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FOUNDATION INVESTIGATION REPORT
FOR
Hwy 403 North-South Concrete Access Cuivert
WP 114-87-00(A), Hwy 403

District 4, Burlington

INTRODUCTION

This report summarizes the results of a foundation investigation conducted in  conjunction with
the proposed concrete access culvert type structure. The structure is designed to enable farming
equipment, materials and personnel to be transported beneath the proposed Hwy 403 which will
be supported by the structure. The proposed structure is perpendicular to the proposed Hwy 403

as shown on the attached drawing 1148700(A)-A.

SITE DESCRIPTION AND GEOLOGY

The site is situated at the proposed Hwy 403, approximately mid-distance between Jerseyville Rd.
and Hwy 2. The site is accessible by existing private gravel roads extending from Parsonage Rd.
which starts at Jerseyville Rd. and Jury Rd. which starts at Hwy 2/53 in Brant County, Township

of Brantford.

Grading and drainage work has been completed under Contract 90-66 in the area and the Hwy
403 right-of-way imprint is evident on both sides of the proposed culvert. The highway appears
to be within a shallow excavation cut at the site location. East of the site, beyond the extent of

Contract 90-66, the land is forested and populated with tall deciduous trees.
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The iand beyond the Hwy 403 is generally gently rolling terrain. Land use is primarily agricultural

farmland.

Physiographically, the site is located within the geological domain known as the Haldimand clay
plain. The Haldimand clay plain occupies the area lying between the Niagara Escarpment and
Lake Erie. The entire area was submerged in Lake Warren, a glacial lake forméd during the
retréat of the Wisconsinan Glaciation (approximately 12,000 years ago). Lacustrine clays and
silts were deposited as the lake gradually receded due to the deposition of sediments during
isostatic land rebound. Drainage of this belt is controlled by the Grand River which has cut a
deep valley in the clay and silt. Consequently, there has been much dissection by tributary

drainage.

The underlying bedrock at the site consists of hard dolomites of the Paleozoic era. At the site,

the overburden has a thickness of approximately 40m.

INVESTIGATION PROCEDURE

General

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

program are discussed below.

Field Investigation

The fieldwork for this project was carried out between 92 05 11 and 92 05 13 and consisted of

two (2) sampled boreholes advanced to depths ranging from 42.7m to 43.5m accompanied by
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two. (2) dynamic cone penetration tests carried out to depths ranging from 15.2m to 17.1m. The
boreholes were advanced through the overburden using track mounted units employing
conventional continuous flight hollow stem augering techniques and also casing/washboring
methods. Conventional rock coring techniques using BW casing and BX core barrels were used

to retrieve up to 3m of rock core.

Subsoil samples were generally retrieved at 1.5m intervals for the surficial 18m or so and at 3m
intervals thereafter. Both disturbed and undisturbed subsoil samples were retrieved within the
surficial 22m. Disturbed samples only were retrieved beneath this depth. Disturbed subsoil
samples were retrieved in accordance with the Standard Penetration Test (ASTM D1586) using
a standard split spoon sampler driven into the soil and undisturbed subsoil samples were
retrieved using a thin wall sampler pushed hydraulically into the soil in accordance with

procedures outlined in ASTM D1587.

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

conducted as described in the next section below.

In situ vane tests were also carried out to determine the undrained shear strength at selected
intervals between the subsoil sample retrieval. The test was carried out in accordance with ASTM
D2573 employing the standard MTO N’ vane. Remoulded shear strengths were also obtained

allowing the determination of soil sensitivity.
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Rock core samples were identified in the field and physical index properties were determined by
visual examination and also by measurement of rock quality designations (RQD’s) and rock core
recovery. All rock core were placed in standard rock core boxes and carefully transported to the

laboratory.
Groundwater levels were determined by monitoring the water levels in the open boreholes
throughout the duration of the field investigation. All boreholes were backfilled upon completion

of the field work.

The survey related to the location and elevation of the individual boreholes was provided by

Central Region Surveys and Plans.

Laboratory Analyses

All subsoil samples were carefully viéually examined in the laboratory in accordance with the
procedures outlined in the Visual Method described in Chapter 2 of the MTO Soil Classification
Manual. The behaviour, gradation and other pertinent physical and mechanical properties of the
soil were determined by conducting the appropriate laboratory tests on representative samples.

These tests included:

[ s e i inrm——
Physical Properties Mechanical Properties
1) Atterberg Limit Tests 1) Consolidation Test
2) Particle Size Analysis 2) Unconfined Compression

3) Natural Moisture Contents

4) Bulk Unit Weights
WW@MJ
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Sample preparation and testing were conducted in accordance with the MTO Laboratory Testing

Manual.
Detailed rock core logging was conducted in the laboratory by an in-house resident geologist.

Laboratory test results have been summarized below in the subsequent section of this report
entitied "Subsurface Conditions" and are illustrated on the corresponding boreholes and figures

included in the Appendix to this report.

SUBSURFACE CONDITIONS

General

Subsurface conditions across the site are uﬁiform and consist of three (3) distinct layers of
overburden overlying bedrock. The surficial deposit consists of a cohesive clayey silt to silty clay
that extends to depths ranging from 12.2m to 13m below the ground surface. The deposit has
a firm to very stiff consistency and contains random interbeds of plastic silt approximately 25mm

to 75mm in thickness within the lower three (3) metres of the deposit.

The surficial cohesive clayey silt to silty clay deposit is underlain by a plastic silt that has a loose

denseness and contains random interbedded layers of cohesive clayey silt.

The plastic silt stratum is in turn underlain by a second cohesive clayey silt to silty clay deposit
which has a thickness of 20.6m to 22.1m. This deposit also contains random thin interbeds of
plastic silt of thickness ranging from 25mm to 100mm. This deposit extends to the bedrock

surface which exists at an elevation of 178.1m to 178.6m.
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A plan of the site illustrating the locations and elevations of the boreholes is shown on Dwg. No.
1148700(A)-A in the Appendix. A subsoil stratigraphical profile illustrating the subsurface
conditions at the site is also provided. The boundaries between the various soil types, in situ and
laboratory test results as well as groundwater levels established at the time of investigation are
shown on the stratigraphical profile and also on the individual Record of Boreholes sheets in the

Appendix.

Clayey Silt to Silty Clay

The surficial stratum at the site consists of a cohesive clayey silt to silty clay that extends for a
thickness of 12.2 to 13 metres. Within the lower three metres of the deposit, thin layers or seams
of plastic silt generally 25mm to 100mm in thickness exist. The deposit has been oxidized for the
surficial 3 to 3.8 metres and is brown in colour within this depth. Below this depth, the deposit
is unoxidized and grey in colour. A grain size distribution envelope produced by mechanical sieve
and hydrometer analysis is shown in Figure 1 in the Appendix. The envelope clearly illustrates
that the stratum is composed of grain sizes smaller than 75 micrometre. The grain size
distribution envelope for this material illustrates large percentages of silt, ranging from 45% to
84% and clay percentages ranging from 28% to 55%. In view of the fact that more than 50% of
the material is finer than 75 micrometres, the soil is categorized according to its behaviour in
accordance with the MTO Soil Classification Manual. Afterberg Limit Tests were hence

conducted to define the behaviour and plasticity of the soil as discussed below.

Atterberg Limit Tests were carried out on the fine grained soil and the results are plotted on
Figure 2 in the Appendix and summarized on Table 1 below. Natural Moisture Contents and the

Bulk Unit Weight of the soil have also been included in the table.
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Table 1 - Atterberg Limit Test Results

Range # of Tests
Natural Moisture Content (W%) 25-31 7
Liquid Limit (w,%) 31-41 7
Plastic Limit (w%) 18-22 7
Plasticity Index (Ip%) 13-21 7
Bulk Unit Weight (kN/m3) 18.9-19.7 6

The test results clearly rgveal that the soil has a plasticity ranging from low to intermediate and
hence can be categorized as clayey silt (CL) to silty clay (Cl). Natural moisture contents are
generally within the plastic and liquid limits of the soil and hence ihe soil is in a plastic state. An
Anérberg Limit Test conducted on a sample of an interbedded silt layer confirms that the material
is an inorganic silt of low plasticity (ML). The liquid limit (w,) and the plasticity index (Ip) for a silt
interbed in sample TW8, BH1 was determined to be 23% and 3% respectively. The material
possesses no dry strength, no toughness and a quick dilatancy, properties which are consistent

- with this classification.

The consistency and undrained shear strength of the soil were determined by conducting in situ
~vane tests and unconfined compression tests. The results of these tests are plotted on the
individual Record of Borehole Sheets and summarized on the Undrained Shear Strength vs.
Elevation graph shown on Figure 3 in the Appendix. The undrained shear strength of the surficial
clayey silt to silty clay ranges from 30 kPa to 90 kPa which is equivalent to a consistency ranging
from firm to very stiff. The sensitivity of the soil as defined by the ratio of the undrained strength

in the undisturbed state to the undrained strength, at the same water content, in the remoulded
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state was also determined by the field vane test. Sensitivity values range from 1 to 4 indicating

an insensitive to moderately sensitive material.

The upper desiccated unoxidized brown crust has a greater strength and a consistency ranging
from stiff to very stiff. The ‘N’ values as determined by the Standard Penetration Test ranged
from 12 blows/0.3m to 18 blows/0.3m within this upper crust. Beneath this upper zone, 'N’ values

ranged from 5 blows/0.3m to 7 blows/0.3m,

Thé compressibility characteristics of the clayey silt to silty clay stratum were determined by
conducting one dimensional consolidation tests on two (2) representative samples. The results
of the tests are shown graphically on Figure 4 in the Appendix. The consolidation curves are
plotted on semi-logarithmic paper with the void ratio (e) plotted against the applied load (log p).
This form of plotting the load-deformation properties of the soil has the advantage of enabling the
determination of the preconsolidation pressure (p,) which is defined as the maximum pressure
that the soil has experienced in its stress history. Considerable consolidation settlements can

occur once the threshold preconsolidation pressure is exceeded.

The two consolidation curves reveal preconsolidation pressures ranging from 220 kPa to 330 kPa.
The effective overburden pressures for these two preconsolidation pressures are 140 kPa and
130 kPa respectively. Therefore, the soil has been preconsolidated in the past to an effective
pressure approximately 80 kPa to 200 kPa in excess of the existing effective overburden

pressure. The compression index of the material (C,) is of small magnitude and equivalent to

‘0.13 to 0.2.



Silt with interbedded layers of Clayey Silt

A cohesionless silt of quick dilatancy interbedded with thin layers of cohesive clayey silt exists
below the clayey silt to silty clay surficial deposit and extends to depths ranging from 18.1m to
19.8m below the ground surface. The thickness of this stratum ranges from 5.1m to 7.6m and
the cohesive interbedded seams or layers are approximately 25mm to 75mm in thickness. The
cohesive interbedded layers are distinct and easily recognized and determined by visual index
property identification tests. The layers have a darker grey colour, low plasticity, medium

toughness, stickiness, shine and medium fo high dry strength.

A grain size distribution envelope as determined by mechanical sieve and hydrometer analysis
is shown on Figure 5 in the Appendix. The envelope illustrates primarily silt percentage (88-90%)
with traces to some clay. The silty soil does however exhibit plasticity and the results of Atterberg
Limit Tests carried out on some representative samples of the material are summarized in Table

2 below.

Table 2 - Plastic Silt

# of Tests “

Natural Moiture Contet (W%) 27-28 3

Liquid Limit (w, %) 23-24 3

| Plastic Limit (w,%) 20-22 3

“ Plasticity Index (Ip%) 1-4 3
SRS, I ————————

The test results reveal that the soil is a plastic silt (ML categorization). Natural moisture contents

exceed the liquid limit of the soil.
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Due 1o the percentages of clay and the layers of interbedded clayey silt, vanes could be torqued
and in situ tests were conducted. The results revealed undrained shear strength values ranging
from approximately 30 to 62 kPa. The results, in general, were erratic and devoid of any pattern

which is perhaps indicative of the high silt percentages.

The 'N’ values as derived from the Standard Penetration Test reveal values ranging from 5 to 6

blows/0.3m. This is representative of a loose state of denseness.

Clayey Siit to Silty Clay with random interbedded layers of Silt

Underlying the plastic silt with interbedded layers of clayey silt, a second cohesive deposit
con-sisting of clayey silt to silty clay extending to the bedrock surface exists. The surface of the
deposit exists at an elevation ranging from 198.7m to 200.7m and the deposit has a thickness
in the order of magnitude of 20.6m to 22.1m. Random interbedded layers or seams of plastic silt

ranging in thickness from 25mm to 100mm are also present within the cohesive deposit.

A grain size distribution envelope illustrating the gradation of the material of this deposit is shown
on Figure 6 in the Appendix. The envelope clearly illustrates that the material is fine grained with
grain sizes less than 75 micrometres. Typically, clay percentages range from 25% to 32% and

silt percentages range from 68% to 75%.

In accordance with the MTO Soil Classification system, a deposit with gradations of this nature
is categorized by its behaviour and hence Atterberg Limit Tests were conducted to evaluate the
plasticity of the soil. The results of these tests are illustrated on Figure 7 and summarized in

Table 3 below. Natural Moisture Contents are also included in the Table below.
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Table 3 - Clayey Silt to Siity Clay

# of Tests “

Natural Moisture Content (w%) 24-28

5
Liquid Limit (w %) 24-37 5
Plastic Limit (w,%) 17-20 5
ll Plasticity Index (Ip%) : 8-17 5 “
S ;

The test results reveal that the soil has a low to intermediate plasticity and hence can be
classified as a clayey silt to silty clay. Natural moisture contents are generally similar to the liquid

limit of the soil.

An Atterberg Limit Test conducted on a sample of an interbedded silt layer confirms that the
' material is an inorganic silt of low plasticity (CL - ML). The liquid limit (w,) and plasticity index

(Ip) for a silt interbed in sample TW12, BH2 was determined to be 24% and 5% respectively.

The consistency and undrained shear strength of the soil was determined by conducting in situ
vane tests and interpretation of SPT ‘N’ values. Undrained shear strength values are plotted on
the individual Record of Borehole sheets and summarized on the Undrained Shear Strength vs.
Elevation graph shown on Figure 3 in the Appendix. The undrained shear strength values ranged
from 50 kPa to 90 kPa with the strength increasing with depth. The sensitivity of the soil as
determined by the field vane test ranged from 2 to 4 indicating an insensitive to moderately
sensitive material. The SPT'N’ vaiues ranged from 9 blows/0.3m to 28 blows/0.3m. Based on
the undrained shear strength and SPT *N’ values, the clayey silt to silty clay can be described as

having a stiff to very stiff consistency.
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Bedrock
The bedrock consisting of a "vuggy" dolostone of the Amabel Formation underlies the clayey silt
to silty clay with random layers or seams of interbedded silt deposit at an elevation of

approximately 178.1m to 178.6m. The bedrock was cored in BX size up to 3.1m in depth.

The dolostone bedrock is a chemical sedimentary rock that typically is composed of magnesium
carbonate compounds and is fine to medium grained. The rock is unweathered that is featured
by a porous "vug" texture. The rock is light-grey to medium dark grey in colour and contains thin
horizontal beds and very close to closely spaced vertical fractures. Detailed descriptions of the

bedrock are attached in the Appendix in a report entitled "Rock Core Description”.

An assessment of the quality and strength of the rock was carried out by measuring core
recoveries and Rock Quality Designations (RQD) in the field and physical index property testing.
Recoveries ranged from 90% to 100% and RQD's ranged from 61% to 78% indicating that the

rock is of good quality. Rock strengths can be described as medium strong.

GROUNDWATER CONDITIONS

Observation of the groundwater level was carried out by measuring the water levels in the open
boreholes throughout the duration of the field investigation. Groundwater levels determined at
the time of investigation were approximately 3 to 4 metres below the ground surtace (elevation

215.8m to 214.5m).

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

values given in this report.
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DISCUSSION AND RECOMMENDATION

W
It is proposed to construct a concrete access overpass at station 17+585 as shown on Dwg.
1148700(A)-A in the Appendix. The culvert, which will enable the transportation of farming

equipment beneath the proposed Hwy 403 has the following dimensions:

Height (m) - 4
Width (m)- 6

Length (m) - 60

The proposed grade for the Hwy 403, which initially is a four lane median divided highway with
ultimate widening plans, is approximately at elevation 219 metres. The culvert invert elevation
is proposed at elevation 214 metres. Hence, with a 4 metre culvert structure height, 1 metre of

fill cover will be placed above the roof of the structure.

The Hwy 403 exists in a shallow excavation cut at the site. As mentioned earlier, the grading and
drainage for the highway has been completed under Contract No. 90-66. An additional 4 to 5

metre excavation cut will be necessary for the installation of the concrete structure.

To facilitate the design and construction of the proposed structure foundations and related
earthworks, the following foundation and geotechnical recommendations are provided in the scope

of this repont.

1) Structure Foundations

2) Approach Cuts
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3) Backfili to Structure

4) Construction Considerations

1) Structure Foundations

It is recommended that the access structure be designed as a box type culvert founded on a
conventional slab type foundation. For purposes of the OHBDC, the bearing capacities tabulated
in Table 4 can be used.

Table 4 - Culvert Shallow Foundation Design

s

Culvert Bedding Factored Bearing
Invert Capacity at Capacity at
Elevation U.L.S. S.L.S Type il
(m) Thickness Material (kPa) (kPa)

214

As indicated in Table 4, it is further recommended that the culvert foundation pad be placed on

a well compacted Granular 'A’ pad of 0.5m thickness below the culvert invert. The granular pad

shall be placed and compacted in accordance with OPSS 501 series to achieve 100 percent of
maximum dry density (see Method A - 501.08.02). The excavation for the bedding shall extend

to a width of a minimum 1.0m on either side of the culvert.

Any softened material at the culvert bedding founding elevation shall be subexcavated and

replaced with the granular ‘A’ material.
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Settlements induced as a result of the applied pressures tabulated in Table 4 will be due to the
recompression of the founding soil and elastic in nature. These settlements will occur during or

immediately following construction and are anticipated to be within 25mm total or differential.

The capacities provided in Table 4 apply to vertical loads only. These capacities must be
reduced to account for any load inclination. This reduction shall be carried out in accordance with

Section 6-7.3.3.5 of the O.H.B.D.C. \ s

2) Approach Cuts

General
Approach cuts in the order of five (5) metres will be required at either portal to the concrete
access structure. The design of excavation cuts as proposed must address two major

considerations:

1) Global Stability
2) Surficial Stability

These two considerations are described below.

Global Stability

The critical condition examined in the evaluation of excavation cuts such as those proposed at
the site location is the long term (drained) condition and consequently an effective stress analysis
was conducted. In all cases, stability computations were carried out using an in-house MTOslope

application software package which is based on Sarma’s method of limiting equilibrium. The
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formulation of Sarma’s method is described in a paper entitled "Stability Analysis of Embankments

and Slopes”, Sarma, S.K. (1973), Geotechnique 23, No. 3, pp 423-433.

The process of stability analyses involves the selection of pertinent shear strength parameters
and physical soil properties such as unit weight, inputting the subsurface and groundwater
conditions and then designing a surface geometry that produces an acceptable factor of safety

of 1.3 using the MTOslope program.

Figure 8 in the Appendix illustrates the subsurface conditions and relevant subsoil parameters
used in the stability analyses. In all cases, circular slip surfaces were evaluated and a critical slip

surface was searched.

The results of the analysis reveal that excavation cut slopes up to six (6) metres can be safely

designed and constructed at a 2H:1V slope geometry.

Surficial Stability

Drained stability analysis of slopes are very sensitive to groundwater levels and pore pressures
thai can develop in the slope. Therefore slope protection and drainage measures will be required
to ensure their long term surficial stability. By employing a 0.6m thick granular blanket consisting
of pervious material such as Granular 'A’, softening of material due to freeze-thaw cycles and
development of excess pore water pressures can be prevented in the overburden. The granular
blanket shall be extended to the phreatic water table surface (approximately elevation 216m).
The granular blankets should be designed in conjunction with a permanent drainage system that

will discharge drained water from the slope. |t is recommended that toe drains be constructed
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consisting of a perforated pipe encased with a suitable geotextile filter fabric and in turn

surrounded by a suitable granular soil filter material.

Normal slope vegetation cover shall be established as per conventional MTO standards as soon

as possible to provide surface erosion protection.

3) Backfill to Structure

Material

It is recommended that Granular ‘A’ or Granular 'B’ be used behind the concrete access structure
walls placed as shown on OPSD 800 series. The application of granular material combined with
weep holes in the culvert walls to drain any accumulation of water in the backfill will prevent

hydrostatic pressure build-up. Design parameters of the soil are given in Table 5 below.

Table 5 - Backiill Properties

&

Granular 'A’ Granular 'B’ “

Angle of Internal Friction 35° 30° “

(9) (unfactored)

| unit weight () , | 228 21,2 “

*Coefficient of Active Earth !l
Pressure (Ka)
-S.LS 0.27 0.33
-U.LS _ : 0.33 0.40

*Coefficient of Earth Pressure
at Rest (Ko)

-S.LS 0.43 0.50
0.50 10.58
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*These earth pressure coefficients apply to horizontal backfill surfaces only. The appropriate

consideration shall be given to account for sloping backfill.

Longitudinal Earth Slopes

Longitudinal fill slopes up to approximately 5 metres in height will be constructed from the
highway roadway surface limit to the culvert invert. In order to determine the safe geometry of
these slopes, a total stress slope stability analysis was conducted. The stability computations
were carried out using the in-house MTOslope application software package mentioned
previously. Circular slip surfaces were analyzed using the subsurface conditions and soil

parameters as shown in Figure 9. A factor of safety of 1.3 was considered acceptable.

The results of the analyses indicate that longitudinal fill slopes up to 5 metres can be constructed

at 2H:1V.

4) Construction Considerations

Excavation
Temporary excavation slopes within the surficial clayey silt to silty clay stratum to facilitate the

construction of the structure shall not be steeper than 1.5H:1V,

Dewatering
No dewatering problems are anticipated during the construction of the structure due to the
impervious nature of the surficial clayey silt to silty clay. Any localized seepage or surface runoff

can be easily controlled and readily discharged using conventional sump pumping techniques.
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Backfilling and Compaction

in the placement of the backfill material, all softened material should be excavated for their full
depth within the plan limits prior to fill placement. Backfill shall be placed simultaneously behind
both sides of the structure walls and at no time shall the difference in elevation be greater that
500mm. The backfill shall be constructed in 300mm lifts in accordance with OPSS 902 series
and applicable OPSD series. The backiill shall be compacted to achieve the target maximum dry

density as outlined in OPSS 501.07.08.

Heavy vibratory equipment should be avoided in the backfill construction because of the close
proximity to the structure. 1t is therefore recommended that hand compaction equipment be

employed in backfilling the sides of the culvert.

MISCELLANEOUS

The fieldwork for this investigation was carried out under the supervision of T. Sangiuliano,
" Foundation Engineer, and L. Dametto Student Engineer, utilizing equipment owned and operated
by Atcost Drilling Ltd. and London Soil Testing. Logging of rock core in the laboratory was carried

out by D. Williams, Petrographer.
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The project was carried out By T. Sangiuliano under the general supervision of P. Payer, Senior
Foundation Engineer. The report was written by T. Sangiuliano, reviewed by P. Payer and

approved by MR. M. S. Devata, Chief Foundation Engineer.

b 3 A A
N

T. Sangiuliano, P.Eng.
Foundation Engineer

1774

/ .
M. S. Devata, P?E%g? TR
Chief Foundation Engineer
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UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SUT - - - [ C
Fine | Medium | Coarse Fine oarse
GRAIN SIZE N MICROMETERS MINISTRY SIiEVE DESIGNATION [ Metric) :
I 2 3 4 5 0 20 30 40 5S¢ 5um 150 um I00um &00gpm [ 18 mm 7 36mm ¢ Smm 190 mm I175mm A1 Gmm
[T %f%ﬁjum 1084um 250 425um 850 um 200mm 4.75mm 13.2wm | 265mm | s30me 750mm
100 H o
/
30 / 1o
80 ;j// : ' 20
70 v 30
o 80 403
z Z
ﬁ . eV ~ . ] <
:
50 50
5 i LEGEND 5
3 - - RSl S S i Y
< BH [SAMPLE SYMBOL &
T, 60 =
30 70
o QAV
20 &((: 80
] O,
”@
10 20
° {00
j 2 3 a4 s 10 26 30 40 270 200 140 100 BOSC 40 30 20 1§ 108 4 ¥t T o e gral s

MINISTRY SIEVE DESIGNATION [imperioal}

o ation : GRAIN SIZE DISTRIBUTION FIG No 5
SILT WP 114-87-00(A)

Ontaric

WITH INTERBEDDED LAYERS OF CLAYEY SILT




. B2 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & sirt Fine [ Medium | Coarse Fine [ Coarse
GRAIN SIZE (N MICROMETERS MINISTRY SIEVE DESIGNATION { Metric}
! 2 2 45 0 20 30 4050  gysum BOum 300um &£00um F1Bmm  2.36mm 9.5mm 190 mm I3Z5mm 510 mm
Ilfl IEI [L % ‘Sium {06um 250u1m 425um B850 um 2 G0mm 4.75mm ¥3.Z2mm 26.5mm 53 Omm{ 75O mns
100 A P
50 o
80 20
70 30
o 80 400
z z
Wi T - L — S S N <
50 50
:% LEGEND :7;
s BH [SAMPLE SYMBOL &
= 40 [
30 70
| &,
v
20 80
"
RN | 1l Os
H &
10 30
0 100
I 2 3 4 5 1o 20 30 40 270 200 4G 100 §0S0 40 30 20 I8 08 4 L7 AP NS 1 RN
MINISTRY SIEVE DESIGNATION [ lmperiall
Transportation GRAIN SIZE DISTRIBUTION FIG No 6
) CLAYEY SILT TO SILTY CLAY WP 114-87-00 ()

WITH RANDOM INTERBEDDED LAYERS OF SILT




-

Ocy 75, FF-5-21

60
50 yd
o /
40 /
2 Ci
%
z
. 30
S
§ ct LEGEND
/ BH SAMPLE | SYMBOL

20 ] 12,17 O

. ] 13 .

