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FOUNDATION INVESTIGATION REPORT
For _

Q.E.W. Crossing at 18 Mile Creek
W.P. 624-90-01 Westbound Lane
W.P. 624-90-02 Eastbound Lane

Site No. 18-20
District 4, Burlington

INTRODUCTION

This report summarizes the information obtained from a foundation investigation
carried out at the above mentioned site where three span four bridge structures
are proposed to cakry the existing Q.E.W. and South and North Service Roads
Crossing at 18 Mile Creek.

The field works for the foundation investigation were carried out at the above
mentioned site during the period of December 2 to December 20, 1991 and May 11
to May 29, 1992. Ten boreholes (BH 91-1 to BH 91-9 inclusive, plus BH 91-5A) for
the proposed original large twin culverts (5.9 m X 5.9 m X 137 m) were advanced
and sampled between December 2 and December 20, 1991 to replace the existing twin
culverts.

It should be noted that the original design scheme was found to be not
environmentally viable. Therefore, a new proposal brought forth to replace the
existing culverts with four (4) bridge structures. Additional nine boreholes (BH
92-1 to BH 92-9) were advanced and sampled as part of this project between May
11 and May 29, 1992. These boreholes extendedkdown to depths between 14.2 m and
30.5 m below the existing ground surface.

Total of nineteen (19) boreholes were drilled for four bridge structures. Among

- them, eleven (11) boreholes are located within the Q.E.W. eastbound and westbound

lanes, while four (4) boreholes are situated within South Service Road structure
and North Service Road structure, respectively. The information from these
boreholes is utilized in this report.



This report contains factual information obtained from these investigauions
pertaining to structure foundations, approach embankments and related earthworks
for the Q.E.W. bridge structures, eastbound and westbound lanes, as shown on Dwg.
No. 6243001/02-A and B.

SITE DESCRIPTION AND GEOLOGY

The site is Tocated on the existing alignment of Q.E.W. where it crosses the
Eighteen Mile Creek in the Town of Lincoln, Regional Municipality of Niagara.
The proposed structures are located approximately 2.5 km east of Jordan Harbour.
The topography in the area is gently undulating with a valley. Land use in the
vicinity of the site is primarily agricultural known as the Niagara Fruit Belt.

Physiographically, the site is located in the "Iroquois Plain" region (Ref:
Chapman and Putnam, 1984). The general area was inundated by the Pleistocene
Lake Iroquois. As the lake level receded much below the present level of Lake
Ontario, the Eighteen Mile Creek cut a valley through the till. Underlying the
glacial deposit is the red Queenston Shale from which the ti11’s reddish colour
is derived. Later, the rise in the Lake Ontario water level to approximately its
present level, drowned the outlet of the creek and created a Tagoon and marsh
separated from the lake by a barrier beach. Water flow is to the north into Lake
Ontario.

SUBSURFACE CONDITIONS

The subsoil conditions are generally consistent across the site. The Q.E.W
crosses the Eighteen Mile Creek at this location. The road embankment fi11 of
the existing Q.E.W. consists of bedding sand, mainly clayey silt and some crushed
stone as much as 13.6 m in the middle of valley.

Underlying the fill is a layer of organics which was encountered at all borehole
locations except at one borehole location (BH 92-7). The thickness of this layer
ranges from 1.1 m at BH 91-1 to 5.6 m at BH 91-2.
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Underneath this layer, clayey silt with some sand and trace of gravel was
encountered. The thickness of this layer ranges from 6.1 m at BH 91-9 to 18.3
m at 92-7. A thin layer of silty sand and gravel was found at & borehole
Jocations (BH’s 91-2, 91-3, 91-5, 91-5A, 91-6, and 92»2) in between the organic
material and clayey silt with a maximum thickness of about 1.2 m at BH 92-7.

Cohesive glacial till was encountered underneath the clayey silt at all boreholes
Jocations. This material can be described as a heterogeneous mixture of clayey
silt, sand and gravel. The maximum thickness of this deposit was found to be
about 5.2 m at BH 92-9. This layer is underlain by shale and siltstone bedrock.
A thin layer of non-cohesive glacial till, which can be described as a
heterogeneous mixture of silt, sand and gravel, was found with a thickness of 2.4
m at BH 91-9.

Sound bedrock was proven in 14 borehole locations by obtaining up to 2.7 mof NQ
rock cores. The bedrock surface ranges from an elevation of 56.4 m at BH 92-9
to an elevation of 60.0 m at BH 91-4 which corresponds to 29.0 m and 23.0 m below
the existing ground surface, respectively. The upper portion of bedrock was
slightly weathered for a maximum 1.2 m at BH 92-8 below the rock surface. The
sound bedrock surface ranges from an elevation of 56.4 m at BH 92-9 to an
elevation of 59.3 m at BH 91-4 which corresponds to 29.0 m and 23.7 m below the
existing ground surface. The bedrock is known to be "SHALE and interbedded
SILTSTONE of the Queenston Formation".

The boundaries between the various soil types, in situ and laboratory test
results are shown on the attached Record of Borehole Sheets in the Appendix. The
locations and elevations of the boreholes, along with a profile and sections, are
shown on Dwg. No. 624901/02-A and B. ‘

A detailed description of the subsurface conditions encountered is given below.

Embankment Fill

The embankment fi11 consists of bedding sand, mainly clayey silt and some crushed
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stone. The thickness of this_1ayer was found to range from 4.4 m at 8K 827 to
13.6 m at BH's 91-6 and 92-9. '

Atterberg Limit Tests were performed on clayey silt samples and the results are
plotted on Figure 1 and summarized as follows:

Property . Range (%
Natural Moisture Content {(w) 8.5 - 24.5
Liguid Limit (w) 16.5 - 36.0
Plastic Limit (w,) 13.0 - 17.5
Plasticity Index (Ip) 3.0 - 19.0

From the Plasticity Chart, it is evident that the Tayer can be classified as a
clayey silt to silt, some sand and gravel with Tow plasticity (CL or CL-ML).

Grain Size Distribution tests were carried out on this fill material. Figure 2
in the Appendix shows the results in an envelope form. In this stratum, the "N"
values range from 0 to over 31 blows/0.3 m indicating the consistency of this
deposit described as very soft to hard. Some silty sand layers were found within
this clayey silt fill as shown on Figure 3.

Organic Clayey Silt to Silty Clay, Some Sand

This deposit was encountered beneath the existing embankment fill in all
boreholes except BH No’s 91-4 and 92-7 which were on or near the edge of the
valley. The thickness of this deposit ranges from 1.1 m at BH 91-1 to 5.6 m at
BH 91-2 and this deposit gradually peters out near the valley’s edge.

The material, as sampled, was highly organic with organic pieces generally
visible, and well-decayed pieces of roots and wood were not uncommon. Occasional
samples were fibres. Some sand and occasional gravel were noted as well as
occasional sand seams.
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Atterberg Limit tests were performed on these samples and the results are plotted
on Figure 4 and summarized as follows:

Index Property Range (%
Natural Moisture Content (w) 19.0 - 70.0
Liquid Limit (w,) 17.0 - 68.0
Plastic Limit (w,) 14.0 - 45.0
Plasticity Index (Ip) 3.0 - 23.0

From the plasticity chart, it is evident that the layer can be classified as an
organic clayey silt to silty clay with low to high plasticity (OL.0I and OH).

Grain Size Distribution tests were carried out on these materials. Figure 5 in
the Appendix shows the results in an envelope form.

Undrained Shear Strength of the soil was determined by in situ vane tests and by
laboratory tests, namely unconfined compression tests. The results are plotted
on Figure 6 and the Record of Borehole log sheets in the Appendix and summarized
as follows:

Undrained Shear Strength Cu (kPa) Sensitivity
In-Situ Vane Tests 15 - >115 1 -6
Unconfined Compression Tests 28 - 98

As shown on Figure 6, the vane strengths measured within organic layer varied
from 15 kPa to greater than 115 kPa, indicating soft to very stiff consistency.
This layer has a sensitivity varying from 1 to 6 based on the measured
undisturbed and remoulded vane strengths. This would indicate that the organic
clayey silt to silty clay is generally sensitive.

An oedometer test was carried out to investigate the consolidation
characteristics of the organic clayey silt to silty clay. The sample tested is
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considered representative of the organic deposit was selected from a Shelby tube
sample obtained at about an elevation of 69 m in BH 91-8. The resuit of the
consolidation test is shown on Figure 7. The preconsolidation pressure 1is
estimated to be about 330 kPa, indicating an overconsolidation ratio of about
1.25 relative to the existing effective overburden stress. The compression index
(Cc) was determined to be about 0.213.

Silty Sand With Gravel

This deposit was found at five (5) borehole Tocations underlying the organic
stratum (BH 91-2, 91-3, 91-5, 91-5A and 92-7). The thickness of this layer
ranges from 0.5 m at BH 91-3 to 1.1 m at BH’s 91-5, 91-5A and 92-7. Figure 3 in
the Appendix shows the result of Grain Size Distribution test.

In this stratum, the "N" values ranged from 9 to 22 blows/0.3 m indicating a
state of compaction described as loose to compact.

Clayey Silt With Sand

This deposit was encountered in all boreholes, either beneath the organic clayey
silt to silty clay or the silty sand deposit, and appeared to represent the
original material into which the Creek Valley had been carved. Hence, the
deposit varied in thickness from 18.3 m at BH 92-7 near the edge of the valley
to a minimum of 6.1 m at BH 91-9 near the centre of the valley.

Atterberg Limit tests were performed on these samples and the results are plotted
on Figure 8 and summarized as follows:

Index Property Range (%
Natural Moisture Content (w) 13.0 - 20.5
Liquid Limit (w) . 19.0 - 32.0
Plastic Limit (w,) 14.0 - 17.0

Plasticity Index (Ip) 4.0 - 15.0

3
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From the plasticity chart, it is evident that the Tayer can be classifisd au an
inorganic clayey silt, some sand with Tow plasticity (CL or CL-ML).

Grain Size Distribution tests were carried out on these materials. Figure 9 in
the Appendix shows the results in an envelope form.

Undrained shear strength of the soil was obtained by in-situ vane tests and by
Taboratory unconfined compression tests. The results are plotted on Figure 6 and
the Record of Borehole Tog sheets in the Appendix and summarized as follows:

Undrained Shear Strength Cu (kPa) Sensitivity
In-situ Vane Tests 61 - >115 1 -3
Unconfined Compression Tests 69 - 285

The field vane strengths obtained in this stratum varied from 61 kPa to greater
than 115 kPa indicating a stiff to hard consistency. The sensitivity of this
deposit varies from 1 to about 3 indicating this material being normal.

Heterogeneous Mixture of Clayey Silt. Sand and Gravel (Cohesive Glacial Till)

This stratum was encountered underneath the clayey silt layer and immediately
above the bedrock. The thickness of this layer ranges from 0.7 m at BH 91-4 to
5.2 m at BH 92-9.

