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ABSTRACT
Terraprobe Limited was authorized by the Honourable E. Fulton, Minister, on behalf of

The Ministry of Transportation, Ontario (MTO), to undertake a foundation investigation for
a proposed bridge structure over Highway 417 (currently Highway 17), in Ottawa, Ontario.

The proposed structure will have two spans of approximately 30 m length which will
support two 3 m wide lanes with 1 m shoulders. The current 2-lane Highway 17 will be
widened to 4 lanes and aligned in an approximately east/west direction beneath the proposed
structure. The alignment for the bridge structure will coincide with the existing Richardson
Road (formerly called Cowan Road).

The field investigation for the project consisted of eleven (11) boreholes at the proposed
bridge pier and abutment locations, and along the alignment of the proposed approach
embankments.

The boreholes generally encountered a thin layer of granular fill (likely associated with
the existing roads) at the ground surface. Beneath the fill, native sand and gravel was found
to depths of 1.5 to 34 m. The sand and gravel was underlain by dense silty glacial till.
Limestone bedrock was found at depths of 10 to 10.2 m.

The groundwater table was encountered at 1.3 to 1.6 m below the ground surface, in the
sand and gravel materials.

In summary, it is considered that the underpass structure can be founded on shallow
spread footings placed directly on the native sand and gravel, glacial till or engineered fil.

The ground conditions will pose few geotechnical constraints to the design and
construction of the embankment fills. The compact to dense sand and gravel deposits
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encountered along the approaches will permit construction of the embankment without stability
concerns. Settlements will be primarily elastic, and will occur during fill placement.

Positive groundwater control will be required for open excavations carried below the
water table in the sand and gravel soils.
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1. ODUCTION

Terraprobe Limited was authorized by the Honourable E. Fulton, Minister, on behalf of
The Ministry of Transportation, Ontario (MTO), to undertake a foundation investigation for
a proposed bridge structure over Highway 417, in Ottawa, Ontario. The structure will have
two spans of 30 m each, and will be constructed along the alignment of the existing
Richardson Road (formerly Cowan Road). The width of the travelled portion of the structure
will be approximately 8 m. Approach fills of up to 6 m height will be constructed.

The purpose of the investigation was to determine the subsurface conditions at the site,
and to provide engineering recommendations for the geotechnical aspects of design and

construction of bridge foundations and approach embankments.

A field investigation for this project was conducted between December 12 and 20, 1989.
Eleven boreholes were drilled to depths between 3.5 and 12.0 m below existing ground surface
at the locations shown on Drawing No. W.P.34:81-04-A. Five of these boreholes were
advanced at the proposed foundation locations, while the remaining six boreholes were located
along the approach embankments at the west and east ends of the structure. Details of the
field work program are provided in Appendix "A" to this report.

The borehole locations were mutually agreed upon and were located in the field by staff
of MTO who also provided the ground surface elevations. It is understood that the borehole

elevations are referenced to geodetic datum.

2.___SITE AND GEOLOGY

The site is located west of Ottawa (near Huntley), at the intersection of existing Highway
17 and Richardson Road (formerly Cowan Road).
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The property around the site is currently forested land. The ground surface in the area
is very flat. Both roads are asphait paved, with two lanes, gravel shoulders, side ditches, and
right turning lanes along Highway 17.

A review of selected geologic references suggests that this site is located in an area
characterized by shallow surficial deposits of glaciolacustrine sand and gravel. The sand and
gravel is then underlain by glacial till and ultimately by limestone bedrock of the Trenton and
Black River formations.

Ministry of the Environment Well Records for the area confirm the presence of sand
and gravel overburden deposits, with limestone bedrock encountered at depths of about 6 to

8 m.
3. ACE CONDITIONS

Details of the subsurface conditions encountered at the site are summarized below, and
are also presented on the accompanying Borehole Logs and Sections on Dwg. No.W.D. 34-
81-04-A. Details of the laboratory tests and field tests are summarized on the Borehole Logs
and on Figures 1 to 3 inclusive.

It should be noted that the subsurface conditions are confirmed at the borehole locations
only, and may vary at other locations. The boundaries between the various strata as shown on
the logs and sections are based on non-continuous sampling. These boundaries represent an

inferred transition between the various strata, rather than a precise plane of geologic change.

The ground surface along the proposed bridge alignment is flat, and at about elevation
131 m Geodetic.
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In summary, the boreholes found 0.6 to 1.2 m of granular fill at the ground surface. The
fill was underlain by the native compact to dense sand and gravel which extended to depths
of up to 3.4 m.

The sand and gravel was underlain by a dense to very dense sandy silt till which extended
to limestone bedrock, encountered at a depth of approximately 10 m.

3.1 Fill

The borings generally encountered a thin layer of fill at the ground surface, to depths
of about 0.6 to 1.2 m. This fill material appears to be associated with the construction of the
existing Richardson Road and Highway 17, and comprised relatively clean sand, to sand and
gravel. The fill materials were generally frozen to depths of approximately 0.3 m. The results
of limited penetration testing in the material suggest that it is generally in a compact to dense
condition. The moisture contents of the fill ranged from 4 to 19 percent, with an average of
5 percent.

3.2 Sand and Gravel

Beneath the fill, native sand to sand and gravel was encountered to depths of 1.5 to 3.4
m, in all of the borings except Borehole 11. The sand and gravel material was absent in
Borehole 11. This strata ranged in composition from sand with a trace to some gravel and silt,
to sand and gravel with some silt and a trace of clay. Grain size distribution curves for the
sand and gravel stratum are presented on Figure 1. It was generally in a compact to dense
condition with "N" values ranging from about 8 to 62 blows per 300 mm. Standard Penetration
Resistance Values were generally greater than 20. The highcr blow counts noted in the sand
and gravel materials are likely the result of coarse gravel materials encountered by the

sampling spoon.
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The moisture content of the sand and gravel ranged from 4 to 23 percent with an
average of 11 percent. It should be noted that portions of the deposit were below the water
table, and therefore the measured moisture contents may not be representative.

For design purposes, the following soil properties are estimated. These soil properties
are not factored.

