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FOUNDATION INVESTIGATION REPORT
For
Brampton Esker Qutlet Extension
Hwy. 410 and Williams Parkway
W.Pe 21-79-13

District 6, Toronto

INTRODUCTION

This report summarizes the information obtained from a foundation investigation
carried out at the above-noted site between 86 09 23 and 86 09 24 and between 86
12 17 and 86 12 22. The fieldwork consisted of 6 sampled boreholes (BH 1, 2 and
12 to 15) advanced by means of hollow stem augers. A dynamic cone penetration
test accompaﬁied two of the boreholes. The six boreholes were advanced to depths

ranging between 7.8 and 15.5 m below the ground surface.

In Sept. 1986, a subsurface investigation was carried out immediately adjacent
to this site for a proposed Esker OQutlet alignment which has since been revised
to the aligﬁﬁént described in this report. The investigation consisted of 5
boreholes identified as BH 1 to BH 5. BH 1 and BH 2 have been incorporated in
this report.

SITE DESCRIPTION AND GEOLOGY

The site is located in the vicinity of the intersection of Hwy. 410 (Heart Lake
Road) and Williams Parkway, in the City of Brampton, Municipality of Peel.

Land in the general area is predominantly used for residential subdivisions.
However, an extensive gravel pit immediately to the north of the site is still
operational. A large park with a pond is situated in the north-west quadrant of
thé intersection of Heart Lake Road and Williams Parkway. Topography across the
immediate site is gently rolling with a large knob in the north-~west quadrant of
the intersection. The general topography across the site slopes gently towards

the southeast.

The site is located in the physiographic régiou known as the "Peel Plain”. This
region is generally characterized by a level to undulatihg “till or boulder clay
plain” underlain by shale or limestone bedrock. Locally, there is a partly
buried esker which runs to the east of the site. The esker serves as a source

of aggregate material and as an aquifer for local wells.
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SUBSURFACE CONDITIONS

The predominant deposits across the site are non-cohesive in nature and consist

primarily of fine to medium sands, and of a heterogeneous mixture of sand and

gravel (glacial till)., Silty clay fill is also encountered.

The boundaries between the various soil types, in-situ and laboratory test
results, as well as groundwater levels are shown on the Record of Borehole
sheets in the Appendix. The location of each borehole is shown in plan on Dwg.
No.217913~A together with a longitudinal stratigraphical section along the Esker

Qutlet Extension centreline.

For information only, the Record of Borehole Sheets for BH 3, 4 and 5, previous-
ly mentioned, have been included in the Appendix. The location of these

boreholes are also shown in plan on Dwg. No. 217913-A.

The various soils encountered at this site are desceribed as follows:

Topsoil
The area through which the Esker Outlet Extension will be constructed is gener-

ally covered by a veneer of topsoil with the obvious exception of where the
ground is covered by pavement or gshoulder material. The thickness of the topsoil
varies between 120 and 250 mm and consists primarily of silt with organics or

silty clay with organics.

In BH 3, the original topsoil was encountered under approximately 5.2 m of fill
material. At this location, the lower topsoil stratum was found to have a thick-

ness of about 300 mm.

Silty Clay (Fill)
Silty clay fill was encountered in BH 1, 2, 12, 13 extending from under the top-
soil to depths ranging between 1.5 and 7.9 m below the ground surface.

The results of Atterberg Limits testing carried out on 7 samples of this

cohesive material are shown on Figure 1 in the Appendix and can be summarized as
follows:

Range (%)

Moisture Coutent (Wo) 10 = 24
Plastic Limit (wp) 15 - 22

Plasticity Index (Ip) 4.5 - 15
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The results indicate that this cohesive material consists of a silty clay of low

plasticity (CL group).

No field or laboratory shear tests were carried out on samples of this material.
However, based on the interpretation of standard Penetration Test 'N' values
obtained within the material, it could be assumed that the fill has been well

compacted.

The results of grain size distribution tests carried out on 7 samples of this
material are shown in envelope form on Figure 2 in the Appendix, and are

summarized as follows:

Range (%) Average (7)
Gravel 3 - 13 )
Sand 17 - 58 37
Silt 29 - 62 42
Clay 5 -~ 30 15

It should be noted that within the fill material it may be possible to encounter
occasional cobbles and boulders. Similarly, it is possible to encounter large
buried tree stumps. Occasional large tree stumps were encountered in the immedi-
ate vicinity of this site in a recent excavation carried out for the construc~
tion of the Hwy. 410 ramps immediately north of Williams Parkway. In addition,
tree stumps were encountered in this investigation in BH 13, as shown on the

Record of Borehole Sheet #3.

Seams of fine to medium sand were randomly found within the fill material. The

seams vary in thickness, but are generally less than ] m.

Sand with gravel, trace silt (Fill)

Well graded sand with gravel fill was found in BH 14 and 15 extending from the

ground surface down to a depth of 3.0 and 3.7 m respectively.

A grain size distribution test was carried out on a sample of this material and
the results indicate 267% gravel, 627 sand, 10% silt and 2% clay. The results
are plotted on Figure 3. However, based on visual examination of the recovered

samples, it appears that the gravel content varies up to 407%.

Occasional thin seams of silt or fine sand may be randomly encountered within
this non~cohesive fill, as well as occasional cobbles.



Based on the interpretation of Standard Penetration Test 'N' values, this fill

is considered to be well compacted.

Fine to Medium Sand
A deposit of fine to medium sand was encountered below the silty clay fill in

BH 1, 2 and 12. 1In BH 1, this non-cohesive deposit was found to extend from 1.5
to 2.9 m below the ground surface. In BH 2, the deposit was found to be the
thickest, and encountered between depths of 2.4 and 10.5 m, while in BH 12, this

sand stratum was found between depths of 7.9 and 9.4 m below the ground surface.

Based on the interpretation of Standard Penetration Test 'N' values ranging
generally between 17 and 25 blows/0.3 m, the deposit is considered to be in a

compact state. However, loose and dense zones may also be encountered.

Grain size distribution tests were carried out on 4 samples of this non-cohesive
material and the results are shown in Figure 4 in the Appendix. The results can

also be summarized as follows:

Range (%)
Gravel 0- 3

Sand 87 - 91
§ilt and Clay 4 - 13

Based on the results, this material can be described as a fine to medium sand,

trace gravel, silt, clay.

In BH 2, it was determined that below Elev. 229%, the sand particles become

coarser with depth.

The natural moisture content of thig deposit was found to vary between 2.5% and

4,5% in the 4 samples tested.

It should be noted that when this cohesionless deposit is excavated or directly
tunnelled into, below the prevailing groundwater level, seepage, caving or

"boiling' could result.

Silty Clay
A seam of silty clay was encountered in BH 2 at a depth of 10.5 m below the

ground surface. The thickness was determined to be approximately 1.5 m.



g

=

Based on visual identification, it appears that the deposit consists of a silty

clay of low plasticity (CL group), with sand, trace gravel.

Based on a Standard Penetration Test 'N' value of 10 blows/0.3 m, this cohesive

deposit is considered to have a stiff consistency.

Heterogeneous Mixture of Sand and Gravel, trace silt, clay (Glacial Till)

The predominant material across this site consists of a glacial mixture of sand
and gravel and was encountered in all boreholes at depths ranging between 2.4
and 7.9 m below the ground surface. The surface of this generally non~cohesive

till was found to undulate as it was encountered between Elev. 225.6 and 234.3.

Based on the interpretation of Standard Penetration Test 'N' values generally
over 50 blows/0.3 m, this deposit is considered to be in a dense to very dense

state.

Figure 5 in the Appendix illustrates in envelope form the results of grain size
distribution tests carried out on 15 samples of this material. The results can

be summarized as follows:

Range (%) Average (%)
Gravel 29 - 65 (but generally >40) 47
Sand 30 - 55 42
Silt 3 - 13 : 9
Clay 1~ 4

As evidenced by the results, only traces of silt and clay are included. 1In
addition, occasional to frequent cobbles, and possibly boulders may be encoun—

tered randomly throughout this deposit.

The natural wmoisture content as measured in 15 samples of this material was

found to range between 37 and 8.5%, with an average moisture content of 6%.

Generally this glacial deposit is cohesionless in nature. However, occasional
isolated slightly plastic zones may be randomly encountered. Seams of varying

thickness of sand or silt may also be found within the deposit.

