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1.0 INTRODUCTION

Presented herein are the results of a geotechnical subsurface investigation conducted at
the above site to establish the prevalent subsurface geotechnical conditions
for the design and construction of the proposed bridge, approach fills and Highway 43
realignment. Geocon (1991) Inc. (Geocon) was retained by Fenco Engineers Inc. to

perform this work.

The field work for this project was conducted between October 29th and November 1st,
1990 using a CME 55 drill rig equipped with 200 mm diameter hollow stem augers. The
investigation consisted of 8 boreholes and 1 test pit. The soil overburden was augered
and sampled using the Standard Penetration Tests (SPT) and the underlying bedrock was
cored using NXL size core. Two standpipe piezometers were installed to monitor the
groundwater levels. Finally a test pit was excavated with a backhoe to obtain field

densities and confirm the hard nature of the silty sand till subsurface conditions.

The locations of the boreholes and one test pit are shown on Drawing 3728906-A and a
record of the encountered subsurface conditions at each borehole and the test pit are given

on the Record of Borehole Sheets in Appendix A.
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2.0 SITE DESCRIPTION AND GEOLOGY

The proposed Highway 43 underpass is located at the intersection of Highway 43 and
Highway 16 approximately 2 kilometers east of Kemptville, Ontario (Figure 1). The
proposed underpass will comprise of two spans supported on a central pier and two

abutments.

The site of the proposed underpass and interchange is generally undulating with several
poorly drained areas. The area of the proposed underpass structure is located on top of
a small rise which is surrounded by lower lying areas. Of particular interest in this
regard, is the presence of a marshy area in the northeast corner of the intersection of
Highway 43 and Highway 16. Other smaller marshy areas may be found throughout the
entire interchange. With the exception of the southeast quadrant of the interchange, the

area is heavily wooded.

A northward flowing 'drainage ditch intersects the proposed Highway 43 realignment
approximately 400 m east of the underpass.

The proposed Highway 416 is located within the physiographic region of the Ottawa-St.
Lawrence lowland. During the last Ice Age this area was glaciated which resulted in the
deposition of a layer of till over much of the proposed alignment (Sharpe, 1979). In
general the till comprises of a bouldery cobbly silty sand to sandy silt.

Subsequent to glaciation the Ottawa-St. Lawrence lowland was inundated by the
Champlain Sea. At the location of the proposed Highway 416 alignment the depth of
water was shallow and in general resulted only in minor wave action modification of the -
surface of the underlying till. However, in localized low lying areas deeper deposits (up

to 10 m) of fine grained clayey silt material may be present.
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More specifically, available surficial geological information at the site of the proposed
Highway 43 underpass and interchange (OGS Map 1492A) indicates that it is underlain
by fine to medium grained glaciofluvial sands. However, this is anticipated to overlie

finer grained Champlain Sea deposits.

The underlying bedrock at the site is anticipated to comprise of dolostone bedrock of the
Oxford Formation of the Beekmonton Group.
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3.0 SUBSURFACE CONDITIONS

The subsurface conditions for the underpass structure and the approach embankments are
discussed separately because of different subsurface conditions in these areas. These
differences are caused by the undulating topography which resulted in additional soil
layers in the low lying areas. The factual information which was used to interpret the soil

conditions is given in Appendix A and B and Drawing No. 3728906-A.

3.1 UNDERPASS

The underpass proper is located on top of a slight knoll which is underlain by a sandy
topsoil followed by very dense gravelly sand and silt (glacial till) and finally dolostone
bedrock about 9 m below the ground surface. The groundwater surface was observed to
be about 0.9 m below the ground surface.

3.1.1 Topsoil

The topsoil is an organic silty sand containing roots with a thickness varying from 0.2 m
to 0.5 m. At Test Pit 12-1 the topsoil was underlain by 0.2 m of sand fill.

3.1.2 Gravelly Sand and Silt Trace Clay (Glacial Till)

By far the dominant material on site, glacial till was encountered below the surficial

topsoil (and fill) and was found to extend to bedrock. The thickness of this layer was
determined to be 8.4 m and 9.3 m at Boreholes 12-1 and 12-4, respectively.
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Based on the results of grain size analysis performed on split spoon samples (Figures Bl
and B2 - Appendix B) this material may be described as a gravelly sand and silt with a

trace clay. Some cobbles and boulders are also present within this deposit.

SPT 'N' values within this layer are high and variable with refusal recorded at many
locations before the full test penetration of the split spoon could be obtained. Based on
the measured SPT 'N' values at this and other locations it is concluded that the till can
be described as having a very dense relative density, Measured water contents within the
glacial till typically varied from 2 to 9%.

The one water content of 28%, measured in Borehole 12-7, was obtained from a sample
recovered from near the above lying clayey silt and it is not representative of the glacial
till.

3.1.3 Bedrock

Dolostone bedrock was found below El. 83.0 m which is about 9 m below the existing
ground surface. The bedrock was proven in two boreholes by coring about 2.5 and
2.0 m into the bedrock in Boreholes 12-1 and 12-4, respectively. The bedrock is judged,
by core recovery and RQD percentages to be of good to excellent quality with the
exception of the first 0.6 m in Borehole 12-4 which is of a fair quality.

3.1.4 Groundwater

Groundwater was measured by means of two standpipe piezometers in Boreholes 12-1 and

12-3 and visual observations in the remaining boreholes. The groundwater was observed
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to be about 0.9 m below the ground surface in the piezometers and as high as 0.3 m

below the ground surface in the uncased Borehole 12-5.

3.2 APPROACH EMBANKMENTS

The approach embankments west and east of the underpass structures are located in minor
depressions which have fluvial and lacustrine deposits overlying the glacial till and

bedrock. The observed soil stratigraphy is as follows:

Peat/Topsoil

Sand, compact

Silty Clay, soft to stiff

Sand (in Borehole 12-8 only)

Gravelly Sand and Silt (Glacial Till) Very Dense

The subsurface conditions at the west embankment were investigated by Borehole 12-6
which encountered a 0.3 m thick saturated peat and organic layer at the surface followed
by 2.0 m of compact sand and 1.4 m of very stiff silty clay at the bottom of the 3.7 m
deep borehole.