- effective angle of internal friction, (Phi) - 32 degrees
- effective cohesion intercept, ¢’ - 0 kPa
- unit weight, (Gamma) - 21 kN/cum

3.3 Silty Sand, Trace Clay and Gravel (Glacial Till)

Beneath the sand and gravel, a strata of glacial till was encountered to either the base
of the borehole, or the underlying bedrock surface at depths of 10 to 10.2 m. The glacial till
generally comprised silty sand with a trace to some clay and gravel. Grinding of the augers
was noted at various depths throughout the till deposit, suggesting the presence of occasional
cobbles and boulders. Grain size distribution curves for the glacial till are shown on the
accompanying Figure 2. The till was generally in a dense to very dense state with Penetration
Resistance Values ranging from about 32 to over 100 blows per 150 mm. Some of the higher
penetration resistance values may have been the result of coarse gravel or cobble materials
encountered by the sampling spoon. There was a tendency for a decrease of "N” values with
depth, likely as the result of upward seepage and loosening of the material in the boring.

The moisture contents varied from 4 to 10 percent with an average of 7 percent.

Terraprobe
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Atterburg limits were determined on four select sampies and the results presented on
the Borehole Logs and as summarized below:

Borehole Sample Plastic  Liquid  Plasticity
No. No. Limit Limit Index

1 3 12 20 8

4 7 11 13 2

7 10 10 16 6

10 7 12 17 5

These reflect an inorganic silt of low plasticity (unified soil classification CL, or CL-
ML). The till is slightly cohesive in nature.

For design purposes, the following soil properties are estimated based on index properties
of the deposit. These properties are not factored.

- effective angle of internal friction, (Phi) - 35 degrees

- effective cohesion intercept, ¢’ - 0 kPa

- unit weight, (Gamma) - 22 kN/cu.m.
- 3.4 Bedrock

Boreholes 4 to 8 were carried to refusal on the underlying bedrock at depths of 10 to
10.2 m (corresponding to elevations of 120.9 to 121.4 m). Based on the borehole data, the
bedrock surface appears to be relatively flat-lying. Bedrock cores were obtained from
Boreholes 4, 6 and 7 for lengths of approximately 1.5 m. The total core recovery obtained
was close to 100 percent, with RQD values of 65 to 90 percent. The bedrock was slightly
weathered to fresh.
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3.5 Groundwater

Seepage was encountered in all of the borings, near the base of the sand and gravel
strata. The water levels were measured in the borings on December 22, 1989, about one week
following their completion. The water levels were relatively uniform at 1.3 to 1.6 m below
ground surface. Heavy seepage was noted in the borings through the sand and gravel strata
and also through isolated areas within the glacial till, particularly at depth.

The long term static levels should be anticipated to fluctuate, with higher levels expected
during wet seasons.

Water levels were measured in the piezometers installed in the boreholes on December
22, 1989. The water levels are summarized on the Borehole Logs and are as follows:

Borehole Water Depth/Elev.

1.3/129.9m
1.5/129.6m
1.4/129.6m
1.6/129.4m
1.6/129.6m
1.4/129.9m
1.5/129.8m
1.5/130.0m
1.5/129.5m
1.6/129.1m
1.5/129.1m

(o2« N N TV T

T
- D
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4. _ DISCUSSION AND RECOMMENDATIONS

The following discussions and recommendations are based on the factual data obtained
from the boreholes and subsequent laboratory testing, and are presented for the guidance of
the design engineer only. Contractors bidding on or conducting work associated with this
project should review the factual information to assess their effect on proposed construction
methods and scheduling. In addition, the comments and recommendations are based on
information obtained from widely spaced boreholes, between which subsurface conditions may

vary considerably.

The proposed alignment and position of the proposed overpass structure is shown on
Drawing W.P. 34-81-04-A.

This investigation and report addresses only the foundations for the bridge structure and
the west and east approach embankments. It should be noted that there are no existing
bridge structures in the immediate vicinity of the proposed underpass, nor are there any
proposed bridge structures which will be influenced by the structure or the approach
embankments.

4.1 Foundations for East and West Abutment and Central Pier

The native sand and gravel, glacial till, and bedrock strata encountered in the
investigation are considered to be competent materials which will be suitable for support of
the proposed bridge structure. Several possible foundation alternatives can be considered for
the abutment and central pier foundations, inciuding shallow spread footings, engineered fill,
caissons or piles.
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However, based on the competent soil conditions, and the proposed grades and alignment
of the structure, it appears that shallow spread footings are the most reasonable foundation
alternative.

4.1.1 Shallow Foundations

Shallow spread footings may be constructed on the competent sand and gravel or glacial
till strata. At the abutment locations, spread footings may also be placed on engineered il
materials. Each of these alternatives is described further below.

The native sand and gravel materials will be suitable for the support of shallow spread
footings. The following soil properties may be used for preliminary design of foundations
placed at least 0.5 m below the top of the sand and gravel stratum. These properties are not
factored:

Effective angle of internal friction 32 degrees
Effective cohesion intercept 0

Unit weight 21 kN/cu.m

Based on a foundation width of approximately 2 m, and a minimum foundation depth
of about 1.8 m (minimum frost cover the Ottawa area), then the following typical bearing
capacities are calculated. These capacities are based on an assumed total settlement of about
25 mm.

Sand and Gravel - 2 m Wide Footing

Bearing capacity - ultimate limit states 600 kPa
Bearing capacity - serviceability
limit states, (Type 2) 300 kPa

It is noted that the ultimate and serviceability limit states bearing capacity will vary
according to foundation width and depth.

Terraprobe
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Considerable seepage can be expected in excavations carried below the water table
through sand and gravel materials. Unless the water table is lowered to below the base of the
excavation prior to construction, this may result in loosening of the soils and loss of bearing
capacity. Therefore, adequate groundwater control should be implemented as noted in
subsequent sections of this report.

The glacial till materials will also be suitabie for the support of shallow spread footings.

The glacial till materials are considered to be an unyielding soil in the context of Section 6 -

5.3.1 of the OHBC. A nominal factored bearing capacity at ultimate limit states of 1,000 kPa

can be assumed for design. The bearing capacity at the serviceability states, Type 2, does not

generally apply to unyielding soils such as glacial till, since the loads required to produce

detrimental settlement are generally larger than the recommended values of bearing capacity
at the ultimate limit states.

