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1.0 INTRODUCTION

Presented herein are the results of a geotechnical investigation conducted at the above site
to establish the prevalent subsurface geotechnical conditions for the design and
construction of the proposed Van Buren Street underpass and approach fills. Geocon
(1991) Inc. (Geocon) was retained by Fenco Engineers Inc. to perform this work.

The field work for this project was conducted between November 6th and November
16th, 1990 using a CME 55 drill rig equipped with 200 mm diameter hollow stem augers.
The investigation consisted of 5 boreholes and 1 test pit. The overburden was sampled
using a 52 mm diameter split spoon in conjunction with the Standard Penetration Test
(SPT). The underlying bedrock was cored in NXL size. Two standpipe piezometers
were installed to monitor the groundwater levels. The test pit was excavated with a
backhoe to obtain samples for density determinations and to confirm the matrix and the

relative density of the silty sand till stratum.

The locations of the boreholes and one test pit are shown on Drawing 3728905-A. 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. A summary of borehole depths and

elevations is given on Table 1 Appendix A.
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2.0 SITE DESCRIPTION AND GEOLOGY

The proposed Van Buren Street underpass is located at the intersection of Van Buren
Street and Highway 16 approximately 1.5 kilometers east of Kemptville, Ontario (Figure
1). The proposed underpass will consist of two spans supported on a central pier and two

abutments.

The proposed underpass will be located near the crest of a small knoll having gentle
slopes dipping from west to east. The difference in elevation across the site is about 3 m.
The present Highway 16 and Van Buren Street are located within earth cuts of 1 m to
2.5 m depth. To the east, the alignment is located within agricultural pasture land with
some trees. A north flowing drainage ditch intersects the alignment approximately 75 m

east of Highway 16.

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 only resulted 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.

Available surficial geological information along the proposed Van Buren Street
realignment (OGS Map 1492A) indicates that it is primarily underlain by till deposits.
However, east of Highway 16, the till gives way to deposits of glaciofluvial sands and
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silts. In addition, fine grained Champlain Sea deposits may also be present to the east
of Highway 16.

The underlying bedrock at the site consists of dolostone bedrock of the Oxford Formation
of the Beekmonton Group.
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3.0 SUBSURFACE CONDITIONS

The surface conditions at the proposed underpass consist of a thin layer of topsoil
overlying a sandy silt till. However, a thin layer of granular roadfill and sandy silt
overlie glacial till at Boreholes 11-2 and 11-4, respectively. The factual information
which was used to interpret the soil conditions is given in Appendix A and B and

Drawing 3728905-A and are described in the following sections.

3.1 Peat and Topsoil

A thin veneer of topsoil, 0.1 to 0.3 m thick was encountered at Boreholes 11-1, 11-4, 11-
5 and Test Pit 11-1. At Borehole 11-3, a 0.3 m thick organic deposit was encountered.

3.2 Sandy Silt Till

Sandy silt till was encountered at all boreholes and test pit locations. Where fully
penetrated the till was found to be about 12.0 m thick. Based on the results of six grain
size analyses performed on selected split spoon samples, this stratum may be described
as a sandy silt till to silty sand till with some gravel and a trace clay. However, the
results of two grain size analyses performed on bulk samples from the test pit, indicate
this layer to be a heterogenous mixture of gravel, sand and silt, some cobbles, trace clay

and occasional boulders. Occasional water bearing sand seams were also encountered.

SPT N values within the glacial till are high and variable with refusal recorded at many
locations before full test penetration of the split spoon could be obtained. Based on the
SPT N values the deposit can be described as having a dense to very dense density. The
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dense to very dense relative density of the till is consistent with the high in-situ dry
densities of 19.6 kN/m> obtained at Test Pit 11-1.

Water contents within the till varied from 7 to 12%.

33 Bedrock

Dolostone bedrock was found between El. 83.0 m to El. 82.0 m, approximately 12.0 m
below the existing ground surface. The bedrock was proven by coring about 2.8 and
2.6 m into the bedrock in Boreholes 11-2 and 11-4, respectively. The bedrock is judged,
by core recovery and RQD percentages to be of fair to excellent quality with the
exception of the upper 1.5 m in Borehole 11-2 which is of a poor quality. The cored
rock samples indicate the bedrock to be unweathered, grey, fine grained, closely jointed

dolostone, having occasional calcite intrusions.

34 Groundwater

Groundwater was measured by means of two standpipe piezometers in Boreholes 11-2 and
11-4 and visual observations in the remaining boreholes. The groundwater level was
measured between 1 to 28 days after the installation of the piezometers. The groundwater
level was observed to be about El. 93.0 m, which is about 1.0 m to 4.5 m below the
existing ground surface. The groundwater level could be expected to vary seasonally.
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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. It is understood that open style abutments perched above the roadway are favoured.
At this site, the original ground line at the west abutment location is about 3 m higher
than the east abutment ground level. It is expected, therefore, that the east abutment will
be supported by spread footings perched within a 3 m high engineered fill. Spread
footings placed within the sandy silt till are recommended for the central pier and the
west abutment.