/ 2 12 | =

MH OH
/] 2 16 A
10 8‘0 /
CTooEEw ||
Ve
ML 7 ML ot
% 10 20 30 40 50 : 60 70 80 90 100
LIQUID LIMIT %

My ~ PLASTICITY CHART FIG No 7
CLAYEY SILT TO SITY CLAY W P 114-87-00 (A)

WITH RANDOM INTERBEDDED LAYERS OF SILT




INTERCEPTOR DITCH
220 — \
218 — Vv 0.6 m GRANULAR BLANKET
216 — — ———  CLAYEY ST  __ ¥ _ _ _ _ _?2
_ TO =
214 — SILTY CLAY EL 214
— 11.2m
f - [ - [ ] - 3 I
212 — C’ = 5kPa, ¢’ = 26° y =19.3kN/m - le-0.6m
210 — 150mm @ PIPE SUBDRAIN
WRAPPED IN GEOTEXTILE AND
- COVERED WITH SOIL FILTER
208 —
206 —
204 — SILT
— WITH INTERBEDDED LAYERS
202 — OF CLAYEY SILT
200 — C‘= OkPa, ¢’ = 28°, Y = 20 kN/m?
198 —
— CLAYEY SILT TO SILTY CLAY
196 — WITH RANDOM [NTERBEDDED LAYERS OF SILT
4 -
180 — ' C'= OkPa, ¢'= 30°, Y =20 kN/m°
178 — BEDROCK

Figure 8. EFFECTIVE STRESS ANALYSIS
APPROACH CUT SLOPES - STABILITY ANALYSES

- AND SLOPE TREATMENT SCHEME

HWY 403 DIST 4
NOT TO SCALE WP 114-87-00(A])



220—

PE

218 —
- FILL
18 =
2 é_ $ =30° y = 20kN/m3
214— -
212 — CLAYEY SILT TO SILTY CLAY
- y = 19.3kN/m? Cy = 70 kPa
T2I0— — — — = = — e e e e e - -
ET Cy = 30 kPa
Zz208—
o -
<206—
>
[Fh3 —
T 204 —— SILT
- WITH INTERBEDDED LAYERS
202 — OF CLAYEY SILT
200 — - $=128° Y = 20kN/md
198 — ,
—_ CLAYEY SILT TO SILTY CLAY
196 — WITH RANDOM INTERBEDDED LAYERS OF SILT
- Y = 20kN/md Cy= 50kPa
94— — — — — — — — — — = = = T e
Cy= 80 kPa

Figure 9. TOTAL STRESS ANALYSIS
LONGITUDINAL FILL SLOPES

HWY 403 DIST 4
WP 114-87-00(A}



e

Fiw

EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST [SPT) N VALUE 15 THE NUMBER OF BLOWS REQUIRED 1O CAUSE A STANDARD 3Imm . D SPLIT BARREL
SAMPLER TO PENETRATE 0.3r INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 63, 5kg, FALLING
FREELY A DISTANCE OF 0 76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED A5 THE MUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED. AVERAGE N VALUE 15 DENOTED THUS N,

DYNAMIC CONE PENETRATION TEST! CONTINUOUS PENETRATION OF A CONICAL STEEL POINT { 5imm O 0 60° CONE ANGLE ) DRIVEN BY 475 J
IMPACT ENERGY ON A’ SIZE DRILL RODS. THE RESISTANCE TO CONE PENETRATION 15 MEASURED AS THE NUMBER Of BLOWS FOR EACH 0.3m
ADVANCE OF THE CONICAL POINT INTQ THE UNDISTURBED GROUND.

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS,

ONSISTENCY : COMESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHFAR STRENGTH(CU) AS FOLLOWS:

L ¢y (kpa) 0-12 12-25 2550 | 50-100 | 100 - 200 | >200
VERY SOFT SOFT FIRM STIFF VERY STIFF MARD
DENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS:

N [BLOWS /0.3 m] 0-35 5-10 10 - 30 30 - 50 =50
VERY 1OOSE LODSE COMPACT DENSE VERY DENSE

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

55

ECOVERY: SUM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE CORING RUM.

x

}

MODIFIED RECOVERY: SUM OF THOSE INTACT CORE PIECES, 100mm+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.
THE ROCK QUALITY DESIGNATION (R Q D), FOR MODIFIED RECOVERY, 15
RQD (%) 0-25 25-50 50 - 75 75 - 90 90 - 100
VERY POOR POOR FAIR GOOD EXCELLENT
IOINTING AND_BEDDING
SPACING $0mm 50 - 300mm} 0. 3m ~ Im Im - 3m =3m
JOINTING VERY CLOSE CLOSE | MOD. CLOSE],  WIDE VERY WIDE
BEDDING VERY THIN THIN MEDIUM THICK  {VERY THICK,

ABBREVIATIONS AND SYMBOLS
MECHANICAL PROPERTIES OF S50iL

FIELD SAMPLING

SPLIT SPOON TP THINWALL PISTON m, kba™!  COEFFICIENT OF VOLUME CHANGE
W3 WASH SAMPLE OS5 OSTERBERG SAMPLE Cq 1 COMPRESSION INDEX
5T SIOTTED TUBE SAMPLE R ¢  ROCK CORE C 1 SWELLING INDEX
B S BLOCK SAMPLE P H TW ADVANCED HYDRAULICALLY Cy ! RATE OF SECONDARY CONSOLIDATION
C$ CHUNK SAMPE PM TW ADVANCED MANUALLY <, mi/s  COEFRICIENT Of CONSOLIDATION
T W THINWALL OPEN £S5 FOIL SAMPLE H m DRAINAGE PATH

T, 1 TIME FACTOR
STRESS AND STRAIN U % DEGREE OF CONSOLIDATION
u, kera PORE WATER PRESSURE oys  kPa EFFECTIVE QOVERBURDEN PRESSURE
A | PORE PRESSURE RATIO a kpo PRECONSOLIDATION PRESSURE
o ko TOTAL NORMAL STRESS . ks SHEAR STRENGTH
e’ kra EFFECTIVE NORMAL STRESS ¢’ kpa EFFECTIVE COHESION INTERCEPT
T kpa SHEAR STRESS / -* EFFECTIVE ANGLE OF INTERNAL FRICTION
o i, 10 kra PRINCIPAL STRESSES <y kfa APPARENT COHESION INTERCEPT
€ % LINEAR STRAIN . . ¢y - APPARENT ANGLE OF INTERNAL FRICTION
€ .66 % PRINCIPAL STRAINS L kpg RESIDUAL SHEAR STRENGTH
£ kpra MODULUS OF LINEAR DEFORMATION 7, kra REMOULDED SHEAR STRENGTH
G kfa  MODULUS OF SHEAR DEFCRMATION 5, L sensimviTy = =
2 1 COEFFICIENT OF FRICTION !
PHYSICAL PROPERTIES OF SOIL

Ps kg/ma DENSITY OF SOLID PARTICLES e 1%  VOID RATIO €min 1, % VOID RATIO IN DENSEST STATE
Y, kn/md UNIT WEIGHT OF S0UID PARTICLES n 1% POROSITY Iy ! DENSITY INDEX _z_m.g,a.zm;.__._
A, kg/m® DENSITY OF WATER w 1% WATER CONTENT D mm  GRAIN DIAMETER maxT e
Yy KN/ UNIT WEIGHT OF WATER 5, % DEGREE OF SATURATION D, mm  n PERCENT - DIAMETER
P kg/m® DENSITY OF 501 w % LIQUID LiMmIY (T UNIFORMITY COEFFICIENT
Y KN/l UNIT WEIGHT OF 5011 Wp % PLASTIC LiMIT h m HYDRAULIC HEAD OR POTENTIAL
, kg/m® DENSITY OF DRY SOIL wg % SHRINKAGE LiMIT a  m¥s  RATE OF DISCHARGE
7& kn/m® UNIT WEIGHT OF DRY SOIL i * PLASTICITY INDEX = W) - Wy v m/s  DISCHARGE VELOCITY
Bar  ka/m® DENSITY OF SATURATED SOU , L LIQUIDITY (INDEX * medd i HYDRAULIC- GRADIENT
Vet KN/m’ UNIT WEIGHT OF SATURATED SOIL ' ' '? W, - w k m/s  HYDRAULIC CONDUCTIVITY
P' kg/m’ DENSITY OF SUBMERGED SOML 'c | CONSISTENCY iNDEX= j kn/m SEEPAGE FORCE
' kN/m® UNIT WEIGHT OF SUBMERGED SOIL & V% VOID RATIO IN LOOSEST STATE
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RECORD OF BOREHOLE No 1 1or2  METRIC
W.P, __114-87~00(A) LOCATION Co-grds: N _4 782 414.3; £ 753 SOB.6 ORIGINATED BY. IS
DIST__. 4 HWY _403 BOREHOLE TYPE _MS Auger, BW Cosing, Rock Coring ond Uone Test COMPILED BY L0 .. ..
DATUM _Ceodetic DATE 92 05 1113 CHECKED BY...BB .
* L1 | DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES §m g RESISTANGE PLOT gﬁm mm 32\#0 ME REMARKS
1 —
k= ol F3| @ 20 0 e s o |7 v TG ZE &
m — i I} ' L L p L
ELEV, DESCRIPTION gy | 3 |25| & [SHER STRENGTH ko e ; OVSTRIBUTION
DEPTH =|ZE] 2| F I BF] T |© UNCONFINED + PELD VANE v
é 21" 5 gs > e quick TRaxal x Lap vang  [WATER CONTENT (% 3 (%)
218.8| Ground Surface v : o 20 40 60 80 100 16 20 30 kN/milGr sA s1 CL
0.0
f 218 -
i St to Silty € \
oyey Silt to Silty Cloy :// - = 3
1%
Firm to SHff
e g h A 216 Y
28| 14] & L posr » 197 |0 o0 &0 a0
Brawn 3 ,
Grey // 3 55 7 { 4~1
1%
§ 214 .
AT e 55| & ' by 8 o o 45 55
3
212
/; 5 TW | PH ‘)
A
/ Lﬁ;
// 6] tw | pH 210 I ettt 19.5 0 0 BD 40
¥ - 4
2
mmmmmmmm M7 T 7
rondom interbeds of Silt ’/
% 208 2
1%
S H ¢ ¢ 0 84 16
8| Tw | pH N H——slnf 0o 0 M 30
g’ 2 ')
205.8 ’ 206 €
13.0 9| Tw | Pn ] o o L o801
Sitt 2 <
with interbedded loyers of 10| 55 5 204 \\Q
Clayey Silt !
Grey, loose w1 e ] ¢ 0 88 12
202 ;
+
200.7
8.1 %
V1 200
121851 9
B W2
1 198
¢
1
Cloyey Sit to $ilty Cioy 13 TW | PH 196 o e \ 192 {0 0 7% 2%
with rondom interbedded // A
layers of Sit //
,/
Grey, Stitf to Very Stiff ¥ 154
4] 85 | 13
4
/
/// 192
n
157 S5 | 14
/ 190 )
%
188.3 A ‘A

20 I Continued
1595 (%) STRAIN AT FAILURE
10

305 ’4 Continued

3 & Numbars refer to
" Sansilivity
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RECORD OF BOREHOLE No 1

20F2

METRIC

" Sensiivity

W.P, _114=87-00(A) LOCATION Cowords: N 4 782 414.3: £ 253 508.6 ORIGINATED BY. IS ..
DIST.__4 HWY _403 HOREHOLE TYPE _HS Auger, BW Casing, Rock Coring and Cone Test COMPILED BY...tD
DATUM _Geodetic DATE 92 05 1113 CHECKED BY ... PP .
NAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & | = &t o, -
Eal 2 RESISTANCE PLOT rane U o | % | Remarks
= w|®3] @ 20 4p 60 8O 100 | | Bo &
m ol ] el 1 L 3 P L _;
ELEV DESCRIPTION TIE| g | 3[25] & [sHem sTReNomH kP OISTRIBUTION
SERTH = S| 88| 4 |o unconened + FIELD VANE ¥
. g2 = 5 £3] 2 |eouck rmmxay  x s vang [WATER CONTENT (= 3 %
1883 Continued 7] * o 20 40 60 80 100 10 20 30 KN/m ler sA St CL
30.5 188
e
; 16| S5 | 16
/9 186
%
Clayey St to Siity Cloy ; A
with rondom interbedded % 184
layers of Silt :/
Grey, SHff to Very Sff
7788 [ 21 182 b ¢ o 7 30
1
v
180
%
178.6 1] ss | e
" R
402} gegrock - Dolostone 7419 | re QEZ 178 RGD = 74X
Light Grey, Unweothered @:
REC
Medium Strong 20 | re | o RAD = 61X
176.1
42.7 | End of Borerole
%3 5 . Numbers refer to

20
1505 (%) STRAIN AT FAILURE
10
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Ministry of

Tronsportation Foundotion Design
Gntario '
RECORD OF BOREHOLE No 2 10F 2 METRIC
W.P, _114-87-00(A) LOCATION Co~ords: N 4 787 361.0; F 253 5754 ORIGINATED BY_LD
DIST 4 HWY _403 BOREMOLE TYPE _HS Auger BW Cosing, Rock Coring gnd Gone Test COMPILED BY . WD
DATUM _Geodetic DATE 92.05 1113 CHECKED 8Y ___PP
W ] DYNAMIC CONE PENETRATION
SOIL PROFILE sampLes | S | O | A Ror oo e
av b LN uosTURE L = Z% REMARKS
B wl|®g| @ 20 40 60 8O 100 w °°":’“ w | 88 X
o | et
ELEV |l w| 3|25] & [SHEAR STRENGTH kPa P L1 % | cran size
DEPTH DESCRIPTION clZ1E 12| 88] % |ouvonrmm  + Ao vane ,  |pISTRIBUTION
= 2 . Eo & e ouick TRIAGAL x LAB VANE |WATER CONTENT (%) 3 (%)
218.5 7] z o 40 60 80 100 10 20 30 kN/midor sA S CL
0.0
) 218
Clayey St to Sity Cloy i
T TS T s
A N
1% 216 fem
- Brown, vey st 1) —
Grey, Firn to SunliA] 2 ] SS | 8 :
] b A 2
iq i 214 ( %
3 ss |7 { » 196 [0 0 8 52
A \ +
4 4 855 7 212 -
A .
1%
V™S | W | P ot | 191 {0 0 72 28
210 i "7
mmmmmm 1
rondorn interbeds of Siit 6| TW | PH o st} 196 |0 0 63 37
1 A
9 208
1% A
g
2063 )
12,2 8| tw | PH 208 i 0 ¢ Bg N
.2
9 Tw i >’
204 ,
.
Silt
0] 95 | 6
with interbedded loyers of
Cloyey Silt ? ™\
Yoy 202 {
Gréy, Loose
1] 85 | 5 200
198.7
19.8 ¢
9 198
<!
9 i
BRI -
// o
LA 186
Clayey Sitt to Sitty Cloy //
with rondom interbedded ,;
toyers of Silt MAT A ss | 1 194
f 3
Grey, Stff to Very Stff A I
192
¢
14| 85 | 12
b
140
V1
//
V]
188.0 /! /f
%5 J" Continued L3 8, umbere rater fo I" Continued

0

" Sensitivity

20
15;}5 (%) STRAIN AT FAILURE
0
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@Mlmmy of
Transgortotion

Faundotion Design

Ontario
RECORD OF BOREHOLE No 2 20r2 METRIC
WP, _114-87-00(A) LOCATION Co-ords; N 4 782 361.0; £ 253 5251 ORIGINATED BY_ LD
DIST 4 HWY _403 HOREHOLE TYPE _HS Auger, BW Casing, Rogk Coring ond Cone Test COMPILED BY LD
DATUM _Geodetic DATE 92 05 1113 CHECKED BY...PE____
o L] DYNAMIC CONE PENEIRATION
SOIL PROF".E SAMPLES Em ‘—(‘ RESISTANCE PLOT o NAYURN;: Lol '_hmm REMABKS
- iz| & 0 40 60 80 1go |U cowmw T} GO
S @ = D L1 wp w w | 5% &
ELEV DESCRIPTION 21yl w | 3 |25]| & [SHEAR STRENGTH kPa S — SRAIN SIZE
DEPTH w Z| 215 | 38| & |o unconrned + FIELD VANE 5y [DISTRI
. .2'45 21" . %8 > le auick rRaxa. x s vane  [WATER CONTENT (%) 3 (%)
wso| [ Continued G : Y |1" 20 40 60 80 100 10 20 30 | kN/ilor sa s el
o8] J¥ 151851 15
g
Y] 186
1%
HIBERE H— 0 0 68 32
Cloyey Sitt of Sity Clay #
with rohdom interbedded /: 18
11
toyers of Silt ,/
1 ]
Grey, Stiff to Very Stiff %
% 182
Al37 ] ss | 12
///
//
1%
W 180
/
18] 55 | 28
1781 A
40,4 178
‘ REC RGD = 67%
Bedrock = Dolostone @\: 194 RC a5
Light Grey, Unweathered P
Mediurns Strong F 20| we REC 176 ROD = 78X
175.0 4 8%
43,51 End of Borehols
43 xﬁ‘Numbcrn rofar o

'

" Sunsitivity

20
1505 (%) STRAIN AT FALURE
10




ROCK CORE DESCRIPTION

wp

114-87-00A

Page 1of {

CORE RECOVERY
DEPTH
(m)

DEPTH
(m)

CORE DESCRIPTION

DESCRIPTION

40.23-41.15
41.15-42.67

40.23-42.67

DOLOSTONE with stylolites and abundant vugs containing calcite crystals, light

grey to medium dark grey; fine to medium grained; medium strong; unweathered
to slightly weathered; fractures moderately close to very close spaced, flat to near
vertical, undulating to planar, smooth o rough.

40.44-41.86
41.96-43.49

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

*RQD = ROCK QUALITY DESIGNATION

40.44-43.49

DOLOSTONE with stylolites and abundant vugs containing caicite crystals, light
grey to medium grey; fine to medium grained; medium strong; unweathered to
slightly weathered; fractures moderately close to very close spaced, flat to dipping,

undulating to planar, smooth to rough.

Logged by: DAW, Scils and Aggregates Section
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Page No: ~ DESCRIPTION
1 . Index
2 - Abbreviations & Symbols
3-219 Foundation Investigation Report for

North-South Concrete Access Culvert
W.P. 114-87-00(A) Site -
Hwy 403, District 4 Burlington

Dunmark Lake West Crossing
W.P. 114-87-00(B) - Site -
Hwy 403, District 4 Burlington

Dunmark Lake East Crossing
W.P. 114-87-00(C) Site -
Hwy 403, District 4 Burlington

Big Creek Culvert
W.P. 114-87-00(D) Site -
Hwy 403, District 4 Burlington

Hwy 52 Underpass
W.P. 65-67-04 Site 36-260
Hwy 403, District 4 Burlington

Alberton Road Underpass
W.P. 65-67-05 Site 36-261
Hwy 403, District 4 Burlington

Sunnyridge Road Underpass :
W.P. 85-67-07 Site 36-263 >
Hwy 403, District 4 Burlington

Note: For purposes of the contract, this report supersedes all other Foundation
Reports prepared by, or for the Ministry in connection with the above
mentioned projects. : ‘



EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST (SPT) N VALUE 15 THE NUMBER OF BLOWS REQUIRED TO CAUSE A STANDARD Simm O.D SPLIT BARREL
SAMPLER TO PENETRATE 0.3m INTQ UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF bl.ﬁkg, FALLING
FREELY A DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED A5 THE NUMBER Of BLOWS FOR THE PENETRATION
ACHIEVED. AVERAGE N VALUE IS DENQTED THUS N.

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT { Slmm O.D 60° CONE ANGLE } DRIVEN BY 475
IMPACT ENERGY ON ‘A’ SIZE DRILL RODS. THE RESISTANCE TO CONE PENETRATION IS MEASURED AS THE NUMBER OF BLOWS FOR EACH 0.3m
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

SQILS ARE DESCRIBED BY THEIR COMPOSITION AND COMNSISTENCY OR DENSENESS.

CONSISTENCY :

COHESIVE SOIS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH(CU) A5 FOLLOWS:

¢, {kPa) 0 -12 12 - 25 25~ 50 50-100 | 100 -200| =200
VERY SOFT SOFF FIRM STIFF VERY STIFF HARD
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FOUNDATION INVESTIGATION REPORT
FOR
Hwy 403 North-South Concrete Access Culvert
WP 114-87-00(A), Hwy 403

District 4, Burlington

INTRODUCTION

This report summarizes the results of a foundation investigation conducted in conjunction with
the proposed concrete access culvert type struciure. The structure is designed to enable farming
equipment, materials and personnel to be transported beneath the proposed Hwy 403 which will
be supported by the structure. The proposed structure is perpendicular to the proposed Hwy 403
as éhown on the drawidg 1148700(A)-A" |

SITE DESCRIPTION AND GEOLOGY

The site is situated at the préposed Hwy 403, approximately mid-distance between Jerseyville Rd.
and Hwy 2. The site is accessible by existing private gravel roads extending from Parsonage Rd.
which starts at Jerseyville Rd. and Jury Rd. which'starts at Hwy 2/53 in Brant County, Township

of Brantford.

Grading and drainage work has been completed under Contract 90-66 in the area and the Hwy
403 right-of-way imprint is evident on both sides of the proposed culvert. The highway appéars
" to be within a shallow excavation cut at the site location. East of the site, beyond the extent of

Contract 90-66, the land is forested and populated with tall deciduous trees.
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The land beyond the Hwy 403 is generally gently rolling terrain. Land use is primarily agricultural

farmland.

Physiographically, the site is located within the geological domain known as the Haldimand clay
plain. The Haldimand clay plain occupies the area lying between the Niagara Escarpment and
Lake Erie. The entire area was submerged in Lake Warren, a glacial lake formed during the
retréat of the Wisconsinan Glaciation (approximately 12,000 years ago). Lacustrine clays and
silts were deposited as the lake gradually receded due to the deposition of sediments during
isostatic land rebound. Drainage of this belt is controlled by the Grand River which has cut a
deep valley in the clay and silt. Consequently, there has been much dissection by tributary

drainage.

The underlying bedrock at the site consists of hard dolomites of the Paleozoic era. At the site,

the overburden has a thickness of approximately 40m.

INVESTIGATION PROCEDURE

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

program are discussed below.

Field Investigation
The fieldwork for this project was carried out between 92 05 11 and 92 05 13 and consisted of

two (2) sampled boreholes advanced to depths ranging from 42.7m to 43.5m accompanied by



two. (2) dynamic cone penetration tests carried out to depths ranging from 15.2m to 17.1m. The
boreholes were advanced through the overburden using track mounted units employing
conventional continuous flight hollow stem augering techniques and also casing/washboring
methods. Conventional rock'coring techniques using BW casing and BX core barrels were used

to retrieve up to 3m of rock core.

Subsoil samples were generally retrieved at 1.5m intervals for the surficial 18m or so and at 3m
intervals thereafter. Both disturbed and undisturbed subsoil samples were retrieved within the
surficial 22m. Disturbed samples only were retrieved beneath this depth. Disturbed subsoil
samples were rétrieved in accordance with the Standard Penetration Test (ASTM D1586) using
a standard split spoon sampler driven into the soil and undisturbed subsoil samples were
retrieved using a thin wall sampler pushed hydradlically into the soil in accordance with

procedures outlined in ASTM D1587. |

All subsoil samples were identified in the field arid then properly sealed to preserve natural
moisture contents in the soil. Disturbed samples were placed in sealed plastic containers and
thin wall samples were capped and waxed. The samples were then transported to the laboratory
where additional visual classifications were carried out and pertineht Iabbratory tests were

| conducted as described in the next section below.

In situ vane tests were also carried out to determine the undrained shear strength 'at selected
intervals between the subsoil sample refrieval. The test was carried out in accordance with ASTM
D2573 employing the standard MTO "N’ vane. Remouided shear strengths were also obtained

allowing the determination of soil sensitivity.



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

laboratory.
Groundwater levels were determined by monitoring the water levels in the open boreholes
throughout the duration of the field investigation. All boreholes were backfilled upon completion

of the field work.

The survey related to the location and elevation of the individual boreholes was provided by

Central Region Surveys and Plans.

Laboratory Analyses

All subsoil samples were carefully visually examined in the laboratory in accordance with the
procedures oxjtline_d in the Visual Method described in Chapter 2 of the MTO Soil Classification
Manual. The behaviour, gradation and othgr pertinent physical and mechanical properties of the
soil were determined by conducting the appropriate laboratory tests on representative samples.

These tests included:

P e e e
Physical Properties Mechanical Properties ]
1) Atterberg Limit Tests 1) Consolidation Test “
2) Particle Size Analysis 2) Unconfined Compression

3) Natural Moisture Contents

4) Bulk Unit Weights

|
|




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

Manual.
Detailed rock core logging was conducted in the laboratory by an in-hduse resident geologist.

Laboratory test results have been summarized below in the subsequent section of this report
entitied "Subsurface Conditions” and are illustrated on the corresponding boreholes and figures

included in the Appendix to this report.

SUBSURFACE CONDITIONS

General

‘Subsurface conditions across the site are uniform and éonsist of three (3) distinct layers of
overburden overlying bedrock. The surficial deposit consists of a cohesive clayey silt to silty clay
. that extends to depths ranging from 12.2m to 13m below the ground surface. The deposit has
a ﬁrrﬁ to very stiff’oonsistency and contains random interbeds of plastic silt approximately 25mm

to 75mm in thickness within the lower three (3) metres of the deposit.

The surficial cohesive clayey silt to silty clay deposit is underlain by a plastic silt that has a loose

denseness and contains random interbedded layers of cohesive clayey silt.

The plastic silt stratum is in turn underlain by a second cohesive clayey silt to silty clay deposit
which has a thickness of 20.6m to 22.1m. This deposit also contains random thin interbeds of
plastic silt of thickness ranging from 25mm to 100mm. This deposit extends to the bedrock

surface which exists at an elevation of 178.1m to 178.6m.



A plan of the site illustrating the locations and eleVations of the boreholes is shown on Dwg. No.
1 148700(A)-A*. . A subsoil stratigraphical profile illustrating the subsurface
conditions at the site is also provided. The boundaries between the various soil types, in situ and
laboratory test results as well as groundwater levels established at the time of investigation are
shown on the stratigraphical profile and also on the individual Record of Boreholes sheets in the

Appendix.

Clayey Silt to Silty Clay

The surficial stratum at the site consists of a cohesive clayey silt to silty clay that extends for a
thickness of 12.2 to 13 metres. Within the lower three metres of the deposit, thin layers or seams
of plastic silt generally 25mm to 100mm in thickness exist. The deposit has been oxidized for the
surficial 3 to 3.8 metres and is brown in colour within this depth. Below this depth, the deposit
is unoxidized and grey in colour. A grain size distribution envelope produced by mechanical sieve
and hydrometer analysis is shown in Figure 1 in the Appendix. The envelope clearly illustrates
that the stratum is composed of grain sizes smaller than 75 micrometre. The grain size
distribution envelope for this material illustrates large percentages of silt, ranging from 45% to
84% and clay percentages ranging from 28% to 55%. In view of the fact that more than 50% of
the material is finer than 75 micrometres, the soil is categorized according to its behaviour in
accordance with the MTO Soil Classification Manual. Atterberg Limit Tests were hence

conducted to define the behaviour and plasticity of the soil as discussed below.