Glacial Till -
Bearing capacity - ultimate limit states - 1,000 kPa
Bearing capacity - serviceability limit states (Type 2) - not applicable, unyielding

The above bearing capacities can generally be applied for footings or drilled piers placed
at any elevation within the till stratum.

It is noted that local pockets or zones of sandy material may be encountered within the
glacial till. These zones may become loosened as the result of groundwater seepage. Local
subexcavation of these zones may be required at the foundation base. The possible

requirements for subexcavation can be determined by inspection at the time of construction.

The abutments can also be founded on a raft of select engineered fill such as OPSS
Granular "A". The fill must be placed in maximum 200 mm loose lifts and compacted to a
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minimum of 100 percent of Standard Proctor Maximum Dry Density. The engineered fill will
consist of an embankment about 6 m high, with side slopes and configuration as shown on
Figure 4.

Prior to placement of the engineered fill, the subgrade should be stripped of all topsoil
and deleterious materials and proof rolled with a heavy vibratory roller. All soft spots should
be further subexcavated and backfilled with an approved granular material compacted to 100
percent of Standard Proctor Maximum Dry Density.

Spread footings placed on this engineered fill may be designed using a maximum factored
bearing capacity at Ultimate Limit States of 900 kPa. This should be corrected for any load
inclination. The recommended bearing capacity at Serviceability Limit States, Type 2 is 350
kPa. At this loading, a total settlement of about 25 mm is expected.

Engineered Fill
Bearing capacity - ultimate limit states - 900 kPa
Bearing capacity - serviceability limit states, Type 2 - 350 kPa

For cast-in-place concrete poured on the Granular "A”" raft, the factored coefficient of
friction against sliding at Ultimate Limit States would be approximately 0.6, assuming an
unfactored friction angle of 35 degrees.

412 Deep Foundations

Finally, the underlying limestone bedrock materials will be suitable for the support of
driven end-bearing piles or drilled caisson foundations.

Due to the dense nature of the overlying giacial till, some difficulty may be experienced
in driving piles to end bearing and refusal on the underlying bedrock. A driving shoe or pre-
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augering may be required in order to permit pile driving.

Since the underlying limestone bedrock is considered an unyielding strata, the factored
bearing capacity at ultimate limit states will generally govern for design. For deep drilled piers
which are founded on the limestone bedrock, a nominal bearing pressure of 3,000 kPa may
be used for initial design purposes.

For driven piles, the following axial capacities can be assumed for design purposes:

Pile Type Axial Capacity Factored Axial
(SLS Type 1) Capacity ULS

HP 310 x 79 900 1150

HP 310 x 110 1150 1600

4.2 Excavations

Excavations through the native sand and gravel materials will generally stand at
inclinations of about 1-1/2 to 1 above the water table. The water table was encountered at
depths of about 1.3 to 1.6 m, in the sand and gravel soils. The sand and gravel is limited in
thickness, and is underlain by a slightly cohesive glacial till. The water table is situated about
0.5 to 1 m above the till strata. Considerable seepage can be expected through the sand and
gravel, causing sloughing of excavations carried below the water table. Only minor volumes
of seepage are expected through the glacial till, due to its fine-grained and cohesive nature.

The site conditions suggest that adequate groundwater control could be achieved by
constructing a perimeter ditch or series of sumps around the excavation. The sumps/ditch
should be carried at least 0.5 m below the base of the excavation, and preferably into the
underlying till. This will permit interception and collection of the seepage from the sand and
gravel strata.

Terraprobe
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It may also be possible to reduce seepage through the sand and gravel strata by driving
interlocking sheet piling into the underlying glacial till. However, considering the dense and
granular nature of the soil, it may be difficult to ensure that the sheet piles are adequately
seated into the underlying till, and that they do not become damaged during driving.

Therefore, groundwater control as noted above appears more feasible.

As noted previously, the silty sand till soils are relatively fine grained and are not suited
to conventional dewatering (ie. lowering of the groundwater table). - It is expected that
excavations carried through the silty sand till materials and below the water table will
experience sloughing and caving only through local silty and sandy zones in the soil. Since the
till is slightly cohesive, most of the soil mass is expected to remain stable even if excavations
are carried below the water table. Local sandy pockets or zones in the till may become
loosened as the result of seepage. These zones can be subexcavated at the time of
construction, as required. A working mat or base of graded granular material, such as OPSS
Granular "A", should be placed in the base of all excavations to improve trafficability. Seepage
should be pumped away from the base of the excavation using a series of conventional sump
pits and pumps. As noted previously, a ditch around the perimeter of the excavation would
be useful in collecting the seepage.

Where workmen must enter excavations carried deeper than 1.2 m, the trench excavation
should be sloped and/or braced in accordance with the Occupational Health and Safety Act.

4.3 __Abutment Backfill

Select, free-draining granular fill, such as OPSS, Granular 'A’ or 'B’, should be used as
backfill behind the bridge abutments. The select fill should be placed in a wedge shaped zone
extended from 1.2 m behind the base of the wall and up at a 60 degree angle, as per OHBDC
Section 6-9. The backfill material should be drained by perforated pipes or weep holes.
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Heavy compaction equipment should not be used behind the wall within a lateral
distance equal to the current height of fill above the wall footing, in order to minimize
deflection or possible damage of the wall.

Provided the above backfill criteria are satisfied, the following soil properties and
parameters may be used in calculation of lateral earth pressures, in accordance with the
OHBDC. 1t is noted that these are based on the assumption that the backfill is close to
horizontal.

Granular 'A’ Granular 'B’

Effective Angle of
Internal Friction

(Phi),degrees, unfactored 35 30

Unit Weight

(Gamma), kN/m, 22.8 212

Active Earth Pressure

Coefficient, K, (SLS) 0.27 ' 0.33
(ULS) 0.36 0.41

At rest Earth Pressure

Coefficient, K, (SLS) 0.43 0.50
(ULS) 0.53 0.58

It should be noted that the mobilization of the active earth pressure behind the wall will
require an outward deflection of up to 0.5 per cent of the wail height, as measured at the top
of the wall.