4.2 Underpass Foundations

4.2.1 East Abutment

The subsurface conditions at the east abutment location consist of a thin layer of topsoil
overlying competent glacial till. In light of this and the favoured open abutment concept,
spread footing placed on engineered fill may be considered.

4.2.1.1 Spread Footings Placed on Engineered Fill

For the assumed geometry of this foundation solution (Figure 2), the recommended

bearing pressures at the Serviceability Limit State (SLS), Type II and factored Ultimate
Limit State (ULS) conditions are 400 kPa and 800 kPa, respectively.
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The SLS value is the design load at 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. It should be noted that the 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.

4.2.2 Central Pier and West Abutment

At these locations, the subsurface conditions comprise a thin cover of organic topsoil
overlying very dense glacial till. It is anticipated that the proposed west abutment
foundation will be located adjacent to an earth cut to accommodate the south bound lanes
of the proposed Highway 416. Therefore, spread footings placed on the glacial till may
be considered for both the central pier and the west abutment.

4.2.2.1 Spread Footings Placed within the Glacial Till

Spread footings founded on the sandy silt till may be adopted for both the central pier and
the west abutment. Design bearing pressures of 500 kPa and 900 kPa at the SLS, Type
I, and ULS condition respectively may be used. = The recommendation is conditional
upon the footings being located at least 1.0 m below the existing ground surface and that
the leading edge of the west abutment foundation being located at least one footing width
from the crest of the cut slope. Settlements at the SLS condition are anticipated to be of

the order of 10 mm.
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423 Differential Settlement

Maximum differential settlements between abutments supported on spread footings
founded in engineered fill and the central pier founded on glacial till will be of the order
of 15 mm at the SLS condition. Differential settlement between the central pier
foundation and the abutments may be reduced by adopting a lower abutment bearing
pressure at the SLS condition. Differential settlements at lower SLS bearing pressures
may be determined by using a linear relationship between 3 mm at 200 kPa and 15 mm
at 400 kPa.

4.3 EMBANKMENT RECOMMENDATIONS

Based on the observed subsurface conditions, and a maximum embankment height of 5
m, it is concluded that embankments constructed with side slopes of 2 Horizontal to 1
Vertical will remain stable.

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.
Embankment slopes should be provided with timely installation of erosion control

measures.

Prior to the placement of imported fill, all topsoil and organics and any other deleterious
material should be stripped. The glacial till or sandy silt subgrade, should be proof-rolled

and any soft areas excavated and replaced with compacted granular material. Settlements
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of the main approach embankment and the ramps are estimated to be of the order of 10

mm and which will primarily occur during initial loading of the embankments.

4.4 General Recommendations
44.1 Dewatering

Groundwater was observed near the ground surface at all boring locations. Significant
excavation within the glacial till stratum will only be required at the central pier. It is
anticipated, at this location, that groundwater seepage may be handled by a system of

ditches leading to a central sump and a pump.

4.4.2 Excavations

Temporary excavations will be primarily within the glacial till layer. Excavations of
more than 1.5 m depth within this layer shall be excavated with 1.5 Horizontal to 1
Vertical slopes. 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.

4.4.3 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
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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 =228 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 the 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.

4.4.5. 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
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construction recommendations are followed. It is recommended, therefore, that the
foundation and earthworks construction be carried out under suitably qualified

geotechnical engineering supervision.



5-1
5.0 CLOSURE
The field work portion for the investigation was carried out under the supervision of Mr.
N. Khan, P.Eng. The report was written by Mr. I. Corbett, P.Eng. and Mr. N. Khan,

P.Eng. and reviewed by Dr. I. Holubec, P.Eng.

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

Yours very tfuly
GEOCON (1991) INC.

N. Eng—
Project Engineer

7 7 g A\
Igor Holubec, Ph.D., P.Eng. Sh "‘%
Vice-President L HOLUREC 3§
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GEOCO 1991) INC.

GEOTECHNICAL REPORT
G CO (0) LIMITATIONS

USE OF THE REPORT

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.

SOII, AND ROCK CONDITIONS

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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LOGS OF TEST HOLES AND SUBSURFACE INTERPRETATIONS

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.

CHAN CON O

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 recommendation 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.

