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FOUNDATION INVESTIGATION REPORT
for
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W.P. 369-89-07, Site #16-313/2 (SBL)
DISTRICT 9, EASTERN REGION

1.0 INTRODUCTION

This report presents the results of a foundation investigation carried out at the above
noted site in the Township of Edwardsburgh, Ontario. The investigation was carried out
in accordance with our proposals dated August 1 and October 15, 1990. Authorization
to carry out the work was provided by Mr. R.W. Bratty, P.Eng., of Giffels Associates
Limited on November 1, 1990.

This report contains factual information obtained from this investigation pertaining to the
subsurface conditions.



2.0 SITE DESCRIPTION AND GEOLOGY

The site is located along existing Highway 16 some 7.5 kilometres north of Spencerville,
Ontario. The proposed Jochems Road overpass is to be located approximately 50 m
south of the existing Jochems Road intersection. The topography in the vicinity of the
proposed intersection is generally undulating. The proposed intersection is low lying
relative to the surrounding area. The existing ground slopes upward from the intersection
at about 1% to 2% in the east and west directions. The existing Jochems Road is a two-
lane gravel road. Outside of the right-of-ways of existing Highway 16 and Jochems Road,
the site is generally treed. Deterioration of vegetation and surface water ponding were
observed at the southwest quadrant of the existing intersection.

The existing geotechnical/geological information suggests that the proposed site is within
a glacial till plain with sand and silt deposits in the low-lying areas. Bedrock underlying
the overburden consists of Ordovician limestone of the Oxford Formation bedded with
sandstone. Overburden thickness is in the order of 10 m to 15 m.



3.0 PROCEDURE

3.1 Field Investigation

Prior to the onset of the drilling investigation, the necessary utility clearances were
obtained by our site personnel.

The field work for this investigation was carried out between November 15 and 20, 1990.
A total of eight (8) boreholes, (numbered 90-1 to 90-8) were put down at the site.
Boreholes 90-1, 90-2, 90-7 and 90-8 were put down at the approach fill locations.
Boreholes 90-3 to 90-6 inclusive were put down at the proposed abutment locations. The
test locations and the proposed structure locations are indicated on Drawing No.
3698904-A provided in Appendix 2.

All boreholes were put down using a track-mounted power auger drill suitably equipped
for soil and bedrock sampling. Due to the high cobble and boulder content of the
overburden, hollow stem augers, solid stem augers, B-sized casing and rock coring

techniques were employed during the course of the investigation to advance the
boreholes.

The boreholes were put down to depths ranging from 2.9 m to 17.6 m. Boreholes 90-
3 and 90-6 were terminated after coring in BWL-size 2.6 m and 2.9 m into bedrock. The
remaining boreholes (Boreholes 90-1, 90-2, 90-4, 90-5, 90-7 and 90-8) were terminated
at depths ranging from 2.9 m to 11.4 m upon solid stem auger refusal.

The overburden soils encountered were sampled by means of a split tube sampler during
the performance of Standard Penetration Tests (SPT) (ASTM D1586). Sampling was
intended to be conducted on a near continuous basis (intervals of 0.76 m). Due to the
high cobble and boulder content in the overburden below depths ranging from 2 m to 8
m, the SPT conducted yielded limited penetration of typically less than 75 mm. Sampling
below these depths was therefore restricted.



All soil samples recovered were stored in moisture-proof bags and were returned to our
Ottawa laboratory for detailed classification and testing.

Standpipe piezometers 19 mm in diameter were installed in all boreholes between depths
of 2.9 m and 17.4 m, as shown on the Record of Boreholes in Appendix 1. The
standpipes in Boreholes 90-3 and 90-6 were backfilled with sand and sealed within the
bedrock. Soil cuttings were then used to backfill these two boreholes from the seal to
the ground surface. All remaining boreholes were backfilled to ground surface with soil
cuttings and mounded at the ground surface to prevent water infiltration.

3.2 Survey

The borehole locations and ground surface elevations were surveyed by Giffels Associates
Limited personnel after completion of the field work. The elevations are referenced to
Geodetic datum. The borehole coordinates and elevation data is summarized on
Drawing 3698904-A in Appendix 2.

3.3 Laboratory Testing

To identify the behaviour and properties of the soil samples collected during the field
investigation, the following laboratory tests were carried out:

- Detailed visual classification,

- Natural moisture content,

- Sieve and hydrometer analyses,

- Atterberg Limits determination.

Samples remaining after testing will be stored in our laboratory for a period of six

months after issuance of the final report. They will then be discarded unless we are
directed otherwise.



4.0 RESULTS OF THE INVESTIGATION

4.1 Surface Conditions

The subsurface conditions observed in the boreholes are presented in detail on the
Record of Boreholes provided in Appendix 1. An Explanation of Terms Used in Report
is also provided in Appendix 1. The laboratory test results are summarized in the Record
of the Boreholes and also on Figures 1 to 4 in Appendix 1.

The ground surface elevations at the borehole locations varied from El. 100.0 m to 101.5
m Geodetic at the time of the investigation. The soil profile consists of a surficial
topsoil/rootmat, overlying silty sand fill, or sand / silty sand and gravel, overlying a
heterogeneous mixture clay, silt, sand, gravel and boulders (glacial till), underlain by
limestone bedrock. The bedrock surface was encountered between about EL 86.6 m to
88.4 m. The groundwater table was observed between El. 99.9 m to 101.3 m.

A brief discussion of the observed subsurface conditions is provided below. Specific
details of the subsurface materials should be obtained from the Record of Boreholes.

4.1.1 Topsoil/Rootmat

A surficial layer of topsoil was encountered from the ground surface in all boreholes.
The thickness of the topsoil/rootmat layer ranges from 100 mm to 250 mm.

4.1.2 Silt Sand (Fill)

Silty sand, trace gravel (fill) was encountered underlying the topsoil in Boreholes 90-5
and 90-6. This thickness of the fill is 0.5 m. The fill has a denseness of loose. The fill
is believed to have been placed during the construction of the existing Highway 16.