The subsurface conditions at the east embankment were investigated by Boreholes 12-7
and 12-8. The boreholes encountered a 0.3 m thick peat and topsoil stratum underlain
by about 1.4 m compact sand, variable thickness of soft to firm silty clay (3.7 to 6.9 m)
and finally by very dense gravelly sand and silt. At Borehole 12-8 2 1.1 m thick sand
layer separated the silty clay and the underlying gravelly sand and silt strata.
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At both embankment locations the groundwater was observed to be at the ground surface.
Bedrock was not encountered, to the depths drilled, at the approach embankment

locations.
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4.0 DISCUSSION AND RECOMMENDATIONS

4.1 GENERAL

The proposed underpass will have two spans supported on two abutments and a central
pier. Itisunderstood that open style abutments perched above the roadway are favoured.
At this site, it is anticipated that this will result in the abutments being placed within the
6 to 7 m high approach fills adjacent to the abutments. As discussed in the following
sections, the use of spread footings placed on an engineered fill is recommended for both
abutments. Spread footings placed within the glacial till are recommended for the central

pier.

Slope stability analysis, indicates that embankments constructed with conventional 2
Horizontal to 1 Vertical side slopes will be stable.

4.2 UNDERPASS FOUNDATIONS
4.2.1 Abutments
The subsurface conditions at both abutment locations comprise of a thin layer of topsoil

overlying competent glacial till. In light of this and the favoured open abutment concept

the following foundation alternatives may be considered.
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4.2.1.1 Spread Footings Placed on Engineered Fill

For the assumed geofnetry of this foundation solution (Figure 2), the recommended
bearing pressures at the Serviceability Limit State (SLS) and factored Ultimate Limit State
(ULS) conditions for a 3 m wide footing arg{400 kPa and 800 kPa, respectively.
(24

The SLS design load is the load ai which the estimated settlement of the footing will be

of the order of 25 mm which for the purposes of this design has been assumed as the
maximum settlement that may be tolerated. - This settlement is comprised of 20 mm___
within the engineered fill and 5 mm within the 6verburden materials. It should be noted —
that both of these elements of settlement will be largely elastic and will occur mostly
during initial loading of the foundations. An integral part of this proposed foundation
design is the construction of an engineered fill on which to place the footing (Figure 2).

Frost protection for the footings should be in accordance with Figure 2.

4.2.1.2 Spread Footings Placed within the Till

Provided the base of the proposed footing is located at least 1.0 m below the existing
ground surface an allowable design load of 500 kPa and 900 kPa may be assumed at the --7
SLS and factored ULS conditions, respectively. Settlements at the SLS condition are

Ke

anticipated to be of the order of 10 mm.

42.2 Central Pier

At this location, the subsurface conditions comprise a thin cover of topsoil overlying very
dense glacial till. Hence, spread footings placed at least 1.0 m within the glacial till are

recommended. Design bearing pressures of 500 kPa and 900 kPa may be used for the
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SLS and factored ULS conditidns, respectively. Settlements at the SLS condition are
anticipated to be of the order of 10 mm. ___ 1.

4.3 EMBANKMENT RECOMMENDATIONS

Based on the observed subsurface conditions encountered in the area of the proposed
underpass abutments and based on the anticipated maximum embankment height of 7 m,
it is concluded that embankments constructed with side slopes of 2 Horizontal to 1
Vértical will remain stable. Additional embankment fills to the west and east of the
underpass alignment will be required for the west-south and east-north approach ramps

to the proposed Highway 416.

Within the area of the west-south approach ramp the subsurface conditions encountered
comprise a thin surficial layer of organics overlying 1 m of sand and 2 to 3 m of silty
clay. Based on these subsurface conditions it is considered that conventional
embankments constructed, with side slopes of 2 Horizontal to 1 Vertical will remain
stable. '

Within the region of the east-south approach ramp the subsurface conditions encountered
comprise a soft clay layer with an upper stiff crust in turn overlying stiff varved clay and
glacial till. Based on these subsurface conditions it is considered that conventional
embankments constructed with side slopes of 2 Horizontal 1 Vertical will be stable

providing the maximum height of the embankments is not greater than 6 m.

Embankment fill should meet the requirements of OPSS 212 for borrow material and
should be placed and compacted in accordance with OPSS 206. Slopes of 2 Horizontal
to 1 Vertical are applicable for sandy earth borrows, rock borrow or select subgrade fill
material. If silty or clayey earth borrow is used, the embankment side slope should be

2.5 Horizontal to 1 Vertical or flatter and are to be confirmed by engineering analyses.
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Prior to the placement of any imported fill materials, the receiving area under the base
of the fill should be stripped of all topsoil and organics and any other deleterious material
which may be present. The receiving foundation, comprising glacial till or sand, should
be proof-rolled and any soft areas excavated and replaced with compacted competent
material. Settlements of the main approach embankment and the west—sohth and east-
north ramps are estimated to be of the order of 10 mm and which will primarily occur —— 1,

during initial loading of the embankments.

4.4 GENERAL RECOMMENDATIONS
4.4.1 Dewatering

Groundwater was observed near the ground surface at all locations.- It is anticipated that

the excavation which will only be required at the central pier. At this location the

‘groundwater is located in a low permeability glacial till. It is anticipated that at this

location any groundwater can readily handled by a system of ditches leading to a central

sump and a pump.