DRAINAG

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.Imt
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Record of Borehole Sheets (11-1 to 11-6)

Test Pit Log
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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 proceduré 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 |

GEOCON




TABLE 1
HIGHWAY 416 FOUNDATION INVESTIGATION

VAN BUREN STREET UNDERPASS
S8UMMARY OF UNDERPASS BOREHOLE INVESTIGATION

Stratigraphic Upper Elevation (m)

General Information Layer Thickness in Brackets - m) Piezometer Information
Borehole Ground Surface Total Peat & Topsoil Glacial Dolostone
No. Elevation Depth Till 8edrock Tip Elev. Groundwater Elev.
(m) (m) (m) (m) *
1-1 97.6 3.5 97.6 97.4 Not drilled
(0.2) [3.51
11-2 95.8 15.4 See 95.2 83.2 88.4 Piezometer
Note (1) (12.0) [2.8} damaged
11-3 94.3 6.3 94.3 94.0 Not drilled
(0.3) [6.0]
11-4 94.1 14.4 94.1 94.1 82.3 85.9 93.1 **
(6.1 11.7 [2.6)
11-5 94.5 6.3 94.5 94.4 Not drilled
(0.%) 16.31
Test Pit 11-1 97.6 4.5 97.6 97.3
(0.3) [4.2]
Notes:
1. At this location, the topsoil is replaced by a 0.61 m layer of Roadfill.
2. [ 1 Layer thickness not fully penetrated.
3. * At this location Roadfill replaces the topsoil.
4. All elevations are geodetic
For more detailed information, refer to the Record of Borehole Sheets.
5. ** As detailed in borehole log.



OFFICE REPORT ON SOIL EXPLORATION

RECORD OF BOREHOLE No lI-]| METRIC
W P 372-89-05 LOCATION Co-ords: 4,987,005.7 N; 373,525.8 E ORIGINATED BY N.K.
pisT__ ¢ HWY 416 BOREHOLE TYPE Hollow Stem Augers COMPILED BY N.K.
DATUM Geodetic DATE November 16, 1990 CHECKED 8Y ___I1.C,
w DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | &, | % 1 RESsTance pior S e WO o] %
&4 v LM SOSTRE i co REMARKS
e 20| @ 20 40 60 80 100 CONTENT z=
O] @ = I N L I 1 w &
21% S z Wp w W, D;
ELEV CRIPTION Slal & | S| Zz2 O |SHEAR STRENGTH kPa —_————— GRAIN SIZE
DEPTH DESCRI = £z % 8% G |0 UNCONFINED  + FIED VANE[ oo oo ool Y DISTRIBUTION
x|z 5 | &Y & | e QUICK TRIAXIAL  x LAB VANE WATE A N6 {%) {%)
97.6 | Ground Surface n £ [rv} 20 0 0 GR SA SI CL
0.0 | Topsoil o~
7.4 Dark Brown ﬂf’h]' Dry °
0.2 "
Silt & Sand, some gravell,y'-l
trace clay, occasional ||-- ss | 64
cobbles and boulders
(Glacial Till)
SS 1 187 96 12 37 44 7
Very Dense Brown 1 50
120/
Omm
94.1 comd o
3.5| End of Borehole 2s/
2 Srumy

Auger Refusal

20
+3, x5 Numbers refer to 5 5 (o) STRAIN AT FAILURE
Sensitivity 10



OFFICE REPORT ON SOIL EXPLORATION

RECORD OF BOREHOLE Noll-2

METRIC

+3 %7 Numbers refer to

1]

Sensitivity 10

20
15 05 (%) STRAIN AT FAILURE

W P 372-89-05 LOCATION Co-ords: 4,986,994.4 N; 373,524.32 E ORIGINATED BY N.K.
DIST ° HWY 416 BOREHOLE TYPE Solid Stem Augers, Tricone, NXL Rock Core COMPILED BY N.K,
DATUM Geodetic DATE November 8, 9 and 10, 1990 CHECKED BY I.C.
@ w DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES Vg = | RESISTANCE PLOT NATURAL -
=2 P PLASTIC  moistuge Llou | o T REMARKS
g o LIMIT CONTENT LIMIT =0
- v 2 (e} L4 20 40 60 80 100 Z= &
9 [ w - z L J L 1 L Wp w W, Sw
ELEV RIPTIO alg| w| 2|28 & [SHEAR STRENGTH kPo — 2 | GRAIN SIZE
DEPTH DESCRIPTION 13| 2 $[36| T [ounconmnen  + Fiewp vane water content il 7 DISTRIBUTION
gz 5 &Y D | QUICK TRIAXIAL  x LAB VANE (%) (%}
95.8 | Ground Surface hdd ‘ w 20 40 60 GR SA SI Cl
0. 11 d (Roadfil
0 | Gravelly Sand (Roa X 1lsslo Nod °
95.2 | Loose Brown Notled
0.6 ;{, = NE
Sand and Silt, some - 2 ss |70 12 38 46 3
gravel, trace clay, }'l
some cobbles, occasion ll,.l' Bentdnite|Seal
boulders L| T35 1567 °
(Glacial Till) { ¥ 150mp 94
Very Dense Brown 1"}»
l’:»:l
N
|-'g' 4 | ss |76/
92.3 . | 27 5mi
3.5 2,
Sandy Silt, some gravell,o' 92
trace Clay. Some bo; Backf i1l
cobbles, occasional e
boulders I_-‘.‘l
(Glacial Till) |‘
B
Very Dense Grey {',i 5 §s |62 °
Cored boulders from:- i'l
W
90
3.58m - 3.97m; j;'.[
7.78m - 8.82m jF
|
14 6 ss |64 13 3557 9
.
> Piezogeter
B 0
OJ 7 | ss |28/ 88 o
o | 150mh
o"l
°%
e
>f|_ Pt SS137
106mn
)
-l .
v
/|
.-’ N
~23.150/ °
v 110mh
:P
l g 84
LN
B
83.2 - vl 52/150mm RQD%
12,6 | Dolostone Bedrock RC
11 NXL 100 59
fine grained, closely RC
jointed, with some 12 | NX1.]1 69 31
calcite intrusions RC
13 NXL 100 69
Grey
14 | RC {100
NXL 100
Rec%




