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1.0 INTRODUCTION

Dominion Soil Investigation 1Inc., Consulting Geotechnical
Engineers, was retained by the Ontario Ministry of Transportation
to carry out a foundation investigation for a proposed underpass
structure at Highway 17 (417) and McGee Road in the Township of
West Carleton (west of Ottawa). The'proposed bridge structure will
have two equal spans of approximately 31 metres to support two 3

m lanes with 1 m wide shoulders.

The purpose of this investigation has been to determine the
subsurface condition at the site; to establish the engineering
properties of the substrata; and to provide recommendations for the
design and construction of the proposed bridge from a geotechnical

engineering standpoint.

The field work was carried out during the period of December 4 to
12, 1989 and consisted of ten sampled boreholes and three dynamic
cone penetration tests (augered through dense strata). The plan
locations of boreholes and cone tests, and stratigraphic sections
are shown on Drawing No. 1. Details of subsurface conditions
encountered at each borehole location, including results of in situ
testing, are presented on the Record of Borehole sheets. The
results of field and laboratory work, including ocur interpretation

and recommendations are presented in this report.

.-./ncu



Ref. No. 89-11~14 2
2.0 SITE DESCRIPTION & PHYSIOGRAPHY

The proposed underpass site is located approximately 30 km west of
Ottawa, at the intersection of Highway 17 and McGee Road. The
topography in the general area is flat, with a mil& relief to the
south. The existing road pavement is about 1.2 to 1.5 m higher
than the adjacent general ground surface level. The south-western
(construction north) quadrant of the site has a light bush cover.
The remaining areas have tree growth, outside the right-of-way
limits. At the time of our field work the general site area was

snow covered.

In general, the Ottawa Region is known to be underlain by 2 to 4
m thick fine grained sand followed by sensitive marine clays.
These clays, known as Champlain Sea or Leda clays, are believed to
have been deposited during the late stages of the Wisconsin
glaciation when the Champlain Sea invaded a significant portion of
the South~eastern Ontario including the St.Lawrence lowlands and
the Ottawa Valley. It is believed that whilg these clays were
deposited in a marine environment, the influx of fresh waters from
Lake Ojibway-Barlow, due to isostatic rebound, progressively
decreased the salinity of the regressing sea, some 12 to 15
thousand years ago. This gave way to a leachéd, open, flocculated
structure of the marine clay. Consequently, these clays are
characterized by generally high sensitivity, low shear strength and

‘a high compressibility beyond a threshold stress range. While the
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Ref. No. 89-11-14 3
thickness of these clays can be exténsive at most areas, it can
also vary significantly, generally depending on the elevation of
the ground and bedrock. Relatively thin deposits occur west of
Stittsville where bedrock outcrops and granular deposits are
frequent. Between the bedrock and the clay a layer of glacial till

deposit is also commonly encountered.

The bedrock in the Region is known to consist of a faulted sequence
of limestones and shales of the Ordovician Period. Published
information shows that at the intersection ofyﬁighway 17 and McGee
Road the bedrock consists of interbedded sublithographic to fine
crystalline limestone and calcarenite, known as the Bobcaygeon
Formation of the Upper Ordovician Period of the Palaeozoic Era.
The intersection however is very close to the interface of other
limestone deposits known as Gull River and Verulam Formations. All
of these formations are known to belong to the Simcoe (Trenton-

Black River) Group.

3.0 SUBSURFACE CONDITIONS

The subsurface conditions were explored at ten borehole locations
and were inferred at the 1locations of three dynamic cone
penetration tests. The locations of the boreholes and cone

penetration tests are shown on the Plan and Profile Dwg. No. 1.

duu/o'.
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Details of the stratigraphy encountered in the boreholes are given
on the individual record of Borehole Sheets. The subsurface

conditions can be summarized as follows:

The site is generally underlain, below a 1 to 2 m thick fill
deposit, by a 0.2 to 0.7 m thick layer of topsoil and/or somewhat
organic sand and silt which are in turn underlain by a deposit of
stratified silty sand extending to depths ranging between 2.9 and
5.6 m below the ground .surfaae. These surficial soils are
underlain by a major deposit of silty clay with sand and silt
interbeds. This deposit is 4.5 to 7.4 m thick and is underlain at
some of the borehole locations by a 0.2 to 2.7 m thick gravelly
sand deposit immediately above the bedrock. The surface of the
limestone bedrock was contacted or inferred at depths ranging
between 10.2 and 13.1 m below the ground surface or between
Elevations 109.1 and 106.1 m indicating that it generally slopes
down from west to east with an elevation difference of 3 m over a

horizontal distance of about 100 m.

The individual strata are briefly described in the following

paragraphs.
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a) Fill: Pavement materials consisting of asphaltic concrete
over a thin granular base were encountered in the majority of the
boreholes. These were found to overlie a sub-base fill deposit of
brown sand with some gravel extending to a depth of 1.1 to 2.1 m

below the ground surface.

b) Topsoil: Beneath the granular fill Boreholes 1 and 4

contacted a 0.2 to 0.3 m thick layer of topsoil.

c) San ilt: Underlying the f£ill and/or topsoil
a deposit of dark brown to grey sand or silt with organics was
encountered in Boreholes 1, 101, 103, 4 and 5. At the borehole
locations this depogit extends to depths ranging from 1.5 to 2.1
m below the ground surface and its thickness ranges from 0.2 to 0.4
m. From 'N'-values of between 7 and 50 blows/0.3 m, the deposit

iz described as loose to dense.

d) 8ilty Sand: Below the surficial £ill and organic materials,
a stratum of silty sand was encountered in all the boreholes
ranging in thickness from 1.4 m (B.H.5) to 4.4 m (B.H.102), i.e.
to depths ranging between 2.9 and 5.6 m below the ground surface,

respectively.
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These sands are believed to have been deposited by fluvial activity
after the withdrawal of the Champlain Sea. The contact between the
sand and the underlying clay is rather gradational and is not well

defined.

The material was moist to wet and moisture content determinations
carried out on samples from this material measured values ranging
from 15 to 22%. ’Grainwsize analyses carried out on selected
representative samples showed that the material is comprised of 49
to 65% sand, 21 to 41% silt and 10 to 14% clay size particles.

(Fig. No. 1).

Standard penetration resistances, 'N'-~values, measured in this
deposit randomly vary between 14 and 81 blows/0.3 m and based on

these values this deposit is described as compact to very dense.

e) g : A major deposit of silty clay to clayey silt,
interbedded with silt and sand, was encoﬁntered in all the
boreholes directly below the silty sand stratum. The thickness of
this deposit, including the interbeds and lenses ranges from 4.5
m (B.H.102) to 7.4 m (B.H.103). These interbeds range in thickness

from several millimetres to 3.4 m.

--u/on-
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Atterberg Limits tests carried out in the laboratory gave the
following index values:
Liquid Limit: 18 - 39%

Plastic Limit: 14 - 24%
Plasticity Index: 4 - 15

These values are aharacteristic of clayey soils of 1low to
intermediate plasticity. The lower plasticity indices generally
represent the silt and clayey silt zones in the deposit. The
measured moisture contents range from 20 to 48% and are generally

near or above the liquid limits.

The undrained in-situ shear strength of the silty clay as measured
by field vane tests ranges from 17 to 179 kPa and are generally in
the 25 to 50 kPa range. The variation of in-situ shear strength
with elevation is plotted in Figures No. 9 and 10. Several
undrained quick triaxial tests were also performed in the
laboratory to determine the undrained shear strength of the soil
but these are not considered to be representative of the actual
field strengths due to the failure of the test samples through the
random silt and sandy silt to silty sand zones and lenses that were

present in the samples.
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The unique properties of the Champlain Sea clay are its blocky,
fissured structure and its extreme sensitivity to remoulding. The
sensitivity of the soil, determined as the ratio of the peak shear
strength to the remoulded shear strength of the in-situ vane test
data ranges from 1.3 to 16.7 with an average value of 5.5. 1In
genéral however the measured sensitivity ranges from 3.5 to 8.0 and

these values indicate a generally low to sensitive clay.

The compressibility and consolidation characteristics of the clay
were determined in the laboratory by conventional oedometer tests.
The test results are shown in Fig. 6 and 7 which suggest that the

clay is slightly preconsolidated and highly compressible.

The measured bulk unit weight of the soil ranges between 18 and 20

kKN/m 3 .

The clay is frequently interlayered and interbedded with silt and
sand seams or lenses of various thicknesses, ranging from several
millimetres to several metres in thickness. 1In some instances the
thicknesses of such zones showed great variations in between
boreholes drilled close to each other (e.g. Boreholes 3 and 103)
indicating random deposition modes. The Qrain size distribution
of samples from these silt and sand zones are presented on Fig.

Nos. 2, 3 and 4.

dda/--l
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Standard Penetration resistances measured in these silt and sand
interbeds gave 'N'-values of 7 to over 50 blows/0.3 m advance
indicating a highly variable relative density ranging from loose
to very dense. These zones/layers were found to be wet and water

bearing.

£) 8ilty Sand: A 0.2 to 2.7 m thick lower sand stratum with
silt and gravel content was contacted in the majority of the

boreholes immediately overlying the bedrock.