4.1.3 Sand

Sand, trace silt was encountered underlying the topsoil in Boreholes 90-1 to 90-4
inclusive. The thickness of the sand layer ranges from 0.5 m to 2.0 m.

The SPT conducted in the sand layer yielded N values ranging from 4 to 13, indicating
a denseness of loose to compact. The grain size distribution obtained from laboratory
sieve analysis of a representative sand sample indicated 95% sand and 5% silt and clay
sizes (Figure 1 in Appendix 1).

Based on visual identification and laboratory test, the sand is classified as a cohesionless
material.

4.1.4 Silty Sand and Gravel

Silty sand and gravel was encountered underlying the topsoil in Boreholes 90-7 and 90-8.
The thickness of the silty sand and gravel ranges from 0.6 m to 1.2 m.

The silty sand and gravel has a denseness of loose to compact (N values of 2 and 32).
A grain size distribution analysis carried out on a representative sample of the silty sand
and gravel indicated 28% gravel, 39% sand and 33 % silt and clay sizes (Figure 2 in
Appendix 1).

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

A heterogeneous mixture of clay, silt, sand, gravel and boulders (glacial till) was
encountered underlying the above noted materials. The glacial till can be generally
described as silt with some clay, sand, gravel and boulders. The top of the till stratum
was encountered between El. 98.0 m and 100.8 m (depths of 0.7 m to 2.2 m). The till
generally consists of a finer upper layer underlain by a coarser layer which contains more
cobbles and /or boulders. The transition was encountered between about El. 92 m and
El 98 m, or depths of about 2 m to 8 m.



The SPT conducted within the upper till stratum yielded N values ranging from 7 to over
80, indicating a denseness of loose to very dense, and typically in the compact to dense
range. The majority of the SPT conducted in the lower coarser till layer met refusal on
cobbles and/or boulders before the required penetration of 450 mm was achieved. The
N values obtained are typically over 50 (though most are influenced by the presence of
cobbles and boulders), indicating a denseness of very dense.

The results of the laboratory tests on the glacial till are provided on the Record of
Boreholes and on Figures 3 and 4 in Appendix 1, and are summarized below:

I Property Range # Tests Average
Unit Weight (kN/m?) 21-24 9 23
Moisture Content (%) 5-22 32 11
% Gravel 0-7 6 3
% Sand 3-41 6 18
% Silt 28 - 69 5 55
% Clay 18 - 28 5 24
Plastic Limit (%) 14 - 28 5 20
Liquid Limit (%) 12 - 22 5 16
Plasticity Index (%) 1-6 5 3

The above grain-size distributions represent the minus 38 mm fraction of the glacial till.
Cobbles and boulders are also present in this material. Based on the above tests and
visual identification, this till can be classified as a cohesionless material.



4.1.5 Bedrock

Underlying the glacial till, bedrock was encountered and proven by coring in BWL size
in Boreholes 90-3 and 90-6. The bedrock surface was encountered at El. 88.4 m and El
86.6 m (depths of 11.7 m and 14.7 m) in Boreholes 90-3 and 90-6, respectively. The
bedrock is a grey, unweathered limestone with close to moderately spaced horizontal
fractures. The bedrock is of poor to good quality (RQD ranging from 36% to 93%).
Core recoveries ranged between 93% to 100%.

In boreholes where coring was not conducted (Boreholes 90-1, 90-2, 90-4, 90-5, 90-7 and
90-8), solid stem auger refusal was encountered between El. 88.8 m and EL 97.7 m
(depths of 2.9 m to 11.4 m). At borehole locations where bedrock coring was not carried
out, it could not be determined whether auger refusal was encountered in glacial till or
on bedrock.

4.2 Groundwater

Groundwater levels were recorded during drilling and in the standpipe piezometers after
drilling. Groundwater levels were recorded between El 99.9 m and 101.3 m (depths of
0.0 m to 1.0 m). Groundwater levels are subjected to seasonal fluctuations and can vary
from the values given in this report.



5.0 DISCUSSION AND RECOMMENDATIONS

5.1 Proposed Development

The site is located at approximately 50 m south of the existing intersection of Highway
16 and Jochems Road in the Township of Edwardsburgh, Ontario (refer to the Key Plan
provided on Drawing No. 3698904-A in Appendix 2).

The proposed bridge structures are part of the Highway 416 development from Highway
401 to Highway 43. The Jochems Road structures are to consist of the following
components:

- Two (2) 37-metre single span fly-over structures spanning over Highway 416
southbound lane (SBL) and northbound lane (NBL).

- The structures will be supported by four (4) abutments with associated approach
fills and median fills.

- Fill heights at abutment locations are to range from approximately 9 m to 11 m.

5.2 Geotechnical Assessment

Abutments may be founded on spread footings perched within compacted Granular 'A*
fill. Structure foundations may also consist of conventional spread footings placed below
frost depth on undisturbed glacial till.

The use of perched abutments appears to be the more viable alternative at this site due
to the relatively high groundwater level, and the added excavation and concrete
placement required for spread footings placed on glacial till.

&



The approach and median fills of up to about 11 m in height may be constructed using
side slopes of 2 horizontal to 1 vertical for granular borrow, or side slopes of 2.5
horizontal to 1 vertical for fine-grained borrow. No embankment stability and settlement
problems are anticipated.

This report contains our detailed recommendations in the following areas:

1) Structure Foundations

2) Abutment Backfill

3) Approach / Median Fills
4) Construction Considerations

5.3 Structure Foundations

5.3.1 Perched Abutments

The abutments may be founded on spread footings perched within compacted Granular
'A' fills. Silty sand fill was encountered underlying the topsoil in Boreholes 90-5 and
90-6. To ensure uniform density under the perched abutment, and that the required
degree of compaction is achieved, the existing fill should be removed and replaced with
compacted Granular ' A" fill. Prior to the placement of the granular fill, the following
is recommended:

- Remove all surficial organic/loosened materials and existing fill within the plan
limits of the granular core.

- Proof roll the exposed surface. Soft areas revealed under proof rolling should be
excavated.

