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1.0 INTRODUCTION

Golder Associates Ltd. has been retained by Morrison Hershfield Limited (Morrison Hershfield) on
behalf of the Ministry of Transportation, Ontario (MTO) to carry out a foundation investigation for
the widening / improvement project for 1.2 km of Highway 10 in Orangeville, Ontario. The project
includes extension of the proposed twin culvert carrying Broadway Avenue over Credit River and
overhead sign installation on Highway 10. This report addresses the proposed twin culvert

extension and three overhead signs within the project limits.

The purpose of the foundation investigation is to determine the subsurface conditions at the site of
the proposed culvert extension and overhead signs by drilling boreholes, and carrying out in-situ
tests and laboratory tests on selected samples. Based on our interpretation of the data obtained,
recommendations on the foundation aspects of design of the proposed works are provided.
Comments are also provided on anticipated construction problems where they may affect the design

of the proposed culvert extension.
The terms of reference for the scope of work are outlined in our proposal letter P91-8078, dated

August 1999. The work was carried out in accordance with our Quality Control Plan for

Foundation Design Services, dated September 21, 1999,

Golder Associates
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2.0 SITE DESCRIPTION

The site is Jocated at the Broadway Avenue crossing of Credit River and on Highway 10 from about

Broadway Avenue south approximately 400 m in the Town of Orangeville, Dufferin County.

The topography within the study limits is generally relatively level but with a 20 m differential in
ground surface between the southern limit near Highway 9 and the northern limit north of
Broadway Avenue. The ground slopes downward toward the north from about Elevation 426 m at
the southernmost borehole to about Elevation 408 m at the Credit River crossing. The existing
highway extends through residential, parkland and agricultwral lands. Within the project limits, the
vegetation cover generally consists of grass, bushes, and mature trees. The Credit River winds

.2

through a relatively wide floodplain area, which is heavily grassed.

Golder Associales
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3.0 INVESTIGATION PROCEDURES

The field work for this investigation was carried out on November 4 and 5, 1999, at which time
five (5) boreholes were put down at the site. Boreholes 1 and 5 were put down adjacent to the
existing Credit River culvert — one on each side of Broadway Avenue. The borehole on the south
side (Borehole 5) was put down through the road embankment since access t6 the floodplain area
was not possible. The borehole on the north side (Borehole 1) was put down within the floodplain
area in general proximity to the originally proposed extension limits. Boreholes 2. 3 and 4 were put
at specified locations along Highway 10. A sixth hole (Borehole 4A) was put down at the north

limit to provide information on the subexcavation under the existing Highway 10 embankment.

The investigation was carried out using CME 45 and 75 drill rigs supplied and operated by Lantech
Drilling Contractors. In the boreholes, samples of the overburden were obtained at regular intervals
of depth using 50 mm outside diameter split-spoon samplers in accordance with the Standard
Penetration Test (SPT) procedures. The boreholes were extended to depths of between 5 m and
7.3 m below the existing ground surface. Groundwater conditions in the open boreholes were
observed throughout the drilling operations. A standpipe / piezometer was installed in one of the

boreholes to permit monitoring of the groundwater level at the site.

The field work was supervised on a full-time basis by a member of our technical staff who located
the boreholes in the field, directed the drilling, sampling and in-situ testing operations, and logged
the boreholes. The soil s'amp]es were identified in the field, placed in labeled containers and
transported back to our laboratory in Mississauga for further examination. Index and classification
tests were carried out on selected samples. The results of the testing are shown on the attached

Record of Borehole sheets and on Figures | to 3,
The borehole locations were surveyed and staked in the field by Morrison Hershfield. The northing

and easting co-ordinates and elevations of the borehole are indicated on the Record of Borehole

sheets. The locations of the boreholes are shown on Drawing 1.

Golder Associates
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4.0 GENERAL SITE GEOLOGY AND STRATIGRAPHY
4.1 Site Geology

The site is located at the intersection of two physiographic regions known as the Horseshoe
Moraines and the Hillsburgh Sandhills (Chapmanand Putnam, “The Physiography of
Southern Ontario”, 3d Edition, 1984). The topography within these two regions is generally hilly,
with knob and basin relief that is typical for moraines. The subsoils for this region are generally
comprised of sandy materials, which are interlayered with glacial till. Interbeds of fine sand, silt.
and clay are also common. Bedrock is generally deep below the ground surface in this region and

at depths of greater than 50 m below the ground surface.

4.2 Site Stratigraphy

The detailed subsurface soil and groundwater conditions encountered in the boreholes, together
with the results of the laboratory tests carried out on selected soil samples, are given on the attached
Record of Borehole sheets following the text of this report. The stratigraphic boundaries showr on
the borehole sheets are inferred from non-continuous sampling and, therefore, represent transitions
between soil types rather than exact planes of geological change. Subsoil conditions will vary

between and beyond the borehole locations.

In summary, the subsoils along Highway 10 to the south of Broadway Avenue consist of surficial
fills underlain by silty clay till which is in turn underlain by a silt deposit. At and north of
Broadway Avenue, the subsoils consist of embankment fills or peat deposits underlain by a
granular deposit comprised of sand to sand and gravel. The interpreted stratigraphic section at the
Credit River culvert is shown on the attached Drawing 1. A detailed description of the subsurface

conditions encountered in the boreholes for this investigation is provided in the following sections.

4.2.1 Pavement Structure and Fill

The pavement structure thickness as encountered in Boreholes 2 and 4 was 260 mm to 300 mm of
asphalt underlain by 150 mm of Granular A base course. About 240 mm of Granular B was
encountered under the Granular A in one of the boreholes. The pavement structure in Borehole 4

and the ground surface in Boreholes 3 and 5 are underlain by an essentially granular fill material,

Golder Associates
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The fill consists generally of sand and gravel with trace to some silt and occasional pockets of
silt / clayey silt. The measured Standard Penetration ‘N’values within the fill ranged from 4 blows
to 49 blows per 0.3 m of penetration indicating a loose to dense state of packing. Generally the
measured ‘N’ values are less than 20 blows per 0.3 m of penetration indicative of a compact state of

packing.

At the Credit River culvert location, the road embankment fill on the south side of the road was
found to extend to about Elevation 406.2 m and was directly underlain by a sand deposit. The
organic deposit encountered at ground surface on the north side of the road was found to extend to
about Elevation 406.7 m and was underlain by a sand deposit. At the location of Borehole 4A, the
fill extended to 5 m depth which is greater than the height of the embankment. This information
indicates that the organic deposits were probably removed from under the road embankment during

construction.

4.2.2  Organic Deposits

About 1.7 m of peat and organic silt was encountered at ground surface in Borehole 1 located on
the north side of the road at the Credit River culvert location. The organic deposits extend to about
Elevation 406.7 m. One Standard Penetration Test within the peat gave an ‘N’ value of 4 blows per

0.3 m of penetration indicating a soft consistency.

4.2.3 Silty Sand to Sand and Gravel

In Boreholes 1, 4 and 5, a granular deposit consisting of silty sand to sand and gravel underlies the
fill and / or organic deposit. The sand deposit directly underlying the organic and fill deposits is
generally comprised of fine to coarse sand containing trace to some silt and gravel but ranges in
composition to silty sand. The measured Standard Penetration ‘N’values within the sand layer
ranged from 5 blows to 17 blows per 0.3 m of penetration. The grain size distributions of two

samples of the sand to silty sand deposit are shown on Figure 1.

These sands are extremely susceptible to piping / loosening where excavation is carried out through

these deposits below the groundwater level.