OFFICE REPORT ON SOIL EXPLORATION

Ministry
@)

Transportation
Ontario

Notes:

1) 00* indicates that
the quoted 'N’
value is based on
the first 0.3m of
penetration.

(full penetration
not achieved)

2) Borehole advanced
from 2.5 m to
bedrock by Triconing
inside an N casing.

3) Piezometer was
damaged before a
water level was
established.

RECORD OF BOREHOLE No l1-2 METRIC
|l
WP 372-89-05 LOCATION Co-ords: 4,986,994.4 N ; 373,524.3 E ORIGINATED By _ N:K.
DIST___9  Hwy 416 BOREHOLE TYPE Hollow Stem Augers, NXL Rock Core compiLep gy _ VK.
DATUM Geodetic DATE November 16, 1990 CHECKED BY I.C.
w | DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & 1 % | RN Chlor NATURAL =
=z g PLASTIC  moisture tou | o REMARKS
= 30| & 20 40 60 80 100 |'™T  conTenr Lmir| SO
G| eZ2]| 2 R R | wp W w | 5P &
ELEV DESCRIPTION alg|w|2([2a| & [sHEAR STRENGTH kPo — 2 | craiN sizE
DEPTH 5 R I I 8% % |o unconrinen + FIELDVANEL oo o TENT (% y |DISTRIBUTION
x|2 5 | &Y é ® QUICK TRIAKIAL  x AB vaNE | W ¢ NT (%) (%)
80.8 | Borehole Cont'd () ‘ @ 20 40 60 GR SA SI CL
15.0] See Page 1 for rock
80.4 | Description
15.4 | End of Borehole

+3. x5 . Numbers refer to

]

Sensitivity

20
1545 {%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

Ministry
(@) -

Transportation
Ontario

RECORD OF BOREHOLE No I1-3

METRIC

Notes:

1) Water in open
borehole measured
at elevation 90.3 m
upon completion of
drilling.

2) 00* indicates
quoted 'N' value is
based on the first
0.3m of penetration
(full penetration
not achieved)

W P 372-89-05 LOCATION Co-ords: 4,987,008.9 N; 373, 564.6 E ORIGINATED BY _ N.K.
DIST___ . 9 _HWY__416 BOREHOLE TYPE Hollow Stem Augers COMPILED BY __N.K
DATUM Geodetic DATE November 15, 1990 CHECKED BY I.C.
w DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ﬁw 2 RESISTANCE PLOT " NATURAL 5_:
52| § ranc Bodiiae vewo| =5 | RemaRcs
= w|[20] @ 20 40 60 80 100 CONTENT z= A
Sla Blos | 2 oo 5———(Wr W W |[3%
ELEV DESCRIPTION & lao| & Z|lze O |[SHEAR STRENGTH kPo < S — GRAIN SIZE
DEPTH 5 2l x| g 8% Y% o unconsineD * FIELD VANE [\ oo o TENT (% y [|DISTRIBUTION
=2 5 | %9 | & [equck TRiAXAL  x LaB VANE (%) (%}
943 | Ground Surface * g w 20 40 60 GR SA S| CL
0.0} Peat & Topsoil piad
los,0 ffL Soft Black == S
0.3 [
Sand and Silt, some 1 ss 41k o
gravel, trace clay, -
occasional cobbles , -
(Glacial Till)
Very Dense Brown " 2|85 66
.
| 92
|-} 3 | Ss | e2* o 14 37 42 7
|2
- H4 [ ss [927
- 200 nm
s Tss (41| 2= °
90.0 - 27 5gm %
43 v
Sand and Silt, some -
gravel, trace clay. ‘sl 6 | ss | 38 ]
Occasional cobbles i
(Glacial Till) ',{
A ‘.l 7 ]88 | 36
Dense Grey ]
Water bearing sand :I
88.0 seam at 5.3 - 5.8m TR T3
6.3 | End of Borehole 150mfn