- Construct granular pads using OPSS Granular 'A' material, and in accordance

with details shown on Figure 5 in Appendix 1. The Granular 'A' should be
compacted in accordance with OPSS 501.

10



Spread footings placed on granular pads constructed as recommended above may be
designed based on the following bearing pressures:

SBL Structure

Underside
Footing Abutment Footing Factored Bearing Bearing Capacity
Location Elev. (m) * Capacity at U.L.S. at S.L.S. Type I
West Abut. 103.5 850 kPa 325 kPa
East Abut. 104.0 850 kPa 325 kPa

* Elevations supplied by Giffels Associates Limited

NBL Structure

Underside
Footing Abutment Footing Factored Bearing Bearing Capacity
Location Elev. (m)* Capacity at U.L.S. at S.L.S. Type II
West Abut. 104.0 850 kPa 325 kPa
East Abut. 104.0 850 kPa 325 kPa

* Elevations supplied by Giffels Associates Limited

The above bearing pressures have been calculated based on a footing width (B) of 4 m.
The S.L.S. Type II bearing pressure has been calculated assuming that a total settlement
of 25 mm is satisfactory. If a total settlement of up to 30 mm is considered satisfactory,
the Bearing Capacity at S.L.S. Type II can be increased to 350 kPa.

A minimum earth cover of 1.8 m over the footings should be provided for frost protection
purposes and has been assumed in the calculations.

Sliding resistance between the concrete footing and the Granular 'A' should be
calculated in accordance with Section 6-7.3.3.2 of the O.H.B.D.C. using a factored
friction coefficient of 0.56. This coefficient is obtained assuming an unfactored angle of
friction of 35 degrees. Sliding resistance can be supplemented if necessary by
constructing shear keys at the base of the footing.

11



5.3.2 Spread Footings

As an alternative to the perched abutments, the structures can be supported on
conventional spread footings founded on the undisturbed glacial till. All footings must
have a minimum earth cover of 1.8 m for frost protection. Spread footings placed on the
glacial till may be designed based on the following bearing pressures:

SBL Structure

Footing Foundation Factored Bearing Bearing Capacity
Location Elev. (m) Capacity at U.L.S, at S.L.S. Type II
West Abut. 97.5 and below 900 kPa 450 kPa
East Abut. 97.5 and below 900 kPa 450 kPa

NBL Structure

Footing Foundation Factored Bearing Bearing Capacity
Location Elev. (m) Capacity at U.L.S. at S.L.S. Type II
West Abut.  98.5 to 97.5 725 kPa 350 kPa
East Abut.  99.5 to 98.5 725 kPa 350 kPa

The above bearing pressures have been calculated based on a footing width of 4 m. The

S.L.S. Type II bearing pressure has been calculated based on 25 mm of allowable
settlement.

Sliding resistance between the concrete and the foundation soil can be calculated using

a factored friction coefficient of 0.41, assuming an unfactored angle of friction of 27
degrees.

To protect the cohesionless glacial till from being disturbed due to weather and
construction activities, it is recommended that a working slab of lean concrete be placed
on the bearing surfaces within six (6) hours after footing excavation.

12



To facilitate construction of the footings, a dewatering scheme will be required to lower
the water level below the excavation (bearing) level. Refer to Section 5.6 for details.

5.4 Abutment Backfill

The abutments should be backfilled with free draining material such as OPSS Granular
'A" or Granular 'B* Type I or Type II, to prevent hydrostatic pressure build-up.

Computation of earth pressures should be in accordance with Section 6-6.1.2.1 of the
O.H.B.D.C. For abutments that are designed to allow rotation, active earth pressure may
be used for design. For rigidly tied structures, the at-rest earth pressure should be used
for design, unless the stem can deflect enough (approximately 0.05 percent of the wall
height) to establish the active pressure. For a horizontal backfill the following soil
parameters are recommended for design:

Granular 'A" Granular *'B* Type I

Bulk unit weight, y (kN/m?) 22.0 212
Effective friction angle, ¢' 35° 30°
At Ultimate Limit States
Coefficient of active earth pressure (K,) 0.34 0.41
Coefficient of earth pressure at rest (K,) 0.51 0.58

At Serviceability Limit States
Coefficient of active earth pressure (K,) 0.27 0.33
Coefficient of earth pressure at rest (K,) 043 - 0.50

Compaction of the granular backfill near the walls should be carried out using hand-
operated equipment to prevent overstressing the abutment walls.

13
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5.5 Approach / Median Fills

Fill placement of up to 11 metres is proposed for the approach and median fills within
the investigated area. Side slopes of 2 horizontal to 1 vertical would be appropriate for
fills constructed of granular borrow or select subgrade materials. If fine-grained borrow
materials are to be used, side slopes of 2.5 horizontal to 1 vertical would be appropriate.

All organic, fill and deleterious materials should be stripped and removed prior to fill
placement within the entire fill area. Based on the boreholes (Boreholes 90-1, 90-2, 90-7
and 90-8), the anticipated depth of stripping varies from 100 mm to 500 mm.

The exposed surface should be proof rolled and soft areas removed prior to fill
placement. The fills should be placed and compacted in accordance with OPSS 212 and
501.

Settlement of the embankment and the underlying soil are not expected to exceed 25 mm
and will be largely complete after construction. It is recommended to place the fill early
in the construction stage, and to delay the paving, to allow any time dependent portions
of these settlements to take place.

To protect against surficial instability, normal slope vegetation should be established in
accordance with MTO standards as soon as possible after construction.

14



5.6 Construction Considerations

5.6.1 Dewatering

For the perched abutment system, only minor dewatering will be required during existing
fill removal. However, excavations for spread footings at this site are expected to be
below the groundwater table. Due to their cohesionless nature, both the fill, sand and
the glacial till will likely become unstable under saturated or seepage conditions. A
dewatering scheme is therefore required if spread footings placed on glacial till are used.

Dewatering may be achieved by utilizing perimeter ditches within a gravity system in
conjunction with a sump pump discharge system to drain accumulated water.
Alternatively, a well point system installed outside of the excavation may be used to
drawdown the water table. It is recommended that well points be installed concentrically
in cased holes, and surrounded by a well screen and a properly graded free draining soil
filter.