A grain-size distribution analysis performed on a sample from this
deposit showed 25% gravel, 51% sand, 20% silt and 4% clay size
particles (Fig. No.5). This deposit was wet and from 'N'-values

of 11 to 22 blows/0.3 m it is considered compact.

g) Bedrock: Bedrock was proven by diamond drilling and rock
coring in Boreholes 1, 2, 3 and 103, and it was inferred from
refusal to augering or dynamic cone penetration tests at the other

exploration locations.
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At the proposed abutment locations, the surface of the rock was
contacted at depths ranging between 10.7 m below the ground surface
(or at Elevation 108.7 m, at Borehole 101) at the west abutment
location and 13.1 m (or Elevation 106.1 m, at Borehole 2) at the
east abutment location. This indicates that the surface of the
rock is relatively level with an elevation drop of 2.6 m from west

to east over a horizontal distance of 62 m.

The rock was cored for a vertical distance of 3.0 m, 3.1 m, 1.2 n
and 1.9 m at Boreholes 1, 2, 3 and 103, respectively. The core
samples show that the rock consists of grey limestone with frequent
highly argillaceous zones and thin shale seams. It is generally
horizontally bedded and does not contain major fractures or
solution cavities where it was cored. The percentage of recovery
of the rock cores ranged from 89 to 97% and R.Q.D. values of
between 13 and 40% were recorded. From these observations and high
percentage of recovery, the rock is described as generally sound.
The low R.Q.D. values however indicate that it is of poor guality

mainly due to the presence of weak shale zones.
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4.0 GROUNDWATER CONDITIONS

Groundwater levels in the open boreholes were observed during the
drilling and at the completion of each borehole. Standpipe
piezometers were installed in Boreholes 6 and 101 to enable us to
monitor the groundwater levels over a prolonged period of time
without interference from surface water. In each of these
boreholes two piezometers were installed, one at a depth of 3 m in
the upper sand deposit and second one at 6 m dépth in the

underlying soil strata.

The recorded values, presented on the individual borehole log
sheets, indicate that there is a perched water table in the upper
sand which at the time of our investigation was generally at a
depth of about 1.8 to 2.0 m below the ground surface. The water
level in the underlying clay was generally 3 to 4 m below the

ground surface.
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5.0 DISCUSSION & RECOMMENDATIONS

Ontario Ministry of Transportation is planning the extension of the
Highway 17 staged freeway from two to four lanes from the junction
of Highway 17/417 to west of Highway 44. The freeway will
necessitate the construction of a new bridge structure at the
presently level crossing of McGee Road. The neﬁ underpass
structure will have two equal spans of 31 metres. It will support
two 3.0 m lanes with 1.0 m shéulders. The approach embankments for

abutment construction of the new bridge will be 6.0 m high.

The boreholes have shown, beneath an approximately 1 to 2 m thick
granular pavement and sand fill and in some of the boreholes a 0.2
to 0.7 m thick topsoil and/or somewhat organic soil, the presence
of a deposit of silty sand extending to depths ranging between 2.9
and 5.6 m below the ground surface. Below these surficial fill and
fluvial .deposits, the site is underlain by a sensitive silty clay
(Champlain Sea) deposit. From the field and laboratory test
results, the silty clay is considered generally firm to stiff and
highly compressible. This deposit is frequently interlayered with
sand and silt lenses which present a variable picture across the
site both in terms of thickness and compactness condition. In the

majority of the boreholes a 0.2 to 2.7 m thick layer of silty sand

R
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with some gravel was contacted immediately above the bedrock. The
depth to the surface of the limestone bedrock ranges from 10.2 to

13.1 m at the borehole locations.

The groundwater level at the time of the investigation was
generally 1.8 to 2.0 m below the ground surface in the upper sand
and 3 to 4 m below the ground surface in the underlying silty clay

deposit.

5.1 Foundations

The existing fill is underlain at sevéral borehole locations by
0.2 to 0.7 m thick topsoil and/or somewhat organic deposits which
in turn are underlain by compact to very dense sand. The thickness
of the sand is variable across the site, ranging from 1.4 to 4.4
m. Below this, the site is underlain by a weak and compressible
silty clay deposit with some random competent zones. Due to the
presence of variable conditions and the high compressibility of the
silty clay, normal spread footing foundations can be expected to
undergo high differential settlements. Furthermore, the stresses
due to the weight of the 6 m high embankment fill can be expected

to induce unacceptable settlements.
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For these reasons it is our opinion that the proposed structure
should be founded on deep foundations on the surface of the

bedrock.

The structure could be supported on steel piles driven to refusal
on the surface of the bedrock. In this case low displacement steel
H-piles would be the most suitable. Driving procedures which will
provide good contact between the pile and the bedrock must be
adopted. Furthermore, a suitable fill should be used (i;e. free
of cobbles and oversized material) for the approach embankment
within the zone through which piles will be driven. It is also
recommended that the piles have reinforced flanges for improved

driving resistance and to reduce damage to pile tips.

The estimated capacities for some common sizes of steel H-piles
driven to practical refusal on the surface of the bedrock are

tabulated below:

ESTIMATED PILE CAPACITY (KkN)

Factored Capacity at Capacity at
Pile Ultimate Limit States Berviceability Limit
Type Size (Qf) : States Type II (0s)
Steel H HP 310x110 1520 ' 1070
HP 310x7%9 1100 760

ceif s
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In some cases difficult driving or even refusal may occur in the
very dense intermittent sand layers at various depths above the
rock level as evidenced by dynamic cone refusa1 (e.g. Cone Test A).
In such instances the dense layer must be penetrated to the surface

of the bedrock.

Stresses due to the weight of the approach embankment will
consolidate the clay stratum which will then transfer loads by
" negative skin friction to the piles (i.e. will cause down-drag).
our calculations indicate that a negative skin friction value of
30 kPa should be applied around the perimeter of the pile below the
pile cap. Down-drag forces need not be considered for the central

pier.

The settlement of the fill will also cause a vertical loading on
the piles due to friction forces between the backfill and the
abutment wall as the fill settles. This load can be distributed

equally among all the piles in the rear row.

utu/hno
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These forces can be neglected if the fill can be placed at least
about one year before pile driving commences. Such prior filling
would also minimize settlement of the road surface after the end

of construction.

Unbalanced horizontal forces should be resisted by battered piles.
For frost protection the pile caps should be located at least 1.8

m below the finished grade.

5.2 Lateral Farth Pressures

For retaining walls, the lateral earth pressure can be calculated
using the active earth pressure and the following equivalent fluid

pressures as per OHBDC 6-6.1.2.2:

At Ultimate Limit States: 8.0 kPa/m

At Serviceability Limit States: 6.5 kPa/m

The’rigid abutment walls should, however, be designed to withstand
the at-rest earth pressures, provided that the backfill is not
heavily compacted (in which case\much higher earth pressures could
occur). For the at~rest earth pressure condition, the following

equivalent fluid pressures can be used:

e
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At Ultimate Limit States: 10.0 kPa/m

At Serviceablility Limit States: 8.5 kPa/m

When using these values, it is assumed that the slope of the
backfill behind the retaining structure is approximately level and
free-draining granular material and adequate drainage have been
provided. Water accumulation in the backfill behind the retaining
structures should be prevented by means of perforated pipes or weep

holes.

The over-compaction of the backfill could lead to the development
of large horizontal pressures behind the retaining walls and the
abutments. Vibratory compaction equipment for use behind the
abutment walls and the retaining walls must therefore be restricted

in size as per current M.T.0. Specifications.

5.3 Approach Fills
We understand that up to 6 m high approach £fills will be

constructed. These will be approximately 10 m wide with 2:1 side

slopes,

uub/hﬁo
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With this configuration, the stability of the approach fills was
investigated by means of conventional limit equilibrium methods
albng assumed circular arc failure surfaces using the following

assumed and/or measured soil parameters:

Drained Stability Analysis:

Embankment Fill: ¢' = 32 degrees
c! =0
Y = 22 kKN/n”3
Sand: $' = 30 degrees
¢t = 0
Y = 20 kN/n*3
Silty Clay: ¢! = 26 degrees
c!' = 10 kPa
Y = 17 kKN/m*3
Undrained Stability Analysis:
Embankment Fill: ¢ = 32 degrees
c =0
¥ = 22 kN/m*3
Sand: ¢ = 30 degrees
¢ = 0
= 20 kN/m”3
Silty cClay: ¢ =0
¢ = 30 kPa
® = 17 kN/m*3

-no/u-'
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Based on these parameters, the minimum calculated factor of safety
against a failure is 1.5 which is considered to be adequate. The
sensitive clay may however lose some of its shear strength due to
vibrations and disturbance during pile driving. For this reason

the use of low displacement piles is recommended.

All organic and other unsuitable soils must be removed before
placing the £ill. The exposed subgrade should be inspected and the
approved subgrade should be compacted using a suitably heavy

compactor.

The slopes of the embankment should be adequately protected against

surface erosion.

It is estimated that a settlement of the order of 200 mm will occur
due to the weight of the new embankment. Somewhat greater
settlements could occur if the grade is raised beyond the width of
the existing road embankment which is presently about 1.0 to 1.5
m higher than the surrounding ground. We have however assumed for
both settlement and stability calculations that the new embankment
will be placed over the existing road and that maximum grade above

existing elevation will be 6.0 m.

ceiS e
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Based on the consolidation test results performed in the
laboratory, 90% of the settlement can be expected to take place
within about one year and 50% within about three months. The
effects of the embankment fill on the piles sﬁpporting the
abutments, as discussed before, and the mnagnitude of the
settlements after the completion of the road can therefore be
reduced if the f£ill is placed several months before the pile

driving and pavement construction.