+3, x5 ; Numbers refer to
Sensitivity

20
1595 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

RECORD OF BOREHOLE No lI-4 METRIC
W P 372-89-05 LOCATION __ Co-ords: 4,987,020.7 N; 373,601.1 E ORIGINATED BY _ N-K.
oisT_ 2 HWY 416 BOREHOLE TYPE Hollow Stem Augers, Tricone, NXL Rock Core COMPILED BY N.K.
DATUM Geodetic DATE November 6, 1990 CHECKED BY I.C.
SOIL PROFILE SAMPLES | & R ONE FENETRATION NATURAL =
= g 5 L PASTIC  moisTure LGuD | o T REMARKS
g O 1014 CONTENT LimIT =0
= w | 20 v 20 40 60 80 100 z= Py
9 o w - z 4 L L 4 It Wp w A oW
ELEV SCRIPTIO Eld| w| 2|2a| & [SHEAR STRENGTH kPo —_— 2 | GRAIN SIZE
DEPTH DESCRIPTION IR 85 g |0 UncoNENED v FEDVANE] oo oo o]y DISTRIBUTION
g z 5> &Y D |® Quick TRIAXAL  x LAB VANE (%) (%)
94.1 | Ground Surface il E w , A \ , 20 40 60 GR SA SI CL
ﬁz&’ f\ Topsoil o 94 —F——
0.1 Sandy Silt, some clay I 1]|ss| 4 Water level in
trace gravel v piezometer measured
L at elevation 93.1 a
w2 SS |25 on December 4, 1990. ° 0 31 52 17
g2.7 | Loose to Compact Brown
1.4 Y Bentjonitd Seal
Sandy Silt, some grave) L‘,,r 3 SS [ 78%
trace clay, occasional] A
cobbles | 92
(Glacial Till) o
B[4 | ss |6 o
Very Dense Brown| ];
5 | s | ss |66
3.5
Sandy Silt, some gravell, BackEill
trace clay, occasionalf -
cobbles o 90
Dense to Very Dense "'.
(Glacial Till) Grey |- || 6 | SS |32
Encountered sand v
seams at:- -:. 7 | ss |37
5.0lm - 5.34m;
8.13m ~ 8.31m e 88
] 8 | ss |71*
sllo | ss |84
1 [Piezometer
: D 86
e
92/ o
.-[]110j ss 275mn 12 20 62 6
- 84
11 ss [69/
- 22 5my
82.3 - Rec’| [raDz
i
11.8 Dolostone Bedrock 90
fine grained closely 12| RC |95
jointed NXL
00* indicates that
the quoted ‘N’
52 value was based on
13] RC |90 the first 0.3 m of
NXL penetration (full
penetration not
achieved).
14| RC |83
79.7 Grey \< NXL 87
14.4 [End of Borehole

+3. x5 . Numbers refer to

]

Sensi

tivity

20
15 45 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

RECORD OF BOREHOLE No }I-5

METRIC

Notes:

1) 00* indicates that
quoted °‘N' value
is based on the
first 0.3m of
penetration
(full penetration
not achieved)

he

W P 372-89-05 LOCATION Co-ords: 4,987,014.2 N; 373,602.2 E oRIGINATED By N-K-
DIST__9  nwy____416 BOREHOLE Typg __ Hollow Stem Augers, Triconing compitep By _ N-K.
DATUM Geodetic DATE November 7, 1990 CHECKED BY I.C.
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & || S [ResisTANCE PLOT NATURAL -
- < PLASTIC  moisture tiGuo | —~ T REMARKS
&4 Y umir CONTENT LiMIT =0
= w | 20 v 20 40 60 80 100 z = &
9 @ wi Pang z 1 1 L | 1 Wp W W, oW
ELEV ala| w| 2|25 | & |SHEAR STRENGTH kPo ————— 2 | GRAIN SIZE
DEPTH DESCRIPTION I 8% g |O UNCONFINED ¢ FIELO VANE| oo o ooy oo |y |DISTRIBUTION
é z 5 |&° & | e quick TRIAXAL  x LaB vaNE 6 (%) (%)
94.5 | Ground Surface ©v - w 20 40 0 GR SA 51 CL
0.0 4 Topsoil — Not
Loz s NP I°T 1 | ss| 14 |Notea o
0.1 B 94
2
Heterogeneous mixture |, -
of Silt, Sand and '} 2 | ss {13/
Gravel, trace clay, ll'» I 8 5
occasional cobbles. l
(Glacial Till) '.‘ [ 3 ss |so °
Very Dense Brown 'l
l 55 |31 92
v 150w
R
'_V'I 5 SS | 80% o 27 31 36 6
%
!
89.9 . I 90
4.6 o N
Sandy Silt, some gravel, [ 6 | S5 64
trace clay, occasionalll [
cobbles Bl
(Glacial Till)
Very Dense Grey oM
882 ,v_. 7 SS {65
6.3 | End of Borehole

