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FOUNDATION INVESTIGATION REPORT
For .
Proposed S-E/W Ramp Structure Crossing
Over Speed River
and
Adjacent Retaining Wall
W.P. 533-91-04, Site 35-579

Hwy. 6 & Hwy. 24 District 3, Stratford

INTRODUCTION

This report summarizes the results of a foundation investigation conducted at the proposed
Hwy. 6 South - Hwy. 24 E/W.Ramp structure and adjacént retaining wall in the City of
Guelph, District 3 (Stratford) within the SouthWestern Region. The ramp structure is
proposed to cross the Speed River and the retaining wall is proposed immediately south of
the structure extending beyond the ramp structure abutment and the existing Hydro
transmission tower which is located approximately 30 metres south of the abutment. The
structures are planned in conjunction with the new Hanlon Expressway (Hwy. 6) and
Wellington Street (Hwy. 24) interchange. The new interchange will replace the existing
level intersection that is now present. The scope of the report is limited to the structures
and immediate approaches.

General

The site is located approximately 75 to 100 metres east of the existing Hwy. 6
Northbound/ Speed River Crossing structure in the City of Guelph, Wellington County.
Wellington Street (Hwy. 24) is located approximately 0.5 km north of the proposed structure
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location. The existing northbound structure is located adjacent to a twin southbound

structure. The structures are reinforced concrete four (4) span structures constructed in

1971.

The Speed River flowing in a westerly direction is naturally the dominant feature at the site.
At the site location, the river is approximately thirty-five metres in width. Embankment

slopes, approximately 1H:1V and five (5) metres in height are present on the south river

bank whereas on the north river bank the land is flat adjacent to the river. The south

embankment appears to be the result of fill placed for the construction of an access roadway
in the area. The river level at the time of the investigation was approximately 1 metre in

depth.

'Beyond. the river on the south side, the slope of the ground rises gradually. A hydro

corridor exists within the southern limits of the site. On the north side, the ground surface
rises gradually as well but approximately 100 metres north of the site, the ground level is
flat. An abandoned landfill site is situated at this location. It appears that this area was

the location of a former gravel pit.

Land Use and Terrain

The site is mainly grassland, which was snow covered for the duration of the investigation.

Some wooded areas are also located along the Speed River.
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There are several storm water outfalls in the general site area. The storm sewers discharge

storm waters into the Speed River.

Land use surrounding the site is primarily residential and industrial. A new residential
subdivision was partially completed in the area south of the site at the time of the
investigation. The Guelph Dolome Quarry is situated just west of the site and the Bryden

Apartments and Manor Motel are located north of the site.

Geology -

Physiographically, the site is located within the region known as the "Guelph Drumlin Field".
Within this area, there are approximately 300 drumlins of all sizes. The drumlins in this
area are not closely spaced and there is intervening low lying grounds between the drumlins.
This is for the reason that during the most recent Wisconsinan Glaciation vperiod
(approximately 12,000 years ago), the ice which moulded this drumlin field advanced from
the southeast whilst the receding glacier moved perpendicular to this direction. As a result,
the drainage of the ice front was directed to lower and lower outlets and hence the drumlin
field is furrowed by parallel vaileys running perpendicular to the trend of the drumlins.,

Along the sides of these valleys there are broad sand and gravel terraces.

As a result of the glacial activity, the general landform pattern consists of drumlins or
groups of drumlins fringed by gravel terraces. The dominant soil materials are the
unstratified, unsorted drumlin tills consisting of a heterogeneous mixture of gravels, sand and

silts and the deep gravel terraces of the old meltwater spillways. Overburden in the site
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area is underlain by dolostones of the Amabel and Guelph Formations. Overburden

thicknesses are shallow in the site and usually less than five (5) metres.
INVESTIGATION PROCEDURE
General

Soil and rock data and inherent properties were obtained by conducting both an in situ field
investigation and laboratory analysis. Details of the field investigation and laboratory testing

program are discussed below.

Field Investigation

The fieldwork for ‘this project was conducted between 93 02 01 and 93 03 11 and consisted
of a total of thirteen(13) boreholes. The boreholes were advanced to depths ranging from
2.1 mto 119 m. Two dynamic cone penetration tests advanced to depths of 49 m and 6.7
m were also conducted. Six (6) of the boreholes were advanced in conjunction with the
proposed S-E/W Ramp structure foundation locatibns and two (2) of the boreholes were
advanced at the proposed embankment fill locations in advance of this structure. A total

of five(5) boreholes were advanced in copjunction with the proposed retaining wall.

Eleven of the boreholes were advanced on land using a conventional track mounted Central

Mining Equipment (CME) 55 drilling unit. Hollow stem augering techniques were used to

~ penetrate the overburden at these borehole locations.
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Two boreholes were advanced offshore and within the Speed River utilizing a raft and a

more portable, diamond drill unit. The diamond drill used was a skid mounted Boyles Bros.

'No. 1 unit that had a weight of approximately 700 kg. Conventional diamond drilling

techniques that included washboring within rotary driven casing was used to advance the

boreholes.

Disturbed subsoil samples were retrieved in the overburden using a 50 mm diameter split

spoon sampler driven in accordance with the Standard Penetration Test (SPT-ASTM

D1586). The sﬁmples were generally retrieved at 0.76 m intervals for the surficial 4.5

metres and at 1.5 m intervals thereafter. The track mounted unit employed an automatic
hydraulic tripping hammer mechanism to impart the standard driving energy. Bedrock
underlying the overburden was cored up to 3.1 metres in depth using conventional rock

coring techniques. A NX core barrel within NW Casing was used in the coring process.

All subsoil samples were identified in the field and then properly sealed in plastic containers
to preserve natural moisture contents in the soil. The samples were then transported to the
laboratory where additional visual classifications were carried out and pertinent laboratory

tests were conducted as described in the next section below.

Rock core samples were also identified in the field and physical properties were determined
by visual examination and also by measurement of rock quality designations (RQD’s) and
rock core recove’ry.' All rock core were placed in standard rock core boxes and carefully

transported to the laboratory.
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Groundwater levels were determined by monitoring the water levels in the open boreholes

and the lake level was also monitored throughout the duration of the field investigation.

~ All boreholes were backfilled upon completion of the fieldwork.

The survey related to the location and elevation of the individual boreholes was provided
by Southwestern Region Surveys and Plans. A boat was required to determined the lake

bottom and lake level elevations at the borehole locations off-shore.

Laboratory Analyses

All subsoil samples were carefully visually examined in the laboratory in accordance with
the procedures outlined in the Visual Method described in Chapter 2 of the MTO Soil
Classification Manual. The behaviour, gradatibn and natural moisture contents of the soil

were determined by conducting the appropriate laboratory tests on representative samples.

Sample preparation and testing were conducted in accordance with the MTO Laboratory

Testing Manual.

Detailed rock core logging was conducted in the laboratory by an in-house resident
géologist. The rock core logging included descriptions of colour, grain size, bedding, jointing

and strength.

Laboratory test results have been summarized below in the subsequent section of this report

entitled "Subsurface Conditions" and are illustrated on the corresponding boreholes and
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figures included in the Appendix to this report.
SUBSURFACE CONDITIONS

General

The subsurface conditions across the site consist of a shallow xia;ive depoéit comprised of
a heterogeneous mixture of gravel, sand and silt underlain by dolostone bedrock. The
heterogeneous mixture of gravel, sand and silt has a thickness ranging from 0.7 m to 44 m
and is considered a glacial till deposit. Boulders gnd cobbles, which are characteristic of
these types of deposits, were also encountered. The dolostone bedrock encountered were
from two formations, the Guelph and the Amabel. The bedrock surface elevatioﬁ varies

from 299.3 m to 308.2 m.

‘As mentioned earlier, an embankment exists bn the south river bank attributable to the
placement of fill material placed and supposedly compacted over the native heterdgenedus
mixture of gravel, sand and silt. The fill material was placed up to a thickness of 5.0 metres
and consists primarily of an irregulé’r mixture of silt, sand and gravel. Traces. of black
organic inclusions étre also present randomly within the fill material. The fill material
overlies thé native soil at the ramp structure location but the nativé soil thickness diminishes
in a southerly direction and hence ‘the fill material is directly underlain by bedrock at the

southern limits of the proposed retaining wall.
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Fill material also exists at the proposed north approach embankment location. The fill
material, comprised of an irregular mixture of silt, sand and gravel with traces of organics
and incinerated refuse is suspected to be part of the abandoned landfill. The thickness of

this fill material is approximately 1.8 metres.

A plan of the site illustrating the locations and elevations of the boreholes is shown on Dwg.
No. 5339104-A in the Appendix, A subsoil stratigraphical profile is also provided. The
boundaries between the various soil types, in situ and laboratory test results as well as
groundwater levels established at the time of investigation are shown on the stratigraphical

profile and also on the individual Record of Borehole sheets in the Appendix.

SOIL/ROCK DESCRIPTIONS

Water

Approximately 0.8 to 0.9 m of standing water was present in the Speed River at the time
of the investigation. The water had frozen, although not completely, at the time of the

investigation. Some flow was evident within the middle of the river.