Atterberg Limit tests were performed on these samples and the results are plotted
on Figure 10 and summarized as follows:

Property Range (%
Natural Moisture Content (w) 7.0 - 13.0
Liquid Limit (w,) 17.0 - 24.0
Plastic Limit (w,) 12.0 - 14,0

Plasticity Index (Ip) 5.0 - 10.0
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From the plasticity chart, it is evident that this deposit can be classitied as
a heterogeneous mixture of clayey silt, sand and gravel with Tow plasticity {CL
or CL-ML).

Grain Size Distribution tests were carried out on the cohesive glacial till
material. Figure 11 in the Appendix shows the results. An increasing frequency
of fragments of weathered shale was encountered within the lower portion of this
till.

In this stratum, the "N" value range from 30 to over 100 blows/0.3 m indicating
the consistency of this deposit as hard.

Heterogeneous Mixture of Silt, Sand and Gravel (Non-Cohesive Glacial Till)

This Tayer was encountered between clayey silt and cohesive glacial till at a
borehole Tocation. The thickness of this layer was found to be about 2.3 m at
BH 91-9.

A Grain Size Distribution test was carried out on this material as shown on
Figure 12. This layer is basically non-cohesive. In this stratum, the "N" value
is about 27 blows/0.3 m indicating a state of compaction described as compact.

Bedrock

Bedrock was cored in fourteen (14) boreholes by obtaining up to 2.7 m of NQ rock
at BH 92-8. The top of the bedrock ranged from elevation 56.4 m to 60.0 m which
correspond to 29.0 m and 23.0 m below the exiéting ground surface, respectively.
The upper 0 to 1.2 m is in a slightly weathered state. The top of the sound
bedrock ranged from 56.4 m to 59.3 m.

The bedrock is a red shale with interbedded green siltstone (approximately 85%
shale, 15% siltstone) of the Queenston Formation. Detailed description of the
rock is attached in the Appendix entitled "Rock Core Description"”.
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The Core Recovery (CR) and Rock Quality Designation (RQD) values werse determined
in-situ and also in the laboratory to evaluate the competence and integrity of
the rock. The Core Recoveries (CR) range between 73 and 100 percent and Rock
Quality Designation (RQD) values range from 7 to 69 percent. Based on these
results, the rock can be classified as weak to very weak and slightly to
unweathered.

GROUNDWATER CONDITIONS

Groundwater conditions were observed by measurement of water levels in the open
boreholes. The groundwater level was found to be at approximate elevation
between 63.7 m at BH 92-7 and 74.6 at BH 91-4 which correspond to depths of 21.5
m and 8.4 m below the existing ground surface. However, it is likely that the
groundwater level was the same as the creek level and is subject to seasonal
fluctuations.
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DISCUSSION AND RECOMMENDATIONS

The recommendations in this report apply to the bridge structures and related
approaches.

It is proposed to construct four (4) three span bridge structures (19 m x 22 m
x 19 m) which will replace the existing twin concrete culverts along the Q.E.W.
crossing the Eighteen Mile Creek. It is understood that an increase in grade for

" the Q.E.W. embankment will be required to avoid some snow accumulation within the

Q.E.W. during the winter season due to the ditch effect on the highway. This
would involve the additional placement and compaction of up to 1.7 m fill for the
permanent approach along the Q.E.W. to the same level with the existing South and
North Service Roads. '

Recommendations pertaining to the foundations of the two new bridges for the
Q.E.W. eastbound and westbound lanes and related earth works are summarized as
follows.

Structure Foundations

East and West Abutments

In view of the low shear strength and compressibility of the organic clayey silt
to silt clay and the extensive clayey silt layers, conventional spread footing
shallow foundations are not applicable at this site. It is recommended that the
abutment may be supported on end-bearing steel "H" piles, equipped with
reinforced tips in order to facilitate pile penetration through the basal glacial
ti11 and driven to sound bedrock.

In consideration of no additional load application underneath the pile cap at the
both abutments, the following design parameters are suggested for the purpose of
the 0.H.B.D.C..
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Factored Axial ~ Axial Capacity
Pile Type Capacity at U.L.S at S.L.S. Type I
HP 310 x 79 1150 kN 900 kN
HP 310 x 110 1600 kN 1150 kN

Pile tip elevations for estimating the pile Tengths are given below.

Structure East Abutment(Elevation) West Abutment(Flevation)

Q.E.W. Eastbound 57.3 m - 58.3 m 58,7 m - 59.0m
and Westbound lanes

Battered piles should be installed, where required, to resist lateral load on
abutments.

In view of the extreme denseness of the glacial till stratum located immediately
above the bedrock, some piles may not penetrate this dense stratum. The pile
should be equipped with standard MT0 tip reinforcement. In such a case, the pile
capacity should be controlled in the field using current MTO pile driving
standards. However, attempts should be made in all cases to drive the piles to
the bedrock surface. It should also be noted that the pile driving be controlled
by maximum capacity of piles.

During pile driving, the steel "H" pile should be set to a termination of 8 blows
for the last 12 millimetres of penetration using a hammer transferring about 60
kilojoules of energy per biow to the pile.

Provision should be made to restrike all piles to confirm the set after adjacent
piles have been driven. Piles that do not meet the design set criteria on the
first restrike would require additional restriking. A minimum of 48 hour should
be allowed before restriking a pile.
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In order to enhance pile driving, the fill material immediately below piie vans
should not contain particle sizes greater than 75 mm.

Alternatively, caisson foundations can be considered for the both abutments.
Details for caissons will be discussed in Pier Foundations.

Fast and West Piers

In consideration of the existence of weak and compressible organic clayey silt
to silty clay and extensive clayey silt layers, conventional spread shallow

. foundations are not applicable for the piers at this site. It should be noted

that during the construction, to avoid the problems associated with excavation
through embankment toward Tongitudinal direction , it is recommended that the
structural loading at the piers be transferred to the underlying sound bedrock
by means of bored cast-in-place caissons installed through the embankment and
overburden.

The caisson should have a minimum length to diameter ratio of 3 within the
bedrock and should be socketed at lTeast 0.5 metre into the sound shale bedrock.
The caissons may be design using an end bearing factored capacity at Ultimate
Limit States of 3500 kilopascals. Serviceability Limit States is not relevant
to caissons founded on bedrock since the stresses required to produce detrimental
settlements will be larger the value given for the factored bearing capacity at
ULS.

The following caisson bottom elevations are suggested for estimating the caisson
Tength.

Structure East Pier (Elevation) West Pier (Elevation)

Q.E.W. Eastbound 57.6m - 58.0m 57.8m - 58.8 m
and Westbound lanes

Caissons should be a minimum diameter of 900 mm to allow for both the clean out
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of any basal debris and final evaluation of the rock surface in order to confivm
the above-stated capacities.

Groundwater infiltration may have to be controlled by using drilling mud coupled
with telescoping liners or other methods. However, regardless of the method
used, during withdrawal of the innermost liner, it is recommended that, while
pouring, a positive head of concrete should be maintained at all times to prevent

intrusion of the surrounding soils, groundwater and/or bentonite slurry.

The proposed method of caisson installation be in accordance OPSS 903.07.03 and
subject to review by this office.

It should be noted that to avoid the need for deep excavation of the existing
embankment and frost protection, caisson cap for the piers should be placed

immediately below the bridge decks.

OQther Considerations

Lateral Earth Pressures

Free draining material such as Granular "A" or Granular "B" is recommended as
an appropriate backfill material to prevent hydrostatic pressure build-up on the
abutment walls. Design parameters of the soil are given below for the purpose
of the 0.H.B.D.C.

Granular Granular
it A " " B i)
Angle of Internal Friction (¢) 35° 30°
Unit Weight (kN/m®), ¥ 22.8 21.2
Coefficient of Active Earth Pressure (Ka) 0.27 0.33

Coefficient of Earth Pressure at Rest (Ko) 0.43 0.5
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The earth pressure coefficient at rest is to be used when the design of abutment
walls are rigid and unyielding.

Dewatering

No major dewatering difficulties are anticipated for footing excavation in
consideration of lTower groundwater levels and the relatively low permeability of
the clayey silt fill. However, if Tlocalized seepage or surface water to
accumulates in excavations, it can be controlled by perimeter ditches and pumping

from corner sumps.

Frost Protection:

The pile caps should be placed so as to have a minimum earth cover of 1.2 m to
allow for frost protection.

Settlement of Approach Embankments

Based on currently available information, it is our understanding that the
proposed grade of the roadway at the approach embankments will be raised by up
to 1.7 m. Consequently, the additional fill will act as a surcharge and induce
settlement within the underlying organic clayey silt to silty clay.

To minimize settlement, total embankment 1loading should not exceed the
preconsolidation pressure, o’ , of the organic clayey silt to silty clay. Based
on the results of the consolidation test and our previous experience with
similar organic deposits, it is estimated that 0'p, js about 330 kPa. Since the

field vane shear strengths were found to be reasonably constant with this

deposit, it is anticipated that o”p, would not vary significantly with depth.
Accordingly, the organic clayey silt to silty clay at mid-level of the stratum
is considered to be preconsolidated by about 66 kPa in excess of the existing
effective overburden stress. Assuming that the unit weight of compacted granular
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£i11 is about 21 kN/m>, 1.7 m of such fill would correspond to a surchargs of 36
kPa. As such, the proposed additional embankment loading will not result in
stresses higher than o’,. Based on the compression index, Cc, obtained from the
consolidation test, the magnitude of settlement of the approach embankment will
be modest, being in the order of 40 mm. Consideration should be given to placing
and compacting the additional fill well in advance of bridge construction to
allow some settlement to take place prior to final road paving.

Stability of Approach Embankment

The stability analyses were carried out based on a minimum design underdrained
shear strength of 50 kPa for the organic clayey silt to silty clay, as
established by field vane tests. Since no additional fill will be placed on the
South and North Service Road, the existing slope will be stable in the transverse
direction.

However, since additional earth fill of 1.7 m will be placed within Q.E.W. Lanes
and the existing embankment fill of about 11 m will be cut down to creek level,
stability analyses were carried out to evaluate the overall stability of the
approach fill in the longitudinal direction and also the internal stability of
the fi11s were examined. Based on the "Total Stress" analyses, the forward slope
for the Q.E.W. structures and North and South Service Road Structures will
require a 3 m wide mid-height beam with a 2H to 1V side slope to meet a minimum
factor of safety of 1.3 as shown on Figure 13.

Construction Consideration

Prior to raising the existing embankment, topsoil, organics and other foreign
materials should be removed from the fill placement area. Such locations, should
be excavated and backfilled with an approved, compacted fill material. Clean
earth fi11 at suitable water contents should be used as embankment fill.

The additional fill should be placed in thin layers and compacted as per MT0
standards. The fill should be keyed into the pre-existing slope in accordance



- 16 -
with current MTO standards and practice.

Excavations for abutments, pile-caps construction may be carried out in temporary
bpen cuts with side slopes maintained at gradients not steeper than 1.5H:1V
through the clayey silt fi1l. A1l excavations should be carried out according
to the guidelines contained in the latest edition of the Ontario Occupational
Health and Safety Act. To prevent softening of the exposed clayey silt fill, it
is recommended that Granular "A" material be place on the excavation base to
provide protection to the founding stratum as soon as the base of the excavation
has been inspected.