Atterberg Limit Tests were carried out on the fine grained soil and the results are plotted on
Figure 2 in the Appendix and summarized on Table 1 below. Natural Moisture Contents and the

Bulk Unit Weight of the soil have also been included in the table.
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Table 1 - Atterberg Limit Test Results

| Range # of Tests
Natural Moisture Content (w%) 25-31 7
Liquid Limit (w, %) 31-41 7
Plastic Limit (wp%) _ 18-22 7
Plasticity Index (Ip%) 13-21 7
Bulk Unit Weight (kN/m3) 18.9-19.7 6

The test results clearly reveal that the soil has a plasticity ranging from low to intermediate and

hence can be categorized as clayey silt (CL) to silty clay (Cl). Natural moisture contents are

generally within the plastic and liquid‘ limits of the soil and hence the soil is in a plastic state. An
Atterberg Limit Test conducted on 'a sample of an interbedded silt layer confirms that the material
is an inorganic silt of low plasticity (ML). The liquid limit (w,) and the plasticiiy index (Ip) for a silt

interbed in sample TW8, BH1 was determined to be 23% and 3% respectively. The material

‘possesses no dry strength, no toughness and a quick dilatancy, properties which are consistent

- with this classification.

The consistency and undrained shear strength of the soil were determined by conducting in situ
vane tests and unconfined compression tests. The resuits of these tests are plotted on the
individual Record of Borehole Sheets and summarized on the Undrained Shear Strength vs.
Elevation graph shown on Figure 3 in the Appendix. The undrained shear strength.of the surficial
clayey silt to silty clay ranges from 30 kPa to 90 kPa which is equivalent to a consistency ranging
from firm .to very stiff. The sensitivity of the soil as defined by the ratio of the undrained strength

in the undisturbed state to the undrained strength, at the same water coritent, in the remoulded



state was also determined by the field vane test. Sensitivity values range from 1 to 4 indicating

an insensitive to moderately sensitive material.

The upper desiccated unoxidized brown crust has a greater strength and a consistency ranging
from stiff to very stiff. The ‘N’ values as determined by the Standard Penetration Test ranged
from 12 blows/0.3m to 18 blows/0.3m within this upper crust. Beneath this upper zone, 'N’ values

ranged from 5 blows/0.3m to 7 blows/0.3m.

Thé compressibility characteristics of the clayey silt to silty clay stratum were determined by
conducting one dimensional consolidation tests on two (2) representative samples. The results
of the tests are shown graphically on Figure 4 fn the Appendix. The consolidation curves are
plotted on semi-logarithmic paper with the void ratio (e) plotted against the applied load (log p).
This form of plotting the load-deformation properties of the soil has the advantage of enabling the
determination of the preconsolidation pressure (p.) which is defined as the maximum pressure
that fhe soil has experienced in its stress history. Considerable consolidation settlements can

occur once the threshold preconsolidation pressure is exceeded.

The two consolidation curves reveal preconsolidation pressures ranging from 220 kPa to 330 kPa.
The effective overburden pressures for these two preconsolidation pressures are 140 kPa and
130 kPa respectively. Therefore, the soil has been preconsolidated in the past to an effective
pressure approximately 80 kPa to 200 kPa in excess of the existing effective overburden
pressure. The compression index of the material (C,) is of small magnitude and equivalent to

‘0,13 to 0.2.
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Silt with interbedded layers of Clayey Silt

A cohesionless silt of quick dilatancy interbedded with thin layers of cohesive clayey silt exists

below the clayey silt to silty clay surficial deposit and extends to depths ranging from 18.1m to

19.8m below the ground surface. The thickness of this stratum ranges from 5.1m to 7.6m and
the cohesive interbedded seams or layers are approximately 25mm to 75mm in thickness. The
cohesive interbedded layers are distinct and easily recognized and determined by visual index
property identification tests. The layers have a darker grey colour, low plasticity, medium

toughness, stickiness, shine and medium to high'ﬁry strength.

A grain size distribution envelope as determined by mechanical sieve and hydrometer analysié
is shown on Figure 5 in the Appendix. The envelope illustrates primarily silt percentage (88-90%)
with traces to some clay. The silty soil does how_éver exhibit plasticity and the results of Atterberg
Limit Tests carried out on some representative samples of the material are summarized in Table
2 below. |

Table 2 - Plastic Siit

Natural Moisture Content (W%)

“ Liquid Limit (w,%) 23.24

3
Plastic Limit (w;%) | 20-22 3
Plasticity Index (Ip%) 1-4 3

The test results reveal that the soil is a plastic silt (ML categorization). Natural moisture contents

exceed the liquid iimit of the soil.
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Due to the percentages of clay and the layers of interbedded clayey silt, vanes could be torqued
and in situ tests were conducted. The results revealed undrained shear strength values ranging
from approximately 30 to 62 kPa. The results, in general, were erratic and devoid of any pattern

which is perhaps indicative of the high silt percentages.

The ’'N’ values as derived from the Standard Penetration Test reveal values ranging from 5 to 6

blows/0.3m. This is representative of a loose state of denseness.

Clayey Silt to Silty Clay with random interbedded layers of Silt

Underlying the plastic silt with interbedded layers of clayey silt, a second cohesive deposit
conéisting of clayey silt to silty clay extending to the bedrock surface exists. The surface of the
deposit exists at an elevation ranging from 198.7m to 200.7m and the deposit has a thickness
in the order of magnitude of 20.6m to 22.1m. Random interbedded layers or seams of plastic silt

ranging in thickness from 25mm to 10Qmm are also present within the cohesive deposit.

A grain size distribution envelope illustrating the gradation of the material of this deposit is shown
on Figure 6 in the Appendix. The envelope clearly illustrates that the material is fine grained with
grain sizes less than 75 micrometres. Typically, clay percentages range from 25% to 32% and

silt percentages range from 68% to 75%.

in accordance with the MTO Soil Classification system, a deposit with gradations of this nature
is categorized by its behaviour and hence Atterberg Limit Tests were conducted to evaluate the
plasticity of the soil. The results of these tests are illustrated on Figure 7 and summarized in

Table 3 below. Natural Moisture Contents are also included in the Table below.

D



~ Table 3 - Clayey Silt to Silty Clay

Natural Moisture Content (W%) 5
Liquid Limit (w %) - 2437 5

- Plastic Limit (wp%) 17-20 5
5

Plasticity Index (Ip%)

The test results reveal that the soil has a low to intermediate plasticity and hence can be
classified as a clayey silt to silty clay. Natural moisture contents are generally similar to the liquid

limit of the soil.

An Atterberg Limit Test conducted on a sample of an interbedded silt layer confirms that the
' _ material is an inorganic silt of low plasticity (CL - ML). The liquid limit (w,) and plasticity index

(Ip) for a silt interbed in sample TW12, BH2 was determined to be 24% and 5% respectively.

The consistency and‘ undrained shear strength of the soil was determined by conducting in situ
vare tests and interpretation of SPT 'N’ values. Undrained shear strength values are piotted on
the individual Record of Borehole sheets and summarized on the Undrained Shear Strength vs.
Elevation graph shown on Figure 3 in the Appendix. The undrained shear strength values ranged
from 50 kPa to 90 kPa with the strength increasing with depth.. Thé sensitivity of the soil as
determined by the field vane test ranged from 2 to 4 indicating an insensitive to moderately
sensitive material. The SPT'N’ va‘luesr ranged from 9 blows/0.3m to 28 blows/0.3m. Based on
the undrained shear strength and SPT N’ values, the clayey silt 1o silty clay can be described as

having a stiff to very stiff consistency.
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Bedrock
The bedrock consisting of a "vuggy" dolostone of the Amabel Formation underlies the clayey silt
to silty clay with random layers or seams of interbedded silt deposit at an elevation of

approximately 178.1m to 178.6m. The bedrock was cored in BX size up to 3.1m in depth.

The dolostone bedrock is a chemical sedimentary rock that typically is composed of magnesium
carbonate compounds and is fine to medium grained. The rock is unweathered that is featured
by a porous "vug" texture. The rock is light-grey to medium dark grey in colour and contains thin
horizontal beds and very close to closely spaced vertical fractures. Detailed descriptions of the

bedrock are attached in the Appendix in a report entitled "Rock Core Description”.

An assessment of the quality and strength of the rock was carried out by measuring core
recoveries and Rock Quality Designations (RQD) in the field and physical index property testing.
Recoveries ranged from 90% to 100% and RQD’s ranged from 61% to 78% indicating that the

rock is of good quality. Rock strengths can be described as medium strong.

GROUNDWATER CONDITIONS

Observation of the groundwater level was carried out by measuring the water levels in the open
boreholes throughout the duration of the field investigation. Groundwater levels determined at
the time of investigation were approximately 3 to 4 metres below the ground surface (elevation

215.8m to 214.5m).

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

values given in this report.



MISCELLANEOUS

The fieldwork for this investigation was carried out under the supervision of T. Sangiuliano,
Foundation Engineer, and L. Dametto Student Engineer, utilizing equipment owned and operated
by Atcost Drilling Ltd. and London Soil Testing. Logging of rock core in the laboratory was carried

out by D. Williams, Petrographer.
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p. Payer, P. Eng. _
Senior Foundatation Engineer
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M.S. Devata, P. Eng.
Chief Foundation Engineer
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ROCK CORE DESCRIPTION
WP _114-87-00A

- Page 1 of 1
CORE RECOVERY | CORE DESCRIPTION
" DEPTH % % DEPTH
BH# {RC# (m) CR* { RQD* (m) DESCRIPTION
19 40.23-41.15 94 74 40.23-42.67 | DOLOSTONE with stylolites and abundant vugs containing calcite crystals, light
20 41.15-42.567 100 61 grey to medium dark grey; fine to medium grained; medium strong; unweathered
to slightly weathered; fractures moderately close to very close spaced, flat to near
vertical, undulating to planar, smooth to rough.
40.44-41.96 40.44-43.49 | DOLOSTONE with stylolites and abundant vugs containing calcite crystals, light

41.96-43.49

*CR = CORE RECOVERY
*RQD = ROCK QUALITY DESIGNATION

grey to medium grey; fine to medium grained; medium strong; unweathered to
slightly weathered; fractures moderately close to very close spaced, flat to dipping,
undulating to planar, smooth to rough.

(NOTE: Depths are approximated where core recovery is less than 100%)

Logged by: DAW, Soils and Aggregates Section
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FOUNDATION INVESTIGATION REPORT
FOR
Pmposed .Embankment at the
Hwy 403~ - Dunmark Lake Wést Crossing
WP 114-87-00B

District 4. Burlington

INTRODUCTION

This report summarizes the results of a foundation investigation conducted in conjunction with the
embankment fills proposed at the Dunmark Lake Wes't.- Hwy 403 crossing. Embankment fills up
- to approximately seven (7) metres have been proposed at the specific site location. At the time
of the investigation, the valiey at the site location contained approximately up to 1.5 metres of

standing water.

SITE DESCRIPTION AND GEOLOGY

The site is located within the limits of the valley containing the Dunmark Lake (referred to
Dunmark Lake West in this report). The site is situated approximately 0.5km. east of Sunnyridge
Rd, approximately 1 to 2 km. south of Jerseyville Rd. within the Regional Municipality of Hamilton-
Wentworth. The valley is confined by earth ridges up to fourteen (14) metres in height to the west
and up to approximately seven (7) metres in height to the east. The existing valley slopes are
relatively flat and are estimated to range from 4H:1V to 5H:1V. These slopes reveal no signs of

instability. The slopes are generally covered by both tall and short coniferous trees.
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The existing valley at the proposed Hwy. 403 crossing is contained within the private ownership
of the Heron Links Golf Course. The golf course is located immediately south of the proposed

highway.

A natural drainage valley is located north of the Dunmark Lake West. it appears that drainage

from Sunnyridge Rd. and the general catchment area occurs within this existing drainage valley.

The area north-east of the site consists of agricultural farmland. Residential homes are located

north-west of the site location.

The waters of the Dunmark Lake are murky and unclear. The depth of the water was
approximately 1 metre at the time of the investigation, although this water level has been kn-own
to fluctuate throughout the year. in fact, the water level has been completely drawn down during
past summers as a result of irrigation conducted at the Heron Links golf course. Wild grass and

weed are present within the northern limits of the lake.

Physiographically, the site is located within the geological domain known as the Haldimand clay
plain. The Haldimand clay plain occupies the area lying between the Niagara Escarpment and
Lake Erie. The entire area was submerged in Lake Warren, a glacial lake formed during the
retreat of the Wisconsinan Glaciation (approximately 12,000 years ago). Lacustrine clays and
silts were deposited as the lake gradually receded due to the deposition of sed_iments during
isostatic land rebound. The Dunmark Lake is located within a low lying basin created by

glaciation.

30



Drainage of this belt is controlled by the Grand River which has cut a deep valley in the clay and

silt. Consequently, there has been much dissection by tributary drainage.
The underlying bedrock at the site consists of hard dolomites of the Paleozoic era. At the site,
the overburden has a thickness ranging from approximately thirty (30) metres within the valley

to thirty-eight (38) metres at the crest of the valley.

INVESTIGATION PROCEDURE

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

program are discussed below.

Field Investigation

The fieldwork was carried out in two separate stages and hence within two different site
mobilizations. In the initial stage, one borehole accompanied by two (2) dynamic cone
penetration tests were advanced as part of a preliminary type investigation that occurred betweén
91 02 18-22. The borehole (BH1) was advanced to a depth of 38.3m, whilst the dynamic cone
penetration tests were advanced to depths of 6.1m and 15.5m. The borehole and dynamic cone
penetration test were advanced on land west of the existing Dunmark Lake West employing a

track mounted CME 75 equivalent drilling unit.

A more detailed investigation was conducted between 92 07 09 and 92 07 22 that included a total

of five (5) additional boreholes. The boreholes were advanced to depths ranging from 4.8m to



31.9m. Two (2) of the boreholes were advanced on land using conventional track mounted
drilling units equivalent to Central Mining Equipment (CME) 55’s. Both boreholes were advanced

. to auger refusal encountered at the probable bedrock surface.

Three (3) boreholes were advanced within the waters of the Dunmark Lake using a raft and a
more portable, lighter diamond drill unit. The diamond drill used was a skid mounted Boyles Bros.

No. 1 unit that had a weight of approximately 900kg.

Conventional hollow stem augering techniques were used to advance the boreholes on land.

Offshore, conventional diamond drilling techniques were used.

Both disturbed and undisturbed samples were retrié;/ed in the overburden both on land and
offshore. Subsoil samples were retrieved at both 0.7 metre and 1.5 metre intervals on land.
Offshore, surface samples were taken and then sampling proceeded at both 0.7 metre and 1.5
metre intervals. Disturbed subsoil samplves were retrieved using a 50mm diameter split spoon
sampler driven in accordance with the RStandard Penetration Test (SPT - ASTM D1586).
Relatively undisturbed samples were also retrieved within the weaker cohesive materials using
a 57mm diameter thin wall sampler. The thin wall sampler was pushed manually into the soil
offshore and hydraulicaliy on land in accordance with procedures outlined in ASTM D1587. Wash

samples were also retrieved at the boreholes advanced offshore.

All subsoil samples were identified in the field and then properly sealed to preserve natural
moisture contents in the soil. Disturbed samples were placed in sealed plastic containers and

thin wall samples were capped and waxed. The samples were then transported to the laboratory
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where additional visual classifications were carried out and pertinent laboratory tests were

conducted as described in the next section below.

In situ vane tests were also carried out to determine the undrained shear strength at selected
intervals between the subsoil sample retrieval. The testwas carried out in accordance with ASTM
D2573 employing the standard MTO "N’ vane. Remoulded shear strengths were also obtained

allowing the determination of soil sensitivity.

Groundwater levels were determined by monitoring the water levels in the open boreholes and
the lake level throughout the duration of the field investigation. All boreholes were backfilied upon

completion of the fieldwork.

The survey related to the location and elevation of the individual boreholes was provided by
Central Region Surveys and Plans. A boat was required to enable the borehole layout offshore.

_Long steel rods were used to stake the boreholes in the waters of Dunmark Lake.

Laboratqry' Analyses

All subsoil samples were carefully visually examined in the laboratory in accordance with the
procedures outlined in the Visual Method described in Chapter 2 of the MTO Soil Classification -
Manué!. The behaviour, gradation and other pertinent physical and mechanical properties of the
_soil were determined by conducting the appropriate laboratory tests on representative samples.

These tests are tabulated in Table 1 below:
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Table 1 - Physical/Mechanical Property Testing

Physical Properties Mechanical Properties

1) Atterberg Limit Tests 1) Consolidation Test

2) Particle Size Analysis

3) Natural Moisture Contents

4) Bulk Unit Weights

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

Manual.
Laboratory test results have been summarized below in the subsequent section of this report
entitled "Subsurface Conditions" and are illustrated on the corresponding boreholes and figures

included in the Appendix to this report.

SUBSURFACE CONDITIONS

GENERAL

Subsurface conditions across the site are uniform and generally consists of extensive
stratifications of silt and clayey silt to silty clay. The surficial deposit which underlies the standing
waters of Dunmark Lake (up to 1.5 metres) consists of a cohesive clayey silt to silty clay with
random layers of silt. The thickness of this deposit ranges from 2.2 metres to 9.1 metres. The

stratum generally has a very stiff consistency.



. The surficial cohesive clayey silt deposit is underlain by a plastic silt that has a loose to compact
denseness and contains random interbedded seams/layers of stiff to very stiff clayey silt to silty

clay. The thickness of this stratum ranges from 10.5m to 15.7m.

The plastic silt stratum is in turn underlain by a cohesive clayey silt deposit which has a thickness
ranging from 6.1m to 8.7m. This deposit also contains random layers of plastic silt. The cohesive

material has a stiff to very stiff consistency.
A lower silt deposit with interbedded layers of clayey silt to silty clay underlies the lower cohesive
clayey silt. This deposit has a thickness of 4.8 to 6.1 metres and overlies the probable bedrock

surface as determined by auger refusal.

A plan of the site illustrating the locations and elevations of the boreholes is shown on Dwg. No.
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» .
1148700B-A. A subsoil stratigraphical profile illustrating the subsurface -

conditions at the site is also provided. The boundaries between the various soil types, in situ and
laboratory test results as wall as groundwater levels established at the time of investigation are
shown on the strat‘igraphical profile and also on the individual Record of Boreholes sheets in the

Apbehdix., :
Water

Approximately up to 1.5m of standing water was present in the Dunmark Lake West at the time

of the investigation. The water was murky and calm at the time of the investigation.

* DWG NO 2 OF THE CONTRACT DWG'S



Clayey Silt to Silty Clay with random layers of Silt

The surficial stratum at the site consists of a cohesive clayey silt to silty clay that extends for a
thickness ranging from 2.2 metres to 9.1 metres below the ground surface. Within the valley, the
thickness of the deposit is within 4.6 metres, but at the crest of the slope, the deposit thickens
to 9.1 metres. The deposit also contains traces of organics within the surficial three (3) metres

and also contains random interbedded layers of silt of thickness ranging up to 100mm.

- The colour of the deposit is primarily brown to mottled grey-brown but changes to grey at a depth
as shallow as 3.0 metres at some locations. This varying colour is indicative of different depths

of oxidation at the site.

A grain size distribution envelope produced by mechanical sieve and hydrometer analysis for this
material is shown in Figure 1 in the Appendix. The envelope clearly illustrates that the stratum
is composed of grain sizes smaller than 75 micrometres. The grain size distribution envelope
- illustrates silt percentages ranging from 35% to 62% and clay percentages ranging from 34% to
65%. In view of the fact that more than 50% of the materigl is finer than 75 micrometres, the soil
is categorized according to its behaviour in accordance with the MTO Soil Classification Manual.
Atterberg Limit Tests were hence conducted to define the behaviour and plasticity of the soil as
discussed below. Atterberg Limit Tests were carried out on the fine grained soil and the results
are plotted on Figure 2 in the Appendix and summarized on Table 2 below. Natural Moisture

Contents and the Bulk Unit Weight of the soil have also been included in the table.

)
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Table 2 - Atterberg Limit Test Results - Clayey Silt

mﬁange # of Tests
Natural Moisture Content (w%) | 29 - 37 7
Liquid Limit (w, %) 34 - 49 7
Plastic Limit (W,%) ' 18 - 26 7
Plasticity Index (Ip%) o 13-27 7
Bulk Unit Weight (kN/m?) 18.4 - 18.7 1

The test results clearly reveal that the soil has a plasticity that ranges from low to intermediate
and hence can be categorized as a clayey silt (CL) to silty clay (Cl). Natural moisture contents

are generally within the plastic and liquid limits of the soil and hénce the soil is in a plastic state.

The consistency and undrained shear strength of the soil were determined by conducting in situ
vane tests. In general, the material exhibited sufficient undrained shear strengths that inhibited

the torquing of the vane. Hence, undrained shear strengths are generally in excess of 120 kPa.

The 'N’ values as determined by the Standard Penetration Test ranged from 2 blows/0.3m to 30
blows/0.3m. Within the lake, the "N’ values were lower and generally less than 10 blows/0.3m,
for the surficial metre and a half or so. The larger ‘N’ values, (values exceéding 10 blows/0.3m)

were retrieved offshore.

Silt with interbedded seams/layers of Clayey Silt to Silty Clay

A cohesionless silt of quick dilatancy interbedded with random layers of cohesive clayey silt to

silty clay exists below the clayey silt to silty clay surficial deposit and extends to depths ranging
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from 15.0m to 24.8m below the ground or water surface. The thickness of this stratum ranges
from 10.5m to 15.7m and the cohesive interbedded seams or layers are approximately 25mm to
150mm in thickness. The cohesive interbedded layers are distinct and easily recognized and
determined by visual index property identification tests. The layers have a darker grey colour,

low plasticity, medium toughness, stickiness, shine and medium to high dry strength.

Grain size distribution envelopes as determined by mechanical sieve a.nd hydrometer analysis for
both the cohesionless host silt and cohesive layers of clayey silt to silty clay are shown on Figure
3 in the Appendix. The envelopes illustrate silt percentages ranging up to 92% with traces of clay
for the silt material and for the cohesive layers, silt percentages range from 67% to 86% and the
clay fraction ranges from 14% to 42%. In accordance with the MTO Soil Classification system,
materials with gradations of this nature are categorized by its behaviour and hence Atterberg Limit
Tests were conducted to evaluate the plasticity of the soil. The results of these tests are
illustrated on Figure 4 and summarized in Table 3 below. Natural Moisture Contents are also
included in the Table below.

Table 3 - Atterberg L.imit Test Results
Silt with interbedded seams/layers of
Clayey Silt to Silty Clay

a)_Silt
Range # of Tests
Natural Moisture Content (w%) 24 - 33 6
Liquid Limit (w, %) 18 - 23 6
Plastic Limit (w,%) 16 - 19 6
Plasticity Index (Ip%) 1-4 6

o~
p
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b) Clayey Silt to Silty Clay

Range # of Tests
Natural Moisture Content (w%) 28-35 3
Liquid Limit (w, %) 25 - 37 3
Plastic Limit (w,%) 17 - 18 3
Plasticity Index (1p%) 7-19 3

The test results reveal that the main component of the deposit behaves as a plastic silt (ML). The

interbedded cohesive layers have a low to intermediate plasticity (CL to Ci).

In situ vane tests conducted within this deposit revealed undrained shear strength values ranging
from 70 kPa to in excess of 120 kPa. It can therefore be concluded that the cohesive layers have
a stiff to very stiff consistency, although the larger undrained shear strength values may be

attributable to the presence of the silt material.

The sensitivity of the .cah'esive soil also determined by the vane test ranged from 2 to 5 indicating

a low to moderately sensitive material.

The 'N’ values as derived from the Standard Penetration Test range from 3 blows/0.3m to 16

blows/0.3m. Based on these 'N’ values it can be stated that the deposit has a loose to compact

denseness.
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Clayey Silt with Random Layers of Silt

Underlying the plastic silt with interbedded seams/layers of clayey silt to silty clay, a second
cohesive deposit consisting of clayey silt exists. This deposit also contains random layers of
plastic silt ranging in thickness from 50mm to 150mm. The thickness of the entire stratum ranges

from 6.1m to 8.7m.

A grain size distribution envelope illustrating the gradation of the cohesive material of this deposit
and the interbedded silt layers is shown on Figure 5 in the Appendix. The envelope clearly
illustrates that the material is fine grained with grain sizes less than 75 micrometres. Typically,
clay percentages range from 22% to 45% and silt percentages range from 55% to 78%, within

the cohesive material.

In accordance with the MTO Soil Classification system, a deposit with gradations of this nature
is categorized by its behaviour and hence Atterberg Limit Tests were conducted to evaluate the
plasticity of the soil. The results of these tests are illustrated on Figure 6 and summarized in

Table 4 below. Natural Moisture Contents are also included in the Table below.

Table 4 - Clayey Silt with random layers of Silt

Range # of Tests
Natural Moisture Content (w%) 25-34 8
Liquid Limit (w, %) 25-34 8
Plastic Limit (wp%) 16 - 19 8
Plasticity Index (lp%) 6-17 8
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The test results reveal that the cohesive soil has a low plasticity and hence can be classified as

a clayey silt (CL). Natural moisture contents are generally similar to the liquid limit of the soil.

The consistency and undrained shear strength of the soil was determined by conducting in situ
vane tests and interpretation of SPT 'N’ values. Undrained shear strengths ranged from 50 kPa
to 100 kPa indicating a stiff to very stiff consistency. The 'N’ values as determined by the SPT

rémged from 6 blows/0.3m to 20 blows/0.3m confirming the stiff to very stiff consistency.

The compressibility characteristics of the clayey silt stratum was determined by conducting a one

dimensional consolidation test on a representative sample of the material. The results of the test
is shown graphically on Figure 7 in the Appendix. The consolidation curve is plotted on semi-
logarithmic paper with the void ratio (e) plotted agéinst the applied load (log p). This forr‘n of
plotting the load-deformation properties of the soil has the advantage of enabling the
determination of the preconsolidation pressure (pc) which is defined as the maximum pressuré
that the soil has experienced in its stress history. Considerable consolidation settlements can

occur once the threshold preconsolidation pressure is exceeded.