442 Excavations

Temporary excavations in the natural soils at the site will be within the glacial till layer.
Excavations within this layer shall be excavated with 1.5 Horizontal to 1 Vertical slopes
if the excavation is deeper than 1.5 m. The excavation slopes shall be in compliance with
the Ontario Health and Safety Act regulations or other governing regulations within the
area. The base of the excavation shall be inspected for any soft areas. If soft soil is

encountered, it shall be excavated and replaced with compacted granular fill.
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443 Earth Backfill Pressures

The earth pressure for the design of the abutments should be computed as per Section
6.1.2 of the O.H.B.D.C., and an unyielding foundation condition may be assumed for
the computations. If however, movement of the top of the wall is permitted, and is
greater than 0.05% of the overall height of the wall, then a yielding condition may be
used in the computations. The Granular 'A’ or 'B' backfill should be in accordance with
the Special Provision No. 109F03. The following parameters are recommended for the

granular backfill:

Granular 'A’ Granular 'B'
Angle of Internal Friction ¢ = 35° ¢ = 30°
Unit Weight (kN/m?) y =22.8 y =21.2

If the footings are placed on compacted granular backfill, an unfactored coefficient of
friction value of tan 30° may be assumed for tﬁe estimation of the sliding resistance.
However, if the footings are placed on the glacial till, an unfactored coefficient of friction
of tan 25° may be used.

444 Frost Penetration

The anticipated maximum depth of frost penetration at the site is 1.8 m (Canadian
Foundation Engineering Manual). Because of the moderately frost susceptible nature of
the glacial till at the site, all foundation units should be provided with at least this depth
of soil or equivalent cover below finished grade. In addition, where approach fill
embankments are less than the anticipated depth of frost penetration additional design
measures will be required to ensure the satisfactory performance of the pavement. This

aspect of the design will be addressed in more detail in the Pavement Design Report.



445 Site Supervision

The recommendations given in this report are based on the assumptions that the assumed
soil conditions will be verified in any engineered fill and excavations and that all
construction recommendations are followed. It is recommended, therefore, that the
foundation and earthworks construction be carried out under suitably qualified

geotechnical engineering supervision.



5.0 CLOSURE
The field work portion for the investigation was done under the supervision of Mr. N,
Khan, P.Eng. The report was written by Mr. 1. Corbett, P.Eng. with assistance from

Mr. N. Khan, P.Eng. and reviewed by Dr. 1. Holubec, P.Eng.

This report is subject to the attached General Conditions and Limitations.

Yours very truly
GEOCON (1991) INC.

Project Engineer

. / |
or Holubec, Ph.D., P.Eng.

Vice-President

IH:dtj
T11688/15530
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GEOCON (199D INC,
GEOTECHNICAL REPORT
E CONDITIONS

REPO

The factual data,interpretations and recommendations contained in this report pertain to a specific project
as described in the report and are not applicable to any other project or site location. If the project is
modified in concept, location or elevation or if the project is not initiated within eighteen months of the date
of the report Geocon (1991) Inc. (Geocon) should be given an opportunity to confirm that the
recommendations are still valid.

The comments given in this report are intended only for the guidance of the design engineer. The number
of test holes to determine all the relevant underground conditions which may affect construction costs,
techniques and equipment choice, scheduling and sequence of operations would normally be greater than
has been carried out for design purposes. Contractors bidding on, or undertaking the work, should rely
on their own investigations, as well as their own interpretations of the factual test hole data, as to how
subsurface conditions may affect their work.

FOLLOW-UP

All details of the design and proposed construction may not be known at the time of submission of
Geocon's report. It is recommended that Geocon be retained during the final design stage to review the
design drawings and specifications related to foundations, earthworks, retaining systems and drainage, to
determine that they are consistent with the intent of Geocon's report.

Retention of Geocon during construction is recommended to confirm and document that the subsurface
conditions throughout the site do not materially differ from those given in Geocon's report and to confirm
and document that construction activities did not adversely affect the design intent of Geocon's
recommendations.

O OCK CONDITIO

Soils and rock descriptions in this report are based on commonly accepted methods of classification and
identification employed in professional geotechnical practice. Classification and identification of soil and
rock involves judgement and Geocon does not guarantee descriptions as exact, but infers accuracy only to
the extent that is common in current geotechnical practice.

The soils and rock conditions described in this report are those observed at the time of the study. Unless
otherwise noted, those conditions form the basis of the recommendations in the report. The condition of
the soil and rock may be significantly altered by construction activities (traffic, excavation, pile driving,
blasting, etc.) on the site or on adjacent sites. Excavation may expose the soils to changes due to wetting,
drying or frost. Unless otherwise indicated the soil and rock must be protected from these changes or
disturbances during construction.
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ST HOLES UBSUR 1 R (0)

Soil and rock formations are variable to a greater or lesser extent. The test hole logs indicate the
approximate subsurface conditions only at the locations of the test holes. Boundaries between zones on the
logs are often not distinct, but rather are transitional and have been interpreted. The precision with which
subsurface conditions are indicated depends on the method of boring, the frequency of sampling, the
method of sampling and the uniformity of subsurface conditions. The spacing of test holes, frequency of
sampling and type of boring also reflect budget and schedule considerations.

Subsurface conditions between test holes are inferred and may vary significantly from conditions
encountered at the test holes.

Groundwater conditions described in this report refer only to those observed at the place and time of
observation noted in the report. These conditions may vary seasonally or as a consequence of construction
activities on the site or adjacent sites,

CHANGED CONDITIO

Where conditions encountered at the site differ significantly from those anticipated in this report, either due
to natural variability of subsurface conditions or construction activities, it is a condition of the use or
reliance by the client of this report that Geocon is notified of the changes and provided with an opportunity
to review the recommeadation of this report. Recognition of changed soil and rock conditions requires
experience and it is recommended that an experienced geotechnical engineer be employed to visit the site
with sufficient frequency to detect if conditions have changed significantly.