If the bridge is a rigid frame structure, and the abutments are constrained so that this
deflection cannot occur, then the at-rest earth pressure should be used in design.
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All new or additional fill materials placed beneath the future roadway area, and in the
footing excavations, should be compacted to a minimum 95 percent Standard Proctor Maximum
Dry Density in lifts not exceeding 200 mm. It is important to achieve adequate compaction to
minimize future settlement of backfill behind the abutments.

4.4 ankment Fill Placement

The underlying sand and gravel and glacial till soils are considered suitable for support
of the proposed 6 m high embankment. Shear failure or settlement of the underlying native
soil beneath the embankment will not pose a constraint to embankment design. Generally,
the embankment slopes should be constructed at about 2 to 1 or flatter (horizontal to vertical)
to facilitate construction and later maintenance of vegetation.

The subgrade beneath the embankments should be stripped of all topsoil and the exposed
subgrade proof rolled prior to fill placement. All weak or soft spots should be further
subexcavated and backfilled with suitable fill material compacted to 95 percent Standard
Proctor Maximum Dry Density.

Settlement of the embankment foundation is expected to be elastic in nature, and will
generally occur during fill placement.

4.5 Consideration of Embankment Seismic Stability

The proposed structure is located in an active earthquake zone, and may be subject to
seismic loadings. Based on the data provided in the Canadian Foundation Engineering Manual,
2nd edition, the peak horizontal ground acceleration is estimated at 0.2g (City of Ottawa) for
an earthquake probability of exceedance of 10 percent in 50 years.
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The horizontal acceleration experienced by the embankment will be equal to the design
acceleration at the ground level (0.2g in this case), and will increase with height to a maximum
value at the crest of the embankment. This is the result of upward propagation and
amplification of the earthquake forces. A detailed analysis of the seismic stability of the
embankment fill was not conducted. However, based on site conditions, and the embankment
configuration, there is not expected to be significant shear mobilization (movement) of the
embankment fill. This is based on the following considerations:

i)  the foundation subsoils are dense, and not subject to liquifaction

i)  the proposed approach embankment will have a high static factor of safety with
respect to sliding or shear failure (likely greater than 2)

iii) the peak ground acceleration is relatively low.

Empirical knowledge suggests that embankments with a high static factor of safety, and
a competent foundation, will generally not be subject to significant movement at the expected

peak ground acceleration (0.2g).

Respectfully submitted,

TERRAPROBE LIMITED

—

Paul W. Bowen, P.Eng.
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3; kn/m? UNIT WEIGHT OF DRY SOIL ' % PLASTICITY INDEX = W, ~ Wp ¥ mis  DISCHARGE VELOCITY
Aat  kim® DENSITY OF SATURATED $OI W . LIGUIDITY INDEX * k. i i HYDRAULIC: GRADIENT
Yigr KN/MT UNIT WEIGHT OF SATURATED SOIL '» " -w k m/s  HYDRAULIC CONDUCTIVITY
A ka/m® DENSITY OF SUBMERGED SOIL 'e 1 CONSISTENCY INDEX: “l'”q";“,“” i ewm' seepaGe FORCE
7' kN/m’ UNIT WEIGHT OF SUBMERGED SOIL Coax L% VOID RATIO IN LOUSEST STATE



APPENDIX A
Summary of Field Investigation Procedures

W.P. 34-81-04

Richardson Road




APPENDIX - A
PROCEDURE

The field investigation for this project was conducted between December 12 and 20,
1989, when 11 boreholes were advanced to depths of 3.5 to 12.1 m below existing grades, at
the locations shown on Drawing W.P. 34-81-04-A. The drilling was conducted using machinery
supplied and operated by Longyear Canada Inc. mobilized from Toronto, Ontario. The drilling
operations were directed and supervised by Mr. Renato Pasqualoni, B.A.Sc., P.Eng. of
Terraprobe Limited.

Five boreholes (BH 4 to 8) were put down in the vicinity of the proposed piers and
abutments for the proposed bridge. In addition, 6 boreholes (BH 1 to 3, 9 to 11) were
advanced along the alignment of the proposed approach embankments.

The borings were put down using a crawler-mounted CME 55 power auger machine.
Split-spoon samples of the overburden materials were obtained as detailed on the Borehole
Logs and Sections. Dynamic Cone Tests were also carried out at the Boreholes locations.
(All samples obtained in this investigation were sealed in jars and transported to our laboratory
for detailed inspection and testing,) |

Standpipe type piezometers were sealed into all the boreholes in order to permit
observation of groundwater levels. The standpipes comprised 12 mm LD. CPVC tubing, which
was saw-slotted near the base, and fitted with a sand filter and bentonite seal, as noted on the
Borehole Logs.

The locations of the borings were determined by measuring relative to the survey stakes
placed and marked by Ministry of Transportation representatives. The ground surface
elevations at the borehole locations were determined by our field engineer with reference to
survey points determined by MTO representatives.



The water levels in the standpipes were measured prior to demobilization from the area
on December 22, 1989.

All of the soil samples obtained in this investigation were examined in detail by the
project engineer, and classified according to visual and index properties.