+3. x5 . Numbers refer to
, :
Sensitivity

20
15 9-5 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

@z
Transportation
Ontario
RECORD OF BOREHOLE No |I-6 METRIC
1
W P 372-89-05 LOCATION Co-ords: 4,987,030.1 N; 373,680.4 E ORIGINATED BY G.Y.
oisT___9 HWY 416 BOREHOLE TYPE _ Hollow Stem Augers . compiep sy _ 1€
paTum ___Seodetic DATE March 5, 1991 CHECKED By __ 1.C.
OYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | 5,1 % RESISTANCE PLOT ° NATuRAL T
zz o PLASTIC  moisTuRe  LIQUID :O REMARKS
= 30| & 20 40 60 80 100 |'™T  contenr LTy SO
9 a a - z 1 L 1 L i Wp w W, Sw &
ELEV E(®) w| 2|28 & [SHEAR STRENGTH kPo —_—— 3 | GRAIN SIZE
DEPTH DESCRIPTION A 85 g [0 UNCONFINED  « FIELOVANES oo oo by DISTRIBUTION
o gz 5 | &Y @ [® QUICK TRIAKIAL  x LAB VANE 2 40 80 (%) (%)
-8 Cround Surface v i I~ w GR SA SI CL
ZUJ;- Peat and Topsoil Black[l~ -
Q.2 Sand e
92.0 Grey [ .. 92
0.8 —o—dp 015 73 12
Clayey Silt. Trace to 1]8s) 4 f '
Some Sand. Silt contd/
increasing with depth.
} 2 Ss 5 o
Firm to Very Soft /
)
Gre
v 43 ss | 7 Ha 0589 6
90
/v
593 A 4|1 8ss| 1 o
3.5 1
Gravelly Sand and Siltj .~
Trace Clay. 1 5 | ss |67 o
(Glacial Till) j"
Very Dense Grey | }6 ss |89 88 5
87.7 f
5.0

End of Borehole

Notes:

1) Water level in
open borehole at
ground surface upo
completion of
drilling.

20
+3, %% ; Numbers refer to 15 5 (o) STRAIN AT FAILURE
Sensitivity 10



@ prosecy Highway 416 - Van Buren Street Undegppasg, 11-1
Geocon Location: Co-ords. 4,987,015.7N; 373,528.8E 1
cg:g;%gfyy PAGE oF
v CONTRACT NO. ___ WP 172-89-05 oare Dec. 13/91
TEST PlT I.OG DATUM Geodetic
o TYPE OF TEST
Wy = WATER CONTENT - % P - MODIFIED PROCTOR TEST wL - LIQUID LWIT -%
] oisTuneen BGS - GRAIN SIZE  ANALYSIS Wopy ~ OPTIMUM WATER CONTENT -% Wp = PLASTIC LIMIT =%
‘y - UNIT  WEIGHT- Y/ 'YIA! - MAX. DRY UNIT WEWHT -/ 3
STRATIGRAPHY |sawpLes|  vEesTs
| ]
e | i]e z
N EiL 2lelzs d
s EE DESCRIPTION sle]e 3
-l 513512 ¥
o : -] 8
v Gr Sa Si CJ
5;397.7 Ground Surface
E 0.C] Silty Fine Sand, Some Roots (Topsoil)
~ 97,4 Dark Brown
- 0.3
E lHeterogenous mixture of Gravel, Sand and 5ilt, Trace Clay,
— Occasional Cobbles
:1 -(Glacial Till)
- Grey/Brown
-
-
- 1132 30 36 4
E 95.5
-2l T, , Medium Gravel, Some Sand (Water Bearing) Dark Brown Jk__ ‘?dry @ 2.2
— - 3
= | 2.d 19.6kN/m
— LW = 9%
- nat
— Heterogenous mixture of Gravel, Sand and Silt, Trace Clay _ls.c. = 2.8
[ Some cobbles and boulders. o
E Boulder content increasing with depth.
il (Glacial Till) :
- B ?fdry @ 3.0
-, Crey/Brown 19 2kN /3
LW = 8%
- nat
- -1s.G. = 2.8
- 2|32 30 30 4
—4
— 192.9-
— 4.1' £nd of Test Pit

