy and Mayne, 1980, Peck et al., 1974}.

Bulk Unit Elastic
Soil Deposit Weight Maodulus
(kN/m®) {MPa)
Embankment fill for widening 21 -
Stiff upper portion of clayay silit 20 15
Very stiff to hard portion of clayey silt 21 40
Very stiff to hard clayey silt til 21 40-100

Based on the preliminary settlement assessment, the following comments are provided:

= Al the north approach, an eastward widening of up to about 10 m is proposed. Based on the existing site
grading, this will require placement of a thickness of up to about 7 m of new fill on top of the existing
embankment side slope to achieve the maximum approach height of about 10.3 m. The subsurface
conditions generally consist of an upper few metres of stiff clayey siit, underlain by very siiff to hard clayey
sit and hard clayey silt till. The settliement of the foundation scils under this north approach widening is
estimated to be up to about 70 mm to 80 mm. The majority of this settlement is expected to occur relatively
quickly during and immediately following construction of the approach embankments. As it is anticipated
that the approach embankment widening will be constructed up to the underside of the pile cap, followed by
pile driving and pile cap construction; this will essentially act as a “preload”, with the effect that the majority
of the setilement will be completed by the time the pile cap is constructed. Based on the estimated
settlement and soil behaviour, and this assumed construction sequence, downdrag loads do not need to be
taken into account for the north abutment piles, and no other setilement mitigation measures are
considered necessary for the northward widening.

# At the south approach, nominal westward widening may be required. A preliminary setilement assessment
has been completed based on placement of 2 2 m thickness of filt on top of the existing west embankment
side slope. For this nominal widening, the settlement of the soils below the embankment will be less than
25 mm; this settlerment will occur relatively guickly during and immediately following placement of fill for the
widening.

The above preliminary estimates do not include compression of the fil! itself, which would occur during and after
the construction of the embankment widening depending on the type of materials used. The magnitude of fill
comprassion may range from 0.5 to 1 per cent of the height of the embankment, assuming approximately 98 per
cent compaction of the embankment fill is achieved, relative to the material's standard Proctor maximum dry
density. in the case where granular fill is used for embankment construction, settlement of the fill itself is
expecied to occur essentially during embankment construction, whereas nen-granular earth fill materials are

November 10, 2014
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6.6 Construction Considerations

" The foliowing sections identify future consfruction considerations that should be considered at this stage asthey

may impact the preliminary design. Where applicable, Non-Standard Special Provisions (NSSP) should be
developed during detall design for incorporation in the Contract Documents.

£8.1 Excavatlion and Temporary Protection Systems

It is understoed that Seventh Street will be closed during the replacement of the existing underpass structure, as
it will not be possible to stage the construction in two haives given the new alignment relative to the existing
structure.

The excavations for pile caps will extend through the existing Seventh Street embankment fill at the abutment
locations, and through the QEW embankment {ill and potentially into stiff clavey siit at the pier locations, If space
and construction activities permit at the abutment pile cap locations, open-cut excavations should be carried out
in accordance with the guidelines outlined in the Ocsupational Health and Safety Act (OHSA} for Construction
Activities. The existing fill is classified as Type 3 soil, according to the OHSA. Temporary excavations (i.e.
those that are open for a relatively short time period) should be made with side slopes no steeper than 1H:1V.

At this preliminary stage, it is anticipated that temporary protection systems will be required along the QEW to
facilitate removal down tofincluding the existing pier pile caps and for the new pier foundations, to minimize the
footprint of the removals and new construction and therefore minimize impacts on traffic on the QEW,
Temporary protection systems may also be required near the abutment locations, if there is insufficient room for
open-cut excavations based on construction activities. .The temporary protection systems should be designed
arx constructed in accordance with OPSS 539, fo meet Performance Level 2 adjacent to the QEW lanes.