It should be noted that if this material is directly tunnelled or excavated
into, below the prevailing groundwater level, seepage and caving can be antici-

pated unless appropriate control measures are adopted.
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Sand with §ilt

A 1.2 m thick seam of well graded sand with silt was encountered in BH 13 at a

depth of 5.2 m below the ground surface.

A grain size distribution test was carried out on a sample of this non-cohesive
material, and the results are indicated on Figure 3 in the Appendix. The results
can be summarized as follows: 9% gravel, 58% sand, 23% silt and 10% clay. As

evidenced, the deposit also contains traces of gravel and clay.

Sand with Gravel

A 3.6 m thick deposit of sand with gravel was encountered in BH 15 at a depth of

3.7 m below the ground surface.

A grain size distribution test was carried out on a sample of this non-cohesive
material, and the results are shown on Figure 3 in the Appendix. The results
indicate that the tested sample consisted of 30% gravel, 58% sand, 107 silt, and
27 clay.

Based on the interpretation of Standard Penetration Test 'N' values of 29 and 41

blows/0.3 m, this deposit is considered to be in a dense state.

GROUNDWATER CONDITIONS

Standpipes were installed in each borehole with the exception of BH 14 so that
stabilized groundwater levels could be determined after the boreholes were back—
filled. The standpipes were installed such that they would effectively function

as piezometers.

The standpipes consisted of 13 mm 0.D. CWC pipe and were saw-slotted at the tip
for sections varying between 200 and 450 mm. The slotted sections were enveloped
in free-draining 'P-Gravel' and the boreholes were sealed with bentonite pellets
above and below the slotted standpipe section. The impermeable seals were a
minimum of 350 mm thick. This type of installation ensured that the standpipes

would function as piezometers.

The Record of Borehole Sheets in the Appendix illustrate the standpipe installa-
tion details.
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Table 1 below summarizes the groundwater conditions across the site as deter-

mined by the field measurements within the standpipes or open boreholes.

The groundwater levels shown on the Record of Borehole Sheets most probably

represent the seasonal stabilized conditions on the date indicated.

It should,

however, be noted that the levels may fluctuate somewhat in accordance with the

time of year.

No artesian conditioms were encountered with the area investigated.

As previously noted, a small pond is situated in the north-west quadrant of the

intersection of Heart Lake Road and Williams Parkway.

350 m west of Heart Lake Road. On 86 12 23, the level of the water/ice in the

pond was at Elev. 229.6%.

TABLE 1

GROUNDWATER LEVELS

The pond is located about

Borehole (BH)

Standpipe Tip Elev.

Groundwater Level
in open Borehole

Ground Elev. @ Borehole

Date Standpipe Installed

ek

Standpipe Groundwater
Levels

86 09 25

86 09 26

86 10 08
86 12 05
86 12 22
87 01 09

1
231.1
86 09 23
225.2

226.8

227 4

227.6

227.7
227.5
227 .4

227 .6

2
237.5
86 09 24
227.7

227.0

STDPIPE.
DRY

&k v

12
240.8
86 12 17
225.5

226.1

227 .6

227 .6

13
237 4
86 12 18
224.9

225.7

227.3

227.3

14
237.3
86 12 22
N/A*

226.1

15
238.2
86 12 19

224.2

226.8

226.8

‘NOTES:

* No standpipes installed

*k

Groundwater level in BH 2 below Elev. 227.7 as of 87 0l 09.

Levels were measured in open boreholes at completion of borehole sampling.
Levels may not therefore be stabilized.
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DISCUSSION AND RECOMMENDATIONS

It is proposed to install a 450 mm diameter pipe extending from the southeast
corner of the football field in the park iﬁ the northwest quadrant of the inter-
change to the terminal of the existing Esker Outlet pipe on the east side of
Hwy. 410. Dwg. 217913-A in the Appendix indicates the location of the proposed
pipe both in plan and profile. For the purpose of this report, an arbitrary
station of 14000 was assigned to Point Al. Stations increase towards the plug,
which is located at Sta. 1+130%.

The proposed Esker Qutlet Extension will be approximately 130 m long, with a
0.3% downward slope towards the south east. Point A2, as shown on Dwg. 217913~A,

indicates a change in the horizontal alignment of the pipe.

The subsurface investigation consisted of advancing 6 boreholes to depths
ranging between 7.8 and 15.5 m below the ground surface. Each borehole was
advanced a minimum of 3 m below the proposed invert elevation. A standpipe was

installed in each borehole, except BH 14, for groundwater level monitoring.

Within the section being considered in this report, the proposed invert of the

Esker Outlet pipe varies between approximately Elev. 227.3 to 226.8.

For the installation of the pipe the following two options can be considered:
I) tunnel entire length;
II) tunnel beneath travelled portion of Hwy. 410, and open~cut the remainder.

It is not desirable to install the pipe by open-cut methods within the section
under the travelled portion of Hwy. 410. Within the plan limits of the pavement
the pipe invert will be some 9 to 10 m below the pavement surface. Past experi-
ence indicates that when a trench is excavated to such depths under an existing

pavement, continual future maintenance will be required.

Even though such a deep trench is backfilled with select granular material and
strict compaction controls are employed, some additional settlement of the fill
material itself will occur over time. Consequently, the portion of pavement
which involved the trench will experience numerous cracks and, possibly,
dishing. Generally, the deeper the excavation, the more severe the cracking and
dishing will be. Trenches with depths in the order of 4 or 5 m or less should
not result in major cracking or differential settlement of the overlying pave-

ment.
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The following are our recommendations for the construction/installation of the

Brampton Esker OQutlet Extension.

Alternative I = Tunnel Option

This alternative involves tunnelling the full length of the pipe. However, for
this option, the subsurface investigation revealed two areas of concern: 1) the
location of the groundwater table, and 2) the glacial till which was encountered
at some depth in each borehole. As previously described elsewhere in this
report, the glacial till deposit across this site can generally be described as
a cohesionless dense to very dense mixture of sand and gravel with occasional to
frequent cobbles and boulders. Furthermore, the groundwater level at this site
is generally found at the proposed invert elevation or immediately below it. In

one area, however, the groundwater level was found above the invert elevation.

The proposed pipe will extend through the cohesionless glacial till stratum.
Consequently, tunnelling of a 0.450 m dia. pipe through the till is not practi-
cal in view of the denseness of the till material and the likely presence of the

cobbles and boulders.

Based on the Foundation Design Section's experience with this type of installa-
tion and numerous recent discuésions with prominent contractors specializing in
this type of work, we feel that consideration should be given to tunnelling a
minimum 1.2 m dia. pipe. Such é diameter pipe would allow, if necessary, the
manual mining of any obstruction which may be encountered and could not be

penetrated by the boring machine.

If a 1.2 m diameter pipe is impractically large for the design flows, a 0.450 m
diameter pipe can be placed with the larger casing, and the void could be filled

with sand or concrete.

Groundwater measurements taken in early January 1987, indicate that the ground-
water level across the site varied between Elev. 226.8 and 227.6. Generally,
the groundwater table slopes very gradually down in a south-easterly direction.
Sinée the invert of the proposed pipe ranges between Elev. 227.3 and 226.8, the
invert will be located at or just below the prevailing groundwater table.
However, it should be noted that it is expected that the groundwater level will

fluctuate somewhat depending on the time of year.
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Based on the subsurface information obtained from the 6 borings, the pipe will

be constructed through cohesionless soils. In areas where the groundwater table
is above or slightly below the pipe invert, it will be necessary to control the
seepage at the advancing end of’the liner. The contractor should be informed of
the potential of encountering groundwater and the contractor should be prepared

to provide control measures as required.

Dewatering concerns could be appreciably reduced if the pipe invert were raised
about 1 m. If.the invert elevations at the inlet and outlet have already been
established, the invert within the Outlet Extension could still be raised by
providing specially designed manholes for the inlet and outlet.

At the inlet, water could come into the manhole at the established elevation,
and could leave the manhole from an outlet located 1 m above. Similarly, a 1 m

drop structure could be provided at the Extension outlet.

Alternative IT —~ Tunnel & Open Cut Combination

This alternative involves the tunnelling of the pipe under the travelled portion

of Hwy. 410 and open=-cutting the remaining section.