Machine Refusal



APPENDIX B
Laboratory Test Data

Figures Bl to B4 - Grain Size Curves
Figure BS - Plasticity Chart



B EE EE AN A N BN BN B N BN R R B B EE EE b e

7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SUT Fine ] Medium | Coarse Fine | Coorse
GRAIN SIZE IN MICROMETERS _MINISTRY SIEVE DESIGNATION ( Metric)
I 2 3 4 5 10 40 50 75um 150 um 300um 600um 118 mm 2.36mm 9.5mm 19.0 mm 372.5mm 830 mm
100 1111 53um 106m 2500m 425um 350 um iiCmm 4.75mm 13.2mm 26.5mm 530 75.%.-.«.
90 /* 10
4
80 // 20
/

70 d 30
© 60 l/ 409
z Z
] i
< -

50 50
z Y, LEGEND z
V] 7 v]
= X BH |SAMPLE SYMBOL _ =

*° / 11-4 2 pv% i

30 70

I/

20 // 80
/|
4 |

io 90

/7
0 T I '} 100
) 2 3 4 s 10 40 270 200 140 100 6050 40 30 20 6 08 4 3 V2 Vet Ve v 2lp 3t
MINISTRY SIEVE DESIGNATION (Imperial)
Q) Hiuion GRAIN SIZE DISTRIBUTION FIG No 31
Communications Sandy Silt, Trace Clay WP 372-89-05

Ontario




7812 M

UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SILT Fine ] Medivm [ Coarse Fine | Coorse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
! 2 3 48 10 20 30 4050 y5,m 150um 300um 600um 1.18mm 2.36mm 9.5mm 19.0mm 37.5mm  63.0mm
100 I II] ”” Sdum 106um 250u|m 425um 850 um 2.00mm 4.75mm | 13.2mm 26.5mm 53.0 75.0°mm
90 /f 10
o
7
80 - 20
et ‘/, / /
70 » ,/,/ - /ET 30
P Ve
u "
© 60 i /F_'I/ 402
F. pz
: 80 ’ i 50 =
5 / il . LEGEND 5
= f/ g BH [SAMPLE SYMBOL =
o 40 - €0 a
/ - 11-1 2 X
v : | 11-2 2 .
30 - 70
ya 2 11-3 3 A
/ ]
20 B 80
g 11-2 6 s
10 90
0 ! ' 100
' 2 3 45 10 20 30 407270 200 140 100 6050 40 30 20 I 108 4 L I S LR VPR VI

MINISTRY SIEVE DESIGNATION ( Imperial)

Tranapenation and GRAIN SIZE DISTRIBUTION FIG No B2

Communications Glacial Till WP 372-89-05

Ontario




Ontario

Glacial Till

WP  372-89-05

7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM o
SAND GRAVEL
CLAY & SILT Fine | Medium | Coorse Fine 1 Coorse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE ODESIGNATION ([ Metric)

| 2 3 4 S 10 20 30 40 50 75um 150um I00um 600um 118 mm 2.36mm ?.5mm 19.0mm 375mm 63 Omm

100 [THITTT 53 m 106 um 250um 425um 950 um 2.00mm 475mm amm | 265mm | 5 }%--

90 A 10

B Y,
80 '/ 20
70 W 30
o 60 400
n - . 4 44 -3 - - — S RS 8 :
: / -
50 ﬂ )’/r—" _ 50"
5 +[¥ LEGEND 5
] - 17 = ¥
[ BH SAMPLE SYMBOL -
a 40 Z 60 &
[ P11-1] 1 +
JPPll—l 2 °
30 70
4y
T
20 / 80
/
10 - /-‘,-/ | %0
L4171 )l’
o } ! "— L 100
I 2 3 as 10 20 30 40 270 200 (40 100 €050 40 30 20 U6 08 . L A N S L .
MINISTRY SIEVE DESIGNATION { Imperial)
Ministry of : FIG No B3
Mot GRAIN SIZE DISTRIBUTION




7812 M

UNIFIED SOIL CLASSIFICATION SYSTEM
' - SAND : GRAVEL

"~ CLAY & SILT

S L - Fine B Medium | Coorse Fine l Coarse
GRAIN SIZE IN MICROMETERS ] o . . . MINISTRY SIEVE DESIGNATION { Metric) , ]
o 2 3 45 o 20 30 . 4050  js5,m 150um 300um’ 600um - LiBmm . 2.36mm 9.5mm 19.0 mm 37Smm 610 mm
. . ) .
100 III] ”” 53um I 106um 250u'm 425um 850 um 2.00mm 4,75mm 13.2mm 26.5mm 530mm{ 750mm
. ) ; o

_ $-
T = V.|l |
Pt L~

T , LN
..s_o | , : ”,_// | / E e e . . . ! 26

60 — / ‘ ‘ - 40

P - - g
z - N | z
w § SR O . T G I O o RN SN S S L ‘ . [ S o N RO BN S 1S <
é’ . . N - 4' . K ’ . ) . E
50 , - - ‘ ' 50
s | | / IHENGI o - ~ < LEGEND :
= ! f : ' . BH [SAMPLE SYMBOL <
o 40 f : : 60 o
| A | o | - |11-6 1 x