882 roundwatasr Contral

Groundwater seepage info the foundation excavations is anticipated from cohesionless soil interlayers within the
clayey sit or till deposits {where these are present), and from groundwater "perched” on top of the clayey silt
deposit within existing granular fill. The seepage volume is expected to be relatively small, such that the water
inflow can be handled by pumping from filtered sumps placed at the base of the excavation. Based on these
small seepage volumes, it is not expected that a Permit to Take Water (PTTW) would be required for the
temporary groundwater control system at this site.

§8.8.3 Subgrade Protection

The existing fill materials or native clayey silt (and any interlayers, if present) that will be exposed at the
abutment and pier pile cap level will be susceptible to disturbance from construction traffic during piling
operations, andfor ponded water. To limi this degradation, it is recommended that a concrete working siab be
placed on the subgrade within four hours after preparation, inspection and approval of the fooling subgrade.
This requirement can be addressed with a note on the General Arrangement drawing andfor with an NSSP,
which can be developed during the detail design stage.

8.6.4 Driving Plles into Shale BlabiCobbls and Boulder Layer

Deep foundations are proposed to be driven to refusal in a very dense layer that has been interpreted fo consist
of shale slabs and limestone cobbles and boulders, based on the resuits from the 2014 investigation. The piles
should be fitted with driving shoes and pile driving should be carefully controlled to minimize damage to the piles.

November 19, 2014
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£.6.5 Conflicts with Existing Foundstion Elgments

- As noted-in-Section 6.2, consideration: wilt-have to-be given to potentiat conflicts between the new and -existing - -~

foundation elements, particularty at the centre pier and north abutment based on the currenily proposed
alignment and layout for the replacement structure. In general, the existing pile caps may be left in place if
permitted or removed where necessary to aveid conflicts with new foundation elements. Where existing piles
are present within or near the footprint of new pile caps, the existing piles should be cut off beiow the level of the
new pile cap; the existing piles should not be extracted.

£5.6.8 Vibration Moniloring During Plle inslaliation

It is understood that the existing Seventh Street underpass will be demolished prior to construction of the
replacement, so there wilt be no requirement for vibration monitoring of the existing structure. However, there is
an indusirial building in the southeast quadrant of the structure site, and the requirements for monitoring of
vibrations at this site during construction should be evaluated during the detail design stage. An NSSP should
be included in the Coniract Documents at the detail design stage for a vibration monitoring plan that would
inclhide appropriate review and alert levels for vibrations for the existing building.

8.7 Recommendaiions for Further Work During Detadl Design

A total of eleven boreholes have been advanced to “refusal” and, in some cases, cored info a cobble/boulder
layer or shale bedrock, as part of Golder's 2013/2014 investigation and the previous 1966 investigation at this
site. The surface elevation of the shale slab/cobble and boulder layer, to which deep foundations will be driven,
is variable, and the boreholes are not located precisely at each of the foundation elements. If it is desired to
reduce the risk of varying pile lengths, then additional borehole investigation at the propesed foundation
elements may be warranted to confirm the pile tip elevations beyond the interpolated values given in this report.

It is recommended that the following items be assessed further in detail design:

#  Further assessment of the potential conflicts between existing underground foundations/structures and the
new abutmeants and piers.

w  Further assessment of the sefttement under the north approach embankment widening to confirm the
magnitude of settlement and that the majority of seltlement will be compieted by the time the north
abutmeni piles are driven, based on the planned construction method/schedule for the north abutment and
approach.

= Assessment of vibration thresholds for the commercialfindustrial bullding in the southeast quadrant, and if
warranted development of an NSSP for a vibration menitoring plan.