Water content determination was carried out for all samples obtained. In addition,
laboratory tests were carried out on selected samples, including grain-size distribution, and unit
weights where applicable. The results of the testing are presented on the Borehole Logs and
on Figures 1 to 3.
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RECORD OF BOREHOLE No | METRIC
WP 34810k o LOCATION Sta 10 + 105 ofs 5.0m RT ¢/ Richardson Rd. ORIGINATED BY __RJ
DIST 9 HWY 17 BOREHOLE TYPE Solid Stem Auger, Cone Test coOMpILED BY  KJ
DATUM Geodetic DATE December 14, 1980 CHECKED BY PB
o W JDYNAMIC CONME PENETRATION -
SOIL PROFILE SAMPLES By | 3 |Resthice Nor T - R
CONTENT 0
sle| [0|38] 5 L s o o w0 G W W|3g| e
ELEY DESCRIPTION glyl w2 gg & |SHEAR STRENGTH kPu ey o%%r%‘l';ui:cz)z
f =] 1415 o
DEPTH 15| 215 &1 % |o UNCONRINED  + FIELD VANE wl 7
g1z 2 gu Z e ouick rrianiaL  x tap vane |WATER CONTENT {%) {%)
131.2 Ground Surface {7 7z ‘T" 10 20 39 GR SA St CL
0.0 Fill, sand and gravel [ ties |- 131 o
trace sitt,
1130.6| Compact Grey Vad Seal
0,6] Sand and Gravel, trace {o *
- L]
#ilt and clay. 2] ss fos v 130 \\ 1)
129.7 Compact Brown [. e gateal;;;&!
73§ty Sand; trace f [Pec- \ .
gravel, some clay. 1188 19 5 \\ 253 3510
Pense to Grey {{ ' 41 129 \
very Dense \\ d
4158 155 .
(Glacial Til1) : boee
128 5
127.7 5185 |88
3.5 End of Borehole
i
L

5, x5« Numbers refer to
Sansitivity

20
15§95 (%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 2 METRIC
WP 34-81-04 LOCATION Sta 10 + 080 of/s 4.0m L ¢ Richardson Rd. ORIGINATED BY _KJ
pisT__ 9 HWY 17 BOREHOLE Typg Hollow Stem Auper; Cone fest compiep sy &
i : j B
patym ___ Geodetic DATE December 18, 1989 CHECKED &Y |4
SO PROFILE SAMPLES o l;lj OYNAMIC CONE PENETRATION =
?&-‘tﬁ) g RESISTANCE PLOT “ pastic xgrig'mt vaue | X REMARKS
P w | EQ 19 200 40 60 A0 100 CONTENT zZz a
Q = g = » ) 1 1 ) 1 Wp W W, Dg
ELEV. DESCRIPHON Elwml W] 32|58 O |SHEAR STRENGTH kPo ] GRAIN S1ZE
BEPTH w1ELZ 1 2136 & Jounconmmen  + FiEwo vane oy |DISTRIBUTION
21z L le01 & , WATER CONTENT (%) (%)
& 5 | & @ e quck TrianaL x LAB VANE 0 20 30 N
131,11  Ground Surface & ? i ™ leRr 5A 1 CL
0.0]¥ill, sand and gravel, [ 1les 1= 131
130 %gﬁi%%c?:llt‘ Grey Seal
0.6]8%and, trace gravel ‘.
and silt, * o
2 iss 113 130 N"\\
L w || Water jLeve
Compact Brown [ - = || {pee.23/89 \ o
129.1 to Dense . | 3188 |37
2.0{5ilty Sand, trace als 129
gravel and some clay, ll : \M'"“*-w..\
N [¢]
Dense to Grey |1, 4188 138
very Dense H 128 . 224
(Glacial Till) 15188 |63
bles e
cohbles l l o
ll 6153 |64 127
= g o]
‘ ‘ 7185 {45 b
i} L ] 126
H "1 azs -
124.5 S g les |63 °
6.6} End of Borehole ~
-

3 5. Numbers refer to »
+ H %
X Sensitivity 5 u¢-mS {%) STRAIN AT FALURE
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RECORD OF BOREHOLE No 3 METRIC
W ¢ =810k LOCATION Sea 10 4 055 ofs 4m Rt ¢  Richardson Rd, ORIGINATED &Y __KJ
DIST .9 HwY 17 BOREHOLE TYPe _Hollow Stem Auger, Cone Test COMPILED 8Y X
DATUM __ Geodetic DATE . Becember 20, 1989 ' CHECKED BY PB
5 ) o W TOVNAMIC CONE PENETRATION o
O PROFILE 5AMPLES wg 2 |RESISTANCE PLOT f‘;ﬂ'c %’,‘m}h t"‘;l:;" wé REMARKS
DT | o
5o 0 §g z 20 4D 60 80 100 W w&;em " z2 .
ELEV ESCRIPTI S| g | 3|85 | & [SHEAR STRENGTH kho A % | GRAIN SIZE
DEPTH DESCRIPTION B3 E | S 186 § [ounconmne o+ FEDVANEL o conrentiv)l 7 DISTRIBUTION
1z o | &9 | & |eouckrmana x we vane |Y5" M50 a0 (%)
141 . Ground Surface v ; ot GR $A 51 CL
0.1 ¥ill, sand and gravel, |- 1} o8 - 0
trace silt. AV Seal
130.3 Compact Brown pCs )
0.7 3and and Gravel, some |} 2L 8% 13U/o
silt, trace clay. p 130 b=y 9
" ) 4 gate;#age
Compact grey | - 8. <4 o
to “l 3] 85 125
Dense s 129
.."o‘ ‘ \\
128. 3 Yol 4] ss |50 ‘ \M °
- 2.4 Silty 8and, trace " R
8 gravel and some clay. “ 128 .
= ] 5] ss |98
| "
2 If )
b Very Grey | .~ 127 ©
'; Derive “ 6].89 195
3 v L7 ss {1/ 0mf
{6lacial Till) H 5
f_—.; : 1] 126
cobbles il
s “ b
0 -
] i :
“« ik £ 125
s ] ' q
U 1244 Y el ss |35
5 5.4 T o RareheTa
o]
w
20
¥%, x5 s Numbers refer o 15 45 %) STRAIN AT FALURE
anstivity 10
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RECORD OF BOREHOLE No 4 METRIC
w P 348104 LOCATION sra 10 4 030 _ofs 4,50 Rt. & Richardson Rd. ORIGINATED BY __KJ
o157 9 HWY 17 BOREMOLE TYpe _Hollow Stem Augers, NQ Core, Cone Test ' COMPILED  BY X3
BATUM Goodetic DATE pecenber 15, 1989 CHECKED BY s
O PROFILE SAMPLES o wr DYNAMIE CONE PENETRATION -
§‘£ g RESISTANCE PLOT " = nastic NATUEN, uave v.:% REMARKS
" w120} 20 40 &0 80 100 CONTENY z=
O] i - z ) i i 4 1 Wp W W, Sw &
ELEV ESCRIPTION Bl w| 2]28] O [SHEAR STRENGTH kP AT 2 | craiN S1ZE
DEPTH DESCRIPTIO MEIR-AE- 8% % fo unconmnes  + FIEW VANEL oo conrent (%)) T DISTRIBUTION
g1z » | &° Z |e ouck TRaxaL  x LaB vaNe 0 (%) . %)
1410l Ground Surface & 5 W 10 20 30 kN/m* fGR SA 31 CL
0.0 Fill, send and gravel, 1iC% |~ o
trace silt. B
Seal
Compact Brownly o
129,8 . 2985 |19 130
1.7| 8and, some gravel, :
b Water JLevel
trace ailt. .' _!' nec.24/89 )
31188 [:]
L, 129 ~
Loose Lo Brownl . hmm"”“-hh [+]
very +{alas j22 -
bense LT
c o 128
127.6 °
3.4]8ilty Sand, trace l 5188 193
gravel and clay. .r-
“ 6 las | 72/050md | 127 o
Very Dense Grey | o |l
L0 oo “ 1488 187 126 22.0 |as2 32 8
(Glacial TilL) ‘ : ‘
l 8|55 |95 125 -
I 124
i -
o q
~‘ -": 9 |ss |48 123
l 122
| 9
l 1o{ 85| 40
120,9} Auger Refusal ‘[. 2
U T B8dTocK
RC LOOZ
Limestone, Grey 11
Rq [RQD !
S 90% E 120
119.5
114 End of Boreholie