The paving of the road should be delayed until the settlement at
the interface of the embankment and the road f£fill has considerably

decreased.
5.4 construction

Where the excavations extend below the groundwatar table, the sandy
soils will be unstable and will require dewatering to stabilize the
sides and to preserve the load carrying capability of the soil at
the base of the excavation. The groundwater table at the time of
the investigation was generally 1.8 to 2.0 m below the ground
surface. It would however likely be higher during rainy periods

or spring run-off.

..O/O.i



Depending on the depth of excavation below the water table,
dewatering could be effected by pumping from filtered sumps. This
will however be effective only about 0.3 to 0.4 m below the water
table and for excavations extending more than about 0.4 m below
the water table more sophisticated methods would be required to
dewater the site and to stabilize the soil. It is unlikely however
that excavations extending more than 2 m below the existing grades

will be required for this project.

Above the groundwater table, temporary excavations more than 1.2
m deep must be sloped at 1:1 side slopes or flatter or adequately
supported in accordance with the Safety Regulations of the
Province. Below the groundwater table much flatter side slopes

would however be necessary in the cohesionless sand deposits.

6.0 CLOSURE
The Limitations of Report as quoted in the Appendix 'B', are an

integral part of this Report.

DOMINION SOIL INVESTIGATION INC.

Z.S. Ozden, P. Eng. »\ R. Miranda, P. Eng.
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APPENDIX ‘'A?
PROCEDURES

The field work for this project was carried oﬁt during the period
of December 4 and 12, 1989. During this period a total of 10
boreholes and three dynamic cone penetration tests were put down

at the locations shown on Drawing No. 1.

The boreholes were extended to depths ranging between 10.2 m
(B.H.5) and 16.2 m (B.H.2). 8ix of the boreholes were terminated
after encountering practical refusal on the inferred bedrock
surface. At four borehole locations, the bedrock was proven by

core drilling.

The boreholes were advanced by a power auger drilling rig. In
boreholes where rock was to be cored, hollow stem augers were used.
Sampling was effected at frequent intervals of depth by Standard
Penetration test method. 1In the cohesive strata thin walled open
drive (shelby) tube samples were obtained. In addition the
undrained shear strength of the soil was measured in-situ by field
vane tests. At four borehole locations, after refusal, the rock

was cored, by diamond drilling, using 'NXL' size core barrel.



Dynamic cone penetration tests (A, B & C) were performed at three
selected locations. 1In some cases, however, the presence of very
dense layers necessitated augering through these strata to advance

to the inferred bedrock surface.

The borehole and cone test locations were established in the field
with the assistance of the M.T.0 surveyors. Ground surface
elevations at the borehole locations were determined and provided

to us by Mr. D.J. Caldwell of the Ministry.

The drilling equipment was owned and operated by D.S.I.L. Drilling
Inc. and the field work was carried out under the supervision of
a Professional Engineer from Dominion Soil Investigation Inc. Upon
completion of the field work the soil and rock samples were shipped
to our laboratory, for further examination and classification. ‘A
laboratory testing programme consisting of natural moisture
content, Atterberg Limits, consolidation, quick triaxial
compression tests and grain-size analyses was performed on selected

soil samples.
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APPENDIX 'B'

~ LIMITATIONS OF REPORT

The conclusions and recommendations given 4in this report are
based on information determined at the testhole Jlocations.
Subsurface and groundwater conditions between and beyond the
testholes may differ frdm those.encountered at the testhole
locations, and conditions may become apparent during construction
which could not be detected or anticipated at the time of the
site investigation. It is recommended practice that the Soils
Engineer be retained ‘during construction to confirm that the
subsurface conditions throughout the site do not .deviate
materijally from those encountered in the testholes.

The design recommendations given 1in this report are applicable
only to the project described in the text and then only if
constructed substantially in accordance with the details stated
in this report. Since all details of the design my not be
known, we recommend that we be retained during the final design
stage to verify that the design is consistent with our
reg:?mmendations, and that assumptions made in our analysis are
valid.

The comments made 1in this report on potential construction
problems and possible methods are intended only for the guidance
of the designer. The number of testholes may not be sufficient
to determine all the factors that may affect construction methods
and costs. For example, the thickness of surficial topsofl or
fi11 layers may vary markedly and unpredictably. , The
contractors bidding on this project or undertaking the
construction should, therefore, make their own interpretation of
the factual dinformation presented and draw their own conclusions
as to how the subsurface conditions may affect their work.
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RECORD OF BOREHOLE No 1

METRIC
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DATUM Geodetic DATE a9 12 .05 CHECKED BY .._.280. ...
™ w o JDYNAMIC CONE PENET&ATiON
50iL PROFILE SAMPLES W oy A ] RESISTANCE PLOT NATURAL =
v&z o] PLASTIC  poysryre  LIOUID f™ Z REMARKS
5 w |20 @ 20 40 60 80 g0 |UMT cowrewy vt} SO s
o 4 '}: z 1 1 E) k1 wp W W :,u.n
ELEY DESCRIPTION S 2l g3 25| § [SHEAR STRENGTH kP o | % | crAN S12E
DEPTH E | 3188 & |ounconmned  + RiEwD vane y JOISTRIBUTION
1 & .z ﬁu ‘z‘, & QUICK TRIAXIAL X LABVANE WATER CONTENT (Vt’ ('y_)
19.2] GROUND LEVEL n ; o 25,50 75 100 1 20 40 60 kiym? |GR SA 51 CL
8.0/0.1 m Crushed Stons - Ky
PIiL e - -1
byown sand, Ve ; A3 * [*
117.8| some gravel ', 58 [15 118 o lrossible
1.4 TOPSOTL o A trost
1.7 SAND somewhat organic ;13 |ss | 7 °
2.1\Igose, grey T
L °
SILTY SAND i o e
dense , JrEY, Sy 116
115.6] moist to wet B L o
3.6 »
silty /’ & vy & Bt
sand V] |
interbeds ’/ "
217 jw el 1 i
PR — 14 18.3 Ponsolidatic
11 O Test
Lyils {ss | 8 P
SILTY CLAY /] -
soft to stiff 1 1 A
v g,
ey (¥ 112 o
9. lss 9
,/ + B=3.9
// o]
§ 0 | |en @ 18.0 Lonsolidatio
y + b=3.0 b
f’ =9, (]
% 110
Lyl fss | 4 L I
/
1 1 +8p5.0
//’ +5=5.0
108.1] some gravel — " ™ML
TIVT ..m....u.E,E...C 108
NKL g;:*
graey 13 | RC NQD = 40%
Limestone
BEDROGK, 106
105,13
B 00 0 - T T T Y
ITIME  W.lL.
{m)
Dac.5/89 1.5
{completion)
Pac.6/89 1.5

*3‘ x5 » Numbaers refer to
Sensitivity

)
15 45 {%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

®

I

RECORD OF BOREHOLE No 2

METRIC

WP 34+81-03 LOCATION Sta. 9 + 969, 0/8 4.8 LT ORIGINATED gy ABE
DIsT 9 HWY__ 17 BOREHOLE TYPE Hollow Stem Auger. NXL Rock Core COMPILED BY _aax .
DATUM Seodetic DATE 89 12 06 ' CHECKED BY .. 250
s JDYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | | W fPYNaMiC cONE e AT e
€z | g lmr ¢ Mowmwe owel =G | REMaRKs
» w | 20 20 40 b0 8O 100 ONTEN Zo &
2Bl w |2 |05| B [em rmmome——— WP W w|5% GRAIN SIZE
ELEV Simi i L2 Q N o e ¢
D—‘é-ﬁ T DESCRIPTION - g >l g gg Y o unconenen + FIELD VANE WATER CONTENT (% y mSTm?UTlON
glz » | &Y | & |eouck TRIANAL  x LAB VANE (%) %)
113 CSROUNGD, LEgEL 1 - w 2 50 Tl i L DE 2O A R Serismd  JOR 54 51 CL
O.Cg.gg ™ ASPHALY. — o/ o
*Fif Granulax Bage.) Qu.las |-
Sand, some gravel Ngl2 [ ss | 52 118 o
brown 2
3317, 4 T+
1.8 TR 88 32 @
brown i): .
SILTY SAND grey 1-1]4. 188 |56 o
with silt seams 2] 116
compact to v. dense P
11% : m’,‘? s lgs g1 5
. g
e Tss |7 ]
SILTY CLAY /;' +|a=8.b
i )
Eixm, grey 1 /7 W ipn 114 * 19.8 fonsolidation
/)/ +825.0 fest
113.3 1 M i g6l 3
B JHE
ide lss | ° L 53 33 14
SILTY SAND 1
some clay aoese Bl 112,
grey V.dense ARd
e lus 14 @ - 62 25 12
110.4 1o
- S
8.5 M 116
SILTY CLAY rdh
: . 1 * [ * rods
soft to stiff,grey [} P88 130 ] rebounding
rgt spongy
1048, 4 1 +g=1,5
10.9 g.0 108
SILTY SAND K
some graval L1t
compact, grey Slha Iss 120 o 25 51 20 4
106. 3 "L 106
133 ree ROD = 14%
grey 933
Limastone NXL
BEDROCK 2
Re
104
103,
16.4 End of Borshole
CIME WL
{m)
Pac.6/89 1.4
completion)
Immediately
hftar rock
boring