Irregular Mixture of Silt. Sand and Gravel (Fill Material)

Fill material comprised of an irregular mixture of silt, sand and gravel exists at the proposed
south abutment, south pier, retaining wall and also at the proposed north approach

embankment location. The thickness of the fill material ranges from 1.5 m to 5.0 m south
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of the river and has a thickness of approximately 1.8 metres at the north approach location.
Traces of black organic material was evident within the predominantly brown material.

Incinerated refuse material was also encountered at the north approach location.

A grain size distribution envelope as determined by hydrometer and mechanical sieve
analysis that illustrates the gradation of the fill material is shown on Figure 1 in the
Appendix. The envelope depicts a broad range of particle sizes ranging primarily from silt

to gravel.

Atterberg Limit tests conducted on the fine grained portion (less than 425 micrometres) of
some representative samples indicate that the fine grained portion ranges from a non-plastic
silt to a plastic silt (ML). In general, however, it can be concluded that the material is

cohesionless.

- The N’ values as determined by the Standard Penetration Test ranged from 3 blows/0.3 m
to 60 blows/0.08 m. In general however, 'N'values were less than 30 blows/0.3 m indicating
a state of denseness ranging from very loose to compact. The higher 'N’ values are perhaps

attributable to the larger gravel particle sizes within the fill material.

Heterogeneous Mixture of Gravel, Sand and_Silt (Glacial Till)

Underlying the fill material on land and the water offshore, a native heterogeneous mixture
of gravel, sand and silt is present across the site. This deposit of glacial till origin is

unsorted and unstratified and as observed by samples i'etrieved in the water and by
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observation of the lake bottom and auger grinding inference, the deposit also contains
boulders and cobbles. The deposit which varies in colour froxﬁ brown to grey has a
thickness ranging from 0.7 to 4.4 m. At some locations across the site, the surficial 1 to 1.5

metres of the deposit also contains traces of organics and hence is black in colour,

A grain size distribution envelope produced by mechanical sieve and hydrometer analysis
is given on Figure 2.in the Appendix. The results reveal a broad range of particle sizes
ranging primarily from silt to gravel. The envelope does not include particle sizes larger

than gravel. The broad range of particle sizes is typical of deposits of glacial till origin.

The ’N'values as determined by the Standard Penetration Test range from as low as 2
blows/0.3 m to as high as 60 blows/0.03 m indicating a very loose to very dense state of
denseness. The low "N’ values are the result of the organics in most cases and the larger
‘N’ values are the result of perhaps the natural denseness of the deposit and the iarger

gravel, cobble and boulder particle sizes.
Bedrock

| 'fhe bedrock at the site underlies the heterogeneous mixtyre of gravel, sand and silt and .
consists of a "vuggy" fossiliferous dolostohe of the Guelph and the underlying Eramosa
Member of the Amabel Formation. The Gueiph dolostone, the younger formation, was
encountered at the boreholes within the water at an elevation ranging from 300.7 m to 302
m. Offshore and south of the river the Amabel dolostone was encountered at elevations

ranging from 299.3 m to 299.8 m at the S-E/W ramp structure and along the proposed
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retaining wall, the bedrock surface elevation rises from Elevation 302.7 m to Elevation 308.2
m in a southerly direction. The bedrock surface varies from 3014 m to 301.8 m north of
the river. Up to 3 metres of NX rock core was retrieved at each of the individual boreholes

advanced at the proposed structure foundation locations.

The dolostone bedrock is a chemical sedimentary rock that is medium graine‘d.‘ The rock
is unweathered to slightly weathered_and is featured by a porous "vug" texture and stylolites.
The rock is very pale orange to yellowish brown (Guelph Formation) to dark yellowish
brown (Amabel Formation) in colour and contaiﬁs thin horizontal beds and very close to
moderately close spaced vertical fractures. Detailed descriptions of the bedrock are

attached in the Appendix in a report entitled "Description of Rock Core".

An assessment of the quality of strength of the rock was carried out by measuring core
recoveries and Rock Quality Designations (RQD’#) in the field and conducting physical
index property tests. Recoveries were in the order of 95 to 10_0%\ and RQD’s ranged from
0% to 66% indicating that the rock is of very poor to fair quality. Rock strengths can be
described as medium strong for the Aniabel Formation and weak for the Guelph Formation.
Rock Core penetration rates were generally rapid which is indicative of the weaker nature

-of this sedimentary rock.
GROUNDWATER CONDITIONS

~ Observation of the groundwater level was carried out by measuring the water levels in the

open boreholes and monitoring the lake level throughout the duration of the field
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investigation. The river level was approximately 303.7 m at the time of the investigation and
remained constant throughout the investigation. On shore and adjacent to the Speed River
‘the water level appeared to reflect the river level and ranged from elevatién 3032 m to
303.9 m. Most of the boreholes advanced in conjunction with the proposed retaining wall

further beyond the Speed River were dry upon completion.

Groundwater levels in general, are subject to seasonal fluctuations and hence can vary from

the values given in this report.
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DISCUSSION AND RECOMMENDATIONS

"'In conjunction with the proposed interchange at the Haplon Expfessway (Hwy. 6) and
Wellington Street (Hwy. 24), it has been proposed to construct a three equal span beam-
type structure that will carry the Hwy. 6 S to Hwy. 24 E/W ramp over the Speed River.
The structure will be upstream of the existing Hwy~_6 NB/ ’SB twin structures and is located
immediately north of a former landfill site. In fact, the north approach for the structure will
be situated within the abandoned rehabillitated landfill site. Two of the structure

foundations are planned within the Speed River.

In addition, in view of the presence of a Hydro transmission tower located approximately
30 metres south of the ramp structure, a fifty(50) metre long retaining wall has been
proposed to retain the approach embankment‘ fill material. Twenty(20) metres of the
-retaining wall is proposed north of the northwestern leg of the existing tower and thirty(30)
metres of the retaining wall is proposed sou_th of this leg. The existing Hydro transmission

tower is founded on concrete caissons.

The ramp structure width varies to a maximum 14.75 m increasing in the nﬁmﬁer of lanes
from two to tﬁree in the northwardly direction. The structure also slopes downward at ’an
approximate 5% gradient in a northwardly direction. The proposed profile grade therefore
varies from approximately 315 m at the south approach to approximately 314 m at the north
approach. The original ground is approximately 308 m and 304 m at the south and north

approach respectively. Therefore, approximately seven (7) metres of approach embankment
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fill material will be required at the south approach and up to ten (10) metres of approach
embankment fill material will be placed at the north approach. The proposed retaining wall

will retain approximately seven(7) metres of fill material.

Dwg. 5339104-A in the Appendix illustrates a plan of the proposed structures and related

structure foundations. The drawing also includes the proposed profile grade superimposed

on a subsoil stratigraphical section.

Contained in the scope of this report are recommendations to facilitate the design and
construction of the proposed structure foundations and related earth/rock works.

Foundation and geotechnical recommendations are provided for:

1) Structure Foundations
- S-E/W Ramp
- Retaining Wall
2) Backfill to Structures
3) Approach Embankments

4) Construction Considerations

1) STRUCTURE FOUNDATIONS

S-E/W RAMP STRUCTURE

In view of the varying conditions at the site due to the existing fill material south of the river
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and at the north approach, the shallow overburden thickness at the proposed south pier,

north pier and north abutment, and in consideration of the magnitude of the proposed

approach embankment fills, it is recommended that the structure foundations be founded

as summarized in Table 1 below.

South Abutment

North Abutment

South Pier Spread Footings |
North Pier ‘ Spread Footings o

Deep Foundations (Steel H-Piles or

- Concrete Caissons)

Deep Foundations (Steel H-Piles or

Concrete Caissons)

Detailed recommendations for each structure foundation is given below.

Deep Foundations

General

In view of the existing fill material at these proposed structure foundation locations and the
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significant proposed approach embankment fill heights, it is recommended that both

abutments be founded on end bearing deep foundation units consisting of either steel H-
piles driven to the bedrock surface or alternatively concrete caissons augered and installed
to bedrock. The most cost effective and technically feasible option shall be selectéd. Major
consideration shall be given to employing an open abutment~type design because of its cost
effectiveness. Abutments cah be perched within the embankment fill material supported by

the deep foundation units.

Driven Steel H-Piles

Both abutments can be founded on steel H-piles driven to the bedrock surface. For

purposes of the O.H.B.D.C., the steel H-piles can be designed employing the axial capacities

v

tabulated in Table 2 below.

South Abutment HP310x110 1600 1100 2995+

HP310x79

North Abutment HP310x110

HP310x79

To prevent pile installation impedment and difﬁculty,' it is recommended that the maximum

particle size of any newly placed fill be restricted to 75 mm. This specification shall be
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included in the contract documents as a Non-standard special provision (NSSP).

Axial capacities provided in Table 2 are for vertical piles only. Reductions of axial

capacities for inclined loadings shall conform to factors provided in Section 6-8.3.4.3 of the

OHBDLC.