Excavation ciut of the forward slope toward 18 Mile Creek should be delayed until
the four bridge structures are completed in order to avoid expensive roadway
protection scheme such as very high temporary shoring system;// ‘

For erosion protection purposes, the embankment forward slopes should be covered
with a layer of topsoil and properly seeded in order to enhance adequate
vegetation cover. Suitable protection measures should also be provided to the
creek banks adjacent the abutments. Such measures may include appropriately
sized rip-rap underlain by suitable granular filter.

MISCELLANEOUS

The initial fieldwork for this investigation was carried out during the period
of December 2 to December 20, 1991 under the supervision of R. Ng, Trainee
Engineer and Tae C. Kim, Sr. Foundation Engineer. The equipment was owned and
operated by Master Soil Investigation Ltd., Toronto. Additional fieldwork for
this investigation was carried out during the period of May 11 to May 29, 1992
under the supervision of M. Ilampietro, Student Engineer, and Tae C. Kim, Sr.
Foundation Engineer. The equipment was owned and operated by Malone’s Soil
Samples Co. Ltd., Toronto.
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This report was written by Tae C. Kim, Senior Foundation Enginesr and raviewed
by M. Devata, Chief Foundation Engineer.

-t
[aedt
Tae C. Kim, P. Eng.
Sr. Foundation Engineer

M. Devata, P. Ené%/aiigéééfk

Chief Foundation Engineer
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UNIFIED SOIL CLASSIFICATION SYSTEM
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UNIFIED SOIL CLASSIFICATION SYSTEM

. SAND " GRAVEL
CLAY & ST Medium I Coorse Fine l Coorse
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UNIFIED SOIL CLASSIFICATION SYSTEM
. SAND " GRAVEL
CLAY & Sil Fine l ‘Medium [ Coorse Fine I Cooarse
GRAIN SiZE [N MICROMETERS MINISTRY SIEVE DESIGNATION { Metric}
] 2 3 [[2] 20 30 4GS0 roum 150 um 100um 600m 1. 18 men 2.36mm 3 5mm 19.0mm 37.5mm 63 0mm
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ELEVATION (m)
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Mintvtry of
Transportation

Foundgiton Desigi

Ontorie
RECORD OF BOREHOLE No 91-1 1orr  METRIC
W.P. 674-80-017/02/03/04 LOCATION Comord, N 4782 0279 £ 317 BB3.7 ORIGINATED BY. T.CHK.
DIST 4 HWY _G.EW BOREHOLE TYPE _M.8. Auger, Cone Tests, vone Tests, NQ Rock Giors COMPILED BY
UATUM .Geodelic DATE Dec. 5 & 8, 199} CHECKED BY ... LCK.
73 W} BYNAMIC CONE PENETRATION
SOiL PROFILE SAMPLES "w"“m % | Ressrance fuor s (MR e = REMARK
w2 3 . LIMIT CoNTENT  WWIT ):‘u MARKS
5 wl*g| @ 20 40 80 80 100 | " w | 85 %
O e © ’ A ; o
£LEV BESCRIPTION 218w |3 |85| & [svem stRenaTH o A B SRAN size
SEPTH ‘ =1 ZF) o | S L BZ] g | o UNCONFINED + FIELD VANE . ¥ ISTRIBUTION
H1EI e 20| 2 o ouok maxw,  x wam vane  [WATER CONTENT (%) o 0 (R
#5.2 | Groung Surface 1z - & 20 40 60 80 100 10 20 30 |kN/mlor sA $i CL
0.0 Sond and gravel {Fill) Brown % —
0.6 Cranular A (Fi) . Grey L ‘(
83.7 Grey 84 o
.5 Brown TS 1 14 {
718 | 4 }
FNERRE 8z et 135 43 2%
dya{ gilt to silt, some sond
race of rawl, oot sitty,
sond layers (Fil
Firm to very at:ff (4 | 55 1 19
80
Silty sond loyer TR ) s 13 51 (38)
Cumpact s
e e e -
61851 6
7185 | 10 7% A
75.1 ]
10.1 h
SRR “ﬂyﬂ“ " P
\7 |
Crusted Siore LN 4
with sard, (FilY) P KRS 7
Lobse to compact &8
\ 72
p .
A 1] $5 | 7 <
E( R Brown jo X} 12 | 35 8 7
Al e sit,“some sand™ Grey ¥ A3 5] 7 ™~ He 220% |15 7 72 6
89.0| very stifr Y 120 28em {o.e)
6.2 /
14| S5 | 18
g &8 3115 o
IS - foord 14 7618
% 1508 kPo
A6 TW | P o L o 214 |1 10 65 24
]
‘ ,; 86
Cloyey silt with sorme sond 1 /w‘
troce of grovel A A7 | 85 1 32
Very stiftf to hard %
¢!
i 64
A 8| 58| 27
// 191 55 | 24 o i
A
o .
A . 82
}/ 200 Tw | PH
#
0.1 crey (V142 EEEE)
Reddish 60 0
25,1 Het, mixture of cloyey Sildl’!. Brown 2{44 221 85 a1 ) 0] g 28 28 385
ren an srovel (Geciol W) BTy S| Ga | /2mem
58.4 Hard Reddish trawn oSS B0 /1 3em
26.8 , Fed : 58
" Queenston shale bedrock 95 1 me | REC |77% RAD 23%
56.9
28,31 End of Borehole

+3 5 Humbaers refer to

20
" Senslitvily '5;235 (X) STRAIN AT FAILURE



Mintstry of
Transgpsriaton

Ontario

Foundotion Design

RECORD OF BOREHOLE No 81-2

1 QF 1

METRIC

WP, _.524-90-Q1/02/03/04 LOCATION Co—ord, N 4787 0095 FE 317 8687 ORIGINATED BY _LCK
DisT 4 HWY _Q.EW. BOREHMOLE TYPE _H.S. Auger, Cone Tastg Vone Testy COMBILED BY RN
DATUM _Cendetic Dee. 13 & 16, 1991 CHECKED 8Y TCK
& T T OVNAMIC CONE PENETRATION
S0IL PROFILE SAMPLES ":cim g ggs,sfmcg PLOT ouxerc Lo e L REMARKS
e o | 5] @ 20 a0 so s 1o | e B 28 %
m — H 1 i L L
ELEV SESCRIPTION 2|8 | wi{2|25] & [sHEar sTRENGTH kPa s > SRAN SIZE
GEBTH {2 21 2|28 & o unconeme + FIELD VANE ¥ ISTRIBUTIO
E":g 2|~ o | §O| T | e quck Ry x L8 VAN WATER CONTENT (%) 3 (%)
82.7 | Ground Surface » . o 20 40 60 80 100 10 20 30 PWN/miGR SA 81 CL
0.0 Brown h%7) ™
Shty sond with grovel (Fil) 82
#1.1 Low
1.6 1155 10 (
a0
. 21 58 & . [ | 5 26 51 18
Cloyey #ilt to wit, some sond
trace of gravel
oce, silty warid loyers (Fin)
Soft to stiff 5 5 o] 2
a 1851 6 <>
5.7 Brown 76
215 | 85| 5
7.0 Duork gray "'4‘/ K
VA e ss | 5
1A cal
# 2 ™ 4,
Grganie C silt to silty cla ﬂf; 8 - b w-%”:f“!‘x
ic Clayey silt to sl y .
troge of sond : E?’ £ 8 1 58 * P [CTN
it if + .
3oft to very s rf:_m 5| ™™ | Pw 3 bd—td 174 |2 7 70 2
;7“,4 10] 55 8 72 \
Dark grey s £ i
““““““““““““ a7 AR EEN I A >115
A 22 5
Al12] ss | 12 = feped 9 X {0 0 8713
) |4 70 L* {o.6.}
59,1 54 RER IR 3 \’115‘
v L T.1 A
égg Eg;ya :Md with grovel Brown 1 14| 55 3 s r%
143 AL5] 85 | 2 68
%
A116] 55 | 27
v
) 66
171 58 1 10
. 0
Cloywy silt with sorme sond 1
trace of grovel A
SUff to very stiff A118] ss ] 16 ” o e
%
2 g
1%
W i1e] s5 1 24
iy
’ﬁ § 52
NA120) 55 | 2%
60,4 Grey |1/
) Reddish brown [/
23 Het. ik, of cloyey sif, sund P e s &0 [ § 25 45 24
ond grovel (Glaciol i) ’
oce. shole frogrments %A .
: Hord 5
58.3 Proboble bedrock ot 24.4m 1 ——
24,4 | End of Borghole

5 Numbers reter to
" Senuitivity

T
15«:;5 (%) STRAIN AT FAILURE
1
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Mipiwiry of

Tramsportation Faundotton Design
Datorie
RECORD OF BOREHMOLE No 91-3 1or1 METRIC
W.P. B24-80-01/02/03/04 LOCATION Co—urd, N 4787 810.1 E 317 BB4Y GRIGINATED BY._LCHK.
DIST.. 4 WWY _Q.EW. UOREHOLE TYPE ..S. Auger, Cone Tests, vona Tests, NQ Rock Core COMPILED BY BN
DATUM _Ceodetic DATE Dec, 18 & 17, 199) CHECKED BY ..LEK,
SOIL PROFILE SAMPLES | & | = | Srsermcs bior o anon e o
wwul & wosome LU0 | T | REMARKS
. a2l o it prirl ST
b % gz @ 20 40 80 140 w " w Z5 &
d a: — z H 1 i H
ELEY 2|8 w|3|25| & [sHewr sReneTH ke P M F | oran sz
DEPTH DESCRIPTION SI121 x| > | 88| & |o uncown * FIELD VANE o 4  |DISTRIBUTION
3 o | EO| 2 | ouok manaL  x LAB VaNE WATER CONTENT (%) s &)
82,86 | Ground Surface Z ‘ & 20 40 60 80 100 10 20 30  fkN/milrsA SiCL
0o Brown |,/ =N ﬁ
Silty sond with gravel {Fill) 82 |-
B3
1.5 1185 (19
89
2155 6
Clayeay !iltdfm silt by
s0me 0N
ote, sty sond loyers (Fil} 3158 8 8 e
Soft to very stiff
4] 55 | 9
7.8 Brown ] g 78
7.2 Dark grey |44
Ypl 6| 55 | 15 poopf]32 % 1o 10 67 23
4% ’ {6.c.)
L1771 ss | 10
o Dk grey T " = Heo—H we lo 8 es 23
Grey 1] 9 ] 85 | 13
2 \ 115 4
Orgeric Clayey sitt to silty clay e T s T +
some sond 4 0%
SKiff to very stff ;3 TARTRET 72 pg ey o 1288 2
708] - Gray YATZ] 55 | 1)y
2.0 Sty sand wiih gravel, compoct Brown W} My T 50153 -
12,5 Grey 70
V
A4 58 | a1
r g%
§ 68
igt
A5 ss [ 2
)/’
¥
Cloyey zilt with some sond ¢ : 161 5% | 21 6 To——
trace of grovel
Very stiff to hord 90
¢ 171 88 | %
id 64
%
17
,5 8] &% | 25
1% 52
¢
60.5 Gray |
42,3 Hel. mix. of ¢l Rgﬁdish grown § 5
wt. mix, cloysy sitt, wor 0
ord grovel (Gloeiat tin) (1955 50 /15¢m
wee. shole frogrenty
58,4 Hard Reddish brow
244 gc,-g{'ge."l‘iﬁ. DU -
201 RC | REC | 88% ROD 17%
Queenston shole bedrock
56.0 21 re | reo {83% RUD 69%
26.81 End of Borehole