The recommendations pertaining to the tunnelling of this specific section as

given under Alternative I also apply here.

The remaining section of pipe could be constructed by using cut and cover

methods. Cuts varying between 4 and 14 m will be required.

All temporary cuts could be constructed using 1.25H:I1V side slopes provided that
sloughing of the sides does not occur. It is possible that some of the excava=-
tions in the cohesionless deposits may mnot naturally stand at such an

inclination and shallower slopes such as 1.5H:1V may have to be constructed.

It should also be noted that if it rains during the construction period, exposed
non-cohesive side slopes may severely deteriorate and large amounts of sand and
silt may wash to the bottom of the excavation. It is therefore recommended that
in order to wminimize the effects of such an occurrence, the open-cut be
excavated in sections. Each section should be fully constructed and backfilled

prior to opening the adjacent section. Sections of 15 to 20 m could be

" considered.
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The contractor may elect to construct the excavation with 1.25H:1V side slopes
to a certain depth, and provide either sheeting (steel or timber) or some type
of 'trench box' for the bottom 2 to 3 m in order to minimize the quantity of

material which has to first be excavated and then used as backfill.

It should again be stressed that the proposed pipe invert will be either below
or just above the groundwater level for the most part. Zones composed of medium
sand~gized particles or finer which are exposed to an unbalanced hydrostatic
presgure will boil, Zones of coarser material will experience substantial
seepage. The contractor should be prepared to control either the boiling or
seepage, or both, which may be experienced during construction. The contractor
should also be prepared to control surface run off. A dewatering scheme should
be submitted by the contractor for MTC review (not approval). However it should
be noted that the ultimate responsibility of the dewatering scheme performance

lies with the contractor.
Alternatively, dewatering requirements could be appreciably reduced if the
invert elevation was raised about 1 m. The treatment described under Alt., I

could be adopted.

The excavation should be backfilled and compacted as per current OPSS (MIC)
specifications. Similarly, bedding and backfilling for the pipe should conform

to current QPSS standards.

MISCELLANEOUS
The fieldwork for this investigation was carried out during the period from 86
09 23 to 86 09 24 and 86 12 17 to 86 12 22 under the supervision of L. Politano

(Project Foundations Engineer), R. Kohlberger (Trainee Engineer) and V. Bonnici

(Student Engineer). The equipment used was owned and operated by Master Soil
Investigations Ltd. of Toronto.

This report was written by L. Politano and reviewed by M. Devata, Chief Founda-
tions Engineer (EFast).

L. Politano, P;Eng. ’
Project Foundations Engineer

[//?/7 ‘ Awwg—m

. M. Devata, P.Eng.
March, 1987. Chief Foundations Engineer (East)
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EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST (5PT) N VALUE 15 THE NUMBER OF BLOWS REGIUIRED TO CAUSE A STANDARD Simm O.D. SPLIT BARREL
SAMPLER TO PENETRATE 0.3mINTO UNDISTURBED GROUND IN A BOREMOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF &3.5kg, FALLING
FREELY A DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION

ACHIEVED. AVERAGE N VALUE 15 DENOTED THUS N,

DYNAMIC CONE PENETRATION TEST: CONTINUGUS PENETRATION OF A CONICAL STEEL POINT {Simm O.D. 60° CONE ANGLE ) DRIVEN BY 475 )

IMPACY ENERGY ON ‘A’ SIZE DRILL RODS.

ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND,

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

THE RESISTANCE TO CONE PENETRATION 15 MEASURED A5 THE NUMBER OF BLOWS FOR EACH 0.3m

COMESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH(CJ) A5 FOLLOWS:

| ¢y tkra)

0-12

12 -25

25~-50

50 - 100

100 - 200 =200

COHESIONLESS 50115 ARE DESCRIBED ON

VERY SOFT

SOFT

FIRM

STIFF

VERY STIFF HARD

THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS!

[N {BLOWS /0.3 m)

0«3

510

10 - 30

30 ~ 50

>350

VERY LOOSE

LOOSF

COMPACT

DENSE

VERY DENSE

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

5UM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE CORING RUN.

SUM OF THOSE INTACT CORE PIECES, 100mm+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.

THE ROCK QUALITY DESIGNATION [R G D}, FOR MODIFIED RECOVERY, 1§:

| rOD{%) 0 -25 25-50 | 350-75 | 75-90 90 - 100
verr POOR| —PoOR FAIR GOOD | EXCELLENT
JOINTING AND BEDDING:
SPACING 30mm 50 «~ 300mm} 0.3m - Im Im - 3m =3m
JOINTING VERY CLOSE CLOSE | MOD. CIOSEl  WIDE VERY WIDE
BELDDING VERY THIN THIN MEDIUM THICK VERY THICK

FIELD SAMPLING

§ 5 SPUT SPOON TP
W35  WASH SAMPLE oS
5T SLOTTED TUBE SAMPLE R C
B 5 BLOCK SAMPLE PH
€5 CHUNK SAMPLE P M
T W THINWALL OPEN F S

STRESS AND STRAIN

ABBREVIATIONS AND SYMBOLS

THINWALL PISTON
DSTERBERG SAMPLE
ROCK CORE

T W ADVANCED HYDRAULICALLY
TW ADVANCED MANUALLY
FOIL SAMPLE

MECHANICAL PROPERTIES OF SOIL

m,, kpa™!
(o 1

¢

€y !

Cy m/s
H m

T, 1

U %
%o kba
o kpa
T, kpa
¢’ kra
QS’ )
<, kra
‘f’u ~*
K kpa
T, kpa
S, 1

PHYSICAL PROPERTIES OF SOiL

Uy kPa  PORE WATER PRESSURE

T 1 PORE PRESSURE RATIO

o kpa TOTAL NORMAL STRESS

o’ kP EFFECTIVE NORMAL STRESS

t kpa SHEAR STRESS

0, .00, kfo PRINCIPAL STRESSES

€ % LINEAR STRAIN

€ .66, % PRINCIPAL STRAINS

£ kea MODULUS OF LINEAR DEFORMATION

G kPar MODULUS OF SHEAR DEFORMATION

i ; COEEFICIENT OF FRICTION

B kg/m’ DENSITY OF SOLID PARTICLES e 1%
Y, kn/m® UNIT WEIGHT OF SOLID PARTICLES 1%
A, kg/m® DENSITY OF WATER w 1%
Y,  kN/n® UNIT WEIGHT OF WATER s %

P kg/m® DENSITY OF sOIL W%

Y kN/ed UNIT WEIGRT OF SOIL w, %

A kg/m® DENSITY OF DRY SOIL wg %

Y, knAn UNIT WEIGHT OF DRY SON T

R4t o/ DENSITY OF SATURATED SOI . )

Yigt KN/ UNIT WEIGHT OF SATURATED SOH '

P' Kkg/m® DENSITY OF SUBMERGED SOIL e !

Y' kN/m® UNIT WEIGHT OF SUBMERGED SO Bax 1%

VOID RATIO
POROSITY

WATER CONTENT
DEGREE OF SATURATION
LIGUID LimiT
PLASTIC LIMIT
SHRINKAGE LIMIT

PLASTICITY INDEX =W, ~ Wp

LIQUICHTY INDEX #

CONSISTENCY INDEX =

W"'WP

WL—W
Ip

VOID RATIO IN LDOSEST STATE

COEFFICIENT OF VOLUME CHANGE
COMPRESSION INDEX

SWELLING INDEX

RATE OF SECONDARY CONSOLIDATION
COEFFICIENT OF CONSOUDATION
DRAINAGE PATH

TIME FACTOR

DEGREE OF CONSOLIDATION

EFFECTIVE OVERBURDEN PRESSURE
PRECONSTLIDATION PRESSURE

SHEAR STRENGTH

EFFECTIVE COHESION INTERCEPT
EFFECTIVE ANGLE OF INTERNAL FRICTION
APPARENT COMESION INTERCEPT
APPARENT ANGLE OF INTERNAL FRICTION
RESIDUAL SHEAR STRENGTH

REMOULDED SHEAR STRENGTH
[

SENSITIVITY = emii
Ty

8pin 1% VOID RATIO IN DE;ISEST s;mr:
ty 1 DENSITY INDEX =~é~2§;’5~§«%
D mm GRAIN DIAMETER