+3, x5 . Numbers rafer ro
Sensitivity

‘20 '
15 5 %} STRAIN AT EAILURE
0




OFFICE REPORT ON SO EXPLORATION

Ti
Oty
RECORD OF BOREHOLE No 3 METRIC
wp  34-81-03 LOCATION _ Sta. 10 + 000 0/S 4.8 LY ORIGINATED BY _ARK
DIST .2 HWY .17 BOREHOLE TYPE __Hollow Stem Auder, NXL Bock Cove ... COMPILED BY __aak
DATUM ... Geodetic DATE 89 12 07 CHECKED gy . 250
b
w | DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & | e ONE,  WafuRAL -
e o PASTIC  popsTymg LU | e REMARKS
b 6| 8 20 40 0 80 oo [T cowtar il | Z O
g o & Q:: L ) ) 1 1 Wp W wl o &
ELEV Rp izl w2188 5 SHEAR STRENGTH kPa NP S 3 | GrAN $izE
DePTH PESCRIPTION EINE 858 | 5 |ounconmmnes  + riEwD vane WATER coNTenT ()] 7 DISTRIBUTION
12 5 &Y | @ [ ouck TRIAXIAL  x LAB VANE ’ (%) %)
119.6] GROUND LEVEL % £ @ 25 S0, 75 100 175 20 a9 6p  fknm® lGR 5A 51 ¢
0.0] 0.05m Asphalt. — . J Aon
0.08m _Granulsr Base /51, | .o |
sand, some gravel N 18
117,5 | Drown ¢ 3. 188 |29 -;r
2.1
NG IR -
SILTY SAND £sl
compact to very denme |°| 1518 !54 116
grey, wat Ny
‘v ': 7] S,S.....’ﬂ&m
114.9 s et
SILTY CLAY 7 lss |7
14,5 ] #irm Grey. /]
5.1 - +]8=346
114 PO I
SANDY SILT .
with clay seams s_iss e 0 47 41 13
112.8] compact grey «
7 Lk 112
SILYY SAND N3
very dense, grey {:Zq S8 50415cm
3il1.1 Ll
0.5 LT
/I
% Wt o
e /&meﬁ& 110
SILTY CLAY ’/, g
£irm to stiff, grey ’/ + B35
1 s« o 17.4
108.0 108 Hs=10l6
11.8
grey
li0s.8 L EDROK RQD = 183
12.81 End of Borehole
NIME  W.L.
Pee.7/89 1,8
sompletion)

+3’ %5 ; Numbars refer to
Sansitivity

20
15 45 (%) STRAIN AT FAILURE
1M



OFFICE REPORT ON SOIL EXPLORATION

Transportation
‘ RECORD OF BOREHOLE No 4 METRIC
WP 24mBl-03 LOCATION __Sta, 10 % 081 @cy ORIGINATED BY aak
pisT_.2 Hwy_ 17 BOREHOLE TYPE __Solid Stem Auger COMPILED BY _AAK
DATUM ._Seodetic DATE .89 12 oa CHECKED BY _z80__
, p W JDYNAMIC CONE PENETRATION "
SOIL PROFILE SAMPLES | | 4 oI CONE asrc S oon| 5 | errecs
=t 0 CONTENY LiMiT ]
e = 20 40 40 80 W00 Z =
o] o g e % A | | i Wp W W, ;9§ &
ELEY DESCRIPTION gl w218 § |SHEAR STRENGTH kPo e i GRAIN $1ZE
DEPTH 131 2| S |38 % [ounconmmen  » rew vane WATER CONTenT ()| 7 |PSTRIBUTION
g1z 2 | EY | & [ ouick rRaxAL  x A vaNE . (%)
1i2.2) GROUND LEVEL it : hod 285 100 IR 20 ED GR SA S1 Cl
0.0 {0-05m Asphait, . . 7 p .
0.1 m_ Srapular base /X
PILL sand, some gravel ) o
117.8 jbrown ‘i | 88 | 40 118
41 TOPEOIL Vi
1.6} SAND somewhat organic ..z'_’h 5 -ss ey
1.9 ..x.
L fi3tss 25 °
SILTY SAND M 116 -
compact to dense, Lk 488 .43 649 4 10
grey +]s Tss | 20 o
114.8 o=
4.4 I ¢
; e [ss | o* pont] © * Spongy
{ A 114 rebounding
V1 A . Ll - A
211 +  §=8.0
: // 7. 188 17 [
- SILY CLAY b
7l Goft to stiff e 11z 45210,0
grey v H os= 4.5
: A
. ] jedss 15 ot |
] /’ =6 44
1 1 e, 9 |
1 A 110
N (- MECRE o
"‘ ’_. . " / /
N PRSI | ¥ +a=4.0
108. Zisome gravel L it W :
m.s-l’md of Borehole
© |Refusal to Augering
. {Probable Bedrock
TIME  W.L.
(m)
, . Dec.8/89 2.3
' {complation)
A

+3, x5 ; Numbars refer to
iy

20
15 9-5 [%ISTRAIN AT FAILURE



OFFICE REPORY ON SOR EXPLORATION

@
Tratvuiiortution
RECORD OF BOREMHOLE No 5 METRIC
WP 34=81-03 LOCATION _ gta. a0k 01186 C/L ORIGINATED BY _ang ...
DIsT 9. HWY 17 BOREHOLE TYPE _=nlid Stem auger&.long Test COMPILED 8Y __AAK
DATUM . Geodetie DATE gs 12 o8 CHECKED BY 280
5OIL PROFILE SAMPLES a& w DYNAMIC gO;IE TﬁENETﬁA”UN NATURAL -
l-g 3 RESISTANC Lo PASTIC  orsrure Uduwib ], A REMARKS
o o ©ojuit T conTent LMIT § S tD
o w | 29 W 40 60 BD WO ZT 2
Qs W P i L L L —t Wp w W,y :‘-'l‘é"
ELEV SCRIPTION Tlal el 218 O |SHEAR STRENGTH Po USRS — GRAIN SIZE
DEPTH D€ w121 XS 8% § [ounconmmeo v pewo vane e oo el Y DISTRIBUTION
. g1z 5 |E9 | & |ecuck riacal  x LAB vane . %)
119.3) GROUND LEVEL o : i 26, 5075 00 1o GR SA 51 CL
0.070.05m Agphalt =~ _ 7 .
0.1 m Cranglar £i11 ./
FILL, sand zome gravel
118.2 {brown y
17 R m S il8
\sm somewhat c:xqani.&J P
1.5} Sz !s§ 47 +
SILTY SAND brownic
{thin silty clay seams [|[f3 iss 17
11ﬁd1mw‘ o fapn P .:,
2.9 ' 4 b 116
SILTY CLAY  sand |4 13
: seam | b
4 s ]ss 13
very stiff to trave |4 , #g=q , ]
- Eirm grey sand //, A l < |1ig
& 114 /
1 L T9,8%8.1
’ .
L/ dsgtan . 3
112.7 . il lss e ]
6.6 | End of Borehole L] §5‘,§'§
: Dynamic Cone 45 112 ) .
Panetration Test /’
- performed from 6.6 ¥
to 10.2 m ¥q
SITIY CLAY, soft //
{INFERRED) 11
bs
L 110
." . . LA
A _ A
109.31 4 % L}_‘ ,
10,21 End of Dynamic Uone
|| Penetration Test
Refusal to Dynamic
Cone Penetration @
‘0.2 m
Probable Bedrock
TIME  W.L.
(m)
pec.8/89 1.8
. . {completion)

+3, %% Numbers refer to
Sansitivity

prin) R
15 4§ {%) STRAIN AT FAILURE .
W



REPORT ON SOl EXPLORATION

OFFICE

@i
Oraia
RECORD OF BOREHOLE No 6 METRIC
wP 34-81~03 LOCATION . Sta. 9 + 949 @ C/L ’ ORIGINATED BY _ABRK
DIST L8 HWY.. .12 BOREHOLE TYPE __solid Stem Auger COMPILED BY _ aax
DATUM . Geodetic DATE 89 .12 09 : CHECKED BY __Z50
) o w | DYNAMIC CONE PENETRATION .
SOIL PROFILE SAMPLES 1 &5 | 2 |REsisrance pior an M| e
- Bz O ‘ fasne woistorg LGUR T v K| REMARKS
o I CONTENY B
5la w | 29 20 40 &0 BO 100 zZ &
Q ?.5 g {;‘1& z i h 4 X i Wp W W, m;

ELEY DESCRIPTION 18| g 2|85 § [sHEAR STRENGTH i#a A GRAIN SIZE
DEPTH w1ZE1Z | S 138 % louvconmnes  + e vane WATER contentimy] 7 [PPTRIBUTION
| é Z L 1 EY @ ® QUICK TRIAKIAL % LAB-VANE %) (%)
112.0 | GR0UND.JEVEL e . - 55005190 . 1ps 20 ap e ap o fi/m JGR SA I CL