Golder Associates



January 2000 -6 - 991-1171

The sand layer is about 2 m to 4 m thick in Boreholes 1 and 5 and is underlain by a sand and gravel
deposit which extends to about Elevation 402.1 m on the south side and Elevation 402.3 m on the
north side. Measured ‘N’ values within the sand and gravel layer ranged from 21 blows to 36
blows per 0.3 m of penetration. The grain size distribution of one sample of the sand and gravel

deposit indicates about 60% gravel, 35% sand and 5% silt sizes as shown on Figure 2.

The natural water contents of selected samples of the sand were measured at between 9 percent and

20 percent, with an average of about 16 percent.

4.2.4 Silty Clay Till

The sand and gravel in Boreholes 1 and $ is underlain by a silty clay till deposit on the north side
and a clayey silt deposit on the south side of the road. Measured ‘N’ values ranged from 15 blows
to 24 blows per 0.3 m of penetration within these two deposits indicating a very stiff consistency.
The boreholes were terminated at 7.3 m depth, corresponding to 0.3 m penetration into the clayey

silt deposit and 1.2 m penetration into the silty clay till deposit.

The silty clay till deposit was also encountered underlying the fill and pavement structure in
Boreholes 2 and 3. The till deposit was found to be 1.6 m to 3 m thick at these two borehole
locations. Measured ‘N’ values ranged from 16 to 29 blows per 0.3 m indicating a very stiff

consistency.

The grain size distribution curve for one sample of the silty clay till is shown on Figure 3. Atterberg
limits testing carried out on two samples of the silty clay till gave a liquid limit of 28 and a
plasticity index of 12 for both samples indicating the clay is inorganic and of medium plasticity.
The natural water content measured on selected samples of the silty clay till ranged from about
15 percent to 21 percent, with an average of about 17 percent, and were generally at or slightly

above the plastic limit,

4.2.5 Silt

The silty clay till in Boreholes 2 and 3 is underlain at 3 m depth by a silt deposit, which contains

seams of fine sand and seams of clayey silt. Standard Penetration Testing (SPT) carried out within

Golder Associates
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the silt deposit measured “N” values of 15 to 34 blows per 0.3 m of penetration. indicating a
compact to dense state of packing. The natural water content measured on selected samples of the

silt ranged from about 12 percent to 21 percent, with an average of about 18 percent,

4.3 Groundwater Conditions

Water levels were noted in the open boreholes during and upon completion of the drilling
operation; these levels are shown on the attached record of Borehole sheets, A standpipe
piezometer was sealed in Borehole 1 to permit the monitoring of the groundwater level at the
culvert site. Details of the piezometer installation and water level measurements are shown on the

attached Record of Borehole sheets.

The water level measured in the standpipe installed in Borehole 1 on the north side of the road was
at about Elevation 408.5 m. The water level in Borehole 5 on the south side of the road was at
about Elevation 408.5 m on completion of drilling, Water was noted in open Boreholes 3 and 4 on
completion of drilling at Elevation 413.1 m and 408 m, respectively. Borehole 2, with base at

Elevation 421 m, was dry on completion of drilling.

The river water level at the time of the investigation was at about Elevation 408 m, which is
consistent with the level, measured in the standpipe piezometer. These measurements indicate that
the groundwater table slopes downward toward the north from about Elevation 413 m to about
Elevation 408 m. It should be noted that groundwater levels are expected to fluctuate seasonally as

well as with the river water level and are expected to be higher during wet periods of the year.

GOLDER ASSOCIATES LTD.

Anne S. Poschmann, P.Eng.
Principal

Fintan J. Heffernan, P.Eng.
Designated MTO Contact

ASP/FJH/rd/clg
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5.0 ENGINEERING RECOMMENDATIONS
5.1 General

This section of the report provides our recommendations on the geotechnical aspects of design of
the proposed twin culvert extension at the Credit River crossing of Broadway Avenue and the
overhead sign foundations based on our interpretation of the factual information obtained during
the investigation. It should be noted that the interpretation and recommendations are intended for
use only by the design engineer. Where comments are made on construction they are provided only
in order to highlight those aspects which could affect the design of the project. Those requiring
information on aspects of construction should make their own interpretation of the factual
information provided as it may affect equipment selection, proposed construction method and

L

scheduling.

5.2 Culvert Foundations

It is understood that the proposed works for the culvert carrying Broadway Avenue over Credit
River involve extension of the existing twin culvert on the south side only and that the extension
will be about 3 m. Based on the General Arrangement drawing for the structure (Drawing No.
D-6525-1), the abutments and pier are supported on strip footings founded at about Elevation
4059 m. The subsoils encountered at this elevation in the borehole put down on the south side of
the road consist of the fine to coarse sand deposit. The founding level is at about 2 m below the
river water level as measured at the time of the investigation. The river water level as shown on the

General Arrangement drawing is at about Elevation 407.5 m.

The sand deposit on which the existing footings are founded is considered extremely sensitive to
disturbance due to upward water seepage. Excavation for the footing extension construction
without control of the groundwater will result in loss of support to the existing footings as well as

loosening of the founding soils for the extension.

Golder Associates
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5.2.1 Shallow Foundations — Geotechnical Resistance

Assuming that the footing extension is placed on undisturbed sands at Elevation 405.9 m, a factored
bearing pressure at ULS of 295 kPa may be assumed for design for a footing width of 1.2 m. The

corresponding bearing pressure at SLS may be taken as 175 kPa for 25 mm of settlement.

These values are for vertical concentric loads only. Effects of load inclination and eccentricity need
to be taken into account, as appropriate, in accordance with OHBDC utilizing the curve for

cohesionless soils.

It should be noted that there will be differential settlement between the existing and proposed
extension footing. Given the founding soils, the majority of this settlemient is expected to occur
immediately after the full load has been applied. It is understood that the proposed extension will
be in effect tied to the existing structure by a slab placed on top of the culvert. Some of the
settlement under the extension will have occurred by the time that the slab is placed. This will help
to distribute loading over the entire length of the abutment and pier footings to accommodate the

last portion of differential settlement.

It should be noted that there will be differential settlement between the existing and proposed
extension footing. Given the founding soils, the majority of this settlement is expected to occur
immediately after the full load has been applied. It is understood that the proposed extension will
be in effect tied to the ex'isting structure by a slab placed on top of the culvert. Some of the
settlement under the extension will have occurred by the time that the slab is placed. This will help
to distribute loading over the entire length of the abutment and pier footings to accommodate the

last portion of differential settlement.

5.2.1.1 Resistance to Lateral Forces

Resistance 1o lateral forces / sliding resistance between the concrete footings and subsoil should be
calculated in accordance with Section 6-8.4.3 of the OHBDC assuming an unfactored coefficient of

friction between the concrete and the founding soils equal to 0.4.

Golder Associates
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5.2.1.2 Frost Protection

All footings should be provided with a2 minimum of 1.2 m of earth cover for frost protection

purposes.

5.2.2 Deep Foundations

Considering that the existing culvert is supported on spread footings and that the sands below
founding level are susceptible to settiement during driving of piles, the use of piled foundations for
the extension is not recommended. In addition, although the spread footing option requires
dewatering / groundwater control, the same amount of groundwater control would be required for

pile cap construction

5.3 Lateral Earth Pressures

The lateral pressures acting on the bridge abutments will depend on the type and method of
placement of the backfill materials, on the nature of the soils behind the backfill and on the
subsequent lateral movement of the structure. The following recommendations are made

concerning the design of the abutments and the retaining walls in accordance with OHBDC:

¢ Select free-draining granular fill meeting the specifications of OPSS Granular A or Granular B
but with less than 5 percent passing the 200 sieve should be used as backfill behind the walls.
All granular fill should be compacted in lifts of loose thickness not greater than 200 mm to
95 percent of the materdal's Standard Proctor maximum dry density.