D, mm  n PERCENT - DIAMETER

¢, ) UNIFORMITY COEFFICIENT

h m HYDRAULIC HEAD OR POTENTIAL
a  m%s  RATE OF DISCHARGE

v m/s  DISCHARGE VELOCITY

i 1 HYDRAULIC GRADIENT

k m/s  HYDRAULIC CONDUCTIVITY

i kn/m® SEEPAGE FORCE
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! 2 3 45 10 20 30 4050  ysum 150 um 300um S00um LiBmm  2.36mm 9.5mm 19.0 mm 375mm  63.0mm
100 T 53 m 106um 250U 425 pm 850 um 2.00mm 4.75mm 12mm | 265mm | $3.0me 75.0mm
‘3 o)
90 10
80 20
70 30
o 80 208
2 z
/7 I S S S I RO B N RN i - 150455 e el e S i ) A S b B N
3 P
50 50
g LEGEND %
& BH [SAMPLE SYMBOL =
a 40 60 &
_____ lL
30 70
1«
20 -o\&) 80
\Av
T
%\
10 30
o 100
1 2 3 as 10 20 30 40 270 200 140 100 €050 40 30 20 16 08 4 LR 12" g 2ly v
MINISTRY SIEVE DESIGNATION {Imperial)
e eion and GRAIN SIZE DISTRIBUTION FIG No 2
e WP 21-79-13
S meatens SILTY CLAY, soMme (/F?FLD) SAND, TRACE GRAVEL




w5 ’
7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & ST Fine | Medium | Coorse Fine Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
i 2 3 45 1) 20 30 4050 g5,y 150 um 300m &00um Ligmm  2.36mm 9.5mm 19.0 mm 37.5mm  61.0mm
100 ]I” ”” 53 rm 6um ZSOp'm 425pm B850 um 2.00mm 4.75mm |3.2mm»26.5mm S3.0me 75.0mm
o
—— ‘W/ A
’
90 H ] /// 10
,\ 1P /
My A
- I _ /. "
| |sano| with | sdrH~ [ 4 '/

ol - R 7/ .
[] 4 YA

A -7 M SAND WITH] GIRAVEL

N
&
o

o 80 /4 o
z yavs (FILL) 2
50 i A A 50
z / ) , LEGEND z
w
£ ] VAR 4 BH [sAMPLE |  symsoL 5
o 40 ﬁ rd "4 " - 60 o
/] 14 3
L/ ! f- ,
/]
L, Py / y * ] 5 5 N W it 9 Wity
- 7S
20 — el /,A' 1 80
L ~ 11 M-ISAND [WITH GRAVEL
et =l -1 | ot e of —1
10 o 90
- p———"r .M-M. 1]
Mﬂ iy * ~~‘--- u
) st W 100
' 2 3 a5 10 20 30 40 270 200 140 100 6050 40 30 20 6 108 4 7 7 S LN (ZSRPT PV S

MINISTRY SIEVE DESIGNATION | Imperial)
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Ministry of GRAIN SIZE DISTRIBUTION FIG No 3
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7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SItT -
_ Fine ] Medium | Coarse Fine Coarse
GHAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION [ Metric)
[ 2 3 4 5 10 20 30 40 50 Thum 150um 300um H00um 1 18 mm 2.36mm 2. 5mm 19.0mm A75mm L0 mm
100 l ”l ”Tu 5pm 106 um 250u‘m 425um 850 um 2.00mm 4.75mm 13.2 0m 26.5mm 53.0mm§ 75.0 mm
Pl [ T P — 0
4#‘:“"‘-“ ‘/nﬁ' /—"“"
/7 ’ L~
90 Z / Vs
7 y 10
' / f. 1/
80 ; .'I 1 / 20
[ | 1Y
1
70 I’ / 30
!
[ 1
so l '/
g ¥ 400
=S VRN N N U L 1 O T O 0 A | ] / Z
2 M 2
50 l . SOm
: I I (l LEGEND 5
o ’ U
£, RN | 8n [sampie SYMBOL &
0
I | / L1 [ 3 | —
| iy A
) 17 1; 2 5 [ =—=
| yINY 2 |9 | ——=—|"
20 r/// / ]2 ]O I a0
/// ,/.//
. i
e el . __.--"'5‘:// "
0 pet * —’i—i+ .l 100
1 2z 3 45 10 20 30 40 270 200 140 (00 6080 40 30 20 U6 08 4 L A O A
MINISTRY SIEVE DESIGNATION (iImperiol }
Ministry of
Q) s GRAIN SIZE DISTRIBUTION FIG No 4
Communications WP 21-79-13

Ontario

FINE TO MED SAND TRACE GRAVEL,SILT, CLAY
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7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SiLT Fine ] Medium | Coarse Fine Coarie
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION ( Metric)
1 2 3 4 5 10 20 30 4050 75, 150um 3004m 600um Limm  236mm 9.5mm 19.0 mm 37.5mm  63.0 mm
100 T s3um 106 um 250um  425um 850 um 2.00mm 4.75mm 3.2mm | 265mm | 530mm 750mm
0
90 10
80 20
70 30
o 80 400
z z
w «
< W
50 " 50
5 " LEGEND 5
g SAMPLE SYMBOL =
a 40 50 &
30 P2 70
~R
o
\ N
20 <X 4 80
&
AV
{0 90
. 100
i 2 3 4 5 10 20 30 40 270 200 140 100 €050 40 30 20 16 108 4 S e N VAP
MINISTRY SIEVE DESIGNATION {imperial)
@ T tion and GRAIN SIZE DISTRIBUTION fIG No >
Communications HET MIXTURE OF SAND & GRAVEL, TRACE SILT, CLAY |WP 21-79-13
Ontario

OCC TO NUMEROUS COBBLES & BOULDERS (GLACIAL TILL)
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OFFICE REPORT ON FOIL EXPLORATION

[

Minstry of
@ Transportation and
Commumeatians

tano

RECORD OF BOREMOLE No 1 METRIC
Co-ords. N 4 B4l 575.5, & 284 276 0
WP 21-79-13 LOCATION Sta, 1 + 000 1m Rt of Outlet ORIGINATED By VB
DIsT 6 MWy _ 410 BOREMOLE Typg _Hollow Stem Auger, Cone Test COMPILED BY _LP
DATUM Geodetic DATE 86 0% 23 CHECKED BY
SOIL PROFILE SAMPBLES P w | DYNAMIC CONE PENETRATION
k@ | & |RESISTANCE PlOT mastic NATUMM e | b T REMARKS
o g8 ¥ 20 40 40 sp g |U™T conmr waT | SO
9 o« m - i i 1 | L Wp w wl. oy &
LEY DESCRIPTION SEEEREE § [snear stRENGTH wPa D — % | GRaIN SiZE
DEPTH 1ElZ |8 36 | & o unconpnes + FIELD VANEL oo ONTENT (% y |DISTRIBUTION
é Z Ly | &Y L | Guick TraxiAL  x LAB vaANE (%) {%)
231.1 Ground Surface A f i 20 40 60 80 100 0 20 30 GR 5A 51 Ci
7.0 - Tops0il — IR¢
Siley Clay, some sand N
trace gravel (CL) MW 1 |58 A
229.6! (Probable Fill) 230
1.5 Fine to et 7
Medium Sand ‘.
228.2 Loose - Compact L 288 120 L ° 390 (D)
2.9 Heterogeneous Mixture | 8] 4 188 |33 228 —
sand and gravel - "
trace silt, clay "a 5185 140 ‘i
lacial Ti
(Clactal 1D o T - [t o 59 3% 6 1
Occasional-numerous “v 7 15 Tas 2 ]
cobbles and bouldersin | C
i R e e ) ] o 2765 7 1
5 N""‘N-b
Dense to Very Dense |+ 226 _W"“"'w.
233.3 D IER IS | o 5435 9 2
7.8 End of Borehole
* on 87 01 10 a8
1w
£¢
2o
Z
Ay
w -t
o
™
2o
w m

20
+3, % ; Numbers refer to 15 ¢ o) sTRAIN AT FAILURE
Sensitivity 10



“we

CFFICE REPGIRT ON SOIL EXPLORATION

.