0.0] 0.08m . Asphalt . .. ./ /Ke e o
FILL sand, some graveil: o
117.6] brown L Lss |21 g
1.4 T ; o
{1  SILTY SAND NESERE R
with silt seams é“;?m*.- i
| compact, moist 7Y 50 N P o - 65 21 14
to wet 40 116
“1ed] . 0. 2 -]
115.4 SRy a8 14 .
3.6, A A
. SILTY CLAY A1s _iss |1 ot
firm to stiff, grey r/ +ehg, !
. sand interbads A
T L jramey 114 - o 19.4
1144 bat ha=4{3 |
5.6 ¥ i
SILTY SAND bl o
.| some clay -f Lowid SSorife2Bd g, - 53 32 15
| compact to very dense,j|| 112
i grey ‘..':
' Tils dss 171 o
. :( P ;/y 110 ’ - KB
" smwry cray //, T Lo . — b * rods
L firm to stiff, grey FE ! . ’ ;eb:umimg
: // . Y-l S
108,40 pa a5 .0
10.61 o,
10 SILTY SAND gRT e e 108 ®
1| some gravel, 2 B
| compact, grey o} .t
el o ML 857 120cn °
12.5] Bnd of Burehole :
-} {Probable Bedrock)
TIME  W.L.
- (m)
. . (STANDPIPE)
) .l No.2
Dee.9,89 | Dey 2.7
: .Defr, 10789 bry 1.8
Defe . 11/8
aa. 4.5 2.3
p.m. | 3.9 2.2
Dee.12/89 3.8 2.2

+3, «® : Numbers refer ro
Sensitivity

20
1545 (%)STRAIN AT FAILURE
YRR )




OFFICE REPORT ON SOH EXPLORATION

ArRpOTROnN
RECORD OF BOREHOLE No 7 METRIC
w P M-81-03 LOCATION __Sta. 3 + 929 @ o/, ORIGINATED BY _AAK
pist_ 9 HwWY 17 BOREMOLE TYpE _ Solid Stem Auger & Cone Test COMPILED BY _ AAK
DATUM. ._Geoderic DATE . 89 .12 10 CHECKED BY __280 .
e w DYNAMIC CONE PENETRATION
SOOI PROFILE , SAMPLES W oy = | RESISTANCE PLOT NATURAL =
b 3 FASTIC  yestune  LOUD | . & REMARKS
w! . | S8 8 20 40 60 80 oo [T contewr LT} 50 3
Q1= i = e il Wp w w, | Su
ELEV DESCRIPTION ZIZ g | 2|85 & [swear srrenoin x| o | 3 | oRAN sizE
DEPTH - § | B5 | T |0 UNCONRINED  + FiELD vane warer content ol 7 DISTRIBUTION
I - s 3 | EO | & |ocuck rraxiat  x A vang |WATER CONTENT (%) (%)
118.8] GROUND LEVEL "‘ : w 25 50 75 100 135 GR SA 51 CL
0.010.05m  Asphalte w s’ Ky ’ :
FILL sand soma gravel . e “ 118
1376 brovn o
1.2 LT 88, 165
SILTY SAND FFHa tes L4 +
grey [l
compact- to v. dense ||
- moigt to wet | [ifd—-S8er-20 11&
3.0 E ,,/ 5 §§ 14
A
A
/’6 8§ |11
"é‘i‘lgy‘“ TEFTFL 14 + 546.3
gan S .
LA L8 LS
Seams ) B
1. sty cray A
| Firm to stiff, grey /’
8|8 5
1
ek na KX CY X
1140 . , r + gu5,3
7.
4 'Dmg ggﬁﬁhgéﬁmatm M \
- |Tedt performed from 7.4[Y] )
1% 0y cray i 1o
109.81 " (INFERRED
"‘;’“"‘é"%':“”* 7"“( M—w—)-wmm M"g:.
41 srvry samp : *"T " 5
some gravel AR
*  (INFERRED) L
wral . t: 108 ..Li A ’
11.0| €nd of Dynamic Cone
© T-Penetration Test
| Refusal @ 11.0m
N2 Probable Bedrock
TIME  W.L.
(m)
A Deq. 10789 1.8
: {eompletion)

,3' x5 Numbar; refer ro
Sensitivity

20
1545 (%} STRAI
W e

N AT FAIURE




@i
T
K Dorvearics
, "~ RECORD OF BOREHOLE No 101 METRIC
WP __34-81-03 LOCATION _Sta, 10 + 031, 0/S 4.8 LT : ORIGINATED BY __aax
oist 2 wwy_ Y7 . BOREHOLE Typg SOLid Stem Auger ‘ COMPILED BY __ AAK
DATUM _Geodetic DATE 89,12 .99 _ \ CHECKED BY __zsn
SOIL PROFILE SAMPH?S ﬁ w MNNV:C COL‘JE PENETRATION | NATURAL o
51 o 0 $5| % 20 40 60 80 100 Wp W w | 25 .
= - 3
ELEV i8] w| 2|28 | & [sMEAR STRENGTH o o] T F | GRAIN SIZE
peprr| | DESCRIPTION c|E1 2| S |38 § |ounconrme ¢ RO VANEL oo oo w7 DISTRIBUTION
i gz p €O | & |eouck TRAxiAL  x Las-vane ‘ (%)
3119.41 GROUND LEVEL » 4 w 5 50 & 100 125 20 40 /0 GR SA 51 CL
0.0] 0.05m Asghalt. ’
0.7 SEndle mnd /KD
BILL sand, some gravel ._qs ]
118.0 1 brown ; 2 F 118
4. SAND somewhat organic jrfssr ;
1;5:w r:,’,! 1,158 af
| srry sanp brown L1
densn, wet grey Ny ¢
T2 fss la2 | ] s
115.4 13
i > 4.0 Silty sand ’/ reud. g
] interbeds ¥} |1 )
g //; 3 bre 1 en
134
9 i s TG
jrs e e + w2, 8
L)
SILTY CLAY AT 4 4
= firn to stiff.grey ] [T .
o : 11 , +sd11.0{
z { v No.1 | 112 bl
o . . 4
. _ ) 1558 (4
Q . e +5m2,§ .
£ 5 25750 ‘
ar I "
" : Vg 110 '
Y] A e Bt d
& : - o] =6l
o S rd H 8=3.08
. 08, 751 ‘ M);a‘“& 007 \Bes
Pt 10.7. ' End of Burehole
i . | Refusal to Augerimg
. . and sampling
. 'Probable Bedrock
TIME  W.L.
{m}
, (STANDPIPE)
N . ' Po.1l Ho.2
R . Ded. 9/89 .2 1.9
pecJio/se §z.3 1.8
Dec.J11/89
2. m. 3.4 1.8
NS . 3.2 1.9
Dec J12/89 3.2 1.9

' 0 ,
.,,3' WL Num!mlnls refer to 15 95 {%)STRAIN AT FAILURE
Sansitivity 18 e



G Tramponston

; - RECORD OF BOREHOLE No 102 METRIC
: w P 34-81-03 LOCATION .9 + 969, 0/S 2m RT ORIGINATED BY ___AAK
pist._ 2 wwy. 17 BOREROLE TYpg _Solid Stem Auger COMPILED BY __ BAK
DATUM ___Gaodatic DATE 89 12 10 CHECKED BY . 2Zs0 ..
SOIL PROFILE SAMPLES e w DYNAMIC CONE PENETRATION -
=g 5 RESISTANCE PLOT “m _  —  nasnc NAUML ouw| T REMARKS
- - go e 20 40 50 a0 100 LIMIT cONTENT LT ig?‘
6la 4] Qx z s f i N i Wp W W, Sw &
ELEV escrIpT 218y | 2125 | G [sHear sTReNGTH kPg TP A 2 | crain size
pErtH|  DESCRIPTION L E1 2| S |38 § |ounconmne s rmwuanel e ot ] Y DISTRIBUTION
| g2 5 | €| @ |eouck TRaxaL  x uas vane ol (%)
119.1} GROUND LEVEL » : i 20 49 60 n/m> JOR SA St Cl
0.0{ 0.04m psphalt . ..
FILL sand some gravel
1iy,g| Brown 118
1.2 EHD ,,;,
i Sy les las N
trawn. . pf: PS5
A grey  Pj:b
SILTY SAND NEx
‘with silt seams R L 118
v. dense to loose bl las !es
wet R
z ehE
o tHE
. z 1, 3 A% BH. 114
! o |uzsl 12NN
! a 1242 A L4
; » SILTY CLAY %
; W | £irm, gray 1 A ) 5 )
. » ' }112.4] sand interbeds ZPERELL . (2]:] 20,9 fonsolidatior
; b 5.7 T Fagt
\' v | SILYY SAND RRK 112 -
z | some clay 1. ")
o | v.dense, grey L5 Tss ] 55/ 1som
o lg.s L
O 8.2 g%
& | srury cray // :
- soft to stiff, /1 . 110 » roa
w gray B% . : - rods
b4 .g o . ,»’ /"ﬁ'j"""ss 12 ] rebounding
% 108,81 ) : : spongy
0. 4 b
+ sxuty sanp 4y 11 108
gome gravel ‘ il S8
 eompact., grey ]
ol
{ we. 3| o
: 12,81 End oF BOLSNOI¥ et
) Rafusal to Augering .
- | Probably Badrock
TIME  W.L.
{m)
R bec}10/89 1.5
' {eompletion
L.
i,
:
.