“The consolidation curve reveals a preconsolidation pressure of 460 kPa. The effective
overburden pressure of the sample tested is approximately 180 kPa. Therefore, the soil has been
preconsolidated in the past to an effective pressure approximately 280 kPa in excess of the
existing effective overburden pressure. The compression index of the material (Ce) is of small

magnitude and equivalent to 0.4.
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Silt with interbedded layers of Clayey Silt to Silty Clay

A second cohesionless deposit of plastic silt exists beneath the lower cohesive deposit of clayey
silt. This deposit has a thickness ranging from 4.8m to 6.1m. Once again, stratification is present
within the deposit and random layers of cohesive clayey silt to silty clay ranging in thickness from
25mm to 100mm are present within the deposit. The host material is a plastic inorganic silt that
exhibits a quick dilatancy, no dry strength and no toughness, which is characteristic of this
material. An Atterberg Limit test carried out on a representative sample of this silt material (BH2,
SS14) confirms that the material behaves as a plastic silt (w, = 23%, |, = 3%). The cohesive
interbedded layers are distinct and easily recognized and determined by visual index property
identification tests. The layers have a darker grey colour, low plasticity, medium toughness,

stickiness, shine and medium to high dry strength.

Standard Penetration Tests conducted within this deposit reveal "N’ values ranging from 6

blows/0.3m to 18 blows/0.3m indicating a loose to compact state of denseness.

Probable Bedrock

The bedrock was inferred at three borehole location (BH's 1,2 and 3) from auger and tricone
refusal. The refusal was encountered at a uniform elevation of 181.7m to 182.4m across the site:
Based on data retrieved at neighbouring sites, the bedrock surface elevation appears to be
uniform from the proposed Sunnyridge Rd./Hwy. 403 structure to the Big Creek/Hwy. 403

structure and it is suspected that the bedrock is "vuggy" dolostone of the Amabel formation.
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GROUNDWATER CONDITIONS

Observation of the groundwater level was carried out by measuring the water levels in the open
boreholes and monitoring the lake level throughout the duration of the field investigation. The

lake level at the time of the investigation was approximately elevation 211.5m. On land the water

level varied from elevation 217.7 (measured on 91 02 23) or approximately‘s metres below the

ground surface at the crest of the slope to Elevation 210.7m to 211.2m on shore immediately

adjacent to the Dunmark Lake West.

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

values given in this report,

MISCELLANEOUS
The fieldwork for this investigation was carried out under the supervision of T. Sangiuliano,
Foundation Engineer, P. Martin and L. Dametto, Student Engineers utilizing equipment owned and

operated by Atcost Soil Drilling.

The project was carried out by T. Sangiuliano under the general supervision of P. Payer, Senior
Foundation Engineer. The report was written by T. Sangiuliano, reviewed by P. Payer and

approved by Mr. M. Devata, Chief Foundation Engineer.

P. Payer, P. Eng. C
Senior Foundatation Engineer

| //D7v@wm

M.S. Devata, P. Eng.
Chief Foundation Engineer
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FOUNDATION INVESTIGATION REPORT
FOR
Twin Cell Culverts at the
Hwy 403 - Dunmark Lake East Crossing

WP 114-87-00C

District 4, Burlington

INTRODUCTION

This report summarizes the results of a foundation investigation conducted in conjunction with
the Hwy 403 crossing at the northeastern "leg" of the Dunmark Lake. Twin cell culverts in
combination with approach fills have been proposed to carry the highway over the lake. The
structure is a component of the new Highway 403 that has been planned between Ancaster and

Brantford.

SITE DESCRIPTION AND GEOLOGY

The site is located within and adjacent the northeastern area of the Dunmark Lake (hereafter
identified as Dunmark Lake East) which is located between Dunmark Rd. to the south and
Jerseyville Rd. to the north. The site, located within the Regional Municipality of Hamilton-

Wentworth, is located approximately 1 kilometre east of Sunnyridge Rd.

The Dunmark Lake East is presently situated on private land bounded by agricultural farmland
to the north and a recreational golf course (Heron Links) to the south. The lake is confined by

tall deciduous tree forest to the north and to the east and west.
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The waters of the Dunmark Lake East are murky and unclear. The depth of the water was
approximately 1 metre at the time of the investigétion, although this water level has been known
to fluctuate throughout the year. In fact, the water level has been completely drawn down during
past summers as a result of irrigation conducted at the Heron Links golf course. Wild grass and

weed were present within the northern limits of the lake.

A drainage channel located north of Dunmark Lake East serves to drain the farmer’s fields
situated in this area. Existing native slopes immediately east and west of the Dunmark Lake East
are approximately 16 metres to 10 metres in height respectively. The slopes are benched with
gradients of approximately 4 to 5H:1V. The slopes, which are covered with trees show no signs

of instability.

Physiographically, the site is located within the geological domain known as the Haldimand clay

plain. The Haldimand clay plain occupies the area lying between the Niagara Escarpment and

Lake Erie. The entire area was submerged in Lake Warren, a glacial lake formed during the
retreat of the Wisconsinan Gléciation (approximately 12,000 years ago). Lacustrine clays and
silts were deposited as the lake gradually receded due to the deposition of sediments during
isostatic_land rebound. The Dunmark Lake-is located within a low Iying basin created by
glaciation. Drainage of this belt is controlled by the Grand River which has cuta deep valley in

the clay and silt. Consequently, there has been much dissection by tributary drainage.

The underlying bedrock at the site consists of hard dolomites of the Paleozoic era. At the site,

the overburden has a thickness of approximately 30m.,
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INVESTIGATION PROCEDURE

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

program are discussed below.

Field Investigation

The fieldwork was carried out in two separate stages and hence within two different si.te
mobilizations. In the initial stage, one borehole accompanied by two (2) dyhamic cone
penetration tests were advanced as part of a preliminary type investigation that occurred beMeen
91 02 25-27. The borehole (BH5, formerly BH2, W.P. 114-87-00) was advanced to a depth of

33.4m, whilst the dynamic cone penetration test were advanced to depths of 6.1m and 18.3m.

The deeper dynamic cone followed 6.1 metres of preaugering. The borehole and dynamic cone

penetration test were advanced on land east of the existing Dunmark Lake employing a track

mounted CME 55 equivalent drilling unit.

A more detailed investigation was conducted between 92 06 30 and 92 07 17 that included a
total of four (4) additional boreholes. A dynamic cone penetration test also accompanied BH2
positioned at the proposed culvert outlet location. The boreholes were advanced to depths
ranging from 15.4m to 30.2m. The two (2) boreholes advanced at the culvert inlet and outlet
(BH1 and BH2) penetrated the bedrock. The two (2) other boreholes were advanced in
conjunction with the proposed west approach embankment fills (BH3 and BH4) and represent
the shallower boreholes. The dynamic cone penetration test accompanying BH2 was advanced

to a depth of 15.5m.
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The water in the Dunmark Lake at the time of the investigation necessitated a raft and a more
portable, lighter diamond drill unit. The diamond drill used was a skid mounted Boyles Bros No.
1 unit that had a weight of approximately 900 kg. Conventional diamond drilling techniques were

used to advance three (3) boreholes offshore. The process involves driving the casing with a

3.5 kg. hammer and washboring within the driven casing. NW casing was driven within the -

overburden.

The one borehole (BH4) on land west of the proposed culvert structure was advanced using a
track mounted CME 75 equivalent drilling unit. Hollow stem augering techniques were used to

penetrate the overburden at this location.

Both disturbed an& undisturbed samples were retrieved in the overburden at the site generally
at 1.5m intervals within the surficial 15 metres or so and at 3.0 metre intervals thereafter.
Disturbed subsoil samples were retrieved using a 50mm diameter split spoon sampler driven in
accordance with the Standard Penetration Test (SPT - ASTM D1586). H\elatively undisturbed
samples were also retrieved within the weaker cohesive materials using a 57mm diameter thin

~ wall sampler. The thin wall sampler was pushed manually into the soil in accordance with

procedures outlined in ASTM D1587. Wash samples were also randomly taken during the'

washboring process.

Rock core was also retrieved at two borehole locations using conventional rock coring
techniques. A BXL core barrel within BW casing was used to retrieve up to 1.6 metres of rock

core.
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All subsoil samples were identified in the field and then properly sealed to preserve natural
moisture contents in the soil. Disturbed samples were placed in sealed plastic containers and
thin wall samplers were capped and waxed. The samples were then transported to the laboratory
where additional visual classifications were carried out and pertinent laboratory tests were

conducted as described in the next section below.

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

to the laboratory.

In situ vane tests were also carried out to determine the undrained shear strength at selected
intervals between the subsoil sample retrieval. The tests were carried out in accordance with
ASTM D2573 employing the standard MTO 'N’ vane. Remoulded shear strengths were also

obtained allowing the determination of soil sensitivity.

Groundwater levels were determined by monitoring the water levels in the open boreholes and
the lake level was also monitored throughout the duration of the field investigation. All boreholes

were backfilled upon completion of the fieldwork.

The survey related to the location and elevation of the individual boreholes was provided by
Central Region Surveys and Plans. A boat was required to enable the borehole layout offshore.

Long steel rods were used to stake the boreholes in the waters of Dunmark Lake East.
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Laboratory Analyses

All subsoil samples were carefully visually examined in the laboratory in accordance with the
procedures outlined in the Visual Method described in Chapter 2 of the MTO Soil Classification

Manual. The behaviour, gradation and other pertinent physical and mechanical properties of the

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

These tests are summarized in Table 1 below.

Table 1 - Physical/Mechanical Property Tests

Physical Properties Mechanical Properties ll

1) Atterberg Limit Tests 1) Consolidation Test “

2) Particle Size Analysis ) “

3) Natural Moisture Contents

4) Bulk Unit Weights

LS L ie\Sa———

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

Manual,

Detailed rock core logging was conducted in the laboratory by an in-house resident geologist.

The rock core logging included descriptions of colour, grain size, bedding, jointing and strength.

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

entitied "Subsurface Conditions" and are illustrated on the corresponding boreholes and figures

included in the Appendix to this report.
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SUBSURFACE CONDITIONS

GENERAL

Subsurface conditions across the site are uniform and generally consists of extensive
stratifications of silt and clayey silt to silty clay. The surficial deposit which underlies the standing
waters (approximately 0.7m to 1.0m at the time of the investigation) of Dunmark Lake consiéts
of a cohesive clayey silt to silty clay. The thickness of this deposit ranges from 4.4 metres to 7.6

metres. The stratum has a stiff to very stiff consistency.

The surficial cohesive clayey silt to silty clay deposit is underlain by a plastic silt that has a loose
to compact denseness and contains random interbedded layers of stiff to very stiff clayey silt to

silty clay. The thickness of this stratum ranges from 9.0m to 12.2m.
The plastic silt stratum is in turn underiain by a second cohesive clayey silt to silty clay deposit
which has a thickness ranging from 9.1m to 10.4m. This deposit also contains random layers

of plastic silt. The cohesive material has a stiff to very stiff consistency.

A lower silt deposit with random layers of clayey silt to silty clay underlies the lower cohesive

clayey silt to silty clay deposit. This deposit has a relatively shallow thickness of 1.5 to 3.2

metres.

Underlying the lower cohesionless silt deposit and overlying the bedrock exists a shallow deposit
consisting of a heterogeneous mixture of silt, sand and gravel. This deposit is a glacial till and

has a thickness of 1m to 2.9m. This deposit has a compact denseness.
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The bédrock surface is uniform across the site and exists at an elevation of 182.6m to 182.8m.

The bedrock is a medium strong dolostone.

A plan of the site illustrating the locations and elevations of the boreholes is shown on Dwg. No.

- . »
1148700C-A, A subsoil stratigraphical profile and a stratigraphical section at the

proposed structure that illustrates the subsurface conditions at the site are also provided. The
- poundaries between the various soil types, in situ and laboratory test results as well as
groundwater levels established at the time of investigation are shown on the stratigraphical prbﬁle

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

Water

Approximately 0.7m to 1m of standing water was preéent in the Dunmark Lake East at the time

of the investigation. The water was murky and calm at the time of the investigation.

Clayey Silt to Silty Clay

The surficial stratum at the site consists of a cohesive clayey silt to silty clay that extends for a
thickness ranging from 4.4 metres to 7.6 metres below the’ground surface. The deposit also
contains traces ofk organics within the surficial three (3) metres. Inorganic silt extending

approximately 0.6m in thickness also exists surficially at the site.
The colour of the deposit is primarily brown to mottled grey-brown but changes to grey at a

depth as shallow as 3.7 metres at some locations. This varying colour is indicative of different

depths of oxidation at the site and possible sedimentation in the Dunmark Lake.

* DWG NO 2 OF THE CONTRACT DWG'S
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A grain size distribution envelope produced by mechanical sieve and hydrometer analysis for this
material is shown in Figure 1 in the Appendix. The envelope clearly illustrates that the stratum
is composed primarily of grain sizes smaller than 75 micrometres. The grain size distribution
envelope illustrates silt percentages ranging from 47% to 73% and clay percentages ranging from
24% to 53%. In general, the clay fraction is in the order of 24 to 28%. A grain size distribution
curve illustrating the gradation of a representative sample of the surficial inorganic silt is also
shown on Figure 1. The curve shows a large silt percentage (89%). In view of the fact that more
than 50% of the material is finer than 75 micrometres, the soil is categorized according to its
behaviour in accordance with the MTO Soil Classification Manual. Atterberg Limit Tests were
hence conducted to define the behaviour and plasticity of the soil as discussed below. Atterberg
Limit Tests were carried out on the fine grained soil and the results are plotted on Figure 2 in the
Appendix and summarized on Table 2 below. Natural Moisture Contents and the Bulk Unit
Weight of the soil have also been included in the table.

Table 2 - Atterberg Limit Test Results
Clayey Silt to Silty Clay

Range # of Tests
Natural Moisture Content (w%) 28 - 35 4
Liquid Limit (w, %) 34 - 49 4
Plastic Limit (wp%) 19 -20 4
Plasticity Index (Ip%) | 15- 29 . 4
Bulk Unit Weight (kN/m%) ‘ 19 2

The test results clearly reveal that the soil has a plasticity ranging from low to intermediate and

hence can be categorized as clayey siit (CL) to silty clay (Cl). Natural moisture contents are
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generally within the plastic and liquid limits of the soil and hence the soil is in a plastic state.

Figure 2 also illustrates that inorganic silt (MH) and organic clay of high. plasticity was

encountered within the surficial 1 to 2 metres of the deposit. The inorganic silt is perhaps an.

indication of some sedimentation within the lake and the organic clay is a reflection of the traces

of organics in the material.

The consistency and un’drained shear strength of the soil were determined by conducting in situ
vane tests. In general, the material exhibited sufficient shear strengths that inhibited the torquing

of the vane. Hence, undrained shear strengths are generally in excess of 120 kPa.

The 'N' values as determined by the Standard Penetration Test ranged from 4 blows/0.3m to 19
blows/0.3m. Within the lake, the "N’ values were lower and generally less than 10 blows/0.3m.

The larger 'N’ values above 10 blows/0.3m were retrieved on land.

The ;::ampressibility characteristics of the clayey silt to sitty clay stratum were determined by
conducting a one dimensional consolidation tests on a representative sample. The results of the
test are shown graphically on Figure 3 in the Appendix. The consolidations curve is plotted on
semi-logarithmic paper with the void ratio (e) plotted against the applied load (log p). This form
of plotting the load~deformation properties of the soil has the advantage of enabling the
determination of the preconsolidation pressure (P.) which is defined as the maximum pressure
that the soil has experienced in. its stress history. Considerable consolidation settlements can

occur once the threshold preconsolidation pressure is exceeded.
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The consolidation curve reveals a preconsolidation pressure of 290 kPa. The effective
overburden pressure for the sample tested is approximately 35 kPa. Therefore, the soil has been
preconsolidated in the past to an effective pressure approximately 255 kPa in excess of the
existing effective overburden pressure. The compression index of the material (C,) is of small

magnitude and equivalent to 0.16.

Silt with random layers of Clayey Silt to Silty Clay

A cohesionless silt of quick dilatancy interbedded with random layers of cohesive clayey silt to
silty clay exists below the clayey silt to silty clay surficial deposit and extends to depths ranging
from 13.9m to 19.8m below the ground or water surface. The thickness of this stratum ranges
from 9.0m to 12.2m and the cohesive interbedded seams or layers are approximately 25mm to
150mm in thickness. The cohesive interbedded ‘Iaye‘r‘s are distinct and easily recognized and
determined by visual index property identification tests. The layers have a darker grey colour,

low plasticity, medium toughness, stickiness, shine and medium to high dry strength.

Grain size distribution envelopes as determined by mechanical sieve and hydrometer analysis
for both the cohesionless host silt and cohesive layers of clayey silt to silty clay are shown on
Figure 4 in the Appendix. The envelopes illustrate silt percentages ranging up to 85% with traces
of clay for the silt material and for the cohesive layers, silt percentages range from 57% to 75%,
but are generally in the 71 to 75% range with a clay fraction ranging from 20 to 43%, but
generally in the 20 to 29% range. In accordance with the MTO Soil Classification system,
materials with gradations of this nature are categorized by its behaviour and hence Atterberg

Limit Tests were conducted to evaluate the plasticity of the soil. The results of these tests are
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ilustrated on Figure 5 and summarized in Table 3 below. Natural Moisture Contents are also
included in the Table below.

Table 3 - Atterberg Limit Test Hesults

Silt with random layers of
Clayey Silt to Silty Clay

a) Sitt
B — Range # of Tests
Natural Moisture Content (w%) 21-30 9
Liquid Limit (w, %) 19-23 9
Plastic Limit (w%) 17-22 | 9 -
Plasticity Index (Ip%) 1-5 9 “
RS R

b) Clayey Silt to Siity Clay

Range # of Tests:
Natural Moisture Content (w%) 24 - 35 8 “
Liquid Limit (w,%) ' 23-34 8
Plastic Limit (wp%) . 15-18 8
Plasticity Index (Ip%) 6-21 8
| — - S— ——

The test results reveal that the main component of the deposit behaves as a plastic silt (ML to

" CL-ML). The interbedded cohesive layers have a low to intermediate plasticity (CL to Cl).

In situ vane tests conducted within this deposit revealed undrained shear strength values ranging
from 54 kPa to in excess of 120 kPa. Most of the undrained shear strength values were within

the 100 kPa range. These larger undrained shear strength values are attributable to the
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significant silt percentages within the deposit. However, it can be concluded that the cohesive

interlayers have a stiff to very stiff consistency.

The sensitivity of the soil also determined by the vane test ranged from 3 to 5 indicating a low

to moderately sensitive cohesive material.

The 'N’ values as derived from the Standard Penetration Test ranged from 5 blows/0.3m to 21
blows/0.3m. Based on these 'N’ values it can be stated that the deposit has a loose to compact

denseness.

Clayey Silt to Silty Clay with random layers of Silt

Underlying the plastic silt with random layers of clayey silt to silty clay, a second cohésive

deposit consisting of clayey silt to silty clay exists. This deposit also contains random layers of
| plast_ic silt ranging in thickness from 50mm to 150mm. The thickness of the entire stratum ranges

from S.1m to 10.4m.

A grain size distribution envelope illustratiﬁg the gradation of the cohesive material of this deposit
is shown on Figure 6 in the Appendix. The envelope clearly illustrates that the material is fine
grained with grain sizes less than 75 micrometres. Clay percentages range from 17% to 53%,
but generally between 17% and 38% and silt percentages range from 47% to 83%, but generally

between 62% and 83% within the cohesive material.

In accordance with the MTO Soil Classification system, a deposit with gradations of this nature

is categorized by its behaviour and hence Atterberg Limit Tests were conducted to evaluate the
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plasticity of the soil. The results of these tests are illustrated on Figure 7 and summarized in

Table 4 below. Natural Moisture Contents are also included in the Table below.

Table 4 - Clayey Silt to Silty Clay with
random layers of Silt

e N —— S
' Range # of Tests
Natural Moisture Content (w%) ‘ 25 - 43 7
Liquid .Limit (w, %) _ 22 -39 7
Plastic Limit (w;%) 16-19 7
Plasticity Index (Ip%) 6-20 7

e e
The test results reveal that the cohesive soil has a low to intermediate plasticity and hence can
be classified as a clayey silt to silty clay. Natural moisture contents are generally similar to the

liquid limit of the soil.

The consistency and undrained shear strength of the soil was determined by conducting in situ
vane tests and inte‘.rpretation of SPT °'N’ values. Undrained shear strengths were generally equal
to 6r greater fhan_ 100 kPa indicating a stiff to very stiff consistency. The 'N’ values as
determined by the SPT ranged from 10 blows/0.3m to 36 blows/0.3m confirming the stiff to very

stiff consistency.



Silt with random layers of Clayey Silt to Silty Clay

A second cohesionless deposit of plastic silt exists beneath the lower cohesive deposit of clayey
silt to silty clay. This deposit has a relatively shallow thickness ranging from 1.5mto 3.2m. Once
again, stratification is present within the deposit and random layers of cohesive clayey silt to silty
clay ranging in thickness from 25mm to 100mm are present within the deposit. The cohesive
interbedded layers are distinct and easily recognized and determined by visual index property
identification tests. The layers have a darker grey colour, low plasticity, medium toughness,

stickiness, shine and medium to high dry strength.

Grain size distribution curves and Atterberg Limit Tests were conducted on representative
samples of this material and are shown on Figures 8 and 9. The figures reveal that the host silt
has large silt percentages (94%) and that the material behaves as an inorganic silt of low
plasticity. The interbedded cohesive layer tested revealed a clay fraction of 69% and an

intermediate plasticity (Cl).

Standard Penetration Tests conducted within this deposit reveal ‘N’ values ranging from 7

blows/0.3m to 20 blows/0.3m indicating a loose to compact state of denseness.

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

Underlying the lower cohesionless silt deposit with random layers of clayey silt to silty clay and
immediately overlying the bedrock, a deposit comprised of a heterogeneous mixture of silt, sand
and gravel exists. This deposit is a glacial till and as is inherent of these types of materials, is
unsorted and unstratified. The thickness of this deposit is relatively small and ranges from 1 to

2.9 metres.
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The main component of this deposit is the silt material. Traces of sand and gravel are also
present within the deposit. Although not encountered during the investigation boulders and

cobbles are characteristic components of glacial till deposits and hence can exist in the deposit.

Bedrock
The bedrock consisting of a "vuggy" dolostone of the Amabel Formation underlies the
heterogeneous mixture of silt, _sand and gfavel deposit at an elevation of approximately 182.6m

to 182.8m. The bedrock was cored in BXL size up to 1.6m in depth.

The dolostone bedrock is a chemical sedimentary rock that typically is composed of magnesium
carbonate compounds and is fine to medium grained. The rock is unweathered that is featured
by a porous "vug" téxture. The rock is light-grey to medium dark grey in colour and contains thin
‘ honzontal beds and very close to closely spaced vertical fractures. Detailed descriptions of the

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

An assessment of the quality and strength of the rock was carried out by measuring core
recoveries-and Rock Quality Designations (RQD) in the field and physical index property testing.
Recoveries were in the order of 92% to 93% and RQD's were in the order of 87% to 88%

indicating that the rock is of good quality. Rock strengths can be described as medium strong.

GROUNDWATER CONDITIONS

Observation of the groundwater level was carried out by measuring the water levels in the open
boreholes and monitoring the lake level throughout the duration of the field investigation. The

lake level ranged from Elevation 211 metres to 211.4 metres.
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Groundwater levels in general, are subject to seasonal fluctuations and hence can vary from the

values given in this report.

MISCELLANEQUS

The fieldwork for this investigation was carried out under the supervision of T. Sangiuliano,
Foundation Engineer, P. Martin and L. Dametto, Student Engineers utilizing equipment owned and

operated by Atcost Soil Drilling. Logging of the rock core in the laboratory was carried out by D.

Williams, Petrographer.

The project was carried out by T. Sangiuliano under the general supervision of P. Payer, Senior
Foundation Engineer. The report was written by T. Sangiuliano, reviewed by P. Payer and

approved by Mr. M. Devata, Chief Foundation Engineer.

Y

P. Payer, P. Eng. ‘
Senior Foundatation Engineer
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M.S. Devata, P. Eng.
Chief Foundation Engineer
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ROCK CORE DESCRIPTION
WP 114-87-00C

]' CORE_RECOVERY ‘ CORE DESCRIPTION

Page tof {

| DEPTH % DEPTH
| BH# |[RC# (m) CR* {m) DESCRIPTION

1 20 28.40-29.92 93 28.40-29.92 { DOLOSTONE with styiofites' and abundant vugs containing calcite crystals, light
grey to medium dark grey; fine to medium grained; medium strong; unweathered
to slightly weathered; fractures wide to very close spaced, flat to dipping,

_} undulating to planar, smooth to rough.

2 19 28.63-30.23 92 28.63-30.23 | DOLOSTONE with stylolites and abundant vugs containing calcite crystals, fight
greyto medium';iark grey; tine to medium grained; medium strong; unweathered
to slightly weathered; fractures moderate to close spaced, fiat, undulating to

lanar, smooth to rough.

*CR = CORE RECOVERY
*RQD = ROCK QUALITY DESIGNATION

(NOTE: Depths are approximated where core-recovery is less than 100%)

- Logged by: DAW, Soils and Aggregates Section
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FOUNDATION INVESTIGATION REPORT
FOR
BIG CREEK CULVERT
WP 114-87-00(D), Hwy 403

District 4, Burlington

INTRODUCTION

This report summarizes the results of a foundation investigation conducted in conjunction with the
proposed triple cell culvert and associated embankment fills at the Hwy 403 - Big Creek crossing.
The Big Creek crossing is one of many structures proposed in connection with the new Hwy 403

between Ancaster and Brantford.

SITE DESCRIPTION AND

The site is situated along the proposed Hwy 403 alignment between Jerseyville Rd. and Hwy 2
in the north-south direction and between Alberton Rd. and Sunnyridge Rd. in the east-west
direction. The site is located within the Town of Ancaster, Regional Municipality of Hamilton-

Wentworth.

The site is located within a pronounced valley that houses the existing meandering Big Creek.
The Big Creek which is approximately 3 metres in width and 2 metres in depth, flows in a
southerly direction. At the time of the - investigation, the water level in the creek was

approximately 1 metre.
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Ridges of overburden confine the relatively flat valley terrain. The ridges are approximately 15
to 20 metres higher than the valley floor. The ridges are covered by either agricultural crops, tall

deciduous trees or grassland. The valley terrain is covered by tall grasses.