3 x5 . Numbere esfur to
' Sunsitivity

20
1545 (X) STRAIN AT FAILURE
10




Winletry of
Tronapartation

Foundation (ewign

tntario :
RECORD OF BOREHOLE No 91-4 1 0F 1 METRIC
w.P. 624-90~01/02/03/04 LOCATION Corord. N 4781 9703 F 317 8764 ORIGINATED BY._IGK.
pIST___# HWY _QEM. BOREHOLE TYPE _M.S. Auger, Cone Tests, Vone Tests, NQ Rock Core COMPILED BY __BN.
DATUM Seodetic DATE Cue, 10 & 11, 1691 CHECKED BY T.C.K,
SOIL PROFILE sampLEs | © o | e SO FENETRATIG — -
Hunl & PUSTC  wgetuek  HOUD | 4 T | REMARKS
= R -1 20 40 g0 80 oo o Toer T g ®
w.‘ m - i 4. k) " P
ELEV 218 | w | 2| 25| & [sHear stReneTH wo Pt F L crAN SizE
BEPTH DESCRIPTION g2\ 5| S| 8E| 5 |owcowmen  vrmovmel o o] 7 [PISTRIBUTION
gl2 o | 3] B |»ouck maxe, o« um vae [WATER CONTE ( |
83.0| Ground Surfuce n : o 20 40 60 80 100 1020 30 | WN/rmiicr A S CL
0.0 )
Siity somd with grovel {FilY) 82 y
81,3
1.7 1 AT
0
21851 S 8 o
31551 5 7
Cloyey siit ta silt, some sond,
gacu of grovel iy
ce. silty sand loyers (Fil
Soft to stiff 4.5 8
76
541851 0 - o 25 53 18
X
' 74
5] 55 | 4 !
72.8
o Send and | with crushed 2 : >
and and gravel with ¢rushe g
store (FiIl) Or TEAR I - 72 o]
Compock -
71.0 Hrown MM
2.0 Grey (T /18 | W | PH 4 ot 208 Jo 12 59 29
g 70
¢
e 55 | 22
;’ 68
AA o] ss | 28
Cloysy silt, some sand, troce f/'
af grovel
Very stitf /'/ 66
%
1
AL 851 19 * e
% &4
1%
VA2 ss | 79
/;/
2 A &2
A1) 55 | 28
0.7 Grey
a 3 |Het., min of ecloywy silt, sond and Redoighy ,2
38 gravel, ove. shole (Glocial Till) Brown [ ST /15em 50
FERY Red
v o MEGMOTR] 151 RC | REC ROD 19%
Boun:
588 msrgg‘&on shate ol S . |aex
24.4 | End of Borehole
43 8, Numbers refer o

" Sunsltivity

0
15%5 {%) STHAIN AT FAILURE
1
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Ministey of

Yranwporfaton Foundaton Oesign
Ontario
RECORD OF BOREHOLE No 91-5 1 OF 1 METRIC
Ww.p, §24-90~01/02/03/04 LOCATION Co—ord, N 478) 9710 F 317 8921 ORIGINATED BY. TEK.
DIST & HWY _Q.EW. BOREHOLE TYPE _H.S. Auger, Gona Tests, Vorie Testy NQ Reck Cors COMMILED BY 8N
DATUM _Geodetic DATE Dec, 10 % 11, 1891 : CHEQKED 8Y_ TCXK.
o Wi ] DYNAMIC GONE BENETRATION
] .
SO PROFILE SAMPLES B| | Ressmnce plor e vose uao | T 1 REMARKS
5 PR EL-1 G 20 40 5o 8o oo T et TR 28 %
@ =
ELEV DESCRIPTION TI8| g | 3| 25| & [SHEAR sTRENGTH ko - |7 OSTRIBUTION
5EBTH w2l 51 F 132 5 |o unconrme + FIELD VANE ¥ |DISTRI
E121 7 | L | 83| 5 |eouck maxa o« g vane [WATER CONTENT (%) s &
82.9| Ground_Surfoce v : o 20 40 60 80 100 10 20 30 | kN/miiGR sA SI CL
0.0 Brown L/
Sity sand {Fitl)
8.5 82
1.4 §< 1185 | 6
; 80
Sity sond loyer L 2 55 4
Looss
“““““““ 3
3} 55 e 78
Cloyey silt to sit, sorme sand, \
troce of qrovel (Fill)
Uce, silty sond toyers -
Firm te ystiff 4 4 155 e \
76
SR > Helo o 10 70 20
-
” b
6155 | 8
72.8 Brown
10.1 Gray /w ’
;;z 5T S8 | B 72 } {133 {0 3 e 2
Orgonic Cloyey Sitt to Sity Clay Pl
troee of sund At X
Soft to stiff S
A8 1S5 ©
9.7 14 “&“ 70 \
13,2 ) J4
6.6 Silty sand with grovel ‘- R i
3 01551 17 o5 1004 28¢m
L 1425 kPg
A Tw | P O 217 {2 10 68 0
1%
%
14" TR NE €6
Clayey silt with some sond, 4 v
troce of grovel //
S to very stift /a 3785 ]
Wrli14] 58 | 23
151 85 21
VA
418 | §5 | 28 &2
r
171 TwW | PH
80.5 Gray V]
22.3| Het, mix. of ¢l ilt, L4 B 4
ond qrovel (Giocal Ty 0 T vt TR /8em | g0 ot 7 50 48 2%
oct, shole frogmanty ]
Brown
sas| "o " Reddish trawn
(ST TTTB0N /15em
244 Red P 55
Gueenston shole bedrock 201 me | Rec RUD 23%
57,0 Y 91%
25.8} End of Borehole

+3 3, Numbers refer to
' Suniifivity

F
1535 (%) STRAIN AT FAILURE




Mipiwiry of
Transportation

Ontorie

Foundution Owsign

RECORD OF BOREHOLE No 91-5A

1 OF 1

METRIC

" Sunuttivity

o]
15¢-°5 {%) STRAIN AT FAILURE
1

WP, _524-90.-01/02703/04 LOCATION Co-ord, N 4781 9692 € 317 892.1 ORIGINATED BY_TCK
DIST.__4 HWY _Q.EW. BOREMOLE TYPE _H.3. Auger, Vons Tests COMPILED BY RN
DATUM . Geedetic DATE Dec, 12, 199} CHECKED BY .ICK.
FNAMIC CONE PENE
SOIL PROFILE SAMPLES | & | o | Sreemace mor oo AU, e
kw5 AT wosuRe MO | e T REMARKS
b w|2E| @ 20 40 60 8 100 ConTONT 8
9= Ul 2] 2 e Wp W W} DG &
FLEV alu w Z |23 S |SHEAR STRENGTH kPo L ‘GRAIN SIZE
SEBTH DESCRIPTION - g =% 2 z B Lo unconsneD + FIELD VANE ¥ DISTRIBUTION
1E o | &S| 2 |e ovck TaaL  x 1B vaNe IWATER CONTENT (% S @
82,9 | Ground Surface n : o 40 60 80 100 10 20 30 | kN/riGR sA SIGL
Y] ]
Siity sand (Fill) 82
81.4
1.5
ug
Cloyey sitt to ailt, some sand 78
trace of gravel
Oce, wilty wond loyars (Fi)
76
74
72.6 Brown T 88 | 10
2
10,3 ¢ f
ey : ¥ 2] %5 | 11 72 2
Grgquric cloyey it to ity clay ’/‘C 51w | pn N He 1Y% §2 ;I.l 45 11
gome sond, troce of grovel Vi~ {o.e.)
SHF to very wlitf AT 4 | 55 8 »115 )
/A X » 2
69.5 441 s | Tw i oeH )
13.4 Silty sond with grovel il 4115
58,4 Cormpogt & 8 .58 15 5
14.9 ¢ 7155 26 &8
AT s | 58 | 2
P 1 172 WPy
:lm;zvz:l\ with sorme sond trace i 9 TW | PM q oy 221 1 X . 8 68 20
Very stiff to hord ; 0] 55 | 13 56
A1l ss | 2
e &
£4.2 ATi21 s5 1 37
18,7 | End of Boretiole
+3‘ §3  Numbers refer to
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Ministry of
Transporigtion

Foundetion Duxige

Ontarts
Z
RECORD OF BOREHOLE No 9¥~6 1or1  METRIC
W.P, . _524-90-01/02/03/04 LOCATION Co-ord, N 4781 8523 & 317 899} ORIGINATED BY_I.CXK,
DIST __4 HWY _Q.EW, BOREHOLE TYPE 4.5 Auger, Gore Tests, Vane Tests, NQ Rock Core COMPILED BY RN,
DATUM _Gepdetic DATE Dee, 2 & & 1991 CHECKED BY ....LEK.
SOIL PROFILE SAMPLES | 5 | 3 |Gesemnce por % o NaTUAL -
= PLASTIC  youmgay  WOUID T REMARKS
£ (&} [A13 Lnry -
e REIN 20 40 80 80 100 CONTENT F34
g - % = > T 4 f 5 i wp w wL ﬁg &
ELEV Byl wlo]lz8] © SHEAR STRENGTH kPa AT N — GRAIN SIZE
DEPTH DESCRIPTION |2 B | E13Z| 5 |owcowme  « he vane , |oiSTRIBUTION
E|Z y | O] B | o ouok TRl x LAB VANE [WATER CONTENT (%) 3 )
85.3] Ground Surface [ ! o 20 40 B0 80 100 10 20 30 | kN/miGR SA SI CL
Be.7 Gronular &' (Fill) Grey &% '
0.6 Brown
84 )
1 55 18 K
&
2| 85 28 az "‘
Clayey sit to silt, sorme send oy
trace of grovel )
Que, silty sand teyers (Fill
Very etiff 3198 .78
mmmmmmm 80
Crohular 'A @
Denss s lelssi o3
78 >>
H | 88 )
76.8
8.5
. 17 76
Crustud st byrad s \
rur Qe OF IuDYrace
muteriol (¥} L
Compact to very dense i - o A A
N 74
73.4 )
(AR Clayey silt to sit. troce of L ™= s
sond (F) g |85 | 20 N-.N\ I { 0 4 62 3
717 SUIF to very stiff Brown 101 S8 14 7
13,6 Gray ;ﬁ, 711 85 | 13
Organic clayey silt to silty cloy vor P
some sond, troce of grovel _p}’ hd
Very atiff 0 IFEANE: 70 =) 3 48318
69.1 A
de |
16.2 )/ #
4131 55 1 54 68 k- g 5 70 25
14 W H
Iq
A]15] ss |38
Cioyey siit, \race of sond and A 56
grovel, oce. siit iayers ,/
Very stiff o hord )/f 16| 88 4
1
;r &4 122 % P
A7 W | PH & fot— 209
LA k.
+
g
’ // 1B 1 SS 22 &2
6.4 Grey LY 1
3. R 2
239 eddish brawn f jﬁ = te 1 sem
o
Het. mix. of tidyey sit. sand ‘;s‘ 60
g Grove
ace. Bhote §mgi:vls:ntu' ) ‘/ﬁ;wwm /8om
H 5“9‘
ord Reddish brows (‘r‘
o72 B /10em 58
27.4 saun
Queenston “shole bedrock 22| AC | REC RQD 9%
56.5 T 98%
28,71 End of Horebule