DRAINAGE

Drainage of subsurface water is commonly required either for temporary or permanent installations for the
project. Improper design or construction of drainage can have serious consequences. Geocon can take no
responsibility for the effects of drainage unless Geocon is specifically involved in the detailed design and
follow-up site services during construction of the system.

c:\general\cndtns.lmt
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APPENDIX A

Explanation of Terms used in this Report
Explanation of the Term Rock Quality Designation (RQD)
Record of Borehole Sheets (12-1 to 12-8)

Test Pit Logs
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EXPLANATION OF THE TERM

ROCK QUALITY DESIGNATION (RQD)

The description of bedrock quality for engineering purposes can be inferred from a
modified core recovery logging procedure designated as RQD, developed by D.U. Deere.*
This classification is based on a modified diamond drill core recovery percentage in
which only the pieces of sound core over 4 inches (10 cm) long are counted as
recovery. The core must be carefully examined to discount fresh irregular breaks caused
by the drilling process (fresh broken pieces are fitted together and counted as one
piece). The remaining fragments less than 4 inches (10 cm) length are considered to be
due to very close bedding, jointing, fracturing, shearing, or weathering in the rock mass
and are not counted. The procedure penalizes the rock where recovery is poor. This is
appropriate because poor core recovery usually depicts poor quality rock. In the case of
certain shaley sedimentary or thinly foliated metamorphic rocks, the method is not as
exact as for other rock types and rock quality requires interpretation by a specialist for
the particular engineering application. To minimize the occurrence of core breaks from
drilling procedures RQD logging is normally run on core obtained by double or triple
tube core barrels and generally of N’ size or greater.

The table below may be used as a general indicator to correlate {(RQD) and rock mass
quality.

RQD DESCRIPTION OF ROCK QUALITY

90 - 100  Excellent - intact, very sound, massive
75 - 90 Good - moderately jointed or sound
50 - 75 Fair - blocky and seamy, fractured

25 -50 Poor - shattered and very seamy or blocky,
severely fractured
0-25 Very poor - crushed, very severely fractured

*See, for instance:

K.G. Stagg and O.C. Zienkiewicz, “‘Rock Mechanics in Engineering Practice’’. New York,
Wiley, 1968, Chapter |.



OFFICE REPORT ON SOIL EXPLORATION

RECORD OF BOREHOLE No |2-] METRIC
W P 372-89-06 LOCATION _Co-ords: 4,987 ,878.2 N; 373,610.0 E ORIGINATED BY _N.K.
DIST 9 HWY 416 BOREHOLE TYPE __ Hollow Stem Augers, Tricone, NXL Rock Core COMPILED BY __N.K.
DATUM Geodetic DATE October 31, 1990 CHECKED BY 1.C.
SOIL PROFILE SAMPLES | = w [DYNAMIC CONE PENETRATION
52 g RESISTANCE PLOT pastic BATML o ’_’i REMARKS
- w301 2 20 40 60 80 100 [T cowrenr tmir} SO .
9 o w = z 1 el 1 L Wp w w, ow
ELEV ESCRIPT! Tl w| 2125 & [SHEAR STRENGTH iPo — 2 | GraIN size
DEPTH o ON -2l z]% 85 % |o unconeneo + FIELD VANE . y |DISTRIBUTION
gz 5 | &Y 2 e quick TRIAxAL  x 148 vane WATER CONTENT (%) (%)
92. 3 {Ground Surface e ’ . uw 20 40 60 GR SA SI Cl
0.00(Silty Sand Topsoil. ~ N 92
91.9 |some roots. ~.} 1]|Ss
0.4 Yoose BlackJ ..
Gravelly Sand and Silt.'l } z)ss 8 o
Trace clay l‘
_ |(clactial T111) L. s he7
Loose to Very Dense ! i. h0o n Bentgnite| Seal 21 37 37 5
lsa.o Brown r 90
2.4 .
Gravelly Sand and Silt.[;.
Trace clay. Some L
cobbles and boulders il = mo ey, o
(Glacial Till) ]l 7 Seum
Very Dense Grey i vl‘
[ 5|ss |97
B )
. EISS 9
]’v 75:@ Backfj11
J.' * 737
f. 63mm
I -
4|' 8]|ss |86* 86 -] 22 38 355
R
]4 H 9 [ss [o2/
] i 2 5 Omay
f.‘lm ss Iso/ °
.' 150mq 84
. D Pliezomdter Tip
83.5 | RecX RQDZ
8.8
Dolostone
Unweathered, fine
grained, closely to 11 | RC 98 95
moderately bedded. NXL
Sound Grey 82
12 | RC (100 100
NXL
180.9 N
11.4 {End of Borehole
Notes:
1. Water level in stand}
pipe plezometer
measured at elevatioh
91.3 m on Dec. 9/90|
2. 00* indicates that
the quoted 'N' value|
is based on the firs}
0.3 m of penetration
(full penetration nof
achieved)
3. Borehole advanced
f 4,7 to bedrofpk
h:‘)%ticonuilmogr

N casing.

+3, x5 : Numbers refer to

Sensi

tivity 10

20
15 -5 (%) STRAIN AT FAILURE




OFFICE REPORT ON SOIL EXPLORATION

RECORD OF BOREHOLE No 12-2 METRIC
WP 372-89-06 ' LOCATION Co-ords: 4.987,860.8 N; 373,6010.3 E ORIGINATED BY N.K.
OISt 9 HWY 416 BOREHOLE TYPE Hollow Stem Augers, Tricone COMPILED BY N.K.
DATUM Geodetic DATE November 31, 1990 CHECKED BY I1.C.
SOIL PROFILE SAMPLES o w DYNAMIC CONE PENETRATION -
.u_-ués g RESISTANCE PLOT K pasnic NATUMA ouo| T REMARKS
. $6| » 20 40 60 80 100 |7 conTenr umr] 5O
Ol 217221 2 — wp W w, | Sw &
ELEV |8 w|2[25] & [SHEAR STRENGTH KPa RS — 3 | GraIN sI1ZE
DEPTH DESCRIPTION |22 $138] % |ounconmmeo  + mien vane water conTent (w7 OISTRIBUTION
d1z 5 | &Y & |e quick TrRiaxiaL  x 148 vANE . (%)
91.€ {Ground Surface & ‘ w 20 40 60 GR SA SI Cl
0.0 [Silty Sand Topsoil. ~ Not
91.1 |Some Roots and Organicsi{~ 1ss 6 |Noted
Loose Black -
0.5 &
Gravelly Sand and Silt. ||'
Trace clay. Some ,‘r
cobbles and boulders ] ! 90
(Glacial Till) 1-7'. 2|ss |90
A
Very Dense Grey o
'!','t‘ 3iss |72 ° 40 31 25 4
f.}
1r 4(ss |73
],D 88
f, b
N S
1" 140 mp
I
. 86
85.6 | 5155 02/
End of Borehole h40md
{Notes:
1) Borehole advanced
from 3.10 m to
5.95 m by Triconing
inside an N casing.
i
i
3 5. Numbers refer 1 N
7 x7: S""'_’v"‘" refer to 1545 (%) STRAIN AT FAIURE
ensitivity 10