‘ 20
) . 3 5. Numbers refer to ’
) R EA U
) e e +Y, Sensitivity 15 -:{;5 !-""3 STRAIN AT FAWLURE




RECORD OF BOREHOLE No 103 METRIC
WP 34-81-03 LOCATION Sta. 10 + 000, 0/S S.6m RT ORIGINATED BY AAK
DIST 3 HWY.__12 BOREHOLE TYPE Hollow Stem Auder, NXL Rock Core COMPILED 8Y __aax
DATUM .. Geodetic . DATE 89 12 12 CHECKED BY ..280
ETRATION
It PROFILE SAMPLES | & T Ty =
50 © o § RESISTANCE PLOT nasnic gg,z:;g& vauw | g REMARKS
5] e 9 .g-g 0 40 60 %0 0 lTwe w W, gg 3
gy HEIFIEREE & [SHEAR STRENGTH kPs AT GRAIN SIZE
BEPTH DESCRIPTION CAEI 2 E B8] 5 owmconmmes  wrmowane| o | 7 [PSTRBUTION
a]Z 5 | &Y D |® QUICK TRIAKIAL  x LAB" VANE , . (%)
=
125 GBQUMRLEVEL e s i - 2GS e AL PS5 \ GR 54 SI CL
0.0] 0.05m Asphalt. . ../ /2 *
0.15m . Granulax £i31 /[
FILL sand some gravel (/*
138.0 | Browm ¢ 118
1.5 1 SAND somewhat organic e -
1.8 1\brown B s amaan e
hrawn LT
: grey it
i STLTY SAND AN
. dense to v. dense L2 67 116
115.5 i
. V1
- 4.0 //
Q /‘ 3 las 1z
E // | 114
! ‘ A,
& - AL
x SILTY CLAY M 1
- firm to stiff, grey ,/, 4 les &
o - _
wy - .o
2 /’M' 312 FETTS 4
/] HEwS
° /’ 5188 3 ‘
foed V/
L/
9 A4 +d4=5.8
o 2 & dm5.01
] A
¥ R () PR PP 110
g ‘ // el 4
° r‘/ + Hub.0
9
11z lss 4
: iy 47 4 108
/ 11.4 | SILTY SAND, some gravell’
; : 11.7
; , . grey
e e
8 |RC [pew ROD=13%
05,91 ° 106 R SUR VP NSO VN U S A
"¢ ERd o1 Borahole T
N Note:
Corebarrel
jammed and
Left in
borehole froj
13.6 to 9.8
depth
fwatey level
, ot established
.

o ' 20 :
Koo . o #3, x% ; Numbers refer 10 15 05 (9 ySTRAIN AT FAILURE
' [ R Sansitivity o ' "



RECORD OF BOREHOLE No. A

METRIC

OFFICE REPORT ON SOH EXPLORATION

3481073 0.+ 500, 0fs. 1.0 LT ORIGINATED BY __aax
9 HWY by ] BOREHOLE TYPE wDynanie Cone.Lanabrationiivg COMPHED BY ABK
Gegdetic 8932 08 CHECKED BY __ 250
e
DYNAMIC CONE PENETRATION
SGIL PROFILE | % |eesistance ptor asic Mm%
" $5| % 20 40 60 8o igo  [MT {oninr umr | 50 | REMARKS
O e b - 1 L f | 1 w W W, 80 -
- 18| & | 2|25 8 [shear stRENGTH kPo o] T3 | cram size
DESCRIPTION <151 2| $]136] 5 |ounconame  + pieio vane WATER CONTENT ()] 7 [PETRIBUTION
1K 5 [ &Y | & |eouck TRIAKAL X LB VANE . {%}
GROUND LEVEL vi ’ [ GR SA 51 CL
Adiger
118
mm
, g
'«‘I
116 \ _.,_.:__:_f‘s'
[ 167
.-H-"""M
fumpansmaie
w“""w
114 /
"N..\ '
112 S~ —

} Ayger

o N

166 5018 om

- End of Dynami¢ Core
Penetration Test
Posgible Bedrook

+3, x5 . Numbers refer 1o

Sansitivity

0
15 <5 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON SO EXPLORATION

Oritaricy .
" RECORD OF BOREHOLE No B METRIC
WP 348103 Y LOCATION Sta. )0 + 037, 0.0fL ORIGINATED BY aap
{ o1t 9 HWY 17 BOREHOLE TYPEM&%MMMM COMPILED BY  aax
4 .
DATUM . Geodetie DATE 89 12 09 CHECKED BY ... 289
p w TOYNAMIC CONE PENETRATION
. SOIL PROFILE SAMPLES | g |Resisrance puor T S
gz )/ LMY eoarenE LW =0
= w | 2Q @ 20 40 60 80 100 Fa Iy
Ofo 4] - 1 i i ) 3 Wp W WL :3;
(& HEIERERES & [SHEAR STRENGTH tPo A GRAIN 5IZE
DEPTH DESCRIPTION EIEaR 88| 4 [ounconmner  + wiEWD vane WaATER CoNTENT (%1l 7 DISTRIBUTION
g1z 5 | &Y | & |eouck TRAKIAL / x LAB VANE g )
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WP 34-81-03
UNDRAINED IN-SITU SHEAR STRENGTH AS
MEASURED BY FIELD VANE TESTS (kPa)
BOREHOLES 1, 101 & 4
0 | |
120 20 49 60 80 100 120 140
Y e .. GROUND SURFACE
118
116
=
Q
5
% 114 T "
(=) ++
-4
4+ HF
112 ==
+
+
-+ + +
+| +
110
+ it
+ 4
108

DOMINION SOIL INVESTIGATION INC.

9




OUR REF. NO. 89-11-14 FIGURE NO. 10
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MEMORANDUM

Ontario

To: T.C. Tam, P. Eng. Date: July 19, 1993
Construction Services Engineer
Approvals Section
7th Floor, Atrium Tower

From: Foundation Design Section - - Tel: 235-3731
Room 315, Central Bldg. Fax: 235-5240
Downsview

Re: Falsework Foundation Report
McGee Road U’Pass, Hwy. 17
Contract 93-31, S1te No. 3- 569
District 9, North Bay

We have reviewed the Falsework Foundation Report for the above site and find the
contents and recommendations in the above report to be satisfactory.

We consider that the Contractor’s initial proposal to build a 2 m thick granu1ar
pad for shoring and falsework foundation is probably technically superior than

the one proposed in the above report.

B. Iyer, P. Eng.
Senior Foundation Engineer

We have no other comments.

BI/jb

c.c. - E.C. Lane
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éEOHN D. PATERSON & ASS“!ATES LTD.

?'J . Consulting Geotechnical & Emlronmentalﬁngmgers

28 Concourse Gate, Unit 1, Nepean, Ontario Kzt—:. 7I7 Tel: (613) 226-7381 Fax: (613) 226-6344

June 28, 1993

Deschenes Structures (Eastern) Inc.
P.O.Box 4338

Station E

Ottawa, Ontario

K1S B3

Attention: Mr. Elwin Pierce

Subject: Founding Conditions for Formwork
Shoring/Falsework Support
‘McGee Road Underpass, Highway 17 (317)
Township of West Carleton (Huntley), Ontario
~ MTO Contract No. 93-31 '

Dear Sir:

At the request of Deschenes Structures (Eastern) inc., this firm has been
commissionied to evaluate the founding conditions for formwork shoring /falsework
support for the bridge deck for the above-noted project. This submission will form
part of the falsework foundation certificate, required as part of the contract, During
the preparation of the bedding layer for the support of the formwork
shoring/falsework, prior to the erecting the formwork, inspections should be
conducted by this firm to confirm the recommendations provided in this repart have
been followed and, as such, that our recommendations are applicable. A report will
be issued at that time to confirm that the formwark shoring/falsework support
structures have been bedded on suitably prepared bearing media.

The client has provided this firm with the Foundation Investigation Report for Ministry
of Transport Ontario (MTO) Contract No. 93-31. More specifically this includes the
Foundation Investigation Report for WP 31 -81-03, regarding the proposed McGee
‘Road Underpass, Site No, 3-569, Highway 17 (417). This report was prepared by
Dominion Soil Investigation Inc., under the technical supervision of the MTO
Foundation Design Section.

Seil investigatons Concrete ar. Asphalt Technology Environmental Sciences
R sy Roofing and Wateror afing Busitding Snipneas Dreyermese 20,
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The details of the proposed bridge deck shoring are shown on Manhire Assaciates
Limited Drawing $1, Project No. 83-128. The structural aspects of the shoring, as
they relate to the geotechnical aspects of the shoring, were reviewed by the
undersigned with Mr. R.l. Manhire, P.Eng. prior to the preparation of this report,

Refersnce should be made to the Foundation Investigation Report for the details of
the soil conditions underlying the site. In summary, the soils consist of up to 2 m of
granular filt materials over compact to very dense silty sand, which is underlain at 3.8
to 4.7 m depth by a deposit of silty clay (occasionally sandy silt), with interbedded
silty sand. The silty clay extends to 11 m ¢ depth, where it is underlain by glacial till
and, in turn, badrock.

The only stratum of concern to the founding of the formwork shoring /falsework is the
silty clay, For the greater part this deposit is firm to soft in consistency, although
portions were determined to be stiff. More important than its consistency, however,
are its consolidation (or sstlement-related) characteristics.

The silty clay is lightly overconsolidated to overconsolidated, based on the results of
four consolidation tests conducted as part of the foundation investigation, Sample
10, from 7.8 m depth in Borehole 1, was determined to have an overconsolidation
of only 26 kPa between its preconsolidation pressure (i.e. its maximum past effective
stress level) and its existing effective overburden pressure. The client’s initial
proposal to build up & 2 m high fill under the shoring/falsework sills was abandoned
at this firm’s recommendation because the weight of the fill would exceed the
preconsolidation pressure of the clay, with associated settiements expected to be
intolerable to the formwork.