It is recommended that to facilitate the pile driving process, all piles be equipped with

reinforced tips. Driving shoe details are given on OPSD 3301.00.

Pile spacing shall conform with Section 6-8.3.10 of the O.H.B.D.C. For centrally loaded
piles equal load sharing on the deep foundation units can be assumed. The design of
eccentric loaded deep foundation units shall comply with Section 6-8.3.4.2 of the O.H.B.D.C.
All piles shall have a minimum three (3) metres edge distance from the crest of a slope such

as that located at the south river bank.

The lateral resistance for both vertical and battered piles shall be computed in accordance

with Section 6-8.3.8 of the O.H.B.D.C. Pertinent unfactored soil parameters to facilitate the

“design of vertical piles is given in Table 3 below. The corresponding soil depths can be

obtained from the relevant borehole logs and having knowledge of the proposed heights of
fill. In the computation of thé lateral resistance within fill material, it is recommended that
the uppef 60% of the embedment length within the fill (taken from the.frost penetration
depth) shail be disgarded and to account for uncertainties in method of placement and
material selection, it is recommended that the shear strength parameters be reduced by

10%.
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Pile caps shall be protected against frost penetration by providing a minimum 1.2 m earth

cover or equivalent frost protection.

Irregular Mixture of Silt, Sand and Gravel 30° 20

(Fill Material)

— e

Het. Mixt. of Gravel, Sand and Silt 30° 20.

T ——— st

Concrete Caissons

Alternatively, the abutments can be founded on concrete caissons augered and placed on
bedrock at or below the elevations provided in Table 2. To facilitate the design of the
concrete caissons, a vertical factored bearing capaéity equivalent to 3500 kPa can be
employed for the dolpstone bedrock at the U.L..S._ In view of the unyielding nature of the
bedrock, the Serviceability Limit State (SLS) will not govern the design because the stresses
required to induce detrimental settlements at the SLS will exceed the factored capacity at

ULS.

The designer can use the bearing capacity provided to select the size of the caisson and the
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respective ultimate capacity. For instance, a 0.9 m diameter caisson will yield a capacity

equivalent to approximately 2300 kN at U.L S.

The lateral resistaﬁce for vertical or battered concrete caissons can be computed in
accordance with Section 6-8.3.8 of the O.H.B.D.C. and using the data given in Table 3.
Lateral resistance can be further augmented by socketing the caissons into the bedrock. The
socket shall be a minimum 0.5 m and an unconfined compressive strength (qu) df 10 MPa

can be used to compute the horizontal capacity of the caisson in the rock. Again, only the

‘Ultimate Limit State (U.L.S) will govern the lateral capacity design.

Pile caps shall be protected against frost penetration by providing a minimum 1.2 m earth

cover or equivalent frost protection..

Construction of the concrete caissons will require augering holes through the native
heterogeneous mixture of gravel, sand and silt in most cases submerged beneath the
groundwater table. As a result, spécial measures will be required to prevent the collapse
of the shaft of the hole under the created condition of the unbalanced hydrostatic head.
The constfuction of the caissons will be discussed under the title "Construction

Considerations” later in this report.
Shallow Foundations

In view of the shallow overburden thickness at the proposed south pier and north pier

locations, it is recommended that these piers be founded on conventional spread footings
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bearing on the competent dolostone bedrock. For purposeé of the O.H.B.D.C., all footings

founded on the dolostone bedrock can be designed as summarized in Table 4 below. -

South Pier . 1500 N/A 302

North Pier 1500 N/ A 301

|

As indicated in Table 4 above, only the factored capacity at U.L.S. governs the design
because of the unyielding nature of the bedrock. Stresses required to induce detrimental

settlements at the Serviceability Limit State would exceed the factored capacity at U.L.S.

The capacities tabulated in Table 4 pertain to vertical normal loads only. Reductions of

bearing capacities to account for inclined loadings shall conform to factors provided in

Section 6-7.3.3.5 of the O.HB.D.C.

The sliding resistance of the spread footings founded on the bedrock surface can be
computed by employing an unfactored angle of friction of 30° between the concrete footing
and the bedrock surface. Should additional horizontal resistance to sliding be required,

shear keys or dowels can be incorporated. An unconfined compressive strength of 10 MPa
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and a bond stress of 500 kPa (between cement grout and bedrock) at U.L.S. are relevant
shear key/ dowel design parameters within the dolostone bedrock. The lateral resistance of
shallow foundations shall be computed in accordance with Section 6-7.3.3.2 of the

OHBDC.

It is prudent that the footing base be pro{ected against weathering during construction. To
preserve the iﬁtegrity of the bedrock surface during constmctioxi, it is recommended that a
100 mm thick lean mix concfete coating be placed on the footing bedrock surface within
four(4) hours of exposure. Any previously weathered or loosened rock shall be removed

prior to the placement of the concrete coating.

The construction procedure of the footings within the Speed River including the dewatering
method will be discussed under the subheading "Construction Considerations” later in this

report.
RETAINING WALL -
General

Subsurface conditions at the proposed retaining wall are irregular and non-uniform and
therefore special consideraiion must be given to the \(arYing conditions. Both the ground
surface and bedrock surface slopes upwardly in a southerly direction along the proposed
retaining wall alignment. The bedrock is overlaii; By fill material consisting of an irregular

mixture of silt, sand and gravel but its thickness decreases from approximately 5 metres
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to 1.5 meties. As a result, in the selection of a foundation scheme, it is. imperative that
these varying depths of fill material be considered. All foundations will be founded on
bedrock but the selection of a sﬁallow and/or deep foundation must be done such that the
definitions of shallow and deep foundation are satisfied. A deep foundation is defined by
a minimum D/B ratio (usually about 2 to 2.5) where D is the embedment depth and B is
the foundation width or _diamefer. In addition, a minimum three(3) metre embedment is
required to satisfy lateral rigidity requirements for a deep foundation. For D/B ratios less

than 2 to 2.5, the foundation can be defined as a shallow foundation.

In view of the subsurface conditions and in consideration of the shallow/deep foundation

definitions, it is recommended that the retaining wall be founded on:

1) deep foundation concrete caissons on bedrock
or
2) shallow foundations on bedrock (from Station 104070 to 10+085), and

deep foundation concrete caissons on bedrock (from Station 104085 to 10+120)

The retaining wall design must satisfy a number of geotechnical related criteria and hence

the following must be prevented:

1) Foundation Bearing Capacity Failure
2) Foundation Sliding Failure
3) Overturning Failure

4) Overall Instability
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Foundation and geotechnical parameters to facilitate a safe retaining wall design is given
below. The retaining wall must be designed to satisfy ultimate and serviceability limit states

as described in _Sectio'n 69 of the O.H.B.DC.

The type of retaining wall can be a conventional reinforced concrete type of retaining wéll
or alternatively a reinforced éarth or mechanically stabilized earth retaining wall. Should
é reinforced earth wall be chosen, it is recommended that a non-standard special provision
(NSSP) be iﬁcluded in thé contract documents that outlines specifications for submission and
design requirements, materials, construction and performance of the wall. A copy of the
NSSP can be obtained from this office. The internal stability of the reinforced earth module

will address the sliding and overturning design criteria mentioned above.

The type of retaining wall that proves to be the most encountered and technically feasible

shall be selected.

1 Foundation Bearing Capacity

Concrete Caisson Option

The retaining wall can be supported by concrete caissons founded on bedi'_ock. In view of
the shallow overburden thickness between Station 104070 and 10+085, caissons installed
within this area must be augered and socketted into the bedrock such that the minimum

embedment is achieved.
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Recommendations for the founding elevations are summarized in Table 5 below.

10+070 to 10+085 305+ !
I 10+085 to 10+120 302.7+ |

= e

*Minimum Embedment criteria must be satisfied.

Concrete caissons can be designed for vertical bearing capacity as previously described for |
the caisson option supporting some of the structure foundations for the S-E/W ramp
structure. Frost protection criteria of 1.2 m earth cover or equivalent is also applicable for

the design of the caissons caps.

It is anticipated that no major dewatering problems will arise during the construction of the

caissons because of the fact that the groundwater table was below or at the bedrock surface.

However, should the groundwater table rise within the fill, sloughing of the shaft of the
augered hole due to unbalanced hydrostatic head conditions can occur. Caisson construction

will be discussed under the title "Construction Considerations" later in this report.
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Shallow Foundations/ Deep Foundation Combination Option

Alteilnatively, the retaining v?all ca be supported on convéntional spread footings founded
on the bedrock surface between Statiqns 104070 and 10+085 inclusive and on concrete
caissons as described above beyond Statidn 10+085. The design of spread footings on the
bedrock can be carried out using the parameters previously recommended for spread
footings for the south and north piers (see table 4). The founding elevation can be

"stepped” between 305.1 m and 3082 m.

No dewatering problems are anticipated during the -excavation and construction of the

spread footings. The footing base shall be protected as previously described.
2) Sliding
Horizontal Capacities

The horizontal capacities of shallow foundations and concrete caissons can be determined
as previously described for the foundations of the S-E/W ramp structure. An unfactored
angle of friction of 30° between the concrete fdoting_ and the bedrock can be used for the’
shallow foundations and the lateral resistanée for vertical or battered concrete céissons can

be computed in accordance with Section 6-8.3.8 of the O.H.B.D.C.