OFFICE REPORT ON SOIL EXPLORATION

RECORD OF BOREHOLE No 12-3

METRIC

Auger Refusal

Notes:

1) Water level in

not achieved)

from 5.90 m to

inside N casing.

standpipe piezometer
measured at elevatiop
92.09 m on Dec. 9/90

2) 00* indicates that t
quoted 'N' value is
based on the first
0.3 m penetration
(full penetration

3) Borehole advanced

7.42 m by Triconing

he

WP 372-89-06 LOCATION Co-ords: 4,987,857.4 N; 373,646.6 E ORIGINATED BY _ N.K.
DIST 9 HWY 416 BOREHOLE TYPE __Hollow Stem Augers, Tricone COMPILED B8Y N.K.
DATUM Geodetic DATE October 30, 1990 CHECKED BY 1.C.
SOIL PROFILE SAMPLES @ w OYNAMIC CONE PENETRATION
W | g [RESSTANCE POT > masic Mo vowe| = I | pemarks
g Y Mt CONTENT LiMiT =0
- wn | 30 v 20 40 60 80 100 Z= Y
O« S12=1 2 . h L L . Wp w w | 5w
ELEV - &)Yl w| 2|95 & [sHear sTReNGTH «Po —— 2 | craIN Size
DEPTH DESCRIPTION _ :z> > g 8(2) = o unconrineo + FIELD VANE ATER . . y DISTRIBUTION
gz _ 2 | quick TriaxAL  x 1AB vaNE w 2E C?N ENT (%) (%)
93.0 |Ground Surface 5 ! @ 0 40 60 GR $A SI CL
0.0 {Silty Sand Topsoil. YA
92.6 ILoose lack ~ p1]|8s 8
A
2'2 and (F111) -
0.6 |[Gravelly Sand and Silt, l -1 2 78S |75* -¥ °
Trace clay. Some J‘ 92
cobbles and boulders ’
(Glacial Till). j{
. 388 {72 28 32 35 5
Dense to Very Dense ‘I,l-
||
Ma]ss [74% °
{I. Bentdnite|Seal
| 0
| w
JI R 1 Qmnot
__E£°2__11'L
Grey ! 6 1SS | 53* ©
I
. Backfill
1 } 71ss |47 a8
Il
4'?{ 8 |ss [87/
. 280gn
‘I } Hiezomdter
. U
185.6 (o Tss—hYy Lo
7.4 |End of Borehole 1 00md

+

3, x5 ; Numbers refer to
Sensitivity

20
1545 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

RECORD OF BOREHOLE No 12-4 METRIC
w P 372-89-06 LOCATION Co-ords: 4,987,848.9 N; 373,685.8 E ORIGINATED BY _ N.K.
DIST 9 Hwy 416 BOREHOLE TYPE Hollow Stem Augers, Tricone, NXL Rock Core COMPILED BY N.K.
DATUM Geodetic DATE ctober 2 O and N ber_2, 1990 CHECKED BY ___I1.C,
w DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | &5, | 2 |resistance pior 2 masnc YA eue| T
€2 3 UM Content it | 0 REMARKS
- w30 @ 20 40 60 80 100 2=
9 o w - z A d 1 A L Wp w W, Sw &
ELEV gl w| 2|95 & [sHEAR STRENGTH wPo ——— 2 | GRAIN SIZE
DEPTH DESCRIPTION e g 88 2 | o unconrineD * FIELD VANE] oo cONT . y |DISTRIBUTION
§ 2 5 | &© 2 |® Quick TRIAxIAL  x (AB VANE AN ENT (%) (%)
92.5 |Ground Surface & ‘ w 20 0 60 GR SA SI CL
0.0 |Silty Sand Topsoil T~
fp2.2 fjSome roots. Black 1—’T 1}ss 8
1 . 92
0.3 o
Gravelly Sand and sile.| - ZT 5] L °
Trace clay. Some . 150mn
cobbles and boulders. [
(Glacial T{ll) r?l
Very Dense Browm || [ 3 [ss B3/ |
_____{-.I R 6 Smn
Grey
o, 90
]lF 4|ss |84 o
o Hslss L
o o
|
I [ 6—-56—|R
l[ 7 [ss |83% o
N
1 I. 86
]‘_ B Iss {27 ° 27 35 33 5
'I. 11 50may
.‘}
» f oIS Fa7 "
] . 1 50mn 8
[.;
82.9 I Rect RQDX
9.6 RC
Dolostone 10 | Ny 100 55
Unweathered, fine
grained closely to 11 &L 100 s
moderately bedded. 5
Some calcite iIntrusions
12 | RC 1100
Sound Grey NXL 93
80.9
11.6 |End of Borehole
Notes:
1) Water level in open
borehole measured at
elevation 91.69 m on
October 30, 1990.
2) 00* indicates quoted
N value based on the
first 0.3 m penetratjon
(full penetration no
achieved).
3) Borehole advanced fré¢m
3.43 m to top of -
bedrock by Triconing
inside N casing.
4) R = SPT Refusa

+3. x5 : Numbers refer to
Sensitivity

1]