Other dewatering alternatives can also be considered. The more economical and
practically feasible dewatering alternative should be selected. It is the responsibility of
the contractor to lower the groundwater below the excavation base, and to construct the
footings in the dry without disturbing the underlying foundation soils.

5.6.2 Temporary Excavations

In view of the high groundwater table present at the time of the investigation, and the
cohesionless nature of the surficial native soil, temporary excavations up to 3 m high
should be undertaken using slopes no steeper than 1 horizontal to 1 vertical. Under

heavy seepage conditions, flatter side slopes may be required or alternatively a shoring
system may be utilized.

15



5.7 Groundwater Chemistry

Three (3) groundwater samples were submitted to Areco Canada Inc. in Ottawa for pH,
sulphate and chloride testing. The test results are summarized below:

Borehole pH Sulphate (ppm) Chloride (ppm)

The above test results indicate that the potential degree of sulphate attack is negligible.
However the high chloride ion concentrations and high pH values of above 9.0 indicate
positive degree of potential attack on exposed steel.

Based on the above, we recommend that epoxy coated reinforcing steel be used.

16



6.0 MISCELLANEOUS

The field work for this investigation was carried out under the supervision of M. Corbett,
Engineer In Training, utilizing equipment owned and operated by Marathon Drilling Co.
Ltd.

The project was carried out under the general supervision of G. Kack, Project Manager.
The report was written by both undersigned.

Respectfully submitted,

JACQUES, WHITFORD LIMITED

Clb

Charles C.K. Kwok, M.Sc., P.Eng.
Project Engineer

W

Gordon J. Kack, M.E.Sc., P.Eng.
Project Manager
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DIST 9 HWY 416 BOREHOLE TYPE _Hollow Stem Auger, Solid Stem Auger COMPILED BY _C.K.K,
DATUM Geodetic DATE __November 20, 1990 CHECKED BY _G.J.K.
@ w ODYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES W I |RESISTANCE PLOT pastic NATURAL o 'i
a2z O LT MOISTURE LMt :O REMARKS
= w | 2O @ 20 40 60 80 100 CONTENT z=
O« 2 =l 2 P e W Wp w w | 5 &
ELEV RipT Flal 2| 2(%a| & [sHEAR STRENGTH kPo e 2 | crain sizE
DEPTH DESCRIPTION - R 8(2) % |o unconrined + FIELD VANE |\ oo TENT (% y [DISTRIBUTION
§ z 5 | &Y T | quick TRIAXIAL  x LAB VANE WATER CONTENT (%) (%)
100, 21 Cround Surlace w‘v i y| kN/m3 JOR SA St CL
99,9 Topsoil (250 mm) ~ = |Nov. 24,199
b S8 4
Sand, trace silt
Loose
2188 6 99
_Brown |
Grey |
c L3 1 8s 12
98.0{ Compact . 98
2.2[Het. Mixture of Silt, [P}
Clay, Sand, Gravel and ::A: 4 188 |19 N<tivc'e 22.0
Boulders |;|'| Backfil
L 97
(Glacial Till) :':,,: 5 {ss 118
z Tt
Q Compact to Very Dense :‘:.'
= AN
3 ksl ss 120 9%
9 Grey :‘H
o 141
> Lz lss |31
w I,“l
- - Hollow stem auger :‘:'| 95
(o) refusal at E1. 94.9m IEN
» e
Z 'Al.l
I
o ti.\e_| ss [50/ Jlgem 94
= (BN
[- 4 .
@] (RN
a It ld
& L o 93
w 'l 2
v 11 |
prag 11a{\9] 88 150/ f13ca]
« e Fl 92
o i) B
[ K1,
I :‘| Il Pilezomefer
) [
RN 8 91
[ [
INBI 1
|‘: I ]
90.0 :'p: £

10.4 {End of Borehole
(Solid stem auger
refusal)

20
+3, x5 Numbers refer to 5 4 5 (o) STRAIN AT FAILURE
Sensitivity 10




OFFICE REPORT ON SOIL EXPLORATION

Ministry
@ g
Transportation

Ontario

w P 369-89-04 & Q7

LOCATION

RECORD OF BOREHOLE No 90-2

Co-ords; N & 974 1403

E_377 752

METRIC

ORIGINATED BY _M.C.

x> : Numbers refer to
Sensitivity

15 -5 (%) STRAIN AT FAILURE
10

DIST 9 HWY 416 BOREHOLE TYPE _Hollow Stem Auger, Solid Stem Auger COMPILED BY _C.K.K._
DATUM Geodetic DATE _November 20, 1990 CHECKED BY _G.J.K.
o w DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES W 2 |RESISTANCE pLOT oastic NATURAL =
2 g MOISTURE =0 REMARKS
g LMt CONTENT LiMIT
= w20 | © 20 40 60 80 100 zZ5 &
9 o i - z L L L L. Wp W W, D;
ELEV la| % | 2128 § |SHEAR STRENGTH kPo —_— GRAIN SIZE
DEPTH DESCRIPTION ~[E] | ¢ 8% 2 |o unconrineo + FIED VANE |\ oo conTent ()] Y DISTRIBUTION
gz 5 | &Y | & |eQuck TRIAXIAL  x LAB VANE . (%)
1100, 2 Cround Syrface i i w ik N/m3 [GR SA S| CL
100.0 [Topsoil (200 mm) ¥ Nov.22|, 199 o
0.2 [Sand, trace silt L SS =
Loose
L ss | 5 99
Brewn. | -
Grey ss A 0 95 (5)
98.0 8
2.2 Het. Mixture of Silt, . 9 ho 0
Clay, Sand, Gravel and|!" SS 2 369 28
Boulders .
(Glacial Till) ss 19 97 P
Native
Loose to Very Dense Balckfilll o
SS 31 96
Grey
S8 92 f
95
ss 61 o 23.0
- Hollow stem auger 94
refusal at El., 94.1m
93
S8 150/, 1
H] 92
g 91
SS [ 904 pemb] |
:.Plazometar
90
5
8 j 89
1t.4 [End of Borehole
(Solid stem auger
refusal)
20




