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PRELIMINARY
FOUNDATION INVESTIGATION AND DESIGN REPORT FOR
PROPOSED HIGHWAY 48 UNDERPASS
HIGHWAY 407 EAST EXTENSION
W.P. 282-86-01

1. INTRODUCTION

This report presents the results of the foundation investigation and design
analysis carried out by Thurber Engineering Ltd. (Thurber) at the site of the
proposed Highway 48 Underpass for the proposed Highway 407 East Extension in
the Town of Markham. The purpose of the investigation was to explore the
subsurface soil and groundwater conditions at the site and based on the data
obtained provide borehole logs, laboratory test data, soil profile and a written
description of the subsurface conditions. The purpose of the analysis of the data
obtained during the investigation was to produce geotechnical recommendations
for the design and construction of the structure foundations and associated earth
works.

Thurber carried out the investigation as a consultant to the Ministry of
Transportation Ontario (MTO) under Agreement 9820-7411-2877.

2. SITE DESCRIPTION
21 Site Location

The site lies at Station 24+350 (approximately) on Highway 407 and
10+000 on Highway 48 (Markham Road). it is located on the table land to
the south and west of the Rouge River Valley and approximately half a
kilometre south of Highway 7 in the Town of Markham.

At the time of the investigation, Highway 48 was carried on a detour to the
west around the site. On the west, pavement for Highway 407 has been
constructed up to the detour. To the east the land is currently in
agricultural use up to the edge of the Rouge River Valley.

Residential development lies to the north and south of the site, especially
on the east side of Highway 48.
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2.2 Physiography

Physiographically, the site lies within a till plain known as the Halton Till,
which consists mostly of clayey silt soils. It also lies in the area of the
south slope of the Oak Ridges Moraine where buried granular deposits
connected to the moraine are known to form aquifers. In some places
these aquifers contain water under artesian pressure.

A short distance to the north and east lies the deeply incised valley of the
Rouge River. Recentriver alluvium and organic soils occur-in the valley
floor, but do not impact the subject site.

INVESTIGATION PROCEDURES
3.1  Field Investigation

Between November 9 and 16, 1998, a Bombardier mounted Mobile B-57
drill rig was used on site for drilling and Standard Penetration Testing
(SPT, following the procedures of ASTM D 1586). Two deep boreholes
and four shallower boreholes were drilled and sampled to obtain data for
foundation design and two shallow holes were drilled for approach fill
considerations. The approximate locations of the boreholes are shown on
Drawing 15-64-4-01.

The boreholes were numbered 98-1 through 98-8 and the depths of
sampling were as follows:

Borehole No. Depth of Sampling (m)
98-1 16.7
98-2 1.1
98-3 22.9
98-4 5.0
98-5 1.1
98-6 1.1
98-7 26.1
98-8 52
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The boreholes were drilled using solid stem augers but in one deep hole,
casing had to be advanced and the soils within the casing washed out to
allow piezometer installation at the required depth.

Samples were recovered at selected intervals throughout the depths of the
boreholes in conjunction with Standard Penetration Tests (SPT) . Samples
were generally recovered at intervals of 0.75 m in the upper 3.0 m and
thereafter at intervals of 1.5 m to depths which vary between the holes,

Seepage and water levels were noted in each borehole during and at the
completion of drilling and sampling. Standpipe piezometers were installed
in Boreholes 98-3 and 98-7 for future monitoring of the groundwater levels.
The remaining holes were backfilied with drill cuttings.

The results of the drilling, sampling, in-situ testing and water level
measurements are summarized on the borehole logs in Appendix A.

3.2 Laboratory Analysis

Geotechnical laboratory testing consisted of natural moisture content
determinations and visual classifications of all recovered samples. In
addition, grain size analyses and Atterberg limit tests were conducted on
selected samples. The results of the laboratory testing are presented on
the borehole logs in Appendix A, and in Figures B1 to B6 and C1 to C4 in
Appendix B.

Two soil samples were selected and submitted for analysis for sulphate
and pH testing. The results are shown in Table 1 in Appendix B.

4, DESCRIPTION OF SUBSURFACE CONDITIONS
4.1 Subsurface Soil Conditions
The subsoil stratigraphy encountered in the sampled boreholes consists of
very stiff to hard, silt and sand till and clay and silt till overlying very dense
sand and silt till. Surficial fill layers were also encountered.

Fill, Pavement, Topsoil

In all boreholes except 98-8, fill was encountered in thicknesses ranging
between 0.6 to 2.3 m. The fill was variable from hole to hole, ranging from

—
[]

THURBER
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clayey silt and sand to sand and gravel. The site lies on the alignment of
Highway 48 and the fill is assumed to have been placed as part of the
grading and pavement construction activities for the highway. The fill is
generally compact or stiff, though some very dense sand and gravel was
encountered in the old road base. Asphalt pavement was encountered in
Boreholes 98-2, 98-4 and 98-8. Up to 500 mm of topsoil was encountered
in Boreholes 98-5 and 98-6.

Silt and Sand (Till)

The main stratum penetrated by the boreholes was a thick layer of clayey
silt and sand till with a Unified Classification of ML.. This soil is essentially
cohesive but does contain layers or zones of non-cohesive soil.

This layer extended from the underside of the fill to below Elevation 165.3
at Borehole 98-1 to 166.5 at Borehole 98-7. SPT values recorded in this
layer ranged from 15 to 58 blows for 0.3 m penetration. Occasionally much
higher values were recorded but these were possibly due to the presence
of gravel, cobbles or boulders within the layer. Five of the remaining
boreholes terminated within this layer.

Based on shear strength estimates from pocket penetrometer readings and
from the recorded SPT values, the soil is classified as being very stiff to
hard.

The stratum is brown with oxidized fissures present near the top, turning
grey below an approximate depth of 5.0 m. The measured natural moisture
contents range from 7 to 156%.

Clay and Silt (Till)

Below the siit and sand stratum described above, and below elevations
ranging from 165.3 to 168.5, the soils are plastic and have a Unified
Classification of CL (see Figures C2 and C4 in Appendix B). SPT values
recorded in the layer ranged from 16 to 35 blows for 0.3 m penetration.
Occasionally much higher values were recorded but these were possibly
due to the presence of gravel, cobbles or boulders within the layer.

Based on shear strength estimates from pocket penetrometer readings and
from the recorded SPT values, the soil is classified as being very stiff to
hard.

This layer is grey and the measured natural moisture contents ranged from
9to 22%.

[
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Sand and Silt (Till)

A very dense sand and silt till was encountered below the clay and silt till.
The top of the sand and silt till was noted to be at Elevation 163.6 in
Borehole 98-3 and Elevation 161.0 in Borehole 98-7. Both these boreholes
terminated in this very dense till. The SPT values recorded in this very
dense, grey till were very high, all well over 100 for 0.3 m penetration. The
water contents measured in the till ranged from 5 to 12%.

Cobbles and boulders should be expected in the till deposit.

Cobbles and Boulders

As indicated above, cobbles and boulders should be anticipated within any
or all of the till deposits encountered on this site but particularly in the
lower, sand and silt till.

4.2 Groundwater Data

On completion of drilling, the following observations of groundwater levels

were made:
- Borehole No. Depth (m) Observation

98-1 15.7 No free water but possible water
table at 12.2 m based on wet
samples.

98-2 11.1 Free water at 5.5 m.

98-3 22.9 Hole flushed on completion and
piezometer installed - see below.

98-4 5.0 No free water.

98-5 11.1 Free water at 10.4 m.

98-6 11.1 Free water at 10.1 m.

98-7 26.1 Piezometer installed - see below.