Additional horizontal capacity can be achieved using shear keys or dowels for spread

footings and socketting caissons in the rock. An unconfined rock compressive strength (qu)
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of 10 MPa can be used .for the shear key/socket design and a bond stress of 500 kPa

(between cement grout and bedrock) at U.LS. can be used for any dowel design as

\ previously discussed. A minimum 0.5 m socket is recommended. The lateral resistance of

the caissons attributable to the overlying fill material shall be as previously described (see

page 19).

Backfill, Drainage and Lateral Earth Pressure

‘Backfill, drainage and lateral earth pressures to the retaining \&allrshall be designed and

constructed as described in the "Backfill to Structure" section below.

3) Overturning

Overturning failure involves rotation of the wall about its toe. Earth pressures to be used
in the analysis can be computed as described in the "Backfill to Structure” section below.

The retaining wall design must safeguard against overturning,

4) Overall Stability

In view of the cohesionless nature of the fill material present at the location of the proposed
retaining wall, and the close proximity of the bedrock surface at'some locations, there are

no overall stability problems anticipated.
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2) BACKFILL TO STRUCTURE

- Material

It is recommended that Granular "A’ or Granular ‘B’ material be placed within a wedge
behind the abutments and retaining wall bounded by a plane rising at 60° to the horizontal
as shown in Figure 69.6.1 of the O.HB.D.C. The application of granular material

_combined with weep holes in the abutment/ retaining walls or pipe subdrains to drain any

accumulation of water in the backfill will prevent hydrostatic pressure build-up.

Design parameters of the soil are given in Table 6 below. Computations of lateral earth

pressure shall be in accordance with Section 6-6.12 of the O.HB.D.C.

Angle of Internal Friction 35° 30°
(¢ (unfactored)
e e ——— W
Unit Weight (kN/m®), y 22.8 212
*Coefficient of Active Earth Pressure (K,) “
- S.LS. 0.27 0.33
-ULS. 0.33 0.40
*Coefficient of Earth Pressure at Rest (K,)
-S.LS. - 043 050
-ULS.

0.50

058
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*These earth pressure coefficients apply to horizontal backfill surfaces only. The
apprqpriate consideration shall be given to account for sloping backfill. The coefficient of

earth pressure at rest shall be applied for rigid and unyielding walls.

Backfill and Compacti_on

The backfill shall be placed in 300 mm lifts in accordance With OPSS 902 series and

compacted to achieve the target maximum dry deasity as outlined in OPSS 501.07.08.

Heavy vibratory equipment should be avoided in the backfill construction adjacent to the
structure. It is therefore .recommended that hand compaction equipment be employed in
backfilling behind the abutment and retaining wall within a lateral distance equ_al to the
current height of fill above the wall footing, in order to minimize deflection or possible

damage of the wall.’
3) APPROACH EMBANKMENTS
General -

As mentioned earlier, up to seven(7) metres and up to ten(10) metres of approach
embankment fill material v?ill be required at the south’and north approach respectively. At
the north approach location, an abandoned landfill site is present. A previous report
produced by Gartner Lee Ltd. (see W.P. 186-89-00) who was retained by MTO to conduct

both environmental and geotechnical investigations contain recommendations regarding the
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design and construction of the embankment fills placed at this locétion. This area was not
explored during our more recent foundation investigation and hence recommendations for
the design and construction of the north approach embankments in this area are not

included in the scope of this report.

The design of embankments such as those proposed at the site must satisfy two major
criteria:
(1) Stability

(2) Settlement

These criteria are discussed below. Embankment material and construction- is also

discussed.

(1) Stability

Global

In view of the cohesionless nature of the fill material and underlying heterogeneous mixture
of gravel, sand and silt, there are no deep seated global stability problems anticipated for
embankment slopes constructed at 2H:1V both in the transverse and longitudinal directions.
It is essential, however, that any deleterious material be subexcavated prior to fill placement.

Internal

To preserve the internal stability of the proposed embankments and to avoid surﬁcial slope
failures, the following guidelines shall be followed:

- 1. Earth fills up to eight(8) metres in height shall be constructed at 2H:1V slopes or flatter.
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2. Earth fills exceeding eight(8) metres as proposed at the north approach shall be
~constructed at 2H:1V slopes with a nominal two(2) metre midheight berm constructed with
a 2% gradient towards the toe of the embankment to prombte surface turnoff or

alternatively constructed at 2,5H:1V slopes.

3. Embankment slopes adjacent to the Speed River shall be protected against the sc'ouiing |
and exjosive water forces. A revetment system consisting of a 0.3 metré thick rip rap or
gabion stone material aé outlined in OPSS 1004.05.06 is recommended. A filter material
between the rock protection and the base embankment material is also recommended.
Speciﬁcations for the gradation and thickness of the filter material are dependent on the
gradation of the base embankment material and can be provided by thi$ ofﬁc_e once the

composition of the base material is known.
(2) Settlement

Settlemént_s induced as a result of the applied embankment loading will be the; result of the
elastic compression of the native subsoil and as a result of settlements within the fill
material itself including the fill material tha& already exists at the site. Itis anticipated that
: appmxi_mately’ 50 mm of settlement attributable to the elastic compression of the existing’
fill and native soil at the south approach and approximately 25 mm of settlement within the
native soil at the north abutment location will be realized. This settlement is expected to
_ be elastic in nature and hence should be realized during or shorﬂy after the construction

period.
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Settlements within the embankment fill material are also anticipated as the result of internal
stress induced by the self weight of the material. It is anticipated that approximately 75 mm
to 100 mm of settlement will occur within a ten(10) metre earth fill and 25 mm to 50 mm

within the seven(7) metre earth fill embankment.

Settlements within the earth fill should occur almost instantaneously and hence should occur
during or immediately following construction for a granual material, Settlements of cohesive
fill embankments will be more time dependent and anticipated to be realized within a

thfee(?a) month time period following placement.

Embankment Construction

All organic material shall be excavated at the base of the proposed embankment fills prior
to the construction of the embankment proper. Any subexcavation within the cohesionless
o:ganic’surﬁcial materials submerged below the prevailing water table as present at the
north abutment location will necessitate a dewatering scheme. One method of achieving this
subexcavation is to excavate an initial p.ilot trench within the central area of the planned
area and sump pumping the drained water seepage from this trench. The excavation can
then proceed laterally in sequence until the entire ’area is effectively drained. 'Excavétion
can then be advanced vertically if required. This dewatering scheme controls and contains
any soil sloughing within the confines pf the excavation. The contraétof shall submit his
proposal of subexcavation and dewatering for review by this office prior to construction. A
NSSP should also be included in the contract documents that states that the excavation of

any cohesionless material submerged below the groundwater table is susceptible to
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conditions of unbalanced hydrostatic head and hence can "boil" under these conditions.

Embankment fills shall be placed and compacted as specified in OPSS 206.07.07 and OPSS

501 series.
4) CONSTRUCTION CONSIDERATIONS

Pier Construction in the Speed River

A dewatering scheme will obviously be required to facilitate the construction of the south
pier and north pier located within the Speed River. In view of the 'larger boulder and
cobble sizes that comprise the native soil situated at lake bottom and overlying the bedrock,

the driving of an interlocking steel sheet pile wall to form a water tight enclosure is not
considered a practical alternative because of the impedment that would result. It is
therefore recommended that temporary barriers or dams be constructed to divert the water
flow from the structure foundations and then excavation of the overburden be advanced

using a "box-type" scheme. Excavation can take place within the box. As the overburden

. is being excavated, the box or prefabricated enclosure can then be displaced until the

bedrock surface is encountered. The bedrock surface-box interface can then be sealed
effectively to prevent water inflow and additional pumping can the be carried out if

required.

It is' recommended that the Contractor submit dewatering scheme plans prior to
construction. Qur office can then assist in the review of these drawings to determine

acceptability of the proposal.
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Caisson Construction

" As mentioned previously, caisson construction within augered holes penetrating the

cohesioniess _irregular mixture of silt, sand and gravel or the heterogeneous mixture of
gravel, sand and silt submerged below the groundwater table will require a dewatering
system. This is for the reason fhat -soil sloughing and cave-in will ré#ult due to the
unbalanced hydrostatic head condition produced during construction. One method of

controlliﬁg this condition is to use mud drilling and tremie techniques. In employing this

technique the quality of the bentonite slurry (density, viscoéity) should be kept under

constant control to ensure that it performs satisfacmrily.

Alternatively, the caisson can be constructed within a temporary steel liner installed at the
appropriate depth to prevent cave-in of the cohesionless submerged soils. After, the liner
has been cleaned out and the required reinforcing installed, the concrete should be placed
in the dry. An overzealous rapid withdrawal of the temporary casing should be avoided to
prevent the intfusion of soil in the concrete (necking). Conversely, the temporary liner

should not be allowed to get stuck in partial set concrete.