Mirnatry of
Transoortanon and
Lommumizatians

Omangy
RECORD OF BOREHOLE No 2 METRIC
Co-ords. N 4 B&1 576.5; E 284 302.0
WP 21-79-13 LOCATION Sta..l 4 0253 m 2.5 m left of Qutlet & ORIGINATED BY VB
DSt 6 Hwy 410 BOREHOLE Typg Hollow Stem Auger, Cone Test compiep sy P
DATUM Geodetic DATE 36 09 24 CHECKED BY
= W | DYNAMIC CONE PENETRATION
SOWL PROFILE SAMPLES W d | RESISTANCE PLOT NATYRAL s
33| & DA B L] =8 | RemaRxs
= o 5_ 20 40 40 80 100 CONTENT Z %
g fE g aE z f Iy f f 1 Wp w W, Sw &
ELEY BESCRIPTION ¥ | 2|25 | O |SHEAR STRENGTH —— 2 | GRAIN SIZE
DEFTH 231 2| 5|36 § |ounconrmes R vane Ter cONTENT (9| ¥ [PPSTRIBUTION
=|Z B | B § ® QUICK TRIAXIAL  x LaB vang | WA NT{%) {%])
237.5 Ground Surface v : i 10 20 30 GR 54 51 CL
[ TopsdIoR™ T 55 | 5
Silty Clay with sand
o trace g;avaibicl.) > 2 igs | 15 o 7 30 43 20
Ccagiona .} es 1A i
(P 2155 36 236 N b 13 37 37 13
235.1 L 5 ""---..._,__‘__h\
1 4]55
2.4 Fine to Medium *. ]
Sand o« 5188 [ 25 234 o 087 8 5
trace silt, clay '
‘.1 618s |18
fine sand {11 7|88 | 19 o 340 54 3
and silt .
[PV RPRR L) % I 232
L8 lsgs 28
Sand becoming . 230
coarser with depth > 1988 |20 ° 091 8 1
10 | 88 17
Compact .o
. 111 58 19 228
227.0 -llalss 119
10.5{ 8ilty Clay with sand
trace gravel {CL) Pe 13.0.85.L 10 "
225.6 Stiff ’ 226
11.9] Heterogeneous mixture .o
sand and gravel, traeq L4188 | 42 o 66 30 3 1
silr, clay (Glacial .°°.
Till) numercus cobbleds A 294
223:3|_yery pedRd boulders | ol Tt TerTEETls cqr
14,2 End of Borehole
*  Bpoon bouncing 5
probable cobble w
o
*%  Standpipe dry § 9
water level < ¥
measured in open o E
borehole on Z5
86 09 24. w
Water level % 5
indicated here may =)
not represent ‘Zt o
stabilized condi- 5o
tion. =
+3, x5 Numbers refer ro

Sunsitivity

20
15.9-5 (%) 5TRAIN AT FAILURE
10
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OFFICE REP?RT ON SOIL EXPLORATION

=

.

8.

Mirztry of
Transporation ang
Commumetions

Oming
RECORD OF BOREHOLE No 3 METRIC
WP 21-79-13 LOCATION Co-ords. N & B4]1 569.0; E 284 338.5 ORIGINATED BY _ VB
DIST B Hwy_ 410 BOREHOLE Typg Hollow Stem Auger, Cone Test COMPILED BY __LP
DATUM Geodetic DATE 86 09 25/26 CHECKED BY
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | &, | % |Resistance ptor P Y TSN B
gz o LMty ?QN'!NT LMt = REMARKS
- " o w 20 40 40 80 100 Z;B &
O]e W e 4 1 . L d Wp w W, :’3;
ELEY SiE| w2 25 & [SHEAR STRENGTHkpa A GRAIN $IZE
DEPTH DESCRIPTION 2|31 2| S [88] G |ounconmned  + riEw vane ATER CONTENT ()| 7 |PSTRIBUTION
é z > | &Y | & [oouck rraxal  x 1as vane |V g +) (%)
240.3 Ground Surface n ¥ fr 20 40 60 &0 100 w 20 30 GR $A 51 €L
Y _'cmnu...x 1] s5{ ¢ 240 O et 52252121
Silty Clay some sand
trace gravel (Fill) 21 881 14
gravel content £ e
increases with depthx 388 | 11 \ 718 46 29
237.9 A 238
2.4 Fine to Medium Sand e 418825 T
with silt, trace clay,l' .
g;avel (Fill} y D 1 14 >
Occasional boiliiffjmm ;.' T 5 36 f [} 567 21 7
decayed wood W1 71 55T o3 Q
234, 5. Topsoil Torgenicsy wosd B8] 88 3 ?__ﬁ_ ° 162 27 10
5.8
9t 8% 4 234 3 41 41 15
1 WMMM - F.  m—
Siley clay with sandly] + 21100
A
trace gravel (CL) // 10{ 88| 16
232
Firm to i}] 58 | 26 Pt 7 37 38 18
230.8 Vary Stiff 1
9.5 L
Heterogeneous mixrure |9 5173 S5 | 76
sand and gravel, some [.°. 230
silt, clay 4 ®
(Glacial T411) R
sap 131 88 30
Occasional to numerous i
cobbles and boulders v 228
Dense to -, [} 21 47 22 10
Very Dense Sy Ll 86 129 ';_‘
- Jll3l 88 | .33 il
Fine to Medium Sand |- - bl 88 | 19 o T
Compact T . SEAL
I vy
223.8 “al 17 8§ 38 224
16.5 End of Borehole
* gone bouncing o
probable cobble o &
R
** On 86 11 05 o=
- d wy
o
2k
w
z =
[: "
I
zg
=8
v ooy

+3' x5 . Numbers refur ty
Sansitivity

20
154-5 (%) STRAIN AT FAILURE
10
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¥,

[

®

Ministty of
Tranaportatien srd
Communicansny

QFFICE REP@RT ON SOIt EXPLORATION

Ontare
RECORD OF BOREHOLE No 4 METRIC
WP ___ 21-79-13 LOCATION Co-ords. N & 841 579.5; E 284 411.5 ORIGINATED BY VB
DIST.. 8 wWwy, 510 BOREMOLE Typg Hellow Stem Auger compiep gy LF
DATUM Geodetic batg 86 09 29 CHECKED BY
e DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | &, | ¥ |Resisrance ot ‘o NATURAL -
z| 3 D Mot w1 ok I REMARKS
2 w |30 & 20 40 60 80 g6 VM7 cowrmr uMr | 2O
] EI IR I o o e A - B
SV pescriprion 2| 8| 2|25 | O [SHEAR STRENGTH kPa 2 | GraIN SizE
DEPTH w31 & 51386 § [ounconmmed & Fied vane il ¥ [DISTRIBUTION
gz 5 | & | & |eouck Tranal  x as vane |WATER CONTENT (%) {%)
237 .4 Ground Surface " * W 20 40 60 80 100 10 20 30 GR SA 51 CL
0.0 opsoil g 1188 -
P b,
"
Silty Clay B MEIEEENEL o y 6 26 50 20
some gand ] EHEE AR 236
trace gravel ’d
(eL) 1 4188 7 o 326 46 25
A
il of S, T
/,/ 1120
Firm to
Very Stiff -ss L 0 14 61 25
1A 232
/]
AT 70ss 113
Med €5 tomrEE— i 4
Sand with gravel| | 230
trace s&g, clay',' 8183 113 o 25 59 11 5
e e "
Sand and gravel 9188 130
227.6 content increasing T 10055 |30 298
9.8| Medium to Coarse Sandj- . 11188 111
with gravel Nt
trace silt, clay : 12]8s |32 L‘ o 28 59 10 3
225.7 Dense e s, M 226
11.7] Heterogenous Mixture |@ - s s
sand and gravel, tracel ' 13188 | 36 ]SEA
silt,clay (Glacid Till)y |
Occasional cobbles .t 298
and boulders L v
23,2 Dense i BV D o 42 51 6 1
14.2 End of Borehole
* On 86 10 20 o
o
29
o
»
zE
(=]
w3
D
28
g0
wy