98-8 5.2 No free water.
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After completion of the piezometer installation in Boreholes 98-3 and 98-7,

reading of water levels were taken at intervals as shown below:

Depth to Water (m)

Date BH M-98-3 BH M-98-7
November 11, 1998 N/A 20.1
November 12, 1998 12.25 19.2
November 13, 1998 17.7 18.8
November 17, 1998 17.6 17.8
November 30, 1998 17.7 17.0

THURBER
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RECOMMENDATIONS FOR STRUCTURE FOUNDATIONS
5.1 Type of Structure

The structure anticipated to be built at this site consists of an underpass for
Highway 407 under Highway 48 (Markham Road). The most probable
general arrangement is believed to be a two-span structure with spans in
the order of 40 m each.

The soil conditions encountered at the site are generally suitable for design
of an integral abutment bridge. In the preparation of foundation
recommendations, it has been assumed that this is the most probable
arrangement for the proposed underpass.

5.2 Recommended Foundation Type

The soils encountered at the subject site are considered suitable for the
support of bridge foundation elements on either driven piles or spread
footings.

If piles are used, steel HP310X110 piles driven to practical refusal are
recommended. To achieve the necessary flexibility for an integral
abutment design, the top 3 m of each pile below the abutment stem must
be surrounded by two concentric CSPs, generally as illustrated in Figure 7
of the MTO Report SO-96-01 "Integral Abutment Bridges". The inner CSP
should be filled with a bentonite/cement mix or with loose, coarse sand.
The grading requirements for the sand are shown in Appendix C.

In the case of spread footings, these may be founded either on the native,
dense or hard soil or on engineered Granular A fill pads founded on native,
hard or dense soil.

5.3 Axial Pile Capacity

It is recommended that steel HP310X110 piles be driven into the very
dense glacial till encountered below elevations 161.0 to 163.6 in the two
deeper boreholes drilled and sampled at the anticipated locations of the
abutments (Boreholes 98-3 and 98-7). If this is done, the piles can be
considered to be essentially end bearing in the very dense glacial till.

THURBER
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The following axial resistances are estimated for HP310X110 steel piles
driven to practical refusal in the very dense glacial till below
Elevation 161.0:

Factored axial resistance at ULS
Axial resistance at SLS

1,600 kN
1,100 kN

The minimum pile spacing should be calculated in accordance with the
OHBDC.

5.4 Lateral Resistance

The lateral resistance of the piles and the depth to the point of
contraflexure may be analyzed on the basis of an assumed value of k,, the
coefficient of horizontal subgrade reaction, of 40 MN/m?® for the native soils.
The loose sand surrounding the upper 3 m of the pile may be assumed to
have a value of k, = 1.2 MN/m>.

5.5 Pile Driving

The piles should be provided with driving shoes in accordance with
OPSD 3301.00. :

Pile should be driven to Elevation 161.0 and driving should then be
carefully monitored and controlied employing the Hiley Dynamic Pile
Driving Formula in accordance with MTO Standards §S 103-10 or SS 103-
11 and assuming an ultimate resistance of 3,200 kN.

If the driven pile encounters refusal above Elevation 161.0, the Engineer
must be notified immediately. Refusal is defined as less than 25 mm
penetration for each of two consecutive series of 50 blows.

The pile driving should be carried out using a hammer capable of
delivering energy approaching but not exceeding 70 kJ per blow.

During the driving process, piles which have already been driven should be
monitored to determine if they are heaving due to the effects of driving
adjacent piles. If this phenomenon occurs, the affected piles must be re-
driven.

It is recommended that 15% of the piles (and at least one pile in each
foundation element be restruck the day after initial installation. If relaxation

[

THURBER
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is deemed to have occurred, then all piles in that foundation element
should be restruck.

6.6 Pile Driving Note

The pile driving note to be added to the drawings is Note 2 in Clause
2.5.11 of the Structural Manual. The ultimate capacity should be 3,200 kN
and the piles should be driven below Elevation 161.0.

5.7 Spread Footings

Spread footings may be designed to bear on the undisturbed, hard or
dense, native soil at the elevations and bearing resistances shown below:

Highest Elevation Factored ULS (kPa) SLS (kPa)
177.3 600 400

The SLS value given above is based on a maximum settlement of 25 mm
under the footing.

Where footings will be supported on engineered fill pads, the fill should
meet the requirements of OPSS Form 1010 for Granular A. All topsoil and
other deleterious material should be stripped and the underside of the fill
pad should bear on dense native soil. A typical arrangement for an
engineered fill pad is attached as Figure 1.

A footing placed on an engineered fill pad may be proportioned on the
basis of the following geotechnical bearing resistances:

. SLS = 350 kPa
. factored ULS = 900 kPa

To ensure adequate load distribution to the underlying soil, the engineered
fill pad should be at least 2.0 m thick and must be founded at the lower of
1.5 m below existing grade or below any existing fill, topsoil or other
soft/deleterious materials.

)
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5.8 Sliding Resistance

The sliding resistance of the footings must be checked using the following
factored base shear factors:

Founding Material Factored Basal
Shear Factor
Granular "A" 0.46
Native soil 0.36

6. EARTH PRESSURE

The lateral earth pressures to be used in design should be computed in
accordance with Section 6-7 of the OHBDC .

Granular backfill should be placed behind the abutment walls and wing walls to
conform to the minimum requirements illustrated in OPSD 3501.00. The granular
backfill should conform to Ontario Provincial Standard Specifications (OPSS)
1010 for either Granular B, Type 1 or Granular A. The fill should be placed in
accordance with OPSS 501. A perforated subdrain should be installed behind the
base of the walls as shown in OPSD 3501.00 to maintain the granular fill in a
drained condition. The subdrain should be provided with a positive outlet to the
highway drainage system. To maintain free draining characteristics in Granular B,
the maximum percentage passing 75 pm should be limited to 5%.

For the above backfill and drainage conditions, the abutment walls and wing walls
may be designed based on the following unfactored earth pressure distributions:

P, = Kyh
where;
K = earth pressure coefficient, use value from table below.
Y = unit weight of soil, = 21.2 KN/m® for Granular B
= 22.8 kN/m® for Granular A
h = depth below top of wall, m
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Earth Pressure Coefficient (K)
Wall Type
OPSS Granular A OPSS Granular B
¢' = 35° ¢ = 30°
Horizontal Sloping Ground Hotizontal Sloping Ground
Ground Sutface Ground Surface
Surface Behind (2H:1V) Surface Behind 2H:1Vv)
Wall Wall
Restrained Wall 0.43 - 0.50 -
Unrestrained Walil 0.27 0.40 0.33 0.55

The above parameters are based on an assumption of a horizontal ground
surface behind the abutment walls. If concrete approach slabs are not provided,
an additional load equivalent to 600 mm of fill should be superimposed on the wall
loadings to account for traffic surcharge loading.

If an integral abutment design is used, the ballast wall/pile cap will move against
the retained fill in some circumstances. Accordingly, the design should be based
on an earth pressure coefficient between the at rest and passive cases, as
outlined in the OHBDC.

A Retained Soil System (RSS) may be used for the abutment wall and wing walls.
In such cases, the designers should include the following in the contract:

. the longitudinal extent of the walls in plan

. the space constraints from the top of the RSS to the base of the RSS in
transverse direction in plan

. elevation of top and bottom of RSS

. performance requirements (High Performance)

. appearance requirement ( typically High Appearance)

. the required NSSP for RSS

Additional lateral pressure must be added to account for compaction induced
forces. The additional pressure must be computed in accordance with Section 6-
7.4.3 of the OHBDC.
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7. APPROACH EMBANKMENT DESIGN

It is anticipated that the approach embankments will be in the order of 5to 6 m
high adjacent to the structure.