The proposed method of caisson installation shall be in accordance with OPSS 903.07.03 and
subject to review by this office. It is prudent that the contractor submit a caisson

construction for approval as outlined in OPSS 902.04.01.
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As mentioned earlier, it is recommended that a NSSP be included in the contract documents

that states that the cohesionless irregular mixture of silt, sand and gravel and heterogeneous

~ mixture of gravel, sand and silt s'ﬁbmerged below the prevailing groundwater is subjected

to conditions of unbalanced hydrostatic head and hence can boil.

Environmental Considerations

Instream and shoreline construction can increase sediment depositions to a waterbody. As
stated in Gartner Lee Environmental Report and héraby reiterated special environmental
construction précautions must be placed and implemented. A number of construction
mitigative techniques have been given in their report and these guidelines should be

carefully followed to control and reduce impacts.

MISCELLANEOUS

The fieldwork for this investigation was carried out under the supervision of T. Sangiuliano,
Foundation Engineer, utilizing equipment owned and operated by Malones Soil Samples and
Master Soils Investigation Ltd. Logging of the rock core in the laboratory was carried out

by D. Williams, Petrographer.

The project was carried out by T. Sangiuliano under the general supervision of P. Payer,

Senior Foundation Engineer. The report was written by T. Sangiuliano, reviewed
Vsl

by P. Payer and approved by M. Devata, Chief Foundation Engineer. "

T. Sangiulia 'b, P.Eng.
Foundation Engineer
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M. Devata, P.Eng.
Chief Foundation Engineer
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EXPLANATION OF TERMS USED IN REPORT

NOVALE: THE STANDARD PENETRATION TEST (SPT) N VAWE 1S THE NUMBER OF BLOWS REQUIRED TO CAUSE A STANDARD Simitn .0 SPLIT BARKEL
SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A MAMMER WITH A MASS OF 63.3kg, FALLING
FREELY A DISTANCE OF 0,76m. FOR PENETRATIONS OFf LESS THAN 0.3m N VALUES ARE INDICATED A5 THE MUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED, AVERAGE N VALUE 15 DENOTED THUS M,

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT { 5lmm O.0. 60° CONE ANGLE ) DRIVEN BY 475
IMPACT ENERGY ON A’ 51ZE DRILL RODS, THE RESISTANCE 1O CONE PENETRATION 1S MEASURED AS THE NUMBER OF BLOWS FOR EACH  0.3m
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GRCOUND. ’

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

CONSISTENLY: COHESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH (¢, } AS FOLLOWS:

[ e tkPay | 0-12 12 - 25 25-50 | 50-100 | 100 - 200 | 5200
VERY SOFT|  SOFT iR p STIFF | VERY STIFF | HARD
DENSENESS: COMESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS:

{N (BLOWS/0.3m)] ©0 -5 | 5-10 10 « 30 30- 50 =50
VERY IOQSE| (ODSF COMPACT DENSE  |VERY DENSE

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

ECOVERY: SUM OF ALl RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LEMNGTH OF THE CORING RUN,

MOBIFIED RECOVERY: SUM OF THOSE INTACT CORE PIECES, 100mm+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.
THE ROCK QUALITY DESIGNATION (R G D), FOR MODIFIED RECOVERY, 151

[ koD (%) 0-25 25-50 | 50-75 75 - 90 90 - 100
VERY FOOR| POOR FAIR GOOD | EXCELLENT

SPACING S0mm 50« 300mm}] 0.3m = 1 m - 3m >3m

JOINTING VERY CLOSE CLOSE | MOD, CLOSE WIDE VERY WIDE
BEDDING VERY THIN THIN MEDIM THICK VERY THICK,

ABBREVIATIONS AND SYMBOLS
MECHANICAL PROPERTIES OF SOIL

FIELD SAMPLING

$5 SPLUT SPOON TP THINWALL PISTON m, kpa"!  COEFFICIENT OF VOLUME CHANGE
W35 WASH SAMPLE ©5  OSTERBERG SAMPLE Ce 1 COMPRESSION INDEX
S T SLOTTED TUBE SAMPLE R C  ROCK CORE Cq i SWELLING INDEX
B S BLOCK SAMPLE PPHTW ADVANCED HYDRAULICALLY Cy ¥ RATE OF SECONDARY CONSOUIDATION
€5 CHUNK SAMPLE P M TW ADVANCED MANUALLY <, mi/s  COBFFICIENT OF CONSOUDATION
T W THINWALL OPEN F S5 FOU SAMPLE H m DRAINAGE PATH
T, 1 TIME FACTOR

STRESS AND STRAIN ‘ u %  DEGREE OF CONSOLIDATION
vy kba  PORE WATER PRESSURE _ Ty kPa  EFFECTIVE OVERBURDEN PRESSURE
T 1 PORE PRESSURE RATIO o kPa PRECONSOUIDATION PRESSURE
o kfa TOTAL NORMAL STRESS 7 kPo SHEAR STRENGTH
o’ ko EFFECTIVE NORMAL STRESS ¢’ kra EFFECTIVE COHESION INTERCEPT
s ko SHEAR STRESS . ¢ - EFFECTIVE ANGLE OF INTERNAL FRICTION
& 0.0 kko PRINCIPAL STRESSES : <, kpa APPARENT COHESION INTERCEPT
€ % LINEAR STRAIN by -* APPARENT ANGLE OF INTERNAL FRICTION
€8, .4, % PRINCIPAL STRAINS L kpa RESIDUAL SHEAR STRENGTH
£ kpa MODULUS OF LINEAR DEFORMATION 7, kPa REMOULDED SHEAR STRENGTH
G kpa MODULUS OF SHEAR DEFORMATION 5, 1 SENSITIVITY = f;k'u..
@ g COEFFICIENT OF FRICTION f

PHYSICAL PROPERTIES OF $OIL

A kg/m® DENSITY OF soLID PARTICLES e 1, %  VOID RATIO €pin 1% VOID RATIO IN DENSEST STATE
A kN/m®  UNIT WEIGHT OF SOLID PARTICLES n 1% PoOROSITY Iy ! DENSITY INDEX éﬁ%ﬁ
A, kg/m® BDENSITY OF warer w L% WATER CONTENT ) mm  GRAIN DIAMETER

Yy kN UNIT WEIGHT OF waTER S, % DEGREE OF SATURATION Dy mm  n PERCENT - DIAMETER

P kg/m® DENSITY OF sOI1L w % UQUID LiMT ¢y ! UNIFORMITY COEFFICIENT

Y kn/ed it WEIGHT OF 50011 W, % BLASTIC LimiT h m HYDRAULIC HEAD OR POTENTIAL
% ka/m’® DENSITY OF pRY 501L Wy % SHRINKAGE LiMIT q m*/s  RATE OF DISCHARGE

7‘; kN UNIT WEIGHT OF DRY SOIL ' % PLASTICITY INDEX = W ~ Wp v mis  DISCHARGE VELOCITY

Bat  kg/m® DENSITY OF SATURATED SON , . LIGUIDITY INDEX s manP i ) HYDRAULIC: GRADIENT

Vgt KN/m UNIT WEIGHT OF SATURATED SO ' o W - w k m/s  HYDRAULIC CONDUCTIVITY

P kg/e® DENSITY OF SUBMERGED SOIL e To- CONSISTENCY INDEX: ‘“L—n;“”” j o kw/m® SEEPAGE FORCE

¥ kN unit WEIGHT OF SUBMERGED 501 Chox LA VOI0 RATIO IN LOOSEST STATE
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‘ lz 5z | &9 2 e QUICK TRIAXIAL % LAB VANE [VATER CONTENT ) 3 ()
3069 | Ground Surface o : o 40 60 80 100 1020 30 kN/m lGR SA ST CL
0.0
Ireegulor: Mixture of
Sit, Send ond Grovel “ 1] s N 106
(Fitf Material)
Brown with troces of v
28| 4 °
Black Orgornics
Vi
ary Loose to Cormpact ‘N3l oss 1% 5
] +
303.7 % (\
3.2 41 85 78 . >
A A
_%m“&ﬂsgmm__‘ 5 53 17
V. Denze \
6| 88 74 302 \ & 22 50 B 3
. B0/ Sein
Heteragenwous Mixture of A
Gravel, Sond ond Sit i
(Glocial 1) (7 [ S5 L E0Y /8em
Brown
300
299.3
7.8
RC | REC RAD = 33%
Dolostone Bedrock 100%
298
Weok to Medium Strong,
Slightly Weathered to
Unwegthered
RC | REC RO = H6%
100%
296.2
10.7 | End of Borehole
» 45 02 O3