It is recommended that the sills for the formwork shoring/falsewark be founded on
a minimum of 200 mm of graded crushed stone over the existing granular fil
materials. The existing fill consists of the existing road base and subbase for
Highway 17, McGee Road and Acres Road. Where the formwork extends beyond
the limits of the existing fill (i.e. the west shoulders of McGee and Acres Roads), the
ground surface should be stripped of vegetation and topsoil to expose the silty sand,
prior to backfilling to the sill level with select granular fill material.
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The 200 mm graded crushed stone bedding layer can consist of OPSS Granular A
or Granular B Type Il crushed stone material, compacted to a minimum of 35% of
its Standard Proctor maximum dry density value, Compacted crusher screenings
can be used over the Granular A or Granular B Type I material in order to provide
a workable bedding material for the sills. Where additional material is required to
build up from the subgrade leve! to the base of the crushed stone bedding layer, this
material should consist of material of at least Granular B Type | quality, compacted
to a minimum of $5% of its Standard Proctor maximum dry density value.

The crushed stone bedding layer should extend a minimum of 0.6 m beyond the
ends and/or edges of the formwork sills and/or 1.0 m minimum beyond the outside
frame legs. Where thicker granular fill depasits are required, the side slopes of the
fill should be sloped no steeper than 2H:1V to provide adequate stability. The top
surface of the fill should extend a minimum of 0.6 m beyond the ends and/or edges
of the formwork sills and/or 1.0 m minimum beyond the outside frame legs.

The excavations around the abutments and/or pier for the structure should, where
necessary, be backfilled with materials compacted to at least 95% of their Standard
Proctor maximum dry density values. The use of material of Granular B Type |
quality, or better, is preferred, however, the use of site excavated fill will suffice if it
is placed and compacted in relatively thin lifts to the recommended density.

Sills founded on 200 mm of OPSS Granular A or Granular B Type il crushed stons,
placed and compacted over one or a combination of the above-noted subgrade
media can be designed to an allowable bearing pressure of 150 kPa.

The routine heavy-duty shoring/falsework frames will have a maximum leg load of
71 kN. The routine sills will consist of double (i.e. side by side} 150 mm thick by
250 mm wide wood members, on 1.8 m centres, designed by the structural engineer
to act together as a 500 mm wide sill. The frame leg spacing will be approximatsly
1.5 m along the axis of the sills,

The extra heavy-duty frames supporting the formwork structure over the opening for
Highway 17 will be founded on a built up sill structure that will distribute the load over

an approximately 2.4 m width of the bearing medium. The loading on these sil
structures (i.e. one on each side of the opening) will be approximately 235 KN/m.
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The bearing capacity of the supporting soils is, in our opinion, adequate to support
the above-noted sill pressures (with an appropriate factor of safety) with respect to
shear failure. Settlement of the sills will occur, however, during and after the
application of the construction loads to the shoring (i.e. during the placing of the
concrete deck). '

Detailed settlement analyses have been conducted by this firm using the available
consolidation test information for the cohesive soils from Borehole 1. The results of
these analyses are provided below. The analyses were conducted using two
different loading conditions. The primary values provided are for the total loading
conditions due to the dead load of the formwork shoring/falsework systemn as wels
as the weight of the concrete deck. The secondary settlement values, provided in
parentheses, are for the loading condition of dead load of the formwork
shoring/falsework system only without the concrete weight. The difference between
the settlements for these two loading condttions pravides an indication of the portion
of settlement attributable to the concrete placement loads.

The estimated maximum long-term consolidation settlement of the bearing medium
would be of the order of 37 rnm (16 mm) total under the centre of the sills or built up
footing under the extra heavy-duty frames associated with the traffic opening on both
sides of Highway 17. The ends of these loaded areas have an estimated seftlement
of 25 mm (11 mm).

The estimated settiemnent of the routine sills varies betwesn 22 mm and 32 mm
(10 mm and 14 mm), at the midpoint of the sills, and between 15 mm and 21 mm
(7 mm and 8 mm), at the midpoint of the sills, depending on their location within the
overall loaded area (i.e. interior sills settle more than exterior or outside sills).

The overall long-term settlement, therefore, is within the range of 15 mm to 37 mm
(7 mm to 16 mm), with a differential setlement of 22 mm G'mm). The actual
settlement within the time-frame critical 1o the support of the bridge deck would be
expected to be significantly less, and would reflect a reduction due 1o the portion of
the formwork-related settlemerits (i.e. values in parentheses) that had occurred up
to the final adjustment of the frame leg screw jacks.



JUN 28 93 1B:49 J.D. PATERSON & ASOC ' P.&s%

; -~ [mp

...5..

No time-dependent consolidation information was provided in the reporting and it is
not possible to assess the influence of sand layers in the cohesive soil strata.
However, for the case analyzed (for @ 7 m thick clay layer), no more than 60% of
consolidation would be expected to occur after approximately 30 days of load
application. The presence of the relatively thick sand layers in the silty clay terids to
speed up the rate of consolidation, although the amount of compressible clay is
reduced.

As such, and in our opinion, the actual settlement within the time-frame critical to the
support of the bridge deck (i.e. between final adjustment of the frame leg screw jacks
and 30 days after concrete placerent) would be expected to be less than 15 mm
total and 10 mm differential. '

Please contact the undersigned if you have any questions or need further information
with regard to this submission.

Yours truly,

JOHN D. PATERSON & ASSOCIATES LTD.

ot

AJT/ ’ Andrew J. Tovell, P. Eng.
Triplicate ‘
. Manhire Associates Limited

Report No. $6013-93
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Engineering Materials Office
Foundation Design Section
Room 315, Central Building
1201 Wilson Avenue
Downsview, Ontario

M3M 1J8

Tel: (416) 235-3731

1990 10 24

Dominion Soil Investigation Inc.
104 Crockford Blvd.

Scarborough, Ontario

MIR 3C6

Atten: Mr., 7. n, P. Enq,

RE: Additional Analyses
Proposed Hwy. 17, McGee Road Crossing
W.P. 34-81-03, Site 3-569
District 9, Ottawa

Dear Sir,

This is in reply to your letter dated October 9, 1990 on the above subject.
We understand that the height of fi11 is about 7 m and that the analyses in
your report were done for a 6 m high fil1l. We would undertake to carry out
the r?view of the impact of the increased height of fill for this structure
ourselves.

We want to thank you for bringing the above matter to our attention.

Yours truly,

Drae~
i {w )
Dr. Balu Iyer, P. Eng.
Sr. Foundation Engineer
’ for
M. Devata, P. Eng.
Chief Foundation Engineer

BI/MD/mmj
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To: K.G. Bassi Date: 1990 12 17
Head, Structural Section
7th Floor, Atrium Tower

Atten: .Hus

From: Foundation Design Section
Room 315, Central Building

RE; McGee Road Underpass
W.P. 34-81-03, Site 3-569

District 9, Ottawa

We have reviewed the final drawings and contract documents in connection with
the above project. Our comments from a foundation design and construction
standpoint are as follows:

1. Excavation for the pile cap for the pier would extend below the
groundwater level encountered during the foundation investigation.
Advance dewatering would be required to facilitiate excavation for
and construction of the above pile cap in the dry.

2. A1l piles are to be provided with driving shoes as per MTO Drawing
No. DD-3301.

We have no other comments.

i

Dr. Balu Iyer, P.Eng.

Sr. Foundation Engineer
for

M. Devata, P. Eng.

Chief Foundation Engineer

¢c.¢. - E.C. Lane

75401478 {Rev. 10/89)
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To: Date:

E.C. Lane
Head, Structural Section
Kingston

1990 12 27

From: Foundation Design Section
Room 315, Central Building

RE: Results of Additional Stability Analyses
Highway 17 - McGee Creek
W.P. 34-81-03
District 9, Ottawa

The foundation investigation for this project was carried out by our
consultant, Dominion Soil Investigations Inc. The final report on this
project was submitted to you on 1990 05 25. ' :

Following receipt of the E-plans, we noticed that the embankment fill would
be about 7 m high. Based on preliminary data received from your office, our
consultant had provided recommendations for a 6 m high embankment. Additional -

stability analyses were carried out in our office to assess the stability of
a 7 m high embankment. The factor of safety values at the end of construction
would be about 1.26 to 1.29 and under long term conditions about 1.79.

Based on this data, we conclude that the 7 m high embankment shall be
constructed using 2H to 1V slopes as recommended in the foundation report.

Please call this office if you need elaboration on any aspect of this memo.

') e~

Dr. B.,iyer, P. Eng.
Sr. Foundation Engineer
BI/jb ’

cc: K.G. Bassi/I. Hussain

7540-1478 (Rev. 10789)
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October 9, 1990

. NO., 89~11~14

Ministry of Transportation
Foundation Design Section
Central Building

1201 wilson Avenue
Downsview, Ontario

M3M 1J8

Att: Mr. M.8. Devata, P. Eng.

Chief Foundation Engineer

Re: Foundation Investigation
Proposed Underpass Structure
Highway 17 (417) and McGee Road
Bite 3-569, W.P. 34-81-03

District 9, Twp. of West Carlton

Dear Sir,

Further to our meeting on September 22, 1990, with Dr. B. Iyer in
your office, this letter is to confirm our discussions regarding
the above captioned project.