If the approach embankments are constructed from the locally available inorganic
soils, it is expected that they can be safely constructed with side slopes of 2H:1V.

The fill stability will, however, be dependent on the material used to construct the

embankments and this must be carefully reviewed at the design stage. Fill should
be placed and compacted in accordance with OPSS 501.

Based on the findings of the field investigation, no foundation stability problems
are anticipated under embankments constructed to 6 m height with 2H:1V side or
forward slopes.

If the embankments need to be higher than 8.0 m, a 2.0 m wide berm should be
incorporated in the slope design within each 8.0 m vertical interval.

8. EXCAVATION AND GROUNDWATER CONTROL

The only excavation anticipated for bridge construction at this site will be that
required for a footing or pile cap at the central pier. Depending on the design that
is finally selected, the anticipated maximum depth of excavation below existing
ground surface is 4.0 m. Excavation to that depth should not present any special
difficulties to normal, heavy duty excavating equipment. Some groundwater
seepage may occur from the fill or sandy partings, but no serious groundwater
problems are anticipated and the water can be removed by pumping from a local
sump. The water table measured is below this depth of excavation, therefore no
prior dewatering will be required.

It is recommended that the base of any footing excavation be protected by a mass
concrete working slab at least 150 mm thick immediately after completion of
excavation and approval of the footing base..

All excavation must be carried out in accordance with the requirements of the
Occupational Health and Safety Act (OHSA). For the purposes of OHSA, the
soils within the anticipated depth of excavation are classified as Type 2.

o}
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9. FROST PROTECTION

The design depth of frost penetration for this projectis 1.2 m. All pile caps and
footings designed for this site must be provided with at least 1.2 m of soil cover
as protection against frost penetration.

10. CONSTRUCTION CONCERNS

The main construction concern identified at this site is the need to ensure that
piles are driven into the very dense giacial till below Elevation 161.0.

11.  CONSTRUCTION INSPECTION AND MONITORING

During construction, all foundation installation, excavation and approach
embankment construction activities should be monitored by geotechnical
personnel to ensure that the foundation recommendations and design are being
correctly implemented and that the soil conditions encountered do not differ
materially from the interpretation used in this report.

12, STATEMENT OF LIMITATIONS

The information provided in the preliminary Foundation Investigation and Design
Report can be relied upon with the following limitations and exceptions:

Any interpretations of data or opinions expressed in the report are not warranted:
and

Although the accuracy of the subsurface information at the borehole locations is
warranted, the respondent must satisfy itself as to the sufficiency of the
information presented and obtain any updating or additional information, and
perform any studies, analyses or investigations that the respondent deems
necessary in order to prepare its submission. Interpretations of subsurface
conditions are not warranted.

The preliminary recommendations provided are intended for bidding purposes
only. The design and performance of the foundations are the responsibility of the
selected proponent. The selected proponent must develop the final foundation
design through interactive participation between its structural and foundation
engineers.
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paivd WV (cu-mieiacion Ty | ' s AT A TR : i
LA // . B %% ¥ . A Faein ] O . .
163 WO LA A L A L LA LA L AL S s b A-A A T AT NORTHING] EASTING
1o IBRREREE : M98-1 181.01 4857917.99 | 324284.32
IHeterogeneous Mixture of 108/.075 . M98-2 181.59 4857958.05 | 324276.07
e SAE\iD and ;SM' tracde gravel | 0 1 M38—3 182.23 4857998.00 | 324271.96
race cloy, very dense : by : M3B—4 183.03 4858017.24 | 324275.81
160 (Glaciat Tilh(SP) | [103/.150 | MIB-5 181.98 | 4858008.69 | 324289.10
154] | § | | : MIB—6 181.28 | 4857969.24 | 32429561
- 1 liog/ 175 i Mag—7 181.01 4857928.17 | 324301.24
158 - ol i MIB—-8 181.28 4857309.21 | 324294.65
Ny 11 | 111 Hoksis0 | |
SCALE: H—1:1000  v-1:200 P,
| [15-64-4-2
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EXPLANATION OF TERMS USED IN REPORY

N VALUE: THE STANDARD PENETRATION TEST {SFT) N VALUE 15 THE NUMBER OFf BLOWS REQUIRED TO CAUSE A STANDARD Simm O.D SPUIT BARREL
SAMPLER TO PENETRAYE 0.3m INTO UNDISTURBED GROUND IN A BORENHOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 63.5kg, FALLING

FREELY A DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE MUMBER OF BIOWS FOR THE HNETRATION

ACHIEVED. AVERAGE N VALUE 15 DENOTED THUS N.

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT { Simm 0.0, 60" CONE ANGLE | DRIVEN BY 475 3
IMPACT ENERGY ON °A’ SIZE DRILL RODS. THE RESISTANCE TO CONE PENETRATION 1S MEASURED AS THE NUMBER OF 8LOWS FOR EACH 0.3m
ADVANCE OF THE CONICAL POINY INTO THE UNDISTURBED GROUND.

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

CONSISTENCY: COHESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH(CJI AS FOLLOWS!:

U, thra)

0-1

12 -25 15 - 50 50 - 100

100 - 200 >»200

VERY SOFT

SOF7 FIRM STiFf

VERY STIFF HARD

ENSENESS: COHESIONLESS SO1LS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPY N VALUES AS FOLLOWS:
[NtBLOWS /0 mI] 0 -3 5-10 10 - 30 30 - 50 =50
VERY LOOSE| 1OOSE | COMPACT | DENSE |VERY DENSE

ROCKS ARE DESCRIBED BY THEIR COMPOSITION AND STRUCTURAL FEATURES AND 7/ OR STRENGTH,

m
In
<
=
<

]
]
1

't SUM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PﬁﬁCENT OF THE TOTAL LENGTH OF THE CORING RUN,

MODIFIED RECOVERY: SUM OF THOSE INTACT CORE MECES, 100mm+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.
THE ROCK QUALITY DESIGNATION {R G D}, FOR MODIFIED RECOVERY, 15 :
[ rooxy 0 -25 25-50 | 30-73 75 - 90 90 - 100
VERY POOR|  FOOR FALR GOOD | EXCEULENT

OINTING AND BEDDING :