&3 5% . Numbers refer to

" Sensitivity

20 ‘
1555 (%) STRAIN AT FAILURE
10



o

Ministry of
Transpertation

Foundofion Dexigr

Ontorie
RECORD OF BOREHOLE No 2 1oF 1 METRIC
Wh, 5333104 LOCATION Co~ords: N 4 820 866.5; F 243 330.0 ORICINATED BY_IS
DIST___3 HWY & BOREHOLE TYPE _HS Auger, NW Cosing, NX Core ond Cone Test COMPILED BY IS
DATUM _Gegdetic DATE 93 02 02-03 CHECKED BY_ PP
SOIL PROFILE SAMPLES | & | o | RS bor o N NATURAL "
el o fomc yosner  Loud =Z REMARKS
by wl|zg] @ 20 40 60 80 10 | vl v | 28 %
x i 2 3 L L L L
ELEV By 3| E5| © |SHEAR STRENGTH kPo P M TE L oraN sizE
DEPTR DESCRIPTION w212 | £ 138 § |ouwowmed  + reo vane » |pisTRIBUTION
4 5 | EO| 2 | quok muxaL  x B VaNE WATER CONTENT (%) 3 %)
307.4 | Ground Surface % i o 20 40 60 80 100 10 20 30 KN/ lGR SA S1 CL
—
0.0 MM
trrequior Mixture of )
Sitt, Sand ond Grove!
1188 | 35
{Filt Meteriol) o
308 b
Gornpoct to Very Denze 2| s 18
3] s8] 3 ) of b 22 31 35 12
Brown 7
“Hrown with Biack, -
trace Orgonics &1 %8 10 304 ,/
v *
A =
302.8
45 M e|ss| s
Heterogereous Misture of
) ™
Grovel, Sond and Sit 302
{Glociat Tin)
Grey, Compoct G I © 14 65 15 2
‘MMM
10/ 25%m
299.8 3 300
Y 4 S TE /dem
S
Dolostore Bedrock o »
B
Medium Strony, 298
Slightly Wegthered to @] 9 | RG 1 REC RQD ~ 20%
Unweathered 95%
=
2
7d 10| ne | rec RQD = 40%
) 100% 296
285.5
11.8{ End of Borehole
+ 0¥ 02 04
+3 55, Numbers refer to

" Sensitivity

20
15;:;5 (%) STRAIN AT FAILURE



MWinistry of
Transportation Foundution Dusign
Ontorie

RECORD OF BOREHOLE No 3 1or 1 METRIC
W.P., _ 533-91-04 LOCATION Co~ords: N 4 820 BA7.5 B 243 377.5 ORIGINATED BY_ IS
DIST ... HWY 6 HBOREHOLE TYPE _NW Cosing, NX Core COMPILED BY TS
DATUM . Gegdetic DATE . 93 02 10 CHECKED BY__BP
V 3 T BANIE "CONE PENETRATION
SOIL PROFILE SAMPLES ww ":(-‘ RESISTANCE PLOT '2‘“”-—* PLASTC HATURAL LU l--’i REMARKS
- a2z % UNIT CONTENT LN E4%]
5 e o |28 o o B w LN |58 e
-
ELEV il g 2% | & [SHEAR STRENGTH kPa —_——— GRAIN SIZE
DEPTH DESCRIPTION 2|21 2| 5|85 § [ovwowme  vrmp e L o covrenr g 7 [PSTREUTION
1k » | O] 2 ¢ quck TR x 148 VAnE 4
303.7 | Woter Surfoce 7] Ei o 20 40 60 80 100 10 20 30 kN/mi'lor SA St CL
0.0 = ]
Woter =]
302.8 |
0.9 Heterogeneous Mixture of W E;
Cobblas, Crovael, Sond and Wiy
St (Glocial Tin} i‘?l
302.0 Brown, Very Dense i!g
7 3 ss | 75 | /13em] 32 =
Dolostone Bedrock
Weak to Medium Strong,
Shightly Wedthered to RC | REC RQD = 19%
Un%ea{h ered 100%
300
RC | REC ROD = 27%
100%

2549.0
4.7 | End of Horehole

3 5, Numbers refer to 20
+ :
* X7 Sensiivity 1595 (%) STRAIN AT FALURE




vE

g E

Mintstry of
Transportation

Foundolion Dasign

Ontorio
RECORD OF BOREHOLE No 4 1or1  METRIC
W.P, . 533-91-04 LOCATION Co—ords: N 4 820 907.0; € 243 301.5 ORIGINATED BY.TS
DIST__.3 HWY 6 BOREHOLE TYPE _NW Casing, NX Core COMPLED BY LTS5
DATUM _Geodetic DATE 23 02 11 CHECKED BY...EBP
SOl PROFILE SAMPLES | & o T CONE ENETRATION — -
Tul & G Masmes SO} % | REMARKS
5 w |F5] v 20 40 e 8 100 | W T ZE &
‘.,J m sl L A L b b P
ELEV e w § 25| & [sHEAR STRENGTH kPo t * 1 craN SIZE
DEPTH DESCRIPTION 21215 3| 32] 5 |owcowwe  +ren vane | \TENT y |oisTRIBUTION
g 5 | 5© 2 | ouck TRIAXIAL  x LAB VANE ATER. CONTENT (% 3 )
303.7 | Water Surfoce a : o 20 40 60 80 100 10 20 30 kN/m IGr SA SI CL
0.0 ==
Woter han
302.9 -
0.8 trace Orgonics -
———————— 1{ss | o
Campoct 1
Very D_,m"‘“““““"zv Z [ 55 | 85 ] /15em - o 88 0 ()
Heterogeneous Mixture of 42
Cobibles, Gravel, Sond ond b
Silt (Glocial Till) GTH 5| ss | 100
300.7 Brown 5
) ke T EE 75 ] /10em
. R
Delostone Bedrock
e 300
Weok to Medium Strong, 4 s re | rec RUD = 3U%
Stightly Weothared to 100%
Unweathered
299.0
4.71 End of Borehole
&3 5, Numbers refer to

" Sensilivity

0
1545 (%) STRAIN AT FAILURE
10




4

=

Mintwiry of
Tranaportation

Foundation Design

Ontoris

RECORD OF BOREHOLE No 4A 1or1  METRIC
W.p. _ 5833-91-04 LOCATION Co—ords: N 4 H20 B8.0; E 243 289.0 ORIGINATED BY. TS
DIST....3 HWY _& BOREHOLE TYPE . HS Auger, NW Cosing, NX Core COMPILED BY _.J5.

* Senstivily

20
15«%5 {%) STRAIN AT FAILURE
1

DATUM _Geodetic DATE $3 02 04 CHECKED BY__ PP
e
SOIL PROFILE SAMPLES | | 2 | Rieiance pror oo e M
21 8 DaTe woswee  UAP | = | REMARKS
5. glZ8| 2 _x o = o w0 FLT |55 &
ol = 4
ELEV DESCRIPTION ZlE| g | 3|25 & [SHEAR STRENGTH kPo P M GRAN SiZE
DEPTH =lZEL 21 = JBE] 2 | o UNCONFINED + FIELD VANE 7 ISTR N
, E12] 7| L | 23] 2 | ovocmmanar  x g vane [WATER CONTENT (%) | @
304.1| Ground Surface v : o 20 40 60 80 100 1020 30 kN/ri|Gr $A 5t CL
0.0 Heterogeneous Mindure of
Gravel, Sand and it v
(Glacial THT) Block =
ecaidids REIERIE
Grey,
Very Dense BTl /15em 8 60 10 2
. 302
01,8 o -
2.3
U
4 | nC | REC RQD = 0%
A 100%
Uolostone Bedrock
Weak to Medium Strong,
Slightly Weathered ti
Smreres o 00
3 | re | REC RQD = 0%
100%
st
298.8
5.3 | End of Borghole
» 9302 05
#+ Surmpler Bouncing
43 5. Numbers refer to




iz

9

a M

Mintstry of
Transportotion

Faundafion Dasign

Ontoris
RECORD OF BOREHOLE No 5 1ort  METRIC
W.P. _533-91-04 LOCATION Comords: N 4 820 923.5; E 243 286.0 ORIGINATED BY_TS._
DiIsT.._3 HWY _& BOREHOLE TYPE _HS_Auger, NW Cosing, NX Gore COMPILED BY TS
DATUM _Gecdetic DATE 93 g2 05 CHECKED BY._._PP
SOIL PROFILE SAMPLES | B | O | e b o TRATION T
= ‘é’ [ Lt ”mmmn LNT s E REMARKS
Em wl*5| @ v ¢ B 80 100 w w w | 55 &
g o
ELEV DESCRIPTION =l w |3 25| & [sHear stRenoTH o P L = SRAIN SiZE
DEPTH 2121 =21 =188 T |o unconemen + FIELD VANE } 1BUT
EI2| 7 1L [ 85| S |ocuck mman xiam vane [WATER CONTENT (7} 7 4 )
304,41 Ground Surfoce 1z * o +20 40 60 80 100 10 20 30 kN/milen sa 31 CL
Q.0 ;
* 304
Block, “%‘
trace Orgorics .
Very Louse 1188 ?
Heterogeneous Mixture & , 218 | =m
Gravel, Sond end Silt
Clogial THI
(Glocie! Ti) 3|88 | 60 |/15em| 302 33 085 12 2
Brown, Compoct to Very Denwe !
01.4 L
3.0 Y
74 4 | re | rec RQD = 0%
o 100%
Dolostone Bedrock 200
Week to Medium Strong, 5
Slightly Weathered to 2o
Unwadthered 4 5 | re | REC ROD = 16%
4 100%
298.3 2
5.1 End of Horehale
« 83 02 08
#3485, Numbers refer to