November 10, 2044
Report No. 12-1111-0088-1 16




PRELIMINARY FOUNDATION REPOHRT
CEW-SEVENTH STREET UNDERPASE REPLACEMENT

7. CLOSURE

technical input and review by Ms. Lisa Coyne, P.Eng., a senior geotechnical engineer and Principal with Golder.
Mr. Ty Garde, P.Eng., a Designated MTO Foundations Contact for Golder, conducted an independent review of
this report.
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LIBY OF ABBREVIATIONS

The abbreviations commonly employed on Records of Boreholes, on figures and in the text of the report are as follows:

i SAMPLE TYPE

SOIL DESCRIPTION

With {cohesive)

A5 Augersample (&) Non-Cobesive (Cohesionless}Soils
BS  Block sample Density Index N
C8  Chunk sample Relative Density Blows/300 mm gr Blows/ft
DS  Denison type sample Very loose Ot 4
FS  Foil sample L.oose 4 to 10
RC  Rock core Compact 10 o 30
SC  Soilcore Dense 30 to 50
88 Split-spoon Very dense over 50
ST  Slotted tube
TO  Thinwalled, open
TP Thin-walled, piston
WS Wash sample
(b} Cohesive Soils
N PENETRATION RESISTANCE Consistency
Cu, By
Standard Penetration Resistance (SPT), N: kPa psf
The number of blows by a 63.5kg. (1401} Very soft 0to 12 0t 250
hammer dropped 760 mm (30 in.} required to Soft 12 to 25 250 1o 500
drive a 50 mm {2 in.) drive open sampler for a Firm 25 to 50 500 to 1,000
distance of 300 mm (12 in.} Stiff 80 to 100 1.000 to 2,000
Very stiff 100 to 200 2,000 to 4,000
Hard over 200 over 4,000
Dynamic Cone Penetration Resistance; Ny: V. SOIL TESTS
The number of blows by a 3.5 kg {140 1b.) W water content
hammer dropped 760 mm (30 in.} {o drive Wo plastic limit
uncased a 50 mm (2 in.) diameter, 60° cone W liguiidd limit
attached to "A” size drill rods for a distance of c consolidation {oedometer) test
300 mm {12 in.). CHEM  chemical analysis (refer to text)
CID consolidated isotropically drained triaxial test’
PH: Sampler advanced by hydraulic pressure ciu consolidated isotropically undrained triaxial test
PM: Sampler advanced by manual pressure with porewater pressure measurement’
WH: Sampler advanced by static weight of hammer  Dg relative density {specific gravity, G;)
WR: Sampler advanced by weight of sampler and 0ns direct shear test
rod M sieve analysis for particle size
MH combined sieve and hydrometer {H) analysis
Piezo-Cone Penetration Test (CPT) MPC Modified Proctor compaction test
A electronic cone penetrometer with a2 60° SPC Standard Proctor compaction test
conical tip and a project end area of 10 cm” oC organic content test
pushed through ground at a penetration rate of  SCa concentration of water-soluble sulphates
2 cmis. Measurements of tip resistance (Q)), uc unconfined compression test
porewater pressure (PWP) and friction alonga  UU unconsalidated undrained triaxial test
sleeve are recorded electronically at 25 mm vV field vane (LV-laboratory vane test)
penetration intervals. ¥ Lnit weight
Note: 1 Tests which are anisotropically consolidated prior
to shear are shown as CAD, CAU.
V. MINOR SOIL CONSTITUENTS
U Per cent by Weight T Modifier Example
Oto & Trace Trace sand
5t 12 Trace to Some {or Little) Trace to some sand
12t 20 Some Some sand
20 o 30 {ey) or (y) Sandy
over 30 And {non-cohesive (cohasionless)ior  Sand and Gravel

Silty Clay with sand / Clayey Silt with sand



LIBY OF BYMBOLS

Unless otherwise stated, the symbols employed in the report are as follows:

acceleration due to gravity)