SPACING 30mm | 50-300mm| 0.3m - 1m | Im. Im >3m

JOINTING  |VERY CLOSE}  CLOSE | MOD.CLOSE]  WIDE | veRy wiDE

BEDDING VERY THIN THIN | mEoIUM THick  |verr rwice

ABBREVIATIONS AND SYMBOLS

FIELD SAMPLING

MECHANICAL PROPERTIES OF SOIL

$5 SPUT SPOON : TP THINWALL PISTON m, ke
W5  WASH SampLE [+ 31 OSTERRERG SAMPLE CC ]
S T SLOTTED TUBE SAMPLE R C  ROCK CORE <, l
85 BLOCK SAMPLE P H TW ADVANCED HYDRAULICALLY €y 1
€5 CHUNK SAMPLE P M TW ADVANCED MANUALLY ¢, mis
T W THINWALL OPEN F S FOIL SAMPLE H m
1, 1
STRESS AND STRAIN v %
Ve kP2 PORE WATER PRESSURE Tyo  kbo
" ! PORE PRESSURE RATIO o kpo
o ko YOTAL NORMAL STRESS k1 kro
o’ kra EFFECTIVE NORMAL STRESS < ko
T kra SHEAR STRESS ] -*
%% .0 kR PRINCIPAL STRESSES <y kpa
€ % LINEAR STRAIN by -*
LA A ] PRINCIPAL STRAINS 7 kpa
E kpa MODULUS OF LINEAR DEFORMATION 1, kro
G kPa  MODULUS OF SHEAR DEFORMATION 5 \
» 1 COEFFICIENT OF FRICTION !
PHYSICAL PROPERTIES OF $01L
£ kg/m' DENSITY OF SOLID PARTICLES e L% VOID RATIO
Y, kN/m] UNIT WEIGHT OF 50UD PARTICLES n .1 POROSITY
P, kg/m® DENSITY OF waTER w L% WATER CONTENT
Y, kn/md uNIT WEIGHT OFf waTER 5, %X DEGREE Of SATURATION
P kg/m’ pEnsiTY OF sON w % uou umi
14 w/m' unir WEIGHT OF son w, % PLASTIC LMty
£ kg/m’ DENSITY OF DRY SOIt we % SHRINKAGE LmIT
7‘; kn/m? UNIT WEIGHT OF DRY SOR [ % PLASTICHY INDEX + W, - Wy
£t kg/m) DENSITY OF SATURATED SOM ! } LIGUIDITY INDEX + varmnt
Yiat  kN/m UNIT WEIGHT OF SATURATED SOIL ) e -
p hglm’ DENSITY OF SUBMERGED SOIL le 1 CONSISTENCY INDEX = llp
Y kNJmd UNIT WEIGHT OF SUBMERGED $OIL ®rox 1% VOID RATIO IN LOOSEST STATE

COEFFICIENT OF VOLUME CHANGE
COMPRESSION INDEX

SWELLING INDEX

RATE OF SECONDARY CONSOLIDATION
COEFFICIENT OF CONSOUIDATION
DRAINAGE PATH

TIME FACTOR

DEGREE OF CONSOLIDATION

EFFECTIVE OVERBURDEN PRESSURE
PRECONSOLIDATION PRESSURE

SHEAR STRENGTH

EFFECTIVE COHESION INTERCEPT
EFFECTIVE ANGLE OF INTERNAL FRICTION
APPARENT COMESION INTERCEPT
APPARENT ANGLE OF INTERNAL FRICTION
RESIDUAL SHEAR STRENGTM
REMOULDED SHE(AR STRENGTH

Y
SENSITIVITY = 7r—

1% VOID RATIO IN DENSEST STATE
[

L]
p 1 DENSITY INDEX » gPRAZ .,

max = “min

[+] mm GRAIN DIAMETER

o, men N PERCENT - DIAMETER

CU 1 UNIFORMITY COEFFICIENT

h m HYDRAULIC HEAD OR POTENTIAL
q m¥/s  RATE OF DISCHARGE

v m/s DISCHARGE VELOCITY

i I HYDRAULIC GRADIENT

k m/s  HYDRAULIC CONDUCTIVITY

i kN/e? SEEPAGE FORCE
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BOREHOLE GRAPHIC SYMBOLS

s5/03/14

TTCHTCHZ 4208

SOILS

FILL

RN

ORGANICS

CLAY

SILT

SAND. l
CRAVEL

COBBLES

-if"‘-—;i P R e s
2] BRI URNNEY AR 10 e

ST
CLAYEY SILT
N
SAND & GRAVEL
CLAYEY SILT TILL

SILTY CLAY TILL

'SANDY SILT TILL

SHALE

—

&

LIMESTONE

+

—
+

SILTSTONE

GRANITE

CEMENT GROUT

BENTONITE GROUT

I BENTONITE SEAL

—
o

—_——

CONCRETE

WATER




D

o
O

THUMEE"

UNIFIED SOILS CLASSIFICATION
GROUP
MAJOR DIVISIONS SYMBOL TYPICAL DESCRIPTION
GRAVEL AND | GW Waeligraded gravels o gravel-sand mixtures, little or no fines.
GRAVELLY GP Poorly-graded gravels or gravel-sand mixtures, little o no fines.
SOIS GM Sty gravels, gravel-eand-siit mixtures.
COARSE
GC Claysy gravels, gravel-sand clay mixtures,
GRAINED sw Wellgraded sands or gravelly sands, kttle or no fines.
SAND AND sP Poory-graded sands or gravelly sands, little of no fines,
SOILS
SANDY SM Silty sands, sand-siit mixtures.
SOILS sC Clayey sands, sand.ciay mixtures.
ML Ihorganic siits and very fine sands, rock flour, silty or clayey fine sands
SILTS AND of clayey silts with slight plasticity,
CL inorganic clays of low to medium plasticity, gravelly clsys, sandy clays,
CLAYS slty clays, loan clays. (W < 30%).
& inorganic clays of medium plasticity, sity clays. (30% < W < 50%).
FINE W, < 50%
oL Organic sits and organic sitty-clays of low plasticity.
GRAINED
SILTS AND MH inorganic sitts, micaceous or diatomaceous fine sandy or silty soils,
elastic siits,
SOILS CLAYS
CH Inorganic clays of high plasticity, fat clays.
W,_ > 50%
OH Organic clays of medium to high plasticity, organic silts.
HIGHLY ORGANIC SOILS Pt Peat and other highly organic soils.

CLAY SHALE

SANDSTONE

SILTSTONE

CLAYSTONE

COAL




Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No 98-1 10F2 METRIC
W.P, 282-86-01 LOCATION N 4857918.0 F 324284.3 ORIGINATED BY gx
DIST CR HWY 407 BOREHOLE TYPE __100mm SOLID STEM AUGERS COMPILED BY __wm
DATUM _Geodetic DATE 98.11.09 - 98,11,09 CHECKED BY ___ atG
o |DYNAMIE CONE PENETRATION
SOIL PROFILE SAMPLES E‘ " . RESISTANCE PLOT 2-“* e mm e | & REMARKS
'6 tr & g g g 20 40 60 80 100 Lt CONTENT LT g g &
=1 EFl] 2 . . L . . wp w wy GRAIN S1ZE
ELEV DESCRIPTION g B| ¥ | F]95| S [SHEARSTRENGTH kPa ' . ! 2 | oisTRiBUTION
BEFTH HE F | >13&]| X [0 UNCONFINED  + FIELD VANE y (%)
Bz z |20 & |e auick TRIAXIAL x LAB VANE | WATER CONTENT (%)
181.0 @ © f 20 40 60 80 100 10 20 30 wm3 |or sa 8 oL
0.0 84
Sandy SILT, 1| ss | 16 o
trace clay, trace gravel, moist,
brown and grey, compact: (FiLL)
2 88 16 180 2425,
179.7
1.3 ST and SAND,
sotna clay, trace gravel, oxidized 3] 88 16 o
fissuras, muoist, brown, very stiff 179
to hard
{TILL} (ML) 4158 38 42.28
178
5188 | 41 dq D43 a1
177
6| 55 | 45 o
gray below Sm 176
175
o]
Tyss | H 146 42 11
174
B | S5 | 7¢/ o
.250 173
172
9| ss | 3 o
171
stiff 1] ss | 1a
170 °
possible groundwater at 12.0m 1 169
qynpss | 20 oH D 44 44 12
168
12| 88 | 15 167
Continued Next Page %0
3 3, Numbers refer to
HTx T s:,.smv"v ‘ ’5”?35 (%) STRAIN AT FAILURE