The area surrounding the site is occupied by farmland. Both dairy farming and agricultural

farming is evident on this farmiand.

Physiographically, the site ié located within the geological domain known as the Haldimand ciay
plain. The Haldimand clay plain occupies the area lying between the Niagara Escarpment and
Lake Erie. The entire area was submerged in Lake Warren, a glacial lake formed during the
retreat of the Wisconsinan Glaciation (approximately 1’2,000 years ago). Lacustrine clays and
silts were deposited as the lake gradually receded due to the deposition of sediments during
isostatic land rebound. Drainage of this belt is controlled by the Grand River which has cut a
deep valley_ in the clay and silt. Consequently, there has been much dissection by tributary

. drainage.

The underlying bedrock at the site consists of hard dolomites of the Paleozoic era. At the site,

the overburden has a thickness of approximately 25m.

INVESTIGATION PROCEDURE

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

program are discussed below.
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Field Investigation

The fieldwork for this project was carried out under two separate stages. The initial stage was
planned as part of a preliminary investigation study and consisted of one (1) sampled borehole
advanced to a depth of 24.8 metres. The borehole was advanced between 76 03 23 and 76 03

24.

A more detailed investigation was recently conducted between 92 07 06 and 92 07 08. The
investigation consisted of a total of five (5) sampled boreholes. Two of the boreholes were
positioned at the proposed culvert structure location. One of these boreholes (BH3) was
accompanied by a dynamic cone penetration test. The three (3) remaining boreholes were
advanced at the proposed embankment fill locations adjacent the culvert structure. The boreholes
were advanced to depths ranging from 24.1m to 28.3m below the ground surface. The dynémic

cone penetration test was advanced to a depth of 22.1 metres.

All boreholes were advanced using track mounted drilling units equivalent to Central Mining
Equipment (CME) 55 machines. Conventional hollow stem augering techniques were used to
advance the boreholes in the overburden. Conventional rock coring techniques using BW and
NW casing and BXL and NXL core barrels were used to retrieve up to 3 metres of rock core at

the two (2) structure foundation locations.

Subsoil samples were generally retrieved at 1.5m intervals for the surficial 18m or so and at 3m
intervals thereafter. Both disturbed and undisturbed subsoil samples were retrieved throughout
the overburden. Disturbed subsoil samples were retrieved in accordance with the Standard

Penetration Test (ASTM D1586) using a standard split spoon sampler driven into the soil and



undisturbed subsoil samples were retrieved using a thin wall sampler pushed hydraulically into

the soil in accordance with procedures outlined in ASTM D1587.

All subscil samples were identified in the field and theﬁ properly sealed to preserve natural
moisture contents in the soil. Disturbed safnples were placed in sealed plastic containers and
thin wall samples were capped and waxed. The samples were then transported to the laboratory
where additional visual ’classiﬁcations were carried out and pertinent laboratory tests were

conducted as described in the next section below.

In situ vane tests were also carried out to determine the undrained shear strength at selected
intewa_is between the subsoil sample retrieval. The test was carried out in accordance with
ASTM D2573 employing the standard MTO N’ vane. Remoulded shear strengths were also

obtained allowing the determination of soil sensitivity.

Rock core samples were also identified in the field and physical index properties were determined
by visual examination and also by measurement of rock quality designations (RQD’s) and rock
core recovery. AI{ rock core were placed in standard rock core boxes and carefully tranéported

to the laboratory.

Groundwater levels were determined by monitoring the water levels in the open boreholes
throughout the duration of the field investigation. All boreholes were backfilled upon completion

of the fieldwork.
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The survey related to the location and elevation of the individual boreholes was provided by

Central Region Surveys and Plans.

Laboratory Analyses

All subsoil samples were carefully‘visually examined in the laboratory in accordance with the
procedures outlined in the Visual Method described in Chapter 2 of the MTO Soil Classification
Manual. The behaviour, gradation and other pertinent physical and mechanical properties of the
soil were determined by conducting the appropriate laboratory tests on representative samples

as identified in Table 1 below.

Table 1 - Physical/Mechanical Property Tests

" Physical Properties Mechanical Properties
1) Atterberg Limit Tests - 1) Consolidation Tests
2) Particle Size Analysis 2) Unconfined Compression Tests
3) Natural Moisture Contents 3) Undrained Unconsolidated Tests
4) Bulk Unit Weights

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

Manual.

Detailed rock core logging was conducted in the laboratory by an in-house resident geologist.

The rock core logging includes descriptions of colour, grain size, bedding, jointing and strength.



Laboratory test results have been summarized below in the subsequent section of this report
entitled “Subsurface Conditions" and are illustrated on the corresponding boreholes and figures

included in the Appendix to this report.

SUBSURFACE CONDITIONS

General

Subsurface conditions across the site are uniform and consist of four (4) distinct layers of
overburden overlying bedrock. The surficial deposit consists of a shallow veneer of cohesive

clayey silt that extends to depths ranging from 2.7m to 5.0m below the ground surface. The

~ deposit which has a firm to very stiff consistency also contains random interbeds of plastic silt

approximately 25mm to 100mm in thickness.

The surficial cohesive clayey silt deposit is underlain by a plastic silt that has a very loose to
loose denseness and contains random interbedded seams or layers of cohesive clayey silt. This

deposit has a thickness ranging from 7.2m to 10.7m.

The plastic silt stratum is in turn underlain by a deposit consisting of layers of plastic silt
interbedded with a cohesive clayey silt to silty clay. Pronounced and distinct stratified layers up
to 300mm are present within this deposit. The deposit has a thickness ranging from 9.1m to

12.2m.

A very thin deposit comprised of a heterogeneous mixture of silt, sand and gravel underlies the

layered silt and clayey silt to silty clay stratum. The deposit has a thickness of approximately
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0.4m to 2.8m and extends to the bedrock surface which exists at an elevation of 183.0m to

184.4m.

A plan of the site illustrating the locations and elevations of the boreholes is shown on Dwg. No.
1148700D-AT A subsoil stratigraphical profile and a stratigraphical section at the
proposed structure that illustrates the subsurface conditions at the site are also provided. The
boundaries between the various soil types, in situ and laboratory test results as well as
groundwater levels established at the time of investigation are shown on the stratigraphical profile

and section and also on the individual Record of Boreholes sheets in the Appendix.

Clayey Silt with random layers of Silt

The surficial stratum at the site consists of a cohesive élayey silt that extends for a thickness
ranging from 2.7 to 5.0 metres. The deposit also contains thin layers or seams of plastic silt
generally 25mm to 100mm in thickness. The deposit has been oxidized for the surficial 2.3 to
4.3 metres, which is most of the deposit, and is brown in colour within this depth. Below this
depth, the deposit is unoxidized and grey in colour. A grain sized distribution envelope produced
by mechanical sieve and hydrometer analysis is shown in Figure 1 in the Appendix. The
envelope clearly illustrates that the stratum is composed primarily of grain sizes smaller than 7_5
micrometres. The grain size distribution envelope for this material illustrates large percentages
of silt, ranging from 62% to 85% and clay percentages ranging from 15% to 38%. In general, silt
percentages exceed 75% and the clay fraction is in the order of 15% to 22%. In view of the fact
that more than 50% of the material is finer than 75 micrometres, the soil is categorized according
to its behaviour in accordance with the MTb Soil Classification Manual. Atterberg Limit Tests

were hence conducted to define the behaviour and plasticity of the soil as discussed below.

* DWG NO 2 OF THE CONTRACT DWG'S
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Atterberg Limit Test were carried out on the fine grained soil (less than 425 micrometres) and the
results are plotted on Figure 2 in the Appendix and summarized on Table 2 below. Natural

Moisture Contents and the Bulk Unit Weight of the soil have also been included in the table.

Table 2 - Atterberg Limit Test Results - Clayey Silt

Test Range # of Tests
Natural Moisture Content (w9%) 23-31 | 8
Liquid Limit (w,%) | 23 - 42 8
|| Plastic Limit (w,2%) 16 - 20 8
" Plasticity Index (Ip%) 7-23 8
“ Bulk Unit Weight (kN/m®) Y | 18.8 - 20 4
I Nh—

The test results clearly reveal that the soil has a liquid limit ranging from 23% to 42% but
generally, the liquid limit is less than or equal to 30%. Therefore, the soil generally has a low
plasticity and can hence be categorized as a clayey silt (CL). Natural moisture contents are

generally close to the liquid limit of the soil.

Random layers of silt are also present within the surficial deposit. ‘The silt interbeds tﬁ/pically

display quick dilatancy, no toughness and a low dry strength.

The consistency and undrained shear strength of the soil were determined by conducting in situ
vane tests. The results of these tests are plotted oh the individual Record of Boreholé Sheets
and summarized on the Undrained Shear Strength vs. Elevation graph shown on Figure 3 in the
~ Appendix. In situ vane test results are erratic and undrained shear strengths ranged from as low

as 24 kPa, determined in isolated zones only, to-as high as exceeding 120 kPa (depths at which
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the vane could not be torqued). It is believed that the lower values may have been the result of
disturbance induced during the testing and the larger values were the result of silt interbeds. As
Figure 3 illustrates, undrained shear strengths generally range from 50 kPa to 100 kPa, indicating

a stiff consistency.

The sensitivity of the soil is defined by the ratio of the undrained strength in the undisturbed state
to the undrained strength, at the same water content, in the remoulded state. Sensitivities of this

soil ranged from 2 to 5 indicating a low to moderately sensitive material.
The 'N’ values as determined by the Standard Penetration Test ranged from 1 blow/0.3m to 8
blows/0.3m suggesting a low penetration resistance and hence confirming the lower strengths and

weaker consistencies of this soil.

- Silt with interbedded seams/layers of Clayey Silt

A cohesionless silt of quick dilatancy interbedded with thin seams and also layers of cohesive
clayey silt exists below the surficial clayey silt deposit and extends to depths ranging from 12.2m
to 13.7m below the ground surface. The thickness of this stratum ranges from 7.2m to 10.7m and
the cohesive interbedded seams are approximately 25mm to 75mm in thickness, whilst the layers
are up to 150mm in thicknéss. The cohesive interbedded layers are distinct and easily
recognized and determined by visual index property identification tests. The layers have a darker

grey colour, low plasticity, medium toughness, stickiness, shine and medium to high dry strength.

Random thin layers of sand and gravel are also present within this deposit. These layers are

generally less than 0.5 metres in thickness.



Grain size distribution envelopes as determined by mechanical sieve and hydrometer analysis
illustrating the gradations of the cohesionless silt material and the cohesive seams/layers are
shown on Figure 4 in the Appendix. The envelope illustrates that the host silt has percentages
of silt ranging between 83% and 89% with clay fractions ranging from 10% to 16%. The cohesive
| interlayers and seams have silt percentages ranging from 39% to 83% and clay fractions ranging
from 13% to 61%. The silty soil does however exhibit plasticity and the resulté of Atterberg Limit-

Tests carried out on some representative samples of this material and also the cohesive interbeds

are summarized in Table 3 below and illustrated in Figure 4.

Table 3 - Atterberg Limit Test Results - Silt with interbedded seams/

layers of Clayey Silt

a) Silt
T_est Range # of Tests
Natural Moisture Content (W%) 22 - 29 6
Liquid Limit (w, %) 19 - 24 6
Plastic Limit (w,%) 16 - 20 6
Plasticity Index (Ip%) 2-5 6
05-35 6

Liquidity Index (%)
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b) Clayey Silt
Test Range # of Tests
Natural Moisture Content (w%) 26 - 42 7
Liquid Limit (w, %) 21-34 _ 7
Plastic Limit (w,%) 14 - 18 7
Plasticity Index (Ip%) 7-16 7
Liquidity Index (I, %) 1.1-19 7

The test results reveal that the host soil is a plastic silt (ML to CL-ML categorization) and the
interbedded seams/layers are of low plasticity and hence can be categorized as a clayey silt.
Natural moisture contents exceed the liquid limit of the soil for both soils as reflected by liquidity

indices exceeding unity.

Due to the percentages of clay and the seams/layers of interbedded clayey silt, vanes could be
torqued and in situ tests were conducted. The results revealed undrained shear strength values
ranging from approximately 60 to >120 kPa. The results, in general, were erratic and devoid of

-any pattern which is perhaps indicative of the high silt percentages.

The "N’ values as derived from the Standard Penetration test reveal values ranging from 3 to 10

blows/0.3m. This is representative of a very loose to loose state of denseness.

Layered Silt and Clayey Silt to Silty Clay

The plastic silt deposit is underlain by a deposit that consists of alternate layers of plastic silt and

cohesive clayey silt to silty clay. The stratification of these layers is readily evident with the silt
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layers being lighter grey in colour and quickly dilatant. The cohesive layers, on the other hand,

are darker grey in colour and exhibit no dilatancy.

The thickness of the entire stratum ranges from 9.1m to 12.2m across the site. The stratified

layers range from approximately 100mm to 300mm in thickness.

Grain size distribution' eﬁvelopes for both layered matérialé are shown on Figure 6 in the
Appendix. The envelopes illustrate that the silt layers contain siit pércentages ranging from 88%
to 90% and clay percentages ranging from 9% to 12%. The cohesive interbeds, as expected
have larger clay percentages ranging from 22% to 58% and smaller silt percentages fanging from

42% 1o 78%.

in accordance with the MTO Soil Classification systém, materials with gradations of this nature
are categorized by their behaviour and hence Atterberg Limit Tests were conducted to evaluate
the plasticity of the soil. The results of these tests are illustrated on Figure 7 and summarized

in Table 4 below. Natural Moisture Contents are also inciuded in the Table below.

105



Table 4 - Atterberg Limit Test Results

Layered Silt and Clayey Silt to Silty Clay

a) Siit

106

Test i Range # of Tests
Natural Moisture Content (W%) 25-29 3
Liquid Limit (w, %) 20 - 24 3
Plastic Limit (wp%) 18 - 22 3
Plasticity Index (Ip%) 2-3 3
Liquidity Index (I,%) 33-55 3
b) Clayey Silt to Silty Clay
r Test Range # of Tests
Natural Moisture Content (w%) 25 - 38 10
Liquid Limit (w,%) 24 - 50 10
|| Plastic Limit (w,%) 15 - 22 10
Plasticity Index (Ip%) 10- 28 10
Liquidity Index (I %) 08-16 10

The test results reveal interbeds of inorganic silt of low plasticity (ML) and clayey silt to silty clay

(CL to CI). Liquidity indices for both materials are close or exceed unity indicating that natural

moisture contents are high and exceed the liquid limit of the soil.



In situ vane tests were conducted within this deposit to determine the consistency and undrained
shear strength of the cohesive material. Undrained shear strengths ranged from 70 kPa to in
excess of 120 kPa. Interpretation of the larger undrained shear strength values must consider
the influence of the silt interbeds. These interbeds inﬁibit the advancement of the test and
therefore erratic shear strength profiles are produced. In general, it can be concluded that the

cohesive interbeds have a stiff to very stiff consistency.

The compressibility characteristics of the clayey silt to silty clay layers were determined by

conducting a one dimensional consolidation test on a representative sample of the material. The

results of the test are shown graphically on Figure 8 in the Appendix. The consolidation curve

is plotted on semi-logarithmic paper with the void ratio () plotted against the applied load (log
p). This form of plotting the load-deformation properties of the soil has the advantage of enabling

the determination of the preconsolidation pressure (p.) which is defined as the maximum pressure

that the soil has experienced in its stress history. Considerable Consolidat_ion settlements can -

occur once the threshold preconsolidation pressure is exceeded.

The consolidation curve reveals a préconsolidation pressure of approximately 650 kPa. The
effective overburden pressure for the sample tested is-approximately 160 kPa. Therefore, the soil
has been preconsoli.dated in the past to an effective pressure approximately 490 kPa in excess
of the existing effective overburden pressure. The compression index of the material (Cy) is of

small magnitude and equivalent to 0.64.

107



Heterogeneous Mixture of Silt, Sand, and Gravel (Glacial Till}

Underlying the layered silt and clayey silt to silty clay stratum and immediately overlying the
bedrock, a deposit comprised of a heterogeneous mixture of silt, sand and gravel exists. This
deposit is a glacial till and as is inherent of these types of materials, is unsorted and unstratified.

The thickness of this deposit is relatively small and ranges from 0.4m to 2.8m.

The main component of this deposit is the silt material and this is illustrated on the grain size
distribution curves shown on Figure 9 in the Appendix. The envelope includes particle sizes up
to 26.5mm (coarse gravel) and hence excludes the boulder and cobble sizes. The envelope
reveals that the silt material comprises up to approximately 76% of the deposit and the remainder
of the deposit is comprised of traces of clay, some sand and traces/some gravel. Although
boulders and cobbles were not encouﬁtered during‘ ‘the investigation, they are characteristic

components of glacial tills and hence can be encountered in this deposit.

Atterberg Limit tests were conducted on the fine grained portion of the deposit (less than 425
micrometres) to determine if the material exhibits any plasticity. The results are plotted on the
individual borehole logs (see BH's 2 and BH’s 3) and confirm that the fine grained portion of the

deposit has a low plasticity and can be categorized as a plastic silt (ML).

Bedrock

The bedrock, consisting of a "vu-ggy" dolostone of the Amabel Formation underlies the
heterogeneous mixture of silt, sand and gravel deposit at an elevation of approximately 183m to
184.4m. The bedrock was cored at two borehole locations, BH1 and BH3 in BXL and NXL sizes

respectively. Up to 3 metres of core was retrieved.
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The dolostone\ bedrock is a chemical sedimentary rock that typically is composed of magnesium
carbonate compounds and is fine to medium grained.. The rock is unweathered that is featured
by a porous "vug" texture. The rock is light-grey to medium dark grey in colour and contains ihin
horizontal beds and very close to closely spaced vertical fractures, Detailed descriptions of the

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

An assessment of the quality and strength of the rock was carried out by measuring core
recoveries and Rock Quality Designations (RQD) in the field and physical index property testing.
Recoveries raﬁged from 97% to 100% and RQD’s ranged from 83% to 98% indicating that the

rock is of-good to excellent quality. Rock strengths can be described as medium strong.

GROUNDWATEH CONDITIONS

Observation of the groundwater level was carried out by measuring the water levels in the open
boreholes throughout the duratibn of the field investigation. Groundwater levels determined at
the time of the more recent investigation were approximately 2 metres below the ground surface

(Elevation 206.5m).

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

values given in this report.
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UNIFIED SOIL _CLASSIFICATION SYSTEM

PERCENT RETAINED
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UNIFIED SOIL CLASSIFICATION SYSTEM
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ROCK CORE DESCRIPTION

WP_114-87-00D

E CGRE RECOVERY

Page 1 of

CORE DESCRIPTION

‘

27.13-28.35

*CR = CORE RECOVERY -
*RQD = ROCK QUALITY DESIGNATION

DEPTH DEPTH
{m) (m) DESCRIPTION
25.30-26.82 25.30-28.35 { DOLOSTONE with stylolites and abundant vugs containing calcite crystals, light |
26.82-28.35 grey to medium dark grey; fine to medium grained; medium strong; unweathered
{o slightly weathered; fractures wide to very close spaced, flat to near verticat,
undulating to planar, smooth to rough. i
25.60-27.13 25.60-28.35 | DOLOSTONE with s!ylo!ites and abundant vugs containing calcite crystals, light

grey to medium dark grey; fine to medium grained; medium sirdng; unweathered
to slightly weathered; fractures wide to very close spaced, flat to near vertical,
undulating to planar, smooth {o rough.

(NOTE: Depths are approximated where core recovery is less than 100%)

Logged by: DAW, Soils and Aggregates Section

Ll
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FOUNDATION INVESTIGATION REPORT
For
Hwy. 403 & Hwy. 52 Underpass
W.P. 65-67-04, Site 36-260
District 4, Burlington

INTRODUCTION

This report summarizes the resqlts of a foundation investigation conducted at
the abovementioned site.

SITE DESCRIPTION AND GEQCLOGY

The site is located at Hwy. 52 situated approximately at mid-distance between
Hwy. 2 and Jerseyville Road in the Town of Ancaster, Regional Mun1c1pa11ty of
Hamilton-Wenthworth. At the site, Hwy. 52, an existing two lane asphaltic
highway with narrow shoulders is supported on an earth embankment that spans an
existing va11ey. The embankment is approximately 100 m in length and varies in
height above the original vailey ground surface up to a maximum of approximately
ten (10) m. Side slopes are constructed at 2H:1V and generally covered by
grassland and low lying shrubs. However, some historical surficial slope
instabilities is indicated by coarse gravel present at the surface of the east
embankment slope. It is suspected that the gravel revetment was placed
subsequent to some embankment surface erosion that took place.

The valley continues on either side of the Hwy. 52 embankment location with a
maximum depth and width equivalent approximately to the maximum dimensions of
the embankment. The slopes are relatively flat and estimated at approximately
flatter than SH:1V. The valley slopes are generally covered by crop vegetation
and grassland. At the southeast portion of the site, tall trees are present on
the existing valley slope. The valley floor contains a small meandering creek
that was dry at the time of the investigation. Water in the creek is
transmitted beneath the Hwy. 52 via a circular steel corrugated pipe culvert,
The valley floor is covered by a combination of tall grasses and tall deciduous
trees.

The terrain beyond the site area consists of rolling hills and valleys. Land
use is primarily agricultural and both corn and alfalfa were crops noticed in
the area. '



Physiographically, the site is located within the geological domain known as the
Haldimand clay plain. The Haldimand clay plain occupies the area lying between
the Niagara Escarpment and Lake Erije. The entire area was submerged in Lake
Warren, a glacial lake formed during the retreat of the Wisconsinan g1aciatioh
(approximately 12,000 years ago). Lacustrine clays and silts were deposited as
the lake gradually receded due to the deposition of sediments during isostatic
land rebound.

Drainage of this belt is controlled by the Grand River which has cut a deep
valley in the clay and silt. Consequently, there has been much dissection by
tributary drainage.

The underlying bedrock at the site consists of hard dolomites of the Paleozoic
era. At the site, the overburden has a thickness of approximately 37 m. \

INVESTIGATION PROCEDURE

Soil and rock data and inherent properties were obtained by conducting both an
in situ field investigation and laboratory analyses. Detajis of the field
investigation and laboratory program are discussed below.

Field Investigation

The fieldwork for this project was carried out under two separate stages. The
initial stage, was implemented between 76 03 25 to 76 03 26 inclusive and
consisted of one sampled borehole (BH 6, formerly BH 13) advanced to a depth of
37.3 m. This initial first stage provided information to facilitate the
planning and design of the proposed Hwy. 403 route between the towns of Ancaster
and Brantford.

The second stage of the fieldwork was carried out between 91 07 08-16 inclusive
and consisted of a total of seven (7) sampled boreholes reflecting the greater
extent of this subsequent fieldwork. The scope of the second stage of the
fieldwork was to provide detailed soils/rock data to facilitate the design and
construction of the proposed structure and related earthworks. Two (2)
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boreholes were advanced at the proposed north abutment structure foundation
location, and one (1) borehole was advanced at each of the proposed pier and
south abutment foundation locations. Two approach boreholes were also advanced
for purposes of the proposed Hwy. 52 north and south approach widening. The
boreholes at the structure locations were advanced to depths ranging from 38.5 m
to 39.9 m whilst the dynamic cone penetration test advanced at the structure
foundation locations were driven to depths ranging from 3.4 m to 5.7 m. The
approach boreholes were advanced to depths of 12.6 m.

-The boreholes were advanced through overburden using track mounted boring units

employing conventional continuous flight hollow stem augering techniques.
Conventional rock coring techniques were used to retrieve up to 3 m of rock
core.

In general, subsoil samples were retrieved at 0.7 m to 1.5 m for the surficial
15 m and at 3.0 m intervals thereafter. At the approach locations, subsoil
samples were retrieved at 1.5 m intervals within the existing approach fills and
at 0.7 m intervals within the native subsoil.

Subsoil samples were generally retrieved in accordance with the Standard
Penetration Test (ASTM D 1586) and hence were disturbed during the testing. Al
subsoil samples were identified in the field and then properly sealed in plastic
containers to preserve natural moisture contents. The samples were then
transported to the 1laboratory -where additional visual classifications were
carried out and pertinent laboratory tests were conducted.

Rock core sampies were also identified in the field and rock recoveries and Rock
Quality Designations (RQD) measured. The rock cores were then transported to
the laboratory in conventional core boxes and detailed rock core logs were
produced by an in-house geologist. -

In situ vane tests were also carried out to determine the undrained shear
strength of the weaker cohesive soils at the site. The test was carried out in
accordance with ASTM D 2573 using the standard MTO 'N' vane. Remoulded shear
strengths were also obtained where applicable.
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Groundwater levels were obtained by monitoring the levels in the open boreholes
throughout the duration of the field investigation. A1l open boreholes were
backfilled at the completion of the fieldwork. '

Survey information related to the Jocation and elevation of boreholes was
provided by Central Region Surveys and P1ap§.

Labbratory Analyses

To determine the pertinent physical properties of the soil, various laboratory
tests were conducted. These tests included:

1) Natural Moisture Contents
2) Atterberg Limits
3) Grain Size Analyses

Laborétory test results are shown on the borehole logs and correspondﬁnglfigures
attached in the Appendix. These results have been summarized in the subsequent
section of this report entitled 'Subsurface Conditions'.

SUBSURFACE CONDITIONS

The variation of the subsurface conditions at the site are a reflection of the

rolling terrain that consists of alternating hills and valleys present in the

area. At the proposed north abutment Tocation, a ridge of native soil exists

- covered by a shallow thickness of fill material. The fill material varies in

thickness from approximately 3.5 m at the western 1location (BH 1) to

~approximately 2 m at the eastern location (BH 2). Beyond this ridge, extensive

thicknesses of fil1 material spanning previously existing valleys are present.
South of the ridge, the fill material has a thickness ranging up to 9.3 m.

North of the ridge, the fill material has a thickness ranging up to 4.7 m.

The composition of the fill material varies from a sand with a trace to some
silt and a trace gravel located within approximately 2 to 3 m of the surface
underlain by a fill material composed primarily of silt with random zones of
clayey silt. The fill material denseness ranges from very loose to dense. but |
generally is in a loose to compact state of denseness.
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The fill material has been placed on a native deposit of cohesionless silt with
traces of sand and clay. This silt stratum has a thickness ranging from

approximately 1.5 m to 7.9 m and has a loose to very dense denseness.

The silt stratum is underlain by a thin layer of a very stiff clayey silt

material. This layer is approximately 0.7 m to 1.6 m in thickness.