+3 8, Numbers refer o
' Sunsifivity

¢
15 o:s {%) STRAIN AT FAILURE
1




Minintry of
Transporfation

Foundotion Design

Ontorie
: RECORD OF BOREHOLE No 91-7  1oFt1  METRIC
e W.P, _824-90-01702/03/04 LOCATION Co-grd. N_4782 0132 E 317 803.7 ORIGINATED BY. . TK.
DIST__ 4 HWY _Q.EW. BOREHOLE TYPE _H.S. Auger, Vane Tests COMPILED BY BN
” DATUM _Geddetic 1991 CHECKED BY . LEK
"
SOiL PROFILE SAMPLES | & | 3 | Ressince mor o s N
T2| & PUTC  wostMr U0 | g REMARKS
e w | 25| 7 20 40 60 coNTENT £2
Sle wlg2] 2 et Yoo % W | P% &
ELEV Elulw i 5158 © |SHEAR STRENGTH kP U T e— GRAIN SIZE
SERTH DESCRIPTION " S| 2|32 5 |o unconrmed 5 |DISTRIBUTION
AE 2 1881 2 [e ovoc mwon wATER CONTENT (2} 7 I (w)
82.8{ Ground Surfoce i = “ 20 40 60 80 10 20 30 kN/m leR SA St CL
20
a2
80
Cloyay siit to sit, seme sond
trace of grovel 78
ore. sity send loyers {Filf)
Firn to SufY
S5
76
35
S
7%
3.0 Brawn 55
9.8 Grey o AV
/" 59 M-(”“a) ¢ 3 80 17
71 14 55 72
s Orgonie clayey silt to sl Elay 4 b A
trace of sond §7 S5 =
: 8GR to Very Stif {0 % 5%
A 5 o A B o 3 70
?7“ 4 70 (o)
69.4 K ,4,./.:
" 14 %?#ry silt with sorre soad_” P,

14,21 End of Borehole

5, Nurmbers refer to

" Sensitivity

20
1545 (%) STRAIN AT FAILURE
10




if

Mintutry of

* Sanyltivity

0
1504 (%) STRAIN AT FAILURE
10

Tronspertaton Fuundetion Dusgr
Onturle
RECORD OF BOREHOLE No 91-8 1 OF 1 METRIC
W.P, 524*3‘0-01/02/63/04 LOCATION Co-ord, N 4781 9942 F 317 903.7 QRIGINATED BY_LEK
DIST __4 HWY _Q.EW. BOREWOLE TYPE .5 Auger, Vone Tests COMPILED BY BN
DATUM _Geodetic DATE Dec, 23, 1991 CHECKED 8Y . . ICK
T T OYNAMIC COME PENETRATION
SOIL PROFILE SAMPLES 3‘” 2 | RESISTANCE PLOT e AN s | REMARKS
x| & UNIT  pderper T | = @
k& w | E5] ¥ 20 40 80 80 100 | - w | 3 %
o 2
ELEV CESCRIPTION lylw |3 %’g 8 [SHEAR STRENGTH kPo P T SRAN SIZE
DEPTH; [ e - b & = : © UNCONFINED + FIELD VANE ki | f
1215 2 | BS] & | ovox mmam o« ue we WATER CONTENT (%) S &
82.9] Ground Surface. v s o 20 40 60 80 100 10 20 30 KN/ lor sa §1 cL
: Bronulgr A <
0.3 ] Bruwn
82
80
1] 85 | 13
78
Cloyey silt to sit,
sarme sand ond grovel
Oce. sitty sund layers (Fit) 71 58 5
Soft to Stitf 78
31851 3 ] 0 20 57 23
T4
4 | S§ +
2
B
mmm "(:'::“;""“ 5| W | PH 72
71.2 h.A 4
1.7 Gt = +
e e 6] ™ | PH P ptrdd 88 o 8 73 19
Silty sand 3 70 2.7 %
mmmmmm - Ik {o.6.)
e ol it it P&
ggﬁ:‘:;gy&y st to sty cloy _ ;/ T o e 20.0 o 11 69 20
oce. silty sond layere J Vet 1.3 ;{
stiff to Hard < ,;y - 5113 {o.c.
D{“ g BN
86.7 A
16.2 Siit with some sand ond grovel ’
65,7 Very Derise g | 55 58 &6
17.2) End of Borehole
#3535, Numbers refer to



Winiviry of
Transportation : Foundotion Design

Ontorie
RECORD OF BOREHOLE No 91-9  1or1  METRIC
B W.Pp. _624-8001/02/03/04 LOCATION Co=ord: N 4781 971.0 E 317 9321 ORIGINATED BY_LEK
DIST HWY _QE.W. BOREHOLE TYPE _M:S. Auger, Cone Tests, Vone Tests COMPILED BY AN
s DATUM _Gepdetic DATE Dec. 12 & 13, 1991 CHECKED BY . TEK
W
BYNAMIC CONE BENETRATION
R p & o]
SOIL PROFILE SAMPLES gm g | RessTANCE PLOT 2 feusc Joswme o T | REMARKS
A Wit il ST i BT
= w | 25 @ 20 40 60 80 100 w w W 25 %
m o z 4 L P
ELEV 2|8 w|3]25| & [sHrar sTReNoTH WP Pt T | oA siZE
SESTH DESCRIPTION 2 g 1 E g% = | o UNCONFINED + FIELD VANE  — . % 5 DISTRIBUTION]
HE o | &S| & | o cuok i x L vane ATER CONTENT (%) R
82,5 Ground Surfoce n : o 20 40 60 80 100 10 20 30 | kN/milor SA St CL
0.0 z
Siity send {Fi) 82
811
14 11551 §
1 80 i
715 | 18 \\
) 78
3| 5% | 2 :
i:iuy«y gitk to ‘wilt, some sond, J
f |
Jé’é’uﬁ’ty"iﬁs toyers {Fill) 4 | 85 1 7% - 0 14 67 i9
Soft to St
5 %5 | 3
74 :
ST ¥
7|58 | 2
2 .
71.86 Brown
=% o M) B | 55 | 10 N
& P /
4 15,3,
* Orgonic clayey silt to sity clay y
s;qme‘cwnd ;) 2.5 112 7% \
SGHF to Very Stiff AT Tw | Pr - Hrirmsndd we jo 3 87 X
= i
8 8.3 ATTTSS T 1 \( funde zj'cg‘ 6 51 36 7
v g 68 R -
. 72| TW | PH .
Cloyey #ilt, some sand, 71
trage of grovel AL | 8S | 30
Compoct to Uense 9 orewTmE e ffn] (RNR I 2 024
MATTE T8 1 35
ATE ]
&
Arlss |27
§2.1 Grey
20.4 Brown |3 62
Het. mix. of silt, sond ond b
grovel (Glocial i) L s | 5% | 27 -] 26 A3 23 &8
Compact ¥
— % o T TS T gem],.. B0
22,71 End of Borehgle
» Het. rmix, of clay silt,
surd ond grovel
vee, shole frogrnents
. (Glagial Til)
T
‘“k

"_3. o3, Numbery ralar to

0
* Sanultivity 15::35 (%) STRAIN AT FAILURE



Mindwtry of
Transportation

Foundotion Design

Ontaris
RECORD OF BOREHOLE No 92-1 1or 1 METRIC
W.P, 6248001 /02/05/04 LOCATION Co=ord N 4782 027.8 £ 317 8443 GRIGINATED B8Y M
DIST % HWY _QEW BOREMOLE TYPE .HS.Auger, Vone Tests, NQ Roclk Core COMPILED BY .M
DATUM _Gegestic DATE , Moy 15,1992 CHECKED BY_ TCR. .
T rreprr eyttt
o [™] DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES Hw w | RESISTANCE PLOY , oo ST B AEMAEKS
- o L LmiT CONTENT WM =&
5 w381 7| 2 w & w 0 [ O | 5 &
e =
ELEV SESCRIPTION 8w 3 g‘g & |SHEAR STRENGTH kPa (LS B SRAN SiZE
DEPTH m || = | 5 1 3% ] & |0 UNCONFINED + FIELD VANE ¥ 18UTIO
207 58 2 e quck rman B vane [YATER CONTENT (% 4 O
85,0 | Ground Surfoce n : o 20 40 80 80 100 10 20 30 kN/m ler SA S1CL
0.0
B4
1 o5 14
82
2185 | 19
Cloyey Silt te Silt,
sorme sgnd and
trate of grovel 31 55 | 14 80
dee, silty ‘sond luyers
(i)
Firm to Very Stff 4 {55 | 12 o i 13 41 28 18
78
51 85 | 7
76
6 | S5 | 7
7| 85 | 7 -!5. 74
733 Hrown -
1.7 0.Grey i~
MAYB 1SS | 3
Orgurie Clayey Siit to Sitty Clay A ¥ 72
trace of sond Al 9 1 oTwW PH
Firm to Stift o
05 # i 34 %
89.8 DGrey (VA0 S5 |8 70 b—to—il gy | 5 70 B
18,1 Grey 115
i ¢
VI ss | 18 ]
_______ A
Siity Sand ' A 12 88 | 20 "
o
Clayey Siit, sorne sond, // SR
troce of grovel A A
oce. sty sond loyers ’/ 1 64
//f‘
St to Very SHfF 4
%
615 ey AL S5 | 15 82 F"‘#“—'
35 Reddish Browrn 5,;;:
tot, Mistry of Seyey Sit, s 5| 22 4 s
oee. shole frogments a5s 60
Hard i
59.0!  (Glaciot TH) Reddish Browet L4 met—veretyrrnd /80m
26.0 Red
Queenston Shale 2] 51 re | rec . RQp 25%
875 Bedrock 97%
27,51 End of Borehole