Ministry of
Trangportation

Foundation Design

Ontario
RECORD OF BOREHOLE No 98-1 20F2 METRIC
W.P. __ 282-86-01 LOCATION N 4857918.0 £ 324284.3 ORIGINATED 8Y Ex
DIST _¢R HWY ___a07 BOREHOLE TYPE _100mm SOLID STEM AUGERS COMPILED BY __wm
DATUM _Geodetic DATE 98.11.09 - 98.11.09 CHECKED BY __ AtG
SOIL PROFILE SAMPLES [ | 4 |ReSiSTANCE PLOT e 0N . o | remancs
-0 5 MASTE o Tune avo [l
51 e w ; Zl & 20 40 60 80 100 wrt CONTENY bl B &
w . ! f f i 3 5w
ELEV cf8|w| 3|of| & [SHEARSTRENGTH kPa ALY B Fiandunet
DEFTH DESCRIFTION 2131 7| >[5Z]| & |o unconrmep  + FELD vaNE y %
= Z|20C] & |e QuCK TRIAXIAL x LABVANE | WATER CONTENT (%)
© @ 20 40 60 80 100 10 20 30 nm3 lGR sa s cL
o
165.3 13] 88 | 17 o
15.7]  END OF BOREHOLE AT 15,7m,

BOREHOLE OPEN TO 15.24m.
BOREHOLE BACKFILLED WITH
DRILL CUTTINGS.

+

3

4

3,

Numbers refer to 155125
Sensitivity 10

(%) STRAIN AT FAILURE



Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No 98-2 10F1 METRIC
W.P. __ 282-86-01 LOCATION N 4857958.1 E324276.3 ORIGINATED BY gk
DIST___ CR HWY 407 BOREHOLE TYPE _100mm SOLID STEM AUGERS COMPILED BY _ wm
DATUM _Geodetic DATE 98.11.12. 98.11.12 CHECKED BY___ AtG
SOIL PROFILE SAMPLES [o | u [DYDISMIC GONE FENETRATION
oo = FLASTIC ::;‘::‘: wwe | E REMARKS
5l AEE & 20 4 60 80 100 ™" o ™| 2D &
=1 4 . - - ! . w 4 GRAIN S1
ELEV. DESCRIPTION E % g | 2|g5| & [SHEAR STRENGTH kPa e TF Dlsmmlfrfgn
BEFTH g[{S5] £ | >|5&] < |0 UNCONFINED  + FIELD VANE y (%)
= z go § ® QUICK TRIAXIAL X LAB VANE | WATER CONTENT {%)
181.6 © @ 20 40 60 B8O 100 10 20 30 wim3 lon sa s oL
6.0
ASPHALT over SAND and 1188 | 17 o
GRAVEL, brown, compact:
181.0 151
06| \(FLU /
SILT swd SAND, 218 0
some clay, oxidized fissures,
moist, brown, $tiff to hard 180
{TILLICL-ML) 318849 P
a|ss |18
178 o
5{8s |2 p—{ 0 3 44 2
178
177
6] ss |63 d
grey below 5m
176
785 | M o
175
174
8] ss | 36 H
0 47 W 1
173
91 85 | 24 o
172
17
10] 85 | 22 i
170.5 ! 0 46 40 14
11.1]  END OF BOREHOLE AT 11.13m.
BOREHOLE OPEN TO 8.23m ON
COMPLETION OF DRILLING.

+

3

LK

3:

Numbers refer 1o ,52{:5
Sensitivity 10

(%) STRAIN AT FAILURE



Wanr‘xiggrf;zion Foundation Design
Ontario
RECORD OF BOREHOLE No 98-3 10F2 METRIC
W.P, _ 282.86-01 LOCATION N 4857998.0 E 3242719 ORIGINATED BY Ex
DIST___ CcR HWY 407 BOREHOLE TYPE __100mm SOLID STEM AUGERS COMPILED BY _wmMm
DATUM _Geodetic DATE 98.11.11 - 98.11.11 CHECKED BY___ AEG
YNAM N
SOIL PROFILE SAMPLES [ | @ [REeloraNcE Prom hCIRATIO o REMARKS
oo 5 R PATE L oTuRE oo o ’:E
51 2138 @ 20 40 60 B0 100 ™ o  WTH 58 &
h=t el = L L y . w w w 2% | GRAIN SIZE
ELEV 5_3 Bl¥| Zles © [SHEAR STRENGTH kPa A 3 | osTRIBUTION
DEPTH DESCRIPTION 5 Sie | >|3Z] & |o unconemep  + FiELD vANE ¥ %
El= z |20 & |e QuICK TRIAXIAL x LAB VANE | WATER CONTENT (%)
182.2 @ v 20 40 60 B8O 100 10 20 30 kNm3 |GrR 5A 1 CL
0.0
SAND and GRAVEL, 1 | ss 182 o
181.6 some gilt, brown, dense: (FILL) 3
0.6 SILT and SAND, )
some clay, oxidized fissures, 2188 e
moist, brown, stiff to hard 181
(TILLUML)
3| ss o
4| ss 180
H 047 4 9
s | ss 179
178
6| 55 q
grey below $m 177
7| ss 176 3
175
8} ss o
H 0 38 52 10
174
173
9] ss q
172
1o ss 4
171
_ 170
1111 58 a
168.8 163
13.4]  CLAY and SILT,
sandy, trace gravel, moist to e
ng o} 1
wet, grey, very stiff 1o hard 112 58 | 35 ' ’ 1 25 42 32
{TILHCL) 168
e
Continued Next Page 20
3 3, Numb
#7x T Gumbers 1efeT 10 1585 o) STRAIN AT FAILURE

Sensitivity 10



Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No 98-3 20F2 METRIC
W.P. __ 282:86.01 LOCATION N 4857998.0 € 324271.9 ORIGINATED BY gk
DIST___ch HWY 407 BOREHOLE TYPE __100mm SOLID STEM AUGERS COMPILED BY _ wwMm
DATUM _Geodetic DATE 98.11,11.- 98,1111 CHECKED BY___AfG
BYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES W
gw 5 RESISTANCE PLOT =__ e e REMARKS
5 ¢lg8] 2 20 40 60 80 100 "™ w7} SO &
b = L L - Y . o GRAIN Si
ELEV E glw| 3 oF & [SHEAR STRENGTH kPa e . "t 2 ousmmunzgn
DEPTH DESCRIFTION <|3| & | >|53Z] & |o unconenED  + FIELD VANE ¥ %
ElZ z|29| & |e ouick TRAXIAL x LABVANE | WATER CONTENT (%)
© W 20 40 60 80 100 10 20 30 kN/m3 GR SA 81 CL
178 167
A 13| ss | 29 o
(dE 166
. 3
Wl 1a] ss | 78 o
3l Q 165
£
7
.,_/‘/
4 14 164
y 15155
163.6 11 o
18.6]  Heterogeneous mixture of i <125
SAND and SILT,
trace clay, trace gravel, wet, [% 163
grey, very dense P
{TILLML) m T 7
Toor|- | b 12 61 23 4
078} 162
11 161
U rss T 1
i HOOF e o
az2s | B
41 160
156. es H ) 381 12 4
22.9)  END OF BOREHOLE AT 22.91m. o 100/
Piezometer instaliation consists 080
of 19mm diameter Schedule 40
PVC pipe with a 1.52m slotted
Lcrean,
WATER LEVEL READINGS:
DATE  DEPTH  ELEV.
{m} {m)
12/11/98 12,25 169.98
13/11/98 1770 164.53
17711798 1760 164.63
30/11/98 17,70 164.53

+

3

LK

3:

Numbers rafer to 1% fg 5
Sensitivity 10

{%} STRAIN AT FAILURE



Ministry of
Trangportation

Fourdation Dasign

Ontafio
RECORD OF BOREHOLE No 98-4 1 0F 1 METRIC
W.P. _ 282.86-01 LOCATION N 4858017.2 E 3242758 ORIGINATED BY £k
DIST __CR HWY 407 BOREMOLE TYPE __100mm SOLID STEM AUGERS COMPILED BY __wMm
DATUM _Geodetic DATE 98.11.13 - 98.11.13 CHECKED BY___ AFG
SOIL PROFILE SAMPLES | | @ [oreaMCSONE JENETRATION o
Fw <t raste o R wow [ ':E REMARKS
.6 o m g Cz) 3 20 40 &0 B0 100 Bl CONTENT Lol % o &
z 1 i 1 1 L 1A
ELEV 2|8l g | 3|o5| & [SHEARSTRENGTH kPs ALY - it
BEPTH DESCRIPTION 15| F | >|3F| < |0 UNCONPNED  + FIELD VANE Y (%1
=< z|g890 & |® Quick TRIAXIAL X LAB VANE | WATER CONTENT (%)
185.0 @ & 20 40 60 BO 100 10 20 30 wim3 lor sa s oL
0.0 ASPHALT over Gravelly SAND, rtggetgy 183 o
182.4 sorhe silt, very dense: (FILL)
0.6  SILT and SAND, e
some clay to clayey, oxidized | 2188 | 28 182 o
fissures, moist, brown, vary stiff P
to hard a8
(TILLICL-ML) 15 IRl Il °
i 181
(144 4 | S5 | 40
18} 1 0w 8w
| 180
"1 s | ss | 28 o
179
178.1 6| ss |29 o 0 44 41 18
4.9]  END OF BOREHOLE AT 4.95m. o7

BOREHOLE OPEN TO 4.95m,
BOREHOLE DRY ON
COMPLETION.

BOREHOLE BACKFILLED WITH
DRILL CUTTINGS.

-

3. Numbers refer to
Sensitivity

20
1685 (%) STRAIN AT FAILURE



Ministry of
Transp(\:'ﬂatian

Foundation Design

Ontario
RECORD OF BOREHOLE No 98-5 10F 1 METRIC
W.P. _ 282.86-01 LOCATION N 4858008.7 E 324289.1 ORIGINATED BY gX
DIST__ cR HWY __ 407 BOREHOLE TYPE __100mm S0UID STEM AUGERS COMPILED BY _ wMm
DATUM _Geodetic 98.11.13- 88.11.13 CHECKED BY __ AfG
£ PENETRATION
SOIL PROFILE SAMPLES [« | 4 [RZSISYARGEMoT — o | remancs
e 173 5 PLARTIC MOIETURE LIGLWAD - x
g « o gé 7} 20 40 60 ﬂp 100 ar CONTENT Lt gg &
D — x L i 1 i
ELEV 218 ¢ | 2|ok| & [SHEAR STRENGTH kPa Wy | TE | oRam sz
BEPTH DESCRIPTION S|3|F | #|3%| % |o UNCONFNED  + FiELD vane y %)
£z z 20| & [e ouck TrRiaxiaL x LABVANE | WATER CONTENT (%)
182.0 @ @ 20 40 80 100 10 20 30 Jwwm3 |Gk $A s1 cL
0.0l vopson o
1815 kel R R
0.5]  SILT and SAND,
lay to claysy,
som# Clay 1o claysy, s?me 2 58 15 181 o
asphalt tragments, moist, brown
{FILL)
180.2 385 | 39 o
1.8]  SILT snd SAND, 180
soima clay 1o ¢ , trace
L] BCHY. ¢ ca\rev rai ) 1 s 50
gravel, oxidized fissures, moist, g9
brown, very stiff to hard 0 41 42 97
(TILLML) 179
51 55 a0 | o
.225
178
6|85 | 70 o
177
grey below 5.5m
176
o
[ H 0 45 42 13
178
8] ss|ay
174 2
173
o] ss | a8 o
172
170.8 {]ro] ss | 38 - o
11.1]  END OF BOREHOLE AT 11.12m.
BOREHOLE OPEN TO 10.67m.
ON COMPLETION OF DRILLING,
FREE GHOUNDWATER AT
10.4m DEPTH.
BOREHOLE BACKFILLED WITH
DRILL CUTTINGS.

3. Numbers rafer to
Sensitivity

20
1595 %) STRAIN AT FAILURE



Mini
Trg:"\:ztprg r?a'ﬁon Foundation Design
Ontatio
RECORD OF BOREHOLE No 98-6 10F1 METRIC
W.P, ___282.86.01 LOCATION N 4857969.2 F 324295.6 ORIGINATED BY Ex
DIST CR HWY 407 BOREHOLE TYPE __100mm_SOLID STEM AUGERS COMPILED BY __wMm
DATUM _Geodetic DATE 98,11.13- 98,1113 CHECKED BY__ AtG
SOIL PROFILE SAMPLES | e | % |QeniaMic CONE PENETRATION .
=) ! rasne wao | E REMARKS
i nl€z2] & 20 40 80 80 100 |™  Cwes ] 5O &
7| 3 221 z e — wp w wi| 5% | oransize
ELEV DESCEIPTION .le 4 z2{2a] 8 SHEAR STRENGTH kPa OISTRIBUTION
DEFTH 203 S 33| & |0 UNCONFINED  + FIELD VANE Y P
e |20 & |e ouick TRIAXIAL x LABVANE |WATER CONTENT (%)
181.3 @ w 20 40 60 BO 100 10 20 30 xim3 |oR SA 81 L
0.0 topsoiL L
180.8 )1 8817 181 2
0.5  SILT and SAND,
some clay to o 1
@ cay To cavay, trace 2188} 14 o
gravel, oxidized fissures, moist,
brown, very stiff to hard 180
MLLML 3|ss |2 bH
1 42 a1 16
4lss |2 179
[+
5 | 85 | 37 178 &
177
6] 85| 29 o
0 46 43 11
grey below 5m
176
occasional wet sand seams
below 6.0m 7|88 |30 175 b
174
81! 8% 27 0
173
9|85 | 30 172 3
171
1762 W] ss | 34 o 2 45 41 12
111 END OF BOREHOLE AT 11.12m.
BOREHOLE OPEN TO 10.67m.
ON COMPLETION OF DRILLING ,
FREE GROUNDWATER AT
10,1m DEPTH,
BOREHOLE BACKFILLED WITH
DRILL CUTTINGS.
a 3, Numbers refer to

+

. X

Sensitivity

20
VS5 (%) STRAIN AT FAILURE



ristry of
a %:"n:‘pzr?ation Foundation Design
Ontario
RECORD OF BOREHOLE No 98-7 10F2 METRIC
W.P. __ 2828601 LOCATION N 4857928.2 £ 324301.2 ORIGINATED BY gk
DIST CR HWY 407 BOREHOLE TYPE _100mm SOLID STEM AUGERS COMPILED BY _ wm
DATUM _Geodetic DATE 98.11,10- 98.11.10 CHECKED BY____ atG
DYNAMIC CONE PENETRATION
SOML PROFILE SAMPLES £, g RESISTANCE PLOT are el pemaRks
I
&l gl1$8| 20 4 60 B0 100 [ owma % & &
Flw ] it Z . " ' ! wp w w GRAIN SIZE
ELEV DESCRIPTION |2 & g]80| 2 [SHEARSTRENGTHKPa o | % oistRiBUTION
BEFTH K £ | |33 < |O UNCONFINED  + FIELD VANE y %)
ez Z|206] & | ouick TRIAXIAL x LAB VANE | WATER CONTENT (%)
181.0 v @ 20 40 60 @0 100 10 20 30 k/m3 lor sA @ oL
0.0 vy v ot
SILT and SAND, 1 S5 7 v':'v : o
trace gravel, trace clay, trace yyy 23 58 19
organics, moist, grey Ko M
180. S
:) g {FILL) <4 2 | 58 180 o
"1 SLY end SAND, -
trace to some clay, moist, b
brown, very stiff to hard an 3| %8 9
{TILNML) 1 179
114l ss
5g L
178
15| ss | &
2N 177
{461 ss | 46 d
176
possitile wet swam at 5m, grey g
below kN
i 175
1l ss | 28 H
4 0 44 48 10
174
1]8 | ss | 24 o
2 173
1 172
410 | ss | 58 4 0 47 43 10
': - 171
o 10| S5 | 49 170 o
1 169
4[] ss | a7 oH
s 168
4112] ss | 28 167 H._
166.5 4
145 CLAY and SUT, ¥
g