As you are aware, our foundation report was based on 6 m high
approach fills, in accordance with the information that was
available at the time of the pPreparation of our report. As you
also know the plans and profiles for the project were prepared
several months after the submission of our report (i.e. after the
E-plan became available). We recently noted that the profile grade
was raised by about 1.0 m, thus increasing the height of the
approach fills from 6 to 7 + m.

As you know this will increase the stresses on the weak clays
underlying the site, leading to an increase in settlements and
reduction in the factor of safety against a rotational failure.
It may also increase the negative skin friction (down-drag forces)

on the piles and may possibly have other implications.

HEAD OFFICE: 104 CROCKFORD BLVD,, SCARBOROUGH MIR 3C6 {416} 75165685 TELEX: 06-953578 CABLES: DOMSOIL
BHRANCH OFFICES: KITCHENERWATERLOD, LONDON, WINDSOR, TH.UNL')E-ZF( BAY, SARNIA,



If you wish us to review our calculations and look into this matter
we will be happy to do so. We recommend that an allowance of
$2,400.00 be set aside for this purpose.

If you have any questions regarding this letter please feel free
to call us. ’

Yours very truly
DOMINION SOIL INVESTIGATION INC.

e

Z2.8. Ozden, P. Eng.



MEMORANDUM

To:

Attn:

From:

Re:

— i

ce:

K.G. Bassi Date: 1990 08 07
Head, Structural Section

MTOQ, Central Region

Tth Floor, Atrium Tower

Downsview, Ontario

Dr. I. Hussain

Foundation Design Section, MTO
Room 315, Central Building, Downsview

McGee Road Underpass
W.P, 34-81-03, Site 3~569
Dist. 9, Ottawa

We have reviewed the General Arrangement Drawing No. 3-569-P1 for
the above noted structure. Our comments are as follows:

The excavation for the pile cap at the pier location will be
carried down to elevation 115.2m within silty sand material.
The groundwater elevation at this location is expected to be
at elevation 117.8m. A dewatering scheme will have to be
implemented in order to prevent boiling at the base of the
pile cap excavation due to unbalanced hydrostatic head.

The drawing indicates that the piles shall be driven with
driving shoes. The driving shoe details should Dbe as per
MTO Drawing No. DD-3301.

It is expected that pile lengths will be shown on the final
drawings and grading of approach f£ills will also be defined.
The grading should be 2H:1V or flatter.

As stated in the foundation report, due to settlement at
approach fills, abutment piles will be subjected to downdrag
forces which will result in reduced pile capacities for the
abutment foundations. It 1s believed that this aspect has

been accounted in the design. (i:fﬁwﬁw _
/fxifﬁi<i:i2LWK%
gp———

Ken Ahmad, P. Eng.
Foundation Engineer

For
M. Devata, P. Eng.

Chief Foundation Engineer
E.C. Lane
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December 28, 1989

Ref. No. 89-11-14

Ministry of Transportation
1201 Wilson Avenue
Downsview, Ontario

M3M 1J8

Att: Mr. M. 8. Devata, P. Eng.
Chief Foundation Engineer

RG: Wupc 34-81-03
Foundation Investigation
Proposed Underpass Structure
Highway 17 and McGee Road
Lot 10-~11, Conec. 1V=-V
Township of West Carlton

Dear Sir,

We have completed the field work for the above captioned project
and, as requested, we are presenting herewith our preliminary
findings.

The field work for the project was carried out during the period
of December 4 to 12, 1989 and consisted of drilling ten sampled
boreholes and performing three dynamic cone penetration tests.
During the performance of cone tests the very dense soil strata
were augered through, in some cases.

The locations of the sampled boreholes and dynamic cone penetration
tests are shown on the preliminary Borehole Location Plan, enclosed
with this letter. The field work was performed under the
supervision of a Professional Engineer from our office.

Details of the subsurface conditions encountered at each borehole
location, including the results of in situ testing, are presented
on the preliminary 'Record of Borehole' sheets. The ground surface
elevations at the borehole locations were provided to us by M.T.O.
surveyors.

In general, below the pavement materials, the site is covered by
a shallow deposit of sand fill with occasional gravel and this
extends to depths ranging from 1.1 to 1.8 m below the ground
surface.

HEAD OFFICE: 104 CROCKFORD BLVD., SCARBOROUGH M1A 306 (416} 7516565 TELEX: 06-963578 CABLES: DOMSOIL
BRANCH OFFICES: KITCHENERWATERLOOC, LONDON, WINDSOR, THUNDER BAY, S’AHNIA.



At Boreholes 1, 101, 103, 4 and 5, the fill is underlain by a layer
of organic topsoil and/or a somewhat organic silt to silty clay.
The thickness of the organic or somewhat organic deposits ranges
from 0.2 (B.H. 101) to 0.7 m (B.H. 1).

Below the surficial f£ill and underlying organic soils (where these
occur) a stratum of gandy silt to silty sand was contacted in all
the boreholes, ranging in thickness from 1.0 m in B.H. 7 to more
than 4 m in B.H. 102. Standard Penetration resistances ('N'-
values) measured in this deposit ranged from 14 to more than 50
blows/0.3 m, indicating a compact to very dense stratum.

Underlying the surficial deposits described in the preceding
paragraphs, the predominant overburden type throughout much of the
site is a gilty clay (Champlain Sea) deposit. 'N'-values recorded
in this material generally range from 4 to 10 blows/0.3 m and in
situ undrained shear strengths as measured by field vane tests are
generally 25 to 100 kPa with a sensitivity generally in the range
of 4 to 10. From these results, the consistency of the deposit is
described as generally 'firm to stiff'.

At some of the borehole locations, the Leda (Champlain Sea) clay
is stratified with gilt to silty sand layers and at several
locations these layers are quite competent with 'N'-values in
excess of 50 blows/0.3 m (e.g. Boreholes 2, 102, 3 and 6). These
layers necessitated augering through to advance dynamic¢ cone
penetration tests. In view of the fact that no such competent
zones were found in B.H. 103 which is only about 10 m away from
B.H. 3, the presence of such layers are considered to be quite
variable across the site.

At Boreholes 1, 2, 102, 103, 6 and 7, a gsandy silt till deposit
with some gravel and c¢lay content was encountered directly
overlying the bedrock. The thickness of this stratum ranges from
0.2 m in B.H. 1 to 2.7 m in Borehole 102. 'N'~values of 11, 17 and
22 blows/0.3 m were measured, indicating a competent material.

Bedrock was inferred from refusal to augering or dynamic cone
penetration tests at majority of boreholes or test locations, At
Boreholes 1, 2, 3 and 103, however, the bedrock was penetrated and
proven by diamond drilling and rock coring (3.0, 3.1, 1.2 and 1.9
m, respectively). The rock consists of a light grey limestone with
some dark grey argillaceous bands or zones. The proven and/or
inferred surface of the bedrock ranges from 10.2 m (Elevation 109.1
m) at B.H. 5 to 13.1 m (Elevation 106.1 m) at B.H. 2 location.
Thus an elevation difference of 3.0 m over a horizontal distance
of about 100 m is indicated.
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The dgroundwater at the time of the investigation was recorded at
depths generally ranging between 1.5 and 2.0 m below the prevailing
ground surface.

Our preliminary analysis of the borehole findings indicates that
because of the presence of weak clay of variable thickness and
consistency throughout the site, the use of end bearing driven
piles will be the most suitable foundation type to support the
proposed bridge which will have two equal spans of 31 n.

The piles would have to be driven to refusal on the surface of the
bedrock which was generally contacted at depths ranging between 11
and 13 m below the ground surface at the proposed abutment and pier
locations. Because of the presence of occasional very dense/hard
layers in the weak clay (as evidenced by very high resistance
during the performance of dynamic cone penetration testing) the use
of steel H~piles with reinforced flanges would be better suited for
this project, for improved driving resistance. In some instances
pre~-boring may also be required. The estimated pile capacities for
some common sizes of steel H-piles driven to a final set of about
1 blow for 1 mm penetration with a pile driving hammer capable of
delivering an energy of 40,000 to 70,000 Joules/blow are tabulated
below:

Factored Capacity at Capacity at Serviceability

Ultimate Limit states Limit states Type II
Size (Of) (0s)
HP 310 x 110 1450 kN 1000 kN
HP 310 x 79 1050 kN 700 KN

Depending on the proposed grades for the structure, the existing
grade at the abutment locations may be raised by about 6 m. Based
on our preliminary analysis (which will be confirmed by laboratory
testing and a more detailed analysis) there will be an adequate
factor of safety against a shear failure under the weight of the

fill embankment constructed with normal 2:1 side slopes. The
weight of the approach fills will, however, induce settlements in
the underlying weak clay. This settlement, in addition to

affecting the performance of the road, will cause a down-drag on
the end bearing pile foundations due to negative skin friction.
The down-drag on the piles will have to be carefully evaluated and
the load carrying capacity of the piles supporting the abutments
will have to be adjusted accordingly.
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At present laboratory testing is being conducted and this will be
followed by an analyses of the conditions. Meanwhile, we trust
that this preliminary report will be sufficient for your present
purposes.

Yours very truly
DOMINION BOIL INVESTIGATION INC.

Abbas A. Khan, P. Eng. Z2.5. Ozden, P. Eng.

AAK/ma

Encl. Preliminary Record of Borehole Sheets
Preliminary Borehole Location Plan
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