k. GENERAL {a) Index Properties {continued)
W water content
i X, naturat logarithm of x we o PL plastic timit
togio x or log x, logarithm of x 1o base 10 I, or Pl plasticity index = (w — wp)
a acceleration due to gravity Wi shrinkage limit
t fime I liquidity index = {w—wp} /1,
Fos factor of safety c consistency index = {w —-w) /|,
Eemax void ratio in loosest state
rmin void ratio in densest state
b density index = (€max — €) / (€max ~ &min)
ik STRESS AND STRAIN {formerly relative density)
¥ shear strain {b) Hydraulic Properties
A change in, e.g. in stress: A g h hydraulic head or potential
£ linear strain 4 rate of flow
E volumetric strain W velocity of flow
7 coefficient of viscosity i hydraulic gradient
U Poisson's ratio K hydraulic conductivity
o folal stress {coefficient of permeability)
o effective stress (o' = ¢ — u} i seepage force per unit volume
T initial effective overburden stress
v, o2, 03 principat stress {major, intermediate, (c) Consolidation {one-dimensional)
minor) Ce compression index
ot mean siress or oclahedral stress {normally consolidated range}
= (e + a2 + Gal3 Cr recompression index
T shear strass {over-consolidated range)
L porewater pressure Cs swelling index
E modulus of deformation Cy secondary compression index
G shear modulus of deformation my coefficient of volume change
K bulk modulus of compressibility Cy coefficient of consolidation (vertical direction)
Cr coefficient of consolidation thorizontal direction)
Tu time factor (verticatl direction)
U degree of consolidation
Il 50IL PROPERTIES o'p pre-consolidation stress
OCR over-consolidation ratic = o'y f 6y
(a) Index Properties
plv) bulk density (bulk unit weight)* {d) Shear Strength
pPalva} dry density (dry unit weight) T, Tr peak and residual shear strength
Eroel o} density (unit weight) of water g effective angle of internal friction
pe{vs) density (unit weight) of solid particles angle of interface friction
' unit weight of submerged saoil H coefficient of friction = tan &
(¥ =7 —vw) ¢ effective cohesion
Dr relative density {specific gravity) of solid Cu. Sy undrained shear strength { = 0 analysis}
particles {Dg = ps / pu} {formerly Gg) p mean total stress (g1 + g3)/2
& void ratio ol mean effective stress {o'+ + o"3)2
n porosity q {61 — e3)2 or {o'1 ~ o"a)f2
5 degree of saturation Qu comprassive strength (o1 — a3}
5 sensitivity
¥ Density symbol is p. Unit weight symbol is v Notes: 1 = ¢ + ¢ tan
where y=pg (i.e. massdensily multiplied by 2 shear strength = (compressive strength /2
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LITHOLOGICAL AND GEOTECHNICAL ROCK DESCRIPTION TERMINDLOGY

WEATHERINGS STATE

Fresh: no visible sign of weathering

discontinuities,

Slightly weathered: penstrative weathering developed on apen

discontinuity surfaces but only slight weathering of rock material.

Moderately weathered: weathering extends throughout the rock

mass but the rock material is not friable.

Highly weathered: weathering extends throughout rock mass and

the rock material is partly friable.

Completely weathered: rock is whoily decomposed and in a friable

condition but the rock and structure are preserved.

BEDDING THICKNESS
Description Bedding Plang Spacing

Very thickly bedded
Thickly bedded
Medium bedded
Thinly hedded
Very thinly bedded
Laminated

Greater than 2 m
0BmioZm
0Z2mito0B8m
80mmto3.2m
20 rmm to 60 mm
& mm to 20 mm

Thinly laminated Less than B mm

JOINT OR FOLIATION SPACING

Description Spacing
Very wide Greater than 3 m
Wide Tmtadm
Moderately close 03micim
Close 50 mm to 300 mm
Veary close Less than 50 mm
GRAIN SIZE

Term Size*

Very Coarse Grained Greater than 60 mm

Coarse Grained 2 mm to 60 mm
Medium Grained 80 microns to 2 mm
Fine Grained 2 microns to 60 microns

Very Fine Grained Less than 2 micrans

Nate: * Graing greater than 60 microns diameter are visible to the
naked eye.

CORE CONDITION

Total Core Recovery (TCR)

_The percentage of solid drill core recovered regardless of qualityor

length, measured relative to the length of the total core run.

Solid Core Recovery {SCR)
The percentage of solid drill core, regardiess of length, recovered at

full diameter, measured relative to the fength of the total core run.