» Longitudinal drains and weep holes should be installed to provide positive drainage of the
granular backfill,

* The granular fill should be placed within the wedge-shaped zone defined by a 60 degree line
extending up and back from the bottom of the rear face of the footing,

o If the wall support allows lateral yielding of the stem (unrestrained structure), active earth
pressures may be used in the geotechnical design of the structure. 1f the abutment support does
not allow lateral yielding (restrained structure), at-rest pressures should be assumed for
geotechnical design.

* A compaction surcharge equal to 16 kPa should be included in the lateral earth pressures for the

structural design of the abutment wall in accordance with OHBDC Figure 6-7.4.3. Compaction
equipment should be used in accordance with OPSS 501.06.

Golder Associates
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*» For fill placed within a 60 degree wedge, the pressures are based on the granular fill as placed
and the following parameters (unfactored) may be assumed:

Granular A Granular B - Type Il
Soil Unit Weight 22 kN/m3 21 kN/m3
Coefficients of Lateral Earth
Pressure
‘active’ 0.27 0.31
‘at rest’ 0.43 0.47

It should be noted that the above design parameters assume level backfill and ground surface
behind the wall. Other aspects of the abutment granular backfill requirements with respect to

sub-drains and frost taper should be in accordance with OPSD-3501.00.

5.4 Construction Considerations ~ Culvert Footings

In order to construct the footing extension without disturbance of the founding soils, a combination
of cofferdam installation and groundwater lowering would probably be required. Sheetpiling for
cofferdam construction would have to be driven to below Elevation 402 m in order to obtain a
cut-off within the till/silt deposit below the sand and gravel. Unless a complete cut-off and
surround can be achieved with a sheetpile cofferdam, groundwater lowering will also be needed to
lower the groundwater level to below the base of the excavation. Groundwater lowering can be
achieved by pumping from wells screened through the sand and gravel deposit encountered

between Elevations 402 m and 404 m.

The groundwater level within the proposed footing extension limits should be lowered to at least
0.5 m below the founding level but no more than 0.8 m below the founding level. This restriction is
to ensure that additional settlement of the existing culvert footings does not occur due to

consolidation of the sands as a result of the groundwater lowering,

A mud coat should be placed on the founding soils as soon as the founding level had been reached,
the base cleaned and the excavation inspected by qualified geotechnical personnel. Inspection of
the soils at the founding level should be carried out to confirm that the founding soils are not
disturbed, that the base is dry and that the founding stratum is consistent with the conditions

assumed for design.

Golder Associates
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5.5 Overhead Sign Foundations

For design of the overhead sign foundations, the following conditions and parameters may be

assumed:
Borehole 2: Station 28+660 ¢ o Y
Elev. 425 mto base ...... »  Compact sandy silt Till underlain {kPa) (KN/m3)
by dense silt 0 33° 21
»  Groundwater level below Elev.
421 m
Borehole 3: Station 10+143 ¢ o' ¥
(kPa) (kN/m3)
Elev. 4125 mtodllim...... s Very stiff clayey silt Till 10 34 213
Elev. 411 mio base ...... «  Compact silt 0 33° 21
Groundwater level at Elev, 413 m
Borehole 4: Station 10+370 c’ ¢ ¥
(kPay [ (kN/m3)
Elev.409mt0407m ...... ¢  Compact sand and gravel Fill 0 32° 21.5
Elev. 407 mto base ....... ¢  Compact sand 0 34° 21
*  Groundwater level at Elev, 408 m

Golder Associates
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At the location of Boreholes 3 and 4, excavating for caisson construction for the sign foundations
will be extended into silts and sands below the groundwater level. The excavations should be
carried out within temporary liners placed tight to the sides to maintain the soils in place without
disturbance. Loosening of the soils at the base of the excavation will occur unless lowering of the
groundwater level is carried out prior to excavation. Groundwater lowering is considered feasible
by pumping from wells installed adjacent to the footing excavations at Borehole 4 where fine to
coarse sands were encountered. Lowering of the groundwater level at the location of Borehole 3
would likely only be possible with the use of eductors. Consideration could be given to minimizing
the disturbance of the soils at the base of the caissons by maintaining the head of water in the
excavation at all times excavation and concrete placement such that upward flow does not occur at

the base. Placement of the concrete using tremie techniques would be required.

GOLDER ASSOCIATES LTD.

Anne S. Poschmann, P.Eng.
Principal

Designated MTO Contact ~

ASP/FJH/rd/clg

WORD SFMNALDAT/HO0A =1 1712000 H T AR

Golder Associates



LIST OF ABBREVIATIONS

The abbreviations commonly employed on Records of Boreholes, on figures and in the text of the report are as
follows:

L SAMPLE TYPE - oL SOIL DESCRIPTION
AS Auger sample (») Cohesionless Soils
BS Block sample
cs Chunk sample Density Index N
DO Drive open (Relative Density) Blows/300 mm
DS Denison type sample or Blows/ft.
Fs Foil sample Very loose Oto4d
RC Rock core Loose 4 to 10
sC Soil core Compact 10 to 30
ST Slotted tube Dense 30to 50
TO Thin-walled, open Very dense aver 50
TP Thin-walled, piston
w§ Wash sample ) Cohesive Soils
Consistency CuySu
kPa psf
iL PENETRATION RESISTANCE Very soft Oto 12 010 250
Soft 12 t0 25 250 to 500
Standard Penetration Resistance (SPT), N: Firm 2510 50 500 to 1,000
‘The number of blows by a 63.5 kg. (140 1b.) Stiff 5010 100 1,000 to 2,000
hammer dropped 760 ram (30 in.) required Very stiff 10010200 2,000 to 4,000
to drive a 50 mm (2 in.) drive open Hard over 200 over 4,000
sampler for a distance of 300 mm (12 in.).
Dynamic Penetration Resistance; Ny Iv. SOIL TESTS
The number of blows by 8 63.5 kg (1401b.)
hammer dropped 760 i (30 in.) to drive w water content
uncased a 50 mm (2 in.) diameter, 60° cone Wy plastic limit
attached to "A" size drill rods for a distance w liquid limit _
of 300 mm (12 in.). C consolidation (oedometer) test
- CHEM chemical analysis (refer to text)
PH:  Sampler advanced by hydraulic pressure CID  consolidated isotropically drained triaxial test*
PM: Sampler advanced by manual pressure Clu consolidated isotropically undrained triaxial
WH:  Sampler advanced by static weight of hammer test with porewater pressure measurement'
WR: Sampler advanced by weight of sampler and Dr relative density (specific gravity, Gs)
rod DS direct shear test
M sieve analysis for particle size
Piezo-Cone Penetration Test (CPT): MH combined sieve and hydrometer () analysis
An electronic cone penetrometer with MPC  Modified Proctor compaction test
a 60° conical tip and a projected end area SPC Standard Proctor compaction test
of 10 cm?® pushed through ground oC organic content test
at a penetration rate of 2 cmy/s, Measure- 50, concentration of water-soluble sulphates
ments of tip resistance (Qy), porewater uc unconfined compression test
pressure (PWP) and friction along a uu uniconsolidated undrained triaxial test
sleeve are recorded electronically A field vane test (L.V-laboratory vane test)
at 25 mum penetration intervals, ¥ unit weight
Note:
1. Tests which are anisotropically consolidated prior to
shear are shown as CAD, CAU.