o3, %5 : Numbers refer to

" Sengitivity
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15 %5 (%) STRAIN AT FAILURE
10
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, RECORD OF BOREHOLE No 5 METRIC
w P 348104 LOCATION gt 10+ 030 ofs 4.5m LE ¢ . Richardgon Rd., ORIGINATED BY __ KJ
f pist .2 HWY i7 BOREHOLE TYPE Hollow Stem Auger, Cone Test compiLeDd BY __KJ
' BATUM Geodetic DATE pecember 19, 1989 CHECKED BY ¥B
/ » \ AMPL o w [ DYNAMIC COME PENETRATION -
SON PROFILE > ES iy, | g [resistance POT T 0 s Naturae vove] o T REMARKS
£ ¥ LMY conren it | =0
- w 120V 20 40 60 80 100 zs &
Qe " = 2 L h \ i 1 W W A :,a
ELEV BESCRIPTION & § w g ‘Zﬁg § |SHEAR STRENGTH kPo ROTED — m{z;:}?z‘lgui:éi
- DEFTH 12l 2| 186 | g |0 UNcoNRNED + FIELD VANE . y
I gz 3 %U % | quck TR x 1A vaNE WATER CONTENT %)} = {%)
31,2 Ground Surface l : in 10 20 30 [kN/m® JoR 5A S5t CL
0.0 Fi11, sand and pravel. q 1] 651 - | 131 l
) 130, 6 (Compact Brown v; seal
0.6 |%and and Gravel, some e o
+ L —
silt, trace clay. ol 2l ss le2 130 )-;,
N
: W il | vaten Les'el
. N =1} | bec.2p/89 o
vop 3] ss |27 :
Compact Brown|, .
.“-.. 129 | .
128.5 no) ) ss 125 ‘ \\
. 2 T8Ity Sand, trace ]
R 3 gravel and some clay. H 1707 T O 128 o] o
; . .
0 H
& o
= ‘ 1 6] ss |78 127
5 Very Grey l
b Dense 7 88 16Q/150mm ¢
: | It
- (6lacial TilD) . 126
5 i
I & l
w [
© ” 125 o 22.7
U M1 8l ss (80
& H.
' ° i
i |
PR -
: I H ol 55 49 i °
. ‘ 1 123
1 .“ L
’ 122
o ‘ 14 ss |34 °
121.2 '|'-
T End "of Borehole
Auger Refusal
, ‘ on Probable
‘ l Bedrock
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RECORD OF BOREHOLE No 6 METRIC
wP 34-81-04 LOCATION . §ta 10 + 000 o/s 0,0m & Richazdson Bdewe o ORIGINATED BY L KX ..
0I5y 9 HWY 17 BOREHOLE TYPE Hollow Stem Augers, NG Core, Cone Test COMPILED BY ®J
DATUM Gagdetic BAYE Dacembar 15, 1989 CHECKED BY PB
SOIL PROEI SAMPLES o wi JDYNAMIC CONE PENETRATION
£ LE &uz-, "3‘ RESISTANCE PLOT PLASTIE ”\?;;g"cllt -1 ;....'i REMARKS
g , LMty CONTENT LIMIT w (D
e w32 7 20 40 60 80 100 ' W w | 35 &
b p t
ELEV SCRIPTION o bl = %g 5 SHEAR STRENGTH kPo [, VuU—r 3 | GRAIN SIZE
DEPTH DESCRIPTIO RS g 86| g |0 unconmneo + FIED ANEL o conrent il Y strmgunow
g£12 5 &Y | & |»ouckrmaxar x as vane Wi %) , (%)
131,31 Ground Surfsce A F i 10 20 30 kN/m® for 5A 51 CL
0.0 Asphalt - 140mm 1]¢8 |w p
Fill, sand and gravel. [Ny 131
teal
V4 = o
130.1 Denge Grey [ 3 1gs a1 MM
1.Z|Sand and Gravel, trace | I 130
silt and clay, "!a"- —g" ater [Level // o 3052 133
) ’, 3158 |21 Nec . 27/89 /
c oy 129 Z\
smpact Brown |4 ° N [2]
128.6 sl 4188 |28 =
Y. 7811ty Sand, trace iRE “‘*“uuunnm
gravel, some ¢lay. }[ e, |
: - vl 5155 |88 128 0
e s | 77/425mh °
Very Grey i L 127
pense ,r 0 22.4
l 7185 173
(Glacial Ti11) ’ 126
g 85 190 125 (o]
124 .
1hlolss |32 °
1l 123
“ 122 o
.{l. 10} 88 | 41
121.2
10.1] Bedrock,
121
G {LO0%
Linestons, 1o iRQD
Grey 11 L
e fooz] [ %
g 12 ?
NG JRQD g
119.2 as "
12.1] End of Borehola