Reck Quaiity Designation {(RQD)

The percentage of solid drill core, greater than 100 mm length,
racavered at full diameter, measured relative to the length of the
total core run. RQD varied from 0% for completely broken core to
100% for core in solid sticks.

DISCONTINCLHTY DATA

Fracture index

A count of the number of discontinuities {physical separations) in
the rock core, including both naturally occumring fractures and
mechanically induced breaks caused by drilling.

Dip with Respect to Core Axis

The angle of the discontinuity relative to the axis {length} of the
core. fn a vertical borehole a discontinuity with a 80° angle is
horizontal.

Bescription and Notes

An abbreviation description of the discontinuities, whether naturally
occurring separations such as fractures, bedding planes and
faliation planes or mechanically induced features caused by drilling
such as ground or shattered core and mechanically separated
bedding or foliation surfaces. Additional information concerning the
nature of fracture surfaces and infilings are also noted.

Abbreviations

SN Joint PL  Planar
FET Fault CU Curved

SH Shear UN  Undulating
VN Vein IR Hregular
¥R Fracture K  Slickensided
SY Stylolite PO Polished
BD Bedding SM Smooth
EC  Foliation SR Shghtly Rough
CQO Contact RO Rough

AXJ Axial Joint ViR Very Rough

KV Karstic Void
MB Mechanicat Braak



Frusdation Desige

Associa{es

PROJECT _iziiiiooss RECORD OF BOREHOLE No 13-02  SHEET 1 OF 3 METRIC
GW.P. 21770800 LOCATION N 47THI2B3 6 E 3203213 ORIGINATED BY 5B _
DIST 1 Contral HYWY QEW BOREHCLE TYPE_ 108 mm |5 Cantirunus Skght Holtow Stem Augars » COMPILED BY _ aAv
DATUM Geodetic BATE Aprg 22,2013 CHECKED BY__
CYMAMIC CONE PEMETRATION
3 SOIL PROFIRE SAMPLES x " % RESISTANCE PLOT = - REMARKS
= iz 8 26 4 80 80 100 £ &
g EUJ ..... % §8%1[[1[ %% carapezE T
ELEV DESCRIETION 12| | 2|28, 8 [PHEARSIRENGTHKRa DISTRBUTION
DEPTH 1| & | 5 [28) 2 |= unconened i FIELD VANE - ¥ e
B Z |EC] L |e QUICKTRIAWAL  REMOULoer| WATER CONTENT (35
5480 GROUND SURFACE = W A B0 80 100 20 4 8 i [GR 5A 81 oo
) ASPHALT : :
ggg SPHAL
23 Sand and gravel. sorme silt, race
1o same ciay (FILL) 58 24 . i
CompaCl Jlegletls 94 P PR ESNY IR N N e
Brown )
Maist 53 23
58 g 03 i % . 32 41 20 7
974
24 Clayey sili lrace o some sane, 8s 7
trace gravel (FILL} e
Firm to stiff a2
Brovan
Inist
55 10
2 a1 :
= :
2 55 | 14 i : 09 o
[ 803
g 55 Silt and sand. Face gravel,
x centaining silty ciay pockets .
£ (FILL) 55 | 12 80
I Compact
< Brown
(: saz Moist
o 55 Cigyey 4t with sand, frace .
a gravet, carsaining roosels {FILL) [k
2 BEI 1o fiem
g Brown
= Iboist 33 k]
2' 88 PR S LR S e
G} :
a
=2
=
&
s ss | s a7
=
w
=
i
9
= 861
e &7 Silt and sand, trace clay, BH | -
b vontaining rootiets (FILLY
w Looss
£| 854 Brown -
g 9.4 Naist 55 =
= CLAYEY SET, trace sand, frace
EE qraves T
o Eirrn to siff 3
o Grey to brows:
3 Moist 3
T
=
= 84
ol 58 12
x
2
20
20
g
z 83
1‘; ~
jad .
3 A1z oss | g +—
$ 277 TS —— PSPPSR SRR RO
3]
&) Eis
2 133 CLAYEY SET with sand, ace
T gravvei (FILL)
= “ery sl b hand 21 [ -
- Grey 55 22 9 oG
= Adpisi 2 S 172 63 14
a
=
<
& a0
ontinisd Mest Pags
i a o3 e, 3. Numbess refer o o A%