+3, x5 ; Numbers refer to
Sensitivity

70
150-5 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

L3

L3

-

@

7%

Mirnstry of
Transperiaton shy
Communeanong

®

Ontang
RECORD OF BOREHOLE No 5 METRIC
] WP 21-79-13 LOCATION Co-ords. N 4 B4] 564.5; 284 380.5 ORIGINATED BY VB
DIST._ 5 Wwy, 410 BOREHOLE Typg Hollow Stem Auger COMPILED BY __ P
DATUM Geodetic DATE B 09 29/30 CHECKED BY
P w IDYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES W q RESISTANCE PLOT " NATURAL E
z| & LASTIC  moisToRe LIQUIB | o REMARKS
- - | $6| % 20 40 60 80 190 V™7 cOWTENT UMt Z O
Ol " ft f h f f 4 W W W, w &
= w ) o= £ P L 2
ELEV DESCRIFTION =18) & 32|25 & [sHear sTRENGTH O ® | Grain size
DEPTH s 312 S 138 g |ounconmnes v fimD vane reR CONTENT (1] 7 |PSTRIBUTION
é z L | &V § ® QUICK TRIANIAL  x LAB vang | WATE NT (%) (%)
.6 Ground Surface v : w 1 20 30 GR SA 51 CL
0.0 siley Clay with sand P 1} 88 3 . ) T 28 49 22
trace of gravel (CL) Ie . 236
2352 Firm A §s.. 88 \
1.4 L L M
Silt UsTs T e ] 07322 5
‘. 41 88§ 21 234
cCL5]88 | 42
“Fife Sand T
and Silt_Dense :]1 8] 88 | 33 ° 040 55 5
CT77 88 [ 60 232
Fine to Medium . TTEET%8
Sand e
trace silr V.1 91 ssTTaz
clay, gravel 230
10 88 28 o 183 8 &
Dense '
Tl ss 29 o 19 7 2
‘f12] s8 39 228
S EEN NG o 091 6 3
236 Lo b el ssT 25
10.4 Heterogenous mixture la’s ek 926
of sand dnd gravel " 15188 | 51 ‘;r
trace silt, clay &
(Glacial Ti1l) Gect to | 4. wito
numersus cobbles and . U AN
224.4 boulders Dense of 167 855 1 36 TSEAL o 2862 8 2
12.4 End of Borehole
* Cobble encountered
spoon jammed E
==
iy
**0On 86 10 08 =0
24
bt
zE
o
w3
& g
o
zg2
58

+3, x5 Numbaers refer 1o

Sensitivity 10

20
1505 {%) STRAIN AT FAILURE
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%T ON Sé)ll. EXPLORATION

=

OFFICE REP

&

Mrustry of
Transporation snd
Commumentions

Ontars
RECORD OF BOREHOLE No 12 METRIC
Co-ords. W 4 B41 581,5; E 284 327.0
wP 21-79-13 LOCATION Sta, 1.+ 050 @ § of Ourler ORIGINATED BY _RK
DIST__.6 _ Hwy___410 BOREHOLE Typg Rollow Stem Auger comeiep gy _ ¥
DATUM Geodetic DATE ' 86 12 17 CHECKED BY
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & § RESISTANCE PLOT NATURAL =
ey 3 MASTIC  worume Laue] o T REMARKS
— - §O o 20 40 60 80 100 Limtr CONTENT  LiMIT E(_D
@ = ol B15E g AA h i ) ] W W W, 3\; &
ELEV DESCRIPTION | & 3 - Q |SHEAR STRENGTH L uv—1 GRAIN SIZE
DEPTH w1512 % 3 S |O UNCONFINED  + FiELD vANE ATER CONTENT ()] 7 |DISTRIBUTION
g1z 5 | &Y | & |eouck TRanal  x was vane W %) {%)
240.8 Ground Surface » : @ 10 20 30 GR 5A 51 CL
0.0 —Topsgil _ 134
Org.
8ilty Clay, some to <> 1] 887 15 240 Cortentf 3 49 37 11
and sand, trace A Ot 2% )
?;a¥1§CL) K/ 2] 5 5 o 5 17 48 30
i
g 3 58 21 238 O b+ 5 41 40 14
e et
Fine t P
PR
<§ 5 88 14
» DR 8 236
<>, 7T s8] B
4 855 7
234
% \ 9 88 7 O 33 62 5
232.9
7.9 Fine Sand -:Q.ﬁ
trace silt, clay .:. 101 88 | 43 22 [+ 089 7 4
231.4 Dense “.'
9.4 "0‘
Heterogeneous mixture |. » I TR o 43 43 10 4
of sand and gravel ‘gl
trace silt, clay ' 230
(Glacial Till) o8
4 12} 88 3445 HemM
a
Occasional cobbles K 4%
and boulders - 103 £ 228 o 43 44 10 3
R FVRETIEY) cad
:Fﬂfe.:s’a'@'*{;:u 15 85 [_galili
Very Dense L o ...'_ 226
225.3 ot DT TR VT 1S 0 Lh 47 7 )
155 Exd of Borehole
*  Spoon bouncing
** Groundwater level o
measured on o
87 01 09 wo
—
3 (%]
oy
£g
=]
W
£s
|-
=Y
z2
58

+3, x% : Numbaery refer 1o
Sensitivity

20
1805 (%) STRAIN AT FAWLURE
10




OFFICE REPORY ON SOOI EXPLORATION

&

.

=

.

Miny

Ortang

1ty of

Tracgportation and
Communications

RECORD OF BOREHOLE No 13

Co-ord N 4 B4l 583.0;

E 284 353.5

METRIC

we 21-79-13 LOCATION 5t3,.1.46.077 @1 m Re.§ of Outlet ORIGINATED BY _RK
DIST 6. . HWY__ 410 BOREMOLE TYPE Hollow Stem Auger COMPILED By _ LP
DATUM Geoderic DATE 86 12 18 CHECKED BY
ui  |DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES gm 3 RESISTANCE  PLOT N NATURAL =
4 W] LASTIE  uogrume HOuR | o T REMARKS
= w | 35| @ 20 40 60 B0 00 |MMT cowTeT umT | SO
[« 3 ¥ W o h h h ) i w w W, m &
2w 2 =3 g P t 2
AL pescriprion 18| ¢ | 225 ] O [sHear strenGTw ot | "% | GRAIN SI2E
DEPTH AEIERER T § [0 UNCONFINED  + FIEWD VANE| oo o |y [DISTRIBUTION
=z 5 6U é ® QUICK TRIAXIAL  x LAB VANE |WA NT (%) (%)
237,46 Ground Surface % ! & 102 30 GR SA 51 CL
v.0 Jopsoil __ PLY
511ty Clay and Sand |} Org.
(Fill) S 7 O~ Fontent] 4 58 29 9
—pm 236 4
in .
Mediup Sand |\ p2p- 88 17
- _‘:“‘“ME{ 3l ss | 28
D d W Wil
ecayed Wood mid 5T o5 T 58 Maelink 234
Decayed Wood ”>§
232 51T TEE O
5.0 ty LUlay w Urg. ~
R T = S I TR 232 = g 58 23 10
231,01 trace gravel, clay o
6.4 A' )
. 7] s8] 4B
X ‘e 230
Heterogensous mixture |4, 255 X
of gand and gravel, |. 2
trace sile, clay o4 9l 85| 60 [ 40 46 12 2
(Glacial Till) o s Tol g5 [ 35
-1 ss! 59 228
o012 85 | 66 -v& 5 40 46 11 3
Oceasional cobbles ‘; 13| 88| 66 :
and boulders . 14 88 1 73
A
226
Very Densge Pl 150 ss o a9l
224.8 aoof 165 TTIE AL o 4842 9 1
12.6 End of Borehole
* Spoon bouncing a
** Groundwater leval w
measured on o
87 01 09 =S
g
2
vy
ﬁ L
&=
2
<
58

+3, x5 ; Numbers refer to
Sensitivity

20
15-5 (%) STRAIN AT FAILURE
el
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OFFICE  RE