Golder Associates



LIST OF SYMBOLS

Unless otherwise stated, the symbols employed in the report are as follows:

L GENERAL

n = 31416

In x, natural logarithm of x

logis x or log x, logarithm of x to base 10
¢ acceleration due to gravity

t time

F factor of safety

vV  volume

W weight

I STRESS AND STRAIN

v shear strain

A changein, ¢.g in stress: A ©
g linear strain

g¢ volumetric strain

n  coefficient of viscosity

v Poisson's ratio

o total stress

o' effective stress (6 = o -u)

o' initial effective overburden stress

1,054,645 principal stresses {(major, intermediate,
minor)

Cot Mean stress or octahedral stress
= (o + o7 + 63)/3

t  shear stress

u  porewater pressure

E  modulus of deformation

G shear modulus of deformation

K bulk modulus of compressibility

L.

SOIL PROPERTIES
(a) Index Properties

p(v) buik density (bulk unit weight*)
pa(va)  dry density (dry unit weight)
pulyw) density (unit weight) of water
p(Y:)  density (unit weight) of solid particles
¥ unit weight of submerged soil (¥ = y~yw)
Dy relative density (specific gravity)of solid
particles (Dg = ps /pw) (formerly Gq)
void ratio
porosity
degree of saturation

* U2 o

Density symbol is p. Unit weight symbol is
v where v = pg (i.¢. mass density x
acceleration due to gravity)

w
wi

bl e -

{a) Index Properties (con't.)

water content

liquid limit

plastic limit

plasticity Index = (w;- Wp)
shrinkage limit

liquidity index = (w- wp) /Iy
consistency index = (w; - w) /I,
void ratio in Joosest state

void ratio in densest state
density index = (€max - €) / (Emax ~ Enin)
(formerly relative density)

() Hydraulic Properties

hydraulic head or potential

rate of flow

velocity of flow

hydraulic gradient

hydraulic conductivity (coefficient of permeability)
seepage force per unit volume

(d) Consolidation (one-dimensional)

compression index (normally consolidated range)
recompression index (overconsolidated range)
swelling index

coeflicient of secondary consolidation

coefficient of volume change

coefficient of consolidation

timne factor (vertical direction)

degree of consolidation

pre-consolidation pressure

Overconsolidation ratio =o'/6'y

(e) Shear Strength

peak and residual shear strength
effective angle of internal friction
angle of interface friction
coefficient of friction = tan &
effective cohesion

undrained shear strength (¢ = 0 analysis)
mean total stress (o + o3 )2
mean effective stress (o) + o'y )/2
(a1 -3 )2 or (0" - 65 )2
compressive strength (o1 - 63)
sensitivity

Notes: 1. t=¢'+ o' tan ¢'

2. Shear strength = (Compressive strength)/2

Golder Associates



ON_MOT 991-1171.GPJ OK_MOT.GDT 28/1/0C

Ministry of
Trar{i?gonaﬁm Foundation Design
Ontario
PROJECT 9014171 RECORD OF BOREHOLE No 1 1 OF 1 METRIC
W.P. 445-97-00 LOCATION STA. 5+885m ; 19.0m LY. CL HWY 8 ORIGINATED BY _DuM
DIsST 3 HWY 10 BOREHOLE TYPE _CONTINUOUS FLIGHT SOLID AND HOLLOW STEM AUGERS & CONE TEST  COMPILED BY __ 8G
DATUM _GEGDETIC DATE 11485-41.4.99 CHECKED BY ___ASP
SOIL PROFILE SAMPLES |, | w [RERTANCE PLOT o ON NATURAL REMARKS
Myl X PLASTIC pieripe  MaUiD} b
B w |25 & 20 40 60 80 100 M7 courent WMT 2 8 &
25 w2 = ——— — Wp w w | D& | GRANSIZE
ELEV €8] g | 3|25] & [SHEARSTRENGTHKPa o \ DISTRIBUTION
BEFTH DESCRIPTION (2] £ | 5 |53] & |o uvconrned  + FiELDVANE Y o
== Z [E9] © |e QUCKTRAKAL X REMOULDED WATER CONTENT (%)
408.38] GROUND SURFACE w 20 40 60 80 100 i 20 30 KNim® {GR SA S1 CL
000  Peat, fine fibrous =
o Y| 08
85 | 4
406.86 AQ7
A06.70] Organic Sik
166] "\ Sof / 55 | 9
a06.25]  Sr®
513 ity e Sand \
: Compact / 406
Gre g5 | 14
and, fine to coarse, trace sit, some
gravel
l&-;samcompact
Y ss | 11 405 o 1386 1
58 | 5
403,96 4045
4.42]  Sand, fine, some silt to silty sand, \
{roce gravel 85 | 12 P
Grey
403
402,74 88 | 2
564 Sand and Gravel, trace sift, 0cc.
cobbles .
R\ S a
h m ; ™ ]
ity Clay, some sand, trace gravel /’/ g 58 8 402
St to vary stift v
Brown/Grey yul
T /":)‘ 91 88| 18
401.08 A Ny

732  END OF BOREHOLE

Water lavel in stardpipa at
Elev.407.9m on Nov.4,1999 and st
Elav.408m on Nov.5,1999,

3 .3, Numbers refer to 3%
X Sensitivity O STRAIN AT FAILURE




ON MOT 881-1171.GPS ON_MOT.GDT Z8A1400

@ Ministry of
Transportationt
Ortario

Foundation Design

PROJECT _ 8911174

WP, __ 448.97.00

LOGATION

RECORD OF BOREHOLE No 2

STA, 28+650m ; 2 5m KT, CL, HWY 10

1 OF 1

METRIC

ORIGINATED BY DuMm__

Borehole dry during drilling Nov, 4,
1999

DIST___ 3 HWY 10 BOREHOLE TYPE __CONTINUOUS FLIGHT SOLID STEM AUGER COMPILED BY __ BG
DATUM _GEODETIC DATE 11.4.89 - 11.4.99 CHECKEDBY ___ AsP
DYNAMIC, GONE PENETRATION
SOIL PROFILE SAMPLES | o 4 |RESISTANCEPLOT — NATURAL = | REMARKS
ol 2 PLASTC posure  OUR) o X s
- wggm 20 4 80 80 400 M CONTENT 9
Q E:l u =] = L L ) I 1 Wy w w | * g GRAIN SIZE
BEPTH DESCRIPTION 12| 2| 5 [3&] & |o unconrmeo  + FELDVANE ¥ Py
- 2 |£0]| & |® QUICKTRIAXAL X REMOULDED| WATER CONTENT (%)
426.12] PAVEMENT SURFACE ? © w 20 4 80 80 100 02 W ki’ |GR SA SI GL
AR At 2
425, Granular A Roadbase
495,42 rarar B Subbase
070 Sitty Cl;a«y, trace to some sand 1
Very sii 4 7
Brown 250 I I I 425
{Tihy R
] -
I 2 ss | 19 - 5 82 13
1k 424
(! 3|ss| =
%
Peb
F4
AT 423
je|ss| o
422,48 V1.
3.66] Gl iraca sand, with ciayay St
saams
Dense 5(8s | 422
Brown
6] s8s | P
421,08 N
563 END OF BOREHOLE