Sonsits STRAIN AT FALUAE




Foimdation Design

CROJECT 1211110088 RECORD OF BOREHOLE No 13-02  SHEET 2 OF 3 METRIC
GW.P. 2177-08-00 LOCATION N 4782263 .6 £ 320321.3 ORIGINATED BY _sB
DisT Centra HWY _QEW BOREHOLE TYPE 108 mm 0. Continuous Flght Hollow Stem Awgers COMPILED BY __Av
DATUM  Geodetic DATE Aprii 22, 2013 CHECKEDR BY LCC

CreNAMIG CONE PENETRATION
SO PROFILE SAMPLES ]
_______ & © 2 RESISTANCE PLOT_;;_ PLESTIC TSL“TR]'}{L - REMARKS
[ — : SADISTURE z
=3 I g |28 8 [ 20 a0 s 0 Ta00 T Gonenr 2.0 &
N FoFw w 3 = P ] w - ¢
ELEV DESCRIPTION =19 & | 2 |2g]| 2 [SHEARSTRENGTHIKPa I = | oisTREUTION
TEFTH = T2 & = 8 Fal 2 T UNCONFINED ¢ FIELD VANE ¥ {55
Eie 2|29 L |e OUCKTRIAXAL - REMOLLogr| WATER CONTENT (%) ’
- CONTINUED FROM PREVIOUS PAGE — w 20 4F 60 B0 190 40 ED e |orR sa s oL
CLAYEY SILT with sand, trace :
gravel (FILL)
Wery stiff to hared o 21
Gray
foist 79|
78
85 | 22 H

" 2 ]

o 7%

=]

2

= 75

7

a

-

o

=2

=

g

= 55 46 s 4 25 50 23

= 73 :

o]

o

=

z

g

o 72t -

i 7e

E 23z ST, some sand

] Denss

It Grey

] Muist to wat 71

[

w

74

=5

o

o 181 55§ 43

s 70

w0

fra]

poe]

Q2

i

I

= [Yo] S

2| aes

=l Ty Sandy GRAVEL, race clay, trace

2 siE, contaning shale fragmeants

= Tanse -

- Haogd-brown L 68} -

- Wt S

&

B 5% | 93

ol ool ]

i Shale (bedrock sish or

3 cabblebowider ayer)

g Weathased

& Aeddish brown 1o grey

6"‘: 658 O . e T A

] 71 T e e e B e S S s S H e S

o

2

a

o

Continuss Naxt Hags
hars refer to

5% AT EAl L
Senciiny L7 STRAR AT FAILLIRE




Foundation Desigr

Assoclates

PROJECT 12414149083 RECORD OF BOREHCLE No 13-02 SHEET 3 OF 3 METRIC
GWP_ ztrosec LOCATION N 4762763.6 ;F 3203243 ORIGINATED BY 56
DIsT Centra HWY _QBwW BOREHOLE TYPE_ 108 men LD Contnuous Flght Hofiow Stem Augers COMPREDBY By
DATUM _Geodeiic . DATE April 22, 2013 CHECKED BY __ Lcc
SOIL PROFILE SAMPLES i | BN GO FENETRATION
E o1 5 [rEsisTANCERLOT —. s[RI = REMARKS
____________________________________________________________________ ko g lE28lE |2 % s s 0 [N cowes B ST &
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GRAIN SIZE DISTRIBUTION
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Seventh Street Underpass, GWP 2177-08-00
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GRAIN SIZE DISTRIBUTION
Seventh Street Underpass, GWP 2177-08-00
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Clayey Silt Till FIGURE B7
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