OFFICE REPORT ON SOIL EXPLORATION

Ministry
@ ’
Transportation

Ontario
RECORD OF BOREHOLE No 90-3 METRIC
wPp_369-89-04 & 07 LOCATION _Co-ords: N 4 974 169; E 377 767 ORIGINATED BY _M.C.
pDIsT __9 HWY 416 BOREHOLE TYPE Hollow Stem Auger, BW Casing, Rock Coring COMPILED BY C.K.K.
DATUM Geodetic DATE November 16, 1990 CHECKED BY G.J.K.
@ w DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES @ 3 |resistance plor piastic NATURAL ’J':
2 MOISTURE [ REMARKS
g L LmIT CONTENT LIMIT O
- w | 20 n 20 40 60 80 100 z= 3
9 o« w - z L L I I L Wp w W, Dg
ELEV Ela| w| 2|28 & |SHEAR STRENGTH kPa —_—— GRAIN SIZE
DEPTH DESCRIPTION — g > | g 8% 2 | © UNCONFINED + FIELD VANE WATER CONTENT (%) y DISTRI?UTION
é 4 5 [&© é ® QUICK TRIAXIAL X LAB VANE ° (%]
100. 1] Ground Surface v g vy w kN/m3 |GR SA Si ClL
100.0] Topso1l (125 mm) A = Nov. 22—+946
0.1] Sand, trace silt 1]8s |
Loose to Compact Brown| ,
l2tss i3 99
98 4 T
1.7] Het. Mixture of $ilt, Ml 3 1ss |15 ra 5.25 5218
Clay, Sand, Gravel and :‘:‘I 98
Boulders "|.: [}
1 fetss | 8 23.7
(Glacial Till) (BN
el 97 >
Compact to Very Dense :‘:I 5185 |6] Naftive
1'tay Backfill
Grey ';IJ 96 PN
:H 6|55 |89
::I‘I
i1
:‘l_l 71ss | 66 o 3 19 (18)
|'l‘| 95
1-1\[B |58 1507 [sem °
'a
[
Lt ! 94
:.I‘: 9 [S5_BO7 _8eq 3
I
14
|.|‘l
-l 93
14 1
1y [
11 INIQ] S8 307481
Il 92
14 !
b
f IA:
fe
I 1
:‘L:'\]] 55 [50748cd K °
.
: 1!
!
|‘I.: 90
1ol
114
LI
R 89
88.4 |.l.|
11.7 | Bedrock Seal
88
i .
S;:jiig:j’ bedded with 15 |BWL |REC and RQD = 92%
) RC {100% agkfill
Poor to Excellent 87 ¢
Grey 13 BWL |REC i¢zometpr RQD = 36%
RC | 93%
85.8 16 P8E 93y 86 RQD = 50%
14.3 | End of Borehole

+3. x5 . Numbers refer to
y :
Sensitivity

20
15 -5 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOl EXPLORATION

Ministry
@ °
Transportation

Ontario

W P __369-89-04 & 07

RECORD OF BOREHOLE No 90-4

LOCATION _Co-ords: N & 974 191; E 377 797

METRIC

ORIGINATED 8Y M.C,

DIST 9 HWY 416 BOREHOLE TYPE _Hollow Stem Auger, Solid Stem Auger COMPILED BY _C.K.K.
DATUM Geodetic November 6, 1990 CHECKED BY __G.J.K,
w OYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & | & | EONE NaTURAL b
<2 § e VRl vmel =3 | remancs
o @ 20 40 60 80 100 CONTENT z=
@ m ;: z L L 1 L 1 Wp W 3; &
ELEV a| ¥ | 2|28 | G |[SHEAR STRENGTH kPa U — GRAIN SiZE
DEPTH DESCRIPTION 31 2| $ |38 T |ounconmnen  + riEw vane WATER CONTENT (%] DISTRIBUTION
z 5 [ &Y & | quick TriaxIAL  x LAB vANE ¢ (%)
100 .0 Lrouad Surface - y| W GR SA SI CL
99.8 Jlopsoil (150 mm) A F Nov.27, 1990
0.2 Sand, trace silt . 1 1 85 | 5
99.3 [Loose Brown
0.7 | Het. Mixture of Silt, o
Clay, Sand, Gravel and ss |12 99
Boulders Najtive
Balckfill °
(Glacial Till) SS 120 98
Compact to Very Dense ss |42 [}
GCrey H 97
SS |51 B °
] 96
ss |53 ] v
F Hollow stem auger ::Plezomet@r
refusal at El. 95.6m 4
2 95
94.2 g

5.8 End of Borehole
Solid stem auger
refusal)

x5 . Numbers refer to
Sensitivity

20
15 0-5 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

Ministry
GE

Transportation
Ontaro

RECORD OF BOREHOLE No 90-5 METRIC
WP 369-89-04 & 07 LOCATION _Co-ordss 4 974 214; FE 377 828 ORIGINATED BY _M.C.
DIST 9 HWY 416 BOREHOQLE TYPE _Hollow Stem Auger, Solid Stem Auger COMPILED BY _C.K.K.
DATUM Geodetic DATE November 15, 1990 CHECKED BY _G.J.K,
SOIL PROFILE SAMPLES | & A S ONE PENETRATION NATURAL =
=2 & T t PLASTIC morsrope LGuo | — T REMARKS
g O Limir CONTENT LiMIT =0
= w | 20 v 20 40 60 80 100 2= &
9 o w e z 1 1 1 Il 1 Wp w WI. 3;
ELEV Sla| w| 2|28 | & |SHEAR STRENGTH kPo PR NS— GRAIN SIZE
DEPTH DESCRIPTION 1310 8(23 S [ © UNCONFINED + FIELD VANE) oo content ()| 7 DISTRI?UTION
é b4 5 | g9 & [ auick TRIAXIAL  x 1AB vANE ° (%)
00,3 Cround Surface e i w GR 5A 51 ClL
100, | JFopsoil (200 mm) o . ¥ Nov.2, 1990
0.2 lSilty Sand, trace grave | | 85| 3 =
99.6 (Fll{) Loose rown| N/ Native
0.7 |Het. Mixture of Silt, 'ﬂﬂ HBacktill °
Clay, Sand, Gravel and :.l‘: 218812 1
Boulders |4~| [ 99
(Glacial Till) :JH [1Pizometler
Compact Greyl,ll 3| ss |32 r] b+— 7 41 28 24
ol ! H 98
- Hollow stem auger 1t 2
97.4 refusal at El. 98.0m :{j 5