20
1545 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

RECORD OF BOREHOLE Nol2-5 METRIC
W P 372-89-06 LOCATION Co-ords: 4,987,840.6 N; 373,683.6 E ORIGINATED By _ N.K.
DIST HWY 416 BOREHOLE TYPE Hollow Stem Augers, Tricone, NXL Rock Core COMPILED BY N.K.
DATUM Geodetic DATE October 29 and 30, 1990 CHECKED BY 1.C.
IL PROFI SAMPLES « w  |DYNAMIC CONE PENETRATION -
SOIL PROFILE .u_;.g < | RESISTANCE PLOT k ASTIC :31;:3.\! vowo| o~ T REMARKS
g 3 Mt content Lt {5 O
- w | 20 n 20 40 60 80 100 2o Iy
9 E‘ g o: z L 1 1 i 1 Wp w Wl 33
ELEY DESCRIPTION Fle| g | 3 |28 Q [PrEaR STRENGTH e DISTRIBUTION
- |
DEPTH 1S Z 51386 g |oUNCONRINED  + FIELD vANE . y
212 Yy gu & | quick TrRaxiaL  x 1aB vanE WATER CONTENT (%) (%)
92.2 | Ground Surface 7] - w 20 40 60 GR SA SI Cl
0.0 [silty Sand Topsoil I~ 92
92.0 fisome clay and roots j S ss 7| E
0.2 Black ] [
Sandy Silt. Some il2 [ss Tosy
gravel, Trace clay. l l 2500k
Some cobbles and .
boulders 1 l 317335 |26/ b
(Glacial Till) ' lsolq
] | 90
Very Dense Brown l'l_ 4 ss |100
Grey "l
1'.| 5 | ssleL ° 15 36 58 7
||
N o8
N
]'_. 86
-'
|' . 84

fotes:

End of Borehole
Casing Refusal
Inferred Bedrock

1) Water in open
borehole measured at
elevation 91.9 m on

2) Borehole advance
from 3.56 m to 8.92
by Triconing inside
N casing.

morning of Oct. 30/90.

43, x5 : Numbers refer to

Sensitivity 10

20
1545 {%) STRAIN AT FAILURE




OFFICE REPORT ON SOIlL EXPLORATION

Ontano
RECORD OF BOREHOLE No I2-6 METRIC
e 372-89-06 LOCATION Co-ordn:_ 4,987,897.3 N; 373,517.2 E ORIGINATED BY _GY
DIST 9 HwWY 416 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY __1¢
DATUM Geodet ic DATE February 28, 1991 CHECKED 8Y ic
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES g_,m ‘; RESSTANCE PLOT 2 |ync MR 00 =
g2 e Lt 2O runt :m‘:v :L') REMARKS
- w | 20 A 20 40 60 80 100 CONTENT 39
9 o h] - 2 f 1 i L 1 Wp W W, Sw &
ELEV RIPTIO S la| w| 2125 | & [sHEAR STRENGTH kPo o 2 | craiv sizE
DEPTH DESCRIPTION {3123 85 g [ounconemeo e po vaNel o TENT (4 y |oisTRIBUTION
d12 S lEC | 2 e ouck TRaxiai x 1B vane |W CONTENT (%) (%)
Ground Surface a z OV o 20 40 60 GR SA St CL
G.U.ES?E and Orgax'tiz:smm:k o~ =
90.7 2
0.3 Medium Sand. Some silt. :'.:
Compact Brown :'_ d1]ss| 14 90
89.6
14 Koarse Sand. Trace silt
[Compact Grey 2ss|1s
88.7 S
23 Eilty Clay. Some sand. J 3 | ss | 20 ol 025 54 21
ery Stiff Grey /
/ 88
4 ss | 28 [
87.3 /

3.7 [End of Borehole
jAuger Refusal

otes:

Water level in open
borehole measured at
elevation 91.0 m upon
completion of drilling.

+3, x5 Numbers refer to
VX7
Sensitivity

20
15 -5 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

RECORD OF BOREHOLE No 12-7 METRIC

Notes:

1) Water level in
open borehole
measured at
elevation 91.3
upon completion of
drilling.

WP __ 372-89-06 LOCATION __Co-ords; 4,987,764,7 Ny 373,921,0 E ' ORIGINATED BY __ GY
DIST 9 mwy___ 418 BOREHOLE Typg  Hollow Stem Augers compitep By __ 1€
DATUM Geodet ic DATE March 6, 1991 CHECKED BY__I_C._.
w |DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | Wi, | g [Resistance plor nastic NATURAL T
8| % fiasr'c mosture tauo | - &} REMARKS
- SO | @ 20 40 60 80 100 ConTENT tMT | 5 Y
9 a m fg 2 1 i L n 1 Wp W W, Sw &
ELEV aip 18| w| 2125 & [SHEAR STRENGTH \Po —_—— 3 | GRAIN SIZE
DEPTH DESCRIPTION {3 2| $ 138 | T |ounconenes  + Fiew vane WATER . y |DISTRIBUTION
alz o | O 2 leouck Traxial  x 1a8 vane CONTENT (%) (%)
91,3 | CGround Surface » z ol v 20 40 60 80 100 20 40 60 GR SA 51 CL
0.0 Peat and Topsoil Black -
1.0
0.3 Sand
1 SS | 22
Compact Grey 90
89.6
1.7 | silty Clay, Trace to f H 2| 5| 3 °
Some Sand. }
(Weathered Crust) /
H—O—+— 0 23 29 48
Firm Grey /' 3 ss) 4 ®
A e ss| 1 88 v
/a 17
"
B6.7
4
4.6 | Clayey Silt (Varved) /4 5| ss|1s °
LS.O Stiff Grey P 86
5.3 | Gravelly Sand and Silt :'ﬁ 61 ssln °
Trace clay. .
(Glacial Till)
by .7 | Compact Grey LI'.: 7] 88|25
6.6 End of Borehole