+3 5, Numbars refer Yo
¢ " Sunaitivity

20
15&5 (%) STRAIN AY FAILURE




y

Ninistry of
Travsportation

Feundation Design

Ontarie
RECORD OF BOREHOLE No 92-2 1of1  METRIC
W.p, .. 524:90-01/02/03/04 LOCATION Co—ord, N 4782 0286 F 317 8653 ORIGINATED BY._M
BIST__ ¢ HWY _QEW BOREHOLE TYPE .MS Auger, Vane Tests, NQ Rock Core COMPILED BY .M
DATUM Gedectic DATE Moy 19, 1992 CHEGKED BY .. ICK ..
(" PENETH
SOIL PROFILE SAMPLES | & | o | QYNAMIC CONE PENETRATION — =
= £ BLASTC  gmergme WO | e REMARKS
22| 8 LMY coNTENT LA =]
5| w wlFEgl ¥ 20 40 60 80 100 | w w | BG %
- * P
ELEV DESCRIFTION =18 g | 2|28 & [snemr strencTH ko (S CRAIN SIZE
DEPTH =i FEL > L S BE g 1O UNCONFINED + FIELD VANE ¥ ISTRIBUTION
1217 |2 | 83] B |« ovoe mans  x ue wine WATER CONTENT (%) 4 @
85.0| Ground Surface v g o 20 40 B8O 80 100 10 20 30 {kN/miiGRsA i €L
0.0 N
84
1185 | 10
2185 | 13 52
Cloyey Sitt to Sit,
gornd sand ond troce of 3§ 88 14
gravel 80
aue. silty sand loyers
(Fm)
Firm 1o Stiff 413500
78
5155 | 8
76
6155 ]| 7
74,9 .
K
101 Sond gnd Crovel with N -;-
¢crushed store N 7| 58 9 : 74
733 {Fii) Brown
1,7 O.Grey 47 "
4 60 % PR
g i Bl 85| « s, w“&’ o.c) 0 6 20
555 ”
Grgunic Clayey Silt to Sity Clay _/": 4115
troce of wund re -
e
iff 44101 TW I PH
Very Sti -/9« 70
69.2 OGrey LA 1] SS «
15.8 Girey 14 19 [ a
AT 8s | 13 88 i t 8 68 23
LA ¥
s //
A4 ] W | oen
f 66 g
Clg ik,
wryrzyso‘nd angd /’
trace of grovel //
/" 64
St 1115155 | 8
i &
A 62
19!
1
A ¥l
60.4 Gray | ] AR
525 Hat Wixture Clayey Sit, Fedgish Brown|y4 22
Sond and Gravel  (Glogial Till) b -]
5.0 oce, Shale Frogmenty Hard
., if Treg 100 ] /28em
26.0 S T :
el
Queension Shole 18] RC | REC 48 ROD 7%
57.3 Bedrock 2 3%
27.7{ End of Gorehole
_,_3. xS,Numbcrl refur to

" Sunyltivity

20
15-%5 {%) STRAIN AT FAILURE
1




Winistey of
Transportation

Feundation Desige

Gntaria
RECORD OF BOREHOLE No 92-3 1or1 METRIC
WP, B24-90-01,/02/03/04 LOCATION Co~ord. N 4782 0301 £ 317 904.3 ORIGINATED BY. M
DIST .4 HWY _QEW BOREHOLE TYPE _HS Auqer, Vane Tests, NO Rock Core COMPILED BY LM
OATUM Cedectic DATE May 13, 1992 to Moy 14, 1992 CHECKED BY TCK
i NAMIC CONE PENETRATION
S0IL PROFILE SAMPLES § = g\ésnsmuca F’LOTE 3 ogre AL b
XA LNIT uoisTuRE ’.:E% REMARKS
5 w|#5]| @ 20 40 60 g g0 po VR T ZE &
m - L. F i L
ELEY. DESCRIPTION |8l g | 3|25 & [ stReNeTH i : > e
DEPTH wiE = | 5 | 35 T ] © UNCONAINED + FIELD VANE 4 D
é 2|7 5 %8 § o QUICK TRIAKAL  x (4B vang  [WATER CONTENT (%) s (%)
B5.3| Ground Surfoce ) ? = 20 40 60 80 100 10 20 30 kN/m iGR SA St CL
o0
B4
1 55 25
6 1 22
Sily Sard z g2
mmmmmmm S | 55 26
ﬁﬁﬁﬁﬁﬁﬁ H0
Sity Song
4 | S5 \
T 78
Cla Silt te i,
Sore wgnd, RIERNG
troce of grovel
oct. wity sond ioyers
(Fny
Firm to Very Stfe RN e
75.2 Brown A
10.t Organic Cloyey Silt to Silty Clay g
trace of sand #
740 seft o.crey AT [ 55 | 3 peto—i | 30§ 0 8 72 20
T Crey ™ 285 - :
. AL T | en o ¢ , 204 {1 1156 32
AT 9 ss | 20
#
A 72
10| 85 13
//
e
/
/' 111 8% 13 70
A ¥
//
1
4121851 9 e
&8 b110
1 +
4%
Clayey Sitt, A3 ss | 10
with sond, A
troce of geovel 6
i A
Very Stff f/ TR T '!«‘
// '
#
#
i4 4
V]
0
/ 151 85 | 19 &
A /f“
60.7 Gray (1]
4.6 Reddish Brows //
Het, Misture of Clayey Siit, 60
Sand ond Grovel
ote. shole frogments 16 | 55 1100 | /25¢m
{Gluciol Tili)
59,7 Hard Reddish Brown s t755y /180m 58
276 weothered  Red —
20Ut
Queenaton Shole % 18 | RC | REC | 100% RQD s0%
56,2 tedrock
28,11 End of Borehole

+3 8, Numbers rufir to
' Sensivily

1
154;5 (X) STRAIN AT FAILLRE
1




Wiriistry of

" Swnsllivity

20
15»0-05 (%) STRAIN AT FAILURE
1

Tranaportation foundofion Design
Ontarle
RECORD OF BOREMOLE No 92-4 1 OF 1 METRIC
WP, _B24-90-01/07/03/04 LOCATION Cowyrd. N 4781 992.0 € 317 850.7 'CRIGINATED BY_M
DIST.._* HWY QEW BORCMOLE TYPE .HS Auger, Vone Tests, NO Rock Core COMPILED BY ..M
DATUM _Gedectic DATE May 27, 1982 to Moy 28, 1982 CHECKED BY...J8K
x T ] OYNAMIC CONE PENETRATION
S0IL PROFILE SAMPLES EW 5 RESISTANGE PLOT sASTE :a;umnga - Q—~§ REMARKS
4 UMl courenr WNT | 30
by - “ F5| @ 20 40 60 80 100 w o w Ev &
ELEV C{E|w| 3| 85| & [SHEAR STRENGTH kPo P gt | % oA SIZE
DEPTH DESCRIPTION |2 E LS| 38| T |0 unconwe “FIELD VANE Lo 5 |DISTRIBUTION
: 212 o | &S] 2 | ouck manm  x e vane ATER CONTENT (% 40 &
83,4 | Ground Surfoce v : o 20 40 60 80 100 10 20 30 | kN/riiGR SA SI CL
0.0 b
a2
1] 5% 3
e Silt to Sit,
su‘g:ywnd. traq':e of grovet, 2158 ! a0
oo, sity sond loyers
[l "
3 | 5% 2
mmmmm ] rawn | 78
Brownish Grey
Very Soft to Soft 4 {55 | 1
76
5 | 8% 1 e 4 4t 317
4.8 Brownish Gray
.6 Organic Clayey Sk to Siity CloyD'.Grey of. 1
73.6| troce sond, Firm LAl 6 | SS 7 74 Jonput i 0 25 %2 23
4.8 Brown // T W BH
14 ER RIS >
Era
119 55 7
e B[
Grey A 70
10 S5 | 7 ot 3 10 8 32
115
¥
Clayey Silt, sorme sond, :/ &
truce’ of grovel, 4
oee. sandy sit loyers f l
firm to Very Stiff s Tl
e 86
¥]
1%
1
_______ L
b T o) B4
it .
Sandy Sit Wz T -3 0 14 80 B
A W]
61.8 Gray {114 o~
N & Heddish Brown J!A
Het, Mixture CI e, i
Sand and Grovel, | % -
oce. shole fragments 431 55 {1151 /25em
(Craciot TiH) i 80
Hord ﬁ‘”
58.9 AReddiah Brown .
—y 1 Tt} / 10em
245 sound VE
Queerstor Shote 15| RC | REC 58 RGO 27%
57.3 Bedrock R 84X
26.1| End of Borshole
+3_ « , Numbers rofur to




Minlsiry of
Transpartation

Foundotion Deslgn

Grhirio
RECORD OF BOREHOLE No 92-5 1ort  METRIC
w.p, _ 5624-80-01/02/03/0¢ LOCATION Cow-ord. N 4781 G883 £ 317 9109 ORIGINATED Y. M
DIST__4 WY _GEW BOWEMOLE TYPE _HS Auger, Vere Tests, NO Rock Core COMPILED BY .M
DATUM _Cedestic BATE May_ 26, 1982 to Moy 27, 1982 CHECKED BY . JEK
o RAT
SOIL PROFILE SAMPLES | & | DRINIC CORE FERETATION L -
2| o astc wosture  UMR | - T | REMARKS
z unit Content  uNIf =
5 |38 % m w w w w KON |3y =
]l — z
CLEV 2|8 w|3|25| & [Srear strencTH ke £ B1F | oram size
SEPTH DESCRIPTION |2 5| 5|38 3 o unconme L T ——— T DISTRIBUTION
@z o | ZO| 3 |* ayox e o x e ate g 4 O
83.4 | Ground Surfoce n : & 20 40 60 80 100 10 20 30 kN/mi lar sA 51 CL
o0 Granulor A" %
[Fin)
a1g) 82
1.5 il ss | @
2| S5 | 16 a0
3] 88| 7
78
Claysy Sift e Silt L5 .
gome sand ony grovel,
oce. silty sond layers 76
(Finy H 1 88 | 1
Soft to Very Soft 6| 53 | 1 74
71 S5 2
7.7 Brown 72
11,7 O.Gray 1.
A8 | ss | 10
Organic Qiadyay Siit to Silty Clay ¥4 ]
soma Bon g 2
£ 70 B +
S6ff to Very Skiff 142 ™ d 4o ’z%.ox 0 A3 4 12
- o .
68.3 0.Gray_ P 2 (o.c.)
8.3 Grey WiTio [ 8 | 15 &8
1%
b
|/
66
1A 1
% 170 {kPo ,
A 1! W BH 1 & P-ﬁ-w—*‘ 21.3 141 53 8%
Clayey Silt, r =
wi‘\’g';on‘:e sund, 1 i1 64
trace of grovel
A 1A
A
Stiff to Very Stff )/l
vl A2l ss | 12 62
BiA Gray V]
22.3 Het, Mixture of T Rudd&s‘n Brawn A .
Hohs ond Crovel T T 3] 55 | 9 ol 26 28 34 12
cea, shole fragroents &0
{Claciat Ti1) 7
Vigrd
SERM- ke en FARTT
58.2 Reddigh Brown
5.2 Rad 58
Gusension Shole 151 re | Ree RGO 18%
56.7 97%
26.7 | End of Borehole