Continued Next Page

+

3

. X

3,

Numbers refar to
Sansitivity

20
1585 (%) STRAIN AT FAILURE



Ministry of
Transprc‘;nation

Foundation Design

Ontario
RECORD OF BOREHOLE No 98-7 20F2 METRIC
W.P. __ 282.86.01 LOCATION N 4857928.2 E 324301.2 ORIGINATED BY gk "
DIST___cR HWY 407 BOREHOLE TYPE _100mm SOLID STEM_AUGERS COMPILED BY __wm
DATUM _Geodetic DATE 98.11.10 - 98.11.10 CHECKED BY __AEG
DYNAMIC CONE PENETRATION
[T
S0IL PROFILE SAMPLES x :t“‘ RESISTANCE PLOT_:%H“* pagne | NATRAL o - REMARKS
- @B I3 MOBTURE | EX
I @ ;g % 20 40 60 B0 100 | comer 7| 3O &
« el 2 A A A A i 5 GRAIN SIZE
alE| w| 2loE| & [SHEARSTRENGTH kPa we v W I
ELEV 12! & = |82al F e ——— e DISTRIBUTION
DEPTH DESCRIPTION 2|31 | *]|5Z%] & |o unconemep  + FIELD vaNE Y %)
' glz Z |20 & |e QUICK TRIAXIAL x LABVANE | WATER CONTENT (%)
@ B T} 20 40 60 80 100 1020 30 N3 |ar sa 1 oL
o TOyu
trace to some sand, moist to A1
wat, gray, very stiff to hard A 13 ] ss 20 d
(TILLHCL-ML) pas
B 165
i LA
]
¥
Wili1a| s5 | 26 164 =
fyrd
A
£%¢ 163
e
P14 1s] 55 [ 18 o1 0 50 40 10
162
1765
181.0 ;
161
20.0 Heterogeneous mixture of 16| S8 | 60
SAND and SILT,
trace gravel, trace clay, waet,
grey, very dense: (Glacial Till) 160
17 ne
100/ o
075
59
[ALSS 158 5 44 44 12
.150
157
19| S5 {108/ o
Y75
156
154.9 s Tk 155 o 6 81 10 3
261 Piezometer installation congists 150
of 19mm diameter Schedule 40
PVC pipe with a 1.52m slotted
screen,
WATER LEVEL READINGS:
DATE  DEPTH  ELEV.
{m} {m)
171198 20,10 160.91
12/11/98  19.20  161.81
131198 18.80  162.21
17/11498 17,80 163.21
30/11/98  17.00  164.01

+

3

s

37

Numbers refer to
Sensitivity

20
1E®5 (%) STRAIN AT FAILURE



Ministry of |
Transportation

Foundation Dasign

Ontario
RECORD OF BOREHOLE No 98-8 10F1 METRIC
W.P. 282-86-01 LOCATION N 4857908.2 E 324284.7 ORIGINATED BY tK
DIST___CcR HWY 407 BOREHOLE TYPE _ 100mm SOLID STEM AUGERS COMPILED BY _ wM
DATUM _Geodetic DATE 98.11.09 - 98.11.08 CHECKED BY_ ___ AEG
SOIL PROFILE SAMPLES | o o 2&'«3‘.’5‘%&" g&ol;euem;\nou
Bol 2 e o o | g | PEMARKS
5] e o ; 2| o 20 40 60 80 100 bl COMTENT wrl = o &
S - - 1 i 1 i 1 w =TT}
ELEV DESCRIPTION E £l ¢ 2|8 5| 8 [SHEAR STRENGTH kP ‘WHMM " = om'gfﬁgn
DEPTH é i > 3 z % |0 UNCONFINED  + FIELD VANE y (%)
£z Z|2C| § |e auck TRIAXIAL x tAB VANE | WATER CONTENT (%)
181.3 o 20 40 60 80 100 10 20 30 wim3 |GR SA s CL
0.0 ASPHALT - 100mm over o
Gravelly SAND, 1|88 | 42 181
silty, moist, brown, very dense T 88 3185 13
92/
{FILL) ©
.075
179.8 180
1.5|  Sandy SILT, 3185 N ©
some clay, stiff
179.0] (ALY
23 4|ss| 29 178
SAND and SILT, H
clayey, oxidized fissures, moist, 0 35 48 17
brown, very stiff to hard
(TILLIMLY 5185 | 28 178
177
6] 55 | 31 ©
176.1
5.2 END OF BOREHOLE AT 5.18m.

BOREHOLE OPEN TO 5.13m.
ON COMPLETION OF DRILLING,
NO FREE WATER.
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APPENDIX B

LABORATORY TEST RESULTS

- Figures B1 to B6 - Grain Size analyses

- Figures C1 to C4 - Plasticity Charts

- Table 1 - pH and Sulphate

H



THURBGSD 5664M 98/12/19

HWY 407/HWY 48

FIGURE B1
GRAIN SIZE DISTRIBUTION
Size of openings, inches L.5.5. Sieve size, mashes/inch
100 6.' dl‘h- ?' 'l:a- 1“‘ 34.‘- ‘?-gz i‘. 4 810 1]6 ap 4.0 506]0 1(?0 2(I)O
90 m <)
'\\ \
80 \\
70 N
Z A
£ 60
[+ L
{11
Z 5 N
o
&
Q 40
T X
i \5‘_
30 N
20 -
10
o _
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE COARSE FINE COARSE }MEDIUMI FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH (m) ELEVATION (m)
® 98-1 3.28 177.73
x 98-1 6.32 174.69
A 98-1 12.42 168.59
* 98-2 3.28 178.31
® a98-2 7.85 173.74
pate .December 1998 D D Prep'd ... WM. .
Project .282-86-01 Chkd. ... AEG. .

THURBER




THURBGSD 5664M 98/12/18

HWY 407/HWY 48

FIGURE B2
GRAIN SIZE DISTRIBUTION
Size of openings, inches .5.5, Sieve size, meshesfinch
1006 BT - 3% e 1Y e 3 4 B10 16 30 40 5060 100 200
90 ¥
\\\¥%§
80 \“-\
70 R
x|
z N o
<X
E 60 \\
€ x Y
- N
T 50
:: \‘\S\ R\‘k
z ™
O 40 N \
-4 ) \
iy N \‘
30 l\& [k
kS
i S
10
o
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBELE| COARSE FINE COARSE ]MEDIUM] FINE SILT and CLAY
SizZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH (m) ELEVATION (m)
® 98-2 10.90 170.69
x 98-3 2.51 179.72
A 98-3 7.85 174.38
* 98-3 13.94 168.29
® 98-4 2.51 180.562
pate .December 1998 D D Prep'd ... WM.
Project 282‘86'01 Chkd. ...... AEG.