A second Tower deposit of silt underlies the cohesive clayey silt stratum and
extends for thicknesses in the order of 20 m. The deposit contains random
layers of silty sand to sandy silt approximately 0.7 m in thickness and also
contains interbeds of clayey silt of 12.5 mm to 25 mm in thickness within
approximately the 1lower 6 metres of the deposit. The denseness of the
cohesionless material varies generally from loose to compact with random dense

to very dense zones.

The lower silt deposit is underlain by a second cohesive stratum of clayey

silt. This stratum extends to bedrock and has a thickness of approximately 6 m.

Bedrock exists at an elevation ranging from 193.0 m to 194.1 m, at depths
ranging from 36 to 37.8 m below existing ground surface. Bedrock consists of
dolostone of the Amabel Formation.

A contour plan of the site illustrating the locations and elevations of the
boreholes is shown on Drawing No. 656704~Af A subsoil
stratigraphical profile 1illustrating the subsurface conditions at the site is
also provided. The boundaries between the various soil types, in situ and
laboratory test results as well as groundwater levels established at the time of
investigation are shown on the stratigraphical profile and also on the

individual Record of Borehole sheets in the Appendix.

* DWG NO 2 OF THE CONTRACT DWG'S



Sand, trace/and Silt, trace Gravel, trace Clay (Fill Material)

At the boreholes advanced within the existihg Hwy. 52 right-of-way, a
cohesionless, brown sand with traces of gravel and silt percentages varying from
traces (0-10%) to approximately equal silt and sand percenfages exists beneath
the asphaltic road surface. This fill material serves as a subbase and base for
the existing highway and has a thickness of 2 to 3.5 m. Traces of organics,
clay and asphalt are also present within this fi1l material. Grain size
.distribution curves as determined by mechanical sieve analysis, representative
of the gradation of this material is shown on Figure 1 in the Appendix. Natural
moisture contents of the material range from 11 to 13%.

Based on 'N' values derived from the Standard Penetration Test ranging from 6
blows/0.3 m to 35 blows/0.3 m, it appears that this material has been placed and
compacted to a denseness ranging from loose to dense. In general, 'N' values
are between 10 blows/0.3 m and 30 blows/0.3 m and hence the material 'is in a
compact state of denseness.:

Silt with Random Zones of Clavey Silt (Fill Material)

The cohesionless sand with traces/and silt and traces of gravel fill material is
underlain by a fill material consisting of primarily silt with random zones of
clayey silt at the existing embankment fi11 locations beyond the abovementioned
ridge located at the proposed north abutment location. Traces of black asphalt,
organics and gravel were also found within this fill material. The thickness of
this fill varies between 4.1 m and 7.3 m within the -embankment south of the
ridge and has a thickness of up to 2.7 m north of the ridge. Approximately 2 m
- of this £i11 material was also found at the surface of the ridge (BH 2). A
grain size distribution envelope illustrating the range of the gradation of this
fi11‘materia1 is shown on Figure 2 in the Appendix. The colour of this material
is brown with random zones of grey and natural moisture contents ranged from 15
to 27%.

Atterberg Limit Tests were also carried out to'determine the plasticity of the
random cohesive zones within the non-plastic silt material. These results are
illustrated on Figure 3 in the Appendix. The results reveal that the random
cohesive zones are of low plasticity and hence can be classified as a clayey
5ilt.



The denseness and consistency of the cohesionless silt and cohesive clayey silt
was determined by the evaluation of 'N' values derived from the Standard
Penetration Test. Based on 'N' values ranging from 8 blows/0.3 m to 39
b]ow5/0.3 m in the cohesionless silt, this material can be described as having a
Toose to very dense denseness. In the cohesive material, 'N' values ranged from
17 blows/0.3 m to 23 blows/0.3 m revealing a very stiff consistency.

Silt, trace/some Sand to Silt

The fill material 1is underlain by a stratum of native silt to a silt that
contains traces to some sand and also traces of clay. This cohesionless deposit
is primarily oxidized and hence brown in colour although the lower 2 m of the
deposit has been oxidized to a grey colour at some locations. The thickness of
this deposit ranges from 1.5 m at the original valley location (BH 4) to 7.9 m
at the ridge of the valley (BH 2). A grain size distribution envelope as
determined by mechanical sieve and hydrometer analysis is shown on Figure 4 in
the Appendix.

The 'N' values measured by carrying out the Standard Penetration Test in this
stratum varied between 7 blows/0.3 m and 80 blows/0.3 m, indicating a denseness
ranging from loose to very dense. The 'N' values at the ridge located at the
north abutment Tocation were generally larger and greater than 30 blows/0.3 m
and consequently, the silt material at this location can be defined as having a
dense to very dense denseness. Elsewhere within this stratum 'N' values are
generally less than 30 blows/0.3 m. The lower 'N' values obtained in this
material across the site were generally measured beneath the groundwater table
in the open borehole. Hence, it is suspected that the Tow 'N' values may be
attributable to the unbalanced hydrostatic head conditions and are not
necessarily representative of the state of denseness of this deposit that
arise. It is therefore concluded that the material beyond the ridge is in a
compact state of denseness.

Clayey Silt

The native silt deposit is underlain by a thin stratum of cohesive clayey silt.
This stratum is grey in colour and has a thickness in the order of 0.7 m to 1.6
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m. The surface of this stratum exists at an elevation ranging from 220.0 m to
220.8 m.

A grain size distribution enve]ape 111ustrat1ng the gradation of this material
is shown on Figure 5 in the Appendix. The enve1ope illustrates that this soil
is composed of fine grained material and hence, in accordance with the MTO Soil
Classification System categorized according to its behaviour. Atterberg Limit
Tests were carried out on representative samples to determine the behaviour and
pTasticity of this material and the results are plotted on Figure 6 in the
Appendix and summarized in Table 1 below. The results reveal that the soil is
of low plasticity and hence is identified as a clayey silt.

Table 1 - Clayey Silt

' ‘ Range # of Tests
Natural Moisture Content (w%) 24-30

4
Liquid Limit (w %) 32-35 4
Plastic Limit (wp%) 15-18 4
Plasticity Index (Ip%) 15-19 4

The 'N' values as measured in accordance with the Standard Penetration Test
ranged from 10 blows/0.3 m to 24 blows/0.3 m. In Situ Vane Tests attempted in
this material could not be torqued and hence, it is concluded that this stratum
has an undrained shear strength exceed1ng 100 kPa and therefore of very stiff
consistency.

Silt with Random Layers of Silty Sand and Layers. of Clayey Silt

The cohesive clayey silt stratum 15 underlain by a deposit comprised of
material ranging from silt to silt with traces to some sand. The deposit also
contains random layers of silty sand to sandy silt and within the Tower 3 to 9
metres of the deposit random layers of clayey silt also exist. The deposit has
a thickness ranging from 16.3 m to 19.8 m extending to an elevation ranging from
199.6 m to 202.9 m. The layers of silty sand to sandy silt are approximately
0.8 m in thickness and the clayey silt layers are generally 10 to 50 mm in
thickness. A grain size distribution envelope illustrating the silt deposit is
shown on Figure 7 in the Appendix. Grain size distribution curves depicting the
gradation of a typical sandy silt layer and clayey silt layer is also shown on
Figure 7.

An Atterberg Limit Test was carried out on a representative sample of the
cohesive interlayers at the lower depth of the deposit (BH 2, S516). The
‘results of the test reveal a 1liquid 1imit (w_) equivalent to 25% and a
plasticity index (Ip) equivalent to 10%. This confirms that the interlayer is
~of low plasticity and hence can be identified as clayey silt.
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Based on the interpretation of Standard Penetration Test 'N' values ranging from
6 blows/0.3 m to 83 blows/0.3 m, the silt with random layers of silty sand to
sandy silt can be described as having a denseness ranging from loose to very
dense. In general, 'N' values range from 10 blows/0.3 m to 50 blows/0.3 m
indicating a compact to dense state of denseness.

Lower 'N' values were measured in the lower depths of the deposit where the silt
is interbedded with 1layers of clayey silt. The 'N' values ranged from 6
blows/0.3 m to 26 blows/0.3 m suggesting a loose to compact silt with interbeds
of stiff to very stiff clayey silt. ‘

Clayey Silt

The silt deposit with layers of silty sand to sandy silt and layers of c]ayey
silt is underlain by the lowermost overburden stratum at the site consisting of
a cohesive clayey silt. This stratum, which also contains seams of silt
approximately 25 mm in thickness extends to the bedrock surface. A grain size
distribution envelope for the deposit as detérmined by mechanical sieve and
hydrometer analysis is provided on Figure 8 in the Apppendix.

Atterberg Limit Tests were carried out to define the behaviour and plasticity of
this fine grained stratum and the results are illustrated on Figure 9 in the
Appendix and summarized in Table 2 below. The results reveal that the soil has
a low plasticity and hence can be described as a clayey silt in accordance with
the MTO soil classification system. Natural moisture contents are generally
within the Plastic Limit (wp)-Liquid Limit (w_) range and hence the soil is
in a plastic state of condition.

Table 2 - Clayey Silt

Range # of Tests

Natural Moisture Content (w%) 26-30 7
Liquid Limit (wp%) 21-34 7
Plastic Limit (wp%) 15-18 7
Plasticity Index (Ip%) 6-18 7

The 'N' values measured in accordance with the Standard Penetration Test ranged
from 12 blows/0.3 m to 20 blows/0.3 m. 1In situ vane tests conducted within this
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material revealed undrained shear strengths ranging from 90 kPa to values
exceeding 100 kPa. In general, the vane could not be torqued within the 1imits
of the test and hence, undrained shear strengths generally exceed 100 kPa. It
. can therefore be concluded from the in situ testing carried out within this
stratum, that the soil has a stiff to very stiff consistency.

'Bedrock

The overburden at the site is underlain by dolostone bedrock of the Amabel
Formation at an elevation of approximately 193 m to 1%4.1 m. The bedrock
surface is relatively flat and uniform across the site. The bedrock was cored
in BQ and BXL size up to 3 m in depth at the proposed structure foundation
locations.

The dolostone bedrock is a fine to medium grained chemical sedimentary rock that
typically is composed of magnesium carbonate compounds and calcite crystals.
The rock is unweathered, that is featured by a porous ‘'vug' texture and
stylolites. The rock is light to medium dark grey in colour and contains thin
horizontal beds and closely spaced vertical fractures. Detailed descriptions of
the bedrock are attached in the Appendix in a report entitled 'Description of
Rock Core'.

An assessment of the quality and strength of the rock was carried out by
measuring Core Recoveries and Rock Quality Designation (RQD) in the field and
hardness testing in the laboratory. Recoveries ranged from 94% to 100% and
RQD's ranged from 80% to 95% indicating that the rock is of good to excellent
quality. Rock strengths can be described as medium strong.

Groundwater Conditions

Observation of the groundwater level was carried out by measuring the water
levels in the open boreholes throughout the duration of the field
investigation. Groundwater Tlevels determined at the time of investigation
ranged from approximately 6.3 m to 9.4 m below the existing ground surface
(elevation 224.3 m to 221.3 m). This groundwater elevation appears to coincide
approximately with the native soil-fill material interface at the proposed pier
and south abutment and approach locations. These elevations including the
groundwater elevations at the north abutment ridge, also appear to be at the
valley floor elevation.

Groundwater Tlevels in general, are subject to seasonal fluctuations and .hence
can vary from the values given in this report.



MISCELLANEQUS

The fieldwork for this investigation was carried out under the supervision of
T. Sangiutiano, Foundation Engineer, and L. Dametto, Engineering Student,
utilizing equipment owned and operated by Atcost Soil Drilling Ltd. Logging of
rock core in the laboratory was carried out by D. Williams, Petrographer.

The project was carried out by T. Sangiuliano under the general supervision of
P. Payer, Senior Foundation Engineer. The report was written by 7. Sangiuliano,
reviewed by P. Payer and approved by M. Devata, Chief Foundation Engineer.

pP. Payer, P. Eng. .
Senjor Foundatation Engineer

M.S. Devata, P. Eng.
Chief Foundation Engineer
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g — 4 (Y JES T RV (R G RGN MRSt (51 [N 1 SRS . S U (NN SR S SR JE SRS A — i 5 g
g R
50 50
E LEGEND 2
= / BH  |SAMPLE SYMBOL “
< 40 ¢ 60 o
»»»»»» 7_7/ gul SANDY| SILT ] 13 |————===
(ILAYE[R]) 2 | 16 | commm—
30 70
i | ENVELOPE /|
20 i‘/ »
- -
10 20
o e s]
) 2 3 4 5 io 20 30 40 270 200 140 100 6050 40 30 20 I8 108 4 MUV W A vl s
MINISTRY SIEVE DESIGNATION [ Imperial}
Ministry of FIG No 7
@ Transportation GRAIN SfZE DlSTR[BUTlON
WP 65-67-04
Ontarlo SILT, WiTH RANDOM LAYERS OF SILTY SAND

2%




78 12 M

UNIFIED SOIL CLASSIFICATION SYSTEM

' SAND GRAVEL
CLAY & Sit Fine ] Medium | Coarse Fine Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric}
i 2 3 45 0 20 30 4050 75um 150 kum 300um 600um Ligmn  2.36mm 9.5mm 12.0mm I75mm  63.0mm
100 _ 1l }ﬁj bk 533 106um 250m_425um 850 um 2.0Gmm 4.75mm 2.2mm | 26.5mm | S30mm 750mm
90 . 43 ' S 10
80 : . 20
70 : - 30
o 80 +— 400
Z z
a - iy UV SO S IR SO T SN 1 - ) . <
50 T 50
z e LEGEND z
S i BH  |SAMPLE SYMBOL <
o 40 ‘ . g0 &
30 - . . ‘ 70
&,
20 - ~—¥ p{? 80
| u Oee
o S0
o }! ’ _ 100
i 2 3 a4 10 20 30 40 270 200 140 100 6050 40 30 20 (6 08 4 L2 O L FAPAS
MINISTRY SIEVE DESIGNATION {Imperial)
Tansportation - GRAIN SIZE DISTRIBUTION FIG_No 8
' : WP 65-67-04
WITH RANDOM LAYERS OF SILT N




Oct 75, FF.S-21

CH

e

2 o
z
Z
5
§ ct LEGEND
/ 8 H SAMPLE | SYMBOL
. 1 21 o
o 2 (1520 e
® / 4 8 | O
A Y MH CH 5 18 »
S 6 14 A
Coro RN 6 115 &
i m— Pt Mi o1
_ ML 7 ML o}
9] 10 20 30 AQ 50 &0 70 80 0 co
LIQUID LIMIT %
Mty ot PLASTICITY CHART F1G No 9
e CLAYEY SILT WP 65-67-04 _
WITH RANDOM LAYERS OF SILT &




Ministry of
Traraportation

Founddtion Dasign

Onturde ‘I 49
RECORD. OF BOREHOLE No 1 1or2 METRIC
W.p, _B5-87-04 LOCATION Co—ords: N & 784 5480 E 260 4880 ORIGINATED BY.JS ...
DIST.__4. HWY _403 BOREHOLE TYPE _HS Auger, BW Cosing, Rock Coring COMPILED BY IS
DATUM _Geudetic DATE 91 07 1011 CHECKED BY_ . PP
= L Ulvmlc CONE PENETRATION
SOIL PROFILE SAMPLES | i | 2 | ressmace plor ey S B R
2=z 8 W conment T | 3O
3 & ;C“J «n 2u° ".0 5.0 qc "?o wP w wL ::og &
m - .
ELEV BESCRIPTION Bl w |3 |85| & [sHEAR STRENGTH kP P —— SRAN SizE
SEPTH =12 > | S 2E] 2 1o UNCONFINED + FIELD VANE y ;
DEPTH HEl gg S | ouck maxaL  x us v [WATER CONTENT (2) | @
230.6 | Asphaltic Roudway Surfoce Z s o 20 40 60 80 100 10 20 30 |kN/mgr SA 1 CL
0.0 3
Sond, troce to some Silt 70 230
troce Grovel, trace Qrgonics,
trocy Auphoit L
{(Fill Materiat) ¥ ERENED
Brown with Block inclusions, Z 228
e Compaet to Dense P R 35
38 3] S5 | 48
226
Silt 4155 | 74 ° 0 & 83 1t
: I5 [ ss | 55
Very Dense |
al
Bompmit A B2 T
‘ {71885 | 2¢1 ~ 5
Brown . JH
| R RIRE
Crey 9 | 55 | o0 222 ¢ 0 B9 11
0] 88 | 12 .
= S0 } i ¢ 0 50 40
Cloyey Sit 1] 55 | 24 o
2§3]  Grey very surr 20 ' !
10,7 " 12] 86 | 27
Sondy it |||3] S5 | a2 218 9 0 43 47 10
“ 14 S5 | 14
216
15| 58 &
214
16| S5 7 1)
210
Sk, trate Sond
' 171 85 1 18
Loose to Compact
208
Hisl ss | 15 206
204
Random Interbedded | 19151 7
Ln.yem of 202
Ciayay Siit
a0 St to Very Stff
305 Continued Continued

+3 8. Numbers refer to
' T T Sensliivily

20
15%-5 (X) STRAIN AT PAILURE
10




Mintatry of
Tronsportation Foundotion Design

Ontardo ]50
RECORD OF BOREHOLE No 1 2 OF 2 METRIC
W.P. BS 6704 LOCATION Corords: N 4 784 5480 E 260 4950 ORIGINATED BY_TS
DIST__.4 HWY 403 BOREHOLE TYPE _HS Auger, BW Cosing, Rock Coring COMPILED BY .. TS
DATUM _Geodetic DATE 91 087 10-11 CHECKED BY ___EP .
I LI | DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES Li -
:% = RESISTANCE PLOT L__~ s NATURAL oo z% REMARKS
oS w|Fg| @ 20 40 60 80 w0 | e .| 34 %
m iy A L L L
ELEV Ty w 2 21 & |SHEAR STRENGTH kPo D * | craN size
DEPTH DESCRIPTION 12| = F| 351 & |ouvconmmen  + mEw vane y  |DISTRIBUTION
. ez o | O] 2 | oUCK TRAXIL % LAB VANE WATER CONTENT (% 3 (=)
2001 ‘,{ Continued 7 : = 20 40 60 80 100 10 20 30 kN/mGr A St CL
sos|  J7 201 S5 1 12 Vi) =
o+
1
A"
Clayey Siit 4 198
SHIf to Very SHff MF =TT -
5
;" 196
A
//f
%
1836 Iy 194
37.0 Bedrock — Dolostone
Light to Madium Grey, 22 | RC | REC ROD = EO%
192.1 Uniwegthered, Medium Strong [-71 4

385 End of Borehole

+3 5, Numbers refer to

20
* %7 Sansliivity ‘514‘55 £%) STRAIN AT FAILURE



Ministey of
Transportation

Foundetion Design
Uniurio ‘]5"
RECORD OF BOREHOLE No 1A 1oF1  METRIC
W.p, _65-67-04 LOCATION Corords: N 4 784 5341 FE 260 500.0 ORIGINATED BY_TS. __
pIst__4 HWY _403 BOREHOLE TYPE _HS Auger COMPILED BY....0. . .
DATUM _Geodetic DATE 91 07 16 CHECKED BY,. . PP
AMPLES | E W T OYRAMIC CONE PENETRATION -
SOIL PROFILE SAMPLE: gw % RESISTANCE PLOT puss NATURAL teo ':% HEMARKS
g R EL-I G 20 40 60 8 100 | - FET T ZE &
m - L t 1 1 1
ELEV DESCRIPTION gl w g 25| & |SHEAR STRENGTH kPo [ = D?giéfl\':dﬁ t;sTllZoEN
S elZEl 2 | S I2Z] £ o unconmnen + FIELD VANE
pEFTH g2 10|88 S le quck maxeL  x Las vane [VATER CONTENT (%) 7 4
230.6 | Asphioitic Roodway Surfoce n Gl I 20 40 €0 80 100 10 20 30 KN/mlGR SA S1 CL
0.0 N
tsrzzz Sitt, trece Grovel Y 230
229.1]  (Fill Moterigl) [
1.5 1 55 12
228
sitt
u:m:c Sand, trace Crovel 2158 14
(Fill Moteria!)
226
Compact R 20
2245 frawn
5.1 Grey s sl X
) = 224
Silt .
Corppoct o Dense
222.5 5 | 55 | 24

8.1} End of Borehole

» Proboble Boulder

+3 45, Numbers refer to
7 Sunsltivity

20
1595 (%) STRAIN AT FAILURE
10




Minlatry of
Transportation

Foundotion Casign

Gntorlo ]52
RECORD. OF BOREHOLE No 2 1or2 METRIC
W.P. 65-67-04 LOCATION Co—ords: N 4 784 S5S588. £ 260 509.3 ORIGINATED BY_LD
DIST 4 HWY _403 BOREMOLE TYPE .HS Auger, 8W Casing, Rack Coring COMPILED BY ...LB
DATUM _Geodetic DATE 91 07 08-09 CHECKED BY___PB_____
SOIL PROFILE saMPLEs | i | 2 | Rimtance pror oy N — -
=21 9 LIt wostme, 0 ':E% REMARKS
= A K1 B 20 40 60 B0 100 | o | BT %
_l m — L 1 1 1 1
ELEV DESCRIPTION Zldlw | 3 25| & |SHEAR STRENGTH kPo ot | % | orAN SizE
DEFTH =lEL > | > | 851 % |o unconemen + FIELD VANE 4 |DISTRIBUTION
£12] 7| 58 > | o quick msL  x e vang  [WATER CONTENT (%) 3 (%)
230.1]  Ground Surfoce (3 = o 20 40 60 80 100 10 20 30 | kN/milgr sA S CL
0.0 Sitt
with Rondom Zones of *
Clayey Silt
{Fill Material) >
2281 Brown, Cormnpact 1 85 23 28 4\
2.0 =
\-.,,.__.\
182
2(ss| 40 I ——t—
Sit, some Cloy
226
Dense Lo Very Dense 3 | S8 80
s 4 | 83 81 -} t 7 78 14
r{wn
ST ey T e 224
61 ss | 39 b ¢ 0 86 14
—— By |
Brow 7
rown 88 &8 222
- Grey 8155 | 53
T T Compoct | 9 | 8% 5
220.2 ormpoe 2
9.3 Clayey Silt 101 85 | 16 220 H—c t 0 0 54 4B
219.4 Grey, Very Stiff
0.7 1 55 38
218
12] 55 | 37
13] 85 | 42 216
Sitt
) 14] ss [ s9 o 0 3 89 8
with Rondom Loyers of :
. 214
Silty Send
Uense to Vary Dense
212
1555 9
210
________ 161 55 | N pe] 0 0 80 20
208
206
o, d. b 4 dd et 17 ss 26
Loyers of
Clayey Silt 204
SHfF to Very SGff
8| ss | 10
202
1996 ;,! 200 -
0.8 Continued 20 - I" Continued
+3, xs:::" ‘mv';y”'" 1 1555 (%) STRAIN AT FAILURE
10




¥

Mintetry of ' .
Transportation Foundation Dasign

Untarie " 5 3
, RECORD OF BOREHOLE No 2 20F2 METRIC
WP, _65-67-04 LOCATION Co-ords: N 4 784 558.8: € 260 5093 . ORIGINATED BY_LD
DIST & HWY 303 BOREMOLE TYPE .HS.Auger, BW Cosing, Reck Coring COMPILED BY ..b8
DATUM . Geodetic DATE 91 07 08-08 CHECKED BY. PP
SOIL PROFILE SAMPLES | & | 5 | oruamic CONE PENETRATION s,
z o 5 RESISTANCE PLOT M wm MORSTURE mlrn mg REMARKS
g o|E5) 9 2 @ s e w0 I T, | 38 &
- =]
ELEV Elg|w| 3 ]185] & [sHEAR STRENGTH kPa o P T ® | RN Size
DEPTH DESCRIPTION 2| 5| S| 8&] & |ouconrme  « A vane , |pisTRIBUTION
) |2 o | 88| 5 | oyok manm s vae WATER CONTENT B “ 0@
w938| o Continued " : o 20 40 60 80 100 10 20 30 JkN/mlcpr sA SI CL
TN o 191 85 | 13 f { 0 0 55 45
o 43
Clayey Sift 4 198
with Rondom Layers of Silt 5
A
SHFF o Very SUIF f .
200 55| 12 } ) . 0 0 68 32
19
]
]
]
194.1
36.0 194
21| RC | REC RGD =~ 8I%
100
Bedrock « Dolostone
ight to Medi \ -
33@‘5’1«&1“&&%? Strong 22| RC | REC 192 RQD = 8O%
91,2 ‘ 100%
38.8] End of Burehols
* G WL not Estoblished
+3 . Numbaers refer to

20 .
o Suhsitivity Is;};s {%) STRAIN AT FAILURE



Ninistey of
Transportation

.