" Senzitivity

20
1595 (%) STRAIN AT FAILURE
10



E 4

e

Mintstry of
Trargportation

Foundation Dwsign

Auger Refusol (Probiotile Bedrook)

- 93 02 08

Cntoro
RECORD OF BOREHOLE No 6 1or1 METRIC
WP, _533-91-04 N 4 820 9385 F 243 2730 ORIGINATED BY..IS
DIST._3 HWY _6 BOREHOLE TYPE _HS Auger COMPILED BY . IS
DATUM _Gevdetic CHECKED BY...PR
SOIL PROFILE SAMPLES | & | & | OraMic SOt meNETRATION — -
2| 3 D wemee baol o | REMARKS
b @ |FE] 2| 20 0 e s oo |UT T BT g8} T
- =]
ELEV aldlw | 2125| & [SHEAR STRENGTH KPo F LU F L eran size
DEPTH DESCRIPTION w2 21 F132] % |ouncovmes  + mEw vane . IISTRIBUTION]|
: g2 5 | EO| 2 | ouck maxar  x ue vane [WATER CONTENT (%) (%)
304.4 | Ground Surface v z o 20 40 60 BO 100 10 20 30 GR SA SI CL
sol’ Irragulor Misturs of v
Sit, Son ond Gravel
with traces of Orgonics 58
ond incinerated Refuse
(Fi Materiat) .
303.0 Black, Very Loose to Compoct 55
1.8 Heterogeneous Mixture of
. &"%‘g‘lﬂ %9"!3\1 ond il
302.3 Gray, Vary Dense
2.5] End of Borehole

43 B, Numbers refer to
Senzitivity

20 i
1505 (%) STRAIN AT FAILURE
10



%

-
et

Mintatry of
Tronzpuctation

Foundafion Dusign

Ontoria
RECORD OF BOREHOLE No 7 1oF 1 METRIC
W.P, _533-91-04 LOCATION Cowords: N 4 820 849.0; E 743 370.0 ORIGINATED BY_TS
DIST_.. 3 HwY _§ BOREHOLE TYPE .S Auger COMPILED BY _TS
DATUM _Geodetic DATE 93.02 03 . CHECKED BY__PP
SOIL PROFILE samples | £ | W | BEERRSTR ENETRATON NATURAL e '
2] g LG wosnme  UGMD | T | REMARKS
= PREFIN 26 40 60 80 100 CONTENT Z2
9 o g ok - 0 ) fy . 1 wp w WL ag &
ELEY DESCRIPTION o g Z1Eg] € SHEAR STRENGTH kPa [ R——. V— GRAIN SiIZE
DEPTH Y121 E 1> |88 % | unconenen + FIELD VANE ~ |DISTRIBUTION
|z 5 | 5O | 2 | ouck AL x LaB vAnE [WATER CONTENT (%) 5|
308.0 | Ground Surface v ? o 20 40 B0 80 100 10 20 30 kN/miior sA 1 cL
0.0] 8 -
leregutor Mixture of >
Sit, Send und Grovet
(Rl Materiol) e
Brown to Bloek,
troce Qrgonics - 24 1 55 11
———————— 306
Loose to Compoet
21 88 25 o 47 30 19 4
304
*
X
303.0 2158 8
5.0 7
Heterpgerous Mixture of 1
Gravel, Sond ond Sit 1
{Glocial T By faem | 392
o
Brown, Very Dense e
&7
300.41 ‘5
7.6} End of Borehole R
'] Auger Retusel (Proboble Bedrogk)
* 93 0Z 03
+3’ xﬁ.Numbort refer to

" Sunsilivily

20
1505 (%) STRAIN AT FAILURE
19



Mirilatry of
Transpoitation

Feundation Design

= 93 03 05

Ontaria
RECORD OF BOREMOLE No 8 tor1  METRIC
W.P. 53813104 LOCATION Co-ords: N 4 B2Q 8658; F 243 69.6 ORIGINATED BY_IS
DIsT 3 HWY _8 BOREHOLE TYPE _HS Auger, NW Casing, NX Care COMPILED BY ...T3
DATUM _Geadetic DATE $3 03 04 CHECKED BY PP
SOIL PROFILE SAMPLES | {5 3 | neece Bty N - e |
2| ¢ DTS wosnms BIO | =X | REMARKS
] = w | F5| @ 20 40 BO. 80 100 ConTeN z= %
3le BloE| z e W W W | DY
ELEV £ p alw w 2 et © | SHEAR STRENGTH kP L P SO GRAIN SIZE
BEPTH DESCRIPTION 2|2 ELF |38 & [ouconrmen  + mewo vane 5 |DISTRIBUTION
.tE = % ‘Cgo a @ QUICK TRIAXIAL x LAB VANE WATER CONTENT (%) 1 (%)
306.8 | Ground Surfoce vi - o 20 40 60 80 100 10 20 30 kN/m 16R SA Si CL
0.0
Irregulor Mixture of N
S, Sond ond Gravel 308
{Fill Material)
Fad
Brown ond Black, ] %S 5 -a— 4 34 48 13
troce Organics .,
Loase to Compoct 2| ss 3
»
30¢
3] 88 14
~
302.7 Xl 4155 | 38
4.2 .
Sﬂgh_ﬂyﬂ_ w:_ﬂ::..:dw_,. Ly GRS R %«
Unweothered 10c
302
v
Dolostone Badroek 2 sg e f3em
Weok @
74 7 | re | rec RUD = 8%
=Y 100%
300.0
6.9 End of Borehole

43 5: Numbars refer to
' Sensilivity

20
159-5 (%) STRAIN AT FAILURE
10



Miristry of
Yransportation

Foundation Deslgn

Onterio
RECORD OF BOREHOLE No 8A 101 METRIC
W.p. _533-91-0¢ LOCATION Co-ords: N 4 820 8515 E_243 384.3 ORIGINATED BY_IS.. ..
DIST_. 3 HWY .& BOREHOLE TYPE _HS_Auger COMPHED BY TS °*
DATUM _Geadetic DATE §3 03 04 CHECKED B8Y.....BP
SOl PROFILE N N R ER B At T e
=2 @ LMIT NOSTLRE NI g 4 REMARKS
5 B k-1 20 4 e & wo Lo T S| ZE X
Q: _— 1 1 1 L L . ,
ELEV. DESCRIPTION Tl w 3 2& 1 Z [SHEAR STRENGTH kPo P B T F L praN size
DEPTH 2lEi e B5 ] & | o unconFINeD + FIELD VANE . 4 |PISTRIBUTION
|z o | EO] 2 | auck maxaL  x up vane  [WATER CONTENT () 5 %
308.2 ] Ground Surfoce nl|. c o 20 40 B0 80 100 10 20 30 |uN/migm sa 31 cL
0.0 : pry | 308
Irrequiar Mixture of *
5ilt, Sond ond Gravel
\ 11388 4 q p—r
with rondorm Zonés of
Cloyey Silt
(Fitt Moterial) ~) 2 58 5
o e s ] 306
Untustone frogrments 3] 58 61
Brown with Biack, “ PR 12
troce Orgonics
Very Lovse to Compoct 51 88 21
' 04
61 85| 66
303.2 S M
5.0 End of Borehole i
{Auger Refusol — Proboble Bedrock)
« 93 03 05
us Sumplar Bouncing (Probuble Badrock)
+3’ xs_Numburn rofer to

" Sensiivity

0
15"{»5 {%) STRAIN AT FAILURE
0



Ministry of
Tronyporfation

Faundation Desigi

Orhouria
RECORD OF BOREHOLE No 9 1orF1  METRIC
W.P, _533-91-04 LOCATION Comords: N 4 820 B34 F 243 4159 ORIGINATED BY. IS
DisT.... 2 HWY _§ BOREHOLE TYPE HS Auger, NW Cosing, NX Core COMPILED BY _ T8
DATUM _Geodetic DATE W93 03 04 CHECKED BY PP
SOIL PROFILE sampLes | B | 2 | RSMG SN gEETRATIN I
=Y L . LT o smm a4 = % REMARKS
= b eI P 4 6 g w0 w cmw w | 5 &
o] = b
ELEV Bl w| 3| 85| & [sHEAR sTRENGTH ke P M TF L oran size
DERTH . DESCRIPTION 2lZ S| 5|85 g |owcowmen v meo vane , |pisTRIBUTION
elz { % EO] & |® QUICK TRIAXIAL  * LAB VARE [ATER CONTENT (% 3 (%)
309.7 | Ground Surfoce % s o 40 80 80 100 10 20 30 kN/rmilcr sA 8 ¢
00 Irragulor Mixture of DE’(
Sit, Sond and Grovel
(Fill Moterial)
Brown with Black, trace Orgonics
308.2| Leose
5 &1 /15em|  1op
Doloatone Bedrock
Waok, Unweothered to B /5em
Slightly Weothered
REC RQD =~ 53%
100% 306
056
4.1{ End of Borehole
.+ 83 03 05
43 5, Numbers refer to