&

LW

Minstry of
Transpodtation snd
ot Commumentizns
RECORD OF BOREHOLE No .14 METRIC
Co~ords. N 4 841 586.5, E 284 371.5
WP 21-79413 LOCATION Sta. 1+ 095 @ ¢ of Outlet ORIGINATED BY  RK
DIST 5. Rwy__ 410 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY _LP
DATUM Geodetic DATE B6 12 22 CHECKED BY
YNAMIC CONE PENETRA
SOIL PROFILE SAMPLES | &\ | % | RSieTancE pior ETRATION NATURAL =
»—5 3 PASTIC  moyerure LGUD | T REMARKS
LImT CONTENT LIMIT =t
= » §_ v 20 4D 60 80 100 z= %
9 m i Q: ¥ " i i i L Wp w W|. e ol
L DESCRIPTION lel g 2 85| & [sHear strencTH ey | 3 | GRAIN SIZE
pEPTH 1B 2| $ 135 5 Jounconenen  + mieo vane WATER CONTENT (i ¥ |DISTRIBUTION
£z > |&C | & |eauck rraxial x 148 vane 1%} (%)
237.3 Ground Surfgce | i = 10 20 30 GR $A 51 CL
8.0 LTopsoil | *
Sand, with to 0'5‘ 1] 85138
and gravel, trace A 236
silt, clay A 421 55159
s (Fi1D) S ENEAT ° 2 62 10 2
3.0 5.5 4 55 | 81 234 o 45 41 11 3
;;.ﬁ
o—,,: 5. 1885 [32 o N 36 48 13 3
Heterogeneous mixture |°° 232
of gand and gravel, o :
some 5ilt, trace clay |,+| 6 | 85| 66
(Glaeial Till) N g
o 230
Occasional cobbles |s | 7| 55078 o 4911 3
and boulders :D' 8 98 ] 51
s 51 855138
Vary Dense '-'b 10 ss]71 228
s L] ss |80 o 29 3513 3
{12 1 ss |56
*y
. 226
reli3TEs TV
A,
224.7 2T TEET3E o 6231 5 2
12.6 End of Borehole

* Groundwater Level
not established

+3, x5 . Numbers rafer to
Sensitivity

10

20
15 05 (%) STRAIN AT FAILURE




OFFICE REPORF ON SOH EXPLORATION

L
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®

Ontane

stey of

Transpottation ang
Lommuniations

RECORD OF BOREMOLE No 15

Co-ords, N 4 B4l 589.0;

E 284 386.5

Sta. 1+ 110 @ § of Cutlet

METRIC

WP 2l779:13 LOCATION ORIGINATED BY _RK
DisT .8 Wwy___ 510 BOREHOLE TYpg Hollow Stem Auger compiLep gy LP
DATUM Ceodetic DATE 86 12 19 CHECKED BY
50O PROFIL o W DYNAMIC CONE PENETRATION
£ SAMPLES M,_v‘uza & | RESISTANCE PLOY pastic BATURAL e b
= R I-R 20 40 a0 80 00 |UMT Courenr L %Q REMARKS
9 E g (ﬁ"—: L i i i & Wp W w!. oW &
ELEY DESCRIPT alo; ¥ = -] 5 SHEAR STRENGTH R S 2 GRAIN 51ZE
BEPTH IPTION RS b=
=3 = |5 05 g |o unconFinep * FIELD VANEL e CONTENT (% y |DISTRIBUTION
|2 2 | &Y | & [eouick TRIAXIAL  x A8 VANE NTENT (%} {%}
238.2 & G & Lo 20 30 GR SA 51 CL
0.0 e POE 238
Silt,trace sand, clay ‘
e e el i 85| 36 o 0 7 88 &
Sund with gravel, |a!
trace silt, clay K+ .2 85166 236
(Probable Fill) IR
2345 .."'A S50 M8d
3.7
Sand with gravel, |*7¢ R 234 30 88 10 2
B
trace silt, clay :,‘? e
e
Dense ;.‘ P 6 551 29 232
- ‘v
230.9 KA
773 PR
Heterogeneous mixture [* - 71881 48
of sand and gravel, |9 - 230
trace silt, clay .4
Occasional cobbles |, M550 77 o 533 9 2
and boulders 4,
s 228
oeb 94 S5 54
- e TEEE TR
Sand,some gravel s ["T] 35 BI .;,.. o 17 70 10 3
'""“'”“:17‘!' 19 557 89 1 llaw 226
V '5 EAH
ery Densge v
38 | 80
’o T
224.1 D L T " 50 41 7 2
14,1 End of Borenole
* Spoon bouncing a
ut
** Groundwater level 3 -
measured on = 9
87 01 09 e
2 €
ZE
o ¥
a
i
]
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memorandum

Ontario

To: H. Chye _ Date: 1989 02 02

7540-1318 {10/78)

Head, Quality Assurance Section
5000 Yonge Street

Atten: §. Gwart:z

From: Foundation Design Section
Room 315, Central Building

Re: Brampton Esker Outlet Extension
Tunnel Construction Proposal
Contracht 88-67, W.P. 21-79~13
Hwy. 410/Williams Parkway

As requested in your memo dated January 24, 1989, this Section
has reviewed, albeit in the absence of appropriate drawings, the
proposed tunnel construction procedure 'as outlined in a letter
supplied by John Emery Geotechnical Engineering Limited (JEGEL)
dated January 18, 1989, and based on this review and examination
of subsoil conditions as provided in our original foundation
investigation, the following comments are provided:

1) The success of the project is undoubtedly contingent on the
groundwater conditions at the site and although it appears
the contractor is aware of the potential soil behaviour in
the tunnelling process, there is no convincing evidence of
a planned scheme to mitigate dJamages that can result when
fast ravelling and/or flowing ground conditions are confronted.
These types of conditions, as stated in our original foundation
report, occur when cohesionless soils such as the heterogeneous
sand and gravel mixture (glacial till) and compact sand present
at the proposed tunnel elevation are submerged within the
prevailing groundwater table. The groundwater table at the
time of the site investigation (87 01 09) ranged between about
Elevation 227 m to 228 m, whilst the proposed tumnel invert
elevation varies from approximately 227 to 227.5 m.  However,
groundwater tables tend to fluctuate with time and consequently,
an established procedure should be planned that considers
these unfavourable conditioms and the potential ravelling
that can result at the crown and excavated face of the tunnel.
Loss of ground that may result from these sources and any
unbalanced hydrostatic head that may develop can lead to
settlements of the ramp and subsequent expensive maintenance.
The methods described in JECEL, namely advance jacking and/or
forepoling may encounter uncontrollable resistance due to
the denseness of the till deposit and the presence of cobbles
and possible boulders within the deposit.

...-2
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2) Due to the absence of drawings illustrating the proposed plan,
the

method of ghaft construction is thereby unknown. The

proposed scheme should comply with the recommendations provided
in our original foundation report.

If you have any queries regarding the above comments or require
further assistance, please do not hesitate to contact this office.

/ 4

T. Sangiuliago, P. Eng.
TS/mmj Foundation Engineer

c.c., -~ T. Zander
K. Saaritis



JOHN EMERY GEOTECHNICAL ENGINEERING LIMITED

52 Ashwarren Road
Downsview, Ontario M3J 125
{416) 630-1060 -

Fax: (416) B30-7045

January 18, 1989
JEGEL: 89006

Graham Bros. Construction Limited
290 Clarence Street
Brampton, Ontario L6W 1T4

Attention: Mr. T. Walsh

Dear Sirs:

MT0 Contract 88-67
Brampton Esker Outlet Extension

Further to your request, we have reviewed the geotechnical aspects of the
proposed 1.2 m diameter drainage outlet (jacked concrete pipe sections), as shown
on Drawing 1 provided by Armagh Contractors Ltd., and have made the following
comments concerning the proposed method of construction, potential stability of
the outlet crown and advancing face, and loads which the concrete pipe and any
bulkhead must be designed to resist.

It is our understanding that the proposed outlet is to be installed using
conventional pipe jacking methods with hand mining at the face limited to 300 mm
ahead of the concrete pipe sections. The proposed tunnel invert elevation varies
across the site from approximately Elevation 227 m to 227.5 m. The tunnel depth
ranges from about 3 to 13 m. From approximately Sta. 1+080 m to 1+090 m, the
tunnel crosses underneath the existing Hwy. 410, Williams Parkway N-E, W Ramp.

Qur review of the project foundation investigation report (prepared by MT0
and given as part of Contract 88-67, W.P. 21-79-13) indicates that the subsoil
and groundwater conditions along the proposed tunnel elevation generally consist
of either cohesionless sand in a loose to compact state or a heterogeneous sand
and gravel mixture (glacial til1) in a dense to very dense state. The sand and

~gravel ti11 has occasional to numerous cobbles and boulders. Standpipe

ENGINEERING/RESEARCH/DEVELOPMENT/EDUCATION
SOILIROCKIAGGREGATES/SLAGS/ASPHALT/CEMENTICONCRETE/BYPRODUCTS
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monitoring at the borehole locations indicated that the groundwater table is
located hetween about Elevation 227 m to 228 m in either of the cohesionless

stratum.