+3, x5 s Numbers refer to
Sensitvity

20
15 45 (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No 7 METRIC
w P 3481 =04 LOCATION Sta. 9. % 970 ols 4.5m Rt ¢ Richardson Rd. DORIGINATED BY X
DIST 9 HWY 17 BOREHOLE TYPE _ Hollow Stem Augers, NQ Core, Cone Test COMPILED  BY &
DATUM Gendetic DATE Pecembar 13, 1989 CHECKED BY 4]
o W JOYNAMIC CONE PENETRATION
501 PROFILE SAMPLES | &, g |ssiaes “pior wxsrie B9 o] | pemanks
g2 LIMIT CONTENT  LimiY =
s w |29 ¥ 20 40 &0 BO 100 z = 8
9 o b ok z i ) i i i Wp w W o W
ELEY DESCRIPTION =18l | 2125 O [rear STRENGTH Ko —o— | % RBUTION
DEPTH W El 2| $IB8| § |ounconane  + FIELD VANE . y {DISTRIBUTION
g1z Y %u 5 o cuccTmaxal x Las vane WATER CONTENT {%) 1%)
141 Ground Surface v s w 19 20 30 it /m® IR SA 51 CL
0.0} Asphalt ~ 125mm 1168 Lo p
#i11, asand and gravel. 131
Seal
130.3 Compact Brown g o
7.0 Sand and Gravel, trace _‘o‘.a' 2155 23 7
gilt and elay. 169 130
m ¥ "3 X [water jrevel N 0
oo} 3188 1621 7 |lipec.24/89
Very Brown |=-
129.0} bense o ", 129 P
TR RIIEY Rand, EYace ™ =
gravel, soms clay, l 4188 1 B8 \
veeasional cobbles, l . o
. -
E [+
“ 5|55 |95 128
Very Grey H 6188 108 0
Dense AN
“ 127
! iet88—55/40mn
(6lacial Ti1D) H
126
93 125 0 )
124 .
) °
123
8 122 Ot 2%.1 8 50 28 14
121.1] Auger Refusal H
10.2] Bedrock | 121
Limestons, 100%
Lvi]
65% 120
119.6
11, 7] End of Borehole

M-.,.W.,.. _“*"“'- '“- -'"“"““ : - o ' - -F”

. *3~ x5 : Numbers refer to

20
W
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RECORD OF BOREHOLE No 8 METRIC
l WP 34-81-04 LOCATION ___ Sta 9.+ 970 6/s 4.5m Lt. ¢ Richardson Rd. ORIGINATED BY _RI
' DIST 9 HWY 17 BOREHOLE TYPE . Hollow Stem Auger, Cone Test COMPILED BY KJ
patum ___ Geodetic DATE December 19, 1989 cHECKED BY PP
. o Wi DYNAMIC thE PENETRATION
’ I SOIL PROFILE SAMPLES |,y | 7 |RESSTANCE PLOT "3 pasnic NATURAL gy I | remarks
gZ 1 U LT eowteny i 1o=0
5 201 v 20 4p 60 B0 100 Z = &
Q= ] = z t I ] ¥ 1 Wp W W, Sw
ELEV DESCRIPTION a9l w| 3|98 | & |SHEAR STRENGTH kPo FUOUIUIE— Z | GRAIN SIZE
DEETH ESCRIPTIO SAEL B | S 188 G |ounconmned 4 FIED VANE rep cONTENT (%) y |PISTRIBUTION
g1z 5 | &Y & | e ouck TRIAXIAL X 1AB VANE o \ %)
$41 & Grouwnd Surface % - iy 0 20 30 kN/m® R SA 51 CL
0.0]Asphalt « 125mm 1468 L=
¥ill, sand snd gravel,
1:11
Hea o
130.5 Compact Brown 2 1ss a3 R SR N
1.0|Sand and Gravel, some |, . MM"'
silt, trace clay. PSS NP3 WU W '\\
S Tes s lellop-d 130 & 30 50 12 8
9 m= 11 Water {Level
) pec.23/89
: Very Dense Brown)®.
to Sl lss |27 129 & L
128.8 | Compact o ——
T 7|851iity Band, trace rT I
% . jgravel, trace to soms “
‘ E S elays - fhis jss 173 0 22.7
: 3 ” 128
2 :
& o le fss |53 0
W !
- Very Gray H
, o Danse o 127
Pl [+]
l » H 7 188 72
o (¢lacial Till)
f—
- 126
I o ,
S .
w 11s lss |eonbom 0 22.3
& - 125
('™ .
1 |
185 || 124 -
. B o
, I || 9 |ss |55 z
‘-‘ i | 123
I 8 §
sand and gravel seam, H wles |38 o
“ 122
_ 121.4 t-
10 TTEnd6F Borehole
Auger Refusal
on probable Bedrock.
| 3 5. Numbars refer to P
, +3, %5 ; Numbars refer 15 45 (%) STRAIN AT FAILURE
Senditivity 10
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RECORD OF BOREHOLE No ©

METRIC

w P 34-81-04 LOCATION Sta 9 + 945 ofs G Lt . @ Richiardson. Rd. ORIGINATED BY _ K1
oIsT 9 .. HWY 17 BOREHOLE Type _ Hollow Stem Auger, Cone Test COMPHED BY . KJ
BATUM Gaodetic ) DATE Decembaer 12, 1989 CHECKED BY PB
a ’ s JOYNAMIC CONE PENETRATION -
SOIL PROFILE SAMPLES '.,_,‘s 8‘ RESISTANCE PLOT oasrie e oot REMARKS
§6| » 20 40 60 80 100 |UMY conmen Lmirj 50
6 o @ Bﬁ z ) h ) f 1 Wp W w, z,g 8
ELEV RIPTIO mlal el 2 %zzs & |$HEAR STRENGTH kPo PAS— D?;%?:Uﬂéz
e DESCRIPTION F-38 I - O i
DEPTH b -] O & |o UNCONFINED + FIELD VANE " y
E z 5 %U | e QUCK TRIAKIAL  x LAB vANE WATER CC;E”EN”“ {%)
131.0 Ground Surface @ F W Ulo 30 GR SA St CL
0.0{Fill, sand, some 1 ]68 -
gravel.
”Sea! ————
120.8 Compact Brown 2 les 1o 130 "“‘"“"”‘”"’/*‘*—7, o
1:2 Sand and Gravel, some |- v Water] teve o]
silt, trace clay. ".-b" =|1 1 pec. 2k /89 o
S 3|88 j42
.8
o 129 ]
Compact Brown |4 mﬂ"‘ 0
128.3 <ela jes |20
Z2.7|81lty Fand, trace LK
gravel, some clay. “ 128 = 5
15 lss |80
o i)
NVery Dense Brown ole lsa |ss " o
{Glacial Till) ” 7
” | 7 |ss 50/5prm f d
” 126
” . 91 125
1244 .8 |ss |60 o
6.6 End of Borehole
-