+3 3. Numbers refer to

Sensitivity

O %% gTRAIN AT FAILURE



OK_MOT 931-1171.GPJ ON_MOT.GDT 15/12/99

Ministry of , .
@ Tmn?{)yonmmn Foundation Dasign
Ontario

PROJECT 5014174 RECORD OF BOREHOLE No 3 10F 1 METRIC
W.P. 4499700 LOCATION STA. 10+448m ; 6.0m LT. CL HWY 10 ORIGINATED BY _DJM
DIST___ 3 HWY _10 BOREHOLE TYPE _ CONTINUOUS FLIGHT SOUID STEM AUGER COMPILED BY __8G
DATUM _GEODETIC DATE 13.4.008- 114,99 CHECKED BY ASP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES E % RESISTANCE PLOT piashic NATURAL Lo . REMARKS
2 MOISTURE b
= w23 8 20 4 60 80 10 [T Ot T 56 &
218 w3 3-1 I v : . 1 L Wo w w | S | GRANSIZE
ELEV RIPTION EIE| ¢ | 2 |28]| 2 [SHEARSTRENGTHKPa Y ISTRIBUTION
BEPTH DESCRI 12| £ | 5 |8&| £ |o unconrneD  + FIELDVANE Y %
E1Z g |g° & |® quick TRiaxiAL X ReMOULDED| WATER CONTENT (%)
412.99] GROUND SURFACE - 2 40 8 80 0 02 2 wum |GR SA S GL
0.00]  Sand and gravel, somg sill, with s
cobbles L0
Dense 2
Brown 2
(Fil oo
ol 1] 88 | 44 v 413
ll‘l'u'
1282 po00s
1.37 Sitty Clay, trate 1o some sand, trace 3 4 ;
St A1 21 ss | 2 0 porfen]
Brown {4 412
{Ti} I
] )ss| e
I
41094 N LT 411
3,05 Siit, trace sand and clay, with fing
sand seams 418 | 15 q
41033 Gompact
Brown
386 TER, trace sand
Conpact 5185 | 19 410
Brown
6] 85| 26 o
| 408,96 - 400
§03]  END OF BOREMOLE
Watet laval in open borehoie at Elev.
413.1m during driing Nov. 4, 1999
3 3. Numbers refet to 3%
+EXT sty 0% STRAIN AT FAILURE



@ Ministry of Fouridation Design

Trans;
Ontario
PROJECT  sor4171 RECORD OF BOREHOLE No 4 1oF1  METRIC
WP, 449-57-00 LOCATION STA. 10+370m ; 1.0m RT. CL, HWY 10 ORIGINATED BY _DJM
DIST 3 HWY 10 BOREHOLE TYPE __CONTINUOUS FLIGHT SOLID STEM AUGER COMPILED BY __ BG
DATUM _GEODETIC DATE 14.599-11.599 GHECKED BY
DYMAMIC GONE PENETRATION
SOIL PROFILE SAMPLES | W IRESISTANGE PLOT = NATURAL - REMARKS
eel 8 WT’C MOISTURE L'SUW‘D b T A
= " @ §c9 7] 20 40 60 80 WO CONTENT gg GRAIN SIZE
= = W,
El¥| w3 ]|25] & [SHEARSTRENGTHKPa e . S
ELEV — i Z2|z8| 8 P ] DISTRIBUTION
DEPTH DESCRIPTION 512 F | E[3Z] § |o uncowrmen  + Fieovane Y %)
£z z |2°] & |e quekTRAXAL x RemoULDED| WATER CONTENT (%)
410.86| PAVEMENT SURFACE w 0 40 6 80 10 10 20 30 kNm® JGR SA St oL
41B89]  Asphatt
- 470.46) Granular A Roadbaze *
0.40 gravel, trace sitf, trace :
cobbla with pockets of tlayey sitt "
gomrmacnoﬁense 4] s | as 410
{Filly 3
449.03 2 2 | 85 | "
S, trace sand, irace gravel S 409
408,73 (EilD - tetete!
213 Sand and gravel, trace st -
Loose to dense Sotates
Brown o 3|88 | ¥
{Fil i ¥ | 408
PO
407.20 :
3.66 Sand, fine tO cuarse, trace sitt some - 407
gravel h &8 19
Compact
Gray
40583 85 21 406!

503 END OF BOREHOLE

Water level in opar borehols at
Elev.408m during driling Nov. 5,
1989

Ol _MOT 991-1171.GPF ON_MOT.GDT 28100

3 3. Numbers refer to %
+ =, % Sensitivity Q STRAIN AT FAILURE



ON_MOT 991-1171.6PJ ON MOT GDT 15/12/93

Ministry of
Transportation
Ontario

Foundation Design

PROJECT _ge11173

W.P, 4589.97-00

RECORD OF BOREHOLE No 4A

LOCATION

STA. 10+450m . 1.5m RT. CL, HWY 10

1 OF 1

METRIC

ORIGINATED BY DM

DIsT 3 HWY 10 BOREHOLE TYPE __CONTINUOUS FLIGHT SOLID STEM AUGER COMPILED BY __ BG
DATUM _GEODETIC DATE 11,599 - 11.5.99 CHECKED BY __ Asp
DYNAMIC GONE PENE TRATION
Wl oy < PLASTIC |ionert g auty s
ez 9 IMIT 5 - &
= w {g8] @ 20 40 80 80 100 CONTENT z 2
el L 18 12E] 2 T S W w w | 38 | cramvsee
ELEV L1d| 8| 2 |28] & [SHEARSTRENGTHKPa AR DISTRIGUTION
DEPTH DESCRIPTION SI12| 7| 5 |3&| & [o unconrmeo  + FiELOVANE y )
- z|g° @ |® QUICKTRIAXAL X REMOULDED| WATER CONTENT (%)
PAVEMENT SURFACE w 20 4 60 B0 100 020 3 kim® lorR s 81 CL
Q00T Asphalt
£.45 ranular A Roadbase
0.37 Sand and gravel, irace silt, trace
cobble
Carnpact
Brown
(Filiy
-1.68
1.68 Clayey siit, trace sand some gravel 11 88 1 14
21 o
> rown
21 \gpm) Q
and and gravel, (race sil with &I 2 hva
pockets )
gompam 3
rowr: o
i 2 | ss | 15
%
%
12| ss | 1
-5.08 :

6.03 END GF BOREHOLE

Water leval in open borehole &t
2.%0m depth during drilling Nov. 5,
1998

+8 3. Numbers refer to

Sensitivity

0% STRAIN AT FAILURE



Ministry of . !
@ Transportation Foundation Design
Ontario '

DROJECT  so1.4171 RECORD OF BOREHOLE No § 1oF1  METRIC

W.B, ___448-57-00 LOCATION STA. H+808m : 11.5m RT. CL HWY § QORIGINATED BY DuM
DIST 3 HWY 10 BOREHOLE TYPE _ CONTINUOUS FLIGHT HOLLOW STEM AUGER COMPILED BY BG
DATUM _GEQDETIC DATE 11.599-11.599 CHECKED BY ASP

DYNAMIC GONE PENETRATION

SON. PROFILE SAMPLES w
ﬁ RESISTANCE PLOT pLasTic NATURAL | = REMARKS
il 77} 7 MOIBTURE el e &
o o |£851 @ 20 40 60 80 0 CONTENT F 0
8 E g E4 = - 1 L h i 1 We W w, o E GRAIN SIZE
- % O ]SHEAR STRENGTH kPa
LELEY. DESCRIPTION = e | 2122 & B — DISTRIBUTION
DEFTH SIS F | 5|28 £ |0 UNCONFINED  + FIELD VANE 4 %)
I 7z |€°| & | quckTRIAKAL X REMOULDED| WATER CONTENT (%) ’
408.10] GROUND SURFACE "‘ D 4 o0 B W0 0o W KN/m® JGR SA S! CL
0.00 Sand and gravel, trace cobble o 409
Brown o
agpag]  (FW s A
0.61 Silt, trace organics, rootiets, peat o -
Vary loose atetels
408.03 %t 1| e8| 4
07| N ?F 'f,:w") 5 408
and and gravel, race st and e
gravel e
gmsa e 2 | s8 | 10
rey R
(Fih A 407
I‘Il
ot
388 | 10
406.20 e
2.60]Sand, fine to medium, some sl to : "
sitty sand, trace gravel 406
Compact 5§ | 12
Gray
88 17 405 - 65 33 2
585 15
403 92 . 404
518 Sand and Gravel, trace silt, with
oce. cobbles
Dense ss | A
Gray
403
85 | 36 [+ 58 35 7
402,06 _ _
9 Clayey Silt, trace sand with sand §5 | 24 402 pa
401, seams