. Humbers refer to
) Sanyitivily

20
15::65 (%) STRAIN AT FAILURE




Ministry of
Tranaportation

Foundotion Design

Ontorie
RECORD OF BOREHOLE No 92-6 1or1  IMPERIAL
WP, _824-90-01/02/03/04 LOCATION Co—ord, N 4781 971.4 £ 317 9145 ORIGINATED BY. M.
DISt 4 HWY _OEW BOREHOLE TYPE _HS Auger, Vone Tests, NG Rock Core CUMPILED 8Y ..M
DATUM _Gedectic DATE Moy 28, 1992 CHECKED BY ... TCK ..
3 T OVNAMIC GONE PENETRATION
$0IL. PROFILE SAMPLES %m g RESISTANCE PLOT e Bhiaord usuo T | REMARKS
5 w | 25| @ 20 40 s g oo | eer TR ZE ®
9 w st > i ) i 1
ELEV CESCRIPTION =l g 3| 85| & [SHerr stRenTH oot LGS SRAN. SIZE
DEFTH -3 E- o % | o unconemeD + FIELD VANE y iBuTH
EIR 20| 2 | ouick rmaxaL = 8 vane WATER CONTENT (%) (%)
82.9 | Ground Surface b g o 20 40 60 80 100 10 20 30 pef lor SA S CL
feXv}
Sandy Silt iy 2
(P W
Comprt a0 1 {55 | 10
80,2
2.7 80
2] 85| &
3155 3 78
Clayey Silt e Silt,
Sorrie sahd |
trace of qravel
oce. sitty sond layers %] 8s 5
(ki) 16
Firm -y . &
X
j 74
W T
728 Brown
10.4 D.Grey i
Qrganic Gl S to Sity Cf A H 44
e ot dana Y S T [ ss | 8 72 4 ﬁ-‘ ©c) o 8 67 28
7.2 Stiff Dlrey ,2
11,7 Gray A A
Al Bl ss | ¢
) 70
g | S5 | 4
b
s 58
e
Cloyey Sitt, AJ10] 55 | 22
with some sond, A
trace of grovel A
A
. 66
Firm to Hord
b
%
¢ 11] 55 1 18
»; &
‘ W
V]
gt 2
B1.4 Gray [ 1]
205 Reddiah Brown a’# 12 88 1 30
1
“
Het, Migture of Clayey Si, b 60
PN e Fromenta P13 S5 1 100 | f28em 298 4 18 57 2
{Clagiol TiHf) i
Ward i
58.4 Raddish Browe gﬂr“"ﬁwum /13em
24,5 Red |23 58
g::?g:kbn Shale 7 151 B 1;&%% RO 45%
56,9
26,0 | End of Borehole

#5344, Numbers refer to
7T Senslitvity

20
1565 (X) STRAIN AT FAILURE
16



Wintutry of

Transportation Foundotion Design
Ontarly
RECORD OF BOREHOLE No 92-7 1or1  METRIC
WP, __634-90-01/02/03/04 LOGATION Co-ord, NAT81 8504 £ 317 861.3 ORIGINATED BY.M
DIST & _ HWY _GEW BOREMOLE TYPE _HS Auger, Vone Tests NQ Rock Core COMPILED BY _..M
DATUM Gedectic DATE Moy 11, 1992 , CHECKED BY... TCK
[ W DYNAMIC CONE PENETRATION
5 B -1 20 40 60 80 fgo {0 W T | ZE &
m — L 3 i 1 p L B
ELEY DESCRIPTION MEEELEE & [SHEAR STRENGTH ko |orerabuTion
T = =
OEPTH] b | =12 ' | © UNCONFINED + FIELD VANE ¥
g2 - o | 80| & | o ovok o« s vane [WATER CONTERT (= S @
89,2} Ground Surfoce n - o 20 40 60 80 100 10 20 30 kN/nilGH SA Si CL
0.0
Cloyey smd fo gm‘, ss | 18 a4
ome sond dnd trace
of grognl 58 | 20 o | 11 44 30 18
oot sity mand loyers
(G J |58 17
St to Very SU 41551 23 a2
80.8 5 | 58 11
Sitty Sand, k 2
. troce of cloy grave 1yt 61551 18 80 ol H 31 39 23 7
79.6 Gompact Hrown N
5.8 Grey
715 | 1
78
8 1 83 11
»115
)HS*
*
IR 76
¥ >“F
L1
10| 55 9 74
Clayay Silt
wome sond,
trace of gravel $ IS 5
*1‘4
SHHt o Very ST 72
12 | 5% )
1.3
»
70
131 85 | 14 o 5 9 6125
115
v
141 55 1
€8
ﬂ’ﬁ*
2
66
15] %5 | 10
L v 64
16] 55 | 15 82
61.3 Grey
238 Reddish frown ¥ /‘{
. Mi ) i,
Het. Mixturg of Cloyey Sit 171 5s | 100 o] s 25 23 38 14
vee, shole froginents g% 60
{Giociol Til)) ;J
58.1 Hord Reddish Brown AV TR S8 11007 /20em
N Red .
% Queerision Shale p SRR RQD 44%
e o] .
87,5 20} Re | [ 58 RGD 0%
278 End of Borehule
v Woter level not stubilized
% . Rumbers refer to 20

+3
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RECORD OF BOREHOLE No 92-8 10F 1 METRIC
W, _.524-80-01/02/03/04 LOCATION Co~ord, N4781 %9511 £ 317 8813 ORIGINATED BY ML . ...
DIST.__ % MWY _QEW HOREHOLE TYPE .H§ Auger, NGO Rock Core COMPILED BY M
DATUM Gedectic DATE Mgy 20, 1892 CHECKED BY.. TCK.
& W T TYNAMIC CONE PENETRATIGN
SO PROFILE SAMPLES o 3 | resisTance pLot e TR =
a2l O LN e o | =5 REMARKS
5 w 25| v 20 40 s0 80 100 | | 38 &
w - ) 1 i ) L p L,, 3
ELEV CSCRIPTION Bl w | Z 25| & [SHEAR STRENGTH kP SRAN SiZE
SEBTH DES 10 == = SZ1{ = | o UNCONFINED + FIELD VANE
[ - o o
DEPTH| g 2 [= " %8 2 | quick TaxaL 148 vaNE [WATER CONTENT (%) s (%)
88,2 | Cround Surface n i o 20 40 60 80 100 10 20 30 kN/m IGR SA SI CL
0.0 N
Clgyay Silt to Sit -
some sand ond grovel
oec, wiity sand 1 55 1
o sandy sit loyers
(Fit)
2 55 13 82
Stf
3155 | 14 —H 4 30 A4 27
BG
4 | 8BS 11
18
5 1 58 10
76.5
8.6 Sunid and Grovel
with crushed stone " 76
{Fin) ¥ 6 | 58 16
75.1 Compaet Brown
10.1 Organic Glayey Siit to Sitty Cloy "V b2
759 ;?"n;e send D.Gray ;7;‘ 7 1 58 ) = 7 [ t 21 58 20
1.3 Grey A8 1 ss | 22
9 | 85 19
//’
mmmmmmm 72
Sity Somg "0 ss | &3
4% 70
A 1] 85 | 19
oy
1%
A
¢ 68
Cloyey Silt, //
Yo 5" vl ¢
¥
oce. siityqaond lgyars fj Y2 | &% 18 e
e
SU#f to Very SUff f A 56
ot
//f
/i
1 €4
MAT13] 55 | 14
AV
1
% )
/_f/ 62
61.3 Grey 1 ¥
23.9 Het. Mixt ‘ol Rcd;i'?h Brown
Sand ond Grovel T O 4ls | S5 | T8
oce, shole frogments A ] &0
{Glogiot Til)
s8.8 Hurd Reddish Brown 15| 55 | 160 /2%¢m
76.4 Red .
__ . weathered Pl g Ty /13em 5
Queenaton Shale "SR
Bedrock 17| re | mec RGD 68%
56,1 T3%
28.1} End of Borehole

%3, 4

5 . Rumbiors refer to
" Sensliivily

0
1555 (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No 92-9  1or1  METRIC
w.P, 574.-5001/02/03/04 LOCATION Comord, N 4781 9526 £ 317 921.2 ORIGINATED BY. ML, ...
DIST 4 HWY QEW BOREHOLE TYPE 43, NQ Core COMPILED BY
DATUM . Gedectic DATE Moy 12, 1892 to Moy 13, 1992 CHECKED BY
& L] DYNANIC CONE BENETRATION
SOIL PROFILE SAMPLES w wd Ry
.| @ |Ressmce pLoT sy S o *_-'g REMARKS
b R EE1 B 20 40 60 80 o0 po BT T ZE &
m — 1 i} 1 1
ELEV |E) w| 2| 85| & [SHEAR STRENGTH kPo Pt F RN siZE
DEPTH DESCRIPTION 2|2 5| 5| 3%] 5 |ovwowme  srmowe oo 5 [piSTRIBUTION
glz o | GO & | e ovok Tman  x e vane WATER CONTENT (% 3 %
85.4 | Ground Surface w : o 40 60 B8O 100 10 20 30 | kN/rigr sA 81 CL
0.0
B84
1] 55 | 1
2 35 14 82
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wwwwwww 31 85 15
B
4 1 855 10
MMMMMM -1 q 78
Sity Song Pl 51 55 | 13
mmmmmmm b,
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Cloyey Silt to Sit, 6 | 85 9 %
sorre sond,
trace of gravel
oce. sandy silt to siity sond
laymrs
- ] 7185 | 9
SHH to Very Stitf 7
Fill
i 515178
71.8 Brown A9 s8] 9 "
1386 DGrey LA NNET S5 | 7
QOrgonic Glcyey Sik to Sty Cloy L1
) tree of sand A»w N e 1 ¥ H1h+ o] 202 Jo 7 67 28
] = 2
Firrm to Very Stiff ’ﬁ 12 ss 3 0 Y
692 sy 1 R
16.2 Gray A
11
L INEARD
Y o8
1]
9!
8%
" 4 66
com 3 1
froce of g!:uvui r g% RERIR::] 14 o]
/j ’ 118,
g /’
SH#f to Vary Stirr g B4 L19,
A
§
o’
Ve 88 |1
61.8 crey | A 62
23.8 Readish Broww éﬁ;
¥ 86
Hat, Mixture of CIuyay Silt, ‘ &0
Sond end Gravel,
ogt, shuole fraqments
(Glaeiat Til)
Hard IR /23em 58
’ L4
::: Reddish Bn;::n /10em
’ Queenston Shole 56
drock REG {97% RAD 43%
54.8
J0.5 End of Borehole 2
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DEPTH
(m)

ROCK CORE DESCRIPTION

WP §24-9§-01£§2£03/Q

DEPTH
(m)

~ CORE_RECOVERY | mA CORE DESCRIPTION

DESCRIPTION |

26.82-28.35

26.82-28.35

SHALE, greyish red, with interbedded greenish grey SILTSTONE (7%}); very
fine grained; weak to very weak; unweathered to slightly weathered (moderately '
weathered, 27.89-28.12 m}; fractures close to exiremely close spaced, flat to near
vertical, planar to undulating, smooth.

24.38-25.91
25.91-26.82

24.38-26.82

SHALE, greyish red, with interbedded greenish grey SILTSTONE (14%); very
fine grained; weak to very weak; unweathered to slightly weathered (moderately
weathered, 24.38-24.71 m); fractures moderately close to extremely close
spaced, flat to near vertical, planar to undulating, smooth.