The type of ground behaviour and stability of the outlet crown and face in
cohesionless subsoils are dependent upon the method of construction and following

groundwater table Tocation:

a) If the groundwater table is located below the outlet invert, ground
behaviour should generally be characterized by slow ravelling. Running
ground conditions may be anticipated in medium or coarse sand subsoils;

b) If the groundwater table is Tocated above the outlet invert, ground
behaviour should generally be characterized by fast ravelling and/or
flowing ground.

Regardless of the groundwater table location, it is Tikely that pockets of

sand and gravel with perched water conditions will be encountered and result in
localized running or flowing ground conditions.

The proposed method of excavation, indicated by the contractor in Drawing 1,
is considered to be acceptable given the relatively small outlet diameter and
that the contractor appears to have recognized the potential ground behaviour.
However, where running or flowing ground conditions occur, full or partial
support of the tunnel crown and face will be required with possible dewatering to
ensure safe and stable conditions. Support of the crown in difficult soils may
be achieved by jacking the concrete pipe sections ahead of the excavated face
and/or advance crown protection ("forepoling”). A1l pipe jacking and associated
work must be performed in accordance with the Occupational Health and Safety Act
and sound construction practice.
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The pipe sections must be able to safely resist the following ring load, Py,
and bending moments, Mpax:

P, =¥ZR
where Py ring load (kN/m)

¥ unit weight of overburden, (assume 20 kN/m3 for groundwater
below invert)

H

i

maximum depth of tunnel (m)
outside radius of tunnel (m)

1]

In addition, the contribution of any surcharge loadings or additional fill
materials should be considered;

and Mmax = (3EI/Rp) (AR/R)
where Mnax = maximum bending moment (N-mm)
E = modulus of elasticity of liner (MPa)
1 = moment of inertia of liner (mm4)
Rm = average radius of liner (mm)
AR/R = relative distortion of liner (assume AR/R = 0.3%)

The concrete pipe sections must also be designed to safely withstand the
large compression jacking forces as the pipe sections are advanced. Any bulkhead
structures installed at the face of the tunnel must be designed to safely resist
full overburden pressure across the face of the tunnel, given by:

P =¥b 2y +¥sat (2 - Z)

It

where P overburden pressure (kPa)

Zb = bulk unit weight of overburden above the water table (kN/m3)
Xsat = saturated unit weight of overburden below the water table (kN/m3)
z = depth (m)

%y, = depth to groundwater (m)

<3 -
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GENERAL COMMENTS

The recommendations provided in this report are based on subsoil and
groundwater conditions determined from the MTO Contract 88-67, Foundation
Investigation Report. Subsoil and groundwater conditions were determined at the
borehole locations only and have not been confirmed by JEGEL. Therefore the
recommendations are contingent upon site inspection and confirmation as the
tunnel is advanced, particularly since groundwater levels are subject to seasonal
fluctuation in the granular subsoils and will impact on the stability and
effectiveness of the tunnelling method., A1l work must be additionally in
accordance with the Occupational Health and Safety Act.

We trust this meets your present reguirements. Please do not hesitate to
contact this office if you have any questions.

JOHN EMERY GEOTECHNICAL ENGINEERING LIMITED

Steve R. Neshitt, P. Eng. -
Geotechnical Engineer . -

W

Michael H. MacKay, P.]Eng.
Manager
SRN/cc



0z

JEGEL
89006
Orawing 1

GRAHAM CONST
Tel. 924-4275

alrmagh CONTRACTORS LTD.

B 416 453 2217

BORING, TUNNELING AND PIPE JACKING
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memorandum

Ontario

To: D. Gunter Date: 1986 10 3%
Head, Geotechnical Section
Central Region

Atten: D. Mullett

From: Foundation Design Section
Room 315, Central Building

RE: Foundation Investigation
Brampton Esker Outlet
W.P. 21-79-13
Hwy. 410, District 6, Toronto

Further to the meeting of 86 10 29 attended by D. Mullett,

B. Dickey, W. Lachmaniuk, M. Devata and L. Politano, this memorandum
summarizes our preliminary findings and associated comments with
regards to the above-noted project.

This section was requested by the Central Region Geotechnical Section
on 86 08 20 to provide recommendations for the construction of the
proposed 0.450 m dia. Brampton Esker Outlet. A subsurface
investigation was carried out by this section between 86 09 23 and 30.
A simplified preliminary stratigraphy (Fig. 1) is attached for

your information.

In addition to the subsurface conditions, Figure 1 illustrates the
existing ground profile along the 0.450 m sewer and the proposed
vertical alignment of the pipe.

The proposed Esker Outlet will be approximately 140 m long, with a 0.3%
downward slope towards the south-east direction. A2 as shown on
Fig. 1, indicates a change in the horizontal alignment of the sewer.

The investigation consisted of advancing 5 boreholes to depths ranging
between 8.1 and 16.4 m below the existing ground surface. Each

borehole was advanced a minimum of 3.0 m below the proposed invert
elevation. A standpipe was installed in each borehole so that groundwater
levels could be periodically monitored in the future.

The investigation revealed 2 areas of concern: (1) the location of

the groundwater table, and (2) the composition of the glacial till which
was encountered in most boreholes at lower depths. The glacial

till at this site can generally be described as a very dense heterogeneous
mixture of gravel, sand, silt and clay. Occasional, and perhaps,

numerous c¢obbles and boulders may be encountered randomly within

this non~cohesive deposit.

Our comments with regards to the construction of this sewer are
as follows:

- In view of the depth of the proposed sewer invert,
consideration should be given to alternatives other
than installation by cut and cover methods.



.

Cut and cover construction should not be used, if
possible, under the highway and ramps since our
experience indicates that under these circumstances,
contittual maintenance problems will most likely arise.
However, if strict controls are placed on the type of
material which is used to backfill the excavation and
the compaction, and if the depth of excavation is
"nominal", this Section can give consideration to
open cutting a trench under the travelled portion of
the highway.

‘In view of the nature of the subsoils and the length

of the sewer pipe, jacking the pipe in place is not
feasible.

Some form of tunnelling technique gould be used for
the installation. However, modifitations to the sewer
dimensions and vertical alignment are required.

Tunnelling of a 0.450 m dia. pipe through the soils
encountered at the proposed invert elevation is not feasible
in view of the denseness of the non-cohesive glacial

till and the presence of cobbles and boulders.

Based on our past experience with this type of

installation, and numerous discussions with prominent
contractors specializing in this type of work, consideration
should be given to tunnelling a 1.2 m dia. pipe. Such

a large diameter pipe will allow, if necessary, manual
mining of any large boulder which may be encountered.

In order to tunnel this pipe, 3 or 4 access shafts

will be required. The cost of each shaft varies with

the depth and size, but generally ranges between $20,000
and $50,000. The cost of tunnelling a 1.2 m dia. pipe
through this type of material ranges between $900 and
$1300 per metre. These costs are only crude estimates
based on past tunnelling projects. More accurate

costing should be developed for the purpose of comparison
to open-cutting.

At the time of the investigation, the groundwater table

was found to vary between Elev. 227.5+ and 226.0%
Generally, the groundwater table slopes down gradually

in a south-easterly direction. As previously noted,
standpipes were installed at each borehole location.

We intenmd to periodically monitor the groundwater levels as
it is believed that the groundwater level may seasonally
fluctuate to some extent.

The proposed invert of the 0.450 m dia. pipe is dt or
below the groundwater table in the vicinity of Sta. 0+000
to 0+050+. In view of the non-cohesive nature of the
subsoils, it is recommended that the invert of the

pipe be raised a minimum of 1 m, particularly between the
stations previously mentioned. The intent is to
eliminate the need for costly dewatering.



The final report for this project will be issued by this
Section within 6 weeks. If, in the meantime, you require

clarification or additional information, please do not hesitate
to contact us.

L. Politano
Project Foundations Engineer

for
M. Devata
Chief Foundations Engineer
MD /mm j (East)
Attach.

c.¢c. ~ B. Dickey

W. Lachmaniuk C A { g(:@ | N )
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