20
+3, %% ; Numberes refer to 5 4 5 (o)) STRAIN AT FAILURE
Sensitivity 10




OFFICE REPORT ON SOiL EXPLORATION

Ortano
RECORD OF BOREHOLE No 12-8 METRIC
WP 372-89-06 LOCATION Co-ords: 4,987,734.9 N; 374,016.4 E ORIGINATED BY  SF
DisT 9 HWY 416 BOREHOLE TYPE Hollow Stem Augers COMPILED BY. Ic
DATUM Geodetic DATE March 1, 1991 CHECKED BY ic
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | &, ‘2 RESISTANCE PLOT pasric MAmaL Lo
€2 3 Limit MoisTURE |,|Ml|Jv :0 REMARKS
CONTENT
= w |30 @» 20 40 60 80 100 z= A
9 3 w fus 2 i 1 1 L L Wp w W, oW
ELEV CRIPTIO Tla|l w| 2 %g O [|SHEAR STRENGTH kPo — 2 | GRAIN SI1ZE
DESCRIPTION 2> 213 = DISTRIBUTION
DEPTH =153 = | > o) a | © UNCONFINED + FIELD VANE . y S
gz 5 gu 2 |e quick TrRiaxIAL  x 1AB vanE WATER CONTENT (%) (%)
— )
90,7 | Ground Surface v E v w 20 40 60 80 100 20 40 60 GR SA 51 CL
0.0 Peat and Topsoil Black =
90.5 iR
0.2 ] Sand. Some Silt. -.'_: 90
1) ss) 19 082180
Compact Brown |- -
89,0 e
1.7 1 STty Clay Some Sand [/} 2 | SS 3 i 0 16 44 40
(Weathered Crust) /
Stiff Grey /” (>9z
8s8.0| _ __ __ ___ _ /: 88
2.7
silty Clay. Trace San /‘ 17
Silt content increasesl |13 [ SS | /o1
with depth. /
1 8
Soft to Firm Grey / +
1
;’ 7 86
1
/i 4 1SS | 4soup ]
/ +
0 7 61 32
s | ss Zé —to—
% Omp 84
]
/1 +
1/
[/ 6 155 [asoup
. .
4 82 + :
Vs [
81.1 | 4 1450m & [See Npte 1l
9.6 | Coarse Sand Tl
Grey |,
80, 0 ot
g. 7 355707 80
9.9 flGravelly Sand and Silt 7Smm
10.8 ATrace Clay
(Glacial Till)
ery Dense Grey
End of Borehole

+3, x5 : Numbers refer to

Sensitivity 10

20
1545 (%) STRAIN AT FAILURE




@ rrovect _Highway 416 - Highway 43 Underpassrtest miv 12-1
W Geocon _Location Co-ords: 4,987,858.9 N; mee_ 1 of 1

‘ 373,690.8 E
TEST PlT LOG DATUM Geodetic

cONTRACT No. WP 372-89-06 ° pateDec. 13/91

End of Test Pit
Machine Refusal

SAMPLE TYPE OF TEST
CONDITION Wy = WATER CONTENT - % P - MODIFIED PROCTOR TEST w._ - LIQUID LT -~ %
B oisturseo GS - SRAIN SIZE ANALYSIS Wopr - OPTIMUM WATER CONTENT -% Wp = PLASTIC LIMIT -%
Y - uNT weieHT - M) Yuax - wax. oav umr wERNHT - '/ 3
STRATIGRAPHY sampLES|  TEsTs
[ 1| & E 4 P’
. | 3. g2 & 5
. EE DESCRIPTION ils|3 3
w | >lw » 8 z H
o 3 (-]
4 g Ground Surface Gr Sa Si Cli

- ggg Silty Fine Sand, Some roots (Topsoil) Dark Brown Nt

— hd . ’V.

[ | 0.2] Sand, medium to fine grained, Some silt, Ir organics Brown |,*.

- A

= g 4 Heterogeneous mixture of Gravel, Sand and Silt. Trace 1'|-

- "'l clay. Some Cobbles and Boulders (Glacial Till). 1.,

= Max. size of Boulder encountered - 1.0 m diameter

- Grey/Brown !

= J_}

- s |

- ¥

" vl

[ |

:_— .D

- s

— >

= -

- .

= i HX| 1 28 32 6

- o

- T

E ‘.s

= 1>

— |89.8 v

:_ 3.7 lleterogeneous mixture of Gravel, Sand and Silt. Trace ".’"

— clay. Some Cobbles and Boulders (Glacial Till). vy

= Blue/Grey 'L 2126 32 34 8

- .

- N

— 188.4 L]

— | 4.




APPENDIX B
Figures Bl to B4 - Grain Size Curves



. ~ - -

S : _ 7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
: _ ' SAND GRAVEL
CLAY & SILT Fina I Mediom [ Coorse Fine | Cooarse
GRAIN SIZE IN MICROMETERS o MINISTRY SIEVE DESIGNATION { Metric)
| 2 3 45 : 10 20 30 4050 J5,m 150 uen 300um 600um 118 mm 2.36mm 9.5mm 19.0 mm 37.5mm  63.0mm
100 LT s3um | 106um 2504n 425um 850 um 2.00mm 4.75mm 13.2mm L 26.5mm I 53 Onm 750 mm
. | , , : )‘2_.//4
: ' th
90 ' ' ' 4 /// //// 10
, 41 | <///"//
" . / '%‘// 3\&/ v
- L~ N ) ¢
. : : ,<>/Ai/ // .
70 . . ) . _ // ;<./// ;,/ 30
e y __/7.7( N < B
o 69 <L Z <L 400
2 i F
g L~ b 11 &
50 e 50
e
g 1'#&// LEGEND ;z:
& L~ BH [SAMPLE SYMBOL =
a 40 60 &
) . e M 122 3 o
"12-2 3 A
30 70
’ 12-3 3 '
12-5 5
20 ® 80
, 12-4 8 ¥
2 ' 12-1 8 [w]
10 , s 90
& L+ o < ’ o ’ '
oL ' 1l ' ____JIOO
t 2 3 4 s o . 20 30 40 270 200 140 100 €60 S0 40 30 20 16 0e 4 A A N A L &

. MINISTRY SIEVE DESIGNATION (Imperial)

ey oonans | . GRAIN SIZE DISTRIBUTION FIG No BlL

Communications - ) ©~ Gravelly Sand and Silt -, Trace Clay .  (Glacial Till) WP 372-89-06