2.9 End of Borehole
Solid stem auger
refusal)

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



Ministry
@:
Transportation
Ontario
RECORD OF BOREHOLE No 90-6 METRIC
I WP _ 369-89-04 & 07 LOCATION _Co-ords: N 4 974 236; E 377 858 ORIGINATED BY _M.C. _
DIST 9 HWY 416 BOREHOLE TYPE _Hollow Stem Auger, BW Casing, Rock Coring COMPILED BY _C.K.K,
DATUM Geodetic DATE _ November 17, 19, 1990 CHECKED BY _G.J.K.
. SOIL PROFILE SAMPLES | & w Jornamic CoNE PENETRATION NatRaL —
i) | RESISTANCE PLO PLASTIC  moisture ttquio | — I REMARKS
aZ [V} UMIT  conTenT LT | = O
= w | 20| © 20 40 60 80 100 zZ5 &
Ofe g1z 2 A wp w o w|5¢
ELEV Elaf w| 2128 & [SHEAR STRENGTH kPo —_———— GRAIN SIZE
' e DESCRIPTION SEIE ] 2|82 5 [ounconrne o+ rieio vane warer content (| 7 [PSTRIEUTION
§ z L & & e quick TRAXIAL  x LAB VANE ° (%)
0.3 [Ground Surlace 4 - \ 4 w kN/m3 |GR SA §1 CL
101, ] [Topsoil (225 o) TiNov.2d, 19%0 o
0.2 BilLy Sand, trace grave ! H] 2
(Fill) '
100.6 Loose Brown/[ry+]
0.7 Het. Mixture of silt, [, [ g5, 0— 0 96922
Clay, Sand, Gravel and i 100
Boulders el
K , 1 [+]
(Glacial Till) I':‘: 3188470
Compact to Very Dense :IH 99
: |‘=.} 4 | 85 |44 o 23.0
I
l,:‘l
R
w5 | ss a3 %8
z _Brownfh,|
o Grey 1!
= Ie [¢] 23.7
5 bilfe | ss |30 97
o |'|.|
Q ::A' Native
= Mil 7 | ss {28 Bafkfill
w :AI |
el 96
= 1 Ig1
o 1le | ss 11
v thl
z i
B
5 h.: 9 | ss |29 »
L
= :‘M
o] 11
& telo | ss {33
' &J : :AI 9%
1l
" .
S b | ss |se °
g  Hollow stem auger '.:Al
[N 93
o refusal at E1. 92.9m Ll
»
1
' 1 R2 {85 [50734m
e 92
N
!
o'
11
Ul 91
|A| |
[
!
s lss hie °
18l 90
'.l.|
I : "
il
1al !
|Al.l 89 o
:':AI 14| 8§ 65
oy
!
..,'} 15| BWL/REC 88
:':'I RC [5cm
:tl |
-l 87
86.6 Hl T6 [ 55 50/ 3 Fkm
14.7 | Bedrock Seal
Limestone, bedded with 17 B[:g‘ gf; E 86 RQD = 85%
sandstone [-
[ISapd
Good to Excellent [HBagkfill
o 85
G WL H . =
rey 18 ic gg; [ffiezometpr RQD = 932
l 3.7 - 84
17.6 |[End of Borehole
3 5. Numbers refer + 20
+3, x5 Numbers © 1535 {%)STRAIN AT FAILURE
l Sensitivity 10



OFFICE REPORT ON SOIL EXPLORATION

mstry

M
@ s
Transportation

Ontario
RECORD OF BOREHOLE No 90-7 METRIC
w P 369-89-04 & 07 LOCATION _Co-ords: N 4 974 272: E 377 881 ORIGINATED BY _M.C., _
DIST 9 HWY 416 BOREHOLE TYPE _Hollow Stem Auger, Solid Stem Auger COMPILED BY _C.K.K,.
DATUM Geodetic DATE November 19, 1990 CHECKED BY _G.J.K.
SOIL PROFILE SAMPLES @ w DYNAMIC CONE PENETRATION -
»u-J‘Q | RESISTANCE PLOT 2 [mastc Merorsie vaup | o~ T REMARKS
<(O g LimiT CONTENT LlMiT =0
= w | 39 20 40 60 80 100 z= A
Olx w = z L L L L I Wp w W, D;
ELEV RIPT Ela| w2298 | & |SHEAR STRENGTH kPo RPN GRAIN SIZE
DEPTH DESCRIPTION 15| 2 $138 | & [ounconmned  + FIELD vane WATER CONTENT ()] 7 DISTRIBUTION
g1z 5 | &Y | @ |eouick TRIAXIAL X 1AB VANE . (%)
101.3 [Ground Surface i i w kN/p3 |GR SA SI Ci
107. 1 [Topso1l (200 mm) [ ¥ {Nov.23, 1990
0.2 [Silty Sand and Gravel .1 SS ] T
Compact Brown|?|"[°
S 2 | ss |32 o 28 38 (33)
99.9 .. Lo 100
1.4 |Het. Mixture of Silt, H: Native.: L ! 14 57 28
Clay, Sand, Gravel and |.:A. 3 SS | 15 Backfill °
Bould 1,18
ou ers I:: 99 5
1y
Glacial Till) 110t 4 155 163
N
17
Compact to Very Dense ||| 5 SS {82 ] 98 a
M ]
Grey it B
| [ 23.8
rile | ss |3 | 97 °
:‘I': 5
1. 2
:-l : 7 | ss lss {Pipzometer [°)
y 18l L1
g ]
e 5 96
1.4 M
- Hollow stem auger :'|.| ::
refusal at E1. 95.7m [ H
94.7 Al o 93
6.6 End of Borehole

refusal)