7.32 Vary stiff
Gi

Water tevel in open borehiols at Elev.
408,49 during driling Nov, 5, 1909

ON_MOT 991-1171.GPJ ON MOT.GOT 15/12/99

3 3. Numbersreferto 3%
X Sensitivity e} STRAIN AT FAILURE
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RACEY, MacCALLUM anp ASSOCIATES

LIMITED

VM AR W HED, DoREC R ANL HrERATED By

Consulting Engingers
AND OATEL RYRSF

MUONTRE AL O VAMNUOUVER

TR T

L T R R N L I I Y 2

"o RAEEY, RET Hpwe

RACREE L W L GNTOR AW ML WY R ARG

Teronto, Untario,
Lovember 13, 166

of (htarie.
C lavenpord
Torento, ©

attention i,

lear Sirg:

. Surther to oy
i enclosin; herewith two

founcation lrvest
Eridpe, Station 555+70 " Thiy
was performed at the request of A, «. Idckirson .

€
»

W brust than these will weed lour requirerents,
Yours v wrddy,
/

#
W, A, Trow, v. Eng.,
Hviglonal Seile Engineer




. RACEY MACCALLUM AND ASSOCIATBS :

LIMITED
T T TR g ——

Cemuhing Ehginun

AND AEEOCIATED STAYY

g : MONTREAL © VANCOGUVER
WAL &, MAcCAL LU, R ARG WL . P

W Hokb RACKY. 850 ¥ LEC . PENS TORONTO

_l.. KNI SANRINZ, W 30, ML .C, KD SLEE ., NG : - 20‘;:‘::::0‘;‘ .;;‘:EET

26 Oetobei 1956,

TEnEet e

Jensriment of 4 stseays of Onterd f),
Ao Dickinson Asmcia*ﬁq,

38 Ivwin Avonue,

TORONTR, {ntaric,

Attentiony M. A, W, Dickingon

‘an u\!"»... ¥
Dear Sirs:

We hive completed sur investicabisn of the subgoil conditions at
the above noted site ard owr p he sublect is attached heprsto,
For your ccnvenience, the conel t :
folliougiw

1. The subsoll at Lw o pe g : wr sisiate, of 4 mertien

layer of eorpressible veaty mp o:.l, wr n by saturated silt. The

degirable load bearing levsl ds al, or el « 1311 ty whers &
©gtratum of denss rrawesl, sand, wnd #mall boy 5 was encounterod,

2. The recormended salé bearing value for this coarse pranulasr
stratun is of the order of Emo peBele, for a Mixiting settloment of
one inch, : :

~3. "Piles should endounter refusal in this granolar; material,
“although the sxact depbh .at which this occurs may, vary somewhat, due
. b the random nature of the #mall boulders, Ultimate m_fusal depth
. ‘xowever, should hot exteny below . 1288 feet, '

H ’*’ixeavation airficultiﬂs halow rim«r level, m the upnér snt
Lnyer, shonld be anticlipated,
We thank wou fop, bhis opporturiity to be of service to yoi, m&
all ba yiegsed to dissuss any m*ters nat speoiiivally wvend in
4 rc&pox“b, at youy, cotivenience,

Tours very trulyy
%m, FlaeCALLIY z\ 2 ;“;SS‘.‘"




{ Refprence: $5S00-828 /12468 R Reeey, MatCallum and Associsbes Lm_w_': 0
' ' 26 Getober, 1956,
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THE FRCTOSED CREOXT RIVER
RIOR, STATION S5SH70, .
fy

TOWEAY X0, HID

This veport contains the Fesnlts of a1’ foundation invastigation
o consisting of two borinyg, darried ‘to a depth of thirtyefive %o '
forty féet, near the abubments of the present kridse ab the above
“roted site. This work was oarried onb during the period from 47
Getober to 23 Cctober 1956, The' Yotation off the borinps is indic-
ated on srnslosure Ho, 1. . ’

SESCRIPTION £7 71 SITE AN SURSOTL COUTITIONS.

The site of the cropoged brides and of the exiating Hhphway
o trddge les in & relatively flat valley, spreceimitely one =ile
wides The valley is tounded to the north and sowih by steep hills
which appear Yo consist of dense plncial 3411 deposits, with ran~ .
dom limegtony boulders at the surfach.  Comversation wiSh a local
welledriller indicates that limeStone bedrock was entountersd ab
a depth of about Iifty Teet in these hills, althouph much greater
bedrovk depths were notad nesar Mournahan's Stack Far, fush south
ecast of Orangeville. In the vielrdty of the river itsell, & wide
. Flat alluvial rlain hes been develuped, sugpesting that the rivep
has prozpessed scross it in geologleally recent times. The present
bridee shows svidence of concreté déterioration, and ocrasional
chunks of concrete were noted bo fall into the river upon the

" passage of heavy trucks,

: The subsodl at the site is Shown in the profiles for borings
o 1 oand 2, enelosures 2 and 3. Brisfly, the profile tonstats of
. very peaty topsoil to Fl. 13215, imderdsin Yy approwismately nine .
«Teet of loose, slightly cohegive silt which, in teen, thanges at
./ about Bl, 1311 f2et to dense fine to-coarsa gravel wih some boul-
| ders, which contirued to #l, 1880 -féet, the ultimate depth of the-
v barings, This sramudap miterial wid very difficult to penstrate
oL and sany o in 3t was very wnsatisiactory. In hole iy, 1 ihis
! material was troken nesr Bli 130 faet, by meproximately seven
T Peet of dense silt witly gome ‘eravell The water table st both |
Clocations eolnelded with rivey leyel,. & '

.o The pelative demgity S0 theivariony strata was detersdned

by petietration messupenenhs, e sbandard split spoom, the -
o dnch dlametsr gone and by ng the blows per foot pequired
to drive the thres inch sasiel disturbed shelby tube samplek
of" the s11t were wisd baltan amindtions of Pelative den~
sity. The relative density ‘of theurper st wig found to be of
the, order of 17, parcent; which indieatés a dense state of compaction
dnd ‘conflicts' with the standied pesiétration measurementy, Tile
paradox fas been noted ofi pthir ocvanions and pivad evidence’ng)
the conservativeness of ‘the ed standasd penetration. test
wrider:cortady. oiroumstances ISEE RS R




e tlbey - the
. mﬂmtivas for tm suppo“t off the pwposad nighuay bridae would
zppear to be sommwtat limbted, Bacause of ‘the ﬂccd cunditions
on record oo = part of the rlver, and the po lm tesv-
o istance (o scour of the upper steatuw of sily, ¥
. degirable Lo cadry any foundation doun tothe prays
encountared in the vielrdlty of 20,1311 fewt, Thi
gither by’ éxcavating to tode depth snd installing the rezguim»d
dbutment foolings, or by delving short piles to.sefusal in. the
T gtavel stratun, The fopmer method of condtrction would, fnvolve
the usual diffienities assoriated with exéavating belis the
water btable iv silt, and well-shoved sheet piling, drdven into
bhe eravel, would be required to. corbaln this urstulile naterial,
A frea flow of waber from the \mf‘erlyini, gravel ahoald also be
.mtﬂairab#d. . : .