THURBER




THURBGSD 5664M 88/12/19

HWY 407/HWY 48
FIGURE B3
GRAIN SIZE DISTRIBUTION
Size of openings, inches L.5.5. Siave tize, teshesfineh
100 ﬁ"’ 4:[;- ‘3“ 1(‘@- 1l" JIlp ‘p--”:a» 1‘3 4 ?19 l‘ﬁ 30 4l0 506‘0 1?0 2?0
iy
! A
20
N
80
70 14
z
3
£ 60
z \
% 50
.
S
QO 40
&
&
20
| S
10
o !ll
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE| COARSE FINE COARSE [MEDMM[ FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH (m) ELEVATION (m)
. 98-4 4.80 178.23
b4 98-5 2.61 179.47
A 98-5 6.32 175.66
* 98-6 1.73 179.55
® 98-6 4.80 176.48
pate .December 1998 D D Prep'd ... WM.
Project .282:86-01 Chkd. ... AEG. ..

THURBER




THURBGSD 5664M 98/12/13

HWY 407/HWY 48

FIGURE B4
GRAIN SIZE DISTRIBUTION
Size of openings, inches U.5.5. Sieve gize, meshiesfinch
100 6" Al 3T 3l 17 '?'k;é 4 810 16 30 40 5060 100 200
o)
80 E\
70 \ﬁ
z
[= \ 5
= % | N
Z 50 X\
- ‘e\
=
8 40 N X
: RN
o
30
ili :
20
!lt $
10
\ lll
100 10 1 Q.1 0.01 0.001 0.0001
GRAIN SIZE, mm
copeLE| COARSE FINE COARSE IMEDIUM] FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH (m) ELEVATION {m)
® 98-6 10.80 170.38
b 98-7 6.32 174.69
A 98-7 9.37 171.64
* 98-7 18.52 162.49
® 98-8 2.59 178.69
pate .December 1998 D D prep'd ... WM
Project .282-86-01 Chkd. ... AEG. ..

THURBER




98/12/23

THURBGST 5684M

HWY 407/HWY 48

FIGURE Bb
GRAIN SIZE DISTRIBUTION
Size of openings, inches U.5.8, Sieve size, meshes/inch
100 8.“ dl‘g» :’i“ ‘I|‘12- 1° Y Yoo ? t|l 1?10 1|6 30 4|O 506]0 1?0 200
90 b fk\
AN 1
80 %\ |
\ q\
70 X
2 \ % \a
L go \
E \"\ \
2 \ \
[T Y
5 N
: Y
0 40
N \
{ \\ \
30 \‘\
20 DA \
\A\a MR
10
0 *
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE| COARSE FINE COARSE * [MEDIUM|  FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH (m) ELEVATION (m)
™ 98-3 19.856 162.38
X 98-3 22.65 159.58
A 98-7 22.94 158.07
* 98-7 25.90 155.11
Date .December 1998 D D Prep'd ... WM. .
Project .282-86-01 Chkd. ... AEG.. .

THLURBER




THUABGSD 5664M 98/12/23

HWY 407/HWY 48

FIGURE B6
GRAIN SIZE DISTRIBUTION
Size of openings, inches U.5.5. Sieve size, meshesfinch
100 6" Al 3" V- 1m Y B 34 810 16 30 40 5060 100 200
90
80
N
70 I
2z ™N ‘\
<
& 60 N i
é N
i B0 N
L \
2
L(S 40 \
5 \X
o
30 }K\ il
N
20
“\\
10
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE| COARSE FINE COARSE ]MEDIUM] FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH (m) ELEVATION (m)
® a8-7 0.22 180.79
x 98-8 0.38 180.90
pate .December 1998 D D Prep'd ... WM.
Project .282-86-01 Chkd. ...... AEG

THURBER




THURBALT 5664M 98/12/22

ATTERBERG LIMITS TEST RESULTS

HWY 407/HWY 48

FIGURE C1

60
CH
50
40 /
i cl ¢, /
2 oS
= a0
§ f
-
o)
é N /
20 //
10 //
cL
CL-ML & / ML-OL MH-OH
ML
. £
0 10 20 30 40 50 60 76 80
LIQUID LIMIT
SYMBOL BOREHOLE DEPTH (m) ELEVATION (m)
] 98-1 3.28 177.73
= 98-1 6.32 174.69
A 98-1 12.42 168.59
* 98-2 3.28 178.31
® 98-2 7.85 173.74
o] 98-2 10.90 170.69
pate .December 1998 D D Prep'd ... WM.
Project .282-86-01 Chkd. ... . AEG.
THURBE R




HWY 407/HWY 48

ATTERBERG LIMITS TEST RESULTS | ' 'CURE €2

PLASTICITY INDEX

THURBALTY 5664M 98/12/22

60

CH

50

Cl \\9
30
) /

20 <

7

10 .
cL
CL-ML v ® / ML-OL MH-OH
ML X
o]
[+] 10 20 30 40 50 60 70 80
LIQUID LIMIT

SYMBOL BOREHOLE DEPTH (m) ELEVATION (m)

L 98-3 2.51 179.72

b4l 98-3 7.85 174.38

A 98-3 10.90 171.33

* 98-3 13.94 168.29

® 98-4 2.59 180.44

Lo 98-4 4.80 178.23
.December 1998 D D Prep'd ... WM
Project . 282-86-01 Chkd. .....AEG.

THURBER




THURBALT S5664M 98/12/22

HWY 407/HWY 48

ATTERBERG LIMITS TEST RESULTS

FIGURE C3

60
CH
50
40 /
% 7
@ iCl .$\>\;$
S
8 30 4
=
2
= CL
20 //
10 //
cL
CL-ML " / ML-OL MH-OH
ML g4
0
0 10 20 30 40 50 80 70 80
LIQUID LIMIT
SYMBOL BOREHOLE DEPTH (m) ELEVATION (m)
® 98-5 2.51 179.47
m 98-5 6.32 175.66
A 98-6" 1.73 179.55
* 98-6 4.80 176.48
® 98-6 10.80 170.38
ol 98-7 6.32 174.69
pate .December 1998 D D ..... WM.
Project .282-86-01 Chkd. ... AEG. .
THURBER




THURBALT 5664M 98/12/22

HWY 407/HWY 48

ATTERBERG LIMITS TEST RESULTS

FIGURE C4

60
CH
50
N / /
x5
cl
2 >
£ a0
3] >
?
n cL
’ / g
10 ]
CcL
CL-ML ) ML-OL MH-OH
ML A’C-)
(4]
0 10 20 30 40 50 60 70 80

pate .December 1998

Project

282-86-01

SYMBOL BOREHOLE DEPTH (m)

LIQUID LIMIT

ELEVATION {m)

S+ PrHES

98-7
98-7
98-7
98-7
98-8

9.37 171.64
12.42 168.59
13.94 167.07
18.52 162.49
2.59 178.69
[___.ID Prep'd ... WM
Chkd. ... .AEG.
THURRBER




Table 1

Results of pH and Sulphate Testing

Sample Depth (m) pH Sulphates
(ppm)
98-3, Sa 3 1.75 8.43 102
98-7,8a3 1.85 8.48 21




APPENDIX C
GRADING OF SAND

for

BACKFILL OF PILES

THURBER



The space around the piles in the integral abutment design should be filled with

sand meeting the following grading:

MTO Sieve Designation

Percentage Passing by

Mass
2 mm (#10) 100
600 pm (#30) 80 - 100
425 um (#40) 40 - 80
250 pm (#60) 5-25
150 um (#100) 0-6
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