Foundation Dasign

Ontarte ‘,54
RECORD OF BOREHOLE No 3 1 OF 1 METRIC
W.P, _85-67-04 LOCATION Co-ords: N 4 784 4552 F 260 516.2 ORIGINATED BY_TS_____
DIST 4 HWY _403 BOREHOLE TYPE .HS_Auger COMPILED BY .08 .
DATUM _Geodetic DATE 91 07 15 CHECKED BY__PP
SOIL PROFILE SAMPLES | & | 2 | Aiomiance Fior o AN — =
<ol & Dfsne wosmuee Lo | -k | REMARKS
5 9 S5t » 20 40 60 100 - °°"w"’" v I &
= m —— J L L
ELEV Tl w| 2| 25| & [SHEAR STRENGTH wPo P “1 % loram size
OEPTH DESCRIPTION 12| 5| 5138 & |oucowme v aeo vane | » |DISTRIBUTION
HE o | 8] 2 |eouck maxa  x g vane |WATER CONTENT (% 3 (=)
230.7 | Asphaltic Roadway Surfoce n E o 20 40 60 80 100 1020 30 kN/milGr SA St CL
L )
ne X 230
troce Silt, troce Grovel
(Fitt Moterial) K1 |ss] 2
2277 Brown, Vary Loose to Compuoct Y, 228
3.0 2] ss] 14
Silt
with Random Zones of 3 | 55 7 225
Cloyey Silt
(Fill Materict)
4155} 28
Brown, Loose to Compact 224
51 85 | =
222
221.3
9.4 . Black Organics § 58 10 %
Silt, trace Sand - e — o S v e
220.0 Compoct Brown 7} 58 20
- 220
[% B
2183 c'r:{:ywx Siff e
11.4 Sl ] g1 sSs | 49
with Loyers of Silty Sand
218.1 Grey, Cormpoct to Dense 0] 55 78
12,6 End of Borehole
* Sompler Bouncing
(Probable Boulder)
+3 55, Numbars refer to

»

" Senaltivify

20
1545 (%) STRAIN AT FAILURE
10




¥

Ninteiry of

Transportaton . Foundetion Design
Untarie ’l 5 5
RECORD OF BOREHOLE No 4 1or2 METRIC
W.p, _55-6704 LOCATION Co~ords: N 4 784 484.0: F 260 520.0 ORIGINATED BY IS
DIST ek HWY _403 BOREHMOLE TYPE .H$ Auger, BW Cosing, Rock Coring COMPILED BY ...
DATUM _Gegdetic DATE 91 07 10-11 i CHECKED B8Y B
T “TDYNAMIC GONE PENETRATION
SOIL PROFILE savpLes | B | U | Reeiace P S —— g .
2| ¢ X WNT - cogent W S §
5 ﬁ ;O n 2'0 “u 6.0 8‘0 190 wP w wL %g &
- =
ELEV BESCRIPTION ol B -g = g% & |SHEAR STRENGTH kPo A S— n‘fé*%é?‘a L?r'nchu
=12 = Z1 ' | v unconaneD + FIELD VANE y
DEPTH HE ’ gg S e cuck maxa, . x 1B vang [VATER CONTENT (%) J @
230.8} Asphaltic Roodwoy Surface @ F I 20 40 60 80 100 10 20 30 “JkN/mlGR A SICL
00|  Send, Some it N
troce Cloy -
{Fill Moteriol) b 230
228.8 Compact v A 1] %8 | 28 o 0 50 40 10
2.0
) 228
2] 8 | 16 | 0 10 ¥ 20
Silt with Rondormn Zomes of
Cayey Sitt 3| 55 | 46 226
{Fill Moterial)
4 | 55717 Fo—q 6 7 69 24
Hrown to Grey, 294
5| S5 | 23
Compoct
€| ss | 25 © 2 28 5317
7155 | 23
2215 Y| =
8.3 Bilt, troce Sond 00 M ALY e 0 a6
Brown, Curﬁpucl 9] 85 | 20 o 4 2 8 10
220.1 _ .
10.7 Trayey St 12! I RE 220 t . U 0 %0 50
¢ . 2 b 100
rey, Very Stff A A b
2188 A
12.2 i1l ss5 | 29
" 218
o T EEE
Very Derse 216
i3] ss | 32 o ¢ 1 % 9
. e e ]
with Randotn Loyers of
214
Siity Sand
Gray, Compact “
IJ14§ 85§ 16 212
Random Interbedded
Layers of 210
Cloyey Sit 5] 65 | 18
SHff to Very SHff u 268
His] s5 | 12 206
ll 204
17] 88 | 20
200.% '4 i
30.5 i : Continued
Continued +3, i3 Numbers refar fo Do 0y crran T FAILURE
10

* Sensitivity




Ministry of
Transportation

*

Feundotion Design

Ontordo ]56
RECORD OF BOREHOLE No 4 2or2 METRIC
W.P., _65-67-04 LOCATION Co—ords: N 4 784 484.0; E 260 520.0 ORIGINATED BY_TS
ISt 4 HWY _403 BOREHOLE TYPE _HS Auger, BW Casing, Rack Coring COMPILED 8Y _TS
DATUM _Geadetic DATE 91 07 10-11 CHECKED BY. PP
Wl DYNAMIC CONE F'-{ENEI'RATION
SCIL PROFILE SAMPLES | i o
Eu| = RESISTANCE PLOT pusne NATURAL L ’:% REMARKS
5 ul =8| @ 20 40 60 80 100 | W | 35 P
m — A i i 1 L
ELEV SESCRIPTION z|u w gx 251 & [sHEAR STRENGTH kPo F - = | crAIN S‘grlZE
DEPTH =2 > | 5|33 T |° unconFiNeD + FIELD VANE v IDISTRIBUTION
. glz| " . S| > |eauck axa,  x L vane  [WATER CONTENT (%) 4 @
2003\ A Continued b E o 20 40 60 80 100 10 20 30 |&N/mlgr sa st cL
s 7 A8l ss | 20 200 } e
A
Clayay Silt VA
with Rondem Layers of Silt ,/ 14
/] 1498
Very Stiff %
oy
’/ 19| 88 17
1
15 196
/
1
A
194
/jf
183.0 o
37.8 Bedrock — Dolostone
Light Grey to Medium Grey, 20| RC | REC 192 RAD - 0%
191.5 Unweatherad, Madium Strong 100%
38.3| End of Borehole

43 44, Numbers refer to
' Sensitivity

20
1545 (%) STRAIN AT FAILURE
10




¥

Minialry of
Transportation

Foundation Dusign

43 53, Numbers refer to
' Sunaltivity

1
155 (%) STRAIN AT FAILURE
10

Ontarie 157
RECORD OF BOREHOLE No 5 1o0r2  METRIC
W.p, _65-67-04 LOCATION Co—ords: N 4 784 5132 E 260 503.3 ORIGINATED BY.JS. ..
DIST .4 HWY 403 BOREHOLE . TYPE .HE Auger, BW Cosing, Rock Coring COMPILED BY ...LD
DATUM _Geodetic DATE 91 07 08.59 CHECKED BY__PP
, 3 T DYNAMIC_CONE PENETRATION
S0IL. PROFILE SAMPLES #m E | RESSTANCE PLOT RATURAL L t—»E REMARKS
< & LT "m“”"" our | Es
5 a2 2] » % w e ow L T .| 5E &
o o
ELEV DESCRIPTION 4 4 g 3| 25| & [sHEAR STRENGTH kP LD RAIN SiZE
-E-P—T-n oy o = "‘q" © UNCONFINED + FIELD VANE 7
D HHEE gg S 10 ouck manw, B wae [WATER CONTENT (%) 7 F(z)
230.7 Ground Surface n £ o 20 40 60 80 100 10 20 30 kN/miler SA S CL
0.0 ’
Sord ond Sit, o - 230
troce Grovel 1 p \
{Fill Material) I 17 ss| 6 /
) . Brown, Loose to Compuoct / 228 <
1 2272 W FIEIERE . o 0 46 42 12
s Sitk <\-
with Randotr Zones of 3185 ] 3 226 -
185
Clayey Silt
{Fil Materlal)
4185 | 12 b 0 10 B0 30
Hrown, Loose te Dense 224
£ 58] 9
2231 p -
6185 | 7
78 Sk, troce Sond
7S5 21 224 b g 11 8 8
Browr, Loose to Compoct
8| 55 | 21
2208
9.8 Cloyey Silt A / 95| 10 I Gt 0 0 60 40
219.9]  Grey, Very Stiff iyt 220
0.8 10 S5 24
1
11] 86 1 22 28
121 S5 | 20
216
13 55 | 16 o 0o o 93 7
Sit
with Rendom Loyers of 214
Sitty Sand
Leose to Compoct
141 85 | 18 212
210
15| S5 | 18
“ 208
T 55 | 8 206
Random Interbedded
Leyers of ’ 204
Clayey Siit = -
StiFf to Very Stiff
202
200.2 '4
303 Continued Continued




Minlstry of
Transpariation Foundcotion Design

Ontorie ']58
RECORD OF BOREHOLE No 5 2 0F 2 METRIC
W.p., _B5-67-04 LOCATION Co—ords: N 4 784 513.2; £ 260 503.3 ORIGINATED BY.IS
DIST___4 HWY _405 BOREHOLE TYPE _HS Auger, BW Cosing Rock Coring COMPILED BY ...LD
DATUM _Geodetic DATE 8107 08~09 CHECKED BY...EF
3 i | OYNAMIG CONE PENETRATION
SOIl. PROFILE SAMPLES L = RESISTANCE PLOT NATURAL
. 2! & D |1 woswee U0 | T | REMARKS
51 . v |*8 20 40 60 & 100 | w ow | 3G &
)
CLEV SeseRPTION =8¢ 2|85 % [SHEAR STRENGTH kPo P o Y TF |cran Size
DEPTH S1E | x| = | 25| % | UNCONANED + FIELD VANE v [DISTRIBUTION|
) 2|2 o | &S] & | ouox raxa,  x up vane |WATER CONTENT (%) | =
woz| 4 Continued 7 E o 20 40 60 80 100 10 20 30 | KkN/m|Gr SA St CL
o8] f7 (A118] ss | 15 200 i f 0 0 55 45
jf
//
Clayey Silt ,; 11 198
with Random Loyers of 'Silt 11
A e w | P
{1
SUFF to Very SKFF A 196
. A
1
11
{1
193.7 /| 194
37.0
20| RC } REC RQD = 95%
Bedrock — Dalostone 95%
Light to Medium Grey, 192
Unweothered, Medium Strong 21| re | REC . RQD = H3%
190.8, - gex

33.9| End of Borehcle

* G WL not Estoblished

+3 5. Numbers refer to

20
* Sanslhivity 15;:65 (%) STRAIN AT FAILURE




k]

Mintstry of
Tramsportation

Ontado

Foundgtion Design

159

RECORD OF BOREHOLE No 6&6*

10F 2

METRIC

W.P. . B5-67-04 LOCATION Cowords: N 4 784 5157 E 260 511.0 ORIGINATED BY. MK ...
pIaT .4 HWY _403 BOREHOLE TYPE .HS Auger COMPILED BY ..MK
DATUM . Geodetic DATE 76 03 25-2¢ CHECKED BY PP
T T s
SOIL PROFILE SaMPLES | B | 2 | Rmecemor oo e T -
a@ o Gur . o | 5E | REMARKS
sl ] [el381 7 = o 0 » w I = TI1E8]
g G
ELEV DESCRIPTION dEIRAEEE & [SHEAR STRENGTH kPa A Y IR SRAN SiZE
OEPTH lEL > | > 7 | ¢ unconmneD + FIELD VANE b
1217 | 2 | 88| S |o ovoc mmm = s vae [WATER CONTENT (2} 7 1" (%)
230.6 | Ground Surfoce vi - d 20 40 60 80 100 10 20 30 kN/m GR SA S| CL
0.0 3
W 230
& ERNEIN ° 0 20 74 6
S, , .
some Sand, to o
Sty Sond
{Fill Moterial) 2,858 | 39
Loowe to Dem y
e to e > T e 226
73 47 4
P 4 | =5 33 394 o [ [
2253
7.3
5|s55| 9| Y ° 0 17 % 7
$it, Lome Sond ) 222
Loose to Compoct € 1 8% 1 17 o 0 18 76 6
1
219.8 _ 226
193 Clayey Sit 7] 85 1 19 1= ¢ 1 69 20
2180 Very Sift & 0 0 52 8
11.4 .
85| 3 28 00 959 1
5| 55 | 54 9 0 0 98 2
216
1] S5 | 83 © 0 7 87 6
Sitt, some Sand to Sik
with Rondomn Loyers of 2",
Clayey St
 Loose to Very Dense 111 58 2 212
210
EEERED ° 0095 5
208
13| S5 ] 6 208
204
§
202.9 Hia|ss | @8 ' 1 4
277 w0
§5%1 202
§
//?
¢!
1%
200.1 '4 P ;4
20.5 : 1
Continued 43 3, Numbers rofer to Continued

Sensitivily

20
151«;»5 {%) STRAIN AT FAILURE
A




Ninlsiry of
Tranzportation

Onturio

Foundation Duesign

* Sensilivily

20
1505 (%) STRAIN AT FAILURE
10

160
RECORD OF BOREHOLE No 6&* 2 0F2 METRIC
W.p. _£3-67-04 LOCATION Co-ords: N 4 784 515.7; £ 260 511.0 ORIGINATED BY_MK
DIST __. ¢ HWY _403 BOREHOLE TYPE _HS Auger COMPILED BY _MK_ .
DATUM _Geqdetic DATE 76 03 25-26 CHECKED BY.. PP
3 L | DYNAMIC CONE PENETRATION
SQOIL PROFILE SAMPLES g :l‘ RESISTANCE PLOT NATURAL oD E
— x g 8 UNIT m” URE T :(.') REMARKS
sl.| |@]%2 2 o @ wow [T NES )
ELEV T | w3 251 & |[SHEAR STRENGTH kPa [ = 1 GraIN SiZE
BEPTH DESCRIPTION 222|151 388] & |0 unconrnen + FIELD VANE 5 |oisTRiBUTION
. |z o | €O 2 |ecuck maxa  x v vane [WATER CONTENT (= 3 (%}
200.1 ‘lf Continued 7 5 o 20 40 60 80 100 10 20 30 kN/milgr sa st oL
wos| F7 s ] ss | o 20
oY
) 1
Clayey Silt :/ y
with Rondom loyers of // 198
it A
A6 w | PH »
Stiff to Very SHff // 196
//
//
1% A 194
193.3 U7 =1 s
37.3| End of Borehole
* Formerly BH No 13 (WP 65-867-01)
+3 50, Numbers refsr to



&

Miniutry of
Transportation

Foundatton Owsign

ontorio ] 6]
RECORD. OF BOREHOLE No 7 101 METRIC
W.P. . E5-67-04 LOCATION o—ords: N 4 784 578.0: ORIGINATED BY. LD
DIST ..t HWY _403 BOREHOLE TYPE _HS -td COMPILED BY .18
DATUM _Gegdetic DATE 91,07 18 CHECKED BY PP
SOIL PROFILE R ERE RESETANCE PO oy N s ! = | remarks
[+ A
| = w|55] A | 2 e e s w [ = SF) 2L &
x Qo
ELEV DESCRIPTION aiblw| 3 |25| & [SHEAR STRENGTH kPo M TE SRAN SIZE
EIED = o Z | = | o UNCONFINED + FIELD VANE {o1
DLFTH g2 28 S 1o ouek muxa, » U vane [WATER CONTENT (2} 7 177 ()
230.8] Aspholtic Roodwoy, Surfoce v F o 20 40 60 80 100 10 20 30 JkN/mlgr sA 81 6L
< Y
0.0 Sond, 230
troce Silt, troce Grovel
(Filt Moterial)
228.6 Brown, Dense IBERES
2.0 " :
3?&% Rundorn Zones of 228
Clayey Silt,
some Organics 2 | S5 g
{Fil Moteriot)
288 Brown to Bleck, Loose
e, g EREERK 28
. 4|88 | 12
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FOUNDATION INVESTIGATION REPORT
For
Hwy. 403 and Alberton Road Underpass
W.P. 65-67-05, Site 36~261
District 4, Burlington

INTRODUCTION

This report summarizes the results of a foundation investigation conducted at
the abovementioned site. It is proposed to construct a two span structure that
will carry the ’existing Alberton Road along its present alignment over the
proposed Hwy. 403.

SITE DESCRIPTION AND GEOLOGY

The site is located along the existing Alberton Road approximately 1 km north of
Hwy. 2 and 3 km west of Hwy. 52 within the Town of Ancaster, Regional
Municipality of Hamilton-Wentworth.

The existing Alberton Road is a two lane asphaltic roadway with narrow gravel
shoulders. The shoulders, in turn, are adjoined by a flat lying grassland. The
gravel shoulders were at some locations also covered with grass and weeds.,

The terrain at'the site has a gently rolling and hilly topography. Ground
surface e1evati6ns hence vary significantly. Elevations immediately west of the
proposed structure are approximately 1 to 2 m highér_and similarly elevations
east of the structure are approximately 1 m 16wer in elevation. Land use in the
area is pfedominant]y agricultural farmland and both corn and barley were being'
cultivated at the time of the inQestigation. In addition, a milk holstein,
evidence, of dairy farming is located approximately 0.5 km north of the site and
some forestland exists approximately 1 km east of the site ’beyond the
abovementioned agricultural farmland.
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Physiographically, the site is located within the geological domain known as the
Haldimand clay plain. The Haldimand clay plain occupies the area lying between
the Niagara Escarpment and Lake Erie. The entire area was submerged in Lake
Warren, a glacial lake formed during the retreat of the Wisconsinan glaciation
(approximately 12,000 years ago). Lacustrine clays and silts were deposited as
the lake gradually receded due to the deposition of sediments during isostatic
land rebound.

Drainage of this belt is controlled by the Grand River which has cut a deep
valley in the clay and silt. Consequently, there has been much dissection by
tributary drainage.

The underlying bedrock at the site consists of weak to medium strong dolostones
of the Paleozoic era. At the site, the overburden has a thickness of
approximately 28 to 29 m.

INVESTIGATION PROCEDURES

Soil and rock data and inherent properties were obtained by conducting both-an
in situ field investigation and laboratory analyses. Details of the field
investigation and laboratory testing program are discussed below.

Field Investigation

The fieldwork for this project was carried out under two separate stages. The
initial stage, was implemented between 76 03 24-25 inclusive and consisted of
one sampled borehole (BH 5, formerly BH 12) advanced to a depth of 29.7 m and
one dynamic cone penetration test advanced to a depth of 12.8 m. This initial
first stage provided information to facilitate the planning and design of the
proposed Hwy. 403 route between the Towns of Ancaster and Brantford.

The second stage of the fieldwork was carried out between 91 06 24-27 inclusive
and consisted of a total of four sampled boreholes reflecting the greater extent
of this subsequent fieldwork. The scope of the second stage of the fieldwork
was to provide detailed soils/rock data to facilitate the design and
construction of the proposed structure and related earthworks. Two (2)
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boreholes were advanced at the proposed abutment structure foundation locations
and one borehole was advanced at eijther proposed approach fills north and south
of the structure. The boreholes at the structures were advanced to depths of
31.2 m (BH 1) and 30.8 m (BH 2) and were ancdmpanied by dynamic cone penetration
tests driven to depths ranging from 7.9 m to 9.8 m. The approach fill boreholes
were advanced to depths ranging from 12.6 m to 20.7 m.

The boreholes. were advanced through the overburden using track mounted borinq
units employing conventional continuous flight hollow stem augering techniques.

‘Conventional rock coring techniques were used to retrieve 3 m of rock core at BH

1 and 1.5 m at BH 2.

In general, subsoil samples were retrieved at 0.7 m intervals for the surficial
4.6 m to 6.0 m, at 1.5 m intervals beyond this surficial depth to approximately
15 m and at 3 m intervals thereafter. Subsoil samples were taken at 1.5 m
intervals at the approach locations.

Subsoil samples were generally retrieved in accordance with the Standard
Penetration Test (ASTM D1586) and hence were disturbed during the testing.
Relatively undisturbed subsoil samples were randomly retrieved in cohesive soils
using a thin wall sampler in accordance with procedures outlined in ASTM D
1587. Al1 subsoil samples were identified in the field and then properly sealed
to preserve natural moisture contents. Disturbed samples were placed in plastic
containers and the thin wall samples were capped and waxed at the ends of the
shelby tubes. The samples were then transported to the laboratory where
additional visual classifications were carried out and pertinent laboratory
tests were conducted as described in the next section below.

Rock core samples were also identified in the field and rock recoveries and Rock
Quality Designations (RQD) measured. The rock cores were then transported to
the laboratory in conventional core boxes and detailed rock core logs were
produced by an in-house geologist. ’

In situ vane tests were also carried out to determine the undrained shear
strength of the weaker cohesive soils at the site. The test was carried out in
accordance with ASTM D2573 using the Standard MTO 'N' vane. Remoulded shear

strengths were also obtained where applicable.
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Groundwater levels were obtained by monitoring the levels in the open boreholes
throughout the duration of the field investigation. A1l open boreholes were
backfilled at the completion of the fieldwork.

Survey information related to the location and elevation of boreholes was
provided by Central Region Surveys and Plans.

Laboratory Analyses

To determine the pertinent physical properties and behaviour of the soil,
various laboratory tests were conducted. These tests included:

1)~ Natural Moisture Contents
2) Atterberg Limits

3) Grain Size Analyses

4) Bulk Unit Weights

5) Consolidation Tests

Laboratory test results are shown on the borehole logs and corresponding figures
attached 1in the Appendix. These results have been summarized in the

subsequent section of this report entitled "Subsurface Conditions".

SUBSURFACE_CONDITIONS

General

The ground surface elevation at the boreholes advanced at the site ranged from
221.3 m to 222.1 m.

The subsurface conditions are generally uniform across the site and underlying a
sand and gravel roadway base fill material approximately 0.8 m 1in  thickness
consists of three (3) distinct soils strata. The surficial native deposit
extending to depths ranging from 5 to 6.6 m below the ground surface consists of
a stiff to very stiff clayey silt to silty clay material with occasional seams
of silt. This stratum is underlain by an extensive deposit of plastic silt
interbedded with layers of clayey silt. The clayey silt interbeds'range in



167

thickness from approximately 25 mm to 2 m. The silt material is in a loose to
compact state of denseness and the clayey silt layers are generally stiff to
very stiff in consistency. This deposit has a thickness ranging from 18.1 m to
20.9 m. A third soil stratum consisting of a clayey silt with interbedded
layers of silt underlies the silt deposit with interbeds of clayey silt and
extends to the bedrock surface. The thickness of this stratum ranges from 3.4 m
to 3.8 m. This stratum has a stiff to very stiff consistency. The bedrock
surface exists at an elevation ranging from 181.7 m to 193.1 m.

A plan of the site illustrating the locations and elevations of the boreholes is
shown on Dwg. 656705-At _ - A subsoil stratigraphical profile
illustrating the subsurface conditions at the site is also provided. The
boundaries between the various soil types, in situ and 1abnratofy test results
as well as groundwater Tevels established at the time of investigation are shown
on the stratigraphical profile and also on the individual Record of Borehole
. sheets in the Appendix.

Sand and Gravel (Fill Material)

A cohesionless sand and gravel exists as the base of the existing Alberton
Roadway and has a thickness in the order of 0.8 m. This bedding material is
brown in colour and appears to be in a compact state of denseness.

Clayey Silt to Silty Clay with random seams of Silt

The surficial native stratum at the site consists of a cohesive clayey silt to
silty clay material that contains random seams of interbedded silt. The stratum
which is unstructured and without any distinct layering has a thickness ranging
4,2 to 5.8 m.

The stratum has been oxidized to a penetration depth of approximately 3 to 4.6 m
beneath the existing ground surface and hence is brown in colour within this
depth. Beneath this depth, the stratum is unoxidized and grey in colour.

A grain size distribution envelope produced by mechanical sieve and hydrometer
anlayses is shown on Figure 1 in the Appendix. The envelope clearly illustrates
that the stratum is composed of grain sizes smaller than 75 micrometres.

* DWG NO 2 OF THE CONTRACT DWG'S
~
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The grain size distribution envelope for this material illustrates large
percentages of silt, ranging from 55% to 82% and clay percentages ranging from
15% to 45%f A grain size distfibution curve representing the gradation of a
typical silt seam is also shown on Figure 1.

In view of the fact that more than 80% of the material is finer than 75
micrometres, the soil is categorized according to its behaviour in accordance
with the MTO Soil Classification Manual. Atterberg Limit Tests were hence
conducted to define the behaviour and plasticity of the soil. The results are
~plotted on Figure 2 in the Appendix and summarized on Table 1 below. Natural
moisture contents and the bulk unit weight of the soil have also been included
in the table.

Table 1 - Atterberg Limit Test Results

Range # of Tests

Natural Moisture Content (w%)  22-27 8
Liquid Limit (w %) 24-40 8
Plastic Limit (wp%) 17-21 8
Plasticity Index (Ip%) 5-21 8
Bulk Unit Weight (kN/m3) 19.6-20.3 2

The test results clearly reveal that the soil has a plasticity ranging from low
to intermediate and hence can be classified as a clayey silt to silty clay with
seams of plastic silt. Natural Moisture Contents are generally within the
plastic and 1iquid 1imits of the soil and hence the soil is in a plastic state.

The consistency and undrained shear strength of the soil was determined based on
the evaluation of the 'N' values derived from the Standard Penetration Tests and
by conducting in situ vane tests. The 'N' values ranged from 7 blows/0.3 m to
24 blows/0.3 m and averaged 15 blows/0.3 m based on twentyutwo (22) Standard
Penetration Tests. In situ vane tests were also attempted within the weaker
zones of the stratum. In generally, the vanes could not be torqued within the
limitations of the test and hence it can be concluded from this observation that
the material has undrained shear strengths exceeding 100 kPa and hence the soi]
has a stiff to very stiff consistency.
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Silt with interbedded Tayers of Clavey Silt

An extensive cohesionless deposit of plastic silt interbedded with layers of
clayey silt underlies the surficial native clayey silt to silty clay with
interbedded seams stratum at the site. The surface of this deposit is present
at an elevation ranging from 214.5 m to 217.1 m and the deposit has a thickness
ranging from 19.1 m to 20.9 m.

The deposit has a distinct layered structure with predominant silt thickness
interbedded with layers or seams of cohesive clayey silt ranging in thickness
from 25 mm to 2 m. The silt material is 1ight grey in colour whilst the clayey
silt is dark grey in colour. The silt material exhibits a quick dilatancy.
Grain size distribution envelopes representing the gradation of the silt
material as well as the clayey silt interlayers are shown on Figure 3 in the
Appendix. \ '

Atterberg Limit Tests were also carried out to determine the behaviour and
plasticity of the cohesive interbeds and also to verify any plasticity in the
silty material. The results of these tests are shown on Figure 4 in the
Appendix. The results reveal that this silt deposit is a plastic material and
the cohesive interbeds are of low plasticity. These results are also summarized
in Table 2 below. ‘

Table 2 - Atterberg Limits

Silt

Range # of Tests
Natural Moisture Content (w%) 26-28 ~ 8
Liquid Limit (w %) 20-26 8
Plastic Limit (wp%) 16-20 8
Plasticity Index (Ip%) 1-6 8
Clayey Silt
Natural Moisture Content (w%) 20-30 6
Liquid Limit (wi%) 23-35 6
Plastic Limit (wp%) 14-19 6
Plasticity Index (Ip%) 7-21 6
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The compressibility characteristics of the clayey silt interbeds was determined
by conducting a one dimensional consolidation test on a representative sample.
The results of the test (e-log curve) is illustrated on Figure 5 4in the
Appendix. The results reveal that the material has been preconsolidated in the
past to an effective pressure approximately 500 kPa in excess of the existing
effective overburden pressure. The compression index of the material (Cc) was
of small magnitude and equivalent to approximately 0.4.

Some borehole sloughing was observed during the penetration and sampling within
this deposit. This soil cave-in can be attributed to unbalanced hydrostatic
head.

The denseness of the silt material was determined by evaluating the 'N' values
derived by the Standard Penetration Test. Based on 'N' values ranging from 7
blows/0.3 m to 30 blows/0.3 m, the silt material has a denseness ranging from
loose to compact. In view of the influence of unbalanced hydrostatic head
conditions in producing lower 'N' values, .the denseness of the silt material can
be described as compact.