o hecordine: to the standard p:.sne'uration mea.s-ummenw in the
gravel, sand and beulders, the enpirical sale besring valus for
an-abutment footing founded at B1, 1311 feet 'is of the order of
5000 paet.  This value allows for the effect of submerpence of
the pravel 5 and also for the fact that large abubment footings,
Locange of theip i nature, undergo less seiblement Lhan
opdinary footin+s for similar soil sondiiions, It -oes rot
allow for tie fact w’. sTanular deposits adjust insb
St any load apnlication and, t.hnmform, thed & conside

'Bf the. total one inen sebilemont will take plave ks the 4l
L is being ‘constrae em. : : :

: - I deivan to rai‘usal , t’u:: ultdmate bearing ca*&aczx"‘ of rﬂ.as
will be. poverned by structural considepations, A rac:mr o uﬂf&t‘f
of three shonld be applind to this ultisate ¢apeeily. hs o check
ot this capacity, currend Soil mechandice’ lberature indicates in
ultimate capacity for the sremular wabordal with the penstration
<pegistances nobted at Lids site, of ihe order of one: hundred Limes
Cthie tip area of the plle. . Althouph wood piles would appear Lo be
- an economic method ol abwiment sopport, somey danper of plle lLrovming
cm some of the shull vodlders should: be anticipated, .

,wcw ong

: On the basis of the foregoing conments;. the following tonclusions .
Ngardinr subsoil conuit‘lma, varn be dravn, 0 - : ’ -

1. ’I“ma subsoil ‘at ﬁw 'ornmnt bidea aite cunsiats of & surrace
1ayer of comprossibie poaty bopsoil, undet-lain Yyvsatarated 811ty
The desirable load beariny level s ab, or below, T1. 1311 feet,

o, Whtre, & stratum of denge cmvel, sand, nnﬁ small” houl.r!ers was
- pneountered,




2. The ‘recomended ‘sale bearing ¥4 for this sonrsé
granulay strabum is' 6f Yne oider of ,OsJO BBy f., for a Limibing
't.tlemnt of one inch,

3 . Files shpuld encounber refnsa}, in tils prapilae i ,wial,'
‘Although the exact depth at which this occurs way vary someuhat,
o e e the rendem nature of the smalll boulders. Ulhimate refus )
'&epm rowavar, should not extond below El. LB feets

X h. Bxeavabion diifieulisies mlmx river Yavel, 4n the
L1 lager, should be antic . ’
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Atmt&om m-,s Motonhie

%21 TOMDELION THVESTIOATION ¥t
A CULVERE, AT THR CESDIT RIVER, .
ROHAY 10 0I03SIW, APTROLINATEY
YR MILS MOPTH OF GALEDOV OWPARYD.

_"nwr Mray

‘h M\m cmphhd our fovastigation of subsuil mmuﬁm
nt the stove. mhd lﬁ.tn, M e upwt on e aub;}oct ix attached

‘ Mru%

Fer your camﬂm, the conslustons et thh Tepori aps s
fanm:- Ay

) 1. !-zloating Lha cu-ganu wituyialy ubtmr L AMILS feet, -
-tho subyedl ok the sits oonsists of urdfors courss grey silt, whish
oA separetad betuwan E1.1299.5 and 1297.5- feeb by & layor of comrss
gravel and Bowlders, Tt silt sppesrs 1o by 4 % woch denser sone
CAdiiion below E1.0297 foet, witiough thers i3 evidence to suggest that
| othe relative denaity of {he. wr anf- 1» mnhr um -mm Phiid |
. tntwu - s_wu% ;i

CED 9 e peretiisttl umg\.;mmwx
N depth, depends pan the fype ‘of eulvert under sensiderstion,

sipacity of Uds strabus snd of Ahs wndsrlying silt, is
L0 for el they sEasipul: ' Tor short piles, Ry
mmumu 42 the 1€ below the river Laml, should be.




S 3.A earmgum IM cu:!.vaﬂ mmh" on m uppey
sA1t, abrild ‘e possille, mdm:mumxmm
.Mmuplu'dmthxﬁmhtm the uater level is
Towared, TiIter i viperap protection st the entrance sed

- maket of the avlvert in sise recomwmdsd, This protsetion mm
e onrried sbovs. mkclwon aitielipated ficod devel,

_ : ﬁvhﬂlhphuwwwuwumtafmzmw
: nt.fwu conditions &t this site, 1h greater detail, if you o
regutisy or 12 culvart desiyne other then sssused. heiw Are ghven
wmid.uuu. e thmk Fou for thie wnmw to be of urdu
o MQ :

tem vary m
FM:I!,!‘MJ\{LM AKD Aﬁﬂctlm LIMITED

Lo w‘\,eﬂ—xf)

w-ﬂ.w,}"-w 1Y) .
CDMvigien Sotls Enadrmer,




YOUNDATION THVESTIGATION YOR A CULYEWT,
KT THE CREBIT RIFER, RUGHAT 10 CROSSING,
SPROKDISTELY ToUR NILZS YORTH oF
CALEDON, bwrm_l:b..-_ :

Bepert flor 8-500/t87 ' ' Mucsy,Mactallim and Associates Lintted
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D i ﬂmmthmﬁuatntmum-
-wmnuon,omhm of two Dorings taken L5 & depth of

| forky two Teek below ¥he present growst surface, to determine

the widaoll computsges at the sbowve notad colverds site. Tuls

work wan cirried gut during the period ‘frow 10 Octobeyr to 16

mmr.lm sad v restriotad o fus borings beoxuss
Mou sonditivns appeared t5 prevail, . The losstions

of thess Sorings, ammmm Mlﬂ, mmwmm
stisched sketok, mhmu moel ;

mmmmormmmmwmsmm

ammwmtorm :
packed giscial Yty deposita, with srratic 1lwestens bDouldars
. Testing on its surfaoe. A locsl welledrilisr veported that
. limsstons bedrock 1ies sbout £4fty feed below dhe surfsoe of
the top of this M11 wnd, therefore, exists st s cetiwidersbly
higher slavation than present siver Jevel. In flodd periods
mnwruummmmoummutunmm.
to the west, and %o cover sa adjsoent aoowss bridge, witoh is
tdrty two inches sbove prasest river level, The flood vise
is, tharelore, probatly of the. order of fouy mﬁ.

the mm.wm mmd-nﬂmh
%o poor foendstion conditions, ‘snd the pressnt deteriorstien
of the concyete in Uw slruwivre is dow €0 other csnsen. Res~
mmuntunmtmmmo:mmm,mm
" that 1t was founded in the dense gravel which wis snecountersd
at n.:m Lot o this Livestigation. =

The subeoil mmu, ummwmmma,
sro indloated in enclosurss 2 asd’), sad are reletively self.
¢mmw Eole 2 showed ‘s surfsce luysy of sit sod one half
Tast of vary spengy topeoll, whieh pesiained dry mitil the undere

2 lying sand and gravel steatue v socountersd, Thi grownd water

then rose immedistaly ¥5-8 lewvel eolncidlig with river level.

Tids courss prandisy styston hid & thisknesy of spproxiastely

. Ponde apd one haly Zewt and wes widerisin by wdfors gprey silt,
ubdoh actended to K1.1399.3 Teet.! Avcoidiing to the sspirical

standard penetration test, which determines relstive density
nmmuummmmu por-Xo o
: pov;; ook pourds
‘ ; : : Mm dense,
Bowsvay, messuresenty of i.h density, ki deteralned os usiis.