'

" Sanslivity

20
1545 {%) STRAIN AT FAILURE
10



o

Ministty of
Yransportation

Froundaotion Daslgn

Ontero
RECORD OF BOREHOLE No 9A 1oF 1 METRIC
W.P, _533.41-04 LOCATION Co—prds: N 4 820 B40.3: E D43 397.3 ORIGINATED BY.JS ..
DIsT...3 HWY _6 BOREHOLE TYPE _HS Auger, NW Cosing NX Core COMPILED BY _18
DATUM _Geodetic DATE g3 03 o4 CHECKED BY....PE
SOIL PROFILE SAMPLES | & | o | QruiC CONE PENCTRATON
Q% 5 RESISTANCE PLOT Wc NATURAL Lu'?#u .:g REMARKS
6| Gzl 72 o & e w0 [ O | 23 P
ELEV DESCRIPTION Ti&lw |3 g5 Z [SHEAR STRENGTH kPg L M TE CRAN SIZE
DEPTH S1ElEl>13 % | © UNCONFINED + FIELD VANE i Di 10
E12] 7 | o | B3| 3 |eouck muxu x apvane [WATER CONTENT (z) 7 4
308.5 | Ground Surface 1z : o 20 40 B0 80 100 10 20 30 | xN/mlcr sa sl cL
0.0 BRY
*
Irreguior Mixture of v, 08
Sk, Sorid ond Grovel : 55 0
(Filt Materiat)
Brown with Bloek
2 s5 10
troce Orgonics
Lovse to Compact & I a5 18 306 H 7 95 28 8§
305,1 2
305.0 = 4|85 85

35| End of Barehole
(Auger Refusal)

« 83 03 05

s+ Dologstone Bedrock

+3 x5, Numbers refer to
Sensitivity

20
1545 (%) SYRAIN AT FAILURE
10 .



Mintatry of

Tiunsportation ’ Fuundofion Dasign
Ontare . .
RECORD OF BOREMOLE No 10 1oF1 METRIC
W.p, . 533-81-04 LOCATION Comords: N 4 870 BA3NE 243 4052 ORIGINATED BY_IS
Ao DIsT ___3 HWY & BOREHOLE TYPE ﬁmf COMPILED BY .. T5. ...
UATUM _Geodetic DATE 93 03 04 CHECKED BY __PE_____
e Wi ] OYNAMIC CONE PENETRATION
. SOIL PROFILE SAMPLES wm w | RESISTANCE PLOT 5 ::ITSUTEARLE i v--‘.:‘x:“ REMARKS
=zl & W ooy W] S5
5 QI8 2| _w o e s wo [0 T TLES T,
m v i
ELEV BESCRIPTION il w | 3|25 & [sHEAR STRENGTH ko f o M TE CRAN SizE
DEPTH HEIFRER ERI R A + FIELD VANE _ 7y N
é = 5 %8 2 | e ouck muaxaL  x Lag vane  [WATER CONTENT (%) 3 ()
308,7 | Ground Surfoce 4 ? o 20 40 80 80 100 10 20 30 JkN/micp sa 1 CL
0.0 ~ DRY
' *
irreguior Mixture of v 308
Silt, Sond und Grovel
{Filt Moterial)
Hrown with Black,
306.5 Troce Orgarics
2.1| End of Borehole 2

(Auger Refusdl — Proboble Bedrock)

- 893 U3 04

i

3 .5 .. Numbers rofer to 20
F X g ensitivity ‘535 (%) STRAIN AT FAILURE
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ROCK CORE DESCRIPTION

WP 533-91-04
. Page 10f 3

CORE DESCRIPTION

(m) 30 | (m) - DESCRIPTION

7.62-9.14 i 7.62-10.67 DOLOSTONE (with stylolites, abundant small vugs, and larger vugs up to 5 cm in
9.14-10.67 diameter, commonly containing calcite crystals), very pale orange to pale yellowish 3
brown (7.62-8.58 m) and dark yellowish brown to pale yeliowish brown (8.59-10.67
m); medium grained; weak (7.62-8.59 m} to medium strong (8.59-10.67 m);
unweathered to slightly weathered; fractures moderate to very close spaced, flat

to dipping, undulating to planar, smooth to rough.

8.84-10.36 | 8.84-11.89 DOLOSTONE (with abundant small vugs and larger vugs up to 5 cm in diameter,
10.36-11.89 ' commonly containing calcite crystais), dark yellowish brown to pale yellowish 5
brown; medium grained; medium strong; unweathered to slightly weathered;
fractures close to extremely close spaced, flat to near vertical, undulating to
planar, smooth to rough.

1.96-3.18 | 1.96-4.70 DOLOSTONE {with stylolites, abundant small vugs, and larger vugs upto 3cm in
3.18-4.70 ‘ ~ { diameter), very pale orange to pale yellowish brown {1.96-4.44 m} and dark
yellowish brown to pale yellowish brown (4.44-4.70 m}; medium grained; weak
(1.96-4.44 m) to medium strong {4.44-4.70 m); unweathered to slightly weathered;
fractures close to exiremely close spaced, fiat to hear vettical, undulating fo

lanar, smooth to rough.

*CH = CORE RECOVERY {(NOTE: Depths are approximated where core recovery is less than 160%)
*RQD = ROCK QUALITY DESIGNATION ‘

togged by: DAW, Soils and Aggregates Section



| BH#

*x

X

P ———

i
H

[
RC#

CORE RECOVE RY

(m)

CR*

ROCK CORE DESCRIPTION

7o
RQD*

WP 533-91-04

CORE DESCRIPTION

DESCRIPTION

Page20of 3

244396

100

0

2.44-3.96

DOLOSTONE (with stylolites, abundant smalf vugs, and larger vugs up to at least
4 cm in diameter, commonly containing calcite crystals), very pale orange to pale
yellowish brown (2.44-3.51 m} and dark yellowish brown to pale yellowish brown |
(3.51-3.96 m}); medium grained; weak {2.44-3.51 m) to medium strong (3.51-3.96 mj;

to near vertical, undulating to planar, smooth to rough.

unweathered to slightly weathered; fractures close to extremely close spaced, flat |

!

4A

2.29-381
3.81-5.33

100
100

2.29-56.33

DOLOSTONE (with stylolites, abundant small vugs, and larger vugs up to at least
7 cmin diameter, commonly containing calcite and sphalerite crystals), very pale
orange to pale yellowish brown (2.29-3.10 m) and dark yellowish brown to pale
yeflowish brown (3.10-5.33 m); medium grained; weak (2.29-3.10 m) to medium
strong (3.}0~5.33 my; unweathered to slightly weathered; fractures close fo
extremely close spaced, flat to near vertical, undulating to planar, smooth to
rough. /

*CH =

ORE

RE
*RQD = ROCK QUALITY DESIGNATION

3.05-4.57
4.57-6.10

OVERY

100
100

16

. o o

3.05-6.10

DOLOSTONE (with stylolites, abundant small vugs, and larger vugs up to at least
7 cmin diameter, commonly containing calcite crystals}, very pale orange 16 pale
yellowish brown (3.05-4.27 m} and dark yellowish brown to pale yellowish brown
{4.27-6.10 m}); medium grained; weak (3.05-4.27 m} to medium strong (4.27-6.10 my);
unweathered to slightly weathered; fractures close to exfremeiy close spaced, flat

to near vertical, undulating to planar, smooth to rough.

(NOTE: Beprhs are approximated where core recovery is less than 100%)
Logged by: DAW, Soils and Aggregates Seclion



BH#

RC#

(*'ﬁ)

FW CORE RECOVERY _

CR*

« & =4 1 . T

ROCK CORE DESCRIPTION
WP 533-91-04

Page3o0f3

CORE DESCRIPTION
DESCRIPTION

5.36-6.88

100

5.36-6.88

DOLOSTONE (with stylolites and abundant small vugs), very pale orange to pale
yellowish brown; medium grained; weak; unweathered to s‘!'ightiy weathered
(moderately weathered, 5.36-5.56 m); fractures close to extremely close spaced,
flat to near vertical, undulating to planar, smooth to rough.

*CR =

*RQD = ROCK QUALITY DESIGNATION

ORE RE

2.59-4.11

QVERY

100

259-4.11

DOLOSTONE (with stylolites, abundant small vugs, and some larger vugs ub o
4 cm in diameter, commonly containing calcite crystals), very pale orange to pale
yellowish brown; medium grained; weak; unweathered to slightly weathered;
fractures close to extremely close spaced, fiat to near vertical, undulating to

planar, smooth 1o rough.

Note: Depths are approximated where core recovery is less than 1 09%
Logged by: DAW, Soﬂs and Aggregates Section
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-0~ 307 08 10

o 9 LR T o < “w o awn < CONT NO
g & B\ ssnvw e = x o R i
31t .07, =) FEEEEEE -3 t & 2 88 3 METE/C wp No 533-91-04.
310.5 ,-P [ |1 3 i DAMENSIONS ARE i METRES
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