‘5' «5 « Numbers refer to
Sensitivity

20 ,
15 48 {%] STRAIN AT FAILURE
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RECORD OF BOREHOLE No 10 METRIC
WP 34-81-04 LOCATION 8ra.9.4.920 ol/s SM Rt, ¢ Richardson Rd. ORIGINATED BY _¥J ...
DisT .9 HWY 17 BOREHOLE TYPE _ Hollow Stem Auper, Cone Test COMPILED BY . KRJ
DATUM Geodetic DATE December 12, 1989 CHECKED BY PR
SOIL PROF! SAMPLES | & w [ DYNAMIC COME PENETRATION ) -
OFILE W | 2 |resistance pior nasrc YA on| o E | pemarks
gz v LUMIT eontenr LMIT | = (D
b » Qf w 20 40 60 80 100 2= &
Oflw w - z L L 1 I 1 Wp VY] w | Sw
ELEV SESCRIPYION =le| g2 25| § [sHEar STRENGTH kP RPN S GRAIN SiZE
BEFTH clEl 2| £ 128 5 {o UNCONRINED  + FIELD VANE . y |DISTRIBUTION
gz 5 %U & | auok TriaxaL x 1AB VANE WATER CONTENT (%) 3 (%)
130 7 Ground Surface 1 - w 0 2 30 e /m”  JGR 5A 51 CL
N0 Fill, sand and pravel. 1j¢cs | - o
Seal
130
129.7 Compact Brown i o
1.0 Sand and Gravel, some [--] 2|88 |47 “‘"’\5
gilt, trace clay. Lo water |Leve
: e Y| ivec.24/89 (/
' - 129
Jolalss | 17 \
X
¢ brow] ™
128.0 ompact rown Y alss ” . “M““--M d
2.7} 811ty Sand, trace H 12 e
gravel, some ¢lay. Al .
. 'l |‘ ) oo ou o
127
" o)
Very Dense nrown" l 6188 13350
(Glacial Ti11) I i
jJj RSN ) R Y] 0 4t 21.9 |4 38 40 18
l t 11125
124.6 . i
6.1! End of Borehole
Mger and Spoon Refusal
=
+3, »5 : Numbaers refer to

" Sensitivity

20
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| RECORD OF BOREHOLE No il METRIC
wP 34-81-04 _LOCATION __Sta 9 + 895 o/s 5u Lt. ¢ Richardsen Rd. ORIGINATED BY __Ki
DIST 9 HwY 17 BOREHOLE TYPE Solid Stem Auger, Cone Test COMPILED BY KJ
DATUM Geodetic DATE December 13, 1089 CHECKED 8Y PR
SOl PROFILE SAMPLES ﬂ:.. ) :.J DYNAMIC CONE PENETRATION -
» RESISTANCE PLOYT NATURAL
hs gczi 9 20 40 &0 ﬁ i £y %@ REMARKS
Q El {'g QE w i [ 1 i 1 Wp W WI. = W &
ELEV DESCRIPTION Ela| w| 2|88 ] © |SHEAR STRENGTH kbo prrrnntoinrt. | F | GRAIN SIZE
DEPTH wiZ2l 218 8% g o unconened  w rELDVANES o o e ]y DISTRIBUTION
sz 5 [ 80| & |oouck rraxar  x tas vane [WATER CO {%) {%)
1i0.6]  Ground Surface w = @ 10 20 30 jkN/m® |GR sA 81 CL
0.0|Fil1, sand and gravel. 1 |es |- JL G
Senl
130
Denze Brown ! [ ]
129.4 2 |88 57 Water jLave \
1.2{S11ty 8and, trace L Dec.24/89 "-q.“‘_\
gravel, some clay. l l ¥~ 129
, 13 188 64 i o
Very Dense Brown H b
(Glacial Till) A )
“ 5 |ss |es 1] 128 21.4
' K
127.1 H 5 1ss (113 0
3.5{End of Borehols
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UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & ST Fine I Medium l Coarse Fine Coorse
GRAIN SIZE iN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric}
i 2 3 4 5 1 20 30 4050  gr5um 50 um I00um 500Rm L 18 mm 2.36mm 9.5mm 19.0mm 37.5mm  63.Gmm
100 iI[i Hm 53um 106w ZZSOy;:n §15um 850 um 2.0Qmm 4.75mm i3.2mm 246.5mm 53.0mm§ 75.0 mm
7 ’
80 / // to
80 2 / 20
70 } / i)/ "
L 3
/ 14
z z
a / ~ - h
3 =
50 - - - i - s I o o fz g F o e e . - —y . TUIINIE LTINS TR 50
Y I LEGEND :ﬁ
g / BH |SAMPLE SYMBOL - &
n 40 : 60 &
4 6| 3 o
// 8 3 .
30 C v 70
/]
éc " I T I I D 3 ST | SR S
20 S QU SO i i..g# Y S [N SO 1§ S e R . s BO
/
/”/
y ]
0 - Q 90
TP
P
(o}
o 100
o z 3 4 5 to 20 30 40 270 200 40 100 6050 4G 30 20 16 o8 4 gt W e R s

MINISTRY SIEVE DESIGNATION {Imperial}

Ministry of GRAIN SIZE DISTRIBUTION FIG No 1

Transportation
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