", urbed shelly Lobe siiples; Ludicates that L hie & yelative

5 '-a-mtyormumwzn»wuwmnmm
Msmmomummammmum




v S :‘ thb It between $1.1299.3 andt 1292.3 m""-' L
WhE A seven: fouk eliratum of denss gravel sod boulders whick,
in torn, wes underlain by ardforn dense grey sflt,  This
istter saterial contisuwed st least to L1278 feek; the max
A depth of the boring. . The wobeoil profile observed 3.

- 'hele 2 wax slosely deplioated in hols 3, nesy the ‘
., ourtey of Yhe Bridge.’ The only aifference betwen

borligy wa e sbeenes of ihe four foob sand and ) '
steaton &t BLAVKL fentd, and the less wpungy uatire.
topooil $n hole 3a. - L

DISCUBSTON OF HE RESULYS

s » Any vecormendatisns yegarding the most desirable depth
Tor the wuppird oF the proposed ‘Grlvert snd the safe bearing
wilue st this deplly, will be determined by the type of culvert
under sonsideration. The foundation problems sssocinted with
the support of & vednforved-conerets box odlvert for sxmuple,
will conform in large purd; to thuse requlring sttention in’
the desipn of a reguluy beidge structure. In that instaocs,
he most sultsble depth for tramsmittdng the footing load Ls
ot X119 teat, the top of the grevel and boulder stratim.

" The besrisg cspacity at this dapth will be quite bigh snd of
the ordsr of 3000 p.e.f, Loy a yeotangeler footiing. Yor'
short piles it Ls probeble that refusdl will be sncountered
‘iu thix coxyss gramler soll, although semw pllos mxy pene-
trats Lato the underlying silt. The safe bearing capscity,

. 4in tons, of sush piles will be approximstely equal to thirty -

CEimer Che drek Ln dquave Tesdt of esch pile point. ' A Tuad
teat would be required fur greater precision. )

- The silt overlying the gravel snd boulder stradis
is ot recosmnded ss u sedlon of suppord, despite sariler
opindons vegarding tts probable fn-situ relstive denaivy,

. because of the dmipger uf obiaining & loossr o quith cund-
© Atlon during sxsavation below the vater table, Control of
# quitkesand condition st this site would ouly bw obtaissble
by a ooebiination of & cofferdme to hold back the river, sand
[ wasuo wellipolpt systis to stabiliss the sdlt.  Becsuse
of the low permsability of the silt, tide systes wold bhive
Ao bedncoperation for & few days before wxcavation voild

e

e s Deedee of L% flexible neture, & cofrugated sieel
- oulvert 48 move tolersit of the Tonndation sonditiors 1%
reguives snd, thereforw, support on the upper stratus of
w11% yould sppese to be quite permisstible, Installstion

*{ weXlegraded sund snd ‘grawl In the river bed befvre the -
©water'is diverted. - Sows dvedping muy be required to clean




Ll nm M Mur b Sostallstion. et m nw,
abouk teo fest oF this mixtiie Would be necksssry 4o oveye
pome any segrogation of particlin dad to sesvive that s good
Fker L obtakond,  This filter sheald help to control the

~uevement of the sili aftsy the river his desn dlverted. for
-comstriction purposen,  This uie-of & vellegraded filter and

U Fdperdp at the sntraovs’ sod szif el the culvert, will aise

| be necessary Yo avold the usdewining m‘um or streas Llow
after the oulvert ie m oponﬁm

Coxa. {HM

= The Mtn ynunud h the temm ssotion cen
ba sumsrised a8 followsys -

: " 1. Reglesting the mmu naterials above n.mx 5
‘feut, the wubsoll at the site dohislets of wriform coarse grey
si1%, wilch is separated betwsen K1.1299.5 and 1292.5 fest by
. laysy of cosres gravel and Souiders. The sill sppears Yo be

T a0 s wmsh depsey eondition belew X1.1292 Ceet, Slthough thers

_is evidence to sugrest that the rulative density of the upper
114 is greater than standsrd ‘panstration testa indlests,

: - 24 The permtasible bénring valee and roctesesded
rooﬁ.ng dapth Aupunde dpon the type of oulwers dader oonsld.

apation, - A relaforoed sonsrete Bux snlwerd would spipesr to

require support on ‘he dunse gravel snd borlder stestom en-

sonrbired balow 11999 feek.  Yhe bewring cspueity of tida

styabon kot of thie underiying siit, is quite high for sither

, & rectangular footing er oy o!m't pLisg, Ercavation dife

' ﬂuulﬁu 16 the #d1% delow the rim 1evel, should M :

3y wazam staa): Mmt, Founded o m uppey
sﬂ.i, shoald be possitile, provided & bad of well-gradel sand
“amd umxol is pluced in W rhver bafore the watir lewval Lx
Clowared, - Filter and ripsvap protection st the entrancs wnd i
uﬂ% of the culwert 18 slsy redciisended, ' This protsetion should
 be carrisd sbove. mixinm muﬁpum M hwl.
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METRIC |DIST 3 HWY 10
DIMENSIONS ARE IN METRES CONT_ NO_

AND/OR MILLIMETRES

UNLESS OTHERWISE SHOWN ‘A,P No 449_97_01
= CREDIT RIVER CULVERT
BROADWAY AVENUE
il BOREHOLE LOCATIONS & SOIL STRATA
. Golder Golder Associates Ltd.
) 'Associates MISSISSAUGA, ONTARIO, CANADA
n ’
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eior
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0 50 100 150 200 300
/ A % o ™™ e ™™ ' = METRES
SCALE
o KEY PLAN
2
o, LEGEND
\" $ Borehole
]
E Seal
Piezometer
N Standard Penetration Test value
. Blows/0.3m unless otherwise stated
— 415 415 — (Std. Pen. Test, 475 i/blow)
¢ i%(éﬁla\évAY 100% Rock Quality Designation (RQD)
< 1 &5 Y WL in piezometer on NOV. 5, 1999
AV WL during drilling
I
ELEVATION LOCATION
APPROX. EXISTING
ROAD GRADE No. (m) NORTHING (m) | EASTING (m)
—- 410 410 —
o N ul 1 408.38 4864820.44 257879.98
& 4 g 2 426.12 4864613.67 258304.35
2 Po_ 10 3 3 413.99 4864748.42 258096.04
el 2
z Soft, Black Sandl and o vary Joses z 4 410.86 4864892.59 257924.09
= 1o loose, Brown to grey 10 z
=] e z 5 409.10 4864788.84 257904.22
= I
el Sand trace sill, some gravel ta Silty &
= Sand, avel, Lm?gs‘u comp a5 — 7
C‘ A st S Lo 4 NOTES
(NP ANz SR GINANp L, The boundaries betw il strata have b stablished
A S ot o ory o1 Borshola Tocations. Belween Borsholes e
P‘-_-P..u( 3ttt 17 very stff Very stiff, Grey boundaries are assumed from geologicol evidence.
' ~ rown/grey
ﬁ? < (TiLL)
L 400 okrf O “":\J\ 100 —
, [
SECTION A—A 1 |28/01/00| ASP FINAL
wo.| DATE | BY REVISION
o 4 8 12 16 20
HORIZONTAL !  METRES Geocres No.
0 2 4 5 8 10
VERTICAL SCALE s J METRES HWY. No. 10 TPROJECT NO.:  991-1171 DIST. 3
SUBM'D. ASP [ chko: | ATE: 1999 12 13
DRAWN: JFC_ | CHKD. ASP | apPO. owG. 1
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