(Solid stem auger

3

1

x> . Numbers refer to

20

Sensitivity 10

150-5 (%) STRAIN AT FAILURE




OFFICE REPORT ON SOIL EXPLORATION

Ministry
@

Transportation
Ontario

(Solid stem auger
refusal)

RECORD OF BOREHOLE No 90-8 METRIC
WP __ 369-89-04 & 07 LOCATION _Co-ords: N & 974 248y E 377 899 ORIGINATED BY _ M.C.
DIST 9 HWY 416 BOREHOLE Typg Hollow Stem Auger, Solid Stem Auger COMPILED BY _ C.K.K.
DATUM Geodetic DATE _November 19, 1990 CHECKED BY _G.J.K.
o w DYNAMIC CONE PENETRATION
SOIL PROF”.E SAMPLES bu—-lw &‘ RESISTANCE  PLOT PLASTIC NATURAL LIQUID E
% Z S MOISTURE =5 REMARKS
— EY] 3 20 40 60 80 100 LT CONTENT LIMIT z9
9 3 m - z L L 1 | 1 Wp w WL ow &
ELEV ESCRIPTION Tia| w| 2|25 ] & [sHEAR STRENGTH KPo —_———— 3 | GRAIN SIZE
DEPTH b El ]S 8% 7 | © UNCONFINED + FIELD VANE( 000 SNTENT (% y DlSTRleurION
é z 5 5U ; ® QUICK TRIAXIAL X LAB VANE (%) (%)
101.5 [Ground Surface hld - w kN/m3 [GR SA S1 CL
101.4 {Topsoil (100 mm) /‘7. p
0.1 |Silty Sand and Gravel [of¢|.}1 1 SS 101
100, 8 {Loose Brownl|!|']®
0.7 | Het. Mixture of Silt, | I ¥ Nov.22, 1990
Clay, Sand, Gravel and ,:: 2 | S8 127 .
Boulders :'IA: 100
t
(Glacial Till) I3 1 S5 | 34 Ndtive
R :
Compact to ér—oﬂll.:n, Bqckfill
Very Dense Grevil."} 99 23.2
|A|-| 4 SS | 76
H: Pilezometer
Cels | ss [*%aden
-Hollow stem auger -1 98
97.7 | refusal at El. 97.8m Al
3.8 |End of Borehole

+3, x5 ; Numbers refer to
Sensitivity

20
15 -5 (%) STRAIN AT FAILURE
10




7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SILT Fine | Medium | Coarse Fine | Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION ( Metric) )
| 2 3 48 10 20 30 4050 s5um 150um 300um 600um L1Bmm  2.36mm 9.5mm 19.0 mm 375mm  63.0 mm

100 l ”l “] 53um 106 um ZSOu'm AZSMM 850 um 2.00mm 4.75mm 13.2mm 26.5mm 53 Omny 75_%mm

90 // 10

w0 / o
70 / 30
€0 / 402
] :
(23 <«
< "
* 50 / =
5 / LEGEND ;
& BH [SAMPLE SYMBOL &
a 40 60 &

90-2 3 L

30 / 70

o l[ o

o [ o

[} y; 100

i 2 3 45 10 20 30 40 270 200 140 100 6050 40 30 20 I 108 4 LSNPS A 1" g 2y 3"
MINISTRY SIEVE DESIGNATION (!Imperial)
Ministry of GRAIN SIZE DISTRIBUTION FIG No |
Transporiatn WP 369-89-04 8 07
Ontarid SAND




7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SILT Fine [ Medium [ Coarse Fine | Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION ( Metric)
| 2 3 4 5 10 20 30 40 50 7Sum 1S0um 300um 600um 1.18 mm 2.36mm 9.5mm 19.0mm 375mm &3 0mm
100 [THHTTHT 53um 106 um 250, 0m 425 um 850 um 2.00mm 4.75mm 13.2 mm 26.5mm 53 0mm 75.0mm
0
- { .
80 / 20
70 30
9 60 /+ 402
L
2 ] <
< :
50 50
5 ) LEGEND :
A\ (@}
o B H SAMPLE SYMBOL &
Y 40 / 60 N
90~7 2 L]
P
30 70
20 80
10 30
o 100
] 2 3 4 s 10 20 30 40 270 200 140 100 €050 40 30 20 16 108 4 LA A L U7 L VS S

MINISTRY SIEVE DESIGNATION (Imperiol)

v |
ransportation WP 369-89-04 & 07

Ministry of GRAIN SIZE DISTRIBUTION FIG No 2
Ontario SILTY SAND & GRAVEL




7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & ST Fine | Medium [ Coorse Fine ] Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
l 2 3 45 10 20 30 40 50 75um 150 um 300um 600um 1.18 mm 2.36mm 9.5mm 19.0mm 37.5mm  63.0mm
100 I l” ”” 53um 106um 250u'm 425 um 850 um Zodmm 4.75mm 13.2mm 26.5mm 53.0an 75.0mm
$ 0 B ; RS 5 o
90 10
80 20
70 30
o 80 403
2 2
2 R
g &
50 50
z LEGEND z
= SAMPLE SYMBOL =
a 40 60 &
30 70
é\/lv/i/
20 QO 80
. LN
ot <
10 90
0 100
i 2 3 4§ 10 20 30 40 270 200 140 100 6050 40 30 20 16 108 a A A L LZANP L 1
MINISTRY SIEVE DESIGNATION {(Imperial)
THansporttin GRAIN SIZE DISTRIBUTION FIG No 3
HET MIXTURE oF CLAY, WP 369-89-04 & 07
Ontari . .
mare SILT, SAND, GRAVEL & BOULDERS (Glacial Till)