30 ' , / 3 .}/' -‘ : o _ 1 -6 | 3 A 70

. LU N S P

° T ‘ : . » : ‘. : : : ~_Jioo
o 2 - 3 -4 5. 0 20 30 40 270 200 140 100 6050 40 30 20 Is 108 4 ECNCZ S VN TSP e
' : ' - MINISTRY SIEVE DESIGNATION (Imperiol ) '

Taporaionand | GRAIN SIZE DISTRIBUTION = [FG No ¥4

‘Communications -

Transportation and
WP 372-89-05
Ontario — , )

_ _Clayey Silt




o

- - - SN NN BN - - - - - - - - I N - -‘ R
' ' ' Oct 75, FF-S-21
60 _ —_— _ _ .
50 : ’ } ’
S S | CH
o L - 1 /
o - . L - - .
» 30 B B -
- : -
v SN
.: e
2 Ct ) L [
& . I I LEGEND
o BH AMPLE | SYM
20 - o d | sampLe | symsoL
x._ 1 : 11-6 1 o)
L B 11-6 3 X
’ / MH OH T o
'0 // - O (e et B L AP VUMMM S | S — - - __
———‘—' AR RN \ \W .
e e s wo— (EL\\AA\L\\\\\\ ' C LT —
o s MI e T ]
S ML : 7 ML oL - e U
0 - L |
0 . 0 - 20 30 - 40 50 60 70 80 90 100
: uou:o LIMIT %o v
Ministry of _ Fl B5
Transporlahonénd PLAST'C ITY CHART G NO
Communications Clayey Silt W P 372-89-05

Ontario




PH-D-207 8810

MINISTRY OF TRANSPORTATION, ONTARIO

% . 5 S o8 03 3 0 5 s BEY % 8
¢ HWY 416 SBL CONT No

}tH\X/Ym NB

!

#”—6 iN498703O ME TR/C WP No 372-89-05

DIMENSIONS ARE IN METRES

< AND/OR MILLIMETRES UNLESS
% OTHERWISE SHOWN. STATIONS HIGHWAY 4|6 SHEET

IN KILOMETRES + METRES .
VAN BUREN STREET UNDERPASS

l

O
A
Y|

\——_
- TT9%6

22+d440

BORE HOLE LOCATIONS & SOIL STRATA A

HOT 416 NBL JTA 22+628-908

HOT \4&NBURE ST BTA JOt 000-000
HOT 416 SBL STA 22+595.795 N 4987013-0
HOT VANBUREN ST STA 9+960.%96 S 3r3581-831

N4987004 |44
E 37354327

GEOCON (1991) INC

E373680

2 1620 i -1
N\ | TWP OF OXFORD
\ Q\OV‘O
Sq o
535 CO LEEDS &
\ 935 GRENVILLE
\ KEY PLAN
SCALE
‘ STREET—* @SEE&' — "

- LEGEND

Bore Hole

Dynamic Cone Penetration Test (Cone)

Bore Hole & Cone

z ¢4

<
()]
V SCALE Blows/0-3m (Std PenTest, 475 J/blow)
o 10 5 0 0O METRES 7
=2 UER e ———— — ~ ' I N I 4“‘”:15 -6 CONE Blows/0-3m (60° Cone, 475 J/ blow) a
\évé_TEI(B)EISHED PRY WSTASLIsHED ‘
105 - S B - - . - - : = 105 XL WL ot time of investigation
l@rHWY 416 SBL ¢ HWY 416 NBL :
_—-—_——— ———I-_---——_——TMETF—————— N ER SN MNEE NUSD GERS SUUE SR SN AN .—-—_—-_-I—_.-— ————— ————-_———— p o S— /J i P‘ezomerer
FILL N Z \ | SANDY SILT /TOPSOlL_ Mg Test P
\ [ Nieee—— SOME CLAY TRACE CLAY PEAT AND TOPSOIL
—X§ of T omm 1. , Lo Loose to Compact
o B 1 A S G, S e e— — | it & v |etevaTon] o0 ORDNATES
I e TO SANDY SH_T ol ; 2l PSAND AND SILT 4~k .l-—m, ST TS T - e - i ‘ 873 285mm y___|N ° NORTH EAST
v'2‘> nlm Jde SOME GRAVEL TRACE CLAY »Bl lo.‘i | SOME GRAVI.L TRACEC I | . I.‘\ SANDY S”._T TO SI LTY SAND AND \JRAVEL N .’ gl /lso mr | s 10 SAND | 97-6 4 987 OOS? 3?3 525 8
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