Ontario




7812 M

UNIFIED SOIL CLASSIFICATION SYSTEM
- : SAND . GRAVEL
- CLAY & suT ‘ Fme ] Medium [ Coarse Fine [ Coarse
v GRAIN SIZE IN MICROMETERS _ : ' -MINISTRY SIEVE DESIGNATION { Metric)
I 2 3‘ 45 10 20 30 .40%0 7Sum . 150um 300.um 600um 1L18mm 2.36mm 9.5mm 19.0mm 3.5mm  63.0mn
100 [ ”l 53um | 106um 250um 425 um 850 um 2.00mm 4.75mm 13.2mm 26.5mm 53 0mmf 7S Omm

-10

7

0 ' ' p 20

70

60

PASSING
i
-
\L\
=
\
i
REI’AINESD

80 , 50
s - , LEGEND 3
= , , .[ L— TP [SAMPLE |  symsOL &
o 40 - 60 &
IR 1AM | _ 12-1 | 1 N
v . / )%
20 4 : ' - : 80

== , _ . | —.
! 2 3745 10 20 30 40 270 200 140 100 €050 40 30 20 s o8 4 MOV Yt Y ks
' o - MINISTRY SIEVE DESIGNATION (Imperial ) o

Wyor GRAIN SIZE DISTRIBUTION =~ [FG No v m

Transportation * .
. : WP ..372-89-06

Ontario - -~ = R - Co ;"‘Heteroge‘nouS'mixture oF era_vel, Sand and Silt .




7812 M

UNIFIED SOIL CLASSIFICATION "SYSTEM

RSN . SAND ' _GRAVEL
o (CLAY & SHT , _ Fine - | Medlum r Coarse Fine l Coarse
GRAIN 'SIZEA IN mcnomsrens . ] o ’ " .. - MINISTRY SIEVE DESIGNATION ( Metric)

N RS T I N T 1o 20 30 4050 y5,m 150um  300um  600um 118mm 2 36mm 9.5mm 19.0mm 375mm  63.0mm
”H ”” - {53um | * 10sum 250um 425 um um 2,00mm 4 75mm 132mm | 26.5mm | s30me| 750mm

(o]
¢ . . . (/

L ek el o S | SR YNNI U BN S DU — =1 - o 2 N OSUR

100

90 —+ — — , 10

[EY SEUNN NI JU [ S ISV N . - - IR NSOURY —

80 v SR T L — 20

70— — ' —  — / 30
60 . ‘ : » ' . )

50 - - : - . . - . . l . - ~

7( P | LEGEND

PASSING

RETAINED

»
(=]

BH SAMPLE SYMBOL

1 0 s -3

. 30 -1 - e mm TR ORI SPIR [ 7 S

PERCENT
PERCENT

40

[-:]
.. Q

S Np ( he SRAIK LR SR SEN Y B TSP IR SN S O S G S S S N P S e —_—e -t b

e e ——

20 ) . : ) - B . ) - N " ’ - i - coT 80

R R TR — - -+ - - -t

. ) - -4 v - - g — - —— - ‘ - : - - '. .
ol Y ; - /T( : , ’ e : ‘ 100
I 2z 3 a5 - 10 " 20 30_"4_0 270 200 140 100 6050 40 30 20 I6 108 4 ' W pm 2 a
o ' co B o : MINISTRY SIEVE DESIGNATION (Impenol)

ot A UL EIt ERTRRAN GRAIN snzs DISTRIBUTION - [AG N0 m

Communications - . - -f .o P oW P P 372-89-06

Ontarfio = v . e L Sand Some Sllt




7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM 3 o
’ . ~_SAND GRAVEL ,
v CLAY & S“.T ‘ o : _Fme“ o : ] : Medium ] Coarse Fine I Coarse
GRAIN snze IN Mrcnonsrens ‘ MINISTRY SIEVE DESIGNATION ( Metric) )
1 ' 2 3 4 s S0 . ‘20 30 40 So. .7Sum T 150um. JOOum . 600um 1,18 mm 236mm . 9 Smm 19.0mm 32.5mm 63 Omm
100 1= ' ]”[ “” NN 5§vum g woun‘- ' .250ulm 425um 850 um 200mm . 4.75mm 13 2mm 26.5mm 530 75%mm
-L-. N O N | I S S - . 1.
90 A o /K 1o
- Al o
[— 9 ‘
70 30
- - _’ - .. ——— ]
O 60 ( " 408
z ] A 2z
n pd <
; T £
" 50 ,)’(// s0
2 pdaray // . LEGEND >
R e A A -1/ - -4 - - - s
o B ‘ BH SAMPLE SYMBOL o
‘: 40 { ‘/ g /; - - s();J
- V. 1 LA i | R 12-8 2 ° |
| 4 ) ' " - - 12-éw _.5—” ) :
30 ,/ - - < e e & 70
Y45 / . 2= 3 ,_.__,__x___
: a8 126 3 o
20 : — [N 80
- e A SR AR RSN NI 0 . '
o ' %0
0 : : - oo
2 345 10 20 30 40 270 200 140 100 6050 40 30 20 I 108 e KON TR L [7SPYE VO
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HIGHWAY 416 UNDERPASS

AT HIGHWAY 43
BORE HOLE LOCATIONS & SOIL STRATA
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"' Bore Hole
ﬂ} Dynamic Cone Penetration Test (Cone)
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—%' W L at time of investigation

l Piezometer

Test Pit
C -
! 92 3 49878782 373 610 O
2 3] 6 49878608 373 6043
3 93.-0 4 987857 4| 373 646:6
4 92-5 4 987 548-9( 373 685 8
5 92 2 4987840 6| 373 6836
o 91 O 4 987897-3| 373517 2
7 92 3 4 9877647 373 921-0
8 90-7 4 987 7349] 374016 4
TPI2-1 93 5 4987858:9| 373690-8
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=NOTE=

The boundaries between soil strata have been established
only at Bore Hole locations Between Bore Holes the
boundaries are assumed from geological evidence.

NOTE: The complete foundation investigotion and design report for
this project ond other reloted documents moy be exoamined at the
Engineering Moterials Office, Downsview Information contained in
this report and reloted documents 1s specifically excluded in
occordonce with the conditions o~ Scction 102-2 of Form 100
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