Oct 75, FF-5-21

60

50
" /

40
* Cl
&
4
5. 30
o
; “ | LEGEND
/ B H SAMPLE | SYMBOL
20
90-2 4 n
/ 90-3 3 0
/ 90-3 7 A
MH OH N A
’° —" o
e e RO A\
CL-ML \ 90-7 3 o
————— / Mi Ol
M. 7 ML oL
% 10 20 30 40 50 60 70 80 90 100
LIQUID LIMIT %
¥,‘:;§‘;Z,::;,io,, PLASTICITY CHART FIG No 4
Ontare HET MIXTURE oF CLAY, W P 369-89-04 & 07
SILT, SAND, GRAVEL & BOULDERS (Glacial Till)




_ //ll mMir\I | \mMm| ~
. g t g LX) L]
/ / .‘e..‘-":“..'- ‘- .'i".ll' \
-~ / NS DL PR ~
P A N A PR W ~.
> 0.3m [o 4. te mata i0 8 ach] ~2:
// : o *,0%4 Y, A.4 \/
-, f " ~
- EARTH FiLL GRANULAR ‘A EARTH FILL ™~
ad N
X SECTION

BUILD UP TO THIS LEVEL THEN

NOT TO SCALE
CONSTRUCT FOOTING

EARTH FILL

- )
~E
REMOVE TOPSOIL & SOFT MATERIAL

oTEs:  LONGITUDINAL  SECTION
] - REMOVE TOPSOIL &/OR SOFT SUBSOIL UNDER AREA OF COMPACTED GRANULAR 'A" & EARTH FILL.
2-PLACE GRANULAR ‘A’ & EARTH FilLl TO BOTTOM OF FOOTING LEVEL, COMPACTED ACCORDING TO
CURRENT M TO STANDARDS.
3- CONSTRUCT CONCRETE FOOTING.

4 - PLACE REMAINDER OF GRANULAR ‘A" & EARTH FILL AS REQUIRED.

—— —— —— —

-~
<

e ation ABUTMENT ON COMPACTED FILL FIG No 5
SHOWING GRANULAR 'A' CORE WP 369-89-04 & 07

Ontario



PH-D- 207 8810

MINISTRY OF TRANSPORTATION, ONTARIO

CONT No
METRIC |we Nozeses-oss07

DIMENSIONS ARE IN METRES
AND 7 OR MILLIMETRES UNLESS

OTHERWISE SHOWN. STATIONS SHEET

IN KILOMETRES + METRES . HWY 416 UNDERPASS
& AT JOCHEMS RD
D BORE HOLE LOCATIONS & SOIL STRATA
¢ PROP JOCHEMS RD >
’90-I l ’90-2 JACQUES, WHITFORD LIMITED @
! - TOPSOIL
102 [ 7—002
~ =
loo..,‘_-.._,._A_A._.Nt=__|oo ]
98 -2 L o OXFORD -on- WP
SREEGE DINERERENE DN ERD C
IAEREES LIS NN AR L E N
94 ‘:l‘l sobarrhl 1’ :.|I|1- | [ 94
P R I [ |’|||"' 101 _—— __..
SRR |-,al‘l'1'|'|"'!4 3, ‘|.0| [
MBEREZE BE RENERERE L] oo
el 1 SN el EDWARDSBURG
90 —L A INEENT R -t 90 TWP
88 'l 88 SITE
86 86 &
9 VENTNOR
{ PROP JOCHEMS RO / // ;//];
104 \ 4 104 HOT 9+921.278 JOCHEMS RD HOT 10+000 JOCHEMS RD KEY PLAN
\ — I ]’ ; =30+566.179 SBL =30+585.983 NBL 1k %cu‘s 2 km
102 \ N Loose |y 102 I A N 4 974 179.663 N 4 974 226.257 r——]
T~ T - p T E 377 780.885 E 377 844.337
100  SH S 7 R aai 4t 100
N odant kEBEEERERR] ¥ NER
IEOEZE MR IR R 98 LEGEND
96 — v S 96 -
KB .
94.9.|x_ 94 "Bouﬂoh
92 92 PLAN P Dynomic Cone Penetration Test (Cone)
SCALE ,
B—B Q’ Bore Hole & Cone
om o iom
I S N Blows/0-3m {Std PenTest, 475 J/blow)
SECTIONS ‘ CONE Blows/03m {60° Cone, 475 1/ blow)
SCALE —,,’-— WL ot time of investigation 90 11
iom (o] I0m HOR . _!_ WL in Piezomer
5 o 5 VERT i
" m ¢90-2 (PROJECTED) ‘90-3 ¢90-—4 _¢90-5 ‘90-6 ‘90-7 (PROJECTED) Piszometer
T¥- + t2
l CO- ORDINATES
"o __# —PROPOSED| GRADE L o No |ELEvaON| et AT
108 ST 108 go-1| w00.2 4 974 i64 377 735
PROP HWY 416 [sBL PROP HWY 416 NeL
SOIL STRATIGRAPHY LEGEND 106 t TOPSOIL 106 90-2; 100.2 4 974 140 377 752
104 ‘-°°‘°':’ ! - ! 04 90-3| 100.1 | 4974169 | 377 767
SILTY SAND, . 102 Al ] ‘N’ ‘N 90-4| 1000 | 4974 191 377 797
TRACE GRAVEL |- . ."."." SAND, TRACE N \[w w 7 N 02
i S - Jog— 3 — L L EEES=E KoL dot s en M1k el 5| 003 | agwata | 377 ean
(FILL) ocse 08 ot Al ] .577—'—373.——-;—.@,-;-,-'?20-”;'- 'x‘:'iT AN EHEE £ SIS < B AN ] iR Pl el i o 90-6| 101.3 | 4974 236 | 377 ese
NEERETH DN ERORDECRA DN NERANDRIRDAR M) IRRREEREENSS AEEEE ERTRNR] MO EERENEREREENTE E SR 90-7| 10.3 | 494272 | 377 el
) 1. T L T T v N T HR g T T T - T n g T, "
O S E SO EEBRBRERD “'u'w: el BEESRNDE N EREONRURERS 94 90-8| i01.5 | 4a9ra248 | 377 899
~ - - ~:‘=:l.' . 50535! l,':l‘ . .:-'A sos A',:l .:".I'I '; -I':AIO:_:.L 8 ':-|,'~{:|, .{-l"
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