23.01-24.38

23.01-24.38

1 fine grained; weak to very weak; unweathered 1o slightly weathered (moderately

SHALE, greyish red, with interbedded greenish grey SILTSTONE (7%); very

weathered, 23.01-23.72 my); fractures close to extremely close spaced, flat to near
vertical, planar fo undulating, smooth. |

24.38-25.93

24.38-25.93

SHALE, greyish red, with interbedded greenish grey SILTSTONE (8%); very
fine grained; weak to very weak; unweathered to slightly weathered; fractures
close to extremely close spaced, flat to near vertical, planar to undulating, smooth. |

27.43-28.68

27.43-28.68

SHALE, greyish red, with interbedded greenish grey SILTSTONE (14%); very |
fine grained; weak to very weak; unweathered to slightly weathered (moderately
weathered, 27.43-27.51 m); fractures close to extremely close spaced, flat to near
vertical, planar to undulating, smooth. i

“*CR = CORE RECOVERY

(NOTE: Depths are appraxrmafed where core recovery is less than 100%)
*RQD = ROCK QUALITY DES{GNATIGN

Logged by: DAW, Soils and Aggregates Section
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ROCK CORE DESCRIPTION

WP _624-90-01/02 4

e % - , 15 I A R — = 1
BH# |RC# {m) CR* |RQD*} {m) DESCRIPTION [
i 92-1 17 25.98-27 .51 97 25 | 25.98-27.51 SHALE, greyish red, with interbedded greenish grey SILTSTONE (5%); very ;
fine grained; weak to very weak; unweathered to slightly weathered; fractures l
% close to extremely close spaced, fiat to near vertical, planar to undulating, smooth.
92-2 18 26.19-27.71 93 7 I 26.19-27.71 | SHALE, greyish red, with interbedded greenish grey SILTSTONE (5%); very
fine grained; weak to very weak; unweathered to slightly weathered; fractures
close 1o extremely close spaced, flat to near vertical, planar to undulating, smooth.
92-3 18 27.61-29.13 100 50 | 27.61-29.13 | SHALE, greyish red, with interbedded greenish grey SILTSTONE (15%}; very
| fine grained; weak to very weak; unweathered to slightly weathered (moderately
weathered, 27.61-28.04 m); fractures moderate to extremely close spaced, flat to
near vertical, planar to undulating, smooth.
92-4 15 24.54-26.06 84 27 | 24.54-26.06 | SHALE, greyish red, with interbedded greenish grey SILTSTONE (6%); very
fine grained; weak to very weak; unweathered to slightly weathered (moderately
i weathered, 24.54-24.66 m); fractures close to exiremely close spaced, flat to near
' vertical, planar to undulating, smooth.
92-5 15 25.15-26.67 g2 18 25.15-26.67 | SHALE, greyish red, with interbedded greenish grey SILTSTONE (7%}); very !
fine grained; weak to very weak; unweathered to slightly weathered; fractures i
2 | close to extremely close spaced, flat 1o near vertical, planar to undulating, smooth.
*CR = CORE RECOVERY (NOTE: Depfhs are approximated where core recovery is less than 100%)
*RQD = ROCK QUALITY DESIGNATION

Logged by: DAW, Soils and Aggregates Section
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ROCK CORE DESCRIPTION
wP §24-gn-g11021_a_3194

__CORE RECOVERY || _CORE DESCRIPTION
DEPTH % DEPTH
(m) DESCRIPTION

T
(m) RQD*|

| j

| 24.51-26.04 SHALE, greyish red, with interbedded greenish grey SILTSTONE (7%); very
; fine grained; weak to very weak; unweathered to slightly weathered; fractures

24.51-26.04 45

close to extremely close spaced, flat to near vertical, planar to undulating, smooth.

26.11-27.03 26.11-27.64 | SHALE, greyish red, with interbedded greenish grey SfiTSTONE (8%}); very
27.03-27.64 fine grained; weak to very weak; unweathered to slightly weathered; fractures

close to extremely close spaced, fiat to near vertical, planar to undulating, smooth. §

27.56-29.08 27.56-29.08 | SHALE, greyish red, with interbedded greenish grey SH.TSTONE {13%); very '5
fine grained; weak to very weak; unweathered to slightly weathered; fractures ‘

close to extremely close spaced, flat to near vertical, planar to undulating, smooth.

29.06-30.58 29.06-30.58 | SHALE, greyish red, with interbedded greenish grey SILTSTONE (8%); very |
fine grained; weak to very weak; unweathered to slightly weathereé- fractures ‘

close to very close spaced, flat to near vertical, planar to undulating, smooth. |

“*CR = CORE RECOVERY ~ (NOTE: Depths are approximated where core recovery is less than 100%)

*RQD = ROCK QUALITY DESIGNATION
Logged by: DAW, Soils and Aggregates Section
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EXPLANATION OF TERMS USED IN REPORT

NOVALUE: THE STANDARD PENETRATION TEST {SPT) N VALUE 15 THE NUMBER OF BLOWS REQUIRED TO CAUSE A STANDARD Stmir 0.0 SPLIT BARREL
SAMPLER T PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREMOLE WHREN DRIVEN BY A HAMMER WITH A MASS OF &3 5kg, FALLING
FREELY A DISTANCE OF 0 7&m. FOR PENETRATIONS OF LESS THAN O.3m N VALUES ARE (NDICATED AS THE MUMBER OF BLOWS FIH THE PENETRATION
ACHIEVED AVERAGE N VALUE 15 DENOTED THUS N

DYNAMIC CONE PENETRATION TEST: CONTINUGUS PENETRATION OF A CONICAL STEEL POINT {5imm O D 60° CONE ANGLE | DRIVEN BY 475
IMPACT ENERGY ON A’ $I1Z8 DRILL RODS, THE RESISTANCE 10 CONE FENETRATION 15 MEASURED AS THE NUMBER OF BLOWS FOR EACH 0. 3m
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS

CONSISTENCY: COMESIVE SONS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH [T | AS FOLLOWS:
¢y {kPa) 0«12 12 - 25 25~ 50 50-100 | 100-200{ »200
VERY SOFT| SOFT FIRM STIFF | VERY SYIFF | HARD

ENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS:
IN(BLOWS/O.&m) 0 -3 $-10 10 - 30 30 - 50 > 50
VERY LOCSE] LOOSE | comPACT DENSE  |VERY DENSE

ROCKS ARE DESCRIBED 8y THEIR COMPOSITION AND STRUCTURAL FEATURES AND /7 OR STRENGTH.

ECOVERY: sSUM OF ALl RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE CORING RUN.

MUDIFIED RECOVERY! SUM OF THOSE INTACT CORE PIECES, 100mm+ IN LENGTH EXPRESSED A5 A PERCENT OF THE LENGTH OF THE CORING RUN,
THE ROCK QUALITY DESIGNATION {R Q D), FOR MODIFIED RECOVERY, 15
RQD (%) U .25 25~ 50 50 - 78 75 - 90 30 - 100
VERY POOR POOR FAIR GOOD EXCELLENT
JOINTING AND_BEDDING :
SPACING 30mm 50 « 300mm} 0.2m - Im tm o~ 3m >3m
TOINTING VERY CLOSE CLOSE | MOD. CLOSEY  WiIDE VERY WIDE
BEDDING VERY THIN THIN MEDIUM FHICK | VERY THICK

ABBREVIATIONS AND SYMBOLS
FIELD SAMPLING - MECHANICAL PROPERTIES OF SOIL

S § SPUT SFOON TP THINWALL PISTON v kpa™!  COEFFICIENT OF VOLUME CHANGE
W5 WASH SAMPLE 08§  OSTERBERG SAMPLE . C, ¥ COMPRESSION INDEX
S T SLOTTED TUBE SAMPLE R ¢ ROCK CORE ¢y 1 SWELLING INDEX
B S BLOCK SAMPLE PH TW ADVANCED HYDRAULICALLY Cqy 1 RATE OF SECONDARY CONSOLIDATION
C§ CHUNK SAMPLE P M TW ADVANCED MANUALLY <, m¥/s  COEFFICIENT OF CONSOLIDATION
T W THINWALL OPEN F5  FOIL SAMPLE . H b DRAINAGE PATH
Tv 1 TIME FACTOR
STRESS AND STRAIN u % DEGREE OF CONSOLIDATION
v, kea PORE WATER PRESSURE o kPa EFFECTIVE OVERBURDEN PRESSURE
T 1 PORE PRESSURE RATIO % kpa PRECONSOLIDATION PRESSURE
& kpa TOTAL NORMAL 5TRESS 7 kP SHEAR STRENGTH
¢’ kpa EFFECTIVE NORMAL STRESS <’ kpa EFFECTIVE COHESION INTERCEPY
t kra SHEAR STRESS ¢ -* EFEECTIVE ANGLE OF INTERNAL ERICTION
o 30 kPa PRINCIPAL STRESSES . €, kPa  APPARENT COHESION INTERCEPT
€ % LINEAR STRAIN @y =% APPARENT ANGLE OF INTERNAL FRICTION
€.6,.6 % PRINCIPAL STRAINS T kPa  RESIDUAL SHEAR STRENGTH
E kpa MODULUS OF LINEAR DEFORMATION “t‘r kP REMOULDED SHEAR STRENGTH
2 ko MODULUS OF SHEAR DEFCORMATION 5 N SENSITIVITY ¢ 4%&.
“ 1 COEFFICIENT OF FRICTION r
PHYSICAL PROPERTIES OF SOIL
B kg/m® DENSITY OF S0LIO PARTICIES e L% vOID RATIO epin % VOID RATIO IN DENSESY STATE
>’5 kN/m® UNIT WEIGHT OF SOLID PARTICLES f 1.% . POROSITY Ty i BENSITY INDEX =§’m-’-‘—}-§-—r
A, ka/m® DENSITY OF WATER w 1% WATER CONTENT [+ mim GRAIN DIAMETER max s Tmin
%, kN/eP UNIT WEIGHT DF WATER 5, % DEGREE OF SATURATION B, mm n PERCENT - DIAMETER
£ kg/m® pENSITY OF son w % LIQUID LIMIT €, UNIFORMITY COEFFICIENT
be KN/t UNIT WEIGHT OF 501t w, % PLASTIC L1mIT h m HYDRAULIC HEAD OR POTENTIAL
. kg/m’ DENSITY OF DRY SOIL ws % SHRINKAGE LIMIT 4 m¥/s  RATE OF DISCHARGE
)g KN/ UNIT WEIGHT OF DRY SOW, o % PLASTICITY INDEX =W ~ Wp v m/s  DISCHARGE VELOCITY
Bgr  ka/m® DENSITY OF SATURATED sON | L LOUIBIY (NDEX - W|‘ b i ! RYDRAULIC: GRADIENT
gt KN/ UNIT WEIGHT OF SATURATED SOM P = w kK m/s  HYDRAULIC CONDUCTIVITY
P kg/m® DENSITY OF SUBMERGED SOIL e T CONSISTENCY INDEX- Lu, j  kw/m® SEEPAGE FORCE
Y kN/e® UNIT WEIGHT OF SUBMERGED $OIL gy LB VOID RATIO IN LOOSEST STATE
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¥ ANDY SIS SOME SAND,OCC SILTY SAND LAYERS i s AV AV AF 7
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