The consistency of the clayey silt interbeds was determined by attempting to
conduct in situ vane tests. In many cases, the presence of the silt material
confining the clayey silt layers inhibited the execution of the test. However,
vane tests were successfully executed in the thicker layers of clayey silt.
Undrained shear strengths measured ranged from approximately 60 kPa to in excess
of 120 kPa. Based on this information, the cohesive clayey silt can be
described as having a stiff to very stiff consistency.

Clayey Silt with layers of Siit

Underlying the silt with interbedded layers of clayey silt stratum a deposit
consisting of a clayey silt with layers of silt extending to the bedrock surface
exists. The surface of the deposit exists at an elevation ranging from 195.3 m
to 196.9 m and the deposit has a thickness in the order of magnitude of 3.4 m to
3.8 m. The silt layers are typically 50 mm to 100 mm in thickness.
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A grain size distribution curve illustrating the gradation of a representative
sample of this material is shown on Figure 6 in the Appendix. The curve
illustrates that the material is fine grained with grain sizes less than 75
micrometres.

In accordance with the MTO soil classification system, a deposit with gradations
of this nature is categorized by its behaviour and hence Atterberg Limit Tests
were conducted to evaluate the plasticity of the éoil. The results of these
‘tests are illustrated on Figure 7 and summarized in Table 3 below. Natural
,Moisturé Contents are also included in the table below.

Table 3 - Clayey Silt to Silty Clay

- Range # of Tests

Natural Moisture Content (w%) 28-30 2
Liquid Limit (w %) 28-29 2
Plastic Limit (Wp%) 18-19 2
Plasticity Index (Ip%) 10-11 2

The test results reveal that the soil has a low plasticity and hence can be
classified as a clayey silt. Natural moisture contents are approximately

equivaient to the liquid 1imit of the soil revealing liquidity indices (Ip)
exceeding unity. '

The 'N' values as derived from the Standard Penetration Test. reveal values
ranging from 8 blows/0.3 m to 14 blows/0.3 m. Based on these 'N' values the
consistency of the soil is estimated as stiff to very stiff.

Bedrock

The bedrock consists of dolostone of the Amabel Formation and underlies the
clayey silt with layers of silt deposit at an elevation of approximately 191.7 m
to 193.1 m. The bedrock was cored in BQ and BXL size up to 3 m in depth at the
proposed structure foundation locations.



The dolostone bedrock is a fine to medium grained chemical sedimentary rock that
typically is composed of magnesium carbonate compounds and calcite crystals.
The rock is unweathered that is featured by a porous "vug" texture and
stylolites. The rock is 1light grey to medium dark grey in colour and contains
thin horizontal beds and wide spaced vertical fractures. Detailed descriptions
of the bedrock are attached in the Appendix entitled "Description of Rock Core".

An assessment of the quality and strength of the rock was carried out by
measuring core recoveries and Rock Quality Designations (RQD) in the field and
hardness testing in the laboratory. Recoveries ranged from 87% to 100% and
RQD's ranged from 70% to 83% indicating that the rock is of good to excellent
quality. Rock strengths can be described as medium strong.

GROUNDWATER CONDITIONS

Observation of the groundwater level was carried out by measuring the water
tevels in the open boreholes throughout the duration of the field
investigation. Groundwater Tlevels determined at the time of the recent

investigation were approximately 3 m below the ground surface (elevation 218.9 m
to 219.1 m).

Groundwater Tevels in general, are subject to seasonal fluctuations and hence
can vary from the values given in this report.
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MISCELLANEOUS

The fieldwork for this investigation was Carried'out under the supervision of
T. Sangiuliano, Foundation Engineer, and L. Dametté, Engineering Student,
utilizing equipment owned and operated by Atcost Soil Drilling Ltd. Logging of
rock core in the laboratory was carried out by D. Williams, Petrcgrapher.

The project was carried out by T. Sangiuliano under the general supervision of
P, Payer, Senior Foundation Engineer. The report was written by T. Sangiuliano,
reviewed by P. Payer and approved by M. Devata, Chief Foundation Engineer.

Vlps

P. Payer, F. Eng. '
Senior Foundatation Engineer

Alvoin

'M.S. Devata, P. Eng.
Chief Foundation Engineer
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RECORD OF BOREHOLE No 1 20r2 -~ METRIC
w,P,' O - o B - LOCATION Co-ords: N 4 783 §30.4; E 258 154.8 ORIGINATED BY IS
DIST__ 4 HWY _403 BOREHOLE TYPE _HS Avqsr, BW Cosing, Woshboring, Rock Coring COMPILED BY....0
DATUM _Geodetic DATE 91 06 24 CHECKED BY.._ PP
SOIL PROFILE SAMPLES |5 | = | DPUWIC CONE PENETRATION o~ ‘
Bp| ¥ |FESsmece MOT R e aTY o !::’:,E REMARKS
8l |28 2| 2 & w o w 0T |3 &
ELEV Elig|w| 3| 85] 8 [SHEAR STRENGTH kPo Pt T F | orAN sizE
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. ElZ o | 80| & |oouck maxa  x aB Vaw 4
108l f Continued @ 2 G 1°720 40 60 80 100 | 10 20 30 |kN/mlor sa st cL
25 T 19| RC ;ﬁ‘; ' ' ROD = &3%
351.2] End of Borehole .
= (WL not estoblished
+3' x!' . Numbars refar o

20
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RECORD OF BOREHOLE No 2 1oFz  METRIC
W.P, . 65-67-05 LOCATION Co—orgs: N 4 783 686.8; F 258 142.0 ORIGINATED BY,TS
DIST. .4 HWY _403 BOREHOLE TYPE _H5 Auger, BW Cosing, Rock Coring COMPILED BY _T5
DATUM _Geodetic. DATE 91 96 26-27 CHECKED BY PP
SOIL PROFILE SAMPLES | 5 | U | Braq oot SENETRATION NATURAL "
ot - PLASTIC LIOUID
£z| 8 DiFe wosme U0 | T | REMARKS
5 al|x8| ” 20 40 60 80 00 | - OO T} ZE %
_‘ m — L L L
ELEV alblw i 3185 5 |SHEAR STRENGTH kPa P = | craiN size
BEPTH DESCRIPTION |2l 2|5 |38] & |ovwowmen  + mEw wae | » |pisTRIBUTION
£|2 L gu = ® QUICK TRIAXIAL x AB VANE ATER CONTENT (%) 1 (%)
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RECORD OF BOREHOLE No 2 20r2 METRIC
W.p, _85-67-05 LOGATION Co-ords: N 4 783 686.6; £ 258 142.0 ORIGINATED BY.TS.. .
DIST__4 HWY 403 BOREHOLE TYPE _HS Auger, BW Cosing, Rock Corin ' . COMPILED BY __1S
DATUM _Geodetic _ DATE 9106 26-27 CHECKED BY PP
SOIL PROFI SAMPLES | & | = | DrusC CONE PENETRATION
LE E"’ ¥ RESISTANCE PLOT > e NaTURAL ueu o | remarks
5 al=8| v | 2 o e o w |7 T L1 ZE &
o ]
ELEV CESCRIPTION 8w |3 |85] & [sHemr streNeTH WP M SRAIN size |
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RECORD OF BOREHOLE No 3 1 OF 1 METRIC
W.P, _55-67-05 LOCATION Co-ords: N ¢ 783 606.6; E 258 167.6 ORIGINATED BY_TS
DIST 4 HWY _403 BOREHOLE TYPE _HS Auger COMPILED BY _15
DATUM .Geodetic . DATE 91 06 26 CHECKED BY _BP
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RECORD OF BOREHOLE No 4 1or1  METRIC
W.p, _ 65-67-05 LOCATION Comords: N 4 783 714: F 958 145.2 ORIGINATED BY_IS...
DIST ... % HWY _403 BOREHOLE TYPE _HS5.Auger COMPILED BY ..IS
DATUM _Geodetic DATE 91,06 26 CHECKED BY, PP
- T Y Yl g
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RECORD OF BOREHOLE No 5 * 1or1  METRIC
W.P., _65-67-05 LOCATION Cowords: N 4 783 662.9; F 758 1585 ORIGINATED BY_BW
DIST hd HWY _403 BOREHOLE TYPE _HS Auqer, BW Coasing, Roek Coring, Cone Test COMPILED BY _.BW._
DATUM _Geodetic DATE 76 Q3 24-25 CHECKED BY_.. PP
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= o Lt g =
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ROCK CORE DESCRIPTION
WP _65-67-05

CORE RECOVERY

CORE DESCRIPTION

Pagetoft

*CR = CORE RECOVERY
*RQD = ROCK QUALITY DESIGNATION

|
i DEPTH » §| DEPTH :
BH# |RC# (m) CR* RQD* (m) DESCRIPTION
k] 18 28.19-29.72 | 95 77 1 28.19-31.24 DOLOSTONE with stylolites and abundant vugs containing calcite crystals, light ‘i
19 29.72-31.24 100 83 | grey to medium dark grey; fine to medium grained; medium strong; unweathered l

l to slightly weathered; fractures moderately close to very close spaced, flat to near
‘ vertical, undutating to planar, smooth to rough.

2 23 29.26-30.78 87 70 29.26-30.78 | DOLOSTONE with stylolites and abundant vugs containing caicste crystals, light

grey to medium dark grey; fine to medium grained; rmedium strong. unweathered 1
to stightly weathered; fractures moderately close to very close spaced, tlat to near ‘t
) E

1 vertical, undulating to planar, smooth to rough.
(NOTE: Depths are approximated where core recovery is less than 100%)

Logged by: DAW, Soils and Aggregates Section

681



190

FOUNDATION INVESTIGATION REPORT
For
Hwy. 403 & Sunnyridge Road Underpass
W.P. 65-67-07, Site 36-263
District 4, Burlington

INTRODUCTION

This report summarizes the results of a foundation investigation conducted at
the abovementioned site. It is proposed to construct a two span structure that
will carry Sunnyridge Road over the proposed Hwy. 403. The structure is a
component of the proposed Hwy. 403 roadway between Ancaster and Brantford.

SITE DESCRIPTION AND GEOLOGY

The site is situated at and adjacent to the existing Sunnyridge Road,
between Hwy. 2 south of the site and Jerseyville Road north of the site. The
site area is located in the Town of Ancaster within the Regional Municipality of
Hamilton-Wentworth.

The existing Sunnyridge Road that divides the site is a two lane paved roadway.
Adjoining grass-covered ditches provide surface-runoff drainage on either side
of the roadway. A ridge approximately 1 m in height exists adjacent to the
ditch on the west side of Sunnyridge Road.

The terrain at the site, apart from the abovementioned ridge, is generally
flat. Land use in the general site area is primarily agricultural farmland and
residential. Two neighbouring single storey residential homes are located east
of the existing Sunnyridge Road and agricultural farmland consisting of corn
crops exists west of the existing Sunnyridge Road.

Physiographically, the site is Tocated within the geological domain known as the
Haldimand clay plain. The Haldimand clay plain occupies the area lying between
the Niagara Escarpment and Lake Erie. The entire area was submerged in lLake
Warren, a glacial lake formed during the retreat of the Wisconsinan Glaciation
(approximately 12,000 years ago). Lacustrine clays and silts were deposited as
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the lake gradually receded due to the deposition of sediments during isostatic
land rebound.

Drainage of this belt is controlled by the Grand River which has cut a deep
valley. in the clay and silt. Consequently, there has been much dissection by
tributary drainage.

The-underlying,bedrock at the site consists of hard dolomites of the Paleozoic
era. At the site, the overburden has a thickness of approximately 42 m.

INVESTIGATION PROCEDURES

Soil and rock data and inherent properties were obtained by conducting both an
in situ field 1investigation and laboratory analyses. Details of the field
investigation and laboratory testing program are discussed below. '

Field Investigation

The field work for this project was carried out under two separate stages. The
initial stage, was implemented between 76 02 27 to 76 03 04 inclusive and
consisted of one sampled borehole (BH 2, formerly BH 8) advanced to a depth of
27.9 m and two dynamic cone penetration tests. One dynamic cone test was driven
from the ground surface to a depth of 15.2 m. A second cone test was driven at
the bottom of the sampled borehole and advanced to a depth of 42.4 m be1ow the
original ground surface (Elevation 180.9 m). This initial first stage provided
information to facilitate the planning and design of the proposed Hwy. 403 route
between the cities of Ancaster and Brantford (see W.P. 65-67-01)." '

The second stage of the field work was carried out between 91 06 17 to 91 06 21
inclusive and consisted of a total of six sampled boreholes reflecting the
greater extent of this subsequent field work. The scope of the second stage of
the field work was to provide detailed soils/rock data to facilitate the design
and construction of the proposed structure and related earthworks. Two (2)
boreholes were advanced at the proposed abutment structure foundation locations
and a total of four (4) boreholes were advanced at the proposed approach cuts on
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either side of the structure. The boreholes at the structure locations were
advanced to depths of 44.8 m (BH 1) and 43.4 m (BH 3) whilst the dynamic cone
penetration tests advanced at the structure foundation locations were driven to
depths ranging from 8.8 m to 9.4 m. Approach cut boreholes were advanced to
depths ranging from 11.1 m to 12.7 m.

The boreholes were advanced through overburden using track mounted boring units
employing conventional continuous flight hollow stem augering techniques and
also casing/washboring methods. The casing/washboring methods were applied td
‘facilitate penetration of the deeper boreholes (BH's 1 and 3). Conventional
rock coring techniques were used to retrieve upto 3 m of rock core at BH 1.

In general, subsoil samples at the proposed structure foundation locations were
retrieved at 0.7 m intervals for the surficial 4.6 m to 6.0 m, at 1.5 m
intervals beyond this surficial depth and up to a depth of 15.2 m to 18.3 m, and
at 3 m intervals thereafter. Subsoil samples were taken at 1.5 m intervals at
the approach locations.

Subsoil samples were generally retrieved in accordance with the Standard
Penetration Test (ASTM D1586) and hence were disturbed as a result of the
testing procedure, Relatively wundisturbed subsoil samples were randomly
retrieved 1in cohesive soils using a thin wall sampler 1in accordance with
procedures outlined in ASTM D 1587. A1l subsoil samples were identified in the
field and then properly sealed to preserve natural moisture contents in the
soil. Disturbed samples were placed in sealed plastic containers and thin wall
samples were capped and waxed. The samples were then transported to the
laboratory where additional visual classifications were carried out and
pertinent laboratory tests were conducted as described in the next section
below.

Rock core samples were also identified in the field and rock recoveries and Rock
Quality Designations (RQD) measured. The rock cores were then transported to
the Tlaboratory in conventional core boxes and detailed rock core logs were
produced by an in-house geologist.

In situ vane tests were also carried out to determine the undrained shear
strength of the weaker cohesive soils at the site. The test was carried out in
accordance with ASTM D 2573 using the standard MTO ‘N' vane. Remoulded shear
strengths were also obtained where applicable.
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Groundwater levels were obtained by monitoring the levels in the open boreholes
throughout the duration of the field investigation. All open boreholes were
backfilled at the completion of the fieldwork.

Survey information related to the location and elevation of boreholes was
provided by Central Region Surveys and Plans.

Laboratory Analyses

To determine the pertinent physical and strength properties of the soil, various
laboratory tests were conducted. These tests included:

1) Natural Moisture Contents
2) Atterberg Limits

3) Grain Size Analyses

4) Bulk Unit Weights

5) Unconfined Compression

6) Consolidated Undrained

Laboratory test results are shown on the borehole logs and corresponding figures
attached in the Appendix. These results have been summarized in the subsequent
section of this report entitled "Subsurface Conditions".

SUBSURFACE CONDITIONS
General

The subsurface conditions are generally uniform across the site. Underlying a
1.2 m thick sand with a trace of silt roadway base fill material Tocated beneath
the asphaltic Sunnyridge Road and present surficially elsewhere at the site
exists a stratum of cohesionless compact silt. This stratum has been oxidized
to a brown colour and has a thickness up to 1.5 m. This stratum is underlain by
a deposit of unoxidizéd grey clayey silt to silty clay that contains random
intermittent layers of plastic silt. The stiff to very stiff clayey silt with
compact silt layers has a thickness ranging from 12.9 m to 14.9 m. The
surficial native deposit is in turn underlain by a cohesionless silt stratum



that contains then interbeds of clayey silt. This stratum has a loose to
compact denseness and has a thickness ranging from 9.6 m to 12.2 m. A second
extensive deposit of cohesive clayey silt underlies the silt with thin interbeds
of clayey silt stratum. This deposit extends to the bedrock surface and has a
thickness of approximately 14.5 m. The bedrock surface exists at an elevation
of approximately 180.6 m to 180.9 m.

A plan of the site illustrating the locations and elevations of the boreholes is
shown on Dwg. No. 656707-A% A subsoil stratigraphical profile
illustrating the subsurface conditions at the site is also provided. The
boundaries between the various soil types, in situ and laboratory test results
as well as groundwater levels established at the time of investigation are shown
on the stratigraphical profile and also on the individual Record of Boreholes
sheets in the Appendix.

Sand, trace Silt, trace Gravel (Fill Material)

A cohesionless sand with traces of silt and gravel encountered at BH 3 indicates
- that the base of the existing Sunnyridge Road asphaltic roadway is composed of
this material. ~ The material is primarily brown in colour but also contains
black organic impurities. The base material is approximately 1.2 m in thickness
and has a lToose denseness.

Silt

The surficial native stratum across the site consists of a cohesionless silt
that has a thickness of up to 1.5 m. The deposit is primarily brown in colour
with mottled grey inclusions revealing varying degrees of oxidation. Traces of
organics are also present within this stratum.

A grain size distribution curve produced by mechanical sieve and hydrometer
analysis is shown in Figure 1 in the Appendix. The curve illustrates a
primarily silt percentage composition with minor traces of clay.

‘Standard Penetration Test ‘N' values ranging between 14 blows/0.3 m to 18
blows/0.3 m indicate that the silt has a compact state of denseness.

* DWG NO 2 OF THE CONTRACT DWG'S



Clayey Silt to Silty Clay with random layers of Silt

The silt S%ratum is underlain by a cohesive clayey silt deposit that also
contains random layers of plastic silt. The deposit has a thickness ranging
from 12.9 m to 14.9 m and is unoxidized and Hence grey in colour. The silt
layers are generally 25 mm to 100 mm in thickness.

A grain size distribution envelope produced by mechanical sieve and hydrometer

analysis is shown in Figure 2 in the Appendix. The envelope clearly illustrates.
" that the stratum is composed of grain sizes smaller than 75 micrometre.
- The grain size distribution envelope for this material 1illustrates large
percentages of silt, ranging from 35% to 74% and clay percentages ranging from
26% to 65%. In view of the fact that more than 50% of the material is finer
than 75 micrometre, the soil is categorized according to its behaviour in
accordance with the MTO Soil Classification Manual. Atterberg Limit Tests were
hence conducted to define the behaviour and plasticity of the soil as discussed
below. '

Atterberg Limit Tests were carried out on the fine grained soil and the results
are plotted on Figure 3 in the Appendix and summarized on Table 1 below.
Natural Moisture Contenté'and’the Bulk ‘Unit Weight of the soil have also been
included in the table. '

Table 1 - Atterberg Limit Test Results

Range # of Tests

Natural Moisture Content (w%) =~ 20-35 .14
Liquid Limit (w_%) 25-45 14
Plastic Limit wp%) 14-21 14
Plasticity Index (Ip%) 11-26 14
Bulk Unit Weight (kN/m3) 18.8-20.6 7

The test results cIear1y reveal that the soil has a plasticity ranging from a
low to intermediate and hence can be categorized as clayey silt to silty clay.
Natural moisture contents are generally within the plastic and liquid limits of
the s0il and hence the soil is in a plastic state. S$ilt layers present within
the deposit generally exhibited a slow dilatant reaction.



The consistency and strength of the soil was determined by conducting in situ
vane tests and consolidated undrained tests. The results of these tests have
been plotted on the individual Record of Borehole sheets. The undrained shear
strength of the soil determined by the in situ vane test revealed values ranging
from 60 kPa to in excess of 120 kPa. - However, generally speaking undrained
shear strengths exceed 120 kPa. Consequently, the soil can be categorized as
having a very stiff consistency. ' |

The 'N' values as determined by the Standard Penetration Test ranged from 7
blows/0.3 m to 23 blows/0.3 m confirming a stiff to very stiff soil consistency
with 100se to compact silt layers.

Silt with interbeds of Clayey Silt

A cohesionless silt of quick dilatancy interbedded with thin layers of cohesive
clayey silt exists below the clayey silt to silty clay with layers of silt and
extends to a depth of 27.4 m. The thickness of this stratum ranges from 9.6 m
to 12.2 m.

A grain size distribution envelope as determined by mechanical sieve and
hydrometer analysis is shown on Figure 4 in the Appendix. The envelope
illustrates primarily silt percentages with some clay. The silty soil does
however exhibit plasticity as illustrated by the results of Atterberg Limit
tests carried out on some representative samples of the material. These results
~are illustrated on Figure 5 in the Appendix and reveal that liquid limits
(w %) range between 20% and 24% and plasticity indices (Ip%) are generally
Tess than 5%. Natural moisture contents range between 26% and 28%, hence
exceeding the 1iquid limits of the soil.

The interbedded cohesive thin layers are of Jow plasticity as determined by
visual index property identification tests (dry strength, toughness, shine,
roiling, miscellaneous) and hence can be categorized as clayey silt. The

thickness of these layers are generally in the order of 25 mm.
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Some borehole sloughing was observed during the penetration and sampling within
this deposit. This soil cave-in can be attributed to unbalanced hydrostatic
~ head.

Many of the residentfa] homes in the site area are known to have water wells’
installed in this stratuh because the recharge permeability is faster than both
the overlying and underlying cohesive deposit. However, water recharge in this
silty material is not at a substantial ‘rate and most wells have to be
replenished by an external supply source.

Based on the interpretation of Standard Penetration Test 'N' values ranging from
8 blows/0.3 m to 17 blows/0.3 m determined in the deposit, this silty soil can
be categorized as havihg a loose to compact denseness. In general, however, 'N'
values exceed 10 blows/0.3 m and hence the soil has a‘compact denseness. The
interbedded c]ayey silt layers can be categorized as having a stiff consistency.

Clayey Silt with random seams of interbedded Silt

Underlying the cohesionless silt with interbeds of clayey silt stratum a second
cohesive deposit consisting of a clayey silt extending to the bedrock surface
exists. The surface of the deposit exists at an elevation ranging from 197.4 m
to 195.4 m'and the deposit has a thickness in the order of magnitude of 14.5 m
to 14.9 m. Traces of gravel were found in the deposit immediately overlyihé the
bedrock.

A grain size distribution envelope illustrating the gradation of the material of
this deposit is shown on Figure 6 in the Appendix. The envelope clearly
illustrates that the material is fine grained with grain sizes less that 75
micrometres. Typically, clay percentages range from 29% to 56% and silt
percentages range from 44% to 71%. |
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In accordance with the MTO Soil Classifications system, a deposit with
gradations of this nature is categorized by its behaviour and hence Atterberg
Limit Tests were conducted to evaluate the plasticity of the soil. The results
- of these tests are illustrated on Figure 7 and summarized in Table 2 below.
Natural Moisture Contents are also included in the Table below.

Table 2 - Clayey Siit

Range # of Tests

Natural Moisture Content (w%) 27-32 5
Liquid Limit (wi %) 26-34 5
Plastic Limit wp%) 14-18 5
Plasticity Index (Ip%) 12-16 5

The test results reveal that the soil has a low plasticity and hence can be
classified as a clayey silt. Natural moisture contents generally exceed the
Tiquid Timit of the soil.

The 'N' values as derived from the Standard Penetration Test reveal values
ranging from 9 blows/0.3 m to 29 blows/0.3 m. Based on these 'N' values the
consistency of the soil is estimated as stiff to very stiff.

Bedrock

The bedrock consisting of a "vuggy" dolomite of the Amabel Formation underlies
the clayey silt with random seams of interbedded silt deposit at an elevation of
approximately 180.6 m to 180.9 m. The bedrock was cored in BQ and BXL size up
to 2.9 m in depth at the proposed abutment structure foundation locations and
was inferred via a dynamic cone penetration test at BH 2 (formerly BH 8).

The dolomite bedrock is a chemical sedimentary rock that typically is composed
of magnesium carbonate compounds and is fine to medium grained. The rock is
unweathered that is featured by a porous "vug" texture. The rock is 1ight-grey
in colour and contains thin horizontal beds and very close to closely spaced
vertical fractures. Detailed descriptions of the bedrock are attached in the
Appendix in a report entitled "Description of Rock Core".
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An assessment of the quality and strength of the rock was carried out by
measuring core recoveries and Rock Quality Designations (RQD) in the field and
hardness testing in the laboratory. Recoveries were generally 100% and RQD's
ranged from 81% to 98% 'indicating that the rock is of good to excellent
quality. Rock strengths can be described as medium strong.

GROUNDWATER CONDITIONS

Observation of the groundwater level was carried out by measuring the water
levels in the open boreholes throughout the duration of the field
investigation. Groundwater levels determined at the time of investigation were
approximately 2 m below the ground surface (elevation 220.8 m to 221.4 m).

As previously discussed, water wells in the area have been installed to the siit
‘deposit generally at a depth of approximately 15 m. However, the recharge rate
of groundwater flow. in this material is insufficient to satisfy a continuous
water supply and hence the wells are periodically replenished with external
water sources. '

Groundwater levels in general, are subject to seasonal fluctpations and hence
can vary from the values given in this report.
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ROCK CORE DESCRIPTION
WP_65-67-07 |

Page fofi

CORE RECOVERY

CORE DESCRIPTION

DEPTH % % DEPTH _
(m) CR* | RQD* (m) DESCRIPTION
41.91-43.28 41.91-44.81 | DOLOSTONE with stylolites and abundant vugs containing calcite crystals, light
43.28-44.81 grey; tine to medium grained; medium strong; unweathered to slightly weathered;
fractures wide to very close spaced, flat to near vertical, undulating, smooth.
21 42.32-43.43 98 98 42.32-43.43 | DOLOSTONE with stylolites and abundant vugs containing calcite crystals, light

*CR = CORE RECOVERY :
*RQD = ROCK QUALITY DESIGNATION

grey; iine to medium grained; medium strong; unweathered to slightly weathered,
fractures wide spaced, flat, undulati

to planar, smooth.

(NOTE: Depths are approximated where core recovery is less than 100%)

Logged by: DAW, Soils and Aggregates Section
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